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Characterization of landraces is central to any conservation measures devised for sweet potato in
Malawi. Studies were therefore conducted using seven morphological descriptors and farmers’
indigenous knowledge systems (IKS) to investigate the phenotypical diversity of 286 landraces and 35
introductions of sweet potato from the north, south east and lower Shire. The accessions were planted
in a check plot design at Bvumbwe Agricultural Research Station. The results showed that farmers’
knowledge (IKS) is a means for preliminary characterization of accessions as evidenced by elimination
of 75 duplicate accessions by 12 farmers. Analysis of variance (ANOVA) showed that all accessions and
populations were phenotypically variable (p<0.01) and Chi-square test of the morphological descriptors
used in the study varied significantly among the three eco-geographical areas and among the landraces
and introductions (p<0.05 and p<0.01), implying high variability of the accessions. However, the
accessions clustered at 50% dissimilarity and generally irrespective of eco-geographical origin,
signifying some similarity probably due to gene flow. Shannon Weaver Diversity Index (H’) indicated that
different traits had different source areas of highest diversity which were significantly different (p<0.05);
nonetheless Shire Valley had the highest mean diversity for all traits (H’=0.67) which was significantly
different from the other two populations (p<0.05) inferring that the lower shire would be ideal for in situ
conservation of sweet potato diversity.

Key words: Field evaluation, germplasm, phenotype, population, root crop, variability.

INTRODUCTION

Plant genetic resources for food and agriculture (PGRFA) which comprise diversity of genetic material contained in



landraces, modern cultivars, wild relatives and other wild
species are the basis of global food security (Rao, 2004).
Sweet potato (Ipomoea batatas (L.) Lam) is one of the
most important staple and food security root crops in the
world, ranked second after cassava in area and
production in the tropical and sub-tropical regions
(FAOSTAT, 2012; Boney et al., 2014). In the Sub-
Saharan Africa, over 3 million hectares are under sweet
potato cultivation (Low and Van Jaarswels, 2008).

In Malawi, sweet potato comes second after cassava
as a food security root crop and is most widely grown in
the country as evidenced by its production increase of
370% between 1995 and 2006 (Famine Early Warning
System/Ministry of Agriculture and Food Security
(FEWS/MoAFS), 1995, 2006). While the crop is
traditionally important in Malawi, especially during years
of drought which affect maize production negatively, little
research in its landraces variability and associated
productivity has been done. It is generally accepted that
an understanding of genetic variability, which is
manifested through phenotypic differentiation, is vital for
any crop improvement through possible choice of
appropriate selection and breeding programs (Demelie
and Aragaw, 2016). Thus establishment of levels of
phenotypic or morphological variations and detection of
variants and possible duplicates is irreplaceable for
genetic improvement and conservation of sweet potato
(Lin et al., 2007). Morpho-agronomic characterization
enables efficient utilization of germplasm collections in
breeding programs by provision of links between genetic
relationships and specific traits of agronomic importance,
including tuber yield and yield components (Khoury et al.,
2010; Elameen et al., 2011; Laurie et al., 2013;
Mohammed et al., 2015). Owing to relative ease of study
and inexpensiveness, morphological characters have
been variously used to characterize and differentiate
sweet potato accessions, assess comparative reaction
and susceptibility to pests, diseases and other stresses
etc. (Yada et al., 2010; Elameen et al., 2011; Vimala et
al,, 2012; Norman et al.,, 2014; Rahman et al., 2015;
Amoatey et al.,, 2016; Mbithe et al., 2016; Su et al.,
2016). Therefore, this study was conducted to
characterize existing local and introduced sweet potato
accessions in order to evaluate phenotypic diversity for
effective utilization in breeding programs.

MATERIALS AND METHODS
Germplasm collection

Collection of sweet potato germplasm accessions was conducted
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following guidelines from Karonga, Mzuzu, Blantyre and Shire
Valley Agricultural Development Divisions (ADDS) offices (Figure 1)
which indicate areas of high production and varietal diversity in
Malawi. A total of 268 accessions were collected from farmers’
fields in 2004 in Karonga, Chitipa, Mzimba, Mulanje, Phalombe,
Nsanje and Chikwawa districts (Figure 1 and Table 1) and brought
to Bvumbwe Agricultural Research Station for planting and field
evaluation before morphological characterization in the successive
years. The collection districts and the experimental site were
characterized by different altitudes, longitudes and latitudes, soils,
rainfall amounts and temperatures (Table 2).

Differentiation of sweet potato accessions by farmers using
indigenous knowledge system (IKS)

A complementary study by 12 experienced sweet potato farmers
(key informants) who grew large numbers of cultivars per field and
randomly sampled from survey areas of Chikwawa and Nsanje was
done at Bvumbwe Agricultural Research Station field at harvesting
time. The farmers, who were not donors of germplasm from
Chikwawa and Nsanje Districts, were subjected to interviews aimed
at verifying their knowledge regarding cultivar names and
meanings, cultivar distinguishing attributes, uses and cropping
systems. The complementary study was conducted to assess if the
accessions collected were a true representation of the cultivars
grown in the two districts by either identifying cultivars in the
Bvumbwe field or providing a list of missing cultivars. Involvement
of the key informants also facilitated identification of obvious
duplicates and accessions tagged as ‘unknowns’. The farmers were
first interviewed individually and indoors using a questionnaire to
give names and characteristics of cultivars grown in their area. After
indoor interviews, farmers were asked to identify accessions in the
Bvumbwe field. The complementary study was also designed to
reveal similarities or differences between the Northern and
Southern Region collections with the aid of farmers.

Experimental design

Sweet potato vines (25 to 30 cm long) were planted along the
ridges at 30 cm apart on 24th and 28th of January, 2004 and 2005,
respectively following standard procedures which included plots laid
in a check plot design consisting of 2 tractor ploughed ridges of 3 m
long and 90 cm apart. For each accession, 10 cuttings were planted
on a 3 m ridge in two replicates. The fields were weeded using
hand hoes. Fertilizer and pesticides were not used in the field. The
same design was implemented each year.

Morphological characterization

Following procedures outlined by Huaman et al. (1999), key
morphological descriptors (Table 3) were used to conduct detailed
comparisons aimed at isolation of potential duplicates among the
accessions. Characterization of sweet potato above ground
morphology started at 80 to 100 days after planting in accordance
with recommendations outlined by Mok and Schmiediche (1998).
Seven International Board for Plant Genetic Resources (IBPGR)
descriptors for sweet potato (CIP et al., 1991; Huaman, 1991), with
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Figure 1. Map of Malawi showing sweet potato accessions collection sites
and Agricultural Development Divisions (ADDS).

Table 1. Number of sweet potato accessions collected per district and farmer in Malawi.

District Accessions per district Number of farmers per district Cultivars per farmer
Number % Interviewed Donors % Mean Maximum

North

Chitipa 58 22 20 12 60 4.83 12

Karonga 29 11 20 8 40 3.62 6

Mzimba 46 17 20 13 65 3.54 12

South

Chikwawa 42 16 20 11 55 3.81 8

Nsanje 77 29 20 12 60 6.41 16

South East

Phalombe 12 4 20 4 20 3.00 3

Mulanje 4 1 20 2 10 2.00 2

Total 268 100 140 62 44

Mean 38.26 14.29 20 8.86 44 3.85 8.43

+SD 25.54 4.34 1.40 5.16

SD = standard deviation.
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Table 2. Eco-geographical characteristics of sweet potato accessions collection and experimental sites

Eco-geographical site

Classifying variable

Northern Region (Chitipa, Karonga,
Mzimba)

South Eastern Region (Phalombe,
Mulanje)

Lower Shire Valley (Chikwawa, Nsanje)

Bvumbwe Agricultural Research Station

Mid to high altitude (700 to 1500 m. a. s. 1), soil type (lithosols), annual rainfall range
(900-1209 mm), mean temperature range (16.9 to 27.3°C)

Mid altitude (600 to 700 m. a. s. I), soil types(Ferruginous), annual rainfall range (800-
1629 mm), mean temperature range (17.8 to 29.0°C)

Low altitude (100 to 200 m. a. s. |), soil type (alluvial soils), annual rainfall range (890-
1142 mm), mean temperature range (20.9 to 32.7°C)

High altitude (1164 m. a. s. |), soil type (Ferruginous), mean annual rainfall (1219 mm),
mean temperature range (12.0 to 26.7°C)

m. a. s. | = Meters above sea level

Table 3. Phenotypic classes of morphological traits used for diversity analysis in sweet potato in seven districts in Malawi.

Character Abbreviatio Characteristic IBPGR/ CIP No. of classes
n code
Vine inter node VL Very short (<3 cm); short (3 to 5 cm); intermediate (6 to 135709 5
length 9 cm); Long (10 to 12 cm); very long (>12 cm) T
Vine inter node VD Very thin (< 4 mm); thin (4 to 6 mm); intermediate (7 to 135709 5
diameter 9 mm); thick (10 to 12 mm); very thick (>12 mm) T
Vine tip . ) . .
hairiness TP None; sparse; moderate; heavy; very heavy 0,357,9 5
Leaf lobe LN 1.3,5,7.9 1,3,57,9 5
number
Green; green with purple near stem; green with purple

Petiole near leaf; green with purple at both ends; green with 1,2,3,4,5,6,

. . PP o ) : 9
pigmentation purple stripes; purple with green near leaf; some 7,8,9

petioles purple others green totally and mostly purple
Storage root Round; round elliptic; elliptic; obovate; ovate; oblong; 1,2,3,4,5,6,
RS ) oo : 9

shape long oblong; long elliptic; long irregular or curved. 7,8,9
Predominant FC pale orange: intermediate orange. dark orange: srongly 1 2.3:4:5.6 0
flesh colour P 9¢, 9 9¢, gl 7,8,9

pigmented with anthocyanins

Total classes

47

VL= Vine internode length; VD=Vine internode diameter; TP=Vine tip hairiness; LN=Leaf lobe number; PP=Petiole pigmentation; RS=Storage root

shape; FC=Predominant flesh colour

a total of 47 different character states (classes) were used to
conduct discriminatory analysis of the accessions (Table 3).
Morphological indicators on roots were done at harvest (5 months
after planting). Morphological traits data were generated from four
randomly sampled plants per accession. The descriptors were
qualitatively and quantitatively scored (Huaman, 1991).

Data analysis
Morphological data analysis

The mean values of all sampled observations for the seven

phenotypic traits (Table 3) over three eco-geographical sources and
two accession status (landraces and introductions) were analyzed
for their variance and significance using Agrobase™ (Agronomix
Software Inc., 1999). Accessions were grouped into three
populations: North, South East and Lower Shire Valley based on
agro-ecological zones (Figure 1). Accessions were also categorized
as either landraces or introductions to compare their morphological
differences. Statistical package for social scientists (SPSS) was
used to obtain frequencies of the average data over two years. The
x* analysis was carried out to test deviation from the overall mean
of all the characters and sources of origin. The variation in
frequency in the multi-category attributes was analyzed using the
Shannon-Weaver Diversity Index (H') (Shannon and Weaver, 1948)
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to measure phenotypic diversity for each trait (Grenier et al., 2001;
Adugna and Labuschagne, 2002). The index was calculated by the
formula:

n
H'=-X pilogepi
n=1 1)

where n is the number of character states (classes) and p; is the
proportion of entries in the ith category of an n-class (total number
of accessions, N) attribute (Pielou, 1969; Jain et al., 1975). If a trait
was mainly represented by one category in the database, a low
index value was assigned, but if an attribute was evenly
represented among all of the categories, a high index value was
assigned. The additivity of H' allowed characters to be pooled over
groups (Tolbert et al., 1979). The average diversity (H’) over n traits
was estimated as:

=% H'/n o)

The interpretation was that the greater the number of variants in
each phenotypic class of a given character and the more equal their
proportions, the greater was the diversity (Pielou, 1969). The
minimum value of the index was zero for a uniform population. The
value of the index increases with increase within population
variability and reaches maximum value when all phenotypic classes
have equal frequencies (Yang et al.,, 1991). To test for the
differences among pairs of H' values at P< 0.05, a t- statistic
according to Jain et al. (1975) was used as given by the formula:

t=(H'y - H'y)/[var (H'y) + var (H-Z)]llz o

The degrees of freedom (df) of the t test was determined by the
formula:

df = [var(H'1) + var (H'2)]%/[var(H'1)%/N1+ var(H'2)%/N2]
(4)

where N; and N; are the number of entries used in calculating var
(H'1) and var (H%), respectively. The variance was provided by the
following formula:

n n
var(H’) =[Z pi loge*pi — (£ pi loge pi)*/N] +[n-1/2N?]
i=1 i=1
(5)

Cluster analysis of morphological markers

The data on morphological traits of 59 accessions were
transformed into binary data matrixes. The presence of a character
state in a particular class for morphological traits was recorded as 1
and O for present and absent, respectively. Based on the
presence/absence, dissimilarity coefficients were generated using
the SIMINT module (NTSYS pc 2.11c software) (Rohlf, 2001). The
default parameter DIST (average genetic distance) was used to
generate the binary data matrix. Dendrograms were generated from
the Sequential Agglomerative Hierarchical and Nested (SAHN)
clustering method using the unweighted pair group method and
arithmetic average (UPGMA) (Sneath and Sokal, 1973; Rohlf,
2001) using NTSYS pc 2.11.

RESULTS AND DISCUSSION

Accession identification and duplicate assessment
by farmers

In the complementary identification studies at Bvumbwe
Research Station, a long term sweet potato farmers from
Nsanje and Chikwawa, major sweet potato growing
areas, competently identified cultivars grown in their
districts including three from Phalombe which were
obvious duplicates of accessions from their areas. Below
ground and above ground phenotypic features were used
for identification. In total, with the aid of the farmers, 75
phenotypic and obvious duplicates were identified,
tagged and eliminated. This outcome is consistent with
the fact that from time in memorial farmers have used
morphological traits to distinguish different cultivars of
crops including sweet potato (Zimmerer and Douches
1991; Rodriguez-Bonilla et al., 2014). However, using the
same features, farmers could not identify cultivars from
Mzimba, Chitipa and Karonga except two, tsambalimodzi
from Mzimba, which was also collected as ‘unknown 13’
from Karonga, called supuni/namasupuni in Nsanje,
Chikwawa and Phalombe; and Kadidimi which was
identified as Thinda of Chikwawa and Nsanje which also
share names with other cultivars Babache and Mfumu.
The failure of the twelve farmers to identify cultivars from
the northern districts and relate them with their cultivars is
a convincing indication that the accessions from the
northern districts were phenotypically different from the
collections of the southern districts probably due to
genetic, climatic or soil differences other than ethnic
preferences (Rodriguez-Bonilla et  al., 2014).
Nevertheless, the results suggest that farmers’
indigenous knowledge system (IKS) can be used for
preliminary discrimination analysis of accessions to
eliminate obvious duplicates and classify accessions
before validation by morphological descriptors analysis
(Changadeya et al., 2012).

Sweet potato morphological diversity analysis

Upon removal of 75 obvious duplicates out of the original
268 accessions, 193 landraces and 35 introductions were
subjected to morphological variation assessment.

Morphological variability in sources of origin

An analysis of variance (ANOVA) on the seven traits was
used to differentiate the populations under study. The
mean squares for analysis of variance over the two years
(2004 and 2005), three eco-geographical populations
(north, South east and Lower Shire) and two populations
(Landraces and Introductions) are presented in Table 4.
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Table 4. Mean squares of ANOVA on sources of origins of sweet potato accessions.

Source df VL VD TP LN PP RS FC

Entry 227 4.87* 3.66** 3.92% 4.29** 3.21% 4.09** 3.45%
Years 1 1.63"™ 0.65"™ 0.48™ 0.97™ 1.72" 1.36"™ 1.23"
Eco-geographical populations 2 1.83* 2.77* 1.93* 3.49** 2.19* 3.42** 2.22%
Status 1 3.78** 2.63* 3.11** 2.93* 1.81* 2.34* 2.31*

df=Degrees of freedom; *, **= Significant at p<0.05 and 0.01 respectively; ns=not significant; VL=Vine internode length; VD=Vine internode

diameter; TP=Vine tip hairiness; LN=Leaf lobe number; PP=Petiole pigmentation; RS= Storage root shape; FC=Predominant flesh colour.

Table 5. Chi-square for sources of origin on seven morphological traits of sweet potato.

Source VL VD TP PP FC RS LN
¥ ¥ ¥ ¥ ¥ X2 X2

Eco-geographical populations 12.72* 28.92** 13.87 17.98* 6.33* 28.88* 7.36*

Status populations 16.41* 17.22* 13.81 14.93* 16.12* 23.02* 7.23*

* **= Significant at p<0.05 and 0.01 respectively. VL= Vine internode length; VD=Vine internode diameter; TP=Vine tip hairiness;
LN=Leaf lobe number; PP= Petiole pigmentation; RS= Storage root shape; FC=Predominant flesh colour.

Variability among the accessions (entry) and populations
was highly significant (p<0.01) for the seven traits,
indicative of the existence of a wide range of
morphological diversity within and among sources of
origin for these traits. Accession variability contributed a
larger proportion of the variance (Table 4) than the year
and populations. Since seasonal variability (years) was
absent in the seven traits, means of the two years were
used for analysis. The findings in this study are
concomitant with what Mbithe et al. (2016) found among
11 Ugandan sweet potatoes, where ANOVA analysis of
22 descriptors showed high variability of most
morphological characters. High phenotypic variation
among sweet potato genotypes has been variously
demonstrated (Karuri et al., 2010; Maquia et al., 2013;
Demelie and Aragaw, 2016). It generally originates from
natural random mutations that are accelerated by asexual
propagation through vines (Purugganan and Fuller, 2009;
Roullier et al.,, 2011, 2013b).Traditional communal vine
sharing among farmers further increases the rate of
mutations among individual cultivars.

Distribution of traits over sources of origin

A X2 test (Table 5) was usedto compare the distributions
of character states in the different sources of origin.
Phenotypic percent frequencies of the character states in
their respective classes are presented in Table 6. The
chi-square test for homogeneity of frequencies of
character classes of a trait showed that traits varied
significantly (P <0.05 and 0.01) among the three eco-

geographical and two status populations. The total
proportion of trait exceeded the anticipated, demonstrating
highly significant inter-population differences in character
frequencies. The performance of accessions under field
conditions at Bvumbwe showed wide ranges of variability
exhibited by frequencies in the various character states
and sources of origins signifying prevalence of diversity
among the accessions. Internode diameter is a very
important characteristic in cultivar release as it affects
vine sprouting after planting in the field. Very thin vines
easily dry up when planted due to excessive heat and
moisture stress. Cultivar survival under farmers’ selection
and natural forces (drought, chilly temperatures, sun
heat) may therefore be very low if vines are very thin.
Very few accessions were observed in the very thin
category in all the sources of origin. Selection against the
very thin vine accessions may have contributed to low
frequency due to failure of vines to survive under harsh
field conditions. Accessions in the intermediate thickness
prevailed among the populations with South East
population having the highest accessions (54%) of the
intermediate thickness. While the frequencies for very
thick vines were low across sources of origins, the
introduced population had the highest frequency (14%)
and the landrace had 7% (Table 6). The introductions
had 2% very thin, 17% thin, 46% intermediate, 21% thick
and 14% very thick. The introductions are therefore a
good source of the very thick vines which is an important
attribute in harsh field conditions.

Vine internode length (>12 cm) also affects sprouting
as only a few nodes (at most 2 to 3) are available for
sprouting on a 25 to 30 cm long planting vine. It is
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Table 6. Distribution (%) of morphological character classes of sweet potato by sources of origin on N (number) accessions.

Population N Internode diameter Inter node length Tip hairiness Petiole pigmentation

1 3 5 7 9 1 3 5 7 9 0 3 5 7 9 1 2 3 4 5 6 7 8 9
NR 101 2 32 45 18 13 4 31 54 9 2 32 49 18 1 0 34 6 1 18 6 3 0 1 1
SE 12 0 15 54 29 3 3 63 19 15 0 29 50 21 0 0 71 0 9 0 0 0 0 8 13
SV 80 1 11 52 33 5 11 5 39 1 1 40 42 14 2 3 28 18 10 18 6 0 0 6 17
Landraces 193 1 19 50 27 7 6 48 37 8 1 34 47 18 1 1 44 8 10 12 4 1 0 8 14
Introductions 35 2 17 46 21 14 11 60 29 0 0 23 54 14 7 9 40 0 14 14 0 0 3 20 9
Population N Predominant root flesh colour Root shape Leaf lobe number

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 9 1 3 5 7 9
NR 101 31 47 10 7 1 1 1 3 11 6 16 3 8 0 4 20 32 13 26 43 9 10
SE 12 44 23 13 17 0 1 0 3 15 0 8 0 4 2 33 38 38 19 25 13 6
SV 80 20 62 7 10 1 1 0 1 2 7 7 7 2 2 7 33 35 8 14 13 28 37
Landraces 193 32 44 6 11 1 1 1 3 9 8 6 3 2 4 29 35 20 20 27 17 18
Introductions 35 49 10 13 0 3 6 3 17 26 29 13 6 11 9 6 0 0 1 22 66 0 11

recommended that at planting, three to four nodes
should be inserted underground (Government of
Malawi (GoM), 1996). Vine sprouting is high when
more nodes are buried in the soil at planting as
opposed to one or two nodes which may easily
dry up in soils with limited moisture content. The
majority of accessions across the geographical
sources (Table 6) had short and intermediate
internode length. The SE population had the
highest accessions in the intermediate category
(63%) followed by Shire Valley population (50%).
The Northern population had a high number of
accessions in thick category (54%). The very
short and very long internode lengths were very
few although present in all populations with the
Shire Valley exhibiting the highest number of the
very short internodes (11%). The landraces had
very few accessions that were very short (6%),
long (8%) and very long (1%) internode lengths
which entailed that there has been selection
against these traits. The introduction registered

none for long to very long but were a good source
for very short (11%), short (60%) and the
intermediate (29%) lengths. A released variety
Tainung had a combination of very thin vines and
long internode lengths. The cultivar has problems
with sprouting, hence one of the reasons of failure
to establish in the farming communities.

Most of the accessions in the study were in the
categories of no hair, sparsely present and
moderately present. While the South East and
Northern populations did not register accessions
in the heavy to very heavy hairiness categories,
the Shire Valley population had heavy (2%) to
very heavy hairiness (3%) accessions (Table 6).
The high percentage of heavy hairy accessions in
the low altitude areas which are also
characterized by high temperatures is attributed to
selection against the heavy insect attacks.
Reference accessions were Nyamajoya ya Malawi
(the hairy one from Malawi) and Nyamajoya ya
Mozambique (the hairy one from Mozambique)

which were said to be less preferred by elegant
grasshoppers which are leaf eaters and problem
insects in the area.

The results also showed that the green colour of
petiole pigmentation for the South East population
was the highest (71%). Not all character states of
petiole pigmentation were represented in the nine
classes in all sources of origin where the green
coloured petioles constituted 44% of the
landraces (Table 6). Accessions in the ‘purple with
green near leaf’ are totally missing among the
landraces. The introductions constituted 40% of
the green petioles but had no representation in
green with purple near stem, green with purple at
both ends and green with purple stripes which
were supplemented by the landraces in the
germplasm (Table 6). While the majority of the
accessions had the white, cream and yellow root
flesh colour, the distribution of the accessions
among the character states of the root flesh colour
was absent in other states in different



Table 7. Estimates of H’ and H of sweet potato populations using morphological traits.

Chipungu et al.

Source N H A + SE
VL VD TP LN PP RS FC
NR 101 0.85 0.68 0.42 0.60 0.55 0.39 0.67 0.59 0.03
SE 12 0.67 0.62 0.38 0.33 0.39 0.17 0.58 0.45 0.01
SV 80 0.71 0.65 0.40 0.84 0.60 0.65 0.82 0.67 0.02
+ SE 0.01 0.03 0.02 0.01 0.03 0.02 0.02 0.01
Landraces 193 0.72 0.64 0.40 0.61 0.53 0.45 0.69 0.58 0.02
Introductions 35 0.57 0.64 0.84 0.53 0.70 0.69 0.57 0.65 0.02
+ SE 0.04 0.01 0.03 0.02 0.03 0.01 0.04 0.02
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geographical areas. The landraces had a total of 44% of
the cream accessions and 32% of the white ones while
the introductions had only 10% of the cream and 49% of
the white. The introductions are a source of the dark
orange (17%) which were only 3% in the landrace.

Among the local geographical areas, the majority of the
accessions had elliptic and long irregular root shapes
with landrace averaging 29 and 35%, respectively. Such
root shapes are generally a problem when processing
(peeling) and marketing. The Shire Valley population had
however a higher frequency of the round roots (11%).
When compared with the landraces, the introductions had
mostly the round (26%) and round elliptic (29%) roots
which have good marketing values. Number of lobes is a
trait which is represented in all character states ranging
from 18 to 22% among the character traits in the
landraces. Most of the introductions however had five
lobes (66%) and none had seven lobes.

Shannon weaver diversity index on morphological
traits

Shannon and Weaver Index (H) as a measure of
diversity has been used extensively to estimate the
phenotypic diversity in crop germplasm collections (Yoon
et al., 2000; Kebebew et al.,, 2002; Upadhyaya et al.,
2002). Table 7 shows results of Shannon Weaver Index
(H’) calculated to compare phenotypic diversity of
characters between populations. Table 7 shows that the
different traits had different source areas of highest
diversity which were significantly different at p<0.05. For
instance, vine internode length (VL) highest diversity was
in the Northern population (0.85) while the number of
lobes (LN=0.84) and root flesh colour (FC=0.82) had
highest diversity in the Shire Valley population. These
results therefore suggest that some sources have the
potential to offer highest diversity for a particular trait(s)
than others. The introduced accessions however are the
highest sources of tip hairiness (0.84).

Based on the average diversity calculated for the

different sources of origins and using the t-test, the Shire
Valley had the highest diversity (H’=0.67) which was
significantly different from the other two populations at
p<0.05. The mean Shannon-Weaver Diversity observed
in the lower Shire sweet potato was higher than what
Bellatreche et al. (2017) reported on 23 accessions of
wheat using nine agro-morphological traits (H'=0.59) in
which the authors concluded that the wheat accessions
showed high phenotypic diversity. The differences in
diversity within a character class in the present study
could be attributed to diversity in weather conditions, soll
type and a wide range of altitude. In addition, natural
selection (such as drought) as well as artificial selection
by farmers may have selected for the prevailing
characters that are different from site to site resulting in
the present morphological diversity (Roullier et al., 2011,
2013b). Similarly, the introductions, some deliberate
(introduction for orange fleshed sweet potato) have
contributed to the diversification of phenotypic traits in
Malawi.

Morphological cluster analysis

A total of 59 accessions out of 193 landraces and 35
introductions, that showed wide morphological distances
within and among the three geographical populations
were sampled for morphological cluster analysis and
further microsatellite markers analysis (data not shown).
UPGMA-based cluster analysis on binary data of seven
morphological traits and 59 (50 landraces and nine
introductions) sweet potato accessions, are shown in
Figure 2. The morphological clustering grouped the
accessions into three main clusters A, B and C consisting
of a singleton accession in clusters B, 27 in cluster A and
31 accessions in cluster C. The clusters A and C
comprised accessions from all sources under study
namely North, South East, Shire Valley and introductions
while the singleton cluster contains accession
Tchubatchuba from the Northern population. The clusters
A and C were further sub- grouped to establish any
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Figure 2. Cluster analysis of 59 sweet potato accessions on seven IBPGR morphological traits.

possibilities of the accessions to cluster according to
sources of origin.

The composition of sub clusters |, Il, lll and IV of main
cluster A contained accessions from all sources of origins
while sub cluster V contained accessions from the
Northern population and included Yoyera which was also
sampled in the Shire Valley. While sub cluster | of main
cluster C contained accessions from all sources of
origins, sub cluster Il contained accessions from the
North including Tsambalimodzi which was also sampled
from the Shire Valley and an introduction A45, which
originates from the Republic of South Africa. All the
accessions in sub cluster Il of C originated from the
Shire Valley.

Dice coefficient of dissimilarity ranged from 0.00 to 0.50
showing high dissimilarity among the accessions which
complements the ANOVA findings. However, some
accessions in sub-clusters showed some eco-

geographical associations based clustering, suggesting a
genetic distinction. This observation is divergent from
what Gichuru et al. (2006) found, where morphological
clustering was irrespective of geographical origin among
Tanzanian, Kenyan and Ugandan accessions. However,
the trend among sweet potato to cluster according to
geographical source has been reported using molecular
methods such as random amplified polymorphic DNA
(RAPD) (Gichuki et al., 2003), amplified fragment length
polymorphism (AFLP) (Zhang et al., 1998) and selective
amplification of microsatellite polymorphic loci (SAMPL)
(Tseng et al., 2002). In general, in this study most
accessions clustered irrespective of eco-geographical
origin signifying some similarity among them which could
stem from gene flow abetted by historical tradition of
sharing vines among farmers (Roullier et al., 2013a), as
well as massive distribution of sweet potato vines by
NGOs particularly during years of drought.



Conclusion

The current study on morphological characterization has
revealed that high phenotypic diversity exists among and
within populations of sweet potato with Shire Valley
exhibiting the highest diversity (H'=0.67). The study also
showed that the level and type of character variability is
not uniformly distributed in all geographic regions hence
some regions are a high source of some morphological
traits and not others. The knowledge held by farmers
(IKS) can be used as a first means for characterization to
eliminate obvious duplicates and classify accessions
before use of any marker.
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