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Abstract

Germplasm characterization and evaluation are essential for the genetic improvement of
crops. In this study, a collection of 204 groundnut accessions including 13 checks held by
Plant Genetic Resources Research Institute, Ghana were evaluated under optimal conditions
for 2 years. The objectives were to characterize the groundnut collection using 18 qualitative
and 14 quantitative traits and to determine the relationships between the traits. Combined
analysis of variance based on augmented design revealed significant differences (P < 0.05)
among the accessions for majority of the traits. Results of principal component analysis
showed that all the quantitative traits were relevant in discriminating the accessions.
Primary seed colour was the most diverse qualitative trait based on Shannon diversity
index (n = 0.77). Frequency distribution analysis showed predominance of decumbent growth
habit and pale tan seeds. Cluster analysis using qualitative traits identified five major groups of
accessions and three each based on quantitative traits and joint analysis of quantitative and
qualitative traits. Number of main branches (NMB) and pod width (PW) appeared the
most important traits with positive contribution to yield based on correlation and path coef-
ficient analysis. Ten promising trait-specific accessions were identified for earliness along with
desirable pod and seed traits. GH 9672 and GH 9665 were identified as promising for higher
grain and fodder yield. Five accessions (GH 9833, GH 9829, GH 9830, GH 9835 and GH
9750) produced ∼5–30% more grain yield than the best check. This study underscored
ample phenotypic variation that would ultimately be exploited for genetic improvement of
groundnut.

Introduction

Groundnut (Arachis hypogaea L.) is a multipurpose grain legume cultivated globally. In devel-
oping countries where it is grown in large volumes, groundnut is important in the livelihood of
many households for its nutritional and economic contributions (Shilman et al., 2011;
Oteng-Frimpong et al., 2017). The groundnut kernel is highly nutritious, containing edible
oil (36–54%) and proteins (12–36%) vital for human health (Mondal and Bhuiyan, 2020).
Aside from nutritional benefits, groundnut improves soil fertility through nitrogen fixation,
which makes it a good partner in cropping systems for improved soils and hence reduced
need for mineral fertilizers (Ajeigbe et al., 2015). In sub-Saharan Africa (SSA), groundnut is
predominantly cultivated under rain-fed conditions and constrained by a wide range of biotic
and abiotic stresses. Consequently, yields on farmers’ fields are abysmally low at less than 1.5
tons/ha (FAOSTAT, 2020). Interventions geared towards yield improvement are therefore
needed to safeguard the food and nutritional security of millions of smallholder farmers
who depend on groundnut farming for livelihood.

In crop improvement programmes, assessment of genetic variation and identification of
trait-specific germplasm is important because it facilitates efficient use of genetic resources
to achieve breeding objectives (Obeng-bio et al., 2020). Phenotypic characterization has long
been the first step for classification of germplasm resources to enable their judicious use in
breeding programmes (Nelimor et al., 2019). Even in this era, phenotypic descriptors are still
being employed for diversity analysis of germplasm collections of different crops including
maize (Nelimor et al., 2019); millet (Kandel et al., 2019); sorghum (Gueye et al., 2016), cow-
pea (Dareus et al., 2021) and bambara groundnut (Siwale et al., 2022). Genetic improvement
in qualitative and quantitative traits is a major breeding goal of groundnut breeding
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programmes worldwide. To this end, both quantitative and
qualitative attributes of agronomically important traits such
as the pods (yield traits), stem, branches and leaflets have
been widely used to assess, describe, classify and identify prom-
ising accessions of groundnut for use in breeding programmes
(Garba et al., 2015; Yol et al., 2018; Banla et al., 2020). Yol et al.
(2018) evaluated 256 groundnut accessions from the
Mediterranean Basin and reported wide genetic variation for
eight quantitative and five qualitative traits. In a similar
study, Banla et al. (2020) phenotypically assessed 94 groundnut
accessions from Togo and Senegal. Using Simpson index, the
authors reported high diversity for primary seed colour
(0.75), stem pigmentation (0.60) and growth habit (0.59).

The genebank at the Plant Genetic Resources Research
Institute of the Council for Scientific and Industrial Research
(CSIR-PGRRI) at Bunso, Ghana conserves several groundnut
accessions that possibly harbour genetic variation for viable
groundnut improvement. The majority of these accessions are
indigenous to Ghana and are under-characterized and hence
grossly underutilized in breeding programmes since their gen-
etic value is unknown. Therefore, it is imperative to character-
ize the groundnut accessions held by the CSIR-PGRRI so that
they can be promoted for mainstreaming into breeding pipe-
lines. Additionally, understanding the interrelationship
between the traits associated with superior genotypes and con-
tribution of traits to yield is necessary to improve selection effi-
ciency. This could, in turn, enhance their value as potential
resources for improvement of farmers’ livelihoods and for gen-
eration of genomic resources to fast-track groundnut breeding.
Therefore, this study was conducted to (i) assess the agro-
morphological performance and relationships among a collec-
tion of groundnut accessions held by the CSIR-PGRRI, (ii)
determine the inter-trait relationships among the groundnut
accessions using sequential path coefficient analysis and (iii)
identify trait-specific germplasm for use in groundnut breeding
programmes.

Materials and methods

Planting materials, study area and experimental procedure

The groundnut germplasm used for this study consisted of 204
accessions and 13 improved varieties used as checks (Table S1).
The checks were specifically bred for increased grain and fodder
yield potential along with resistance/tolerance to both early and
late leaf spot diseases of groundnut. The 204 accessions originated
(collection sites) from three agroecological zones in Ghana
(Fig. 1) (Table S1) and were retrieved from the gene bank at
CSIR-PGRRI where they are held under long-term storage.

The accessions were evaluated at the research field of
CSIR-PGRRI, Bunso (latitude. 6° 17′ 42.6′ N, longitude. 0° 27′

38.5′′ W, 149 m above sea level), Ghana, during the major raining
seasons of 2021 and 2022. The experiments were arranged using
an augmented design with four blocks of 64 accessions, each
including the 13 checks which were replicated. Plot size consisted
of single rows, each being 2 m in length with 0.4 and 0.2 m inter
and intra-row spacing, respectively. Observed pests and diseases
were controlled using Lambda Super 2.5 EC at a rate of 0.4–0.8
L/ha and Mancozeb 640 g +metalaxyl 80 g/kg at a rate of 1.25
kg/ha respectively. Weeds were manually controlled using hoe
as and when necessary.

Trait measurement

Data were recorded for 32 agro-morphological descriptors follow-
ing the guidelines of International Board for Plant Genetic
Resources (IBPGR) (IBPGR, 1992) (Table S2). Among the 32
descriptors used, 18 were qualitative and the remaining were
quantitative.

Data analyses

Combined analysis of variance (ANOVA) was performed based
on augmented design to determine differences among accessions
for the various quantitative traits. Effects due to accession by
environment interaction (AEIs) were estimated using adjusted
means of the checks based on the difference in the mean value
of each check used in each block and the overall plot. The AEI
was calculated following the proposed equation by You et al.
(2013);

Yij = m+ ti+ nj+ (tn)ij+ 1ij

where Yij: adjustment value of the ith accession in jth year j; μ:
average of trait; τi: effect of the ith accession; νj: effect of the jth
year; (τν)ij: interactions effect of the ith accession in jth year,
and 1ij: combined error.

Broad sense heritability of each trait was estimated using the
formula as suggested by Falconer and Mackay (1996)

h2 = s2
g

s2
g + s2

ge/nloc+ s2
e

where h2, s2
g , s

2
e , nloc are broad sense heritability, the genotype

variance, error variance and number of locations, respectively.
Principal component analysis (PCA) and biplot analysis were

performed to determine the contribution of each trait in differen-
tiating the accessions. Phylogenetic trees were constructed to clas-
sify the accessions into dissimilar groups. The PCA, biplot and
phylogenetic tree analyses were performed using SAS-based
JMP software version 14 pro (SAS Institute, 2017). Also, correl-
ation among the different quantitative variables was performed
using the R software and result was displayed as heatmap (R
Development Core Team, 2013). Shannon–Weaver diversity
index (H′) was estimated to determine the extent of genetic vari-
ability among the qualitative traits (Shannon and Weaver, 1949)
using the equation below;

H′ = [S n
N x log2

n
N

( )
x (−1)

{ }( ]

log2k

where H′: standardized Shannon–Weaver diversity index; k: num-
ber of phenotypic classes for a trait; n: number of observations in
the phenotypic class of the trait and N: the total number of obser-
vations for the trait.

Results

Variance and frequency distribution analyses

Results of combined ANOVA across the 2 years (Table 1), showed
that the year had a significant effect on the majority (eight) of the
traits. Highly significant differences (P < 0.01) were observed
among accessions for all of the measured traits except leaf
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width (LW) and seed length (SL) (Table 1). The interaction of the
accessions with year was also significant for number of pods per
plant (NP), days to emergence (DE), first flowering (DFF) and
maturity (DM), pod size (PS), and hundred seed weight
(HSW). Broad sense heritability values of the measured traits ran-
ged from 0.21 for LW to 0.99 for NP. Mean comparison of the
measured traits revealed that majority of the accessions on the
average, emerged within 6 days after planting, and flowered at
26 days after planting (Table 1). The mean number of days
from planting to maturity (DM) was 102. Among the genotypes,

the average plant height was 43.38 cm, whereas the average num-
ber of pods recorded was 80.14 per plant. The mean weight of 100
seeds per genotype was 54.56 g (Table 1).

Results of the frequency distribution of the various qualitative
traits indicated variations in the description of most of the traits
with the exception of inflorescence and flower traits (Table 2).
Evaluating the gross morphology of the accessions revealed that
annual was the frequent life form among the accessions. With
respect to the growth habit (GH), decumbent-3 was the most fre-
quent (70.37%) character among the accessions while

Figure 1. Map of Ghana showing the collection points of the groundnut accessions analysed in this study.
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Table 2. Frequency distribution and Shannon–Weaver diversity index (H
′
) of the

measured qualitative traits of the 217 groundnut accessions

Trait Description
Frequency,

% H
′

Gross morphology

Growth habit
(GH)

Decumbent-1 0.93 0.37

Decumbent-2 14.81

Decumbent-3 70.37

Erect 13.89

Stem

Branching
pattern (BP)

Irregular without
flowers on main stem

49.31 0.30

Sequential 50.69

Leaf

Leaf colour (LC) Dark green 84.33 0.19

Light green 15.67

Leaflet shape
(LS)

Dark green 0.46 0.25

Oblong-elliptic 76.04

Obovate 23.50

Fruit

Pod beak (PB) Absent 5.07 0.39

Moderate 72.35

Prominent 8.29

Slight 13.36

Very prominent 0.92

Pod constriction
(PC)

Deep 3.23 0.50

Moderate 17.51

None 24.42

Slight 53.46

Very deep 1.38

Pod reticulation
(PR)

Moderate 44.24 0.54

None 2.30

Prominent 35.02

Slight 12.44

Very prominent 5.99

Seed colour (SC) One Colour 92.17 0.12

Variegated 7.83

Primary seed
colour (PSC)

Dark red 7.83 0.77

Dark tan 21.20

Light red 5.99

Light tan 13.82

Off-white 3.23

Pale tan 35.94

Purplish red/reddish
purple

0.46

Tan 10.14

Very pale 1.38
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decumbent-1 recorded the lowest frequency of 0.93%. Based on
stem traits, variation was only observed for branching patterns
(BP) with 50.69% of them being sequential. Morphological char-
acterization of the accessions according to their fruit traits indi-
cated variations among all the fruit traits. Seed colour (SC)
varied between one colour and variegated. Primary seed colour
(PSC) recorded the maximum number of varying characters or
descriptions (Table 2). There were a total of nine descriptions
among which pale tan recorded the highest frequency of
35.94% followed by dark tan with a frequency of 21.2%. A few
of the accessions had purplish red/reddish purple as their primary
seed colour representing the lowest frequency of 0.46% among all
the primary seed colour (PSC) characters.

Assessment of the contribution of individual traits to the gen-
etic diversity of the accessions using the Shannon–Weaver diver-
sity index revealed that traits such as branching pattern (BP), leaf
colour (LC), leaflet shape (LS) and seed colour (SC) recorded low
diversity indexes of 0.3, 0.19, 0.25 and 0.12, respectively (Table 2).
Traits such as growth habit, pod beak, pod constriction and pod
reticulation recorded intermediate diversity indexes of 0.37, 0.39,
0.50 and 0.54, respectively. Primary seed colour (PC) was the only
trait that recorded a higher diversity index of 0.77 indicating that
this trait contributed to most of the genetic diversity among the
accessions evaluated in this study (Table 2).

Principal component and accession by trait biplot analyses

Principal component analyses based on the quantitative traits
showed four principal components that accounted for more
than half (∼68%) of the overall variability among the accessions
(Table S3). In particular, PC1 explained ∼26% of total variation,
where SW, LW, HSW, LL, SL and PW appeared the most discrim-
inant traits. PC2 accounted for ∼21% of the total variation with
traits such as DM, DFF, PH and LL as the major contributors.
The PC3 explained ∼11% of the total variation with the main
contribution coming from five variables (NMB, DE, NP, PL and

HSW). In the PC4 where ∼9% of the total variation was
explained, PS, NP and DE were the principal contributory traits.
Based on the contribution of each of the measured traits to the
most informative principal components, all the 14 quantitative
traits were found to be relevant in discriminating the groundnut
accessions (Table S3). Combined data across quantitative and
qualitative traits revealed seven principal components with
Eigen values >1 capturing ∼68% of the total variation
(Table S4). PC1 and PC2 together accounted for ∼37 of the
total variation while the remaining four principal components
each contributed <10% to total variation (Table S4).

The accession-by-trait biplot analysis revealed that the first two
PCs were able to distinguish the groundnut accessions according
to their major contributing traits by capturing nearly 50% of the
total variation (Fig. 2). The biplot diagram supports the earlier
clustering results that generally, the accessions in cluster III
(represented by red colour) were associated with increased values
for the various quantitative traits measured. In addition, the biplot
diagram depicted the association/closeness of the different traits,
where positively associated traits were in acute angle (e.g. LL
and LW, LW and SW, SL and HSW, etc.) (Fig. 2).

Phylogenetic tree analyses

Phylogenetic tree constructed based on the quantitative traits clas-
sified the groundnut accessions into three distinct clusters
(Fig. 3a). Each cluster was further divided into two or more sub-
clusters. The first major cluster contained 78 accessions that were
early to emerge, flower and mature but with reduced pod size and
small and light weighted seeds. Cluster II consisted of 73 dwarfed
accessions with delayed emergence, narrow and short leaves, and
late maturity (Table S5). Cluster III, which was the most distinct,
had 66 accessions characterized by wide and long leaves, and
increased plant height, and numerous branches, as well as
increased pod and seed-related traits. Based on the qualitative
traits, five major groups of groundnut accessions were revealed

Figure 2. Genotype by trait biplot analysis of 217 groundnut accessions for two principal components.
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(Fig. 3b) while three groups were identified based on joint ana-
lyses of quantitative and qualitative traits (Fig. 3c).

Determination of inter-trait relationships

Sequential path analysis was performed to determine the relation-
ship between yield (NP) and other measured traits of the studied
accessions (Figure S1). Results showed that only number of main
branches (NMB) and pod width (PW) had a significant direct
effect on pod number/yield, accounting for 70% of the total vari-
ation in pod number/yield (Figure S1). Of these two first-order
traits, number of NMB had the largest positive direct effect
(0.212). Six traits, namely, LW, DFF, seed width (SW), seed length
(SL), pod length (PL) and DM were identified as second-order
traits (Figure S1). Of these, leaf LW and DFF contributed indir-
ectly to yield through NMB, whereas the remaining second-order
traits contributed indirectly to yield through PW. Traits categor-
ized in the third order included leaf length (LL), DE, plant height
(PH), HSW and plant spread (PS), each with an indirect contri-
bution to yield through one or more second-order traits
(Figure S1).

Correlation analysis revealed a highly significant (P < 0.001)
and positive correlation between a majority of the measured traits
(Fig. 3). Yield (NP) was significant and positively correlated with
only number of NMB (r = 0.25***) and PW (r = 0.22**) support-
ing the sequential path analysis results. Leaf width (LW) showed a
significant and positive correlation with leaf length (LL) (r =
0.86***), seed width (SW) (r = 0.81***), DE (r = 0.67***), PW (r
= 0.51***), SL (r = 0.40***), PH (r = 0.38***) and NMB
(0.33***). Plant height showed significant and negative correlation
with days to DFF and DM (r = −0.49***). Similarly, DFF was sig-
nificant and negatively correlated with LL (−0.39***) and PS
(−0.22**) (Fig. 4).

Promising trait-specific accessions

Earliness, increased seed size and high grain yield are important
agronomic traits for groundnut improvement. In the germplasm

set, 29 accessions were earlier (DFF < 25 days). However, after
considering yield along with increased pod and seed traits (PL,
SW and SL), as well as reduced days to emergence (DE) and
maturity (DM), the top 10 accessions were (GH 9813, GH
9680, GH 9693, GH 9664, GH 9787, GH 9825, GH 9702, GH
9793, GH 9681 and GH 9676) (Table S6). For yield, which is
represented by NP, 23 accessions were identified with increased
NP (100–178) compared to the grand mean of ∼80. The top
five (GH 9833, GH 9829, GH 9830, GH 9835, and GH 9750) pro-
duced 4.5–30% more grain yields (NP) than the best check (GH
9559A with NP = 133). These high-yielding accessions matured
in 97–120 days (Table S6). Accessions with increased values for
both PH and NMB (above the trial means of 43 cm and 9.14,
respectively) were considered promising for use as fodder.
Based on this, 15 accessions were identified as desirable for fod-
der. Of the 15, two accessions (GH 9672 and GH 9665) recorded
high grain yield while one accession (GH 9664) displayed earli-
ness (Table S6).

Discussion

In this study, a collection of groundnut accessions from three
agroecological zones of Ghana was investigated for variation in
phenotypic attributes as a preliminary step to identify accessions
that could be used in groundnut improvement programmes. The
large significant variation observed for the majority of the traits
measured in this study is an indication of ample phenotypic
diversity in the groundnut accessions and thus increased the pos-
sibility of identifying promising or trait-specific-germplasm for
genetic improvement of target traits. The significant interactions
of accessions with year for NP and other agronomic traits suggest
the influence of environments on the expression of these traits.
Nonetheless, the heritability estimates of the traits were moderate
to very high, suggesting that for this set of accessions, progress in
genetic improvement could be achieved through selection for
traits in the studied environment. These observations are con-
cordant with the results of previous studies which reported con-
siderable phenotypic variation in groundnut accessions (Yol

Figure 3. Phylogenetic constellation plot displaying genetic relatedness among 217 groundnut accessions based on hierarchical cluster analysis. (a) Quantitative
traits, (b) Qualitative traits and (C) Across quantitative and qualitative traits.
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et al., 2018; Banla et al., 2020). In particular, the high variability in
flowering behaviour (days to first flowering), days to maturity and
yield (depicted by number of pods) showed that the studied
groundnut accessions are adapted to a wide range of environ-
ments supported also by alternative agronomic practices in the
different agroecologies from which they were collected. The lack
of genetic variation among the accessions for traits such as days
to emergence, leaf length and width and seed length and width
is consistent with the findings of previous studies (Upadhyaya
et al., 2003; Banla et al., 2020).

In this study, the relative contribution of each trait to the
observed variation among the groundnut accessions was inferred
using PCA. The results showed that with the exception of days to
emergence, all the quantitative traits recorded in this study con-
tributed to the phenotypic diversity observed in the groundnut
accessions. However, the most discriminating agro-morphological
traits were number of pods per plant, plant height, 100 seed
weight, plant spread and number of main branches. These results
are in agreement with the findings of Mofokeng et al. (2021) who
found all quantitative traits except yield as highly informative in
the phenotypic differentiation of South African groundnut acces-
sions. In the present study, the first four PC’s accounted for
67.78% of the observed phenotypic variation, which is compar-
able to the 68% recorded for accessions from Mediterranean
basin (Yol et al., 2018) but slightly higher and lower than the
64% and 80% displayed by South African accessions (Mofokeng
et al., 2021), and Togolese and Senegalese accessions, respectively
(Banla et al., 2020).

An important objective of this study was to determine the
phenotypic relatedness among the groundnut accessions. The
grouping pattern displayed by the phylogenetic tree analysis indi-
cates the presence of wide genetic variation in the groundnut
accessions, which will be invaluable for breeding and future cross-

combinations to broaden the genetic base of existing groundnut
lines. Oliveira et al. (2015) opined that in principle, qualitative
traits provide additional information on groups and thus asso-
ciated with a larger number of groups compared to grouping
based on quantitative traits. In this study, the larger number of
groups revealed by phylogenetic tree analysis of qualitative traits
(five) compared to quantitative traits (three) was therefore not
surprising. Nonetheless, the grouping pattern obtained from the
joint analysis was largely in congruence with the grouping
based on quantitative traits. These results reaffirmed that the
accessions of the different groups obtained based on quantitative
traits were indeed phenotypically dissimilar. Thus, information
from the quantitative traits-based cluster analysis could be invalu-
able for the selection of contrasting parental lines to maximize
heterosis during hybridization. This observation is in conjunction
with previous reports (Nelimor et al., 2019; Banla et al., 2020).

Information on the association among traits of crops is crucial
to determine secondary traits that can be used for indirect selec-
tion for a trait of interest. Genetic variability among genotypes
and environmental conditions greatly influence the relationship
among traits. In this study, PCA-biplot was used to visualize
the association among traits. The biplot portrayed acute angles
between majority of the traits (e.g. LL and LW, LW and SW, SL
and HSW, etc.), suggesting that the traits were positively asso-
ciated. Taking a cue from the result of the biplot analysis, correl-
ation analysis was performed and the results confirmed that
indeed the majority of the traits were positively correlated. To
consolidate this finding, a sequential path analysis was performed
to identify secondary traits for indirect selection for grain yield.
The path analysis identified NMB and PW as first-order traits
accounting for 70% of the variation in NP (yield) suggesting
that in this set of groundnut accessions, selection for increased
NMB and PW could lead to improved yield. The correlation

Figure 4. Correlation co-efficient between different morphological traits of 217 groundnut accessions.
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analysis also identified NMB and PW as the only traits with sig-
nificant and positive correlation with NP or yield, which indicates
the possibility of simultaneous improvement of these traits. The
importance of these traits in the genetic improvement of ground-
nut has been highlighted in earlier studies (Banla et al., 2020;
Jahanzaib et al., 2020).

Identification of promising trait-specific accessions for traits of
interest is important to facilitate judicious use of germplasm in
breeding programmes. Nigam and Aruna (2008) opined that
shortened days to first flowering and reduced plant height are
important traits for the development of short-duration groundnut
cultivars. In this study, the mean values recorded for days to flow-
ering and plant height were lower when compared to those
reported for groundnut accessions from the Mediterranean
basin (Yol et al., 2018). In particular, accessions GH 9813, GH
9680, GH 9693, GH 9664, GH 9787, GH 9825, GH 9702, GH
9793, GH 9681 and GH 9676, earliness with desirable pod and
seed traits, could be good candidates for breeding for earliness
in groundnut. Indeed, these accessions originated from
Northern Ghana where rainfall is sporadic and short. Perhaps,
farmers in this region may have consciously selected earliness as
insurance against crop failure due to intermittent droughts during
the growing season. Similar findings have been reported in maize
(Nelimor et al., 2019). The five accessions (GH 9833, GH 9829,
GH 9830, GH 9835 and GH 9750) out-yielded the best check
by ∼5–30% and the two accessions with high grain and fodder
yields (GH 9672 and GH 9665) could serve as instant genetic
resources for utilization in breeding programmes to improve
groundnut yield.

Conclusion

This study revealed considerable phenotypic diversity in the
groundnut accessions held by CSIR-PGRRI, Ghana. The genetic
relationships revealed by analyses of quantitative traits were
largely in agreement with the results from joint analyses of quali-
tative and quantitative traits. PCA, biplot, correlation and sequen-
tial path analyses provided comprehensive insight into the
inherent association among measured traits. Yield, which is the
primary trait of interest, could be improved through indirect
selection for genotypes with desirable NMB and PW. Several
accessions with desirable traits were identified, which could be
exploited to broaden the genetic base of existing lines and to
develop new varieties in West and Central Africa. Accessions
GH 9833, GH 9829, GH 9830, GH 9835 and GH 9750 could be
exploited for yield improvement, GH 9672 and GH 9665 for
both grain fodder and yield. The next step following this study
is to evaluate selected promising accessions for tolerance to key
abiotic (drought and heat) and/or resistance to biotic stresses, par-
ticularly leaf spot.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S1479262123000916.

Author contributions. Richard Adu Amoah, Charles Nelimor and Lawrence
Misa Aboagye conceived and designed the experiment. Collins Yeboah Osei,
Richard Boapong, Samuel Awuah, Abednago Opoku Mensah, and Yaw
Kwarteng conducted the experiment and collected the data. Richard Adu
Amoah, Bright Adu Gyamfi and Charles Nelimor validated and analysed
the data. Richard Adu Amoah wrote the first draft with contribution from
Charles Nelimor, Abraham Yeboah, Victorial Sackey, and Eric Osafo Ansah.
All the authors read and approved the content prior to submission.

Competing interests. None.

References

Ajeigbe HA, Waliyar F, Echekwu CA, Kunihya A, Motagi BN, Eniaiyeju D
and Inuwa A (2015) A farmer’s guide to profitable groundnut production
in Nigeria. Technical Report. ICRISAT, Patancheru, Telangana, India.

Banla EM, Dzidzienyo DK, Diangar MM, Melomey LD, Offei SK,
Tongoona P and Desmae H (2020) Molecular and phenotypic diversity
of groundnut (Arachis hypogaea L.) cultivars in Togo. Physiology and
Molecular Biology of Plants 26, 1489–1504.

Dareus R, Acharya JP, Paudel DR, Lopes De Souza CH, Tome Gouveia B,
Chase CA and Rios EF (2021) Phenotypic diversity for phenological and
agronomic traits in the UC-Riverside cowpea (Vigna unguiculata
L. Walp) mini-core collection. Crop Science 61, 3551–3563.

FAOSTAT (2020) Available at https://www.fao.org/faostat/en/#data/QCL,
accessed 3rd November 2022.

Falconer DS and Mackay TFC (1996) Introduction to Quantitative Genetics.
4th ed. Essex: Longman.

Garba NMI, Bakasso Y, Zaman-Allah M, Atta S, Mamane MI, Adamou M,
Hamidou F, Idi SS, Mahamane A and Saadou M (2015) Evaluation of
agro-morphological diversity of groundnut (Arachis hypogaea L.) in
Niger. African Journal of Agricultural Research 10, 334–344.

Gueye T, Sine B, Cisse N, Diatta C and Ndiaye S (2016) Characterization of
phenotypic diversity of sorghum collection for developing breeding mater-
ial. International Journal of Science 5, 38–48.

IBPGR (1992) Descriptors for Groundnut. Rome, Italy and Patancheru, AP,
India: Int. Board of Plant Genetic Resources and Int. Crops Res. Inst. For
the Semi-Arid Tropics.

Jahanzaib M, Nawaz N, Arshad M, Khurshid H, Hussain M and Khan SA
(2020) Genetic; variability, traits association and path coefficient analysis in
advanced lines of groundnut (Arachis hypogaea L.). Journal of Innovative
Sciences 7, 88–97.

Kandel M, Dhami NB and Shrestha J (2019) Phenotypic diversity of finger
millet (Eleusine coracana (L.) Gaertn.) genotypes. Malaysian Journal of
Sustainable Agriculture 3, 20–26.

Mofokeng MA, Amelework BA, Chipeta O, Sibiya J, Gerrano AS, Shargie N
and Mashingaidze K (2021) Assessment of genetic variability in groundnut
(‘Arachis hypogaea’ L.) genotypes grown under South African conditions
using agronomic and SSR markers. Australian Journal of Crop Science 15,
1224–1232.

Mondal MMA and Bhuiyan MSH (2020) Morphological and reproductive
characterization of developed mutants in groundnut. International
Journal of Advanced Geosciences 8, 21–26.

Nelimor C, Badu-Apraku B, Nguetta SP, Tetteh AY and Garcia-Oliveira AL
(2019) Phenotypic characterization of maize landraces from Sahel and
Coastal West Africa reveals marked diversity and potential for genetic
improvement. Journal of Crop Improvement 34, 122–138.

Nigam SN and Aruna R (2008) Improving breeding efficiency for early
maturity in peanut. Plant Breeding Reviews 30, 295–322.

Obeng-Bio E, Badu-Apraku B, Ifie BE, Danquah A, Blay ET, Dadzie MA
and Talabi AO (2020) Genetic diversity among early provitamin A quality
protein maize inbred lines and the performance of derived hybrids under
contrasting nitrogen environments. BMC Genetics 21, 1–13.

Oliveira EJ, Oliveira Filho OS and Santos VS (2015) Classification of cassava
genotypes based on qualitative and quantitative data. Genetics and
Molecular Research 14, 906–924.

Oteng-Frimpong R, Konlan SP and Denwar NN (2017) Evaluation of
selected groundnut (Arachis hypogaea L.) lines for yield and haulm nutri-
tive quality traits. International Journal of Agronomy 2017, 1–9.

R Development Core Team (2013) R: A Language and Environment for
Statistical Computing. Vienna, Austria: R Foundation for Statistical
Computing. https://www.R-project.org/.

SAS Institute Inc (2017) Base SAS® 9.4 Procedures Guide: Statistical
Procedures, Second Edition. Cary, NC: SAS Institute Inc.

Shannon CE and Weaver W (1949) The Mathematical Theory of
Communication. Urbana: University of Illinois Press.

478 Richard Adu Amoah et al.

https://doi.org/10.1017/S1479262123000916 Published online by Cambridge University Press

https://doi.org/10.1017/S1479262123000916
https://doi.org/10.1017/S1479262123000916
https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/QCL
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1017/S1479262123000916


Shilman F, Brand Y, Brand A, Hedvat I and Hovav R (2011) Identification
and molecular characterization of homeologous Δ9-stearoyl acyl carrier
protein desaturase 3 genes from the allotetraploid peanut (Arachis hypogaea
L.). Plant Molecular Biology Reporter 29, 232–241.

Siwale J, Labuschagne M, Gerrano AS and Mbuma NW (2022) Phenotypic
diversity and characterization of the Southern African Bambara groundnut
germplasm collection for grain yield and yield components. Agronomy 12,
1811.

Upadhyaya HD, Ortiz R, Bramel PJ and Singh S (2003) Development
of a groundnut core collection using taxonomical, geographical and

morphological descriptors. Genetic Resources and Crop Evolution 50,
139–148.

Yol E, Furat S, Upadhyaya HD and Uzun B (2018) Characterization of
groundnut (Arachis hypogaea L.) collection using quantitative and qualita-
tive traits in the Mediterranean Basin. Journal of Integrative Agriculture 17,
63–75.

You FM, Duguid SD, Thambugala D and Cloutier S (2013) Statistical ana-
lysis and field evaluation of the type 2 modified augmented design (MAD)
in phenotyping of flax (Linum usitatissimum) germplasms in multiple
environments. Australian Journal of Crop Science 11, 1789–1800.

Plant Genetic Resources: Characterization and Utilization 479

https://doi.org/10.1017/S1479262123000916 Published online by Cambridge University Press

https://doi.org/10.1017/S1479262123000916

	Analysis of agro-morphological variability and inter-trait relationships in Ghanaian groundnut (Arachis hypogaea L.) accessions
	Introduction
	Materials and methods
	Planting materials, study area and experimental procedure
	Trait measurement
	Data analyses

	Results
	Variance and frequency distribution analyses
	Principal component and accession by trait biplot analyses
	Phylogenetic tree analyses
	Determination of inter-trait relationships
	Promising trait-specific accessions

	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


