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For any crop cultivar to be successful it must not only have good production
characteristics but also characteristics that ensure the harvested crop is acceptable
and suitable for its intended use.

Sweetpotato Post-harvest Assessment summarizes work carried out on post-
harvest aspects of sweetpotato between 1994 and 2002 within collaborative
projects involving the Natural Resources Institute (UK), the International Potato
Center and the Tanzanian Ministry of Agriculture, with input from the Kenyan
Agricultural Research Institute and the National Agricultural Research
Organization of Uganda. Methods are discussed for assessing different quality
aspects of sweetpotato cultivars within breeding programmes.

The book is expected to be of particular interest to sweetpotato breeding
organizations and those involved in research on sweetpotato, but will also be
useful to those working on other crops.
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The origin and objectives
of this publication

This book was produced to summarize work carried
out on post-harvest aspects of sweetpotato between
1994 and 2002 within collaborative projects involving
the Tanzanian Ministry of Agriculture, the Natural
Resources Institute (University of Greenwich at
Medway, UK) and the International Potato Center, with
input from the Kenyan Agricultural Research Institute
and the National Agricultural Research Organization of
Uganda.

The work arose out of a growing realization that for
any crop cultivar to be successful it must not only have
good production characteristics but also characteristics
that ensure the harvested crop is acceptable/suitable for
its intended use. Such characteristics are usnally
termed post-harvest characteristics. Although this term
will be used throughout this book, it is in some ways
misleading as the distinction between pre- and post-
harvest characteristics is not always clear, and so-called
post-harvest characteristics are very dependent on pre-
harvest growing practices and conditions.

The selection of new cultivars is an important aspect of
sweetpotato crop improvement. Sweetpotato is
considered to be the most under-exploited of the
developing world’s major crops. This has probably
arisen because of its status as a poor man’s crop, and
the fact that it is produced almost entirely in
developing countries. Breeding initiatives for
sweetpotato are at a relatively early stage compared to
other staple crops. Given the enormous genetic
diversity of sweetpotato worldwide, and the fact that
breeding programmes of sweetpotato are relatively
new, crop improvements are expected to be rapid. New

INTRODUCTION

cultivars can provide farmers with improved yields,
earlier crops, reduced susceptibility to pests and
diseases, and improved root quality characteristics, at
little or no additional cost. Those interested in the
selection of mnew cultivars include agricultural
researchers, development and extension workers and,
of course, farmers.

The book is focused primarily towards agricultural
scientists and breeders anywhere in the world that work
with sweetpotato, although it will also be useful for
development and extension workers. The hope is that
by learning of our experiences and findings through
our work in East Africa, others will be helped to
develop methods for assessing the quality aspects of
sweetpotato cultivars within their own breeding
programmes. We also hope that it will be of use to
those working with other crops.

Within each chapter, the trials and experiments carried
out to investigate a particular aspect of sweetpotato
post-harvest quality are described. The relevance of the
findings to other regions of the world is discussed. In
most cases some details of the methods used are
included (although separated from the main text in
shaded boxes). Where a reader has a particular interest
in a topic more detailed reports and publications listed
in the References section at the end of each chapter
should be consulted.

Funding for the work reported here was provided by
the Department for International Development, UK
through their Renewable Natural Resources
Knowledge Strategy (RNRKS) programme, and by the
International Potato Center. In addition, all other
organizations involved donated staff time and use of
field or laboratory facilities.






CHAPTER 1

Present status of sweetpotato
breeding for eastern and

1.1 The status of sweetpotato as a
staple crop

The following overview is based on the synopses by
Carey et al. (1997) and Minde et al. (1999).

Sweetpotato is an important food crop in many areas of
sub-Saharan Africa where, according to FAO
(FAOSTAT, 2002), it is grown on around 2.1 million
ha, with an estimated production of 9.9 million tonnes.
It is one of the main staples in the food systems of
Uganda, Rwanda, Burundi and eastern Congo, with per
capita production of around 100 kg/year. Sweetpotato
is a secondary crop in the grain-based systems
elsewhere in the region, becoming important only at
certain times of the year or when other crops fail
(Bashaasha et al., 1995; Kapinga et al., 1995; Scott et
al., 2000).

According to several studies in the region, sweetpotato
is grown principally for its storage roots which are
generally harvested either piecemeal, or progressively,
and eaten fresh, steamed or boiled. In several southern
African countries the leaves are also eaten as a
vegetable. In some areas that are densely populated,
vines are also fed to livestock within ‘cut and carry’
systems. In dry areas of Tanzania and Uganda,
processing of sweetpotato storage roots by slicing and

southern Africa

R. E. Kapinga and E. E. Carey

drying takes place. The dried slices form part of the
dietary staple mainly during seasons of low food

supply. This has become more important in areas where
cassava yields have been severely reduced by African
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cassava mosaic virus. Recently, the marketing of fresh
sweetpotato roots, mainly in urban areas, has been
gaining importance.

Farmers in the region grow a wide range of cultivars,
which have principally been distributed by informal
means. However, information on available cultivars is
incomplete, and in most places it is difficult to
determine the extent to which relatively recent cultivar
introductions or escapes from breeding programmes
contribute to the mix of varieties grown by farmers. It
appears, however, that most cultivars are indigenous
and with relatively few recent improved varieties in the
regions, there are many constraints that still have to be
addressed. The main constraints identified in sub-
Saharan Africa are summarized in Table 1.1. Their
relative importance varies with agro-ecologies, and a

Table 1.1
Type of constraint Constraint
Biotic Viruses

summary of the situation in eastern, central and
southern Africa is given in Table 1.2,

Of the major constraints considered above those that
might more easily be addressed by breeding are: late
maturity, low yields, and perishability of the fresh
roots. Breeding can also be used to produce varieties
with high dry matter content and increased beta
carotene content. The latter has potential for
counteracting vitamin A deficiency found in many
regions of sub-Saharan Africa. Much effort has been
expended over the past decades to breed for insect and
virus resistance, but this is a more difficult task.
Another important limiting factor for the crop is the
slow rate at which utilization of the crop is
diversifying, which is considered to limit demand for
sweetpotato in the region. (Note: Surveys conducted in
Tanzania to identify the main constraints and focus
breeding priorities are described in Chapters 2 and 3.)

Major constraints to the sweetpotato crop identified in sub-Saharan Africa

Weevils (mainly Cylas spp.)

Abiotic

Available varieties and planting
material

Declining soil fertility and natural resource base

Lack of varieties that are high yielding, early maturing, drought resistant, have high
dry matter content and have high beta carotene content

Lack of good quality planting material of improved varieties

Post-harvest

Lack of storage and processing technology

Lack of varieties that are less perishable

Opportunity for utilization and marketing not well developed

Socio-economic and policy

Lack of policy for the production and supply of seed or planting material

Lack of market studies and weak distribution systems

Poor linkage between research, extension and private sector

Lack of credit systems and inability of farmers to purchase inputs

Source: Hagenimana (1999).

Table 1.2
associated production constraints

Agro-ecological zone Major areas

Moist, warm environments
(bimodal rainfall)

Uganda, western Tanzania,
Rwanda, Burundi, Zambia,
Angola, Zimbabwe, Malawi

Dry, warm environments

(unimodal rainfall) Tanzania, northern Namibia,

Botswana, southern Zambia, patts

of Zimbabwe and Malawi

Moist cool environments South-west Uganda, Rwanda,

high elevations (bimodal Burundi, parts of Angola,

rainfall)

Zimbabwe and Malawi

Major production zones of Kenya,

Northern Uganda, parts of Kenya,

Major sweetpotato agro-ecological zones in eastern, central and southern Africa and

Main identified
constraints

Sweetpotato viral
diseases (SPVD)
Moles

Principal mode of utilization

Fresh consumption and forage

Weevils (Cylas spp.)
Drought
Scarcity of planting

Fresh consumption and limited
processing (mainly in Uganda
and Tanzania)

materials

Alternaria disease
Low soil fertility

Fresh consumption and forage



Present status of sweetpotato breeding for eastern and southern Africa

1.3 Previous breeding efforts in
eastern and southern Africa

A sweetpotato breeding initiative conducted at the
International Institute for Tropical Agriculture (IITA)
at Tbadan, Nigeria from the early 1970s through to
1986, led to the development of a considerable number
of clones with high yielding potential under low input
conditions and broad adaptation to environments in
Africa. The programme was based largely on elite
breeding stocks from outside Africa, but selected and
bred in Nigeria for resistance to regionally important
constraints, including sweetpotato viral diseases
(SPVD) and sweetpotato weevils (Hahn, 1982). These
clones from IITA have been distributed to different
places in Aftica, both by IITA and, more recently, by
the International Potato Center (CIP), which took over
the mandate for sweetpotato in the late 1980s. CIP
presently maintains 40 of the original IITA clones on
its list of pathogen-tested sweetpotato cultivars for
distribution (CIP, 1998). The utilization of IITA clones
in east, central and southern African countries has,
however, been limited. The major reasons for this are:
poor consumer acceptability because of low dry matter
content and poor taste, and susceptibility to local
viruses; for example, in Uganda, all IITA clones
introduced succumbed to SPVD. This underlines the
need for localized breeding programmes that exploit
the potential of local germplasm, and the importance of
assessing for consumer acceptability.

In Tanzania, a sweetpotato breeding programme was
established at the Lake Zone Agricultural Research and
Development Institute (LZARDI), Ukiriguru, Mwanza,
Lake Zone in 1968. A variety, named by the programme
as SPN/O, was identified and to date the variety is
widespread in eastern and southern Africa under several
synonyms, including Tanzania, Kemb 10, Kasimama
(Ewell, 1997). The Tanzanian programme has utilized
sweetpotato germplasm from local collections, from
collections outside Africa through CIP, and has also
obtained germplasm from several African regions
through network organizations (see section 1.4).
Crossing blocks used open-pollination of seeds.

In Rwanda, at the breeding station located at the Institut
Des Sciences Agronomique du Rwanda (ISAR), the
varieties Rusenya and Mugande were identified
between 1990 and 1994. These are indigenous varieties
selected from among local farmers’ varieties, but have
been successful following distribution over a wide area
covering Rwanda, Burundi, Kenya, Democratic
Republic of Congo and other countries in the Southern
Africa Development Community (SADC) region. Other
clones from IITA and CIP had reached the stage of on-
farm testing at the time the war began.

Selection criteria in both eastern and central African
countries were based mainly on: high yield, early
maturity, broad adaptation, resistance to SPVD and

resistance/tolerance to sweetpotato weevils. Other
considerations were good taste, high dry matter
content, and attractive root shape and flesh colour. The
approach differed for South Africa, as until recently,
the targeted market has always been for livestock feed
(Carey et al., 1997). Most varieties used were from
USA and have lower dry matter content (18%) than is
acceptable in the rest of the region.

The main lessons learned from previous breeding
efforts were listed by Carey et al. (1997).

Local farmers’ varieties can make a significant
contribution either as varieties per se or
progenitors in breeding programmes.

It is important to select a target environment that
allows the assessment of clones for both reaction to
production constraints such SPVD, and quality
traits related to consumer acceptance.

Varieties should be selected that are adapted to
SPVD and Alternaria.

It is important to share tasks and results among a
number of countries. This is possible through
networks such as the Programme Regional de la
Pomme de terre et de la Patata douce en Afrique
Centrale et de 'Est (PRAPACE) and the Central
Africa and Southern Africa Root Crops Research
Network (SARRNET) (see section 1.4). The
approach minimizes the risk of having one
programme in one country given the present political
uncertainties and limited financial resources.

1.4 Current breeding approaches
and results

In recent years, breeding efforts have been intensified
in eastern, central and southern Africa, largely under
the auspices of CIP and co-ordinating networks such as
PRAPACE, a regional potato and sweetpotato
improvement programme in eastern Africa, and
SARRNET. One of the key objectives of these
networks is to increase the efficiency of breeding and
research into the target crops by dividing
responsibilities among the participating countries.

Countries in eastern and central regions (i.e. Uganda,
Rwanda, Eritrea, Kenya, Ethiopia, Burundi, Madagascar,
southern Sudan, and Democratic Republic of Congo) are
covered by PRAPACE. Here the responsibility for
varietal screening for virus resistance and early maturity
has been taken by Uganda, Kenya, Ethiopia and
Democratic Republic of Congo (Carey et al, 1997).
SARRNET is the network for countries in the southern
region (i.e. Angola, Botswana, Lesotho, Malawi,
Mozambique, Namibia, South Africa, Swaziland,
Tanzania, Zambia and Zimbabwe). Among SARRNET
participants, Malawi, Mozambique, South Africa,
Tanzania and Zambia take a more active role in the
breeding of new varieties. In all regions technical support
is provided by CIP.
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International distribution of seed populations for
selection by breeding programmes has been carried out
by CIP (Table 1.3). Principal sources have included the
CIP breeding programmes in Peru and Indonesia, the
Chinese programmes, Mississippi State University
(USA), and the USDA Vegetable Research Laboratory
(South Carolina, USA). In the past, the ISAR
programme in Rwanda served as a source of seed for
distribution both within and outside of Africa. More
recently, Namulonge, Uganda and Roodeplat, South
Africa have become principal sources of seed in the
eastern and southern African countries. The seeds are
generated from crossing blocks as well as open-
pollinated fields. The parents used are both from the
region as well as introductions from other countries
through CIP. Kenya, having the advantage of hosting
CIP, serves as the principal location for the regional
redistribution of clonal germplasm by CIP from the
Kenya Plant Quarantine Station at Muguga.

The introductions by country have been supported by
rigorous multiplication schemes. This has enabled new
germplasm to be evaluated in the national breeding
trials. Results from different countries have shown that
many of the clones initially selected from IITA have
poor performance with respect to dry matter content,
indicating the need to use regionally adapted parental
clones with acceptable qualities, for example, SPN/O,
Mugande, etc. In fact Mwanga (2001) has shown that
most varieties selected, which have reached the

advanced breeding stage, have the regionally important
sweetpotato variety, SPN/O as their female progenitor.

Key elements of the regional breeding strategy as
highlighted by Carey et al. (1997) are:

» the introduction and testing of elite varieties and
seed populations from outside Africa

the clean up (i.e. removal of viruses)' and
distribution within Africa of varieties identified as
promising or important by individual national
programmes

¢ breeding in key agro-ecological zones to generate
new varieties for the region

* the use of a farmer participatory approach and
extension and NGO partners for final stages in the
selection and dissemination of new varieties

» the importance of choosing parental clones from
local varieties.

For sweetpotato breeding programmes throughout the
world the following objectives are given high priority.

Breeding for high yield in terms of dry matter per
unit of land and time.

©  Breeding for resistance to, and cultural control of,
economically important diseases and pests.

Table 1.3 Sweetpotato germplasm distributed by CIP to eastern, central and southern Africa

countries 1993-2002

Country of destination

Source of germplasm

Number of seed
families received

South America North America Other countries
Angola 16 4 T ' —
Burundi 2 - 4
Botswana 17 4 13 =
DR Congo 20 17 B 36 -
Eritrea - - 18 =
Ethiopia - 5 26 =
Madagascar = - 4 -
Malawi - - 20 29
Mozambique - - 28 -
Kenya 73 41 171 265
Rwanda 34 21 41 92
Sudan 6 4 S - -
Tanzania 28 7 60 149
Uganda 83 3:1 116 117
Zambia 11 3 48 234

Source: CIP and SARRNET reports for 1999, 2000 and 2001/02.

"The removal of virsues from a cultivar is a complex process which involves producing callus material, heating to kill the viruses,
and the production of plantlets from the callus. This process can be carried out at CIP in Peru and is recommended before material
is moved between regions, to prevent the spread of viruses.
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Table 1.4 Main breeding goals by region after assessment of constraints and opportunities
Factor CIP region

Latin America South-west Asia East and southern East Sub-Saharan

Asia and the Pacific Africa

Weevil resistance/tolerance X X X
Virus resistance X
Drought tolerance X X X X
High dry matrter (starch) content X X X
High foliage yield X* X* X
Non-sweet storage roofs West Africa
Good storability X X X

*Potential demand for forage-type sweetpotato (forage only).
Source: CIP (1995).

Breeding for high keeping qualities.

Breeding for improved quality in terms of consumer
acceptance, processing and nutritional values.

Breeding for wide adaptation.

Table 1.4 summarizes global breeding priorities as set
by sweetpotato breeders in a workshop held by CIP in
Lima, Peru in June 1994 (CIP, 1995).

For eastern and southern Africa primary and secondary
focus areas have been highlighted by Carey et al.
(1997).

Primary

In addition to assuring widespread dissemination of
released varieties, the major objectives are to select
varieties with acceptable utilization characteristics.
These characteristics include:

acceptable taste, high dry matter content, etc.
suitability for improved farm-level processing
extended shelf-life of roots and tolerance to market
conditions

attractive appearance and properties of products,
particularly flour

ability to produce vines for animal feed.

Secondary

These are selected mainly on the basis of testing in the
major production environments. Important areas are:

earliness vs. inground storability

drought tolerance

high root yield

good establishment

good resistance to SPVD and sweetpotato weevils.

Breeding procedures both on-farm and on-station are
summarized in CIP Research Guide Nos 5 and 6
(Fonseca et al., 1994; Carey and Reynoso, 1997). An
overview is also given in Appendix L.
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Farmer criteria for selection of
sweetpotato varieties

R.E. Kapinga, S.C. Jeremiah, E.J. Rwiza and D. Rees

In Tanzania, despite its importance in food systems
there has been little expansion in the aggregate acreage
of sweetpotato over several years. Although research
has lead to many recommendations for practices to
increase production of sweetpotato at the farm level,
the rate of adoption of improved practices is low. In
cases where ‘improved’ varieties have been introduced,
a low rate of uptake may indicate that the variety is in
some way unacceptable. This observation has led
research scientists to revisit the approaches previously
used, and to take more account of growers’ and
consumers’ preferences when developing and selecting
sweetpotato varieties for release.

This chapter describes two activities undertaken by the
Tanzanian sweetpotato breeding programme. Firstly,
surveys were undertaken between 1990 and 1995 to
obtain information on practices and constraints relating
to sweetpotato production and utilization, and to
determine the main criteria by which farmers judge
varieties. Secondly, the methods by which the breeding
programme in Tanzania incorporated the opinions of
farmers in the selection of new cultivars through the
use of farmer groups and on-farm trials are described.
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Between 1990 and 1995 surveys were conducted in
several important sweetpotato production areas of
Tanzania (see Figure 2.1 for major sweetpotato
production areas) to obtain information on the
suitability of sweetpotato in farming and food systems.
Details of the surveys are given in Hart (1991),
Kapinga (1992) and Kapinga et al. (1995).

vie

The methodology used in all the surveys was similar. The
information was obtained by group interviews where a
group consisted of 15-20 people. This information was
supplemented by interviews with individual households,
generally 4-6 per village per district.

Although checklists were used to aid the interviews,
the survey depended very much on open discussion
with the groups.

The general issues normally addressed included:
identification of criteria used by farmers to
abandon or select sweetpotato varieties

identification of farmers’ preference for
sweetpotato varieties currently grown

identification of utilization practices
ranking of varieties in order of utilization practices
desirable characteristics in sweetpotato varieties

identification of research gaps for increased
utilization of sweetpotato varieties.

Criteria used by farmers to abandon or select
sweetpotato varieties

Information was compiled from Kapinga et al. (1995)
and the Farming Systems Research-National Co-
ordination Unit (FSR-NCU) survey (1996).

Farmers in all the surveyed zones (Eastern, Southern,
Western, Southern Highlands, Lake) confirmed that
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Figure 2.1 Major sweetpotato producing areas in Tanzania



Farmer criteria for selection of sweetpotato varieties

there are several important criteria which act as a basis
for selection of sweetpotato varieties. The frequencies
at which the various criteria were mentioned in the
different zones are summarized in Table 2.1. The
attributes considered most important by farmers are
high root yield, early maturity, tolerance to pests and
diseases and good root characteristics (low fibre,
sweetness, high root firmness, etc.). The most important
characteristics referring to qualities of the roots are
described in more detail below.

These characteristics have been ranked in Table 2.1 on
the basis of the percentage of farmers mentioning them
as important selection criteria, averaged across zones.
As this percentage is not weighted for the importance
of each zone in total sweetpotato production, it can
only be taken as a qualitative indication of the
importance of that criterion. (Note: The five zones are
considered to rank in the following way with respect to

sweetpotato production: 1 Lake; 2 Western; 3 Eastern;
4 Southern Highlands; 5 Southern.)

(i) High root yield

This was the selection criterion most frequently
mentioned. Farmers in all of the surveyed zones
indicated that high yield is an important attribute in
sweetpotato variety selection. The root yield in this
case depends mainly on the number of storage roots per
plant.

(i) Early maturity (early bulking)

Early maturity was an important criterion in all zones,
although the frequency with which it was mentioned
varied. The overall percentage for all surveyed areas
which mentioned this criterion was 88%, and it ranked
second among all other criteria across zones. Farmers
in the Southern, Western and Lake Zones were more

Table 2.1  Selection criteria by zone for sweetpotato varieties as mentioned by surveyed farmers
(%)

Criterion B i - Zones o B B —A‘ RN - :

EST SOUT WEST SHL LAK Mean Rank

l;anking of zones by importance 3 5 2 - 4 1 - R -

of sweetpotato production

Pre-harvest

High yielding 100 100 100 1ob 67 94 1

Early maturing 67 100 100 75 100 88 2

Disease tolerance 67 100 0 75 67 62 4

Insect toleranc: 67 100 0 25 67 52 6

Good in-ground storability 0 100 0 75 0 35 8

Tender leaves 33 0 0 0 0 7 11

Tolerant to waterlogging 33 0 0 0 0 7 11

Potential to be grown all seasons 33 0 0 0 0 7 11

Post-har;ést

Sweetness ' 67 100 100 100 67 &7 3

Low fibre content 0 100 100 100 0 60 5

High root firmness 67 0 0 25 100 38 7

Less starch for storage 0 0 100 0 0 20 9

Marketability 0 0 0 67 0 13 10

Large root size 33 0 0 0 33 13 10

Good root shape 0 0 0 0 ] 33 7 11

Good chips 0 0 0 0 33 7 11

EST = Eastern Zone; SOUT = Southern Zone; WEST = Western Zone; SHL = Southern Highlands Zone; LAK = Lake Zone.

Source: Compiled from FSR-NCU data file (1996).
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concerned with this criterion (100%) compared with
those in the Southern Highlands and Eastern Zones
(75% and 67%, respectively).

Farmers clarified their response by mentioning the
ability of a variety to give a reasonable number of
harvestable storage roots from 3 months after planting.
The early maturing varieties were mostly preferred in
areas where sweetpotato is a commercial crop. In
addition, early maturing varieties can be particularly
important when there is an extended dry spell and
sweetpotato is a food security crop when other crops
fail. In some zones, such as the Lake and Western
Zones, early maturing varieties bridge the gap before
the harvest of main crops.

(iii) Sweetness

The term ‘sweet’ applied to sweetpotato in Tanzania
appears to be very subjective and refers to a desired
taste rather than sugar levels. Thus root sweetness as
explained by farmers indicated a taste for a root that is
not very sweet, nor very ‘flat’ like that of yam. Any
sweetpotato with that desired taste is considered very
sweet. This post-harvest criterion ranked third in
importance and was mentioned in all zones. The
average percentage of surveyed farmers who mentioned
sweetness as important was 87% (Table 2.1). The
highest percentage was observed in the Southern,
Western and Southern Highlands Zones, respectively.

(iv) Disease and pest tolerance

Farmers interviewed were able to identify some
common pests and diseases of sweetpotato. They
preferred sweetpotato varieties that tolerate diseases
and also that are tolerant/resistance to sweetpotato
pests. This criterion was mentioned by farmers in all
surveyed zones with the exception of Western Zone
(Table 2.1). Tolerance to insects (primarily the
sweetpotato weevil, Cylas spp.) was mentioned on
average in 52% of cases and ranked sixth in
importance.

(v) Low fibre content

Low fibre content was another important selection
criterion, which ranked fifth in importance (Table 2.1).
On average 60% of the surveyed farmers indicated that
low fibre content was of great value in selection of
sweetpotato varieties. This may be an underestimate of
its importance, since the survey results indicated that it
was not mentioned in the Eastern and Lake Zones,
although it was mentioned by all farmers in the other
three zones. It appears that this quality may have been
included with root ‘sweetness’ in these two cases.

Selection criteria for specific zones

Information was compiled from the FSR-NCU survey
(1996).

Some selection criteria were very specific to zones,
probably because they answer the specific needs of the
particular environment.

One example is high root firmness which was only
mentioned by farmers in the Lake, Eastern and
Southern Highlands Zones. This is probably because
storage roots with high dry matter content and,
therefore, high starch content, are more suitable for
secondary processed products such as starch and flour.

Other specific criteria were for varieties which make
good chips, have good root shape and large root size.
These criteria were mentioned specifically in the Lake
Zone, and reflect the type of root utilization commonly
practised in this zone.

Good in-ground storability was specifically mentioned
in Southern and Southern Highlands Zones. There are
two requitements related to this attribute. One is
extended in-ground storability before harvesting; the
other is the ability for the fresh roots to keep for
prolonged periods in specific storage structures.
Insufficient information was obtained to determine
whether the same varieties are good in both cases.
Characteristics of sweetpotato varieties
commonly grown by farmers

Information was obtained from the FSR-NCU survey
(1996).

An indication of the characteristics of sweetpotato
varieties presently grown in different zones of Tanzania
is presented below. These data were obtained during
FSR-NCU surveys on a wide range of crops. As a
consequence, in some zones, especially those where
sweetpotato is less important, only a small number of
varieties were recorded which may not be a true
indication of the real situation. Nevertheless, the
overall results can be taken as an indication of the
varieties grown nationally. In some cases the
characteristics of varieties grown correspond quite
closely with farmers’ preferences, while in other cases
there is clearly room for improvement.

(i) Maturity

Although farmers prefer early maturing varieties, most
sweetpotato varieties grown by farmers are considered
by farmers’ definition to be late maturing (Table 2.2).
Farmers considered the critical time to distinguish late
and early maturing varieties is 4-5 months. Varieties
that do not give mature roots within this period are
considered to be late maturing. Early maturing often
means that in the case of piecemeal harvesting, big
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Table 2.2 Rate of maturing of commonly
grown sweetpotato varieties

Zone Number of Early Late

varieties maturing maturing
considered
Bastern 10 5 7
Western 11 3 8
Southern 35 19 16
Highlands
Central 3 2 1
Lake 18 8 10
Total B 71 35 42

Percentage 45% 55%

Source: Compiled from FSR-NCU data file (1996).

Varieties were categorized by the interviewed farmers as
early maturing and late maturing. An early maturing variety
produces mature storage roots within 4-5 months, whereas a
late maturing variety takes longer.

The overall percentage has not been weighted to take into
account the relative importance of varieties or zones.

roots can be obtained within 3—5 months, while others
are left to bulk. Farmers also mentioned the advantage
of early maturity for drought avoidance, particularly in
areas with long dry spells. Analysis from all zones
surveyed (Southern and Northern Zones were not
included) showed that 55% of the total varieties grown
by farmers were referred to as late maturing and 45%
early/medium maturing varieties (Table 2.2). This
overall percentage does not take into account the
relative importance of varieties or zones, but gives an
indication that research efforts for the development of
early maturing varieties should be strengthened.

(i1} Root sweetness

As discussed above, root ‘sweetness’ is a very
subjective quality, being an indication of good taste,
rather than sweetness (sugar content) per se. In
addition, a watery or fibrous root is never considered
‘sweet’, so that it is difficult to distinguish completely
between taste and texture. It was observed that most
sweetpotato varieties grown by farmers have medium
‘sweet’ to ‘very sweet’ taste (Table 2.3).

(iil) Root fibre content

Although ranked lower than ‘sweetness’, the texture of
oot flesh in terms of fibre content is an important
criterion used by farmers in selecting sweetpotato
varieties. Sweelpotato roots with no or low fibre
content are preferred. The majority of sweetpotato
varieties currently grown by farmers have no fibre or
low fibre. It was noted from the study that for the four
zones assessed, 55% of the total varieties grown were
considered to have no fibre and only 15% of the total

Table 2.3 Root sweetness of commonly
grown sweetpotato varieties

Zone Number of Very  Sweet Not/slightly

varieties sweet sweet
- Eastern 4 | 2 |
Southern 3 | 2 0
Western 4 2 0 2
Southern 36 i 12 21 3
Highlands
Central 3 0 2 1
Lake - - . =
Total 50 16 27 7
Percentage 32 54 14

Source: Compiled from FSR-NCU data file (1996).

The overall percentage has been calculated without
weighting the varieties with respect to their importance in
each zone, nor weighting the zones with respect to their
importance for sweetpotato production.

Table 2.4 Root texture of commonly
grown sweetpotato varieties
Zone Number Texture
of varieties
No fibre Low fibre Very fibrous
Eastern - - - -
Southern 3 0 3 0
Western 12 6 4 2
Southern 35 21 8 6
Highlands
Central 3 b | 0
Lake = N . g
Total 53 29 16 8
Percentage 55 30 15

Source: Compiled from FSR-NCU data file (1996).

The overall percentage has been calculated without
weighting the varieties with respect to their importance in
each zone, nor weighting the zones with respect to their
importance for sweetpotato production.

varieties mentioned were considered to be very fibrous
(Table 2.4).

(iv) Root firmness/hardness

Firmness is an indicator of high dry matter content,
which is a preferred attribute in sweetpotato roots.
However, farmers indicated that most sweetpotato
varieties that they grew had ‘medium’ to ‘slightly’ firm
roots. Of the total varicties assessed, only 26% were
considered to have very firm roots (Table 2.5).
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Table 2.5 Root firmness of commonly
grown sweetpotato varieties
Zone Number of Very Medium Slightly
varieties firm  firm firm
Eastern - - - =
Southern 2 2 0 0
Western - - “ g
Southern 36 8 22 6
Highlands
Central - - z R
Lake - & _ =
Total 38 10 22 6
Percentage 26 58 16

Source: Compiled from FSR-NCU data file (1996).

The overall percentage has been calculated without
weighting the varieties with respect to their importance in
each zone, nor weighting the zones with respect to their
importance for sweetpotato production.

These findings suggest that more attention should be
given in the breeding scheme to selecting varieties with
firm roots. The chances are high that these varieties
once selected by farmers will be adopted.

(v) Outer skin colour of roots

Although not mentioned as major selection criteria,
skin and flesh colour are likely to be important for
uptake of new varieties. Many of the varieties (45%)
grown by farmers have a purple/red outer skin colour
(Table 2.6). Next was a white/yellow outer skin colour
(33%) and a brown/cream colour (22%).

The predominant skin colour appeared to differ
between zones, although the results may be distorted
by the fact that the number of varieties recorded varied
greatly between zones. In the Lake Zone, the
predominant colour was purple/red (51% recorded
varieties). On the other hand in the Eastern Zone most
of the varieties assessed (88%) had white/yellow skins,
and the same was reported by farmers in the Central
and Western Zones. If, as these data indicate,
preference for skin colour varies from one zone to
another, this must be taken into account by breeders.

(vi) Flesh colour of roots

Two main flesh colours were mentioned by farmers: white
and yellow/orange (Table 2.7). Discussions with farmers
indicated that white fleshed roots are preferred because
they produce good chips — michembe — when processed
and give good quality flour. In addition, farmers perceive
that white flesh in a storage root is a good indicator of
high starch/dry matter content. The overall percentage of
varieties mentioned with each flesh colour is given in
Table 2.7. It is consistent with the hypothesis that white

Table 2.6  Outer skin colours of roots of
commonly grown sweetpotato
varieties

Zone Number Skin colour (roots)

of varfeties White/ Purple/ Brown/
yellow  red cream

Eastern 8 7 1 0

Southern 3 2 1 0

Western 2 2 0 0

Southern 21 8 9 4

Highlands

Central 3 2 1 0

Lake 68 14 35 19

Total 105 35 47 23

Percentage 33 45 22

Source: Compiled from FSR-NCU data file (1996).

The overall percentage has been calculated without
weighting the varieties with respect to their importance in
each zone, nor weighting the zones with respect to their
importance for sweetpotato production. The relative numbers
of varieties with each skin colour may, therefore, not be a
quantitative indication of the popularity of that colour.

Table 2.7 Colour of root flesh of commonly
grown sweetpotato varieties
Zone Number Root flesh colour
of varieties - -

White Yellow/orange
Eastern 13 7 6
Southern 3 2 1
Western 3 0 3
Southern - = =
Highlands
Central - - 5
Lake 69 47 23
Total 88 56 33

Percentage 63 38

Source: Compiled from FSR-NCU data file (1996).

The overall percentage has been calculated without
weighting the varieties with respect to their importance in
each zone, nor weighting the zones with respect to their
importance for sweetpotato production. The relative numbers
of varieties with each flesh colour may, therefore, not be a
quantitative indication of the popularity of that colour.

fleshed roots are preferred to yellow/orange ones, as 63%
of the total varieties assessed have white root flesh.

In some zones, such as the Western Zone, farmers
mentioned varieties with purple or blue coloured roots,
which had low dry matter.
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Table 2.8 A selection of the most popular sweetpotato varieties grown by farmers in Tanzania

and their desirable characteristics

Local name Characteristics

Suguti (L)*

Songea (SHL)
Simama (L, E)
Tulwawima (L, SHL)

White skin/yellow flesh, high yielding, semi-erect, floury, early maturing, large root
size, medium sweetness, very firm/floury, no fibre

Mayai (W, E)

White skin/orange flesh, high yielding, good underground storability

Mwezigumo (W, L)

Very early maturing to bridge a famine gap between major harvests

Karoti (E, S)

Early maturing, broad leaves, spreading, red skin/yellow flesh, medium fibre

content, medium sweetness, medium root size, firm, moderately drought tolerant

Sinia (SHL, L)t
Kasinia (L)

Early maturing, large root size, red skin/white flesh, very sweet, very firm, no fibre

Kinahanaha (W, SHL)

Very early maturing, fibrous, good as vegetable, white flesh, sweet, firm, no fibre

Kandoro (W, SHL)

Medium maturity, large root size, white skin/white flesh, sweet, firm, not fibrous

L = Lake Zone; SHL = Southern Highlands Zone; E = Eastern Zone; W = Western Zone; S = Southern Zone.

*  QOfficially released as Simama.
t  Officially released as Sinia.

Table 2.8 lists some of the most popular varieties
grown in Tanzania together with a summary of their
characteristics.

From the previous sections, it is clear that farmers select
suitable sweetpotato varietics by criteria that relate both
to production and post-harvest issues. The breeding
programme within Tanzania has found that the best way
to incorporate the opinions of farmers in the selection of
new cultivars is firstly, to use farmer groups to assess
early trials on-station, and secondly, to carry out on-farm
trials of the more advanced cultivars. On-farm trials are
found to be essential in order to take into account the
effects of actual farmer practices and conditions, which
may differ substantially from on-station practices.

The rationale for on-farm cultivar testing

In Tanzania, sweetpotato is grown primarily by women
in a range of land use systems. Within each system,
sweetpotato fields differ greatly in biophysical
properties (i.e. soil type, soil fertility, etc.) and
management practices (i.e. ridges, hills, intercropping,
ete.). This necessitates an approach to testing which
includes the environment-genotype interaction.
Therefore, testing sweetpotato varieties in a wide range
of conditions, with many female farmers, is needed.

The methodology of testing is based on concepts of
environment-technology interactions (Hildebrand and
Russell, 1994), agroecosystem diversity (de
Steenhuijsen Piters, 1995), and on the ‘niche theory’ in

biology. The main idea is that a certain technology
performs according to the environment into which it is
introduced. Specific production environments
(‘niches’) favour specific technologies. A production
environment is composed of several variables, such as
soil type, rainfall pattern, but also crop husbandry, such
as timing of weeding. Understanding the performance
of a new technology needs: (i) a description of the
production environments; and (ii) an understanding of
their relation to the newly introduced technology.

The approach consists of the following elements.

+ Testing of several varieties over a wide range of
production environments, which include different
rainfall patterns, soil types and farmers’” practices.

¢ Standardization of a few cropping practices, for
example, planting date, plant spacing and cropping
pattern; all other conditions and husbandry
practices are not controlled.

«  Recording and measurement of all important non-
controlled variables at each field.

*  Active participation of farmers as observers
capable of monitoring the trial.

*  Assessment by farmer groups of the varieties’
performance at harvest time. Criteria of
comparison are discussed, varieties are compared
pair-wise and final priority ranking is performed.
Accordingly, three types of trial fields are assessed,
i.e. successful, moderately successful and failure.
Sweetpotato is also subjected to tasting.

* Quantification of yields.
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Statistical analysis includes simple, descriptive
statistics, ANOVA (analysis of variance), multiple
regression and environmental index analysis.

Advantages of farmer participation in variety
testing

For those criteria, such as yield, which are routinely
tested on-station, farmers’ assessments are in strong
agreement. However, farmers consider many other
criteria which are not considered on-station. This
explains why some varieties may be ranked low despite
their good field performance. Multiple criteria selection
of varieties leads to flexible recommendations which
appreciate the diverse use of varieties depending on the
producers production objectives.

Involvement of farmers in the planning and
implementation stages appears to hasten the process of
technology testing and dissemination. The feedback
flow process obtained helps researchers to target
research towards demand-driven priorities,

2.3.2 Procedure for conducting on-farm
assessment of sweetpotato varieties

Selection of farmers

Organize planning meetings in different villages to
select farmers to participate in the trials.

Participation of farmers should be voluntary
although a good balance of farmers in different
social strata should be attained.

The number of farmers per village should be
determined by the availability of planting
materials. However, for a good assessment, 8-10
farmers per village should participate in a trial.

Selection of fields

Land for a trial is provided by the selected farmers.

Sweetpotato fields should differ in biophysical
properties (i.e. soil types, soil fertility, slope, etc.).

Note

Farmers in different social strata should be
selected.

* Do not make the common mistake of conducting
the trials under optimum conditions otherwise you
may end up selecting breeding clones that perform
poorly under less than optimum conditions.

Assess the overall farmers’ management practices,
and use this as a base for field selection. For
instance, if farmers grow most of their sweetpotato
on low-fertility soil, then trials should be
established in such fields,

Trial establishment and management

Plot size
Minimum plot size should be 6 m x 2 m.

Number of replications
One (i.e. each farmer’s field trial should be considered
as one replicate).

Spacing

Plant at a spacing of 30 cm between plants and 1 m
between rows. This is mainly for low fertility sandy
soils. However, spacing between plants can be
increased to 40 c¢m in fertile soils, to avoid
overcrowding of plants.

Size of cuttings
20-25 cm long vines should be used.

Source of cuttings

Vines aged 1.5 to 2 months should be sourced from a
nursery. Very old fields produce materials that do not
establish well and harbour pests (e.g. weevils) and
diseases (e.g. viruses).

Plant parts

Vine tips are recommended for good establishment and
reduced pest attack. If insufficient planting material is
available, the middle parts can also be used; avoid the
basal parts because they harbour sweetpotato weevils.

Number of new varieties
3-5 plus a popular local variety as a check.

Planting of a trial
This is a joint activity with the farmer to ensure
uniformity.

Length of trial cycle

Normally trials are harvested 5 months after planting,
but this can be adjusted to suit the normal harvesting
time of sweetpotato in the area concerned.

Data collection

Before planting

Record rainfall status, soil type (sandy or loamy), soil
colour, soil stoniness (fine or gravel), slope (gentle or
step), age of the field and previous crops.

After planting

Record the number of weedings at each farm and
weeding intervals. Assess the establishment, pest and
disease incidences, etc.

Assessment by farmers
Advise the farmers to observe the following during
trial execution:

establishment rate of each variety
vigour
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ability to control weeds

maturity time

leaf retention

resistance to important diseases, drought and pests.

Harvesting
Record yields.

Farmers’ assessment

At harvest, two contrasting fields should be selected
for assessment by all farmers (i.e. those participating in
the trial and invited villagers). Selection of contrasting
fields for assessment could be based on the
management practices of farmers (i.e one field that
received the best management and the other that
received worst or less management by farmers).

Ranking of varieties is carried out in terms of foliage
vigour, resistance to diseases and pests, maturity time,

number, shape and size of roots, and colour of skin and
root flesh. General crop appreciation is rated on a scale
of increasing appreciation from 1 to 5.

Figures 2.2 and 2.3 show example data sheets to be
used by farmers for this assessment.

After assessment of samples by individuals (Figure
2.2), ranking of varieties through group discussion is
carried out by pair-wise comparison of each variety.
Assessors should agree on which is a preferred sample
over the other until all samples are compared. A sample
of the ranking score sheet used by the investigator is
presented in Figure 2.3. Each space corresponds to the
comparison of two varieties. For example, the space
marked with * is used to record the comparison
between variety B and variety D. The preferred variety
of these two should be recorded in that space. An
example of a completed form is given in Figure 2.4.

/ Name of the evaluator:

Sex:
Date: village:
Attribute Variety
A B C D E

Foliage coverage

Resistance to diseases

Resistance to pests

Drought tolerance

Maturity/earliness

Yield of roots

Shape of roots

Size of roots

Appearance of root skin

Appearance of root flesh

General crop
appreciation

Subjective score:

1 = very bad; 2 = bad; 3 = moderate;

4 = good; 5 = very good.

Note

* Scoring should be done by everyone participating in the assessment.

* The number of evaluators should be between 15 and 20 for unbiased results.

* Do not disclose the names of varieties to the evaluators until the exercise is completed. This will reduce bias in

the ranking of well known popular varieties.

Figure 2.2 Sample score sheet for field assessment of sweetpotato varieties tested on-farm
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Variety
Variety A B Cc E
A %
B X
C X
D *
E X

Total scores per variety

Rank

Reasons for high ranked varieties

Reasons for less ranked varieties

Figure 2.3 Sample ranking sheet of varieties for field performance compared pair-wise

rﬂ

Variety
Variety A B c E
A X
B & X
¢ A <) X
D D [
E A B € *
Total scores per variety 2 { O
Rank z, 2 4 S

Reasons for high ranked varieties
D has high yteld and \ow

Reasons for less ranked varieties
E has low yieldand Lsiate

suscepk ibllibykoweevils

makuring

A typical set of results has been included for illustration.

Figure 2.4 Completed sample ranking sheet of varieties for field performance compared

pair-wise
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Example of results

Table 2.9 Farmers’ field assessment of sweetpotato varieties in Mwagala village, Missungwi
District, Lake Zone of Tanzania

Attribute (V = 25)

Variety Earliness CV  Root (007 Root CcvV Root Ccv General Ccv

(%) storability (%) size (%) shape (%) impression (%)
440144 3.3 24.9 3.7 13.0 3.6 143 44 [1.7 4.3 15.7
SP93/5 3.9 22.5 39 25.5 43 19.1 3.8 29.9 4.3 15.6
$993/13 23 41.2 3.1 35.5 2.8 32.8 35 309 2.9 302
Mwananjemu 2.9 413 3.6 29.8 3.3 20.5 3.7 25.6 4.0 204
Polista 39 14.6 3.6 19.4 3.8 11.1 3.6 14.3 4.2 15.1
Kagole 3.8 272 4.4 159 4.2 18.8 4.2 18.8 4.6 152
Bagalanentukuru 3.2 24.6 34 28.4 3.5 243 3.6 19.4 37 18.2

Subjective ranking: 1 = very poor; 2 = poor; 3 =moderate; 4 = good; 5 = very good.

Note: Higher values of CVs indicate wide variability in farmers perception. N = number of farmers who participated in the
assessment.

Table 2.10 Assessment of sweetpotato varieties by farmers for suitability in diverse production
systems and objectives at farm-level in Bukoba District, Lake Zone of Tanzania
(1995/96 - 1996/97)

Do you...? Then grow...! But do not grow...!

Have a sandy field with low soil fertility Sinia-B*, SPN/0* Iboja, Mwanamonde, Biganana
‘Want a high yield SPN/0*, Sinia-B *, Iboja Biganana

Want to harvest piecemeal Mwanamonde, Sinia-B*, Iboja, Biganana ~ SPN/0*

Have problems with weevils in your field  Biganana, Iboja, Sinia-B* SPN/0 *, Mwanamonde

Want vines for livestock Biganana, Sinia-B* Iboja

Want to process Biganana, Iboja, Sinia-B* SPN/O*

Want leaves for a vegetable Biganana, SPN/O* Iboja

Want roots for selling Sinia-B*, SPN/0* Iboja

* Varieties released in 1999,

Data analysis of tasters, consisting of at least 10 farmers and invited

; - ighbours, is selected. It is important that the name of
Use social statistical programs, such as SPSS, fepibolinylyseieete ASSHHGPOTLAIL LAV HIS HAHeo

ABSTAT and GENSTAT, to analyse the information
collected on the farmers’ assessment.

each taster be recorded on the data sheets. Roots should
be cooked and cut into slices. They should be presented
to the tasters labelled only with letters, for example,
Table 2.9 shows a summary of data obtained from a set AE. Ch.aracterlstlcs AL ASREASS thr.ough thits
ol ofisfirm: assessments condngted. in: the Take Fone, method include: appearance, taste, starchiness and
while Table 2.10 shows how results can be used to

provide a set of recommendations on suitable varieties

fibre content of cooked roots. (Quantitative
measurements of a larger set of characteristics by the
for farmers. use of trained panellists is explained in Chapter 4.) Two
example assessment forms are presented in Figures 2.5
2.3.3 Procedure for conducting taste tests and 2.6. The first allows scoring of five samples, while
) the second format requires one form per sample.
Simple taste tests are conducted at harvest for both on-

farm and on-station trials. The samples for taste testing
are taken from selected roots of each variety. A panel
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/ Name of the evaluator: Sex:

Date: Village:

Attribute Variety

A B C D E

Appearance

Taste

Flavour

Starchiness

Fibre content

General acceptability

Subjective ranking:

1 = very good; 2 = good; 3 = moderate; 4 = good; 5 = very good.

Figure 2.5 Sample score sheet for post-harvest assessment of sweetpotato cooked roots

%{ Sweetpotato Taste Testing

Name of evaluator: Age: years

Date: Cultivar: Sex: Male / Female

1=Very bad 2=Bad 3=Fair 4=Good |5=Very good

Appearance

Colour

Colour
intensity

Colour
uniformity

Discoloration

Flavour

Sweetness

Texture

Moistness

Fibre (free)

Overall taste
acceptability

Figure 2.6 Detailed taste test evaluation sheet for consumers
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2.4 Conclusions and implications

Poor uptake of some new varieties in the past has
underlined the importance of incorporating the
preferences of growers and consumers into the
breeding process. This chapter describes surveys
conducted in Tanzania to determine the farmer criteria
for preferred sweetpotato varieties. The opinions of
farmers on available varieties indicate that there is
considerable room for improvement.

Thus, on-station assessment of varieties by farmers and
on-farm testing are both central to the Tanzanian
sweetpotato breeding programme.
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CHAPTER 3

Trader and consumer criteria for
selection of sweetpotato varieties

R.E. Kapinga, D. Rees, S.C. Jeremiah and E.J. Rwiza

3.1 Background

Up until the late 1990s, although information existed
on the criteria by which farmers select sweetpotato
varieties (see Chapter 2), very little information existed
in Tanzania on the preferences of consumers
(especially urban consumers) and traders. With the
increasing marketing of this crop, an appreciation of
the views of urban users becomes more important for
breeders. In Tanzania, sweetpotato roots are primarily
used for human food, and mainly consumed freshly
cooked. However, processing and the use of
sweetpotato for animal food are also common.
Information on how roots are to be consumed is clearly
vital when determining important quality criteria.

In this chapter, we describe the methods by which the
Tanzanian breeding programme obtained the
information necessary to determine the main selection
criteria for new cultivars, and summarize the main
results obtained.

Further details of the surveys and their results can be
found in Kapinga et al. (1997).
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3.2 Methods

3.2.1 Areas surveyed and selection of
interviewees

Surveys were conducted between September and
October 1996 in three districts of the Lake Zone of
Tanzania (Meatu, Mwanza and Ukerewe). A list of the
urban areas surveyed and the number of respondents
per district is presented in Table 3.1. Only areas where
sweetpotato was considered an important commodity
were selected. The selection criteria for the areas
surveyed were as follows:

+ the importance of sweetpotato relative to other
food staples

+ the contribution of sweetpotato to household food
security and household income

+ the growing demand of sweetpotato for sustaining
household earnings through the sale of roots

the availability of fresh roots and processed
sweetpotato products in the markets

the level of diversification of sweetpotato
utilization.

Within the chosen areas, a total of 35 market agents
and 58 urban households were interviewed.

Households were selected on the advice of local
leaders and extension workers. Only households
known to consume sweetpotato were interviewed.
Information about the size and income group of
households is given in Table 3.1. Income group was
assessed on the basis of the appearance and contents of
the house. For example, a household with a ‘good-

Table 3.1 Urban households interviewed in Mwanza, Meatu and Ukerewe Districts of Lake Zone
of Tanzania, categorized by size of household and income group*

Number of households interviewed in each income group

Size of household Low

Medium High

Mwanza

Areas Igogo, Nyegezi, Mkuyuni

2-3 1

45 I

6-8 4

9-14 2

>14

TOTAL 8

10

Meatu
Areas Mwanhuzi town

2-3 3

4-5

-
6-8 3
9-14 2

>14 1

TOTAL 16

Ukerewe
Areas Nakatunguru

1 1

23

6-8

4
4-5 2
3
3

9-14

>14

TOTAL 13

6 1

Total number of households interviewed in each income group

37

20 1

* Income groups were assessed subjectively by observation of the house and contents.
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looking’ house and electronic assets was considered to

be high income.

Traders were classified as retailers or wholesalers, with
some undertaking both functions. The numbers of
traders interviewed and the markets at which they
worked in each area is given in Table 3.2. The markets
were categorized subjectively as small, medium and
large (Table 3.2).

5.2.2 Data collection

The interviews were conducted using a set of questions
which were adapted from a related study on cassava
carried out in urban areas by the Collaborative Study of
Cassava in Africa (COSCA) (Nweke et al., 1998).

During the surveys, the information collected was
considered under two categories: urban households
(consumers) and market agents (traders). The main
issues covered during interviews were as follows.

Urban households

Sweetpotato consumption patterns.

+  The quantity and frequency of purchase of
sweetpotato.

Acceptance and rejection of specific sweetpotato
varieties.

Utilization practices for sweetpotato roots.
Post-harvest handling of sweetpotato.

Sweetpotato cultivation and the varieties

COIIlIl'lOI’lly grown.

Sweetpotato marketing.

Market agents

¢ The nature of markets and categories of traders.
< Marketing of sweetpotato.

= Storage after purchase.

= Varietal preferences.

Checklists used for sweetpotato consumers in urban
areas and for market agents are shown below (see
Figures 3.1 and 3.2).

Table 3.2 Urban markets visited and sweetpotato traders interviewed in Lake Zone of Tanzania
. Market Market size Number of traders interviewed by category
District Retailers Wholesalers Retailer/wholesalers
Mwanza

Mwaloni Big ]

Kirumba Big 1 2

Mwaloni/Kirumba* 1 1

Songoro Small 4

Central Big 4

Kirumba Sokoni Medium 2
TOTAL 11 2 3
Meatu

Bukundi Permanent Medium 4

Market day only Non-permanent 2 2 3
TOTAL 6 2 3
Ukerewe

Nakatunguri Small 4

Nansio Medium B

8

TOTAL

Market size was a subjective assessment by the interviewers.

* Retailer and wholesaler working in both markets.
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Checklist For Semi-Structured Interview (consumers)

Background information

The following information should be noted by the interviewer, but not
necessarily asked directly.

1. Location of house

2. Income group

3. Ethnic origin

Interview

4, How often does your family eat sweetpotato, e.g. number of times per
week?

5. How many people are there in your household?

6. How much do you spend on buying sweetpotatoes per week?
Fresh? Processed?

7a. (i) which sweetpotato varieties do you prefer to buy, and what are
the reasons? If the variety name is not known, go to 7b.

Varieties Good characteristics

7a. (ii) Are there any sweetpotato varieties that you avoid buying, and
what are the reasons?

Varieties Reasons for avoiding

7b.What characteristics do you like in a sweetpotato?
Can you rank these in order of importance.

Preferred characteristics Ranking

8. (i) Do you grow sweetpotatoes?
(ii) If yes, which varieties and for what reason?

Name or description of varieties Reasons for preference

Figure 3.1 A sample of a checklist for data collection on the preference for sweetpotato
varieties by urban consumers
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9. (1) Do you store sweetpotato roots after purchase?

(ii) If no:
Are there reasons why you do not store?

iii) If yes: where?
(iv) For how long?

{v) Do you find that some varieties store better than others, and
which?

(vi) What type of damage (quality losses) do you experience, if any?
(vii) What control measures do you use?

10. By what methods do you cook your sweetpotatoes for eating?

Do you find that some varieties are better for certain preparation
methods than others?

Method of preparation Best varieties (Describe if name unknown)

11. (i) Do you use processed sweetpotato roots?
(ii) If yes, which products?
(iii) Do you buy the processed products, or process them yourself?

(iv) If you process yourself, which varieties do you prefer to
process, and why?

12. (i) Do you sell processed products?
(ii) If yes, who do you sell them to?
(iii) How much do you sell?
(iv) What are the prices?/throughout the year?

13. (i) Do you store processed products?
(ii) If yes, where?
(iii) For how long?
(iv) Do you find that some varieties store better than others, which?
(v) What type of damage (quality losses) do you experience, if any?
(vi) What control measures do you use?

Figure 3.1 cont.
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f Checklist For Semi-Structured Interview (traders)

Background information

The following information should be noted by the interviewer, but not
necessarily asked directly.

1. Location of market

2. Size of market

3. What type of trader (i.e. itinerant, wholesaler, or retailer)?

Interview

4. Do you trade in any crops other than sweetpotato? If so, what
proportion of your trade is in sweetpotato?

5. How much do you sell per week/ month/ year?

6. Where do you obtain most of your sweetpotatoes? Name the towns and
villages in order of importance.

Village or town District/region Distance from here

7. What type of customers buy sweetpotatoes?

Preferred characteristics and varieties
8a. (1) Which varieties do you like to sell and why?
If the variety names are not known, go to 8b.

Note: These characteristics may include both the characteristics
preferred by consumers (texture, colour, price), and also any
characteristics that make that variety good for trade (storability)

Varieties Good characteristics

8a.(ii) Which varieties do you not like to sell, and why?

Varieties Reasons for avoiding

8b. What characteristics do you like in a sweetpotato? Can you rank these
in order of importance.

Preferred characteristics Ranking

Figure 3.2 A sample of a checklist for data collection on the preferences for sweetpotato
varieties by traders
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/ﬁf

9. What are the prices?/throughout the year?
Does this differ by variety?

10. (1) Do you store sweetpotato roots at the place of sale?

(ii) If no, are there reasons why you do not store?

(11i) If yes, where?

(iv) For how long?

(v) What type of damage (quality losses) do you experience, if any?

(vi) What effect does this have on the sale price?

(vii) Do you find that some varieties store better than others, and
which?

(viii) What control measures do you use?

(ix) What do you do with the roots that have deteriorated?

il PPt e Do you sell processed sweetpotato products?
(ii) If yes, which products?

(1ii) How much do you sell?

12 (1) What type of customer buys processed products?
(i1) What qualities are sought for good processed products?

Product Desired qualities

(1ii) Do you buy the processed products, or process them yourself?

(iv) If you process yourself, are there some varieties which you
prefer to process, and if so, which ones?

(v) What are the prices?/throughout the vyear?
Do these vary by variety?

13, {4) Do you store processed products?
(ii) If yes, where?
(1ii) For how long?
(iv) What type of damage (quality losses) do you experience, if any?
(v) Do you find that some varieties store better than others,
which?

(vi) What control measures do you use?

Figure 3.2 cont.

3.3 Results and discussion varieties identified as suitable for different purposes by
consumers in the urban areas of the Lake Zone of
3.3.1 Selection for suitability for local Tanzania.

processing methods

Figure 3.3 and Table 3.3 respectively, show different
methods of using fresh sweetpotato roots and the
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Eighteen households were interviewed in Mwanza and 20 in each of Meatu and Ukerewe. Boiling refers to cooking of whole roots.
For soft meals, sweetpotato is mixed with beans and nuts (to make a ‘stew’). Michembe and matoborwa are dried products which
are either prepared within the household or purchased ready processed.

Figure 3.3 The methods by which sweetpotato is prepared for eating by urban consumers in
Lake Zone of Tanzania, and the percentage of households using each method
Table 3.3 Sweetpotato varieties considered most suitable for each preparation method in Lake
Zone of Tanzania
manza - a Number of Meatu R Number of Uke;ewe‘ S— Ember of
(N=11) households (V=20) households (V= 20) households
preferring preferring preferring
variety variety variety
Boiling 7 Boiling Boiling
Sinia 7 Kaputula 1 All 19
Simama/Suguti (SPN/O) 6 Nyerere 1 Mzondwa 1
Mzondwa 2 Serena 1
Kasamwa 2 No difference 10
Polista 1
Mixing with other dishes Mixing with other dishes Mixing with other dishes
Mzondwa 1 Serena 1 Mzondwa 1
Kasamwa 2 Kibluu 1
Sinia 3 Ngoshaatena nimo 2
Simama/Suguti (SPN/O) 3 Ntulawima 1
Roasting Roasting Roasting
Mzondwa | Serena | Mzondwa 1
Lutambi ! Nzegamatolo 1
Simama/Suguti (SPN/O) 1
Sinia 1
Frying Frying Frying
Simama/Suguti (SPN/0)? 2 Matungangoso 1 Mzondwa 1
Sinia 2 Koroboi 1

Note: Varieties suitable for processing into michembe and mataborwa are discussed in a later section (see Chapter 9). This is because
when buying these products it is not easy to distinguish between varieties and generally only households that carry out processing
are aware of which varieties are used.

but at present little is known about selection criteria
(Kapinga et al, 1995; Agona, 1998). We assume that
an important selection criterion for varieties used to
make dried products is high root dry matter content, as
this results in a product that dries more rapidly.

Selection of improved varieties suitable for indigenous
processing methods, particularly slicing and sun-
drying to produce reconstitutable foods, should be an
essential component of variety development
programmes in areas where processing is important,
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Additionally selection for low oxidation would lead to
a product with an attractive appearance. Howevet, clear
definition of selection criteria for indigenous
processing requires a strong component of farmer
participation. Attention should be given to quality
factors likely to be important in the production of flour
as a commercial product made from sun-dried chips.
(See Chapter 9 for more discussion on processing of
sweetpotato.)

3.3.2 Selection criteria of sweetpotato
varieties as identified by urban
consumers

Results obtained on urban consumer varietal criteria
are presented in Tables 3.4 and 3.5. Table 3.4 indicates
the preferred varieties and their characteristics, while

Table 3.5 indicates preferred root characteristics and
their ranking. The order of these tables indicates the
order in which the questions were asked during the
were given the
opportunity to think about what they liked about
varieties before having to rank characteristics most

interviews. Thus interviewees

important to them. The data indicate that two criteria,
‘starch/floury’ and ‘tasty/sweet’, are particularly
important to consumers in all three regions. Good
cooking quality and good flesh colour are also
considered. Good storability was mentioned in
Mwanza and Ukerewe, but not Meatu. This may be
because Meatu is the only one of the three areas where
processing is important. Thus (although not indicated
here), this is the only arca where interviewees
considered good processing quality an important
attribute for varietal selection.

Table 3.4 Sweetpotato varieties most preferred for buying by urban consumers and the main

criteria considered

District  Variety Frequency Preferred characteristics (number of households)
(ommiser of Starchy/  Tasty/  Good cooking  Good root Good
households ﬂarc \Y asti'* 00 lc.;).o ng ) (l)]o :‘00 . 0[:ﬂi
—— oury swee qualitiest esh colouri storability
variety)

Mwanza Sinia 10 9 8 2 3 5

W=18) Suguti 6 4 4 - 6 5

Simama 4 4 3 - 2 2
Chilile 2 | - 1 1 =
Mzondwa 2 | 2 - - a
Polista 1 1 | - =

Other varieties mentioned (with frequency) were:

Juliasi (1), Nyamwisekeleja (1), Kiliona (1), Rangimbili (1), Tulabagenyi (1), Nyantaya (1), Lutambi (1), Mwiyangi (1),

Kasamwa (1), Kinaje (1), Malya (1)

Meatu  Sinia 5 4 4 = = i

WN=20  Kibulu 4 2 3 - 3 .
Serena 3 1 1 2 - -
Ngoshaga-gaga 3 3 I - - -
Tulwawima 2 2 2 < 1 =
Suguti 1 1 1 - - -
Other varieties mentioned (with frequency) were:
Nzegamatolo (2), Ipembelyangholongo (2), Sengi (1), Ngoshaalaja (1), Ukerewe (Nyekundu) (1), Kenya (1), Sinia la
Nyerere (1), Ndoleleji (1), Ngosha atenanemo (1), Polista (1), Koroboi (1), Mwijigumo (1)

Ukerewe Mzondwa 14 9 11 - 2 3

&=20 " Biapala 8 3 7 5 - -
Chilile 7 5 i 4 3 3
Sinia 5 2 4 1 1 1
Lutambi 5 = 4 < 3 .
Mwiyangi 4 1 - - | -

Other varieties mentioned (with frequency) were:
Balozi (1), Sinia (mpya) (1), Malya (1)

* Sweet refers to good taste rather than amount of sugar, preferred taste is usually described as neither bland nor very sugary.
T Good cooking qualities means soft when cooked, with a short cooking time.
T Good root flesh colour is generally considered to be yellow or white.
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Table 3.5 Sweetpotato storage root characteristics preferred by urban consumers and their
ranking in Lake Zone of Tanzania

Characteristic Number of households mentioning characteristic Mean household ranking *

Mwanza Meatu Ukerewe Total Mwanza Meatu Ukerewe  Overallt
(N=15) W =20) (N =20) (N =55) (N =15) (N =20) v =20)

Starchy/floury 15 10 12 37 1.4 1.4 1.6 15
Good taste 15 8 19 42 1.9 1.8 1.9 1.9
Good cooking 5 4 6 15 3.0 35 1.6 27
qualities/less time

to cook and soft
when cooked

Nonv/less fibrous 1 2 4 7 4.0 2.8 2.0 29
Good storability t 1 3 4 < 3.0 3.0 3.0
Good root 3 1 4 8 42 4.0 4.1 4.1

appearance (shape,
size and colour)

— = not mentioned.
* Calculated as the mean of the rankings (1 and upwards) given by individual interviewees.
t Calculated as an unweighted mean of the values for the three districts.

Unacceptable sweetpotato varieties and criteria for presented in Table 3.6.
rejection as identified by urban consumers are

Table 3.6 Sweetpotato varieties considered unacceptable for buying by urban consumers and
main criteria considered in Lake Zone of Tanzania

District  Variety Frequency Bad characteristics (number of households)
fpummiRegr Watery Not tasty Fibrous Hard to cook  Unattractive
households
mentioning roat
variety) appearance

Mwanza 7 Mwejigumo 3 3 3 > = =

(N=18) Mzondwa 3 - - 1 = 2

Mwiyangi 2 - = = b ¥
Dagaa 1 - 1 = = -
Julius 1 - = = 1 ok
Bilagala 1 | 1 - - -
Mayai | 1 = = = e
Meatu I’lyangholongo 9 2 1 = = =
U= 20) Nzega matolo 1 = 1 = - =
Serena 1 | = = = =
Dundugala | = 1 = = =
N’goshagagaga 1 | 1 . = -
Pili 1 1 = = — -
Matungagoso 1 = 1 = 5 =
Ukerewe Mwiyangi 9 = 8 = 4 =
(N=20) Mzondwa 5 = & . - a
Sinia 2 | 1 - - =
Mlenga 1 Al , . _ =
Julius 1 = = 5 1 52
Bilaila 1 = = - 1 o
Chigole 1 = - 1 - =

Beritha 1 - = 1 o =
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3.3.3 Selection criteria of sweetpotato
varieties as identified by sweetpotato
traders

The most important information obtained from traders
is summarized in Tables 3.7, 3.8 and 3.9. Table 3.7
shows the sweetpotato varieties preferred for selling at
different market locations. For Mwanza market, the
variety Polista was most frequently mentioned
followed by Sinia. Traders noted that the variety
Simama/Suguti was preferred by consumers. However,
traders indicated that this variety provided a problem in
that it does not keep beyond a week, particularly if
heavily damaged during transportation.

As for the survey of consumers, traders were asked to
rank the characteristics of fresh roots according to their
perception of the characteristics considered important
by their customers. The ranking gave a similar trend to
the characteristics mentioned by consumers. Thus high
flour/starch content ranked first, followed by
good/appealing root taste and attractive skin
colour/root appearance. Varieties rejected and criteria
considered by traders are presented in Table 3.9.




Table 3.7 Sweetpotato varieties most preferred for selling by traders in Lake Zone of Tanzania and the main criteria considered

ezimy "3 pue yelwoaiar 'g 'sesy ‘g ‘ebuidey 'y

District  Variety Frequency Preferred characteristics (number of traders)
::::::: rof Starchy/  Good taste  Good skin Good Good Good cooking  High yield* Good root Easily Pest resistant*
——— floury and flesh storability proces-sing quality shape and size ~ marketed
variety) colour quality
Mwanza Polista 16 13 7 11 3 - - B 1 -
(V=16) Sinia 13 10 | 4 2 = - = 2 -
Malya 6 3 4 4 - - = - - =
Simama/Sugutu 4 4 1 - - - - 1 N
Chilile 3 2 - - - - = - . a
Mzondwa 2 1 1 - 1 - - 1 - u
Balozi 1 - - 1 - - - - 3 =
Meatu Siniat 7
W=11) Nzega/Nzega matolo 6 5 4 2 - > - = 1 -
Kabululu/Kisasat 5
Suguti/Simamat 3
Ipembelyangholongo 2 1 1 1 - 1 1 1 1 - -
Mbiti 2 - - - - - - - 1 = -
Siri 2 - - - - - - - g “ 1
Kagole | 1 - e - = = B z < >
Nihambagesengi 1 1 l - - = = » % = -
Serena 1 - & - | - 1 E : " =
Ngolo 1 1 1 - - & » . - E o
Misonge 1 - 1 - - - = = - 1 =
Mzondwa 7 5 6 - 1 - 1 1 - z 1
Ukerewe Chilile 7 4 6 3 - 1 1 1 = - 2
(N=8) Lutambi 1 1 1 - - - - - - - -
Bilagala 1 - 1 - - - - - - 3 -
Sinia 1 - 1 - - - - - - s -

* These attributes were indicated by traders who also grew sweetpotatoes for marketing.
T Data on preferred characteristics missing for these varieties.
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Table 3.8 Traders’ perception and ranking of good sweetpotato root characteristics in

Lake Zone of Tanzania

Root Number of traders mentioning characteristic Mean ranking given by traders *

characteristic — —
Mwanza Meatu Ukerewe Total Mwanza Meatu Ukerewe  Overallt
(V= 16) (V=11) V=28 (N=135) (N=16) N=11) (N=18) (N=135)

Starchy/floury/ 11 B 5 21 1.1 1.0 1.8 1.3

high dry matter

content

Good taste & 4 4 18 2.0 22 1.4 1.8

Attractive skin and 7 5 3 15 1.7 1.7 2.0 1.8

flesh colour

Large size 5 0 1 6 2.8 - 2.0 2.4

Low/no fibre 0 0 2 2 - = 2.6 2,6

content

Good root shape 2 1 2 5 3.0 3.0 2:5 2.8

Good cooking 0 | 1 2 - 3.0 3.0 3.0

qualities]

Tolerant to bruises 1 I 1 3 3.0 4.0 4.0 3.7

and rotting

- = not mentioned.

* Calculated as the mean of the rankings (1 and upwards) given by individual interviewees.
1 Calculated as an unweighted mean of the values for the three districts.

1 Less time to cook and soft when cooked.

3.4 Conclusions and implications

Until recently, although information was collected on
the criteria by which farmers select sweetpotato
varieties, very little information existed in Tanzania on
the preferences of consumers (especially urban
consumers) and traders. The methodology used by the
Tanzanian national programme to obtain this
information in the Lake Zone was presented in this
chapter. Thus it was determined that the most common
form in which sweetpotatoes are eaten is as boiled
whole roots. The characteristics that consumers prefer
are firstly, that roots be starchy/floury (high dry
matter), secondly, that they have good taste, followed
by good cooking quality, low fibre, good storability
and good appearance. The criteria used by traders fit
closely to those of the consumers, except that
appearance is more important, ranking equally with
good taste.

The methods described here could be used by national
programmes in other countries, although it is important
to adapt the questions asked to take account of the most
common form in which the sweetpotatoes are eaten.

References

AGONA, A. (1998) Studies on Aspects of the Biology
and Control of Araecerius fasciculatus [De Geer
(Coleoptera: Anthribidae)] on dried sweetpotato. PhD
thesis, University of Harare, Zimbabwe.

KAPINGA, R.E., EWELL, PT. and JEREMIAH, S.C.
(1995) Sweet Potato in Tanzanian Farming and Food
Systems: Implications for Research. WNairobi:
International Potato Center and Ministry of
Agriculture, Tanzania.

KAPINGA, R.E., JEREMIAH, S.C., RWIZA, E.J. and
REES, D. (1997) Preferences and Selection Criteria of
Sweetpotato in Urban Areas of the Lake Zone of
Tanzania. Chatham, UK: Natural Resources Institute.
(unpublished)

NWEKE, FEI., KAPINGA, R.E., DIXON, A.G.O.,
UGGWU, B.0O., AJOBO, O. and ASADU, C.LA.
(1998) Production Prospects for Cassava in Tanzania.
Collaborative Study of Cassava in Africa (COSCA).
Ukiriguru, Mwanza: Agricultural Research Station
(ARI)/Ibadan: Resource and Crop Management
Division, Institute of Tropical
Agriculture.

International




Table 3.9 Sweetpotato varieties rejected for selling by traders and main criteria considered in Lake Zone of Tanzania

District Variety Frequency Disliked characteristics (number of traders)
::(::)ser - Not  Watery Bad taste Bad Fibrous Poor skin and Poor cooking Not easily Late Requires high Low
mewfipnliis starchy storability flesh colour quality marketed maturing* rainfall* yielding*
variety)
Mwanza Mzondwa 9 2 5 2 1 3 2 2 - e %
(N=16)  Bilagala 9 3 1 = 2 3 - - - -
Nzito 1 - - - - 1 - | = = 5 -
Chilile 4 - 3 - - - 1 - 1 - 5 "
Mwejigumo 1 - - 1 - 1 - - s - = 2
Malya 1 - - - 1 = - > s = - &
Meatu Siri 3 = 2 - - - - . - = s =
(N=11)  Mobili 1 1 2 1 . 4 - . 1 . = g
Ngosha 2 - - - - = - - - r: a s
Kaptula 1 - - - - * - _ - 1 - 1
Maselena 2 - - - - 1 - s - = 1 s
Mapembe 1 - 1 - - - - - = - - .
Ntulawima | - - - - - - = 5 - = 1
Blanketi 1 - - - - - - - - 1 1 <
Serena 1 1 - - - | - = - B A -
Ukerewe  Mwiyangi ) - - - 1 - - - - = - =
N=8) Mzondwa P - - - - # | = = & - i

* These attributes were indicated by traders who also grew sweetpotatoes for marketing.
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CHAPTER 4

The use of consumer tests and
trained taste panels to assess
sensory characteristics

K.l. Tomlins, E.J. Rwiza, T. Ndengello, R. Amour, R.E. Kapinga and D. Rees

4.1 Background

Many of the sensory criteria of sweetpotato cultivars
identified by consumers and traders (see Chapter 3) are
complex. Many are subjective and, therefore, difficult
or impossible to measure by analytical means. This
makes assessment of new cultivars for consumer
acceptability very difficult. Direct consumer testing of
new varieties is possible but, in order to get a reliable
result, it is necessary to use a large number of
consumers (usually at least 100), which is expensive
and time consuming, and becomes possible only at a
late stage of cultivar screening.

The Tanzanian National Root and Tuber Crops
Programme (TNRTCP) and NRI have been
investigating an alternative strategy by using small
trained taste panels of 10-20 people to produce sensory
profiles of cultivars. To create a profile, the panel was
asked to assess cooked sweetpotato samples for a range
of pre-chosen characteristics as objectively as possible.
The procedure depends upon the identification of a
sensory profile that accurately represents the
preferences of consumers, so that the profiles of new
cultivars can be compared with this ‘ideal profile’. One
key question when determining whether this is feasible
is how consistent consumer preferences are across a
country and, therefore, whether one consistently

preferred profile exists for each country. Initial results
in Tanzania suggest that there is a degree of
consistency (see section 4.3.3).
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Thus the procedure would have the following stages.

1. Identification of ‘ideal” sensory profile.
¢+ Use consumer tests to identify the most preferred
cultivars for any region.

»  Use a trained taste panel to produce a sensory
profile for the preferred cultivars.

2. Assessment of new cultivars.

> Use a trained taste panel to produce a sensory
profile for promising new cultivars and compare
these with the ‘ideal’ profile.

This chapter describes a study carried out in the Lake
Zone of Tanzania in 1998 to test these methods.
Further information on the work presented here can be
obtained from Tomlins (1998), Kapinga et al. (1998)
and Rwiza ef al. (2000). Further work was conducted in
subsequent years but is not presented here. Information
on this can be obtained by contacting D. Rees, K.I.
Tomlins or T. Ndengello (see page vi). Effects of
storage on sweetpotato sensory characteristics are
described in van Oirschot et al. (2002).

Methods Used for Consumer Testing

Sweetpotato sample preparation

4.2 Methods

4.2.1 Ranking consumer acceptability
of locally available varieties

Consumer tests were conducted in three districts of the
Lake Zone of Tanzania: Mwanza, Meatu and
Misungwi. In each district, 5—6 locally available
varieties were selected. Roots of these varieties were
obtained and cooked using a standardized method,
which as much as possible simulated the most common
cooking method of the region. Consumers were then
presented with samples of cooked roots (in random
order) to examine and eat, ranking them in order of
preference. Each sample was labelled with a three-digit
random number so that the consumers did not know
which varieties they were testing. In order to get an
accurate picture of consumer preferences, tests were
carried out using 100 consumers in each district.
Additional socio-economic information was obtained
on sweetpotato consumption using a questionnaire.

Further details of the testing method and analysis of
results are given below.

The objective was to prepare and cook samples by a standard method, which accurately reflected the preparation method usually
used in the country. In this case, roots were peeled and cut into roughly equal sized portions (3—5 cm). They were placed in plastic
bags in which holes had been made, and boiled until the texture, assessed by a fork, was considered right for eating.

Sample presentation to consumers

A full set of samples was presented to each consumer. The sample order was randomized and each sample coded with a random
three-digit number. Figure 4.1 is an example of the random numbers and random order used, where the consumers were presented
with five cultivars (e.g. as in Mwanza). Note: Where using random numbers in this way, it is important to keep careful and clear

records relating the number to the actual sample.

Cultivar ranking and additional information from consumers

Each consumer interviewed was invited to assess the samples and rank them in order of preference. This was recorded on a report
sheet as shown in Figure 4.2. (In this case six cultivars were assessed by 100 consumers.)

An interview was then carried out to gain an insight into the factors which affected their preference and purchasing decisions.

The information collected included the following:

« age category (10-19, 20-29, 30-39, 40-49, 50-60, over 60)

¢ gender category (male, female)
*  which sample was the most preferred and why
»  which sample was the most disliked and why

»  how much would they be prepared to pay for the most preferred sample
*  how often do they consume the product (never, once a year, once a month, once a week, every day)

+ the ingredients usually included in the product that they eat

»  where do they consume the product

»  who purchases the ingredients

*  who prepares it

* do they consume other sweetpotato products
*  how much do they spend on food each month
¢ what is the monthly income.

Note: When carrying out such interviews, questions asked by the interviewer must be easy to understand with minimal possibility
of misinterpretation. Questions must be clear and easily understood by the consumer. Open-ended questions should be avoided but

the facility for recording spontaneous comments should be retained.
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Equipment required for consumer testing

»  Cookers and utensils for the preparation of sweetpotato samples.

¢ Cutlery.

¢ Table and cloth for sample preparation.

»  Plates or bowls for presentation of samples. These preferably should be white in colour and plain in design.

*  Score sheets.

»  Temporary shelter (only required if a sheltered location for central location tests cannot be identified). Two temporary shelters
might be required (consumer interview and product preparation).

i
Consumer 1st Code 2nd Code 3rd Code 4th Code 5th Code
sample sample sample sample sample
1 A 5217 B 796 c 630 D 567 E 680
2 B 715 c 779 D 591 A 048 E 362
3 D 694 E 659 B 165 c 674 A 196
4 E 890 A 684 D 856 (! 765 B 072
5 C 228 E 458 D 097 B 301 A 385
6 A 003 D 094 C 701 E 294 B 827
7 B 786 c 050 D 473 A 638 E 243
8 B 69| c 777 E 926| b 138 | A 543
9 D 089 & 278 A 639 B 052 E 925
10 € 536 D 255 A 098 B 673 E 150
Where: A, B, C, D and E are sweetpotato cultivars.

Figure 4.1 Sample randomization and codes used for sample labelling for 10 consumers and
five sweetpotato cultivars

’%(Consumer testing score sheet Date
Name Rank
No. | Cultivar | Cultivar | Cultivar | Cultivar | Cultivar | Cultivar
A B C D E F

1 1 2 [/ > 4- S
2 (/) { 2 4 S -}
3 4 I 2 [/ S =
4 7] | 2 - 4 S
5 l 2 & 4- S =
1
Y
99 = z | = & 4

] 100 S | E 4- 2

Figure 4.2 Example score sheet for consumer ranking of six sweetpotato samples



Analysis Using The Ranking Method

The ranking method for analysing data is described below but further details are given in Bainbridge et al. (1996).

Ranking is a test in which a series of three or more samples are presented to an assessor or consumer at the same time to be
arranged in order of intensity, degree or preference. The simplicity of the method makes it valuable in consumer testing.

Calculation of the rank sums

The samples are decoded and the rank orders given by each assessor for each sample tabulated. (Note: 1 indicates favourite
cultivar, 2 second favourite, etc.). Where there are tied rankings, the mean rank is recorded. The rank sum for each variety is then
calculated by summing the ranks for all the assessors. This gives the overall ranking of the varieties. The calculation is
demonstrated in Figure 4.3.

In the case shown, E is the favourite followed by F, D and A and C tie in 4th place and B is the least favourite.

By comparing the rank sums for the samples, it is possible to carry out a statistical analysis called the Friedman test for an
evaluation of the significance of the differences between the samples. Details of this method are given in Bainbridge et al. (1996).

Note: Graphical techniques, such as frequency histograms, are useful for summarizing the results and picking out trends to
understand how preferences might differ for different sectors of the population.

% Rank for each sample
Consumer Cultivar | Cultivar | Cultivar | Cultivar | Cultivar | Cultivar

A B C D E F

' EE 6 4 3 1 2

2 6 5 3 4 2 1

3 4 5 6 3 1 2

4 5 4 6 1 3 2

5 5 4 6 3 2 1;

6 4 5 6 3 1 2

7 5 6 4 3 1 2

4 5 6 3 1 2

9 4 5 6 1 3 2

10 6 4 5 1 2 3

Sum 48 49 48 25 17 18

Figure 4.3 Example calculation of rank sum

4.2.2 Training of on-station taste panels and For that reason it was considered easiest to choose
obtaining sensory profiles of local people from among local staff, preferably those that did
cultivars not travel much as part of their work. Ten people were

A taste panel was selected, trained and used on-station sclected on this basis.

at the Lake Zone Agricultural Research and
Development Institute (LZARDI), Ukiriguru to obtain
sensory profiles of local varieties assessed by The panel members were presented with cooked

consumers. The process of setting up and training the samples of the roots of a few key cultivars, and group
panel included several stages.

Selection of sensory attributes to be used

discussions were held to decide which were the most
] important sensory attributes in terms of appearance,
Panel selection odour, texture and taste. As a word may not have
It is important to be as consistent as possible and, precisely the same meaning for all people, it was

therefore, to use the same people throughout a study. important to discuss sufficiently to ensure that there
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were no misunderstandings and that the panel members
reach a consensus. As much as possible, the terms
chosen were objective, but in some cases this was
difficult, so that some of the terms depended on the
panellists” preferences and thus included a level of
subjectivity.

Checking the effectiveness of a panel in
distinguishing between cultivars

To check the consistency and sensitivity of the panel, a
set of contrasting cultivars was chosen, and the panel
used to create sensory profiles. Each panellist assessed
each sample for all the sensory attributes previously
chosen. The panellist recorded the intensity of that
attribute by placing a mark on a line indicating the
continuum between the extremes of the attribute (see
Figure 4.4). The data obtained were analysed
statistically to determine whether the panel was able to
distinguish significantly between the cultivars.

Methods Used to Train and Use On-station Taste Panels

Preparation of sweetpotato samples

Obtaining sensory profiles of the cultivars
assessed by consumers

Once the panel had been trained and had been shown to
be sufficiently sensitive, it was used to obtain sensory
profiles of roots of the varieties assessed by consumers
in each of the three districts. This involved several
tasting sessions in which each panellist was presented
with between 4 and 6 samples at random. Sessions
were repeated until each cultivar was assessed twice by
each panellist.

The sensory character of the cooked material will depend on the method of preparation, so it is important that the method used
is carefully standardized and reflects the usual local methods used. The following method was used.

The sweetpotatoes were peeled and approximately 10% of the root removed at each end since the texture at the ends significantly
differs from the bulk of the storage root. The roots were peeled and cut into roughly equal sized portions (3—5 cm). The portions
were placed in perforated plastic bags, and boiled until the texture, assessed by a fork, was considered right for eating. The
cooking time varied between 15 min and 27 min.

Selection of sensory attributes to be used

The panel members were presented with cooked samples of the roots, and group discussions were used to decide the most
important sensory attributes in terms of appearance, odour, texture and taste. The following terms were selected by the panel.
Those marked with a * are subjective, in this case 50% of the chosen attributes.

*  Appearance*
*  External colour*
+ Internal colour*

*  Odour*
*  Softness (using fingers)
+  Taste*

*  Chewiness

+  Sweetness

*  Mealiness

*  Stickiness

* Fibre

+  Overall acceptability*

Scoring samples for sensory attributes
Figure 4.4 shows a score sheet used for recording one panellist’s assessment of one sweetpotato sample. Each attribute is scored
using a mark on a line to record intensity.

During each panel session up to four test samples are randomly presented to each assessor, each labelled with a random number.
Thus to assess more than four cultivars, several panel sessions may be needed, and in each session not all panellists will taste the
same samples.
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Name: Date:
Sample
number:
Score the sample in front of you for each of the qualities that it
possesses in the list below by making a mark on the line at the position
corresponding to the score that you perceive.

bad good
Appearance : !

bad | good
Colour (external) 1 T

bad ood
Colour (internal) | ! -

bad good
Odour { {

hard soft
Softness (to touch) ! .

bad ood
Taste } —

very chewy soft
Chewiness | I

not sweet very sweet
Sweetness } :

not mealy very mealy
Mealiness i i

not sticky very sticky
Stickiness 1 |

no fibre very fibrous
Fibre content | :

very acceptable not acceptable
Overall } }
acceptability

Figure 4.4 Score sheet for sensory evaluation of sweetpotato

4.2.3 Obtaining profiles of elite cultivars 4.3 Results and discussion
within the breeding programme

4.3.1 Consumer tests on local varieties in

Us_mg the same methods as described above, the Mwanza, Meatu and Misungwi
trained taste panel was used to assess the sensory
characteristics of 12 elite cultivars that were being Although the varieties, Polista, SPN/0 and Sinia B,

assessed for production characteristics by the TNRTCP

at LZARDI, Ukiriguru.

were found at all three sites, the other varieties
available at the sites were not the same. Table 4.1 lists
the varieties and their ranking by consumers. In all
cases, the ranking when analysed by rank sum was
statistically significant.
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Table 4.1  Ranking of local varieties at three
locations in the Lake Zone of
Tanzania
Ranking Location of consumer study
Mwanza Meatu Misungwi
Most preferred  Polista SPN/O Ngikuru
Sinia B Ngosha SPN/O
SPN/0 Polista Polista
Mzondwa  Serena Toniki
Sinia B Sinia B
Bilagala Ipembe Nguruka

Least preferred

4.3.2 Testing the consistency and sensitivity
of the trained taste panel

The overall results of the sensory profiles created by the
taste panel for three test varieties are represented
graphically in the form of a ‘spider diagram’ (Figure
4.5). One way analysis of variance (ANOVA) indicated
that the panel could significantly (P = 0.05) distinguish
the three cultivars for 7 of the 12 sensory attributes.
This was the first time that the panel had been used, and
it was found that with experience precision increased.

4.3.3 Obtaining sensory profiles of the
varieties from Mwanza, Meatu
and Misungwi

The panel was then used as part of a study to determine
consumer preferences for three sites in the Lake Zone.
A sensory profile was created for each of the varieties
ranked by the consumers. Figure 4.6a—c shows the
profiles for the most and least preferred varieties at

appearance
100
acceptability / -~

257
paE

chewiness

mealiness

sweetness

each site, while Figure 4.6d compares the profiles for
the three most preferred varieties. An interesting and
encouraging finding was that although the most
preferred varieties were not the same, they had similar
profiles. Although a more extensive study is needed,
this may mean that in terms of sensory characteristics,
varieties will not need to be bred for specific regions.

4.3.4 Profiles of elite cultivars within
the breeding programme

Once the sensory profile relating to the sensory
characteristics preferred by consumers had been
established, it was possible to assess cultivars within the
breeding programme to determine those close to this
profile. A great range in profiles was obtained for the 12
elite cultivars assessed from the breeding programme at
LZARDI, Ukiriguru, as illustrated by the ‘spider
diagrams’ in Figure 4.7. Analysis of variance indicates
that the panel was able to distinguish between the
varieties for all attributes except Fibre (Table 4.2). This
indicates a consistency between panel members, even
for very subjective criteria. The inability to distinguish
between varieties for Fibre may be because all varieties
tested were considered low in Fibre by the panel and,
therefore, the range was not sufficiently large.

The composition of the storage roots of the varicties
profiled was analysed in terms of dry matter content
and sugar content. The attribute described by Starch,
refers to the texture of the root, and is sometimes
described as Mealiness or Flouriness. Although a
complex attribute, it is thought to be related to the dry
matter of the roots. Figure 4.8 shows the Starch score
obtained by the panel for each variety plotted against

external colour

internal colour

Budagala
odour 440088
= == B'ntvkun

softness (fingers)

Figure 4.5 Spider chart of mean sensory scores for three sweetpotato cultivars



K. Tomlins, E. Rwiza, T. Ndengello, R. Amour, R. Kapinga and D. Rees

a. Mwanza

Polista: most preferred cultivar
=== === RBilagala: least popular cultivar

acceptability
100

appearance

external
colour

internal
colour

stickiness / odour

chewiness texture

fibre

¢. Misungwi

Ngikuru: most preferred cultivar
== === Nguruka: least popular cultivar

acceptability
100

appearance ; taste
external G ‘ ST
colour A g g
a !
internal . A N "
colour - = '/\ N\ St

/N

stickiness odour

chewiness texture

fibre

b. Meatu

SPIN/0: most preferred cultivar
w==== w===_ ]pembe: least popular cultivar

acceptability
appearance
external
colour } sugar
125:53?1 / J starch
stickiness odour

chewiness texture

fibre

d. Generalized profile of preferred cultivars

acceptability
100 T

appearance

external
colour

stickiness

chewiness texture

fibre

Figure 4.6 Sensory profiles of the most preferred and least preferred variety for each location,
and the generalized profile of preferred varieties

Table 4.2 Attributes used by the trained panel
to assess varieties, and the level of
significance for discrimination
between the 12 cultivars

Sensory Significance of discrimination between 12
attribute cultivars as determined by the trained panel
Acceptability EE

Appearance b

External colour k-

Internal colour k¥

Taste ek

Sugar e

Starch L

Texture L

Stickiness b

Chewiness L

Fibre ns.

Odour ®AE

n.s. = not significant.

** *** significant to less than 1%, and less than 0.1%, respectively.

the measured dry matter content. Apart from one
variety, Kagole, which has an exceptionally low Starch
score, there is a significant relationship (P<0.01)
between the two parameters.

Sugar, or sweetness, of the roots is considered an
important taste attribute. It can also be a complex
characteristic, not necessarily related directly to sugar
content. The sugar content of roots increases during
cooking, as the process promotes the breakdown of
starch. Figure 4.9 shows the Sugar score obtained by the
panel plotted against the actual sugar content of cooked
roots as analysed by high performance liquid
chromatography (HPLC) analysis. There is a significant
(P<0.05) correlation between the two parameters.

The consistency of the panel’s scores with the
compositional analysis gives us further confidence in
the validity of the assessments.
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SP/93/34

— o SP/93/23
SP/93/2
acceptability
100 1

appearance taste

external
colour

internal
colour

starch

stickiness

chewiness texture
fibre
3
Kagole
—— == Shinamugi
e Polista
acceptability
appearance i taste

external

colour Sugar

internal
starch
colour
stickiness odour
chewiness texture

fibre

b.
=== Iboja
w— we Bud mpya
- = M’monde
acceptability

appearance taste

external

colour sugar

kol stareh
stickiness odour
chewiness exture
d.
SPN/O
= = Sipia A
= s= == Sinia B
acceptability
appearance 108 taste
external
colour sugar
e stareh
stickiness odour

chewiness texture

fibre

Figure 4.7 Sensory profiles created by the trained taste panel for 12 sweetpotato varieties
(Bud mpya = Budagala mpya, Mmonde = Mwanamonde)

100 -
80 -
2 L g
g
= 60 4
)
E
7
40 ~ r=0.834
20 e I 1
25 30 35 40

Dry matter content of uncooked roots (%)
The square symbol indicates the data for Kagole.

The relationship between Starch
score given by the panel and dry
matter content of roots of a
range of sweetpotato varieties

Figure 4.8

100
80
* 5
2
S ®
= 60 [
=
5 o °
[75]
[ )
40 4
°® r=10.69
20 T T T T 1
40 60 80 100 120 140
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Comparison of the profiles with that of the preferred
varieties (Figure 4.6) indicates that SPN/0, Polista and
Budagala mpya should all be very acceptable. These
varieties are all in fact already used by local growers.
SP/93/2, SP/93/23 and SP/93/34 are new cultivars bred
by the TNRTCP, and chosen for their good production
characteristics. Their sensory profiles are reasonable
but still less acceptable than the best available cultivars,
particularly in terms of taste.

4.3.5 Advanced techniques for assessing
cultivar acceptability over seasons

Recent analysis has explored the consistency of
cultivar acceptability over seasons. This is important,
as both the consumer preferences, and the cultivar
characteristics could change between years.

In 2000, consumers were interviewed again and asked to
assess sweetpotato samples using the same methods and
in the same locations as for the study described above.
Table 4.3 shows the cultivars in order of preference for
the three regions over the two seasons. Although there
was some difference in the cultivars found in the regions,
many were common, and over both years (1998 and
2000), the cultivars, Polista and SPN/0, were
consistently within the three most preferred cultivars.
Other cultivars, such at Sinia B, were not liked in 1998
but were liked in 2000, while Mzondwa, Bilagala and
Serena were consistently disliked.

All the cultivars were assessed for their sensory
attributes in 2000 using the same taste panellists as used
in 1998. With 11 attributes being assessed for each
cultivar (overall acceptability was left out in 2000), the
data can become very complex to interpret. For that
reason, a mathematical technique called principal
component analysis (PCA) was used to express the
data. A full explanation of this technique is outside the
scope of this publication, but some idea of the power of
the method can be obtained by looking at Figures 4.10a
and b. The data are mathematically transformed so that
the 11 attributes can be expressed by vectors (lines)
pointing in different directions on a two-dimensional
graph (Figure 4.10a) that accounts for 78% of the

variability. The greater the variability accounted for, the
more reliable the fit. Attributes which are closely
related have vectors which are almost parallel (e.g.
Starch, Taste and Sweetness), while those which are not
related tend to be perpendicular (e.g. Sweetness and
Stickiness). Cultivars can be described by a point on the
same graph, depending on their sensory characteristics
(Figure 4.10b). Thus Serena (Meatu 2000) is very
fibrous, whereas Sinia (Mwanza 2000) is not fibrous,
but is sweet. Similar cultivars will be clustered together.

Hierarchical cluster analysis (Wards method; Figure
4.10b), shows that the most popular cultivars are all
located in a cluster in the same area (lower right-hand
quadrant) of the graph, indicating that the sensory
panel found that all these cultivars had similar sensory
profiles. The other thing that the graph shows is that
SPN/0 and Polista had stable sensory characteristics,
whereas Sinia was different in 1998 and 2000 (i.e. the
position on the graph is different). This fits with the
finding that the consumers tended to like Sinia more in
2000 than in 1998.

The PCA plot (Figure 4.10a) suggests that many
sensory attributes are highly correlated and so the
approach can be simplified. Analysis of variance
(ANOVA) can be used to determine the significance of
cultivar differences and, therefore, to give an indication
of how useful a sensory attribute is for discriminating
between cultivars. By selecting only those sensory
attributes with the most significant cultivar differences
and only those that are not correlated, the approach can
be simplified to only two sensory attributes; Starch and
Stickiness. That is, Starch and Stickiness have good
discriminating power (highly significant cultivar
differences) and are not significantly correlated with
each other. This is illustrated in Figure 4.11 where the
most preferred cultivars are in the upper left-hand
quadrant of the x-y plot. The most preferred cultivars
are starchy but not sticky and the least preferred are not
starchy and not sticky.

More information on this study and on the PCA
technique can be obtained from K.Tomlins. Examples

Table 4.3 Consumer acceptability — ranking sweetpotato cultivars by 100 consumers at
Mwanza, Meatu and Misungwi over two seasons

Liking Mwanza Meatu Misungwi
1998 2000 1998 2000 1998 2000
1 (most) Polista SPN/0 SPN/0 Polis;a Ngikuru SPN/0
2 Sinia B Sinia B Ngosha Sinia B SPN/O Sinia B
3 SPN/0 Polista Polista SPN/0O Polista Polista
4 Bilagala Mzondwa Serena Serena Toniki Bukolu
5 Mzondwa Bilagala Sinia B Sinia B Hudi
Shinyanga
6 (least) Ipembe Nguruka Ngikuru
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of the way in which sensory evaluation can be used in
practice are given in Baker er al. (1994), Tomlins
(2000a, b), Tomlins and Gay (1994) and Tomlins er al.
(in press).

4.4 Conclusions and implications

This study has shown that a trained panel can be used
to assess sensory attributes of sweetpotato varieties and
can be a useful selection tool in cultivar selection. The
finding that the most popular varieties in three
locations and from year to year have similar sensory
profiles is very encouraging. The results presented in
section 4.3.5 indicate that consumer preferences are
relatively stable, but there are some cultivars (notably
Sinia) for which sensory attributes can change
markedly between years while others (Polista, SPN/O,
Mzondwa and Serena) are very consistent. While it is
important to screen using the entire spectrum of
sensory attributes, the most important sensory
attributes in selecting for consumer acceptability are
Starch and Stickiness. The most preferred cultivars
were starchy but not sticky while the least preferred
were not starchy and not sticky. Non-sensory tests
indicated that preferred cultivars (high starch) also had
high dry matter and suggests measurement of dry
matter content can assist screening studies.

The study was based in three locations which were all
in one zone of Tanzania, It will now be important to
determine whether the preferences of consumers
remain consistent over the whole country.
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CHAPTER 5

Extending root shelf-life during
marketing by cultivar selection

D. Rees, Q.E.A. van Oirschot, R.E. Kapinga, K. Mtunda, D. Chilosa, L.B. Mbilinyi,
E.J. Rwiza, M. Kilima, H. Kiozya, R. Amour, T. Ndondi, M. Chottah, C.M. Mayona,

5.1 Introduction

5.1.1 The constraints imposed on
sweetpotato marketing by
short shelf-life

Sweetpotato storage roots can be stored under controlled
environments for several months. For example, in the
USA, when roots are stored at temperatures of 13—15 °C
and high relative humidity, they can be kept for up to a
year (Picha, 1986). The use of temperature-controlled
storage of sweetpotatoes is usually not economically
feasible in tropical developing countries. However, even
in the absence of temperature control, storage for 3—4
months has been demonstrated, where roots are selected
carefully and stored in traditional pits or clamps in
which high humidity is naturally maintained (Hall and
Devereau, 2000; van Oirschot et al., 2000). The potential
for long-term storage of sweetpotato and the behaviour
of different cultivars under long-term storage conditions
will be considered in Chapter 7.

During marketing under tropical conditions,
sweetpotato roots have a much shorter shelf-life of only
2-3 weeks (Kapinga et al., 1997; Rees et al., 2001).
The reason for this is that during marketing, for
practical reasons, the conditions under which roots are
kept are non-ideal. During transport, roots will be
subjected to mechanical damage, temperatures may be

D. Mende, K.I. Tomlins, J. Aked and E.E. Carey

very high, and generally humidity is low so that roots

dry out. Several surveys conducted in East Africa have
highlighted the problems of such a short shelf-life.
These included surveys conducted both by NRI and the
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Tanzanian National Root and Tuber Crops Programme
(e.g. Fowler and Stabrawa, 1993; Kapinga et al,
1995). Precise economic losses have not been
quantified, although it has been estimated that post-
harvest losses of sweetpotato can range from 35% to
95% in developing countries. Such high figures
require confirmation. Informal surveys, however,
indicated that the marketing system is limited by the
assumption that roots can remain in the market for a
maximum of 3 days (R. Bancroft, personal
communication).

5.1.2 The effect of mechanical damage
on root shelf-life

Mechanical damage during post-harvest handling is
detrimental to the shelf-life of fresh produce (Wills et
al., 1998), as the damaged areas form an avenue for
moisture loss and an entrance for micro-organisms,
Damage to sweetpotato is inevitable during handling
and harvesting. This is certainly the case in East Africa
where sweetpotatoes are often transported large
distances over rough roads. In East Africa,
sweetpotatoes are traditionally packed in large woven
polypropylene sacks, each weighing between 100 kg
and 140 kg. During transport, the roots are exposed to
many minor impacts due to movement of the sacks on
the vehicle, which result in skinning injury. The sacks
are often dropped resulting in large impacts, causing the
roots to break (Tomlins et al, 2000). Susceptibility to
damage has been shown to be variety-dependent in
potatoes (Solanum tubersosum) (Blight and Hamilton,
1974) but, prior to these studies, little was known about
sweetpotato cultivar differences in susceptibility to
damage.

5.1.3 Shelf-life vs. long-term storability

Characteristics which give a root a long shelf-life
during marketing are not necessarily the same as
characteristics which make a root more suitable for
long-term storage. For example, roots for long-term
storage are not transported long distances, and are
usually handled carefully, so that a cultivar which is
susceptible to mechanical damage may be suitable for
long-term storage, even though it would be unsuitable
for marketing. Therefore, in order to avoid confusion,
within this book we distinguish between ‘shelf-life’,
which is used to describe keeping qualities under
marketing conditions and ‘storability’, which is used
to describe keeping qualities within long-term stores.

*  Shelf-life = keeping qualities under marketing
conditions

» Storability = keeping qualities within long-term
stores
5.1.4 Objectives

Practically, an extension of shelf-life could be
achieved by two strategies: improving handling

techniques, or the introduction and promotion of
cultivars with better keeping qualities. The first
approach is often constrained by socio-economic
factors outside the control of research and extension
officers, whereas the introduction of improved
cultivars causes minimal extra expense to farmers and
traders. In this chapter, we describe a series of studies
which were carried out to examine the potential for
breeding for extended shelf-life. The specific
objectives of these studies were:

« to determine the main forms of deterioration for
sweetpotato roots during marketing

+ to determine the extent to which sweetpotato
cultivars vary in susceptibility to damage

+ to determine the extent to which sweetpotato
cultivars vary in their intrinsic perishability and
the physiological factors that control root
perishability

* to determine whether it is possible to breed for
cultivars with longer shelf-life.

5.2 Methods

5.2.1 Assessing deterioration of roots
in markets of Tanzania

A survey was carried out in 1996 and 1997 to assess
the extent and type of damage to sweetpotatoes when
they arrive at market, to assess the economic
implications of damage, and to establish the most
serious forms of damage affecting shelf-life.

Observations were made during months of peak and
low supply in Dar es Salaam, Morogoro and Mwanza,
and also on Ukerewe Island, a sweetpotato supply area.
Further details are given below.

5.2.2 Storage trials to compare the shelf-life
of a range of cultivars under simulated
marketing conditions

Two things are desirable for breeding improved
sweetpotato cultivars with extended shelf-life to be
possible. Firstly, there should exist a sufficient range
in shelf-life among existing germplasm, which is
relatively stable across environments. Secondly,
methods should be identified for selecting cultivars
with better storability.

Trials were conducted on-station in Tanzania in 1997
and 1998 to assess a range of cultivars for their shelf-
life under simulated marketing conditions. A range of
other root characteristics were also examined,
including dry matter content, sugar content,
respiration rate, surface damage by rough weevil
(Blosyrus spp.), latex production, cortex thickness and
tissue hardness to obtain information on the
physiological basis for cultivar differences. Further
details are given below.
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Survey Methods for Assessing Root Deterioration in Markets

For each urban centre, samples of wholesale sweetpotatoes were collected twice in each of the high and low seasons of sweetpotato
supply (Table 5.1). For each sampling, three sacks of roots were bought as they arrived at the market, prior to any sorting by traders
(for Mwanza, high season 1, only two sacks were bought). Each sack was treated as a separate replicate throughout the
experiment. The roots in each sack were sorted into undamaged, superficial damage (scuffing) only, and more serious damage.
The latter category was further classified as broken, cut, weevil (Cylas spp.) infested or rotting. Many roots suffered from more
than one form of damage, but each was classified on the most obvious form. Where there was doubt as to which form of damage
to use, classification was in the order: rotting, Cylas infested, broken and cut (determined by the seriousness of the damage in
economic terms). The weight of roots in each class was recorded for each sack.

For each damage category, 15 roots were selected from each sack, and placed into separate sacks (clean polypropylene fertilizer
bags) for storage. For categories with fewer than 15 roots, as many as possible were included. During storage, the sacks were
kept open (rolled down to half height), in a well ventilated room. The extent of root deterioration was assessed weekly in terms
of rotting and loss of fresh weight.

Rotting was scored on the extent observed on the external surface: 1 = 0%; 2 = 1-25%; 3 = 26-50%; 4 = 51-75%;
5 = 76-100%. After each assessment, those roots that scored 4 or 5 were discarded. In subsequent weeks, the previously
discarded roots were still included with a score of 5 when the overall mean score was calculated.

Fresh weight loss was assessed by marking six random roots in each sack at the start of the trial and recording their weights
weekly. Where roots were discarded due to rotting, only the remaining roots were considered when calculating the mean
percentage weight loss.

Table 5.1 Markets and sampling seasons used for the survey of sweetpotato damage in the
markets of Tanzania

Location Season Time of sampling Markets sampled Main supply area Main cultivar

(distance and means
of transport)
Dar es Salaam High 1 Late June 1996 Tandale Gairo Kasimama
(350 km by road)
High 2 Late August 1996 Bagamoyo Kasimama
(75 km by road) Kanada
Kigambone
(<50 km by sea)
Low 1 January 1997 Zanzibar Name unknown
(100 km by sea)
Low 2 April 1997 Zanzibar Name unknown
(100 km by sea)
Morogoro High 1 June 1996 Central (2 sacks) ~ Gairo Kasimama
Saba saba (1 sack) (150 km by road)
High 2 July 1996 Gairo Kasimama
(150 km by road)
Low 1 November 1996 Ifakara Chanzuru
(250 km by road)
Low 2 December 1996 Ifakara Chanzuru
(250 km by road)
Mwanza High 1 April 1996 Kirumba L. Victoria Islands Sinia B
(100 km by boat)
High 2 May 1996 Various Mixed
(by boat and road)
Low 1 February 1997 Various Mixed
(by boat and road)
Low 2 March 1997 Various Mixed
(by boat and road)
Ukerewe Island April 1996 Ukerewe Central,  Local supplies Sinia B
Ukerewe Soko Transported short
Mshenzi distances by various

means
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Storage Trial Methods

Growth of roots

The trials were conducted at the Lake Zone Agricultural Research and Development Institute (LZARDI), Ukiriguru. Storage roots
were obtained from two sets of cultivars grown in two field trials: Trial 1 (9/10 cultivars) and Trial 2 (22 cultivars) grown in
consecutive years; 1997 and 1998. Cultivars (see Table 5.2) were selected from local landraces, new crosses and introduced
germplasm to provide a wide range of root characteristics, but included only cultivars known to give reasonable yields. Two
cultivars (SPN/0 and Mwanamonde) were common to both trials. For Trial 1, cultivar Sinia A was only included in the second
year. For Trial 2, cultivar 440121(Naeshirazu) was replaced in the second year by cultivar 440144,

The trials for the first year were planted in the wet season on 28 December 1996, with planting of extra cuttings on |7 January
due to poor establishment as a result of subsequent drought. Trials for the second year were also planted during the wet season,
on 15 and 16 December 1997. Trials were harvested on 23 June 1997 and 15 May 1998, respectively. All field trials were planted
as randomized complete block designs. Trial | had 4 replicates with plots of 6 m x 6 rows (3 plants/m), while Trial 2 had 2
replicates with plots of 6 m x 2 rows (3 plants/m). No fertilizers or chemicals were applied, and no irrigation was used.

Storage of roots

Following harvest, roots of marketable size (greater than 2.5 cm diameter) and low levels of visible damage were selected for post-
harvest evaluation. For each cultivar, roots were divided into 3 replicates (not corresponding to field replicates) with 25 roots per
replicate wherever possible.

To simulate normal marketing conditions, roots were stored in a well ventilated room in woven polythene sacks (one per replicate
per cultivar), which were tied closed for 2 days, to simulate closed sacks during transport, then opened and rolled down to half
height for the remainder of the storage period, to simulate the situation in the market and the home (see Figure 5.1).

Temperature and humidity within the room were recorded daily throughout. In 1997, recordings were taken at midday from a wet
dry bulb thermometer on the wall of the room. In 1998, readings were recorded at 2-3 hourly intervals using two Vaisala
temperature/humidity probes which were suspended approximately 30 cm above the top of the sacks in the centre of the room,
and attached to a Grant squirrel data-logger.

Root assessment

Dry matter content
Immediately after harvest, three roots were selected for each cultivar and assessed for dry matter content by drying in an oven for
48 h at 80 °C.

Weight loss
For measurement of weight loss, six roots were selected at random from each sack and numbered using a permanent marker. The
weight of each of these roots was recorded at the start of the trial and at weekly intervals.

Rotting

The extent of externally visible rotting for each sack was assessed at the start of the trial and at weekly intervals by sorting all the
roots into six categories (0 = 0% surface showing visible rotting; 1 = 1-10%; 2 = 11-25%; 3 = 26-50%; 4 = 51-75%; 5 =
76-100%), and calculating the average root rotting score. After each assessment, those roots that scored 4 or 5 were discarded.
In subsequent weeks, the previously discarded roots were still included with a score of 5 when the overall mean score was
calculated. To assess internal rotting, roots were cut into quarters and the exposed surfaces scored for rotting, using the same
scoring system as for external rotting.'

Surface insect damage

External insect damage was caused by the rough weevil (Blosyrus spp.), which grazes on the root surface. Damage was recorded
using a 1-5 scale depending on the percentage of surface damaged (1 = 0%; 2 = 0-25%; 3 = 25-50%; 4 = 50-75%; 5 = 75-100%).
This form of damage only occurs before harvest, so that damage for each sack can be calculated as the average of all roots assessed
in the course of the trial (2/week).

Root hardness, cortex thickness, latex production

Hardness was measured using a hand-held penetrometer as the force required for an 8 mm probe to penetrate the tissue after a
small portion of periderm had been removed. The root was cut and cortex thickness was measured in millimetres at the widest
part of the root. Latex production was assessed on a freshly cut transverse surface using a subjective 1-5 scale (1 = none; 2 = low;
3 = moderate; 4 = high; 5 = very high).

'In most markets, roots with any significant levels of rotting would be unmarketable. Taking this into account another appropriate
method of expressing rotting would be as a percentage of roots with more than a specified percentage (e.g. 10%) of rot. The data we
collected can be recalculated in this way (see Rees ef al., in press).
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Total soluble solids of root sap

Concentration of soluble solids in root sap was measured by refractive index using a hand-held refractometer. The root sap was

extracted from a portion of grated tissue using a hand-held press.

HPLC analysis for sugar content

Freeze-dried samples were ground and extracted in water (1 g sample in 20 ml water) by shaking for 1 h at room temperature. The
extract was filtered through muslin and filter paper, diluted with acetonitrile to 80% acetonitrile and further filtered through a 0.45
mm PTFE syringe filter. 10 ml samples were injected on to an amino-bonded high performance liquid chromatography (HPLC)
column (Hypersil APS-2, 20 cm) maintained at 30 °C, using 80% acetonitrile running at 0.6 ml/min as the mobile phase. Sugars were
detected using a refractive index detector (Hewlett Packard), and peak sizes were calculated using a Perkin Elmer LC1-100 Integrator.

Table 5.2  Cultivars included in storage trials
conducted at LZARDI, Ukiriguru
to compare cultivar shelf-life

Trial 1

Trial 2

1.sP9334  LKagole
2. SP/93/23 2. Polista
3. SP/93/2 3. Tula Omushako
4. Tboja 4. 440088 (NC 262)
5. Mwanamonde 5. Kombegi
6. Sinia B 6. 440037 (Imby 3102)
7. SPN/O 7. 440215 (Tainmg #65)
8. Budagala 8.440025 (Xushu 18)
9. Budagala mpya 9. 440121 (Naeshirazu)*
10. Sinia A' 10. 440113 (Beniaka)
11. Nyamwisekeleja
12. Bagala
13. Bilagala
14. Ipembe
15. Lutambi

16. Shinamugi
17. Tabu Waseki
18. TIS 8250
19. Luganza

20. Itemve

21. SPN/O

22. Mwanamonde

'Included in second year of trials only.
"Replaced in second year of trials by 440144,

2.3 Field trials 1o

germplasr ac

For the introduction of cultivars with extended shelf-life,
it is important to know not only whether cultivars with
improved keeping qualities exist, but also how consistent
their behaviour is across differing environments. The trial
detailed (see below) was conducted to examine this issue.

Figure 5.1 Sacks used to store roots during
storage trial at LZARDI,
Ukiriguru

Trial Methods for Assessing Germplasm Stability

In 1997 and 1998, trials were conducted at four sites
around Tanzania, in addition to LZARDI, Ukiriguru. At
each site, five key Tanzanian cultivars were included,
together with additional local varieties. The sites and
cultivars used are given in Table 5.3 (the trial at LZARDI
is Trial | of the previous section). The five key cultivars
are shown in bold. All field trials were planted as
randomized complete block designs with 4 replicates and
with plots of 6 m x 6 rows (3 plants/m).

The storage trial was carried out using essentially the
same methods as described in the previous section.

sasygifemeant o IRIraton raies

During the storage trials conducted at Ukiriguru in
1997, root respiration rates were measured by placing
the roots in sealed jars and measuring the rate of
increase in carbon dioxide levels). Further details are
given below.
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Table 5.3  Cultivars included in trials conducted at five sites in Tanzania to test the stability of
cultivar shelf-life

LZARDI, Ukiriguru Sugarcane Institute HortiTengeru MARTI-Uyole Chollima-Dakawa'
1. SP/93/34 1. SPN/0 1. SPN/O 1. SPN/0 1. SPN/0

2. SP/93/23 2. Sinia 2. Sinia 2. Sinia 2. Mwanamonde
3. SP/93/2 3. Mwanamonde 3. Mwanamonde 3. Mwanamonde 3. Kasimama

4. Iboja 4. Iboja 4. Iboja 4. Iboja 4. Chanzuru

5. Mwanamonde 5. Budagala 5. Budagala 5. Budagala 5. Budagala

6. Sinia 6. Ukerewe 6. Tengeru R. 6. Mpufya 6. Iboja

7. SPN/0 7. Elias 7. Masyabala

8. Budagala 8. Nyekundu

9. Budagala mpya

Sinia failed to produce any roots at Chollima-Dakawa and, therefore, was omitted.

Respiration Measurements

Measurements were made after 5-7 days of storage. For Trial 1, 6 roots per cultivar (2/storage trial replicate) were assessed
(replicates 1, 2 and 3 on days 5 and 6, days 5 and 7, days 6 and 7, respectively), while for Trial 2, 3 toots per cultivar (1/storage
trial replicate) were assessed (replicates 1, 2 and 3 on days 5, 6 and 7, respectively). Only roots free of rot were selected. Each root
was weighed and placed into a 3.2 litre sealed glass jar, with sealable inlet and outlet. After approximately 1 h, CO, was measured
using a Combo Gas Analyser (David Bishop Instruments Ltd, Heathfield, UK).

Calculations

Respiration rate (R) [ml/kg/h] was calculated as:
R="% COZ b (Vjar - Vrool)/loo*( Wrool * )
where

% CO, = % CO, generated

Viar = volume of jar (3.2 litre)

Voot = root volume (ml) calculated from root weight assuming a density of 1 kg/l
W = root weight (kg)

T = time (h)

Root weight loss due to respiration can be calculated assuming that carbohydrates were the only respiratory substrate and,
therefore, that:

1 ml CO, generated/h = 1.24 x 10~ g carbohydrate metabolized/h

(This calculation relies on the following: 1 mole CO, occupies 22.4 1, mol wt CO, = 44 g, generalized chemical structure of
carbohydrate is CgH |, O (mol wt 180).)

b

5.2.5 Measurement of water loss through designed to measure the transpiration rate through the
wounds using a porometer surface of leaves.) The leaf-chamber was adapted by
replacing the rectangular aperture with a round

During these studies, water loss through specific areas e
= RHLAP aperture 1.5 cm in diameter. The lower clamp was

of the root periderm was measured using an instrument
called a porometer adapted to fit on to the surface of a
sweetpotato root (Figure 5.2). (A porometer is

removed and the head was padded with soft black foam
to provide a seal and avoid damage to the sweetpotato
surface during the measurement.

The Porometer

A porometer consists of a chamber that can be clamped around a leaf. Air is pumped through the chamber, where it is stirred by a
small fan. By measuring the relative humidity of inflowing and outflowing air, the amount of water lost through the surface can be
calculated. The calculation should also take into account parameters such as the temperature, flow rate of air through the chamber,
area of periderm exposed in the porometer, atmospheric pressure, and saturated water vapour pressure at the ambient temperature.
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Figure 5.2 (a) Head of the porometer with round aperture and padding; (b) taking measurements
of water loss from sweetpotato roots

5.2.6 Assessing cultivars for susceptibility
to damage

The objectives of these trials were to assess the
variability —among cultivars  in
susceptibility to damage and to investigate the role of

sweetpotato

shape and periderm thickness. Two standardized
damage treatments were developed: one which
assessed a root for its susceptibility to ‘scuffing’
(surface abrasion), and a second, which assessed a root
for its susceptibility to impact damage.

Scuffing damage treatment

A scuffing damage treatment was applied by placing
10 sweetpotato roots in a metal barrel (0.55 m x 0.38
m) which was then rolled a distance of 10 m, thus
simulating the agitation in sacks during handling and
transport. This method was adapted from a scuffing
treatment developed by the Scottish Agricultural
Research Institute to assess potatoes (Andrew Muir,
personal communication).

Impact damage treatment

Impact damage was applied by dropping a sack of roots

four times from a height of 1 m (Tomlins et al., 2000).

0 =no breaks

1 = one small break

2 = two small breaks

3 = one large break

4 =asmall and a
large break

5= two large breaks

Figure 5.3 Scoring system for assessment of
breakage (from Tomlins et al., 2000)

~

Damage assessment

Breakage was assessed using the scoring system
presented in Figure 5.3. Deep wounds were defined as
wounds at least 5 mm deep, and the number of deep
wounds per root was recorded. Superficial damage was
defined as abraded root surface 0.5-5 mm deep,
containing cortex tissue as well as periderm, and was
scored visually by estimating the percentage of the total
abraded surface area. Skinning injury was defined as an
abrasion of the periderm only and was scored by visually
estimating the percentage of total abraded surface area.

Trial Design Used to Assess Cultivars for Susceptibility
to Damage

Ten cultivars of sweetpotato were grown by the International
Potato Center (CIP) in Nairobi, Kenya. The cultivars Yan Shu
1, Kemb 10, KSP 20, Zapallo, SPK 004, BP1-SP2, Caplina,
Salyboro, Yarada and Julian were planted in a randomized
complete block design in 3 replicates using 30 plants per
cultivar. The roots were harvested in December 1998 using
hand hoes. The roots were then transported to the National
Agricultural Research Laboratory (NARL), Nairobi, washed
and kept in crates until artificial damage treatments were
carried out. Scuffing damage was conducted separately for
10 roots of each cultivar. Impact damage was applied on
21-23 roots per cultivar. Standardized damage treatments
were repeated in two trials.

)

5.3 Resulis and discussion

5.3.1 The main forms of deterioraiion in

sweelpoiato

torage roois undei

East Afiican marketing conditions

After harvest, a sweetpotato root will deteriorate in
quality, becoming less acceptable to users in terms of
appearance, taste and texture. The shelf-life of a
sweetpotato can be defined as the period of time after
harvest, for which a root is saleable. There are several
ways in which the quality of a root might deteriorate
and these are shown in Table 5.4,

Observations of roots bought from Tanzanian markets
and stored under simulated marketing conditions (see
section 5.2.1), indicated that the main forms of
deterioration of sweetpotatoes under normal marketing
conditions in Tanzania are weight loss and rotting. The
relative importance of these forms of deterioration
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Table 5.4 Forms of deterioration for sweetpotato storage roots

Weight loss Roots can lose weight both by losing water, and also by metabolizing the starch reserves through the

Rotting

Sprouting

Loss of good taste

Infestation by
insects

process of respiration. Under normal marketing conditions most weight loss (90%) is through water loss
(Van Oirschot et al., 2000; Rees ef al., in press). Water loss causes the root to become less attractive as it
shrivels and, as described below, also appears to make the root more susceptible to rotting.

Rotting of tissues occurs by both fungal and bacterial pathogens. When rotting starts a root quickly
becomes unsaleable.

When a root sprouts, it will often become sweeter as starch is converted to sugar to provide energy for
the growth of sprouts. The appearance of sprouts and loss of starch reduces the root value.

Many changes can occur in the root composition after harvest, which may affect the taste and texture of

the cooked root.

The most important insect pest of the storage root is the sweetpotato weevil (Cylas spp.). Even if
infestation is only slight, then the root can become completely unsaleable due to the production of bitter

tasting phytoalexins as part of the defence mechanism of the root.

depends on storage temperature, humidity, and growth
conditions. Figure 5.4 shows the weight loss and rotting
of roots purchased on two occasions from each of three
markets. The rates of deterioration do vary, but the
weight loss was higher than anticipated, 10—-17% over 7
days, and 67% over 3 weeks in one case (Morogoro, low
season 2). In all but one case, roots showed on average
more than 50% surface rotting after 3 weeks.

100
80 +
!

1] /
2 60 +
E ;
50 .
()
£ 40 + B
2 -

14
Days of storage

In the same study, the levels of root damage in the
markets, and the effect on rates of deterioration were
examined. Figure 5.5 summarizes the damage
observed. In almost all cases, insect infestation was
due to the larvae of sweetpotato weevils (Cylas spp.),
which burrow deep into the root, and are a serious
problem worldwide (Chalfant et al.,, 1990; Sutherland,
1986). Levels of damage were variable, but were

<~ Dar es Salaam Low season 1
—Z— Dar es Salaam Low season 2
—O— Morogoro Low season 1
—L— Morogoro Low season 2
—X — Mwanza Low season 1

-+ Mwanza Low season 2

5
4 T o
/ y —<—  Dar es Salaam Low season 1
2 > f
§ 37T - s — Dar es Salaam Low season 2
o y o
.E / Q:z" —O —  Morogoro Low season 1
227 e 2
»s , y ~ B~ Morogoro Low season 2
e X
1 Q Mwanza Low season 1
+—  Mwanza Low season 2
0 ' f
0 a 14 21

Days of storage

Figure 5.4 Rates of weight loss and rotting for roots bought from markets and stored under
simulated marketing conditions (see section 5.2.1 for details of rotting score)
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Dar es Salaam

High season 1 )
High season 2 [T
Low season 1 -
Low season 2 T ]
T T T T 1
0% 20% 40% 60% 80% 100%
Morogoro
-
High season 1 [T ]
High season 2 [T N |
Low season 1 I ——
Low season 2 I ——
T T T T 1
0% 20% 40% 60% 80% 100%
Mwanza I:l Undamaged
" D Superficial damage
High season 1 | |
= D Cut
High season 2 | ! pzz
B . Broken
Low season 1 | | |
- Cylas infected
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T T T T — _7“ Rotten
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Ukerewe (sweet potato growing area)
[T .
T T T T 1
0% 20% 40% 60% 80% 100%

Figure 5.5 Levels and types of damage observed for sweetpotatoes in markets at four locations

in Tanzania

generally high with 44-67% seriously damaged roots The effect of damage on rates of deterioration was
(including all but superficial damage) and total damage considerable. Figure 5.6 shows rates of weight loss for
of 49-93%. There was a clear seasonal effect in undamaged roots and for roots with various forms of
Morogoro with more damage, mainly rotting, in the damage. The data indicate that for broken roots the
low season, but such clear seasonality was not rate of weight loss in the first week was three times that
observed in Dar es Salaam or Mwanza. The roots of undamaged roots.

sampled from the rural market on Ukerewe Island

showed the least damage. Further details of this study can be found in Rees ef al.

(2001).
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Figure 5.6 Rates of root weight loss in Morogoro during low season 2 and the effect of different

forms of damage

5.3.2 Cultivar differences in keeping quality
(weight loss and rotting) under
simulated marketing conditions

The previous section underlines how short the shelf-
life of sweetpotato is under marketing conditions. In
order to determine the potential benefits of breeding
for cultivars with longer shelf-life, trials were
conducted in 1997 and 1998 to determine the keeping

35
30 4

% weight loss over 14 days

qualities of a wide range of sweetpotato cultivars (see
section 5.2.2 for details of methods). As for the market
studies described in the previous section, the main
forms of deterioration observed were weight loss and
rotting, while sprouting was not observed.

Figure 5.7a and b shows the extent of weight loss and
rotting for a range of cultivars after 2 weeks of storage
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Figure 5.7a Rates of percentage weight loss (with estimated contribution from water loss and

respiration) and rates of rotting for sweetpotato cultivars during storage under simulated

marketing conditions - Trial 1, 1997, 9 cultivars
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Figure 5.7b Rates of percentage weight loss (with estimated contribution from water loss and
respiration) and rates of rotting for sweetpotato cultivars during storage under
simulated marketing conditions - Trial 2, 1997, 22 cultivars

for the trials of 1997. A wide range in both parameters
can be seen with more than a three-fold difference in
weight loss among cultivars. Table 5.5 shows the
weight loss data after 1 and 2 weeks for Trial 2. The
data has been analysed by ANOVA, which confirms
that there are cultivar differences significant to 0.1%

after both 7 and 14 days. The least significant
difference (LSD) can be used to get an indication of
which cultivars differ significantly. For example, from
this data it is reasonable to suppose that Kagole is
significantly different from Kombegi, but not from
Polista.

Table 5.5 Percentage weight loss during storage under simulated marketing conditions for
roots from a range of sweetpotato cultivars
Cultivar 7 days 14 days Cultivar 7 days 14 days
1. Kagole 5.98 1127 14. Ipembe 967 1659
2. Polista 8.42 18.88 15. Lutambi 10.16 21.88
3. Tula Omushako 8.50 18.44 16. Shinamugi 10.93 23.59
4. 440088 (NC 262) 6.94 12.49 17. Tabu Waseki 8.47 16.26
5. Kombegi 9.41 18.87 18. TIS 8250 9.00 17.42
6. 440037 (Imby 3102) 8.89 19.66 19. Luganza 8.96 17.21
7. 440215 (Tainmg #65) 11.83 24.88 20. Ttemve 8.75 18.95
8. 440025 (Xushu 18) 7.68 15.11 21. SPN/O 7.80 16.09
9. 440121 (Naeshirazu) 6.90 13.94 22. Mwanamonde 12.93 30.62
10. 440113 (Beniaka) 10.35 20.54 Wisati 901 18.36
11. Nyamwisekeleja 9.63 17.52 Cultivar effeits *kk ke
12. Bagala 12.39 25.41 LSD 321 5.11
13. Bilagala 4.53 8.38 CV% 216 16.9

*** Significant at 0.1% level of probability.
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5.3.3 Water loss is the main driving force
for deterioration under marketing
conditions

The rates of root respiration measured during the first
week of storage were used to estimate the contribution
to weight loss of starch metabolism. For these trials we
estimate that respiration is responsible for on average
14% (cultivars range from 8% to 27%) of root weight
loss and, therefore, that weight loss is primarily due to
water loss. This is indicated in Figure 5.7. Rates of
respiration were greater for cultivars with higher
weight loss, and this is probably an indication of the
stress experienced by roots due to desiccation.

From Figure 5.7, it is possible to see that there is a
tendency for the cultivars that lose weight rapidly to rot
more. This is confirmed by a significant positive
correlation between weight loss and rotting (» = 0.79,
P<0.001) for Trial 1. This trend was found for all four
trials. We believe that under these conditions, water
loss from roots weakens the tissues, and makes them
more susceptible to rotting. The hypothesis that rotting
is promoted by weight loss, rather than that weight loss
is caused by rotting, is supported by the even stronger
correlation of weight loss at 14 days with rotting at 21
days (r = 0.841, P<0.001). Again, the same trend was
found for all trials.

Our overall hypothesis, therefore, is that one of the
main factors affecting cultivar perishability under
marketing conditions is the susceptibility of the root to
lose water. The observation that cultivars differ widely
in rates of water loss suggests that it may be feasible to
breed cultivars with extended shelf-life.

Further details of this study can be found in Rees et al.
(in press).

5.3.4 Stability of cultivars between
years and between environments

For an improved cultivar to be successful, it should
function well over all seasons and over a wide area and,
therefore, over a range of environments. It is important
to know how ‘stable’ is the low water loss
characteristic. We found that the behaviour of the
cultivars over the 2 years of trials was reasonably
consistent. Figure 5.8 shows the weight loss for Trial 2
after 14 days plotted for 1998 vs. that for 1997. A
correlation coefficient (r) of 0.619 was obtained, which
is significant to 1%. For Trial 1, the correlation was
even stronger (r = 0.912, significant to 0.1%).

Information on the consistency of cultivars between
environments was tested in trials conducted at five sites
throughout Tanzania (see section 5.2.3). The results
obtained are less clear, but do indicate that certain
cultivars are consistently better than others. Figure 5.9
shows the weight loss over 14 days for five cultivars
assessed during seven different trials (including five
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Figure 5.8 The relationship between weight
loss over 14 days of storage
under simulated marketing
conditions in 1998 and 1997

sites and 2 years). The cultivars Iboja and SPN/0 are
fairly stable; Iboja shows consistently high rates of
weight loss, and SPN/0 shows relatively consistent low
rates of weight loss (thus in six of the seven trials Iboja
lost weight more rapidly than SPN/0). However, for the
other cultivars the trends are less clear. Mwanamonde
and Sinia in particular appear to have variable
behaviour according to environment.

5.3.5 Most water loss occurs through wounds
Water loss and wound healing efficiency

Having established that water loss from roots is a key
factor in their keeping quality during marketing, it is
important to learn more about this process. A porometer
was used to determine the pattern of water loss from a
sweetpotato root, and the results obtained are illustrated
in Figure 5.10. This indicates that water loss through
undamaged periderm is low, while damaged areas show
much higher rates of water loss. Deep wounds (see
Figure 5.11) showed the highest rates of water loss. The
rate of water loss for all arcas declined over the first
week after harvest and is particularly marked for
wounded areas. As described in Chapter 6, this is
primarily due to healing of wounds. Nevertheless, deep
wounds continued to have a rate of water loss
considerably higher than less severe forms of damage,
even 7 and 14 days after harvest. Presumably wound
healing is not completely efficient in this case.

The importance of root damage for weight loss is
confirmed by the results shown in Table 5.6. Here,
roots were damaged using the standardized scuffing
and impact treatments described in section 5.2.6. The
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Figure 5.9 Weight loss over 14 days storage under simulated marketing conditions for five cultivars
during seven trials. Trials have been ordered in terms of increasing rates of weight loss
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Figure 5.10 Transpiration rate through root surface with different kinds of damage measured at
1, 3, 5, 7 and 14 days after harvest (cultivar: KSP 20). (Note: Time scale is not linear)

Figure 5.11 Deep wounds (a) and scuffing (b) on sweetpotato root surface (cultivar: KSP 20)
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artificially damaged roots

Correlation coefficients between rate of weight loss and amount of damage for

Correlation coefficients

Days after damage treatments

Damage treatment N Damage type 1 2 7 14
Scuffing 100 Skinning injury 0.348%* 0.449%* 0.050 ND
230° 0.535%* 0.426%* 0.087 ND
Impact 2UFF Breaks 0.480%* 0.414%* 0.541%* ND
ok 0,549+ 0.588*+ 0,712++ 0.669**
Impact 217¢ Skinning injury 0.253%+ 0.155% 0.053 ND
720 0.087 0.252* 0.172 0.046

v refer to four different experimental trials.
** Significant at P < 0.001; * significant at P < 0.05.
ND = not determined.

level of damage for individual roots was related to the
rate of weight loss of each root.

There was a significant positive correlation between
the level of skinning injury and weight loss and
between the extent of breakage and weight loss
indicating that roots with high levels of skinning injury
and/or breaks also had higher weight losses. The
correlation between breaks and weight loss remained
highly significant until 14 days after impact damage.
Breakage thus has a long-term effect on weight loss.
Skinning injury caused significant weight loss for the
first 2 days only and thus has a rather short-term effect
on weight loss. These results indicate that breakage is a
more severe form of damage than skinning injury.

These results support the findings from the studies of
root market damage (section 5.3.1) that damage
reduces shelf-life and that breakage is the most serious
form of damage.

5.3.6 Cultivar variation in susceptibility to
damage

It was found that cultivars varied in the kind of damage to
which they were susceptible (Table 5.7). Thus, Yan Shu 1,

Kemb 10 and SPK 004 were highly susceptible to breaks,
while Zapallo and Caplina had the lowest susceptibility to
breaks. The ranking of susceptibility to skinning injury
was consistent for both the ‘scuffing’ treatment and
impact damage. Both Zapallo and BP1-SP-2 were highly
susceptible to skinning injury, while SPK 004 and Kemb
10 showed least susceptibility. The cultivars KSP 20 and
Salyboro ranked intermediate for all forms of damage.

Susceptibility to breakages and root shape

By classifying roots by shape, it was demonstrated, not
surprisingly, that breakage was strongly associated with
long-shaped roots, while round or oblong-shaped roots
were less to breakage. Although
sweetpotato root shape can be variable within any
cultivar, for the cultivars SPK004, Kemb 10 and Yan
Shu 1, more than 70% of the roots belonged to the
long-shaped category. As shape, therefore, is a cultivar
characteristic and affects susceptibility to breakage, it

susceptible

would be useful to select for rounded root shape.

Susceptibility to scuffing and periderm thickness

Microscopy was used to measure the thickness of the
root periderm for several roots of each cultivar. The

Table 5.7 Overview of the mean ranks obtained for 10 sweetpotato cultivars for various forms of
damage
Cultivars
Treatment Damage Yan Kemb  KSP20 Zapallo SPK BP1- Caplina  Saly- Yarada Julian
Shul 10 004 boro
Scuffing  Skinning 35 25 60 W 1.0 45 6.5 40 | 80
barrel injury Vel 3 [
Impact  Breaks 20 50 1.0 75 30 20 55 6.0 40
damage  peep wounds 3.0 7.0 6.5 45 5 60 40 4.0 1.0 20
Skinning 4.5 25 6.5 i 1o B 4.0 55 4.0 6.0
i“'jury il | ‘JI H|
Ay -(_-’l;.
Superficial 35 5.5 5.0 90 1.0 S0l 5.0 4.0 4.0 4.0
damage

A high rank corresponds to a high susceptibility to the particular form of damage, and is indicated by dark grey shading.
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Figure 5.12 Relationship between periderm thickness and percentage skinning injury (percentage
surface area of the root) after scuffing treatment; each point represents a cultivar

susceptibility to skinning injury was found to decrease
with thickness of periderm (Figure 5.12) and this
relationship was found to be significant (P = 0.037).
The cultivars Yan Shu 1, Yarada and SPK 004 with the
thickest periderms (65-70 mm) showed least
susceptibility to skinning injury, while the cultivars
Zapallo and Julian with a thin periderm (<40 mm)
showed high susceptibility to skinning injury.

Further details of this study can be found in Van
Oirschot (2000).

5.4 Conclusions and implications

*  Under conditions typically experienced during
marketing in East Africa, the main forms of
deterioration in sweetpotato roots are water loss
and rotting. Water loss appears to promote rotting
and, therefore, if this can be reduced it should have
an impact on the extent of rotting seen in the
markets.

*  There is a wide range in shelf-life among cultivars,
which seems to be primarily due to differences in
susceptibility to water loss.

Susceptibility to water loss in cultivars is relatively
consistent between seasons. The consistency
between environments is less clear, but there are
some cultivars that consistently do better than
others.

*  Greatest water loss from roots occurs through
wounds. Damage, therefore, has a considerable
effect in shortening root shelf-life.

*  Two major factors controlling susceptibility to
water loss are:
— reaction of the root to wounding (this will be
considered in the next chapter)
— the susceptibility of roots to damage.

Roots of rounded shape (i.e. not elongated) are less
susceptible to breakages, and roots with thick
periderms are less susceptible to surface damage
(scuffing).

This chapter primarily considers the question of how
cultivars could be selected with extended shelf-life for
marketing. (This does not include suitability for long-
term storage, which is covered in Chapter 7.) Although
rotting is a serious restriction on shelf-life, we believe
that water loss is more important. Although we would
recommend that cultivar assessment includes
measurement of water loss, rotting and also
susceptibility to damage, where time/labour is
restricted, a reasonably effective assessment of cultivar
shelf-life can be obtained by measuring susceptibility
to water loss alone. A simple test could be devised by
placing roots of each cultivar on an open shelf, and
measuring weight loss over 1 week.

Our data underline the effects of environment on
cultivar behaviour. It is, therefore, very important that
multi-site testing be carried out to cover the range of
environments representative of the region for which
breeding is being carried out.
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CHAPTER 6

Curing and the physiology

of wound healing

Q.E.A. van Oirschot, D. Rees, J. Aked, A. Kihurani,

6.1 Introduction

6.1.1 The nature of wound healing

Damage is inevitable during handling and marketing of
sweetpotato and is exacerbated by practices such as
over-packing sacks as shown in the picture. Most plant
tissues have mechanisms for healing wounds. This is
exploited to improve storability of root crops after
harvest by ‘curing’, where they are placed in an
environment to promote healing of wounds incurred
during harvesting and handling. Sweetpotato is similar
in this respect to other root and tuber crops such as
potato, cassava and yam (Lulai and Orr, 1995; Rickard,
1985; Passam et al., 1976).

Descriptions of wound healing in sweetpotato date
from the 1920s when Weimer and Harter (1921)
described how moisture and temperature affect wound
periderm formation and the efficiency of the wound
cork in preventing infection. Artschwager and Starrett
(1931) distinguished three stages of healing:

i) desiccation of surface cell layers

ii) thickening of cell walls (suberization or
lignification) in underlying cell layers

iii) formation of a new ‘wound’ periderm underneath
the lignified cells.

C. Lucas, D. Maina, T. Mcharo and J. Bohac

Each of these processes is described in more detail
below.

Desiccation of surface cell layers

The first response after wounding is desiccation of the
cell layers where the cells on the surface dry out and
die. Under sub-optimal curing conditions (lower
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humidities), this layer of desiccated cells may be
thicker, which is unfavourable for the shelf-life of the
roots as it favours the growth of pathogens (Nielsen
and Johnson, 1974). The effect of cultivar on the
thickness of the desiccated layer in sweetpotatoes has
not been reported.

Lignification

Lignification is probably the most crucial step in the
wound healing process. Cell walls below the desiccated
cell layers become thickened. There is some
uncertainty about the exact chemical nature of this
thickening, i.e. whether the thickening is primarily due
to the addition of lignin or suberin (Walter and
Schadel, 1982, 1983). Both molecules are large
polymers: lignin consists of phenolic sub-units, it is
hydrophobic thereby reducing water movement and
also has specific antifungal properties; suberin
contains more aliphatic (lipid) components and so also
reduces water movement. Artschwager and Starrett
(1931) reported that the thickened cell layers absorb
crystal violet which indicates suberization. Later,
McClure (1960) found that these cells have a much
stronger affinity for a saturated solution of
phloroglucinol in 18% HCI, which indicates a lignin-
like structure. With mass spectroscopy, Walter and
Schadel (1983) confirmed that the polymeric
compounds in these cells had the chemical properties
of lignin. Thus, the cell wall thickening probably
consists of both lignin and suberin. Once this layer is
formed, a new wound periderm will form underneath,
even if the roots are removed from curing conditions
(Walter and Schadel, 1982; Morris and Mann, 1955),
although it develops more quickly under curing
conditions.

Wound periderm

The wound periderm consists of cell layers stacked in
a similar way to the native periderm, and conferring the
same protective barrier. The thickness of the wound
periderm may vary according to cultivar. Morris and
Mann (1955) found thicknesses varying from 4 to 10
layers, while Walter and Schadel (1983) and St Amand
and Randle (1991) reported thicknesses between 5 and
6.7 layers. Walter and Schadel (1982) considered a
wound periderm needed to be approximately 4.2 cell
layers thick to be effective against water loss and
pathogen invasion.

6.1.2 Conditions that promote wound healing

Wounds in sweetpotatoes cure most efficiently when
the roots are exposed to temperatures of 28-30 °C and
a relative humidity (RH) greater than 85% (Kushman
and Wright, 1969). Although curing is practised
commercially in temperate areas, it is often assumed
that it takes place naturally in the tropics (Collins and
Walter, 1985; Woolfe, 1992) and is not actively
practised. Jenkins (1982) reported that artificial curing

under tropical conditions in Bangladesh did not reduce
weight losses. However, the high levels of weight loss
and very short shelf-life often seen in the tropics put
into doubt whether wound healing takes place.

6.1.3 Objectives

In the previous chapter, it was shown that in storage
trials carried out under simulated marketing conditions
in Tanzania, rates of root weight loss and rotting varied
considerably among cultivars. The work reported in
this chapter was conducted to determine whether this
was due to the characteristics of root wound healing.
Some variability has been found among sweetpotato
cultivars in the rate of wound healing (Strider and
McCombs, 1958; St Amand and Randle, 1991).
However, prior to this study, little was known about the
wound healing characteristics of African germplasm,
how this relates to shelf-life and also how the process
is affected by sub-optimal humidities. A better
understanding of the wound healing process under sub-
optimal conditions may contribute to efforts to extend
shelf-life by improved handling and cultivar selection.

A rapid method to assess wound healing efficiency is
described that can be used by sweetpotato breeding
programmes in developing countries where
sophisticated equipment is not available. This method
was validated to establish the relationship between
wound healing characteristics of sweetpotato cultivars
and their keeping qualities, including water loss,
susceptibility to micro-organisms and shelf-life.

Further details of these studies are given in van
Oirschot (2000) and van Oirschot et al. (2001).

6.2 Methods

Antificial wounds were inflicted by peeling a portion of
the root surface with a potato peeler. An area of tissue
approximately 2 x 5§ cm and 1.7 mm deep was removed.
The wounds were then left to heal under conditions
chosen to simulate the marketing environment. Several
studies were then conducted to look at wound healing
by microscopy. Staining lignin by phloroglucinol is
simple and gives a red stain that can be seen by the
naked eye. This was, therefore, developed into a means
of assessing wound healing efficiency by a
lignification index. This was tested as a measure of
functional wound healing by comparing it with water
loss through wounds and susceptibility to rots. Details
of the root supply, healing environments and methods
of microscopy are given below.
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Root Supply and Wound Healing Trials

Eight storage trials were conducted. Table 6.1 presents relevant field and experimental information for each of the trials, while
Table 6.2 presents the cultivars included. The storage conditions used were as follows.

Method A (Trials 1 and 2, based at NRI, UK)

Twelve plastic dustbins (B&Q) were placed in a controlled-temperature room at 26 °C. Within each of these, approximately 20
sweetpotato roots (weighing about 5 kg in total) were placed on a platform. The platform was constructed from a plastic plant
support and plastic covered chicken wire, and was supported at a height of about 30 cm. In order to maintain high humidity, a
layer of water (approximately 70 mm) was placed in the bottom of each bin, and air was bubbled through ‘this at a rate of
approximately 3 //min/bin. A single pump (Charles Austin Pumps Ltd, UK) was used to provide an air flow which was divided
using a manifold to supply all 12 bins. The humidity was measured at hourly intervals in 6 of the 12 bins using humidity probes
(Vaisala, Helsinki, Finland), recorded by data-loggers (Grant Instruments Ltd, Barrington, Cambridge) and was found to remain
between 76 and 100%.

Method B (Trial 3, based at NRI, UK)

One randomly selected root/cultivar/trial was placed in each of eight cardboard boxes (22 roots/box), and kept for 10 weeks in a
controlled-temperature room at NRI, maintained at 25 °C and 60% RH. Temperature and relative humidity (25 + 0.5 °C and 55%
+ 6% RH) were recorded using Tinytalk data-loggers (Gemini, Chichester, UK). .

Method C (Trials 4, 5, 6 and 7 based at NARL, Nairobi, Kenya)

Roots were stored in crates. Each crate contained up to 30 roots with an equal number of roots for each cultivar. During the first
2 days, the boxes were lined with plastic sheets or dustbin liners to simulate the high humidity in closed sacks to which the roots
would be exposed when transported to the market. In six boxes, the relative humidity was measured every 30 min, using RH
probes and recorded using data-loggers as described above. The temperature fluctuated between 18 °C and 27 °C and relative
humidity fluctuated between 45% and 95%.

Method D (Trial 8 based at NRI, UK)

The roots were maintained at three different levels of humidity, in three chambers located within a controlled-temperature room
maintained at 25 °C. In one chamber, a high relative humidity was maintained by means of an air flow of 3.5 Vh through a layer
of water in the base of the chamber. Humidification of the air was improved by using fish-tank stones for air dispersal; 97%
relative humidity was achieved.

For the two other chambers, an intermediate humidity was maintained using two supplies of air, one of low humidity (sourced
from outside the controlled-temperature room) and one of high humidity (obtained by bubbling through water). The supply of
these two sources of air was controlled using an adjustable humidity sensor placed within the chamber. The humidities attained
were in the range of 56.6—62.3% and 64.5-70.5%, with an average of 58% and 65%, respectively.

Root Supply and Wound Healing Trials

Both fresh and embedded tissue sections were studied. Fresh sections were hand cut with a razor blade (Wilkinson Sword) at a
thickness of 2—7 cells. The sections were stained with phloroglucinol (1% in 95% ethanol) for 2 min, transferred to concentrated
HCI for 30 s, then rinsed in water for 30 s. Four sections per wound were assessed.

For the preparation of embedded sections, tissue blocks of 7 x 7 x 7 mm, including both wound surface and native periderm, were
cut and fixed in a formalin acetic acid solution (ethanol 70%, formalin 5%, acetic acid 5%). The tissue blocks were than
dehydrated in toluene (99%) and embedded in paraffin wax (Paraplast Plus, Sigma). Sections of 15 mm thickness were cut using
a microtome. Before staining, the embedded sections were dehydrated in a series of toluene (2 x 100%) and ethanol (2 x 100%,
1 x 90% (last)). Sections were stained for lignin with phloroglucinol and HCl as described above. The morphology of the lignified
layer was assessed at 100x magnification using a microscope (Leitz, UK) equipped with a graticule. Micrographs were taken
using a Minolta X-700 camera mounted on the microscope.

Method for Measuring the ‘Lignification Index’

Four thin cross-sections with a depth of 10 mm and approximately 0.5 mm thick were cut from the wounds using a razor blade.
The sections were stained with phloroglucinol as described above. Each wound was given a score between 0 and 1 based on the
continuity of lignification across the wound (see Table 6.3 for examples). The average lignification score for the four sections of
each wound was called the ‘lignification index’ (LI).




Table 6.1

Overview of location, field design, planting and harvesting dates, experimental set-up and conditions for each of the trials

Field location = Number of  Field design Date of planting Date of Storage during  Curing experiment Temperature Relative
cultivars harvesting curing location humidity

Trial1 CIP 5 - 15-7-96 22-1-97 Method A NRI 26.1+£0.5°C 82.2 + 4%
Trial2 CIP 5 - 15-7-96 17-3-97 Method A NRI 26.1£0.1 °C 73.2+-7.3%
Trial 3* CIP 22 RCBD Oct 2000 Mar 2001 Method B NRI 25l 0:5°C 60 = 6%
Trial4 CIP 10 CRD*, 3 rep, 90/120 plants per cultivar 25-5-98 27-10-98 Method C NARL 21:1:£1:.7°C 1%
Trial 5 CIP 10 CRD¥*, 3 rep, 90/120 plants per cultivar June 98 11-11-98 Method C NARL 207:+1.9°C 75.9%
Trial 6 CIP 8 - July 98 1-12-98 Method C NARL 21.°C 67.3%
Trial 7 CIP 10 = July 98 7-1-99 Method C NARL 26 °C 85-90%
Trial 8§ CIP 10 B Nov 98 March 99 Method D NRI 26°C Low 58%

LZARDI 3 Nov 98 March 99 Intermediate 65%

(Lake Site) High 97%

* CRD = Complete randomized design.

' Trial 3 was replanted in January 1997.

* Trial 3 has two sets of cultivars as the roots were part of different experiments.

Location of growth of sweetpotatoes: CIP = International Potato Center, Nairobi, Kenya; LZARDI = Lake Zone Agriculture Research and Development Institute, main station and
lake site station.

Experiment location: NRI = Natural Resources Institute, UK; NARL = National Agricultural Research Laboratories.
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Table 6.2 Overview of the cultivars used in each of the trials

Trial Cultivars Cultivars Caultivars Cultivars Cultivars
Trial 1 Kemb 10 KSP 20 SPK 004 Yan Shu 1 Zapallo
Trial 2 Kemb 10 KSP 20 SPK 004 Yan Shu 1 Zapallo
Trial 3 Jewel Sinia Zapallo* Kagole L-86-33
Budagala* KSP 20* SPN/O Iboja
Yanshu Sinia B Hernandez Bilagala
Beauregard Kemb 10* Polista Mwananmonde
SPK 004
Trial 4 BP1-SP-2 Julian KSP 20 SPK 004 Yan Shu 1
Caplina Kemb 10 Salyboro Yarada Zapallo
Trial 5 BP1-SP-2 Julian KSP 20 SPK 004 Yan Shu 1
Caplina Kemb 10 Salyboro Yarada Zapallo
Trial 6 BP1-SP-2 Julian KSP 20 SPK 004 Yan Shu 1
Caplina Kemb 10 Salyboro Yarada Zapallo
Trial 7 BP1-SP-2 Julian KSP 20 SPK 004 Yan Shu 1
Caplina Kemb 10 Salyboro Zapallo
Trial 8 BP1-SP-2 Julian KSP 20 Yarada Polista
Caplina Kemb 10 Salyboro Yan Shu 1 SPN/0
SPK 004 Zapallo SP/93/2

* Roots of these cultivars grown in two separate field trials were considered separately.

Table 6.3 Scores for lignification of sweetpotato wound sections representing continuity of
lignified layer

Completeness of the lignin layer

Lignification Presence of lignin Completeness of Distribution of lignin in wound
score lignification e = lignin
Complete lignification 1 1 1 V\Q%:ﬁﬁgf;
Patchy lignification 0.5 1 0 M
' = 4

No lignification at all 0 0 0 =< —

The physiological purpose of wound healing is to loss was measured using a porometer (as described in
prevent water loss and inhibit microbial invasion. The Chapter 5, section 5.2.5). Susceptibility to rotting was
LI was tested for its validity as a measure of functional determined by artificially inoculating wounds with the
wound healing by comparing it with rates of water loss rot, Rhizopus oryzae after specific periods of healing.

and the susceptibility of the wound to rotting. Water

Method Used to Assess Susceptibility to Microbial Invasion

Roots with wounds were kept under sub-optimal conditions for 3, 6 and 10 days after which they were assessed for susceptibility to
Rhizopus oryzae. Mycelial discs (9 mm) were cut from the border of a 2-day-old potato dextrin agar (PDA) culture of R. oryzae and
placed on the wound with the mycelial side facing down. Roots were incubated for 2 days in transparent polyethylene bags (40 x 50
cm), which were perforated with 16 holes for ventilation. The relative humidity and temperature in the bags were recorded using
electronic data-loggers (Onset Computer Corporation 1998) and were found to be 94.2-97.5% and 21.7-24.0 °C, respectively.

To assess the extent of tissue degradation by the inoculated pathogens, the roots/tubers were then cut longitudinally through the
point of inoculation (Duarte and Clark, 1993) and measurements of the lesions taken. The wounds were further assessed for
lignification as described above.
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The results presented in this chapter include an
assessment of wound healing efficiency using the LI
for a wide range of sweetpotato germplasm. Details of
the root supply and the screening trials are given below.

Cultivars Included in the Screening Programme for Wound Healing Efficiency

Set A: 16 cultivars were grown in Nairobi by CIP as part of a worldwide trial on germplasm by environment (GxE) interactions:
Blesbok, Brondal, Mugande, Mafutha, Cemsa 74-228, Kemb 37, Jayalo, Naveto, Zapallo, Santo Amaro, Yan Shu 1, NC 1560, Xu
Shu 18, Tainung No.64, Mogamba and Kemb 10. Five additional check cultivars (Yan Shu 1, Kemb 10, KSP 20, Zapallo and SPK
004) were planted in a separate field trial. Trials were planted in January 2000 and were harvested in May and July 2000.

Set B: 18 cultivars were grown by Janice Bohac of the US Vegetable Laboratory (USDA-ARS): Beau Regard, PI 538354, PI 595856,
P1 595873, Picadito, Regal, SC 1149-19, Sumor, Tanzanian, Tinian, W287 Ruddy, W-308, W-317, W-325, W-341, W-345, W364 97k-
11and White Regal. The first season trials were planted in May and harvested October 1999, then cured and stored for 2 months
before being assessed in January 2000. The second season trials were planted May 2000 and harvested in November 2000.

Set C: cultivars were grown in Nairobi, Kenya by CIP. These included eight Tanzanian cultivars (Bilagala, Budagala, Iboja, Kagole,
Mwanamonde, Polista, Sinia B and SPN/Q), five check cultivars (Kemb 10, KSP 20, SPK 004, Yanshu I and Zapallo) and four
cultivars from North and South America (Beauregard, Jewel, Hernandez and L-86-33). The first season trials were planted in May
and harvested in September 2000; the second season trials were planted in November 2000 and harvested in February 2001.

The post-harvest experiments were conducted at the Natural Resources Institute (NRI), Chatham, UK. Assessment of wound healing
efficiency at moderate humidity was conducted with the roots placed in three controlled environment chambers maintained at 65%
RH and 26 °C. For assessment at high humidity, the roots were placed in an enclosed bin with a layer of water in the base; relative
humidity was greater than 95% throughout the assessment. The humidity and temperature of the storage environment were recorded
using Tinytalk miniature data-loggers (Gemini, Chichester, UK). A minimum of 12 roots per cultivar were assessed at moderate
humidity and a minimum of four roots per cultivar at high humidity.

2
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6.3.1 Physiol ind healing at

optimal humid
Relative humidity affects the pattern of wound healing
and reduces its efficiency in sweetpotato roots, but the
effects vary by cultivar. Figure 6.1 shows the cross-
section of roots of eight sweetpotato cultivars after
wounding and subsequent storage for 3 days and 6 days
at 97, 65 and 58% RH. Roots that were kept at lower
humidity after wounding show sunken wound surfaces,
presumably due to desiccation. The response of roots to
lower humidities appears to be cultivar dependent, with
tissue shrinkage more pronounced for the cultivars
SPK 004, Kemb 10, KSP 20 and Caplina. A thick
desiccated crust formed in these cultivars, which was
difficult to cut. Less shrinkage and much thinner
desiccated crusts were observed for the cultivars
Zapallo, Salyboro, Yan Shu 1 and Julian. These
cultivars appear to heal more efficiently at the lower
humidities.

Figure 6.2 shows micrographs of sections through
wounds healed at 71% RH for three contrasting
cultivars — Zapallo, Kemb10 and KSP 20. Lignification
started at the periphery of the wound under the
periderm, and subsequently developed towards the
centre of the wound (Figure 6.3c) All cultivars show
surface layers of desiccated cells which are flattened

and appear white due to the concentration of starch
granules as the cells lose water. This has been
described previously for sweetpotato by Artschwager
and Starrett (1931) and for yam (Dioscorea spp.) by
Passam et al. (1976). Consistent with the observations
above, the micrographs show that Zapallo has a much
thinner desiccated layer than Kemb10 or KSP 20.

Lignified layers started to develop below the
desiccated layer from 2 days after wounding for most
cultivars, although development started after 1 day in
roots of some cultivars, notably Yan Shu 1 and KSP 20.
Figure 6.3a—¢ shows micrographs of wounds from
three contrasting cultivars. Zapallo developed lignified
layers close to the surface (Figure 6.3a). For some
cultivars, a continuous lignin layer never developed, the
layer remaining patchy/discontinuous (Figure 6.3b), or
even absent (Figure 6.3c) at the centre of the wound.

Thickness of desiccated and lignified layers

More detailed studies were carried out on five of the
eight cultivars. The number of lignified cell layers
observed by microscopy increased for 5 days after
wounding and healing at 82% RH (Table 6.4). The
mean number of lignified cell layers for the five
cultivars was significantly different and varied between
0.47 and 3.65 layers after 4 days and 1.75 and 3.36
layers after 5 days. This is a thinner layer than reported
for curing at high humidity by Walter and Schadel
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97% RH 65% RH 58% RH

Zapallo, 3 days

BP1 - SP2, 3 days

Yan Shu 1, 3 days

Caplina, 3 days

Kemb 10, 3 days

SPK 004, 3 days

Figure 6.1 Slices of sweetpotato with wounds; variability in depth of desiccation depending on
cultivar and relative humidity
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The bar represents around 200 mm. Sections: 15 mm thick, stained with Phloroglucinol/HCI, which stains the lignin red.
The sections were taken from (a) Zapallo, (b) Kemb 10 and (c) KSP 20.

Figure 6.2 Lignification starts at the wound boundary. The onset of the lignin layer in wounds of
sweetpotato kept at 71% RH at 6 days after wounding

. f‘ﬁssixc:sliowiag'.sﬂgns»{, z
' A

~ of desiccation .

Sections were stained with phloroglucinol (1% in ethanol 95%) and concentrated HCl. Magnification: x 40 or x 100. The bar represents
100 mm. (a) Zapallo: thin desiccated cell layer (x 100), (b) KSP 20: 20 to 25 desiccated cell layers above patchy lignification (x40), (c)
SPK 004: no lignified cell layers (x 40).

Figure 6.3 Variability in depth of desiccation. Typical sections through sweetpotato wounds at 6
days after wounding when the roots were kept at 71.1% RH and 20.9 + 1.6 °C
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Table 6.4 The number of lignified cell
layers following artificial
wounding and healing in roots
of five cultivars of sweetpotato

Days after wounding 2 3 4 5

EYan Shu 1 1.41 129 2.04 2.28
Kemb 10 096 2.19 239 3.36
KSP 20 056 1.56 3.65 3.09
Zapallo 121 1.96 2.15 2.88
SPK 004 047 097 0.47 1.75

Cultivar effect (P value)  ns ns <0.001 0.076

LSD 0.85 1.00 1.24 1.73

Roots were obtained from Trial 1 after 1 and 4 weeks of
storage. Measurements were taken for five wounds per
cultivar for each storage time. Healing conditions: 26 °C and
82% RH. No significant effects of storage time were found.

LSD = least significant difference.

(1983), who found on average 4.3 layers of suberized
cells after 5-7 days.

Given that it is not possible to differentiate cells in the
desiccated layer, a better indication of the thickness of
both desiccated and lignified layers could be obtained
by using a microscope fitted with a graticule to
measure the actual dimensions. Table 6.5 shows data
obtained for roots that had been stored for 1 and 6
weeks after harvest. For the lignified layer, highly
significant differences among cultivars were observed
for 2, 4, 6 and 10 days of healing. Results were less
clear for the desiccated cell layers, but cultivar
differences were significant after 4 days and highly
significant after 10 days. An effect of storage time was
only apparent after 10 days of healing, at which time
SPK 004 and Kemb 10 had much thinner lignified
layers, and thicker desiccated layers, while the other
three cultivars showed no change. The cultivars SPK
004 and Kemb 10 had the thinnest lignified layers
throughout healing with some roots completely failing
to lignify. Yan Shu 1 and Zapallo had the thickest
lignified layers. The results confirmed the findings of
Walter and Schadel (1983) that after 4 days
lignification is complete, but disagreed with the results
of St Amand and Randle (1991), who described an
almost linear increase in the number of lignified cell
layers from 0 to 7 layers between 3 and 12 days after
wounding (at 29 °C and 85% RH).

6.3.2 Continuity and depth of the lignified
layer as an indication of wound
healing efficiency

Average thickness of the lignified layer gives no
indication of the completeness of the layer. As
mentioned above, for some wounds, lignification
occurred in a patchy pattern, with 56 lignified layers

in some places, but no lignification in others, while
some wounds completely failed to produce lignin.
Failure to lignify was observed in 30 out of 46 roots of
SPK 004 and 26 out of 42 roots for Kemb 10.

The thickness of the desiccated cell layer, and hence
the depth of the lignified layer (Table 6.5), appears to
be related to the efficiency of the healing process.
Absence of a lignified layer usually coincided with a
very thick desiccated layer and development of a hard
wound surface. In these cases, the desiccated layer
stained bright red with safranin-fast green, indicating
the presence of phenolics, consistent with disruption of
lignin synthesis. On the other hand, in those cultivars
with efficient lignin synthesis, the desiccated layer
tended to be thin and the lignified cell layers close to
the surface (e.g. Zapallo, Figure 6.2). Strider and
McCombs (1958) observed such a pattern when
comparing roots cured at different humidities. Thus,
they reported a thick desiccated layer (17 cell layers)
where the roots were kept at 21 °C and 60% RH,
compared to a depth of 4-6 layers where roots were
healed at 95% RH. These authors did not compare
different cultivars.

6.3.3 Lignification index as a measure
of wound healing efficiency

A range of methods to measure progress of wound
healing have been reported in the literature. Cell layers
may be counted using microscopy (as above and
Strider and McCombs, 1958). Walter and Schadel
(1982) developed a rapid method in which artificially
inflicted wounds are lifted off the tissue after healing
and stained with phloroglucinol. The colour intensity
was used to indicate the level of lignification. It was
found that 1.4 layers of lignified cells stained pink, 2.6
layers stained red, and above 4 layers stained reddish-
purple. Lulai and Orr (1995) measured the wound
healing efficiency in potato by determining the
transpiration rate through the wound surface using a
porometer. These methods generally —require
sophisticated equipment, or are too time consuming to
be used to screen germplasm. In addition, from our
observations, we considered that the continuity of
lignification is more important in the healing of
wounds than the thickness of the lignified layer, and
that there appears to be little relationship between
thickness of the lignified layer and continuity. Thus Yan
Shu 1 tends to have good continuity, but thin lignified
layers. We, therefore, developed a rapid method to
assess continuity of the lignified layer to determine the
wound healing efficiency of cultivars at lower
humidities. After staining lignin with phloroglucinol,
the continuity of the lignified layer can be easily
assessed and scored by the naked eye in tissue sections
cut by hand from wounds left to heal for 5 days. The
average score for each wound (0—1) was termed the
lignification index (LI) (see section 6.2 for further
details). This method is quick, as the staining is rapid
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Table 6.5 The thickness of the desiccated and lignified cell layers (um) during healing after
artificial wounding of roots of five cultivars of sweetpotato

Days of healing 2 days 4 days 6 days 10 days
Storage Desiccated Lignified Desiccated Lignified Desiccated Lignified Desiccated Lignified
time from cells cells cells cells cells cells cells cells
harvest

Yan Shu | 1 week 232 22.8 244 22.7 18.2 25.3 22.6 274
6 weeks 20.5 29.2

Kemb 10 1 week 19.4 5.8 26.5 20 14.2 6.4 21 22
6 weeks 75 2

KSP 20 1 week 19.4 13.7 38.6 284 227 38.4 44 34.2
6 weeks 16 325

Zapallo 1 week 15.5 20.1 21.4 32.6 11.9 29.1 16.8 27.2
6 weeks 16.2 19.8

SPK 004 1 week 19.8 39 46 53 24.8 12.4 58 19.6
6 weeks 122.8 3.5

Storage effect ns ns ns ns ns ns 0.013 0.019

P value

Cultivar effect ns < 0.001 0.045 0.011 ns <0.001 < 0.001 0.001

P value

Cultivar storage 0.004 <0.001

effect

P value

LSD cultivar 16.95 7.76 16.36 12.76

LSD cultivar 32.04 16.84

storage

Measurements were taken using a microscope equipped with a graticule for four sections per root, after 1 and 6 weeks of storage.
Five and four roots obtained from Trial 2 were assessed per cultivar after 1 and 6 weeks, respectively. In some cases it was not possible
to determine the thickness of the desiccated cell layers, and this was treated as missing data. Healing conditions: 26 °C and 73% RH.

LSD = least significant difference.

(3 min), requires minimal equipment and can thus be
used in developing countries of the tropics where
laboratory facilities with microscopes are not available.

Table 6.6 shows the LI for the five cultivars, measured
in seven trials. Consistently high LIs were observed for
the cultivars Zapallo and Yan Shu 1, while SPK 004
was consistently poor. The cultivars Kemb 10 and KSP
20 were more variable, and appeared to show some
dependence on relative humidity.

The relationship between LI and humidity is examined
in more detail in Figure 6.4 which shows the LI for 13
cultivars measured at three relative humidities (58%,
65% and 97%). At high humidity, the LI is close to 1
for all cultivars but there is a wide range among
cultivars in the ability to lignify at lower humidities.

Testing the validity of the lignification index as an
indicator of healing and storability

Wound healing is considered important both to reduce
water loss through a wound, and also to prevent the entry
of pathogens. We tested the validity of the LI as a
measure of wound healing in terms of both these aspects.

(i) The relationship between the LI and water loss
through a wound

Water loss through wounds was measured directly in
terms of transpiration rate using a modified leaf
porometer. Figure 6.5 shows the transpiration rate over
time through wounds healed at 76% RH for the five
key cultivars. The transpiration rate decreases during
the wound healing process. This is partly due to
desiccation of the top cell layers under the wound, and
partly through lignification and formation of the
wound periderm. Although cultivars showed a similar
pattern, significant differences were observed among
them at all time points. Consistent with the LI, the
transpiration rates through wounds in Zapallo and Yan
Shu 1 were always lower than for Kemb 10, KSP 20
and SPK 004.

In Figure 6.5, the transpiration rates are also shown for
two potato cultivars. It is worth noting that the water
loss profiles of potato were different from those of
sweetpotato. The transpiration rate through wounds in
potato decreased more rapidly after wounding,
confirming the findings of Lulai et al. (1996). Thus the
barrier under a potato wound forms more rapidly, or
has a more effective sealing capacity than in
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Roots were obtained from Trial 8. At least four roots were used for each measurement. Cultivar root dry matter content measured
using three roots per cultivar is given at the top of the graph.

Figure 6.4 The LI of thirteen sweetpotato cultivars measured after healing at three relative
humidities (58%, 65% and 97%)

Table 6.6 The lignification index of five sweetpotato cultivars as determined in five trials

Trial 7

Trial 2

Trial 4

Trial 1 Trial 1 Trial 2 Trial 5
(4 weeks) (6 weeks) (6 weeks)
7';enTperature “C) —26 - 26 o 726 7 26 n 21 20 23 o
RH (%) 82 82 73 73 71 76 65
Zapallo I 0.82 1 0.95 0.89 1 0.79
Yan Shu 1 0.8 0.9 1 1 0.96 0.98 0.95
KSP 20 0.85 091 0.8 0.9 0.3 0.58 0.33
Kemb 10 1 0.6 0.45 0.16 0.39 0.79 0.25
0.29 0.35 03 0.15 0.31 0.15

SPK 004 0.38

For Trials 1 and 2, measurements were repeated after 4 and 6 weeks of storage, respectively. At least four roots were assessed per

cultivar in each trial,

sweetpotato. The barrier formed in potato does not
stain with phloroglucinol/HCI, but stains with Sudan
III and is assumed, therefore, to consist mainly of
suberin (Lulai and Morgan, 1992). The barrier in
sweetpotato on the other hand stains bright red with
phloroglucinol/HC1 and is believed to be a ligno-
suberin-like substance with more lignin character
(McClure, 1960).

The association between the presence/continuity of
lignin and transpiration rate was assessed using statistical
tests. These indicated that completeness of the lignified
layer (high LI) was related to lower transpiration rates
(Table 6.7). Thus, the distribution of the levels of
transpiration rate were divided into three categories (i.e.
low, intermediate and high) and lignification was divided
into two categories, according to the completeness of
lignification. Pearson chi square tests indicated that
lignification was significantly associated with lower

transpiration rates at 6, 8, 10 and 13 days after wounding.
No association with transpiration rate was only indicated
on day 3 when presumably the wound healing process
was not completed.

(i) The relationship between the lignification index
and pathogen invasion of the wound

The effectiveness of wound healing in protecting the
wound against pathogen invasion was tested by placing
mycelia of Rhizopus oryzae directly on to wounds at
various stages during the healing process. Figure 6.6
shows the dimensions of lesions allowed to develop over
2 days for twelve cultivars. SPK 004 is notable in the
development of lesions on wounds even after 6 days of
healing. A contingency table relating the incidence of rots
to either the presence of lignin, or to the completeness of
the lignified layer (Table 6.8), indicates that the latter is
much more important in preventing rotting.
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Roots were obtained from Trial 5. Each value is the mean of 5-10 measurements taken with a porometer at the wound site.
Healing conditions: 20 °C, 76% RH.

Figure 6.5 Transpiration rate through artificially inflicted wounds for five sweetpotato and two
potato cultivars

Table 6.7 Association between lignification and the rate of water loss through wounds after 3, 6,
8, 10 and 13 days of healing

Counts of roots

Time after Transpiration (T) (mmol/s/m?) No lignin Continuous Chi square P value

wounding or patchy lignin  lignin layer  value

3 days Low 76.2 >T 5 9 3.26 =0.196
Intermediate 76.2 <T< 89.2 7 4
High T> 89.2 10 5

6 days Low 432 >T 0 12 11.80 =0.003
Intermediate 43.2 <T< 57.8
High T> 578 5 8

8 days Low 3725 >T 3 9 17.20 <0.001
Intermediate 37125 <T< 63.75 1 10
High T:> 6375 10 1

10 days Low 29.6 >T 1 9 8.36 =0.015
Intermediate 29.6 <T< 69.4 3
High T> 69.4 7 3

13 days Low 14 >T 2 9 8.71 =0.013
Intermediate 14 <T< 19.4 0 12
High T2 194 6 6

Data was collected from Trial 4. Healing conditions: 21 °C, 71% RH.

Lignification index and storability (weight loss) and suggested that during marketing most water loss
occurs through new or incompletely healed wounds
(van Oirschot, 2000). This suggests that the LI for a
cultivar could provide an important indication of the

The results above establish that continuity of the lignin
layer and, therefore, the LI provide a valid indication of
functional wound healing for sweetpotatoes at sub-
optimal humidities. In Chapter 5, we postulated that potential shelf-life during marketing. Consistent with
water loss is the main cause of deterioration for roots this, we find that high weight losses occur during
during marketing in the tropics (Rees et al., in press) storage for cultivars with poor lignification efficiency
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Table 6.8 Contingency table using the incidence of roots rotting and/or lignification

(A) Presence of lignin

(B) Completeness of lignified layer

Patchy lignin No lignin Complete

Time after  Rotting No lignin
wounding Complete Patchy lignin lignification
lignification
Day 3 No rotting 7 11 ; - 14 23
Rotting 18 31 28 21

Pearson chi square = 0.46
P=0.496
Fisher’s exact test: P = 0.6455

Pearson chi square = 6.71
P=0.010
Fisher’s exact test: P = 0.01544

Day 6 No rotting 5
Rotting 15

28

5 28

26 8

Pearson chi square =3.14
P=0.076
Fisher’s exact test: P = 0.0861

Pearson chi square = 25.33
P <0.001
Fisher’s exact test: P < 0.001

In (A) patchy lignified roots were grouped with complete lignified roots, and in (B) patchy lignification was grouped with ‘no lignin’.
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Freshly cut wounds were used as controls. Mycelial plugs were placed on the wound and the roots were incubated for 2 days in
plastic bags to maintain humidity (at 21-25 °C, 95% RH) (LSDy gyy = 6.96; LSDyg gays= 5.74; LSD) g gays = 7.02).

Figure 6.6 The dimensions of lesions of R. oryzae placed on 3, 6 or 10-day-old wounds
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Figure 6.6 cont.
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Figure 6.7 The relationship between cultivar LI and percentage root weight loss after 10 weeks
of storage. Each point corresponds to a cultivar

(Figure 6.7, correlation coefficient -0.472, P = 0.027).
This is in contrast with the findings of Walter et al.
(1989) that the rate of lignification did not relate to
storability.

6.3.4 Screening of sweetpotato germplasm
using the lignification index

Once we were confident that the LI was a valid
measure of wound healing efficiency, we initiated a
screening programme of sweetpotato germplasm from
all areas of the world to find cultivars that were

particularly efficient at healing at lower humidities.
These cultivars would be valuable in breeding
programmes.

Three sets of cultivars were assessed (see section 6.2.
for details). For all sets, a large range in LI was found.
Moreover, a comparison of the results obtained for the
two harvests of Set A, and for the two seasons for Sets
B and C, indicated that cultivar behaviour was fairly
consistent (Figure 6.8a—c). Correlation coefficients (r)
of 0.80 (P<0.001), 0.47 (P<0.001) and 0.82 (P<0.05)
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were calculated for sets A, B and C, respectively. The
lower correlation seen for Set B may be because the
roots were stored prior to screening in the first season.

Table 6.9 presents the mean LI for each cultivar
measured both at moderate and high humidity. As
previously suggested (van Oirschot, 2000) almost all
cultivars have high LI at high humidity, although there
are a few exceptions, for example, Beauregard,
Hernandez and L86-33.

Why does wound healing efficiency vary among
cultivars?

A key question is what is the physiological basis for
differences in wound healing efficiency among
sweetpotato cultivars. If we could understand this, then
it might help in the selection of better cultivars, and
may even provide the basis for genetic modification in
future decades. Research is ongoing in the
investigation of this issue. We found a relationship
between dry matter (DM) content and wound healing
efficiency in several trials. High DM cultivars tended
to be less efficient at wound healing at moderate
humidities. This was in agreement with Rees et al.
(1998) who reported that high dry matter is often
related to short shelf-life.

The finding that cultivars with higher DM content have
less efficient wound healing would be unwelcome.
High DM is associated with sensory characteristics
(Flouriness) important for consumer acceptability in
East Africa (Kapinga et al., 1997) and is a key attribute
for processing. The characteristic is considered so
important worldwide that CIP has a specific initiative
to breed for higher DM cultivars. It thus becomes
important to determine whether it is possible to breed
for cultivars with high DM content and good wound
healing characteristics.

Figure 6.9 classifies the cultivars screened according to
their origin. It is apparent that the cultivars cluster by
origin, for both DM and LI. For example, cultivars
originating from East Africa had higher DM content
and lower LI than cultivars from the USA or
Central/South America. Although for the whole data
set, there is a significant negative correlation between
DM and LI, correlation analysis carried out separately
for cultivars of each origin did not reveal any
significant relationships between DM and LI

To investigate this matter further, a set of five
experiments was conducted on a selection of cultivars
in which DM content and LI at moderate humidity was
measured for each individual root. In this way it was
possible to use multivariate linear regression analysis
to model LI in terms of cultivar and DM content. The
linear regression models obtained from the five
experiments, with their significance levels, are
presented in Table 6.10. In all cases, cultivar was the
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Figure 6.8 Comparison of the LI measured at
moderate humidity by cultivar:
(a) Set A, first and second harvest;
(b} Set B, first and second season;
(c) Set C, first and second season

most important factor. However, in each case, root DM
content made an extra contribution, albeit a small one,
to the strength of the model. The general conclusion
from this data is that DM content does affect wound
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Table 6.9 Mean LIs measured at high and moderate relative humidity, for all cultivars screened
Cultivar LI high RH LI moderate RH Cultivar LI high RH LI moderate RH
W-308 0.99 0.93 Mugande 0.98 0.39
Blesbok 0.83 0.87 97K-11 1.00 0.38
Yan Shu 1 0.98 0.86 Mogamba 0.90 0.37
Zapallo 0.91 0.80 Regal 0.98 0.35
Jewel 0.78 0.78 SC 1149-19 0.95 0.33
Cemsa 74-228 0.90 0.77 Kemb 37 0.85 0.31
Xu Shu 18 0.83 0.77 SPN/0 0.84 0.29
PI 595856 0.96 0.75 Bilagala 0.73 0.29
W-287 0.78 0.74 White Regal 0.96 0.27
Sumor 0.93 0.71 Picadito 0.94 0.26
Tainung No 64 0.78 0.71 KSP 20 0.96 0.23
Beauregard 0.64 0.68 Kemb 10 0.94 0.22
Brondal 0.90 0.68 Tanzania 0.98 0.20
Jayalo - 0.68 NC 1560 0.95 0.20
Naveto 0.90 0.68 PI 538354 0.96 0.18
W-325 091 0.67 Hernandez 0.61 0.13
Tinian 0.95 0.63 Budagala 0.94 0.13
Sinia 0.95 0.60 Polista 1.00 0.10
W-317 0.94 0.57 Kagole 0.96 0.08
L-86-33 0.64 0.57 SPK 004 094 0.05
PI 595873 0.97 0.56 Iboja 1.00 0.05
Santo Amaro 0.90 0.55 Mwanamonde 1.00 0.05
W-341 1.00 0.55 — S e
W-345 0.94 0.48
Mafutha 0.93 0.45
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Figure 6.9 Relationship between LI (at moderate relative humidity) and dry matter content for all
cultivars tested, classified by location
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Table 6.10 Multivariate linear regression models for LI at moderate humidity

Experiment Model (cultivar)

Model (DM and cultivar)

LI= 1.182-0.030 DMCi + constant* cultivar
P<0.001 36% variance accounted for

LI=1.276-0.036 DMCi + constant* cultivar

P<0.001 28.2% variance accounted for

LI =0.902-0.021 DMCi + constant* cultivar
P<0.001 41.7 % variance accounted for

LI =1.075-0.027 DMCi + constant™ cultivar

P<0.001 45.4% variance accounted for

I LI=0.303 + constant* cultivar

P<0.001 34.3% variance accounted for
2 LI =0.625 + constant* cultivar

P<0.001 23.1% variance accounted for
3 LI = 0.272 + constant* cultivar

P<0.001 40.0% variance accounted for
4 LI =0.224 + constant* cultivar

P<0.001 43.1% variance accounted for
5 LI =0.37 + constant* cultivar

P<0.045 7.2% variance accounted for

LI =1.59-0.058 DMCi + constant* cultivar
P<0.001 18.3% variance accounted for

DMCi = Initial DM content. For experiments 1—4, this was estimated using final DM content and weight loss during the
experiment. For experiment 5, the root was cut in halves at the start of the experiment, and one half used to measure DMC.

Experiment 1: 18 roots each of 10 cultivars; Experiment 2: 13—18 roots each of 13 cultivars; Experiment 3: 182 roots each of 12
cultivars; Experiment 4: 17-18 roots each of 11 cultivars; Experiment 5: 12 roots each of 9 cultivars.

healing ability at moderate humidity, but there are
other cultivar factors that are much more important.

This matter is still under investigation (further
information can be obtained by contacting Q. van
Oirschot or D. Rees).

Under sub-optimal humidities (65% # 10) the wound
healing process in sweetpotato follows a similar pattern
to wound healing under curing conditions. However,
the thickness of the desiccated cell layer, and hence the
depth of the lignified layer, is affected by both cultivar
and humidity. Some cultivars consistently failed to
produce a lignified layer while in others the layer is
often not continuous. The continuity of the lignified
layer is more important for effectiveness of wound
healing than the actual thickness.

Wound healing efficiency as measured by lignification
was found to be a major factor in the shelf-life of sweet
potato cultivars. Lignification of wounds correlates
with reduced rate of weight loss and fungal infection.

A method for assessing efficiency of wound healing
termed the lignification index, based on assessing the
continuity of lignified layers has been developed. This
quick and simple method estimates the probability that
wound healing occurs, and does not require a
microscope. This could be a suitable method by which
breeding programmes could assess their germplasm,
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CHAPTER 7

Improving long-term storage
under tropical conditions:
role of cultivar selection

D. Rees, Q.E.A. van Oirschot, L. B. Mbilinyi, M. Muhanna and K. I. Tomlins

7.1 Introduction

7.1.1 The potential for long-term storage
under tropical conditions

Storage temperature has a large effect on the keeping
qualities of sweetpotato. The ideal storage temperature
is 13-15 °C; lower temperatures can cause physiological
damage, whereas higher temperatures promote fast
metabolic rates and, therefore, increase rates of
deterioration. Thus, where temperature-