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Abstract: This study aimed to assess the agronomic performance and yield stability of elite white yam
(Dioscorea rotundata) genotypes across diverse Nigerian environments. Twenty-five genotypes were evaluated
at three locations in two consecutive growing seasons, 2022 and 2023. The genotypes were assessed for their
agronomic performance, tuber yield and related traits using various analytical tools such as AMMI (Additive
main effects and multiplicative interaction) and MTSI (Multi-trait stability index). The AMMI analysis revealed
significant differences among the genotypes and across the environments for all traits (p<0.001, P<0.01), except
for dry matter content (DMC). The PCA revealed that the first two principal components (PC1 and PC2)
explained a substantial portion of the total variation (49.84%). The first principal component (PC1) had total tuber
number (TTN), average tuber weight (ATW) and total tuber yield (TTY) which contributed most to the total variation.
PC2 had an area under disease progression curve for yam mosaic virus (AUDPCYMYV), total tuber number (TTN), total
tuber yield (TTY), and oxidation intensity at 30 and 180 minutes contributed most to the total variation. The Multi-
Trait Stability Index (MTSI) identified four clones: TDr1739049, TDr1739058, TDr1741044, and TDr1739023 as
promising candidates with high and stable yield across the three environments.

Keywords: yam; genetic variability; principal component analysis (PCA); heritability; additive main effect
and multiplicative interaction (AMMI); multi-trait stability index (MTSI)

1. Introduction

Root and tuber crops (RTB) have been playing more and more important roles in food security
and in meeting global dietary requirements [1]. Among the RTB’s, yam (Dioscorea spp.) holds
unparalleled significance as both a staple food and a cash crop in the humid and sub-humid tropics
of Africa. West Africa accounted for 96% of the world yam production figure of 88.3 Mt. Current
estimates put the Nigeria production figure at 61.2 MT representing 72% of West African production
[2]. Yam is a multi-species crop consisting of approximately 600 species. Within the diverse array of
yam species, White Guinea yam (Dioscorea rotundata Poir) reigns supreme, flourishing extensively in
West Africa's tropical regions. Supporting the livelihoods of over 400 million people, its cultivation
extends from Cameroon to Sierra Leone, predominantly as subsistence farming heavily reliant on
natural environmental inputs. Considering the projected global population of 9.6 billion by 2050,
ensuring food security is paramount. Enhancing the productivity of vital food crops like yams while
safeguarding the environment becomes imperative. In Nigeria, institutions like the International
Institute of Tropical Agriculture (IITA) prioritize yam breeding endeavors aimed at developing novel
varieties meeting end-users' preferences, encompassing both farmers and consumers. This focus
revolves around critical traits such as consistent tuber quality, high yield, minimal flesh oxidation,
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reduced hardening, increased dry matter content, and resistance against yam mosaic virus and
anthracnose disease [2-4].

Breeding is a potent tool for sustainable solutions to enhance yam cultivation and ensure food
security. However, progress in trait improvement hinges on comprehensive genetic information and
trait behavior across diverse environments. The exploration of yam quantitative traits has
consistently illuminated the profound influence of genotype-by-environment interaction. Several
investigations [5-7] have shed light on this crucial interplay, showcasing its pivotal role in
determining yam genotype performance across diverse environmental contexts. This further
underscored the necessity of acknowledging this interaction within yam breeding, advocating for
multivariate analysis techniques to address its nuances effectively [8]. As breeding strategies take
shape, understanding heritable variations and genetic correlations among economically significant
traits becomes imperative. This knowledge forms the bedrock for selecting breeding plans, further
illuminating the path toward desired progenies within breeding populations.

Genetic variability in quantitative attributes of White Guinea yam is essential as it reveals a vast
reservoir of untapped potential for genetic enhancement. Our study aims to estimate variance
components, heritability of agro-morphological traits, and scrutinize genotype-environment
interaction patterns of some elite white Guinea yam genotypes across multiple environments in
Nigeria.

2. Materials and Methods
2.1. Plant materials and Trial Establishment

Twenty-five genotypes from the International Institute of Tropical Agriculture (IITA) yam
breeding program were used in this study. Details of the genotypes and testing locations are
presented in supplementary Tables 1 and 2. The experiments were carried out at Ikenne located at
6°84'N and 3°69'E; Abuja located at 9°13'N and 7°23'E and Ibadan located at 7°49'N and 3°90'E in
Nigeria. The field was ridged, and genotypes were planted in an alpha lattice design of three plants
per plot at a spacing of 1mx1m in two replicates at two planting seasons, 2022 and 2023. The trial was
staked at 2 meters high and proper weeding was done manually to ensure that the field was kept
clean. Fertilizer was applied at the rate of 60 grams per row at 6 weeks after planting.

Agronomic traits were collected at the vegetative stage of the plant and at harvest using
“Standard Operating Protocol for Yam Genotype Performance Evaluation Trial” [9]. All agronomic
management practices were carried out equally and properly as per the recommendations earlier
stated.

Table 1. Agronomic traits, description and time recorded for this study.

S/N Traits Full names Description Time recorded
1 | AUDPCYAD Area under disease progression The rating of symptoms caused by anthracnose Over the period of
curve yam anthracnose disease over a period of 2-5MAP 2-5MAP
Area under disease progression The rating of symptoms caused by virus over a Over the period of
2  AUDPCYMV ;
curve yam mosaic virus period of 2-5MAP 2-5MAP
3 PLNV Plant Vigor How vigorous the plants appear at SMAP 3 MAP
4 INTOX30 Intensity of tLilber oxidation 30 Visual tuber oxidation was accessed at At harvest
minutes harvest
5 INTOX180 Intensity of tl%ber oxidation Visual tuber oxidation was accessed At harvest
180minutes at harvest
Yield was estimated per plot using the
6 TTY Total yield per plot formula total tuber weight divided by the At harvest

effective plot multiplied by ten
7 DM Dry matter content Percentage of dry matter content of tuber At harvest
Average weight of tuber per plot was

8 ATW A tuber weight
verage tuber weig accessed at harvest

At harvest
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All traits information was accessed using the Standard Operating Protocol for Yam Genotype
Performance Evaluation Trial” [9].

The area under the disease progression curve (AUDPC), is a valuable quantitative summary of
disease severity for YMV and YAD over time, this was estimated using the trapezoidal method [10]
This method represents the time variable and calculates the average disease severity between each
pair of adjacent time points:

(Yi + Vis1

25) (614 — 1) (2)

where n is the number of assessments made, yi is the anthracnose or virus severity score on date i,
and t is the time in months between assessments yi and yi + 1.

The rate of pathogen reaction to yam mosaic virus (YMV) and yam anthracnose disease (YAD)
(severity scores) were recorded monthly from two to six months after planting following the scale as
shown in (Figure 1) below.

&) )

Figure 1. Visual scale for yam mosaic virus disease scoring.

%DMC = (dry tuber weight/fresh tuber weight) x 100 (2
TTY = (total tuber weight harvested/effective plot) x 100 3)

ATW = (total tuber weight harvested/total plants harvested)  (4)

2.2. Statistical Analysis

All statistical analyses were performed using various packages in R Studio [11]. The function
“find outliers” from the ‘metan’ package was used to ensure there were no outliers and that the data
followed a normal distribution. Least square means (LS means) for each trait across environments
were calculated using the ‘emmeans’ package version 1.8.7. We fitted the following linear mixed-
effect model using the ‘statgen-STA’ package version 1.0.12 [12] to estimate variance components and
obtain the best linear unbiased estimations
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y=Xf+Zu+e (5)

where y is the response vector of a trait for a given location, fis the vector of fixed effects with the
design matrix X (relating observations to fixed effects, which include grand mean, replication
number), u is the vector of random genetic effects with the design matrix Z (relating trait values to
genotype, environment, genotype x environment interaction (GEI)), and e is the residual. A linear
model was used to conduct the analysis of variance (ANOVA) using the ‘metan’ package in R,
following the alpha lattice design model [13]

Yijkl = u + Gi + Ej + (GE)ij + (ED)jk + (ED)jkl + €ijkl (6)

where Yiju represents the response variable, u represents the overall mean, Gi represents the effect
of the it genotype on the response variable, Ej represents the effect of jt location on the response
variable, (GE)jj represents the interaction between the it genotype and j* location, (ED)jk represents
the interaction effect between jth location, kt replicate within each location and (ED)jkl represents
the interaction effect between the jt location, k replicates and 1t block within the replicates and eijkl
represents the experimental error.

The principal component analysis (PCA) was conducted using ‘Factoextra package’ [14] to
generate Eigen values, percentage of the variation accumulated by the PCA and the load coefficient
values between the original characters and respective PCA. Pearson correlation was performed using
the function “cor” in R studio. Genetic parameters such as broad-sense heritability and phenotypic
coefficients were estimated using the function “get model data” in the metan package in R. Broad-
sense heritability across all environments for all traits was calculated as follows:

H? = 6% /(% + o7 + 02) @)

Phenotypic coefficient of variance

2

Vo p
p=—2P 8
P grand mean 100 ®)

Genotypic coefficient of variance

2
Vo g

Vo= —— 9 9

Ve grand mean 100 ®)

0% is the genotypic variance, 0% is the residual variance, and o2 i is the genotype-by-environment
interaction variance. Heritability was categorized as low (<30%), moderate (31-60%), and high (>60%)
according to Robinson et al [15].

Genotype by environment interaction (GEI) analysis was performed using the Additive Main
Effects and Multiplicative Interaction (AMMI) model [16]

p
yij=un+ai+Tj+ > Matjx + P + e (10)
k=1

where Yij is the observed mean yield, Akis the singular value for the k-th interaction principal
component axis (IPCA); aik is the i-th element of the k-th eigenvector; tjk is the jth element of the kth
eigenvector. A residual gij remains, p IPCA are used, where p< min (g-1; e-1). This approach
depends on analysis of variance (ANOVA) for estimating genotype and environment main effect,
principal component analysis (PCA) for decomposing GEI structure into Interactive Principal
Component Axes (IPCAs) and biplot for graphical presentations. AMMI gives a suitable approach in
separating genotypic effect from genotype by environment effect with cultivar ranking in mega-
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environment [17] while GGE is suitable for grouping sites and cultivars without cultivar rank change
[18]. Superior cultivars and test environments were selected.

The multi-trait stability index (MTSI) was determined following the formula used by [19] to
select the stable genotypes for the studied traits. The genotypes with lowest MTSI were considered
as superior genotypes [20].

f 5 0-5
MTSIi = [MTSI; = <Zj=1(fij - f;) > (11)

MTSIli=multi-trait stability index for the i-th genotype, f;;=j-th score for the i-th genotype,
fj=-th score of ideal genotypes.

3. Results
3.1. Variation in Least Square Means of Quantitative Traits Across Environments for 25 Yam Genotypes

Figure 2 displayed the variation of quantitative traits accessed on 25 yam genotypes across
different environments with each plot representing the distribution of LS means for a specific trait in
multiple environments. The wider boxes indicate more variation in LS means among genotypes
within that environment and the narrower boxes indicate less variation and more consistency among
the genotypes. The points outside the whiskers are LS means that are significantly different from
others. The median in each environment varies with respect to their traits which implies that the
performance of the genotypes for each trait is influenced by the environment. ATW, PLNV, Oxi30,
and Oxil80 have outliers, which suggests there are genotypes with high variability among others.
Traits such as DMC, TTN, Oxi30, AUDPCYMYV, and TTY have their mean higher than the median,
which indicates few genotypes with higher performance. Oxi30 has the smallest boxplot which means
that the variability is less compared to DMC which has the largest variability.

LS Means of Genolypes Across Environments
UDPCYAD

%#:ﬁﬁ %‘%?%‘ é%%%gﬁ
B408A 1411 il
antegn %??? ééaééé%

nnnnnnn

LS Mean Value

Figure 2. Boxplots of quantitative traits accessed on 25 yam genotypes *. *PLNV: plant vigour;
AUDPCYAD: area under disease progression curve yam anthracnose disease; AUDPCYMV: area
under disease progression curve yam mosaic virus, TTW: total tuber weight per plant; ATW: average
tuber weight; TTY: total tuber weight; OXi30 and OXil80: intensity of tuber oxidation at 30 and 180
minutes and DMC: dry matter content.

3.2. Genotypic Coefficients, Phenotypic Coefficients, and Broad-Sense Heritability

This study showed that genotypic coefficient of variation is higher than the phenotypic
coefficient of variation except for plant vigour and this means that genetic factors contributed more
to the variability observed in the trait compared to environmental factors (Table 3). Genotypic
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coefficient of variation ranged from 0 for plant vigor to 717.78 for oxidation intensity at 30 minutes.
On the other hand, phenotypic coefficient of variation (CVp) values ranged from 23.2 to 108.2 in all
the traits. The genotypic variance was also observed to be higher than the phenotypic variance for all
the agronomic traits in this study. Low broad sense heritability (H?) (0-30%) was observed for plant
vigor and AUDPCYMYV while moderate broad sense heritability was observed for all other traits
(Table 3).

Table 3. Genetic parameters estimate in the selected white yam genotypes *.

Genetic AUDPCYMV AUDPCYAD TIN ATW  TIY PLNV Oxi30 Oxil80 DMC
parameters
GV 54055.75 117840.00 36558 36.68 3840.65 0.00 26080 32609 3672.45
PV 2350.25 2946.00 870 094 9367 026 593 836 89.57
H2 23.00 40.00 4200 3900 4100 000 4400 39.00  41.00
CVg 137.85 147.41 407.68 41793 39826 000 717.78 49890  176.99
CVp 28.75 23.32 6287 6686 6218 2006 10820 79.80  27.64
Mean 168.65 232.86 469 145 1556 254 225  3.62 34.24

*GV=genotypic variance, PV=phenotypic variance, H2 broad sense heritability, CVg=Genotypic
coefficient of variance, CVP=phenotypic coefficient of variance, PLNV: plant vigour; AUDPCYAD:
area under disease progression curve yam anthracnose disease; AUDPCYMYV: area under disease
progression curve yam mosaic virus, TTW: total tuber weight per plant; ATW: average tuber weight;
TTY: total tuber weight; OXi30 and OXil80: intensity of tuber oxidation at 30 and 180 minutes and
DMC: dry matter content.

3.3. Traits importance and contribution

The principal component analysis displayed the contribution of the quantitative traits in the
white yam genotypes (Table 4). The first four principal component of the quantitative traits accounted
for 73.55% of the total variation. The first principal component (PC1) had total tuber number (TTN),
average tuber weight (ATW) and total tuber yield (TTY) which contributed most to the total variation.
PC2 had area under disease progression curve for yam mosaic virus (AUDPCYMYV), total tuber
number (TTN), total tuber yield (TTY), oxidation intensity at 30 and 180 minutes contributed most to
the total variation. PC3 had plant vigor and dry matter content which contributed most to the total
variation. PC4 had oxidation intensity at 180 minutes, dry matter content and area under disease
progression curve yam anthracnose disease which contributed most to the total variation.

Table 4. Principal component analysis and variables contribution on each factor for quantitative traits
*

Variables PC1 PC2 PC3 PC4
AUDPCYMV -0.29 0.42 -0.08 -0.20
AUDPCYAD -0.17 0.28 -0.01 -0.63

TTN 0.55 0.30 0.09 0.07
ATW 0.38 0.19 -0.10 -0.28
TTY 0.56 0.30 0.09 0.07
PLNV 0.01 0.18 -0.71 -0.22
Oxi30 0.23 -0.54 -0.14 -0.28
Oxil80 0.25 -0.46 -0.06 -0.39
DMC(%) -0.06 0.05 0.66 -0.44
eigenvalue 2.35 2.14 1.08 1.05
variance(%) 26.08 23.76 12.02 11.69
cumulative(%) 26.08 49.84 61.87 73.55

*PLNV: plant vigor; AUDPCYAD: area under disease progression curve yam anthracnose disease;
AUDPCYMV: area under disease progression curve yam mosaic virus, TTW: total tuber weight per
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plant; ATW: average tuber weight; TTY: total tuber weight; OXi30 and OXil80: intensity of tuber
oxidation at 30 and 180 minutes and DMC: dry matter content, PC=principal component.

3.4. Phenotypic correlation coefficient between the quantitative traits measured.

Pearson correlation coefficient among the agronomic traits for 25 white yam genotypes across
six environments displayed (Figure 3) showed the relationship between the agronomic traits
evaluated. There was a significant (P<0.001) positive correlation between total tuber number (TTN)
and total tuber yield (TTY) (0.99), average tuber weight (ATW) and TTY (0.44), ATW and total tuber
number (TTN), AUDPCYMV and AUDPCYAD respectively. There was a negative correlation
between AUDPCYAD with oxidation intensity at 30 minutes (-0.25), AUDPCYMYV with oxidation
intensity at 180 minutes (-0.35) and Oxi30 (-0.49). There was a significant (P<0.05) negative correlation
between area under disease progression curve yam mosaic virus (AUDPCYMYV) and total tuber yield
(TTY) (-0.12), and a positive correlation between plant vigor (PLNV) and AUDPCYMYV (0.14). There
was a negative correlation (p<0.01) between PLNV and oxidation intensity at 180 minutes.

TN
Pearson's

Correlation

4.0 -05 00 05 10 e G ATW
000 .02 002 DME
ns
007 010 0.03 0.04
ns ns ns ns Oxite0
. 001 062 -0.06 -0.05 Oxi30
ns ns ns ns
025 00 009 002 004 005 AUDPCYAD
ns ns ns s ns
035 048 -0.35 005 002 11 012 AUDPCYMV
- - - ns ns ns .
014 0.08 000 015 0,06 011 006 0.05 PLNV
- ns ns - ns ns ns ns
o
& @ g & & & &
& & o oF L
§ kY
+ ®

ns p 2= 0.05; * p< 0.05; ** p < 0.01; and *** p < 0.001

Figure 3. Pearson correlation coefficient among the agronomic traits for 25 white yam genotypes*.
*PLNV: plant vigor; AUDPCYAD: area under disease progression curve yam anthracnose disease;
AUDPCYMV: area under disease progression curve yam mosaic virus, TTW: total tuber weight per
plant; ATW: average tuber weight; TTY: total tuber weight; OXi30 and OXil80: intensity of tuber
oxidation at 30 and 180 minutes and DMC: dry matter content.

3.5. Additive main effect and multiplicative interaction on agronomic traits.

The mean squares of AMMI analysis of variance explained for 25 genotypes evaluated
agronomic traits in three locations is presented in Table 5. The AMMI analysis revealed significant
variation in the main effects of the environment (P<0.001) for all traits except for dry matter content
and for average tuber weight (ATW) at (P<0.01). The effect of genotype is significant at (P < 0.05) for
all observed traits except AUDPCYMYV, PLNV and Oxi30. Genotype X environment interaction (GEI)
was decomposed into two principal components, and PC1 mean squares were highly significant (P <
0.001) for all traits except total tuber number (TTN), total tuber yield (TTY) and oxidation intensity at
30 minutes (Oxi30) at p<0.01. PC2 mean squares were significant (P < 0.001) for AUDPCYMYV,
AUDPCYAD and Oxil180. Mean squares were highly significant (P < 0.01) for TTN, ATW, PLNV,
while mean squares were significant (P<0.05) for TTY, Oxi30 and DMC.

Table 5. Mean squares of Additive main effect and multiplicative interaction (AMMI) analysis of
variance for 25 genotypes evaluated for agronomic traits in six environments'.
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8
AUDPCY AUDPCYA

Sources df UMVC U DC TTN ATW TTY PLNV  Oxi30 Oxil80 DMC
Envi 41,826
n"“‘gmem( 5 38808 27679.4% 283268 126671 300.556*1.34567 49.651 11520 54909
Genotype(G) 24 1057  1698.6*  55966* 0.65483* 6142¢ 012718 3151 5313  5597*
Intféig)lon 120 798 10163 33071 037295 36548 012981 2054 3263 34021

PC1 28 1705 1864.4%% 52033 070452 53.8% 02399 3.045% 5526 101.611%

PC2 26 948 14144 43397 046769** 45594* 015599 2557% 4.634** 19.983*
Residuals 66 354 4997 20961 019496 25665 00728 1436 1764  10.877

PLNV: plant vigor; AUDPCYAD: area under disease progression curve yam anthracnose disease;
AUDPCYMV: area under disease progression curve yam mosaic virus, TTW: total tuber weight per
plant; ATW: average tuber weight; TTY: total tuber weight; OXi30 and OXil80: intensity of tuber
oxidation at 30 and 180 minutes and DMC: dry matter content, PC=principal component.

3.6. Additive main effects and multiplicative interaction (AMMI) 1 and 2 biplot

Figure 4 shows the AMMI1 biplots where genotypes and environments are depicted as points
on a plane with the first PC on the y-axis. The horizontal line within the plot shows the interaction
effect and the vertical axis represents main effect. The vertical axis showed interaction between
genotypes and the environments while the horizontal showed the main effect of the genotype and
environment. The superior genotypes for total tuber yield are the genotypes on the right two
quadrants (top and bottom right) of the biplot. The environments were distributed from the low
yielding environments on the left quadrants to the high yielding on the right quadrants. IK23, AB23,
IK22, and IB23 were identified as high yielding environments (figure 4a). The superior genotypes
identified for dry matter were the genotypes on the right two quadrants (top and bottom right) of the
biplot. The environments were distributed from the low dry matter content environments on the left
quadrants to the high dry matter content on the right quadrants. IK23, AB23, AB22, and IB23 were
identified as high dry matter content environments (figure 4b). The genotypes identified as superior
for total tuber number were genotypes on the right two quadrants (top and bottom right) of the biplot.
The environments were distributed from the low tuber number on the left quadrants to the high tuber
number on the right quadrants with 1IK23, AB23, IK22, and IB23 as high total tuber number
environments (figure 4c).

AMMI Biplot

L (37.7%)

1
l
b

(@) (b) (©

Figure 4. Ammil biplot view for best genotypes across six environments (a) Total tuber yield (b)Dry
matter content, (c)total tuber number.

AMMI2 biplot of white Guinea yam genotypes are illustrated in Figure 5. The AMMI 2 revealed
the importance of PCA2 scores along the first PCA in explaining the complexity of GEI involving
significant multi-environments and identifying the adaptation of genotypes. The PC2 values were
25.9%,12.7% and 27.5% for total tuber yield, dry matter content and total tuber number, respectively.
Genotypes and environments near the origin (centre of the plot) have average performance and
stability because their performance is less influenced by environmental changes. In contrast, those
far from the origin and close to each other indicated strong specific interaction. For total tuber yield,
TDr1741021 performed well in AB 23, TDr1719029 and TDr1719020 performed well in IK23,
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Meccakusa performed well for AB22 and TDr1739046 performed well in IB23 environments. For dry
matter content, TDr1738048 performed well in IB23, TDr1739023 and TDr1739058 performed well in
IK23, and TDr1741073 performed well in AB22 and A23 environments. For the total tuber number,
Meccakusa performs well in AB22, TDr1741021 performs well in AB23, TDr1719029 performed well
in IK23 environments.

AMMI2 Biplot AMMZ Biplot AMMI2 Biplot

PC2 (25.8%)
PC2i27.5%]

PG (37.7%)

(@) (b) (©

Figure 5. Ammi2 biplot polygon view for best genotypes across six environments (a) total tuber yield,
(b) dry matter content, (c) total tuber number.

Figure 6a shows the mean performance and stability of 25 genotypes for total tuber yield across
six environments. The arrowed average tester coordination (ATC) lines from the biplot shows the
lowest vs. highest and stable vs. unstable genotypes in the experiment [21]. A deviation from the ATC
lines indicates stability; therefore, TDr1739023 TDr1719059 and TDr1716069 were among the most
stable genotypes. TDr1739046 and TDr1719029 were among the least stable genotypes for total tuber
yield because they strongly deviated from the ATC lines. Genotypes close to the arrow are the
genotypes with the highest mean performance for total tuber yield. Figure 6b displays the mean
performance and stability of 25 genotypes for total tuber number across six environments. A
deviation from the ATC lines indicates stability; therefore, TDr1716069, TDr1738003, TDr1719055,
TDr1739023 and TDr1719059 were among the most stable genotypes. Dr1739046 and TDr1719029
were among the least stable genotypes for total tuber number because they strongly deviated from
the ATC lines. Genotypes close to the arrow are genotypes with the highest mean performance for
total tuber number. Figure 6c showes the mean performance and stability of 25 genotypes for dry
matter content across six environments where deviation from the ATC lines indicates stability;
therefore, TDr1716040 and TDrl1716069 were among the most stable genotypes. Genotype
TDr1738048 was the least stable for dry matter content because it strongly deviated from the ATC
lines. Genotypes close to the arrow are the genotypes with the highest mean performance for dry
matter content.

Maan e sy

(a) (b) ©

Figure 6. Mean and stability biplot for total tuber yield (a), total tuber number (b) and dry matter
content (c).
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3.7. Multi-trait selection for agronomic traits

Selection of the traits under study was performed through a multi-trait stability index (MTSI).
The selection differential was negative for all the traits. The selection differential for WAASB
(Weighted Average of Absolute Scores) index was 1.09%, 9.08%, 19.2%, 19.3%, 22.6%, 24.3%,
26.2%,26.4% and 39% for DMC, AUDPCYAD, TTY, AUDPCYMV, TTN, ATW, PLNV, Oxil80 and
Oxi30 respectively (Table 6). The four selected genotypes with the lowest MTSI values
(Supplementary Table 3) were TDr1739049, TDr1739058 TDr1741044 and TDr1739023 (figure 7a).
Figure 7b provides a visual representation of the strengths and weaknesses of the selected genotypes
based on the contribution of each factor in the MTSI index. The lower the share justified by a factor
(close to the outer edge), the closer the attributes within that factor are to the stable ideal state.
Genotypes TDr1741044, TDr1739049, and TDr1739058, which had the lowest value in the first factor,
were close to the ideal genotype for the total tuber number and total tuber yield. Genotypes
TDr1741044 and TDr1739049 had the lowest share of the second factor, indicating their proximity to
the ideal genotype in terms of AUDPCYMYV and AUDPCYAD. Genotypes TDr1739023, TDr1739049
and TDr1739058 had the lowest share of the third factor, indicating their proximity to the ideal
genotype in terms of Oxi30 and Oxi180. Genotypes TDr1739058 and TDr1739023 had the lowest share
of the fourth factor, indicating their proximity to the ideal genotype in terms of PLNV and ATW.

Table 6. Selection differential of the WAASB index for D50F, TSW, SY in sesame accessions*.

Variable Factor = FAl FA2 FA3 FA4 Xo Xs SD SD%  Communality
Oxi30 FA 3 -0.35 0.21 -0.69  -0.14 0.22 0.14 -0.09  -39.00 0.67
Oxi180 FA3 0.21 -0.20  -0.76 0.14 0.30 0.22 -0.08  -26.40 0.68
PLNV FA 4 0.10 0.06 -041 -0.76 0.12 0.09 -0.03  -26.20 0.76
ATW FA 4 -0.17 -020  0.28 -0.75 0.22 0.16 -0.05  -24.30 0.72
TTN FA 1 -0.96 -0.12  -0.04  -0.02 0.34 0.26 -0.08  -22.60 0.94
AUDPCYMV FA2 -0.17 -089 -019  -0.03 1.29 1.04 -0.25  -19.30 0.85
TTY FA 1 -0.99 -0.02  0.03 0.01 0.66 0.53 -0.13  -19.20 0.97
AUDPCYAD FA2 -0.04 -092 007  -0.05 1.48 1.35 -0.14 -9.08 0.86
DMC FA2 -0.10 0.31 -0.13 0.25 0.21 0.21 0.00 -1.09 0.18

Average 0.7368696

* (Xo) = original mean, (Xs) = mean of the selected accessions, SD = selection differential, %=percentage.

Strengths and weaknesses view

ToN74104 ToN738023

Contribution to the MTSI index

TOr1739058 TON730040

@ b)

Figure 7. Twenty-five genotypes of white yam selected by multi-trait stability index.

4. Discussion

This study assessed the genetic potential of twenty-five genotypes of white Guinea yam
(Dioscorea rotundata) for its agronomic attributes at three different locations. The analysis of

d0i:10.20944/preprints202408.0964.v1
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agronomic traits revealed a significant genotype-by-environment interaction. The width of the boxes
in the boxplots reflects the variability in the least square (LS) means among genotypes within each
environment. The outliers denotes LS means that are significantly different from the majority,
highlighting genotypes with extreme performance values. The varying median values across
environments for each trait indicated that genotypic performance is influenced by environmental
conditions. These findings underscore the importance of considering environmental influence when
assessing genotypic performance for quantitative traits. Traits with high variability may require
environment-specific strategies for selection and breeding, whereas traits with low variability
suggest more stable performance across different conditions. Similar findings were also reported in
yam and rice [22,23]

Genetic variance serves as a cornerstone in the process of selecting superior genotypes and
enhancing desirable traits within a population. In our investigation, we discerned notable genotype
effects across various traits, save for plant vigor. This observation underscores a promising avenue
for harnessing genetic diversity to drive improvements through hybridization and selective breeding
strategies. Our findings are in line with the findings of Cynthia et al [24] in their examination of
cassava, where they also identified similar trends in certain traits. This parallel further corroborates
the potential efficacy of targeted breeding efforts to amplify genetic gains and foster trait
enhancement across diverse agricultural environments.

The low broad-sense heritability (0-30%) for plant vigor and yam mosaic virus (AUDPCYMYV)
observed in this study suggests that a relatively small proportion of the phenotypic variation in these
traits can be attributed to genetic differences among the genotypes. This may require more intensive
selection pressure or the incorporation of additional genetic or environmental factors to achieve
improvements. On the other hand, the moderate broad-sense heritability observed for all other traits
indicated that genetic factors played a more substantial role in determining the variation in these
traits. This implies that traits such as total tuber number, tuber yield and other agronomic
characteristics are more strongly influenced by genetic differences among the genotypes. However,
these findings appear to deviate from the reported results of high broad-sense heritability for tuber
yield and yam mosaic disease [25], as well as from the moderate to high broad-sense heritability in
various measured traits across wild and cultivated yam [26,27], further adding to the complexity of
interpreting genetic influences on yam traits.

The principal component analysis outcomes offer valuable insights into the underlying factors
driving variation in quantitative traits among the genotypes. These revelations align with similar
studies that uncovered distinct associations between white yam genotypes and key traits such as
fresh tuber yields, tuber dry matter content, and susceptibility to yam mosaic virus [27]. Such
genotype-trait associations unveiled by this study provide a wealth of information that holds great
promise for breeders, particularly in the meticulous selection of parental candidates for targeted
breeding initiatives aimed at enhancing specific traits [28]. Moreover, several authors have
highlighted the significance of phenotypic traits in unraveling the diversity and differentiation in
yam [29-31]. These collective insights not only enrich our understanding of yam genetics and
agronomy but also pave the way for more informed and effective breeding strategies tailored to meet
the evolving demands of yam cultivation and utilization.

The correlations among the studied traits showed the strength of their linear associations. This
implies that certain traits can serve as reliable proxy selection parameters for evaluating different
genotypes. This correlation analysis offers valuable insights into the interplay among diverse traits
and has the potential to significantly enhance the precision of selecting and breeding yam genotypes
tailored to exhibit specific attributes.

The AMMI1 and AMMI2 biplots provided a comprehensive view of the genotype-environment
interactions for tuber yield, dry matter content, and tuber number. The Additive Main Effects and
Multiplicative Interaction (AMMI) model is a crucial tool for evaluating the significance of genotype-
by-environment (G x E) interactions in agronomic traits across multi-environment trials. This model
allows for a detailed understanding of the relationships between genotypes and the environments in
which they are tested. AMMI model 1 biplot is widely used for identifying high potential yield and
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stability [32]. In the AMMII1 biplot, when mean environments and genotypes are placed on lines
parallel to the ordinate, it indicates that they have similar performance [33,34]. Additionally,
genotypes positioned on the right side of the center of the biplot exhibit higher yields compared to
those on the left side. Our findings align with this, as genotypes located in the right-hand quadrants
for tuber yield, dry matter content, and tuber number reflect superior performance.

The IPCA1 and IPCA2 scores are essential for understanding the function of genotype-by-
environment interaction and the adaptability of genotypes in the test environments. The first two
PCA interactions for tuber yield, dry matter content, and tuber number accounted for the total
variation of the G + G x E interaction for the traits considered. Among the genotypes, TDr1719029
and TDr1719020 stand out for total tuber yield, TDr1739023, TDr1739058, and TDr1719055 for dry
matter content, and TDr1719029 and TDr1719020 for tuber number, indicating their similar response
patterns. In the test years, Ibadan was relatively close to the biplot origin, indicating it has a less
interactive location and could be a suitable location for selecting genotypes with average adaptation.

The MTSI index selected four ideal genotypes TDr1739049, TDr1739058, TDr1741044 and
TDr1739023 as the best performing genotypes among the twenty-five genotypes studied. Genotypes
with lower values are assumed to have better performance and stability based on the traits assessed.
The strength and weakness view revealed the four selected genotypes performance towards their
traits. FA1 showed the contributing factor of TTN and TTY to the selection of the genotypes, while
AUDPCYMYV and AUDPCYAD were found to be more contributing to the selected genotypes FA2.
FA1 and FA4 are the group contributing less to the genotype selection, while FA2 and FA3 are the
strength of the genotypes. Multi-trait stability index had been successfully used in previous studies
to evaluate yield and other agronomic traits in various genotypes and has been applied to evaluate
several crops to identified superior genotypes in terms of yield, yield stability, and other agronomic
traits [35-37].

5. Conclusions

This study delved into the genetic potential of twenty-five genotypes of white Guinea yam
(Dioscorea rotundata) across six environments, shedding light on their agronomic attributes. The
findings revealed significant genotype and environment interactions for these traits, with genetic
factors playing a predominant role in trait variability. Notably, each genotype exhibited unique
agronomic characteristics, offering promising avenues for targeted selection and breeding programs
to enhance specific traits of interest. The application of the Multi-Trait Stability Index (MTSI)
corroborated previous studies, demonstrating its efficacy in evaluating yield and other agronomic
traits across different genotypes. These findings contributed more to the broader understanding of
yam genetics and agronomy, laying the groundwork for informed breeding strategies tailored to
meet the evolving demands of yam cultivation and utilization.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1: list of genotypes; Table S2: list of environments; Table S3: MTSI selection
list.
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