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ABSTRACT

The AMMI model combines regular analysis of variance for additive main effects with principal component
analysis for multiplicative structure within the interaction. It also improves the accuracy of crop yield estimates
and selects genotypes with highest yields. Despite knowledge of the model, potential yield estimates for yam
cultivars as is the case for several other crops, are largely unknown. In this study, the AMMI model was used with
the objective of assessing yam genotypes yield, selecting stable genotypes, and investigating G x E effects from
trials conducted for two years at five locations in Nigeria. The effects of environments, genotypes and genotype-
by-environment interaction (G x E) were highly significant (P<0.001). Within environments, AMMI1 estimates
ranked genotypes differently from the unadjusted means, and in six out of nine cases AMMI| estimates changed
the top-yielding entry. The AMMI1 estimation also produced sharper and stratified rankings compared with the
unadjusted means. The biplot showed four groupings of genotypes: TDa 93-36 generally low yielding and
unstable; TDa 291 and TDa 297, low yielding and moderately stable; TDa 294 and TDa 87/01091 high yielding
and stable; TDa 92-2 high yielding but unstable. Yam yields were relatively stable at Ibadan and Jos, while yields
obtained at Abuja were unstable across both years. Superior yam selections with specific or broad adaptation were
identified by AMMI.
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RESUME

Le moditle AMMI combine I’ analyse réguliere de la variance pour les principaux effets additifs avec une analyse
des composantes principales avec une structure d’int€raction multiplicative. 11 améliore aussi I’estimation des
rendements et la sélection des génotypes A haut rendement. En dépit de 1a connaissance du modgle, les estimations
de rendements potentiels des variétés d’igname, comme c’est le cas de plusieures autres plantes, sont largement
inconnues. Dans cette étude, le modele AMMI était utilisé avec I’ objectif d’estimer le rendement des génotypes
d’igname, et d’examiner les effets de I'intéraction GXE dans les essais conduits pour deux ans dans cing endroits
différents. Les effets de I’environnement, génotypes et 1'intéraction génotype et P'environnement était trés
significatifs (p<0.001). Dans les cing endroits étudiés, les estimations AMMI ont classéles génotypes différement
a partir des moyennes non ajustées, et dans six de neuf cas étudiés AMMI1 a modifié le classement des génotypes
3 haut rendement. L’estimation AMMI| a aussi produit un classement stratifié pointu en comparaison avec les
moyennes non ajustées. Quatre groupements des génotypes ont ét€ obtenus par représentation graphique. La
variété TDa 93-36 est généralement A rendement faible et instable, TDa291 et TDa297, A rendement faible et
modérement stables ; TDa294 et TDa87/01091 A rendement élévé et stable ; et TDa92-2 a rendement €lévé mais
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ins.table. Les rendements d’igname étaient relativement stables a Ibadan et Jos, alors que ceux obtenus 3 Abuja
étaient instables pour les deux ans. Les sélections supérieures avec une adaptation spécifique et large étaient

identifiées par I’AMMI]1.

Mots Clés: Dioscorea alata, GXE, essais multilocaux, stabilité du rendement

INTRODUCTION

One of the aims of yam (Dioscorea spp.)
improvement programmes is to improve fresh
tuber yields. Yams are grown in many
agroecologies and it is important to assess
adaptation and yield stability of promising
genotypes across environments. Several methods
have been proposed for statistical analysis of G x
Eand to predict the phenotypic response tochanges
in the environment (Eeuwijk, 1995). The success
of identifying high yielding genotypes from yield
trials depends on the effectiveness of the statistical
analysis used to evaluate patterns in the data and
estimated yields (Gauch and Furnas, 1991).

The Additive Main Effects and Multiplicative
Interaction (AMMI) model (Gauch, 1993) ismore
efficient in determining the most stable and high
yielding genotypes in multi-environment trials
compared to earlier procedures (Finlay and
Wilkinson, 1963; Eberhart and Russel, 1966). The
model uses the analysis of variance (ANOVA)
approach to study the main effects of genotypes
and environments, and a principal component
analysis (PCA) for the residual multiplicative
interaction between genotypes and environments.
With the biplot facility from AMMI analysis,
both genotypes and environments occur on the
same scatter plot and inferences about their
interactions can be made. The model focuses on
the accuracy of estimates of yields of genotypesin

multilocational trials. There is, however, limited
application of the model. For instance, as is the
case with other crops, yield stability for yams is
largely unknown.

This paper reports the use of AMMI analysis of
yield data of six yam (D. alata) genotypes from
two years of evaluation in five representative
locations. The study was conducted with a view
to establish patterns of responses of genotypes,
environments and their interactions and toidentify
genotypes with broad or specific adaptation.

MATERIALS AND METHODS

The experiment was carried outin 1998 and 1999
atfive locations in Nigeria. The locations included
Abuja, Ibadan, Jos, Ubiaja and Umudike. At
Umudike, the crop was grown only in 1999
giving a total of 9 environments. The
agroecological characteristics of the locations,
which represent major yam growing areas in
Nigeria are shown in Table 1. Six genotypes from
the working collection of IITA’s Yam Breeding
Unit were used in this study, namely, TDa 291,
TDa 294, TDa 297, TDa 87/01091, TDa 92-2 and
TDa 93-36 (Table 2). At each location, the
genotypes were grown in a randomised complete
block design, with three replications under rainfed
conditions. Planting was done at the beginning of
the rains (May-June) at each location in both
years with, 300 g setts. Each plot consisted of 40

TABLE 1. Agroecological characteristics of the testing sites used in multilocational trials in Nigeria

Location AEZ Coordinates  Alfitude Annual Rainfall Min/max Soil type
(masl) rainfall (mm) pattern  temperature (°C) (FAO-UNESCO)
Abuja SGS 7°20°E; 9°16'N 300 1302.0 Unimodal  13-21/26-34 Ferric Luvisols
Ibadan F-S 3°54°E; 7°26'N 210 12562.8 Bimodal 12-23/28-34 Fermric Luvisols
Ubiaja HF 6°25'E; 6°40'N 210 19435 Unimodal  12-22/27-32 Dystric Luvisols
Jos MAS 8°51'E; 9°38'N 1297 1262.6 Unimodal  13-19/24-31 Orthic Acrisols
Umudike HF 7°23'E; 5°31'N 120 2417.0 Unimodal  12-22/27-32 Dystric Luvisols

AEZ= Agroecological zone; SGS=Southem Guinea savanna, F-S=Forest-savanna transition; HF=Humid forest;

MAS=Mid-altitude savanna. (Source: Jagtap, 1993)
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plants in 8 rows (ridges of height 40 cm and 5 m
in length) spaced I m apart. A plant spacing of 1
m x 1 m was used. No fertiliser or herbicides were
applied during the course of the experiment. Hand
weeding was done when necessary.

Data on virus, yam anthracnose and leaf blight
infections on foliage were estimated using a score
scale of 1to 5 (1 =no symptoms; 5 = very severe
symptoms). The severity of disease symptoms
was recorded at one, three and six months after
planting (MAP). The tubers from each plot were
harvested at 9 MAP and their fresh weights
recorded.

Data ondisease scores were subjected to analysis
of variance using SAS computer package (SAS,
1999). The AMMI statistical model
(MATMODEL 2.0; Gauch, 1993) was then used
to analyse the yield data. The AMMI model is:

Ygtr=u+ag+ﬁe+mnygnsm+pge+Eger

where ¥_ = yield of genotype g in environment e
forreplicate r; ;1= grand mean; o, =meandeviation
of the genotype g (genotype mean minus grand
mean); and B, = mean deviation of environmental
mean; A_ = the singular value for IPCA axis n; Yo
= the genotype g eigenvector value for IPCA axis
n; 6 = the environment e eigenvector value for
IPCA axisn; p, = theresidual; and E_ = theerror.

RESULTS AND DISCUSSION

Genotypes (G), environments (E) and G x E
effects were highly significant (P < 0.001) on
yield and accounted for 3.32, 85.3 and 11.38% of
the treatment sum of squares, respectively (Table
3). The postdictive success for AMMI using all

TABLE 2. List and features of six Dioscorea alata genotypes used in the trials

Genotype Local name/ Source No.  Characteristics Original source

TDa 291 Forastero Multiple tubering, oval tuber shape Puerto Rico

TDa 294 Hawaiian Cyilindrical tuber shape, high yielding Puerto Rico

TDa 297 UM 680 Muttiple tubering, low yielding, NRCRI, Umudike, Abia
oval-cylindrical tubers State, Nigeria

TDa 87/01091 Hybrid line Irregular tuber shape, high yielding HTA, Nigeria

TDa 92-2 Weredede Irregular tuber shape, high yielding Sagbe Village, Oyo

State, Nigeria
TDa 93-36 Agbo Oval-cylindrical tuber shape, low Zakibiam, Benue State,

yielding

Nigeria

TABLE 3. AMMI analysis? for yield of six Dioscorea alata genotypes grown in 9 environments (5 locations® over

2 years) in Nigeria

Source df 88 MS Probability
Total 161 15414.26 95.74

Treatment 53 14175.55 267.46 b
Genotype (G) 5 470.28 94.06 e
Environment (E) 8 12092.32 1511.54 e
GxE 40 1612.95 40.32 bl
IPCA1 12 837.50 69.79 bl
Residual 28 775.45 27.69 -
Error 108 1238.71 1147

a Grand mean of fresh tuber yield = 14.61 x 103 kg ha'l. = Significant at P < 0.001

b planting at one of the locations, Umudike, was only in 1999
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data (all three replicates), indicated that the
treatment sum of squares was partitioned into two
components: 95.71% due to the model or pattern
(including main effects for genotypes and the first
interaction PCA) with 25 degrees of freedom;
and 4.29% residual or random variation (noise)
with 28 degrees of freedom. The model-validation
procedure, therefore, identifies that the 4.29% of
the treatment sum of squares as allocated to the
residual term was not of predictive value.
Within environments, AMMI1 frequently
ranked genotypes differently from unadjusted
means (Table 4). In six out of nine cases, AMMI1
estimation changed the top yielding entry. Thus,
AMMII and unadjusted means selected the same
winner in three out of nine environments, but
selected different winners in the remaining six
environments. With AMMI1 estimates, TDa 87/
01091 ranked first in 6 environments against 2
given by the unadjusted means. For example, at
Umudike, the unadjusted means ranked it fifth,
while AMMIT1 ranked it first. Thus, noise in the
unadjusted means elevated some genotypes (such
as TDa 92-2 and TDa 294) to higher positions.
Previous yield trials on cassava (Manihot
esculenta) (Dixon and Nukenine, 1997), soybean
(Glycine max) (Gauch and Zobel, 1989) and
maize (Zeamays)(Crossa et al., 1990) also showed
that AMMI1 estimates differentially ranked top
performing entries in over half the environments
when compared with the unadjusted means.
Therefore, AMMI1 estimation proved superior
since ranking discrepancies between AMMII
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estimates and unadjusted means were due to
random statistical variation.

With the unadjusted means, genotype TDa 294
was generally in the top position (1-2) and also
occurred three times in the middle rankings (3-4)
but was never in the bottom rankings (5-6). With
AMMI| estimates, it was always in the top and
middle positions. Similarly, TDa 87/01091 was 5
times in the top, once in the middle and thrice in
the bottom. However, AMMI|1 estimates generally
placed this genotype mostly in the top (8 times)
and once in the middle. Using the unadjusted
means, TDa 297 was found to be 5 times in the
middle and 4 times in the bottom, but occurred
thrice in the middle and 6 times in the bottom with
the AMMII estimation. The AMMI| estimation
had a profound effect in producing sharper and
stratified ranking patterns and on this basis TDa
87/01091 would be considered more adapted to a
wide range of environments than TDa 294 and the
rest of the genotypes. Dixon and Nukenine (1997)
and Crossa et al. (1991) obtained a similar
stratification of cassava and wheat (Triticum
aestivum) genotypes, respectively, using
unadjusted means and AMMI1 estimates and
noted that without AMMI1 estimation, noise in
the data partially blurred adaptation patterns of
genotypes tothe extent that relatively well-adapted
genotypes were grouped by chance in the middle
and bottom positions. Conversely, a relatively
poorly adapted variety sometimes occurred at the
top for the same reason.

The AMMI analysis provides a graphical

TABLE 4. Ranking of the genotypes based on AMMI estimates and unadjusted means (in parenthesis) for fresh
tuber yield (x103 kg ha") of 6 Dioscorea alata genotypes grown in 5 locations? over 2 years (9 environments) in

Nigeria

Environment TDa 291 TDa 294 TDa 297 TDa 87/01091  TDa 92-2 TDa 93-36
Abuja, 1998 4(4) 3(2) 5 (6) 2(3) 6 (5) 1(1)
Ibadan, 1998 5(3) 2(4) 6 (6) 1(1) 3(2) 4 (5)
Jos, 1998 5 (5) 2(1) 6 (4) 1(2) 4 (6) 3(3)
Ubiaja, 1998 5 (6) 2(1) 6 (5) 1(2) 3(3) 4 (4)
Abuja, 1999 3(2) 2(3) 5(4) 4 (5) 1(1) 6 (6)
Ibadan, 1999 4 (1) 3(3) 6 (6) 1(5) 2(2) 5 (4)
Jos, 1999 4(5) 3(1) 6 (6) 1(2) 2(3) 5 (4)
Ubiaja, 1999 4 (4) 3(2) 5(5) 2(1) 1(3) 6 (6)
Umudike, 1999 4 (6) 2(2) 6(4) 1 (5) 3(1) 5 (3)

4 planting at Umudike was only in 1999
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representation or biplot (Fig. 1) to summarize
information on the main effects and the first
principal component scores of the interactions
(IPCA1) of both genotypes and envircnments
simultaneously (Kempton, 1984). Displacement
along the abscissa reflected differences in main
effects, whereas displacement along the ordinate
exhibited differences in interaction effects. The
AMMI1 expected yield for any genotype and
environment combination can be calculated from
Figure 1 following standard procedures suggested
by Zobel et al. (1988). The additive AMMIO
which is part of the AMMI1 model is the sum of
genotype and environment means minus the grand
mean, while interaction part is the genotype PCA
score times the environment PCA score. These
two parts are added to produce the expected value
of AMMI1 model. The biplot captured 94.5% of
the treatment sum of squares.

Genotypes orenvironments on the same parallel
line, relative to the ordinate, have similar yields
(Fig. 1), and a genotype or environment on the
right side of the midpoint of this axis has higher
yields than those on the left hand side.
Consequently, the genotypes TDa87/01091, TDa

40
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92-2 and TDa 294 were generally high yielding,
with TDa 87/01091 being the overall best. In
contrast, TDa 297 and TDa 93-36 were generally
low yielding genotypes. The Abujalocation which
was always on the right hand side of the midpoint
of the main effect axis, seemed to be a favourable
environment for the genotypes evaluated; Ibadan
and Ubiaja were moderately favourable, while
Jos and Umudike were less favourable
environments.

Genotypes with IPCA1 scores near zero had
little interaction across environments and, vice
versa for environments (Crossa et al., 1991). For
such genotypes, overall meanrankingisa reliable
measure. Genotype and environment
combinations with IPCA 1 scores of the same sign
produced positive specific interaction effects,
whereas combinations of opposite signs had
negative specific interactions. Three genotypes
TDa 87/01091, TDa 294 and TDa 291 had
negligible interactions with the environments,
indicating their broad adaptations with TDa 87/
01091 being the most stable genotype across
environments. Although, TDa 297 was fairly
stable, it was not very productive. Genotypes,
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Figure 1. Biplot of the unadjusted mean tuber fresh yield (x1 03 kg ha1 ) and the first AMM I interaction (IPCA1) scores
for 6 genotypes grown at 5 locations for 2 years (9 environments).

Location: AB: Abuja; IB: Ibadan; JS: Jos; UB: Ubiaja; UM: Umudike

Genotype: G1: TDa 291; G2: TDa 294; G3: TDa 297; G4: TDa 87/01091; G5: TDa 92-2 and G6: TDa 93-36.
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TDa 92-2 and TDa 93-36 were highly unstable
and were generally poorly adapted to the
environments.

In 1999, G x E was generally low compared to
1998. Overall, Ibadan and Jos had lower IPCA1
scores than the other locations. Generally, Ubiaja
and Umudike environments had moderate G x E
interaction effects (average IPCA 1 scores), while
Abujahad the highest IPCA 1 values and exhibited
the most unstable yields. Thus, Abuja would be a
good selection site for yam improvement when
targeting a wide range of environments.

Four groupings were evident from the biplot
(Fig. 1): TDa 93-36 generally low yielding, and
unstable (high negative IPCA1 score); and TDa
291 and TDa 297, were low yielding and
moderately stable across environments (low
positive IPCA1 scores); TDa 294 and TDa 87/
01091 were high yielding, and stable (had low
negative IPCA1 scores). Genotype TDa 92-2 was
high yielding and very unstable across
environments (high positive IPCA1 score).

C.N. EGESI and R. ASIEDU

Stability in field performance of genotypes is
influenced by prevailing biotic and abiotic stresses
(Cock, 1985). Resistance to biotic stresses in
addition to tolerance of common abiotic factors in
the environments would ensure good varietal
performance. In this study, the most stable
genotypes (TDa294 and TDa87/01091) generally
had moderate disease ratings (Table 5). On the
otherhand, TDa 92-2 (the mostunstable genotype)
and TDa 93-36 (a moderately unstable genotype)
had the highest scores for yam anthracnose disease.
Environments that exhibited stable genotype yields
especially Ibadan, generally had lower anthracnose
disease pressure compared with locations that
exhibited unstable yields such as Abuja with
higher temperature and relative humidity.

The long growing period and diverse
agroecologies in which yams are cultivated,
expose cultivars to numerous biotic stresses with
some being very devastating in cases of complex
stress interactions. During the wet season, yam
anthracnose disease and leaf blight can be very

TABLE 6. Disease? (yam viral disease, yam anthracnose disease and Ieaf blight) severity ratings (1: no symptoms
and 5: very severe symptoms) and unadjusted mean yield (x103 kg ha-1 ) of 6 Dioscorea alata genotypes evaluated

at 5 locationsP for 2 years in Nigeria

Main effect Viruses Anthracnose Leaf blight Yield

3 MAP 6MAP 3MAP G6MAP 3MAP 6 MAP 1998 1999
Genotype
TDa 291 1.86 1.50 2.06 222 1.53 1.95 19.40 8.70
TDa 294 2.67 1.91 2.04 253 1.43 1.72 19.70 13.20
TDa 297 217 1.82 209 2.35 1.23 1.62 16.80 9.10
TDa 87/01091 2.29 2.45 2.50 3.07 1.68 3.03 21.10 13.00
TDa 92-2 3.19 3.1 2.58 3.45 1.71 3.15 22.10 11.60
TDa 93-36 2.31 242 242 3.30 1.97 2.90 17.70 9.00
Mean 242 2.20 2.28 2.82 1.59 2.40 19.50 10.70
LSD (0.05) 0.21 0.30 027 0.28 026 0.36 3.28 2.00
F_test (P<0.01) AR hkk hw kW xER kK R 2 2]
Location
Abuja 2.33 2.05 2.56 285 1.71 2.46 17.40 18.50
Ibadan 2.48 2.27 2.21 2.48 1.99 2.08 34.10 6.40
Jos 2.63 2.05 2.27 3.37 1.23 2.66 8.50 3.50
Ubiaja 2.29 2.25 244 2.90 1.61 2.65 17.80 16.10
Umudike 2.26 2.55 1.58 217 1.24 1.84 - 9.20
Mean 2.40 223 2.21 275 1.56 2.34 19.40 10.70
LSD (0.05) 0.19 0.29 0.26 0.27 0.25 0.34 2.68 1.82
F.test (P<o.o1) Rk n* 1] hw Tkl *Rw bl d ik

MAP denotes months after planting. 2Plants were predominantly healthy 1 MAP hence disease symptoms scores
are not presented. * and **: significant at P<0.05 and P<0.001, respectively. b planting at Umudike was only in 1999
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prevalent. They cause serious yield losses due to
their destructive effects on the photosynthetic
machinery of the plants. Yam improvement should
be focused on multiple disease and pestresistance,
which would guarantee stability of crop
performance.

Abuja had peculiar agroecological
characteristics of high mean temperature and high
relative humidity and exhibited unstable yam
yields. Environments that showed moderate
stability such as Ubiaja and Umudike are in the
humid forest, have low altitude (210m and 120m,
respectively), and are of the same soil type (Dystric
Luvisols). Environments that exhibited stable
yield: Ibadan (highyieldingandJos (lowyielding),
differed in their altitudes (210 m and 1,280 m,
respectively) and mean temperature: factors which
might have caused the differential stable yields.

CONCLUSION

The AMMI statistical model has been used to
diagnose G x E interaction pattern of fresh tuber
yield of yam. Genotypes TDa 87/01091 and TDa
294 were hardly affected by the G x E interaction
effects and thus will perform well across a wide
range of environments. Locations, such as Ibadan,
that could be regarded as a good selection site for
yam improvement due to stable yields observed
were also identified.
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