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The variation of morphological and physiological traits of blackberry (Rubus subgenus Rubus Watson)
is vital for successful breeding of the fruit crop. The objective of this study was to characterize
blackberry accessions in-situ using morphological descriptors in Kenya. Each blackberry accession
was nested within its county of collection. A phylogenetic tree was then constructed using the Gower’s
coefficient which clustered the accessions into two classes; | and Il consisting of 1 and 89 accessions,
respectively. The clustering of accessions did not show an association between the origin of collection
and the accessions. Principal Component Analysis (PCA) revealed ten axes of which seven had a
cumulative variation of 96.30% with the first two axes having a discriminatory variance of 52.71%. This
suggests that variables identified in this study could be used to differentiate blackberry accessions
morphologically. This study demonstrated that the number of internodes per average growing shoots,
thorniness of the plant and length of internode were associated with the first axis with Eigenvalue of
27.79%. Plant thorniness was also associated with the second axis with Eigenvalue of 24.92%. These
results suggest that there exists qualitative and quantitative variation among blackberry accessions in
Kenya that can be utilized in breeding.

Key words: Morphological diversity, Rubus subgenus Rubus Watson, accessions, cluster analysis.

INTRODUCTION

The assessment and monitoring of diversity of plant corresponding functional botany (Lauri and Normand,
genetic resources in-situ and ex- situ is essential for 2017). Characters that show diversity within each species
germplasm management and for establishing core are commonly used in the characterization process.

breeding stocks (Oyoo et al., 2015; Orobiyi et al., 2017). Attributes of the edible part of the plant such as leaf
Knowledge of morphological variability of germplasm shape, length, persistence and total foliage cover are
collections improves understanding of the relationship taken in by many crops (Chweya and Edmonds, 1997).
between the structural morphology of plants and their For those crops whose fruit is the edible part, fruit size,
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texture, colour, length and weight are used. In addition to
the nutritive aspects of each species, phenology and
attributes related to storability of the harvested part for
consumption are often considered (Human and Rheeder,
2004). Breeding in blackberry focus on specific
characters which include adaptation, pest and disease
resistance, plant habit, primocane fruiting, thornlessness,
fruit size and shape, fruit quality and yield (Clark et al.,
2007).

Blackberry (Rubus subgenus Rubus Watson) is a
cross-pollinated, fruiting plant species formerly of
subgenus Eubatus. The fruits aggregate around a
receptacle and consist of fleshy drupelets, each with a
single seed (Finn, 2008). Blackberry is a perennial plant
with biennial canes and is of three types in reference to
cane architecture; erect, semi-erect and trailing (Clark et
al., 2007). There are 84 wild species of blackberry in
Kenya (Chittaranjan, 2011) and only two plant
introductions; one hybrid berry (definitive genetic origin
unknown but is believed to be an interspecific cross
between European Raspberry, Rubus idaeus and
another European blackberry, Rubus fruticosus) (Wood
et al.,, 1999) and the other, a European berry, Rubus
fruticosus cultivated mainly for export market.
Blackberries have a complex reproductive (sexual,
facultatively apomictic to obligately apomictic), ploidy
(autoploidy and alloploidy) and inheritance strategies
(disomic and tetrasomic) (Clark et al., 2007). Thus, there
is difficulty in identifying superior berry as well as
designation to definite groups which are sometimes
misclassified. Blackberry fruits have varied health
benefits and are rich in natural phytochemicals (Rao and
Snyder, 2010), vitamin C and E (Hirsch et al., 2013), and
contains phenolic compounds that are secondary plant
metabolites integral in human and animal diets
(Siriwoharn et al., 2004; Lee et al.,, 2011) due to their
antioxidant properties (Hirsch et al., 2013). They are also
used to prevent lifestyle diseases like diabetes, cancer,
cardiovascular diseases and other pathogens (Bravo,
1998; Hollman et al., 1996). Blackberry fruits are
consumed fresh or processed as individually quick frozen
(IQF), canned, pureed, juiced or freeze-dried (Finn,
2008). The crop is gaining prominence in Kenya and
Africa at large due to its possible health benefits and the
influx of a more informed, aggressive middle-class
population.

Modern breeding objectives emphasize on the
evaluation of the characteristics of importance to
production and productivity within genetic resources and
concentration of the same in one cultivar (Bozovic et al.,
2016). Analysis of genetic diversity can be achieved
through molecular and morphological markers. Some of
the molecular markers that have been used in the
assessment of genetic diversity of blackberry are random
amplified polymorphic DNA (RAPD), amplified fragment
length polymorphisms (AFLP), restriction fragment length
polymorphisms (RFLP), ISSR-EST, and simple sequence

repeats (SSRs) (Clark et al., 2007). In-situ hybridization
techniques (ISH) such as genomic in-situ hybridization
(GISH) and fluorescence in-situ hybridization (FISH) have
also been used to infer blackberry phylogeny genus (Yan
et al., 2015). Morphological markers are still useful in
phenotypic descriptions of plant populations. Some
morphological traits have been associated with
influencing some other trait that has great economic
importance but difficult to measure such as disease
susceptibility (Karimi et al., 2009). Phenotypic descriptors
are widely used to classify cultivars, genotypes and
landraces based on discriminant variables for the plant
genetic resources (PGR) studied (Orobiyi et al., 2017).
Consequently, a comparative analysis is done of the
composition of PGR with those of the classes obtained
from principal component analysis and correlation
analysis. This can better reveal the constitution of each
group with respect to the landraces, cultivars or
genotypes studied.

In Kenya, blackberry is still a minority crop and grown
mainly for the export market or the suburban population.
Smallholder farmers are still few as the crop gains
prominence in the region. Statistics for yield in Africa are
only available for South Africa (220 tonnes) and still, this
is very low in comparison to other regions of the world
(Strik et al., 2007; Finn, 2008). Being a minority crop,
challenges abound; inadequate breeding programs and
funding targeting blackberry in Kenya, little understanding
of population structures within repositories and the
available breeding program, inaccurate identification of
species and misclassification in gene banks, difficulty in
identification of duplicate accessions in germplasm
repositories as well as unavailability of improved local
cultivars. In addition, the available varieties experience
pest and disease problems coupled with abiotic stresses
that are not well documented. Phenotypic expression
such as objective descriptions of tree and fruit
characteristics discriminating against undesirable traits in
the process is unreliable and may not provide an
accurate indication of genetic diversity (Menkir et al.,
1997). This preference for specific traits based on
phenotypic descriptions has also previously led to the
discarding of potentially important and advantageous
germplasm. In addition, expression of morphological data
are greatly influenced by environment, phenological
stages of development and can be subjective in nature
resulting in errors (Marinoni et al., 2003). This assessment
of the morphometric diversity of the fruit tree species in
core germplasm collections, wild and introduced, whether
in-situ or ex-situ is however, necessary. It offers
prerequisite remedies to the challenges mentioned above
and is vital for the thorough understanding of these
genetic resources, breeding options and subsequent
conservation efforts. The objective of this study was to
characterize wild blackberry types in selected counties in
Kenya and Plant Introductions (PIs) using morphological
markers.



MATERIALS AND METHODS
Experimental site

This study was conducted in-situ in selected counties in Kenya.
These counties included Kericho (0.3689° S, 35.2863° E), Nakuru
(0.3031° S, 36.0800° E), Uasin Gishu (0.5143° N, 35.2697° E),
Nandi (0.1036° N, 35.1777° E), Laikipia (0.3970° N, 37.1588° E),
and Baringo (0.4897° N, 35.7412° E). In each county, five random
districts or sub-counties were selected out of which five random
locations and villages were chosen for germplasm sampling.

Germplasm sampling

Sampling of blackberry for morphological trait analysis was carried
out in the areas mentioned above. Fruit trees were coded to reflect
the county, district, division, subdivision, village and the collection
number (Oyoo et al., 2015). If the collection was from Baringo
county, Tinet district, Torongo division, Lembus Mosop location,
Makutano village and it was the first blackberry sampled, the code
given was; BRG/TIN/TOR/LM/MAK/01 (Supplementary material 1).
Sampling was done to reflect different agro-ecological zones in the
counties where blackberry is reportedly growing. The selected agro-
ecological zones were different and are designated pyrethrum
(Chrysanthemum cinerelifolium)-wheat (Triticum aesitivum) zone
(UH2), tea-dairy zone (LH1), wheat-maize-pyrethrum zone (LH2)
wheat-barley zone (LH3), cattle-sheep-barley (Hordeum vulgare)
zone (LH4), coffee (Coffea arabica) zone (UM2) and sunflower
(Helianthus annus)-maize zone (UM4). The altitude varied from
1650 m to 2743 m above sea level. Samples were taken in areas
where the fruit trees are morphologically different and there are
marked changes in altitude, cropping systems, a formidable barrier
such as a mountain, river, valley or local people are ethnically
different (dialect) from previous collection sites. Here, quantitative
and qualitative attributes of the plants were taken along edaphic,
topographic and climatic gradients. Data stations in a location were
within 200 m intervals. This was done to minimize redundancies.
For each fruit tree sampled, Global Positioning System (GPS) data
were taken and the plant photographed. This was vital for mapping
of these areas using ArcGIS software (Figure 1). Plants with similar
features growing in ecologically distinct locations were assumed to
be of different eco-strain and hence, were sampled and
characterized. Blackberry accessions were evaluated for population
structure, architecture and fruit tree characteristics.

Evaluation of traits

Seven qualitative and three quantitative important traits to
blackberry breeding were characterized (Table 1) according to Yin,
(2017). These included tree, stem, leaf, reproductive characteristics
and stress severity assessment. The descriptors of blackberry were
as further discussed.

Pre-harvest
Vegetative observations

The cane architecture, showing the degree of creeping for each
plant (denoted for each individual as erect “E,” semi-erect “S,” or
trailing “T”); stem type, whether malformed, symmetrical or
asymmetrical; thorniness, indicating whether the plant is thorny or
not (denoted for each individual as thorny “T” or thornless “N”);
overall plant health, showing the degree of infestation, apparent
nutrient deficiencies and general abiotic stress susceptibility
(subjectively assessed from 1 to 10, where 10 = excellent health);
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overall plant vigor, examining leafiness, length of current season’s
growth, and relative number of actively growing shoots (subjectively
assessed from 1 to 10, where 10 = extremely vigorous).

Reproductive observations

Number of internodes/actively growing shoot; internode length
(mm), the average length of the fourth internode of four plants;
pubescent colour (white, varied or purple); flower colour (white,
varied or purple).

Data analyses
Multivariate analysis

Multivariate analysis was carried out using GENSTAT 15th Edition
programme on morphological data to identify discriminant variables
amongst the 90 accessions. Means of quantitative traits were first
obtained using PROC GLM in Statistical Analysis System (SAS)
version 9.1 (SAS Institute Inc., Cary, 2001) to determine the
significant differences among the accessions. The following
statistical model was used

Yik = M +0i + By + il )

Where, p= Overall mean, o; effect of the i county, Bij= a random
effect due to the j" blackberry accession nested within the i
county, e€j: random error component associated with each
observation.

Factorial Component Analysis (FCA) based on discriminant
variables obtained was performed using DARwin 6.0 (Perrier et al.,
2003; Perrier and Jacquemoud-Collet, 2006) to illustrate the
different grouping of the germplasm available. R program for
statistical computing version 3.4.1 (R Development Core Team,
2015) was used for the construction of a hierarchical dendrogram to
show the overall similarity between the morphological data by
plotting the results in homogenous groups. Since the data under
consideration were of mixed types (qualitative and quantitative
characters), the UPGMA dendrogram was constructed using
Gower's dissimilarity coefficient (Gower, 1971) as shown below

T Siwi
=y Wi (2)

S Gower —

Where; Si = 1 if x; = y; (binary or qualitative data); S = 0 if xi # yi
(binary or qualitative data); Si =1 - |xi -yi|/Ri (quantitative data):
where; Wi = 1 if x; can be compared to y; and W; = 0 if x; cannot be
compared to yi. Therefore

D cower (X,¥) =1 - S cower (X,Y) 3)

The silhouette width was determined using R for statistical
computing ver. 3.4.1 as follows;

bi—ai
' max {ai,bi} 4
Where; S; = the silhouette width, a; = the average dissimilarity (dix)
between the i accession and all others in its cluster; b = the
average dissimilarity (dix) between the i accession and its
neighbour cluster. Identification of the discriminant variates by the
PCA (Principal Component Analysis) and correlation was done
using GENSTAT 15" Edition programme.
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Figure 1. Map showing blackberry germplasm occurrence in six counties in Kenya generated using ArcGIS.
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Table 1. Measured variables and observation criteria used to characterize blackberry accessions in Kenya.

Code Qualitative traits Phenotypic scale

PT Plant Thorniness 1 = thornless, 2 = thorns very small and sparse, only
detectable upon touch, 3 = small, sparse thorns visible, 4 =
small to medium thorns, sporadically spaced, 5 = medium
thorns, spaced evenly, 6 = medium thorns closely spaced, 7
= medium to long thorns sporadic, 8 = medium to long
thorns evenly spaced, 9 = long thorns, closely spaced

OPH Overall Plant Health 1 = dead, 2 = extreme biotic/abiotic stress (B/AS), with <
50% leaves green, 3 = obvious symptoms of B/AS with
50% of leaves green, 4 = obvious symptoms of B/AS with
> 50% of leaves green, 5 = apparent majority of leaves
green but with obvious symptoms of B/AS, 6 = leaves
mostly green with minor symptoms of B/AS, 7 =
sporadically spaced symptoms of B/AS, 8 = B/AS only
observable upon close inspection, 9 = no symptoms of
B/AS

OPV Overall Plant Vigour 1 = no PC or new leaf growth, 2 = leaf growth with no
primocane (PC) development, 3 = 1-2 PC or PC < 15cmin
length, 4 = PC > 15 cm, shorter than floricane (FC), 5= PC
growth approximately same length as FC, 6 = 3-5 PC,
length similar to FC, 7 = 3-5 PC slightly longer than FC, 8
= PC significantly longer than FC, vigorous growth, 9 =5
or more PC significantly longer than FC with overly
vigorous growth
1 = extremely malformed and asymmetrical,
2 = very asymmetrical,
3=significantly asymmetrical,
4= asymmetrical,

SS Stem Symmetry 5 = somewhat asymmetrical,
6 = slightlyasymmetrical,
7= very slightly asymmetrical,
8=symmetrical,
9 = completely symmetrical

PFC Plant Flower colour 1 = white, 2 = purple, 3 = pink

PPC Plant Pubescent colour 1 = white Light Green, 2 = brown, 3 = green

RESULTS

Qualitative phenotypic variability

evenly spaced; 6% had medium thorns, closely spaced
while only 2% had long thorns that are closely spaced.
White was the most frequent flower colour representing
62% of all sampled fruit trees, followed by purple (33%).

The accessions exhibited a wide range of differences in
gualitative morphological features in plant architecture
which refers to the growth habit of canes. The semi-erect
type was the most dominant with 97% of the fruit trees
sampled, with trailing and erect types being 1 and 2%,
respectively (Figure 2). For the fruit trees sampled, 36%
had small to medium thorns, sporadically spaced; 22%
had medium to long thorns, evenly spaced; 13% had
small, sparse visible thorns; 12% had medium to long
thorns, sporadically spaced; 9% had medium thorns,

Pink flower colour accounted only for 4%. The plant (leaf)
pubescence colours were categorized into 3; white was
the most dominant (54%), with brown and green types
being 37 and 9%, respectively.

For all the germplasm sampled, 31% had their leaves
mostly green with minor symptoms of biotic and abiotic
stress (B/AS), 23% had apparent majority of leaves green
but with obvious symptoms of B/AS, 16% had obvious
symptoms of B/AS with more than 50% of leaves green,
13% had obvious symptoms of B/AS with 50% of leaves
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PFC, plant flower colour; PPC, plant pubescence colour.
green, 10% had B/AS only observable upon close

inspection; 3% had extreme B/AS with less than 50%
leaves green and only 2% had no symptoms of B/AS
(Figure 2). In addition, 80% of the plant genetic resources
studied had vigorous growth with long primocanes. In
terms of stem type, 64% were asymmetrical; 20% slightly
asymmetrical; 7% very slightly asymmetrical;, 6%
somewhat asymmetrical while 3% were symmetrical. No
malformed stems were observed.

Principal component analysis (PCA)

Principal component analysis allowed the association of
axes to the variables and out of the ten axes generated,
seven had a cumulative variation of 96.30% with the first
two axes having a discriminatory variance of 52.71%
(Figure 3). Three variables were associated with the first
axis with Eigenvalue of 27.79% (Table 2). These were
number of internodes per average growing shoots, plant
thorniness and internode length. Plant thorniness was
also associated with the second axis with Eigenvalue of
24.92%). One variable was associated with the third
(Eigenvalue = 14.29%), fifth (Eigenvalue = 8.38%), sixth
(Eigenvalue = 6.78%) and seventh (Eigenvalue = 2.37%)
axes. These were overall plant health, number of leaflets,
symmetry of stem and the colour of plant during
pubescence (Table 2). The number of internodes per
average growing shoots and length of internode were
associated with the fourth axis with Eigenvalue of
11.77%. Discriminant analysis of the variables taken for
all the accessions for the first two principal scores

clustered the wild blackberry types in
comparison to the cultivated types (Figure 4).

Factorial component analysis carried out using
dissimilarity coefficients obtained from the usual
Euclidean distance was conservative and splits the
accessions into the 4 planes (Figures 5 and 6). Most of
the accessions overlapped, demonstrating redundancies
in the morphology of the characterized germplasm. From
the PCoA plot generated (Figures 5 and 6), principal axes
1 and 2 showed that NKR/NJR/EGER/EGER/F7/01 (90),
NKR/NJR/NES/NES/KIM/01 (9) from Nakuru county;

together

BRG/TIN/TOR/LM/MAK/06 (42),
BRG/TIN/TOR/LM/MAK/02 (39),
BRG/ERN/IGE/MM/KIN/04 (53),

BRG/ERN/TIM/MBE/KMA/O2 (56) from Baringo county;
NDI/NN/KUR/CKO/SUR/03 (60) from Nandi County,
LC/LKN/GMA/GMA/KBI/RK/01 (77) from Laikipia county,
UG/KKB/ABK/KPG/CHES/03 (80) and
UG/KKB/ABK/KBG/CHES/01 (78) from Uasin Gishu and
an introduced germplasm CV/RBN/O1 (85) (from South
Africa) were the most distinct from the other accessions.

Cluster analysis

Cluster analysis split the accessions into two clusters, |
and Il (Figure 7). The Plant Introductions (CV/RBN/01)
had its own cluster, I, while the other (CV/BYN/01)
clustered with the rest of the wild accessions collected
from different regions of Kenya. The accessions were
clustered together according to the traits (quantitative and
gualitative) measured. The accessions did not cluster
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Figure 3. Principal components biplot for the first two principal components of a morphological principal components
analysis of blackberry accessions. SS, Stem Symmetry; PFC, Plant Flower Colour; PPC, Plant Pubescence Colour;
ARCH, Architecture; OPV, Overall Plant Vigour; OPH, Overall Plant Health; AGS, Number of internodes per average
growing shoot.

Table 2. Principal Component loadings of ten traits for 90 blackberry accessions collected from different regions in

accessions from all

Kenya.
Variables . . Prln(-:lpal component Ioa@ngs . :
Axis 1 AXxis 2 Axis 3 Axis 4 Axis 5 Axis 6 AXis 7
Architecture 0.009 -0.015 0.012 0.039 0 0.032 0.006
No. of internodes per shoot  0.609 -0.425 0.015 0.558 0.339 0.129 0.012
No. of leaflets 0.156 0.407 -0.319 0.419 0.595 0.412 -0.079
Overall Plant Health 0.079 0.331 0.86 0.272 -0.129 -0.173 -0.059
Overall Plant Vigour 0.023 0.097 0.083 0.004 -0.024 -0.071 -0.242
Plant Flower Colour 0 0.014 0.057 -0.02 0.125 0.113 -0.108
Plant Pubescent colour -0.015 -0.011 0.055 0.078 -0.147 -0.051 0.947
Plant Thorniness 0.5 0.667 -0.216 -0.219 0.389 -0.21 0.107
Stem Symmetry -0.053 0.118 0.27 -0.258 0.302 0.846 0.104
Internode length 0.586 -0.274 0.16 -0.563 -0.484 0.037 -0.032
Eigen value 4.843 4.344 2.491 2.052 1.46 1.181 0.414
Variation (%) 27.79 24.92 14.29 11.77 8.38 6.78 2.37
Cumulative variation (%) 27.790 52.710 67.000 78.770 87.150 93.930 96.300

according to counties of origin. However, most of the
the six geographical
clustered in Group Il. Cluster Il had the highest number of

regions

genotypes of 89 based on the morphological descriptors
used. Cluster Il also had sub-clusters. Grouping of these
accessions into these sub-clusters indicated a substantial
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Figure 8. A silhouette plot showing a graphical display of the structure of the blackberry germplasm.

level of intra-polymorphism within the wild blackberry
population in the country. Cluster | only had one
genotype indicating inter-polymorphism with the rest of
the accessions collected.

Structure analysis was illustrated using a silhouette plot
and was used to compare the minimum average
dissimilarity of each accession to other clusters with the
average dissimilarity to accessions in its own cluster.
There were two main groups within this set of
germplasm, hence objective determination in the number
of stable clusters. Observations close to 1 (large si)
indicate that the individual (s) is very well clustered.
Clusters with observations close to 0 (small si) indicate
that the germplasm lie between two clusters. Based on
the silhouette plot generated, the natural number of
clusters in this particular germplasm, given by the traits
analysed, is k = 2. The average silhouette width (ASW)
from this structure analysis is 0.32 (Figure 8). This shows
that the structure of the population of the accessions
under study was weak and could therefore be artificial.

DISCUSSION

The assessment of variation in morphological germplasm
is the first step in the determination of genetic diversity. It

is a prerequisite for conservation and utilization of plant
genetic resources (Mason et al., 2017). Morphological
characterization can also be useful in selection of parents
for breeding (Orobiyi et al., 2017; Kagimbo et al., 2017).
Therefore, there is a need to assess the diversity of any
crop prior to selection and crossing to better utilize the
resources in any breeding program. In this work,
blackberries were studied at different agro-ecological
areas and therefore, had differences in morphological
expressions (Figure 2). According to tree characteristics,
most of the wild blackberry accessions were semi-erect
(87%) and 80% of genotypes studied had vigorous
growth. This study anticipated higher morphological
diversity due to the inclusion of introduced germplasm
from South Africa. However, a narrow diversity was
observed (ASW=0.32) as per the silhouette plot (Figure
8). This shows that the structure of the population of the
accessions under study was weak and could be artificial.
The introduced germplasm from South Africa had their
origins from Europe and North America. Neither Kenya
nor South Africa is a centre of origin for blackberry.

The observed low genetic diversity might be due to a
number of reasons including nature of propagation of the
crop, method of dispersal of the crop, effect of
environment, nature of breeding and farmer to farmer
exchanges of germplasm. Blackberry reproductive nature



is complex. This varies from sexual to facultatively
apomictic to obligately apomictic. Blackberry (Rubus
subgenus Rubus Watson) are often hermaphrodites
(Nybom, 1986) and outcrossing has also been observed
(Antonius and Nybom, 1995). Additionally, self-fertilization
is frequent (Nybom 1988). Infertility or partial fertility may
also occur in some plants, and this is attributed to genetic
factors such as poor pollen production, unattractive
nature to pollinators, lack of pollinators and environmental
effects. Open pollinators are likely to have higher
diversities compared to inbreds or vegetatively
propagated berries (Stafne and Clark, 2004). Most wild
blackberries are clonally propagated by way of root
sprouts, underground stems (rhizomes) and branches
that has its root at the tips (stolons). Therefore, the
number of breeding parents may be few, thus, low
diversity. Low morphological diversity of blackberry could
also be due to the fact that the crop is an invasive
species, and propagate vegetatively very vigorously,
enabling the clonal spread of single individuals in a patch
of habitat. This, however, does not mean that there is a
narrow genetic base or higher homozygosity of
blackberries in Kenya. In retrospect, the genetic base of
fruit tree crop is varied and can be attributed to the
different species available.

The progress of breeding blackberry genotypes is
directly affected by the plant thorniness. Thornlessness is
the most bred qualitative trait in blackberry. Four genes
have been detected to be responsible for thornlessness,
and they can vary from recessive to dominant for the trait.
Breeding progress is thus, hampered by the source of the
thornless genotypes and the ploidy of the blackberry type
in question.

Plant flower colour varied from white, pink to purple in
which white was the most dominant color (62%).
Differences in plant flower colour and plant pubescence
colours are commonly noticed in natural and introduced
blackberry germplasms. This was evident in the data
taken and is important as it influences pollination and
diversity of the accessions. Some accessions, for
instance CV/RBN/O1, were more divergent than others
and this may be attributed to their outcrossing nature
(Figures 4 and 7).

Cluster analysis on the characteristics split the
accessions into two groups, | and Il. These groups were
in a random manner irrespective of their geographical
origin. The two distinct groupings were due to the
availability of introduced germplasm (CV/RBN/01) that
singly constituted Group |. The rest of the landraces
grouped together, albeit with subgroups. Although there
was no clear association between the subgroups and
counties of origin, most germplasm from Nakuru county
tended to cluster together. This may be explained in
terms of gene pool concept where the wild types formed
the primary gene pool, which consists of the crop species
itself and other species that can be easily crossed with it.
The cultivated type may have grouped alone (CV/RBN/01)
as variability in cultivated plant species depends on how
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evolutionary forces impact on natural populations. The
sole grouping of CV/RBN/0O1 over the rest of the
accessions in this study may also be due to the selective
advantage it has over the rest of the accessions. This can
be by way of mutation, genetic drift that is as a result of
random changes in allele frequencies for generations due
to the finite size of populations, gene exchanges or gene
flow among populations and selections (both natural and
artificial selection). The high similarity of the wild types in
morphometry and agro-morphological traits across the
different agro-ecological zones may be attributed to the
invasive nature of the accessions characterized.

Principal Component Analysis (PCA) also did not
associate the accessions with their regions of origin. Of
the ten traits subjected to PCA, eight were able to
differentiate the collected accessions and were
considered as variables that are capable of discriminating
accessions on the basis of morphology. It was evident
that PCA also categorized assessed phenotypic traits in
the population into several related groups (Figure 3). This
can also be explained by the reproductive and often
invasive nature of the fruit tree species over wide ethno-
geographical regions as well as the folk nomenclature
that exists in these areas. Apomixis also occurs in some
blackberry species (wild and introduced). Therefore,
clones dispersed by man or birds spatially across
habitats can be a cause. This often results in
misclassification of genotypes and existence of duplicates
(Mason et al., 2015: Agre et al., 2017).

Conclusion

This work is important as a treatise to breeding of
blackberry and can be used with DNA genotyping
information to understand the morphological variations
that are present in blackberries. Although the study
covered only six counties in Kenya, this work is of great
significance in management of these genetic resources. It
highlights the contribution of key qualitative and
guantitative traits to morphological differences of
blackberry and their variation across environments. The
agro-morphological ~ characterization is  however,
ambiguous. Moreover, the phenotypic characters are
influenced by the environments in which each plant was
collected. A more detailed high throughput phenotyping
study should be carried out including fruit characteristics
such as yield, fruit quality and quantity variables to
determine the health benefits of blackberry with
possibility of improvement. It is also important to exploit
molecular techniques to generate non-ambiguous
information to know more about the genetic variation that
really exists in these materials.
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