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EXECUTIVE SUMM ARY

The overall objective of the project was to improve the system by which yams are marketed in and
exported from Ghana. Specific objectives are; to identify the technical and socioeconomic constraints
to the system; to improve handling, storage andexypotocols; develop recommendations to

improve linkages between growers and exporters; to reduce the incidence of chronic rots in yams
entering the marketing chain; and devise improved methods for the grading of yams.

Problems of the yam marketing systenclude lack of competition faced by traders which put

producers at a disadvantage and leads to low and fluctuating prices for farmers. Growers lack market
information and cannot defer sale during the harvest season when prices are low because of lack o
storage facilities and finance. The quality of yams arriving at the markets are compromised due to
poor transport infrastructure, poor harvesting practices, and poor storage conditions. There appears to
be no premium for the growers for higher quajitgyns. Growers are persuaded by traders to harvest

early in the season, when yam prices are higher, but the immature yams are more perishable. The
variety, Pona, preferred for its taste, is one of the more perishable varieties. Losses can account for as
much as 50 per cent of production.

Storage trials demonstrated that the optimum storage method depends on tuber maturity; yam barns
refined by GTZ for storage of ware yams are less suitable for storage of milk yams than the traditional
pit system. Tests wercarried out in the field and in the laboratory to determine how curing

(promotion of natural wountlealing) might by optimised in the field. The optimum temperature for
curing of Ponais 320C, and although it had been assumed that yams cured natuealgtoted in

pits in the tropics, in many cases the temperatures recorded in trials were lower, and curing apparently
ineffective. Temperatures in excess of 340C inhibit curing, as do high levels of carbon dioxide and
low levels of oxygen, underlining thmportance of ventilation. Recommendations for curing

practices suitable for the range of agroecological zones in Ghanaare being developed.

The organisation and problems of the yam export trade has been determined by surveys covering
producers, tradei@nd exporters in Ghana, and importers in the UK, and by assessment of yam quality at
various stages in the export process. Yam exports represent less than 0.01% of national yam production,
but an expansion would increase foreign exchange earnings for.GRdmeaexport trade is perceived as

highly lucrative, but margins can be squeezed considerably by high cost of tubers and substantial losses
due to rejects by importers. Supply uncertainty hampers contract performance by exporters, undermining
longrterm tade relations with importers.

Even after grading -30% tubers were found to have internal rots before leaving Ghana. Although
exporters appear unaware, shippers have no active temperature control for the yams, and most the ships
used, either have racilities for temperature control or do not to deploy the systeemapé&ratures may

rise from 30C to 34C in the first 44 days of shipment, and then dip below 15C and even 100C in
European waters (such temperatures are know to induce chilling injyanie). Surveys of Pona

yam exports indicate 30% of the consignments may be rotten by the end of the season in March.

Linkage between exporters and growers could assure more stable supply of high quality tubers at
stable prices and improve tuber qualityough reducing the supply chain. An instructive model is

that of pineapples for the export market. In this model exporters have firm export orders and establish
forward supply contracts with producers. In the case of yams, exporters wait for ofdezsulsang

agents to obtain supplies from wholesale markets in Accra.

Linkage between exporters and producers appears feasible; if the capacity of exporters to absorb

suppliers from producers can be enhanced through securing firm export orders aimgfandre
actively involved in the domestic trade in high quality tubers. Considerable improvement in yam
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quality could be obtained if exporters were aware of optimal shipping conditions for yams, and
ensured that the shippers complied with these conditions

The incidence of rots in yams was studied both in the markets, and during storage trials. The most
common organisms identified in the two cases was essentially the same. The theory that infections
originate from the seed yam in the field is suppdoietindings of a survey conducted in Brong Ahafo.

Nonrinvasive methods for assessing rots in yams would improve quality of yams leaving Ghana, and
therefore arriving in the UK. Using external visual appearance of yams, the best method so far devised
for assessing internal rots (considering %external rots and %gashes) can select/discard yams with an
efficiency of 75%.

Initial experiments on a simple gas sensor array has demonstrated that the response of the sensors
differed significantly between sounddamternally rotten tubers, and also between sound and

damaged tubers. Further development of the instrumentation has been more difficult than anticipated,
but will continue after the termination of this project.
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Final Technical Report: Background 1

BACKGROUND

Information should include a description of the importance of the researchable constraint(sg thiajéict sought
to address and a summary of any significant research previously carried out. Also, some reference to how the
demand for the project was identified.

The Importance of Yams

The intensive cultivation of yam®i{oscoreaspp.) is concentratad the West African states of

Beni n, Camer oon, Clte dolvoire, Gha#®@qoftdl ger i a
annual global production (FAO 1994). Over the past 15 years world production of yams has been
increasing and this is believeal be due mainly to the expansion of yam production in Africa.

Despite this trend, and the fact that the yam crop contributes significantly to the income generating
power of the rural producers as well as alleviating food security concerns in West Afsicehale,

support for research into the problems faced by the yam trade is patchy and the latent potential of this
commodity is still very far from being fully realised.

General Focus of Research

Until relatively recently, most research initiatives thate focused on yams have attempted to
address production problems by considering methods of propagation, production strategies and
measures against pnrarvest diseases (Tetteh and Saakwa 1991, and references therein) and relatively
few studies have badlirected at the pos$tarvest sector in general (Thompson and Bancroft, 1996).
Despite their obvious importance, the economic and social factors that dictate contemporary post
harvest handling and storage practices have remained unresearched anditiys wbthke marketing
systems have been generally ignored. In the future this may change if international research
organisations begin to fulfil their stated objective of developing the yam crop more fully. At the time
of the start of this project, howes there were currently no other active research projects which
shared the specific aim of developing appropriate strategies to safeguard the quality of marketable
yams and improve their export potential.

PostHarvest Losses

Although the need to improvbe postharvest storage, handling and transportation of yams has

always been acknowledged, the importance of these issues was brought to the fore by the results of
surveys conducted in Ghana in 1994 and 1995 by GTZ and NRI @laih1994). Need asssment

surveys funded by the DFID Regional Africa Project on&sain Starch Staples (Kleit al, 1994)

and carried out by the NRI in collaboration with the Ghanaian National Programmes recorded that
considerable losses were inherent in the traditigaad marketing systems but noted that, at that time,
there were few reliable data on the extent of such losses or a precise understanding of the nature of the
constraints.

An indication of the likely extent of losses encountered by producers alone devivesirvey work
conducted by the GTZ. Estimates forfanm losses for yam and cassava together ranged from 4
25%, with typical losses of yams during a storage period of 16 weeks accounting for 18% (GTZ,
1995). In formulating the National AgricultuBesearch Strategy (NARS) Plan for Ghana, well
aware of the difficulties faced by the yam trade, policy makers highlighted yam as a priority crop for
research and development and particularly identified the need to redutep@sit losses which, in
1994 the Ministry of Food and Agriculture estimated at some 20% of production. Internationally
research bodies have begun to turn their attention to the constraints evident in the yam production
system. In June 1997 francophone agencies (CIRAD, CORAF, IIRROSTROM) met with a

Natural Resources Institute, University of Greenwich
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view to ceordinating their efforts to define and put in place a global strategy for research and
development to promote yams.

The RNRKS pr BRglievingtposRaBvesOcbnst(aiats and identifying opportunities for
improvig t he mar ket i ng onhanafyed bysRhBanyceoftngenenate®Grhose etadled
data quantifying the biological and economic loss encountered between the farm gate and the
traditional retail market. Pertinent findings generated by that proje¢hat:

a) The most significant consequence of shortcomings in the contemporary marketing systems
is the premature degradation of tubers by rots resulting in either partial or absolute biological loss
(refer to Figure 1) and price discounting of the o@fe35-80% (Crentsil & Danso, 1996, and Crentsil
et al.,1997);

b) Of all apparently o&édheal t hy 6-300charsours ampl ed
chronic internal rots (Bancroét al, 1997);

c) Combinations of -hargesthandifng/storagegpnotocolshgwethea nd p o st

potential to reduce the extent of rotting aftet Bionths offarm storage (NRInt., 1999), and

d) To effect any significant diminution and control of the losses identified in the marketing
chain in the foreseeable futy specific traditional podtarvest handling and marketing practices will
need to be radically altered with the focus of change directed at producers and exporters in particular.

The extent of waste in the export sector had yet to be adequately gaatifeport by Ghartey

(1995), however, cited a range of problems and potential deficiencies affecting the yam export trade
from Ghana and, not surprisingly, spoilage by rots is cited as a significant area of concern.
Discussions with yam importers inethUK suggested that, on arrival, losses of 10% are expected and
that it is not uncommon for wastage rates to rise to 50% and even 100% (Bancroft 1996 & 1998 and
Crentsilet al. 1997). As a consequence of the risks involved in the export of yams tiggther
exporters themselves nor the importers can rely on consistent quality and both periodically suffer
economic loss of consignments and market.

Quality of marketable yams darm

As the general level of development in the yam producing areas of Wist édrrently precludes

the use of biocides (specifically fungicides), sprout suppressants or refrigerated cool stores, it is the
judicious use of other alternative forms of intervention that, for the time being at least, may provide
some means of mitigag the current levels of pekarvest loss. Of key importance here is the
integrated use of 6 c ubain degigns fpristorage undet asnbient comgitiomsv e d
and a radical rassessment of the pdsrvest grading and handling of yams.

Over the years a favoured topic for research in West Africa has been the storage of yams, the design
of yam barns and the comparative advantage of barns to the pit storage of tubers (Coursey 1967,
Coursey and Nwankwo 1968, Demeaux and Vivier 1984, Gira@lin996, GTZ 1995, Henckes

al. 1995, Igbeka 1985, IITA [Undated], Nwanleti al. 1987 and Ogundana 1982). Various-pre
storage O6curingd and 6l i mebd treatments of yams
as a means of diminishing thecidence and forestalling decay and moisture loss in tubers by
encouraging the wourdealing of tissues immediately after harvest (Costkal. 1988, Martin 1974

and Thompson 1972,). As regards the {@stest management of yams during transportation and
export, recommendations for the selection of yams for export have also been produced (Ghartey 1995
and Medlicott- undated) and in Ghana guidance notes for yam exporters are made available by the
Federation of Associations of Ghanaian Exporters (FAGE,)1997

Natural Resources Institute, University of Greenwich
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Despite this body of research, its findings and recommendations, there is little evidence to suggest that
improved protocols have been deployed effectively on a large scale by those working in the yam trade
in West Africa. If concerted efforts havedn made to disseminate this information and bring about
significant changes in traditional practices and these initiatives have failed, then papers investigating
the possible social and economic constraints to the implementing of modifidubposst stitegies

are absent. At least in part, therefore, the problem would appear to be that the lessons learned from
previous academic research have not been transferred, developed, pilot tested and promoted in
communities reliant on the yam trade and henceoéliiye potential benefits of that may accrue from
changes in handling strategies have not yet been realised in practice. It was one of the objectives of
the project reported here to take the products of previous research and at least begin the process of
developing and testing strategies that are realistic and economically profitable for those involved in
the production and trading of yams.

During the last season of trials undertaken as part of the NRI managed project R6505, the adherence
to specific cumg and posharvest protocols was found to significantly reduce the weight of rots
recovered from tuber samples after three and four months storage (NRInt., 1999). Although research
is still required to determine which curing regimes engender an opgspbmse and which may

prove detrimental, the available evidence suggests that the integration of curing protocols together
with the storage of yams in improved yam barns similar to those advocated by the GTZ (GTZ, 1995
and Henckes et al. 1995) have théeptial to reduce ofarm wastage.

Ultimately, to change th&tatus quat is necessary to work alongside producers tgigue their

existing practices to include curing and also devise strategies by which access to improved storage
facilities becomean affordable option. Success depends on whether protocols can be shown to be
consistent, and technically and economically superior to existing practices, whether or not individual
farmers can be convinced of the benefits and persuaded to break withrirgudiol their resources

and work communally with others to bring about improvements, and whether the new working
relationships that may be required to promote changes irhpostst practice are sustainable over

time. A review of literature availabla the public domain indicates that initiatives of this nature had
not been undertaken previously.

Quality of yams shipped for export

In much the same manner, additional initiatives to upgrade the practice of yam exporters are required
to improve the quay of yams exported from Ghana. In the light of observations recorded during
project R6505, the areas of specific concern were the need to forge links between producers and
exporters; the requirement for producers to select yams specifically for i evgket; improved

produce grading prior to shipment and improved stowage and handling regimes during shipment by
sea. For such recommendations to succeed in invigorating the existing export trade their technical,
economic and social veracity needs ¢odstablished by studying the quality of-wins, assessing

the economic benefits relative to manpower and resource inputs, and taking due note of the
sociological factors that may influence the speed with which such new trading relationships and
practiees may become established.

Principal Agents of Disease

Of the range of factors that precipitate losses of marketable tubers, rots are the most immediately
apparent causing both primary and secondary damage. Published papers indicate that an extensive
list of fungal and some bacterial organisms have been isolated from decaying yams (e.g. Coursey
1967, GTZ 1995, Nwankitt al. 1987, Ogundana 1982, Thompsairal 1977) and conventional

wisdom suggests that many of these agents gain entry into tteaktissues of the yam via natural

Natural Resources Institute, University of Greenwich
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openings, cracks, punctures caused by various insect pests and nematodes and wounds resulting from
mechanical damage and poor handling (Thompson and Bancroft, 1996). Observations further suggest
that the incidence of retmay be influenced by varietal resistance, the nature of the storage
environment and whether tubers have been cured or treated with biocides or lime and/or ash
preparations. Specific information regarding which pathogens engender the most damage and why,
and how handling protocols may influence the incidence and progression of these diseases remains
lacking however. Preliminary studies undertaken during Project R6505 suggested that the spectra of
pathogens found degrading yams differed between vari#htas source of production and also may
change during the trading/storage season. Destructive analysis of apparently sound yams has also
revealed high levels of chronic disease deep within the yam tubers suggesting that a significant
proportion of infeabns may be initiated prearvest and may even stem from the original planting
material. In seeking to develop strategies to counter the incidence of disease intlzeesstsector

it is imperative to appreciate more precisely where infections arésbaw different protocols may

be deployed effectively to disrupt the normal epidemiological progression of potentially destructive
pathogens.

Curing of fresh produce

Curing was first described for potatoes (Priestley and Woffenden, 1923;Artswaglrahél2

involved exposing the tubers to warm (usuallylBSC) humid conditions for a few days after

harvest. Its effect is to encourage rapid wound healing to retard water loss and act as a barrier to
invading micreorganisms (Passaet al, 1976). Additbnally the warm temperatures may stimulate
metabolic reactions resulting in the production of toxic or antagonistic chemicals . There are also
many reports of curing being effective on fruits (Holreeal.,1998; Tariq and Thompson, 2001).
Artschwager antarret (1931) distinguished the three stages involved in the physiology of wound
healing in sweet potatoes as; 1) The desiccation of several cell layers of parenchyma in the wound; 2)
The thickening of cell walls (suberization or lignification) of cééneath the the desicated cells; 3)

The formation of wound periderm (cork or wound phellem) underneath the lignified layer to

complete the process of wound healing. Lignification has been observed to be probably the most
critical step in the wound healimocess since after lignification a woupdriderm is formed

underneath the lignified cell layer even if sweet potato roots are removed from curing (Walter and
Schadel, 1982; 1983). The wound periderm consists of layers of cells, stacked in a simitatheay

native periderm and resembles the natural periderm except that is formed after harvest. It can develop
under both curing and cooler conditions, but under curing conditions it develops more quickly (Walter
and Schadel, 1982). The factors affectingmma healing in plants include environmental conditions,

type of wound, maturity and soil temperature. Wound healing can be measured in several ways. This
includes the number of lignified cell layers (Walter and Schadel, 1982), wound phellem layers
(Striderand McCombs, 1958), rates of water loss (Lulai and Orr, 1995), ethylene production ( Walter
and Schadel 1982; St Amand and Randel (1989; 1991) and microbial invasion (Nielsen and Johnson,
1974).

Curing for control of tuber rots of yam (Dioscorea spp.)

Thompsonet al. (1977) have shown histologically that lignification and the development of wound
periderm in yams is similar to that of sweetpotato. This, however, contrasts with the data of Martin
(1974) who suggested earlier that periderm formation doegemerally occur during curing of yams.
Several workers have reported the advantages of storing cured tubers over uncured tubers. Despite its
obvious advantages curing is not widely practised in West Africa. In order to reduce its added cost to
production and to promote the practice among farmers, curing will have to be made more efficient by
optimising the tuber and environmental factors affecting the process. It is therefor important to
establish what would be the most appropriate levels of thesedélatdwill condition efficient curing

in white yam D. rotundatd?oir). To date the limited literature on wound healing in yams is not
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particularly clear about the nature of the environmental conditions required to initiate the curing
process although theall report longer shelf life for cured compared to uncured tubers. Table 1 shows
the environmental conditions reported for successful curing of yam tubers. .

Table 1. Environmental conditions for curing of yam Dioscorea spp tubers to prolong shelf
life.

Species Temperature®C) | Humidity (%) | Duration (days) | Reference

D.alata 32 90 4 Gonzalez and Rivera (1972)
D.rotundata 25-30 55-82 5 Adesuyi (1973)

D. esculenta 26-28 high 57 Martin (1974)

D. dulbifera

D.rotundata 2540 95-100 - Beenet al (1976)

D. caynensis

D.rotundata 26 92 11-15 Nnodu (1986)

D. caynensis 36-40 91-98 - Thompsoret al. (1977)

There seems to be agreement on the use of high humidityQpBQt there is still a wide range in
suggested optimum curing temperature-42%C) and curing duration {25 days).

The physiology of curing in yam tubers is undesearched and much isllsto be discovered
regarding the mechanisms that controls wound healing in yam and how the process may be influenced
by other factors such as tuber maturity at harvest and duration of storage of tubers. The optimum age
at harvest for tubers to be stored & long period is an important factor for yam production. The time

of maturity varies considerably between cultivars (Olatlial, 1984;Degrass, 1984) but adequate
attention has not been paid to its effect on curing and therefore on the storabibipflyis also
important to investigate if yams stored over a period of time but later sustain some damage due to
transportation and handling can be cured before export. This is because yam is a seasonal crop and
yam export is done throughout the year.eTphysical effects of curing on tuber skin strength,
toughness and fracture (skin strength, skin elasticity and tissue integrity) is also worth studying as this
impacts on the level of damage on cured tubers as they are transported or inspected in storage.

Non-Destructive Grading Methods

In response to demands of the fresh produce industry in the developed countries to satisfy quality
assurance targets, commercial firms and research organisations have recently begun to develop
equipment designed to asseajuality indices by nedestructive assays based on the use of sonic
probes or sensory arrays. Commercial trials are already underway to determine the feasibility of
using sonic probes to grade fruit such as apples, avocados and melons (Bancrodind 288)

published example of the successful deployment of another approach is provided by the determination
of fruit ripeness of muskmelons. By analysing the aromatic volatiles evolved from the fruit, Benady
and his ceworkers (1995) have been able to peedle ripeness of melons with a higher degree of
accuracy than by all other conventional destructive anedestructive methods of ripeness

evaluation. More recently, researchers have begun to explore the possibility of using sensory array
equipment talifferentiate between other materials, for example Kesthal (1998) have reported

success in using sensory equipment to detect and differentiate the activity of spoilage fungi grown in
culture.

At the NRI sensory arrays have been used successfultéomine the internal quality of mangoes
and tomatoes (Taylor, 1997a and 1997b) and experimentation indicates that similar techniques have

Natural Resources Institute, University of Greenwich



6 Yam quality

the potential to monitor the quality/maturity of apples (Taylor, 1998a) during storage and differentiate
between vadously treated samples of groundnuts (Taylor, 1998b).
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PROJECT PURPOSE

The purpose of the project and how it addressed the identified development opportunity or identified constraint to
development.

The overall objective of the project is to improve the system by which yams are mank&teahia,

and also exported from Ghana to Europe (specifically the UK). In order to achieve this, the specific
project objectives are; to identify the technical and socioeconomic constraints to the system; to
improve handling, storage and export protocdéjelop recommendations to improve linkages

between growers and exporters; to reduce the incidence of chronic rots in yams entering the marketing
chain; and devise improved methods for the grading of yams.

Improvement of yam handling and storage will hawdirect impact on Food Security, while
improvement in their market potential will increase their contribution to rural livelihoods

I n the 6Yam Bel t 6 -poor ped¥ansfarmebsfane regpansiblerfoe theocultivatian of
yams, but there aiadications that they have the potential to scale up production. For the majority,

the crop represents both food security and, due to its enduring popularity, an important source of
income. Projected population growth, urbanisation and the furtherogpevenht of local, regional and
overseas markets suggest that the demand for yams will increase. If producers and traders were able
to respond effectively to these marketing opportunities, the contribution to rural livelihoods made by
the yam trade would @and, and the income generating potential of the crop would be more fully
realised. Presently, the more effective exploitation of yams is constrained by high costs of production
in terms of manpower inputs and very considerablegée postharvest losse This project sought

to: develop and test integrated technical, socially and ecologically acceptable protocols that are able to
reduce the absolute biological and economic losses inherent in the current system; improve the quality
of yams destined fordth local and overseas markets; and strengthen the links between yam producers
and exporters.

Although the majority of the field work was conducted in Ghana, the findings will be pertinent to the
other yamtrading systems operating in West Africa.
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RESEARCH ACTIVITIES

This section should include detailed descriptions of all the research activities (research studies, surveys etc.)
conducted to achieve the outputs of the project. Information on any facilities, expertise and special resources used to
implement the project should also be included. Indicate any modification to the proposed research activities, and
whether planned inputs were achieved.

Changes to project management and personnel.
A full list of the institutions and staff members that coniiéiol to this project is given on page i.

The project was developed and initiated by Dr. Roger Bancroft. However, in 2001 Dr Bancroft ceased to
be a fulltime member of staff at the Natural Resources Institute, although continuing as an associate staff
member. From this time administrative management of the project was taken over by Dr. Debbie Rees.
However, management of all of the technical activities within Ghana, and many of those in the UK
remained the responsibility of Dr Bancroft.

Day-to-day managment of project activities in Ghana was undertaken by David Crentsil of the Ministry

of Agriculture.

Changes to Outputs and Activities.

During the course of theqect certain alterations were made to the Outputs and activities in
discussion with thel®@gramme Manager. These are summarised in the Logframe shown on the
following pages.

Compilation of this report

This report was compiled primarily by D. Rees, from data and reports on the individual project

activities supplied by the project participant he following sections were written by G.Omumabh:
Activities 2.1, Outputs 2.1
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Note: The logframe is in a separate file: Logframe.doc
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Output 1. Improved post-harvest handling and storage protocols developed,
integrated and validated in collaboration with yam producers for deployment
in-country.

1.1 Socioeconomic aspects of the marketing system
Further information can be obtained from Greenhalgh (2001) and Agbodza (2002)

A range of data sources were used in compiling this study, includinghgxiefiorts and grey
literature. Additional statistical data was also obtained from government production and marketing
statistics. Another important source has been interviews with yam producers, and the data from these
interviews were supplemented wititeérviews with other persons knowledgeable about post harvest
yam production practices including traders, government officers, exporters and consumers. Through
these sources detailed data were collected on the range of factors influencing post harvest yam
handling and storage practices. In the remainder of this section the nature and sources of data
employed are discussed in more detail.

Interviews were undertaken with 66 farmers in the Brong Ahafo Rédioa largest yarproducing
region in Ghana. In @ition, as part of Phase 1 of the project some twenty yam traders in the
Techiman, Kintampo and Atebubu markets were interviewed along with 20 traders each from the
Basere and Konkongo markets in Accra. 53 traders were interviewed. 4 Ghanaian expogters we
interviewed along with six UK yam importers.

Structured questionnaires were used in conducting the interviews. The aim was to collect data from

producers on all the soegonomic factors that dictate the kinds of guatvest handling and storage

practices of yams and how these affect quality and price. Information is also being collected on

quality including variety of yam being produced, aroma and taste, physical appearance of tubers and

grade of yam. Information being collected from yam tradeslsidled grade/size, place of storage,

type of storage structures, types of vehicles used in conveying yams to the market. Some of the

general questions that the research endeavoured to provide answers to include:

- What are the podtarvest handling and stage practices by farmers?

- What are the socieconomic factors that determine the choice of -hastest handling and
storage practices by farmers?

- How are the costs and returns of yam farmers'-pastest handling and storage practices
determined?

- Whatis the relationship between the quality of yam and its economic value?

- Are there any regulations or standards that producers follow in order to produce good quality
yam?
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1.2 Storage and handling trials.
Further details can be obtained from Banceodll. (2003)

For this output handling/storage trials were conducted over three seasons in order to investigate the
strengths and weaknesses of the existing methods, and to identify improvements. The locations and
treatments varied depending on the findirmg the previous years trials. The trials were supported by
laboratory experiments conducted in parallel.

The improvement of handling and storage is important for the export as well as marketingtiy, so
that these activities are also of relevatac®utput 2.

1.2.1 Storage and handling trials: Year 1

In the first year of the project (20ED01) a trial was established in the village of Fiaso in the

Techiman District of Brong Ahafo Region, during which the shigfpotential of three varietseof

White Yam Dioscorea rotundataar. Pona, Lili and Zoan) stored under a range of conditions

(traditional and recently introduced) were studied. An important aspect of the treatments used was the
introduction of a prestorage treatment designedtwalldi c ur i ngo of the Theber s
tubers used were milk yams i.e. were relatively immature (harvested approximately 6 months from
planting).

Yam supply
Yam tubers of three varieties: Pona, Lili and Zoan were harvested from separateSatmd.tubers
from each variety of yam were divided into four groups of 100 tubers, which were exposed to four

pre-storage/storage treatments as shown below.

Pre-storage/storage treatments

Prestorage treatment Storage treatment

Treatment a | Improved yam barn

=13

Treatmentb |2 weeks of
ambient temp.

curingo Improved yam barn

=1

Treatmentc |2 weeks of curingo Improved yam barn

ambient temp.

Treatment d | Traditional storage pit

Theimproved yam barwasbased on traditional designs with improvements defined by GTZ (GTZ
(1995) Market orientated storage of yanascase study in Northern Ghana. GTZ Internal report.
Henckes, C., Fuseini, H.A. and Nicol, K. 1995. Maiteéntated yam storage: a key torigase the
profit of yam production.International Conference, Postharvest technology and Commodity
Marketing27-29 November 1995, Accra Ghana.). The tubers were stored on open shelves.

Thehumidified clampvas a structure built in the open in whichirgwaar pile of yams bedded on

straw were covered with a polypropylene sheet. To enhance the humidity within the clamp, a bucket
of water was placed at the centre of the pile.
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For curingin treatment (c) tubers were placed in plastic bags (900 x 6Q@eauge 350) which were
then closed and tied with string.

The traditional storage pit was the control treatment, as this was the most common storage structure
founding the region. Yams were placed in a shallow pit which was then covered with a mound of
earth and shaded by palm fronds.

Trial design

Immediately after harvest, a quality assessment of both obviously sound, and diseased tubers was
conducted. Subsequently 400 sound tubers of each of the three varieties were selected for the trial.
100 tbers of each variety were exposed to thegpoeage treatments for each of the 4 treatments. To
allow for mishap, only 60 tubers of each variety (3 replicates of 4 tubers to be sampled at 5 time
points) were carried forward to the storage phase for @atte 4 treatments. Tubers were selected

from the remaining tubers for quality assessment. All tubers for treatments a,b and ¢ were stored in a
single barn.

Tubers for treatment d were stored in 15 pits, each of which contained 4 tubers of eaclihzariety
tubers). Thus 3 pits were sampled at each time point.

Tubers were assessed for quality at monthly intervals for 5 months. Due to time constraints, the 3
replicates were assessed on consecutive days. Thus for treatment d, one pit was open@pyn each
of assessment

Tuber Assessment

The monthly assessment of yams during storage were conducted as follows.

Firstly, intact tubers were inspected and data was recorded describing length, weight and internal and
external temperature.

Tuberswerecutintbi ve portions. The 6head6 &thalengtiohi |1 6 po
the tuber from the head and the tail respectively, and the remaining cylindrical trunk of the yam was

cut into three segments of equal length. These segments weredrefetrr® as t he o6t opd, 6
O6bottombdb portions of the tuber. For each of the
observations were made as listed in Table 1.1

Table 1.1 Data obtained during assessment of yam tubers: year 1

Characteristics of Characteristics of each portion

whole yams
By number By area By weight

Total length of tuber (mm) | Sprouting (Y/N) Total skin surface area (Mjn | Wt of yam portion

Total weight of tuber (g) Harvest cut (Y/N) Area of grazes Wt of heat stresseportions

Surface Temperature’@) No. of cuts Area of gashes Wt of termite damage

Internal Temperature°C) No. of splits/cracks Area of pest eaten portions | Wt of spear grass damage
No. of breakages Area of heat stressed portion Wt of beetle damagy
No. of termite holes Area of cuts Wt of millipede damage
No. of spear grass holes | Area of splits/cracks Wt of internal brown spots
No. of beetle holes Area of rough skin Wt of external rot damage
No. of millipede holes Area of visible rots Wt of internal rot damage
No. of other holes
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1.2.2 Storage and handling trials: Year 2
1.2.2.1 Main trial on Pona

For the second year of trials, due to its economic importance, the main trial concentrated on the
variety Pona. The main purposf this trial was to determine whether storage could be improved by a
curing treatment. As for year 1, the tubers were relatively immatu¥ar(@nths from planting). The

trial was conducted at Nyomoase in the Atebubu district of the Brong Ahafo region

Yam supply

Yams were provided by two farmers on adjacent farms. Planting was done about the same time by
both farmers. Two days were taken to harvest the tubers used for the trial. 800 tubers were provided
by one farmer, while the other supplied 3dMhese tubers were mixed thoroughly out of the 1100

tubers 900 were selected for the trial.

During harvesting information on the two farms was obtained from the farmers through discussions
using the participatory approach.

Storage treatments

Pre-storagetreatment Storage treatment

Treatment a | Improved yam barn

Treatmentb |4 days of #fAcuringo i rlImprovedyam barn

Treatment ¢ | Traditional storage pit

Traditional storage pit
For the prestorage treatment a pit (length: 2.5m; widtl@m; depth: 0.5m) large enough to contain
300 tubers was dug. The tubers were then arranged in it with the tail end down, after which they were

covered with earth. A shade was then erected over it to protect the arrangement from rain and the sun.

The tubersvere kept in the pit for four days after which they were removed.
For the storage treatment tubers were stored in 5 pits of 46 tubers each..
For security purposes the storage pits were dug in the village and not on the farm.

Improved yam barn.
The impraved yam barn was built to the same specifications and dimensions as that built at Fiaso in
year 1 (1.1).

Curing room

The room used for curing was built of earth but cemented inside and outside. It was roofed with
aluminium sheet and had internal dimensioLength: 4.20m, Width: 3.40m, Height centre:-
2.75m; sidesi 2.20m

Before the curing process all openings on the door and window of the room were sealed by covering
them with black polythene sheets. Some boards were then arranged oorthe $erve as pallets on

which the tubers were arranged. Two trays each having a surface area of about 1800cm? (60cm X
30cm) and a depth of 10cm were filled with water and placed together in the centre of the pallet. The
300 tubers were then arrangeduard the trays and the whole arrangement covered with a polythene
sheet. Temperature and humidity was assessed
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Six small holes, each of an area of about 4cm?2 were made at selected points on the sheet to improve
aerdion within the pile. Five 10@vatts bulbs were hung everdpaced over the covered pile of

tubers. The space between the polythene sheet and the bulbs was about 30cm. Four wet jute sacks
were also hung in the room 0 daotthesaks wayddippetiie ar r an
trays (with the same dimensions as those mentioned above) of water throughout the curing period.

Through capillarity force water from the trays always rose to significant heights on the hanging sacks.

Apart from this two moref such trays were filled with water and placed in the room.

To get a reasonable temperature and humidity even before the tubers were arranged in the room, some
water was boiled in a big bowl at one corner of the room and all the lights switchedaciiity
continued throughout the curing period.

Trial design

900 tubers were selected for the trial. 300 tubers were exposed to-terpge conditions for each

of the 3 treatments. Only 230 tubers (46 tubers to be sampled at 5 time pointsnmiedsforward

to the storage phase for each of the 3 treatments. Of the tubers remaining after the prestorage
treatment 10 sound and 10 unsound (where available) were selected and assessed in detail for quality.
All tubers for treatments a,b were stoied single barn. Tubers for treatment ¢ were stored in 5 pits,
each containing 46 tubers.

Tuber assessments

Of the 46 tubers assessed each month 16 tubers were randomly selected for destructive assessment.
The destructive assessment was similar &b tised in year 1, except that the tubers were cut finally

into 40 pieces rather than 5. Three main assessment stages were employed. The first one involved
assessing the whole tuber, the second involved cutting the tuber into five sections. For siteghird

the five sections were further cut into eight different pieces (bits) and assessed. Parameters used for
the assessments are presented below:

Table 1.2 Data obtained during assessment of yam tubers: year 2.

Tuber form Parameters assessed
First sage Full Weight and length of tuber
Second stage Five sections Weight of section, number of cuts, number of

splits/cracks, number of termite and spear gra
holes and number of gashes on each section

Third stage Eight pieces (bits) Weight and surface ameof each piece, surface
area of rough skin (nematode infection) and
weight of rot on each piece.

1.2.2.2 Storage and handling trial year 2: Comparison of varieties Pona and Onumo (Aboagye
Nuamah and Offei (2002).

During year 2, two white yam varietieBona and Onumo were compared in a parallel trial to that
described in 1.2, using essentially the same methods. A total of 200 commercially sound tubers of
each variety were selected for the experiment. Each selected tuber was labelled and weighed. 10
tubers of each variety were randomly selected and assessed to determine the quality status of the yam
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tubers. The remaining tubers were then divided into three groups of 60 tubers and subjected to the
three posharvest treatments as described above.

1.2.3Storage and handling trial year3

The results of the first two years of trials suggested that the maturity of yams had a very significant effect

on their storability, and optimum storage conditions. In the third year, therefore, two sets of trials were
conducted, firstly on i mmature fimil ko yams, and s
1.2.3.1 Storage and handling trial yeaB: Milk yams

The trials were conducted at Yomoase, Brong Ahafo Region. Previous trials had indicated that Milk

yams stored liter in pits than in barns. The trials were therefore designed to determined whether
improvements could be made to pit storage.

Yam supply

700 Pona tubers were harvested over two and a ha
Information on the growing practis used at the farm was collected at the time of harvest.

Storage treatments

Prestorage treatment Storage treatment
Treatment NP No chemical treatment] 4 days stored in pit Stored in pit
Treatment TP 0.4% Thiabendazole | 4 days stored in pit Stored in [
Treatment NC No chemical treatmenf 4 days i n Stored in pit
roomo
Treatment TC 0.4% Thiabendazole |4 days i n Stored in pit
roomo

Pit storage

For the prestorage treatment a singl e Tpaigtb | ar ge
electronic monitoring devise was placed in the pit to monitor the temperature and relative humidity
throughout the period. The pit was covered with earth and a shade erected.

For the storage treatment 5 pits, each with a capacity of 100 tubersonsteicted.

Curing room

The room used for curing was built of earth but cemented inside and outside. It was roofed with
aluminium sheet and had the following internal dimensions: LengtB0 m, Width:  3.40 m,

Height- centre:-2.75 m; sidest 2.20 m. Before the curing process all openings on the door and
window of the room were sealed by covering them with black polythene sheets. Pallets were then
arranged on the floor. Two trays each having a surface area of about 1800 cm? (60 cm x 80acm) an
depth of 10 cm were placed together on the centre of the pallet. A wooden framei([édgtim;

width i 55 cm; heighi 75 cm) was erected around the trays. Two jute sacks were cut into four along
their longitudinal sides, soaked with water and honghe wooden frame with their lower ends lying

in the trays. The trays were then filled with hot water, after which the whole arrangement was covered
with a plastic sheet. The wet jute sacks and the hot water were used to generate the relatively high
temperature and humidity needed for curing. Small holes were made on the plastic sheet at convenient
locations to facilitate gas exchanges. To facilitate increase in temperature and relative humidity water
was heated at one corner of the room with a gas $tovehe same purpose two 1@@tt bulbs were
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hung on the covered arrangement. To ensure that the temperature did not go beyond the recommended
level two temperature probes were used. When the temperature was found to be going higher than the
recommendeckgither the bulbs or stove or both were put off. The curing process lasted for four days.

Trial design

Out of 700 harvested tubers 610 good tubers were selected for the trial. Ten of these were assessed to
determine initial quality prior to any subsequiandling. 150 tubers (separated into 6 replicates of

25 tubers) were then assigned to each of the four treatments. Yams designated to treatment TP and

TC were then dipped in 0.4% thiabendazole. A single pit containing 300 tubers was used for pre

storage pit treatment involved in two of the treatments (NP and TP). Similarly curing of the remaining
300 tubers (treatments NC and TC) was conducted
For logistical reasons, only 5 of the 6 replicates were used during thegsient stages of the trial.

| mmedi ately after the 6curingd protocol was <comp
25 samples of each of the yams of treatments NP, TP, NC and TC were destructively analysed. This

left a total of 125 yams faeach treatment combination to pass into storage. In this trial storage was
arranged in a series of 5 pits. In each pit, each treatment combination was represented by 5 blocks,

each containing 5 individual tubers. Hence each pit contained 5x5x4 =[H38.tu

Assessment of tubers.

Yams were assessed after 1 and 2 months of storage. On each occasion one pit was assessed for
guality, while a second was used to select good quality yams for transport to the UK and further
assessment.

Assessment of tubemvolved two stages. In the first stage all 25 tubers from each treatment were

first weighed and their status recorded. The status of each tuber was described as good, compromised
or poor depending on its wholesomeness. During the second stage 16 tubeendemly selected

from the 25 for detailed assessment. In this assessment each tuber was cut into eight equal pieces
along the length of the yam and each piece weighed. Every piece was then further assessed using for a
wide range of parameters as indahtn Table 1.1.

1.2.3.2 Storage and handling trial yeaB: Ware yams

This trial was conducted at Dogoketewa, in the Nkwanta district of the Volta region. Previous trials
had indicated that ware yams stored well in barns. The trials were therefiyeedeto determine
whether improvements could be made to barn storage.

The design of the trial, and the methods used were essentially the same as for milk yams (1.4.1)
except where described below.

Yam supply

700 Pona tubers were harvested overtwadayf r om one f armer 6s far m.
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Storage treatments

Prestorage treatment Storage treatment
Treatment NP No chemical treatment] 4 days stored in barn | Stored in barn
Treatment TP 0.4% Thiabendazole | 4 days stored in barn | Stored in barn
Treatment NC No chemicatreatment |4 days i n Stored in barn
roomo
Treatment TC 0.4% Thiabendazole |4 days i n Stored in barn
roomo

Storage barn

Before harvesting of the tubers a barn was constructed by the farmer on his farm under a tree with
local materials (ples and palm fronds). The dimensions of the barn were as follows:

Length: 4.30 m; width: 4.00 m and height: 1.90 m. To prevent entry of rodents into the barn, the
inside of the walls as well as the roof were lined and protected with hexagonal wire ofeitiigm

6gauged. The space between the wall and the fl oo

Curing room

A curing chamber was built in a room for the curing process. This was very similar to the one used
for milk yams. The room used for curing is Iboif earth and roofed with aluminium sheet and had

the following internal dimensions: Length3.20m, Width: 2.80m, Height: centre:- 2.80m;

sides:i 2.20m. The chamber consisted of wooden frame mounted on a wooden pallet. The frame was
then coveed with a plastic (polyethylene) sheet. Four small and one relatively bigger vents were

made on the plastic sheet to facilitate gas exchange during curing. In the middle of the pallet were
placed together two rectangular shaped bowls, each with dimeos$i@mgth 60cm, width 30cm and

depth 10cm.

The curing procedure used was as described in 1.4.1.

Trial design
Trial design was the same as that used for milk yams.
Tuber assessment

During storage period five assessments were carried out. At eachmessesse of the five lots in the

barn was assessed. Three lots were subjected to the two stages of assessment while the other two went
through only the first stage. The two lots that went through only the first stage of assessment were

used for shipment gport) trials from Ghana to the UK.

1.3 Studies on the environmental effects on wourttkaling in yams.

In order to facilitate the interpretation of the field trial results, and to optimise storage conditions in
the field, a set of experiments was cortdddo define the environmental effects on wohedling in

yams. Initial experiments were conducted at the Department of Crop Sciences, University of Ghana,
and later experiments were conducted at the NRI in UK. The data presented is from the later
expegiments.

The specific objectives of the experiments were:

e To investigate the effect of temperature, time and/OOconcentration on the extent of
wound lignification in white yam.
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e To investigate the effect of G, concentration during curing on the seluent internal
colour of tubers after cutting.

1.3.1. To investigate the effect of temperature, time and G{D, concentration on the extent of
wound lignification in white yam.

Yam tubers of variety Pona were air freighted from Ghana to NRI. 192 sdoerd were selected
for the experiment. The experiment was conducted twice at 8 day intervals.

Four shallow wounds were cut around the central portion of each tuber using a potato peeler.
Twenty-four tubers (3 replicates of 8 tubers) were placed ih ead incubators set to 3G, 32°C,

34°C and 36C. Within each incubators, the tubers were placed in 3 plastic boxes (8 tubers per box)
on racks placed above a layer of water, through which air was bubbled. Thus a high humidity was
maintained with gfficient ventilation to prevent an increase in 4€vels or a decrease in, @vels.

The temperature and relative humidity in the incubators were monitored using Tinytalk miniature data
loggers.

Two tubers from each replicate were removed at 3, Ad%alays for assessment of lignification.

As it was not possible to assess all tubers on the day of removal, tissue samples were cut from the
wound and fixed in FAA solution (Ethanol 70%, Formalin 5%, Acetic Acid 5%). In order to assess
thickness of th lignified layer, and the number of lignified cell layers, samples were then stained with
phloroglucinol (1% in 95% ethanol) for 2 minutes, transferred to concentrated HC1 for 30 s and
rinsed with water for 30s. The number and thickness of the lignifigdr Iwas assessed at x100
enlargement using a microscope equipped with a graticule.

1.3.2 To investigate the effect of C&£0, concentration during curing on the subsequent internal
colour of tubers after cutting.

Six artificially wounded tubers weregaed in each of two plastic boxes within an incubator set at ?,
arranged as described above, except that the containers were tightly sealed with plasticine.

One box was ventilated with air, while the other was supplied with a gas mix of 2&@@% Q.

Tubers were removed after the fourth day and cut for observation of internal tissue colour lignification
as described above.
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Output 2: Improved post-harvest handling and shipping protocols for the
export market identified and recommendations developed in collaboration with
joint yam producer/exporter associations.

2.1 Socioeconomic aspects of the Ghanaian yam export trade
The aim of the socieconomic research activitiexluded:

e Identifying the main economic and marketing factors affectiegvthbility of fresh yam exports
from Ghana into the UK market, including competition from other Yam exporting countries;

e Determining the technical and so@oonomic constraints hindering the development of effective
yam producer/exporter linkages andggible strategies to foster successful collaborations; and

e Assessing the feasibility of introducing improved handling, storage and shipping protocols to
reduce biological and economic losses, thereby improving the quality of yams delivered to the
exportdestinations, especially the UK market; and

Methodologies adopted by the Socieconomic Team

2.1.1 Ghanaian Yam exports to the UK: economic and marketing influences and sources of
competition

A range of data sources have been used in compilingttiig, sncluding trade and production
statistics, existing reports and grey literature, along with interviews with commercial contacts and
traders. The Bibliography and References (Appendix I) provides details of the principal documents

consulted; many of fich have not been published officidily

Various quantitative data (e.g. market size, prices, origin of imports) as well as qualitative (market
requirements, quality, constraints to trade) were collected. A series of unstructured and semi
structured irerviews with UK yam importers and Ghanaian exporters was supplemented with
interviews with other persons knowledgeable about the yam trade including government officers,
representatives of the Ghana Yam Producers and Exporters (GYPEA) and the Ghana Export
Promotion Council (GEPC). Researchers, academics and consumers were also consulted.

Data on the volume, value and destination of yam exports as well as details of company exports were
obtained from the GEPC. As with all trade data there is a degres-oéeording and discrepancies in

the data. In contrast, such detailed data was difficult to obtain in the UK, where data on yam imports

is not disaggregated within the category of Aot h
gualitative infornation was available on such aspects as the quality, grades and size of yams exported,
physical characteristics, taste and aroma, sources of production, storage methods, packaging and

shipping methods, as well as types of transport used.

2.1.2 Developmentof effective yam producer/exporter linkages
The study employed both sestructured and structured questionnaire interviews to collect both

guantitative and qualitative information, including yam farming practices, marketing (sales points) of
f ar memss.6 Qtaher i nformation collected includes ¢ty

1 The authes are grateful to those who were kind enough to provide these documents.
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traders needs, and reasons for going into marketing linkage arrangements, and market actors opinions
on yam marketing linkages. Information collected from exportefades current yam marketing

and supply systems, rejects and tuber rot levels associated with such supply systems, and the
profitability of the yam export business.

The study area was selected to cover the three regions in the country where yams airelgrge/n

guantities, and which also happen to have been part of the previou% phtmecurrent yam project.
Sampling was somewhat purposive, selected to include villages from which yam exporters indicated
they obtained their yam consignments. Othdagés were also selected on the advice of the District
Agricultural Development Officers, in terms of their relative importance in the district as far as yam
production is concerned. This approach was adopted to cover farmers who may already have dealt
with yam exporters or who at least have some market orientation in produlisrpurposive

sampling approach ensured that commercial yam producers were adequately covered. It is envisaged
that commercial orientation will stimulate yam farmers to wamistablish market linkages, hence the
choice.

The target populations from which samples were drawn include yam exporters, yam farmers and
traders (in selected districts), and yam exporter associations. Some officials of the Ghana Export
Promotion Counit (GEPC) and participants of the defunct Yam Export Production Villages concept
were also interviewed. Discussions were also held with officials of the Ghana Ports and Harbours
Authority (GPHA) and the Ghana Shippers Council.

The project team held focgsoup discussions with farmers and traders using the stenaitured
guestionnaires in five selected yamoducing districts: four villages in the Nkwanta district; one in

the KeteKrachi district of the Volta region; two villages in Salaga district effttorthern region; two

in the Sene district and one in the Atebubu district of the BAiITafo region. These discussions were
intended to provide the team with first hand information on the nature of existing marketing linkages
and the perceived effectivess or otherwise of those systems, as well as possible interventions
needed. The results of the above discussions were used in designing questionnaire for structured
interviews involving individuals.

A total of 66 yam farmers and 18 exporters were imt@rgd. The exporters were made toself
complete the questionnaire after the Project Team had explained the questions, but the response rate
was rather discouraging as most of them were reluctant to divulge information.

2.1.3 Profitability of yam export s
Based on primary data collected through structured andstemstured interviews, and supplemented
with information from secondary sources, the study analysed the profitability of yam exports,

employing marginal analysis.

In the analysis exporter ngans are estimated as the difference between the total revenue and total
variable cost, expressed as a percent of the value of the exports, i.e.

EM = (TR7 TVC) x 100/ total value of exports, where EM is exporter margin; TVC is total variable
cost, and R is total revenue.

The total cost was calculated by summing up all relevant cost items including the cost of tubers
purchased, transport cost, cost of packaging (including labour cost for packaging), port charges,

2 The phase that tried eflarm to develop and standardize a curing system for yam
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shipping and handling costs, and cosfreight. Data on administrative cost and wages for permanent
staff were not allocated.

The total revenue was estimated as the product of the number of cartons exported (less the quantity
rejected) and the price per carton in foreign currency. Rejesg3dosere alued at the selling price of

a 25kg box of yam in a particular consignmdrite arrangement with importers is that a maximum

level of rejects (due to rots), ranging between 3% and 10%, is agreed upon. Any rots above the agreed
limit is counted a a cost to the exporter and therefore not paid for. Data on this was also obtained

from exporters.

2.2 Assessment/improvement of pogtarvest and shipping protocols.
Further details can be obtained from Paetral. (2002), Bancrofet al.(2002)

Effective protocols for yam export require good storage conditions in Ghana, followed by appropriate
handling and storage during export. The former is addressed within the activities of Output 1. In
addition to this, export trials were conducted during the skaad third year of the project. The
objectives of these trials were both to examine the quality of yams after various storage treatments,
and to obtain information on the actual conditions during export, and how these could be improved.

The trials werearried out with the help of K. Laast Company, a yam exporting company.
2.2.1 Export trials year 2

As part of the (Pona) Yam Handling and Storage trial conducted at Nyomoase in the Atebubu district
of the Brong Ahafo region (see activities 1.2.2), gka® of tubers recovered from the three treatments
were exported to the United Kingdom and their qualities assessed there to ascertain how the
differently treated tubers could withstand the rigours of export handling. The tubers were compared
with tubers pirchased from elsewhere by an exporter and exported under the same export handling
procedure. At the same time the conditions (temperature and relative humidity) under which the
tubers were kept at the warehouses and exported were monitored. Two dppaoehshwere carried

out.

Sampling for export

During the storage trial assessment of tubers from the three treatments was carried out monthly. Of
the 46 tubers from each treatment sampled each month, 16 were randomly selected and assessed. A
careful seledon of all bad (not sound for export) tubers was then made out of the remaining 30. The
good tubers were then returned to their original storage structures until it was time for export.

Approximately three days before the arrival date of the ship, tre@gronents meant for export were
brought down to Accra and given to an exporter who packaged them in the same way that he
packaged his consignments for export. During selection of the trial tubers for export, all the tubers
kept after the monthly assessmesgire brought out of storage. The best 16 tubers from each
treatment were selected and sent to the exporter.

The first consignment was exported after about three months in storage while the second export was
carried out after tubers had been stored fouabour and a half months.

Packaging for export

Packaging was done by the exporter. This was to ensure uniformity of all activities since the
performance of the trial tubers during shipment
consignment.
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Fourtelescopic cartons were used for packaging of the tubers. Where possible, four tubers from each

of the three storage treatments were placed in each carton. (In the first consignment one tubers was
found to be dunexport abl eoésigament alsv,oosly 14 & theoRTe d . I n t
tubers were found to be exportable. Two of the cartons therefore contained 15 instead of the proposed

16 tubers. To make up the required export weight of 25kg per box, some Pona tubers were purchased
from the exporterrad added to the trial tubers.

2.2.2 Export trials Year 3
2.2.2.1 Milk yams

As part of the milk Pona Yam Handling and Storage trial conducted at Yomoase (see activities
1.2.3.1), samples of tubers recovered from the four treatments were exponeedtoted Kingdom

and their qualities assessed there to ascertain how the differently treated tubers could withstand the
rigours of export handling. The tubers were compared with tubers purchased from elsewhere by an
exporter and exported under the saxyoet handling procedure. At the same time the conditions
(temperature and relative humidity) under which the tubers were kept at the warehouses and exported
were monitored. Two export shipments were carried out.

For the first shipment 100 tubers conisigtof 25 tubers from each of the four treatments used in the

storage trial were dug from their storage pit and assessed after 37 days of storage. For easy
identification of the tubers, they were washed and dried under a shade. The very good andexportabl
tubers were then brought down to Accra and kept
to UK for further assessment.

The second export trial was conducted with tubers removed from the trial after 64 days of storage.

Due to partial floodingf the area where the tubers were stored, the tubers were found covered with

wet soil and had to be washed to make identification of the individual tubers possible. They were then

dried under shade and initial assessment made. The good (exportablejarbadentified and sent

down to Accra for preparation for shipment to UK . The tubers were first kept in a box (with vents) in

an appropriate place at the premises of the Agricultural Engineering Services Directorate for three

days and later senttotheppor t er 6 s ( K. Laastds) warehouse, whe
ready for shipment.

Preparation of tubers for UK.
Of the 25 tubers from each treatment brought down for export to UK for further assessment, the
following were found to be suitable fehipment for the two trials:

Trial 1 Trial 2

NP 16 tubers NP 11 tubers
NC 9 tubers NC 1 tuber
TP 7 tubers TP 15 tubers
TC 9tubers TC 4 tubers.

(See Activities 1.2.3.1 for a description of the treatments.)
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These were shared among 8 telescopiebadhat were used for the shipment.

The eight boxes were topped up with Pona tubers bought from the exporter to make up the required
weight of about 25kg per box. The individual tubers were wrapped in newsprint before they were
packed i n trhye Thaogxbe sel eAc térTaoni ¢ monitoring equi pme
monitor the temperature and relative humidity of the environment in which the tubers were kept. The
individual boxes were then strapped and made ready for transportation to thearbma.

Four more boxes of exportable Pona tubers were purchased from the exporter. Two of these were
treated with 0.4% Thiabendazole while the tubers in the other two were not treated. The top part and
head of tubers to be treated were dipped in thabEmrdazole solution for 1 minute. The tubers were
then allowed to dry and packaged after they had been wrapped individually in newsprint. All
packaging was carried out on 4 October 2002.

The four boxes and the eight used for the tubers from the stoi@geere palletised together and
loaded into the ship.

To get an idea of the quality of the exportable tubers shipped by the exporter, 30 of such tubers were
purchased by sampling from the export consignment and assessed in Ghana. At the same time 20
6jectedd tubers were purchased from the exporter

According to the exporter the Pona exported were purchased from Techiman. The time of harvesting
could not, however, be known by the exporter.

2.2.2.2 Wae yams

I n much the same manner as described above fo t
6Wared6 Yams were prepared and dispatched to t

the UK, the first was never recovered from the geaad may be assumed to have been subject to

pedial larceny. On the second attempt, again some of the cargo disappeared before discharge in the

UK but some data was recovered. In both cases, the temperature and humidity recorders were never
found.

r
he

Tubes used for these two trials were obtained from the handling and storage experiment established
at Dogoketewa in the Nkwanta district of the Volta region and also from Pona consignment purchased
by the exporter for export. (The latter was grown in a \@lagNorthern Ghana).

On each occasion 100 yams from the handling and storage trial (consisting of 25 tubers from each of
the four treatments) were removed from the storage barn and assessed for their export potential. They
were then broughtto Accraakde pt i n the exporterds warehouse un

Preparation of tubers for shipment.

Of the 25 tubers from each treatment kept at t he
for shipment. Eight telescopic boxes purchased fronetperter were used for packaging. Every box

therefore contained two tubers from each of the four treatments. To obtain the required shipping
weight of 25kg per box, Every box was then &6topp
consignment.

Tuberswere individually wrapped with newsprint before they were packaged. The boxes were left
uncovered until time for carting to the Tema harbour, when they were covered and strapped.
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Two types of O6Tiny Tagd el ect r o nfithe bowes.tODhetwas i ng e qg
programmed to monitor the temperature and relative humidity of the environment in which the tubers
were kept. The other was to record the vibrations, to which the tubers were subjected.

As i n the case of Gdkitubdes dispatohedwith the lpredude eezopeced ftoh g r
the storage trial were either treated with TBZ or remained untreated as controls.

To get an idea of the quality of the Pona tubers shipped by the exporter, 30 of such tubers were

purchased and asseds&he 30 tubers were selected randomly from the consignment set aside for
export. Thirty Orejectedb6b tubers were also purch
the exporter and assessed to ascertain why they were rejected.
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Output 3. Principal disease agents responsible for post-harvest loss in quality
of yams identified, source of infections determined and counter measures
verified.

3.1 Investigating the source of seed yam infection
Further information is given in Amete2003)

Studies were undertaken in Atebubu, Kintampo and Techiman Districts of the Brong Ahafo Region to
identify the sources of priearvest infections of seed yams associated with the loss of quality in seed
yam tubers oDioscorea rotundata, Poir, vat.ili and Pona.The studies were conducted on 450

tubers each of Lili and Pona, which were obtained from 6 farmers each in two villages randomly
selected from each of the three districts. The farmers stored the seed yam tubers in four traditional
storage systems. Theesd yams were assessed externally and internally at three different sampling
times corresponding to 0 days pbstrvest, 60 days pebarvest and 120 days pdsirvest.

The objectives of this study were to:

1. Determine the health quality status of farms 6 seed y a ms,

2. ldentify the rot causing pathogens of seed yams of two white yam varieties,

3. Determine the sources of the rot causing pathogens and

4. Investigate traditional storage barns as possible sources of seed yam infections-bygaiisons

3.1.1 Survey of practices relating to seed yam production and storage

A survey was carried out in the Brong Ahafo Region to derive information from yam producers on the
traditional methods of seed yam production, agronomic practices, storage metbeatsof pests and
diseases and methods of pmed postharvest seed yam management.

The questionnaires were designed;teted and administered between November and December
2000 to producers from Akokoa and Nyomoase in Atebubu district, Bawaku&uamauase in

Kintampo district and Asantanso and Fiaso in Techiman district all in Brong Ahafo Region of Ghana.
Six producers were randomly selected in each town..

3.1.2 Idenfication of pests and diseases and assessment of variety effect on qualigeetl yams

Seed yams of two varieties, Lili and Pona, were obtained from-giktiarmers in six villages of

three yam producing districts in the Brong Ahafo Region based on the intensity of yam production.
From each of the selected villages, three fasm@ach were selected for each of the yam varieties.
Twenty-five freshly harvested seed yams of each variety were obtained from each producer. Soil was
removed from the seed yams with a shoe brush and the roots on them were clipped with a pair of
scissorsThey were then labelled according to the district, village, farmer, variety and serial number

of tuber, and the fresh weight of each seed yam was measured using a weighing scale. Five seed yams
from each farmer were assessed at the start and after 60Alttysugh the original plan was to

assess five further yams from each farmer at 60 day intervals up to 240 days, the remaining 15 yams
were assessed after 120 days storage due to rapid deterioration of the seed yams and increased rodent
consumption. Thexperimental design used was the Completely Randomised Design (CRD).

During assessments, the following parameters were recorded:
Surface area of bruising

Surface area of sharp cuts

Weight loss

% rotten tissue (by weight)
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Micro-organisms were isolated artntified..

The presence or absence and weight of internal brown spots, indDaiswprea Mosaic Virus
(DMV).

The number and length and weight of sprouts.

The presence or absence of nematode galls, and surface area of nematode damage
Nematodes werextracted from the tissues and identified

Presence (number) or absence of mealy bugs,

Presence or absence of scale insects.

Presence or absence, number and diameter of termite holes

Rodent damage

The presence or absence of spear grass damage

Isolation and identification of rots

Tissues from the diseased samples were cultured within five days of recovery from the diseased seed
yam. Isolation of fungi was done first on water agar (WA) and later transferred to potato dextrose
agar (PDA). Small portiond geed yam tissue from the advancing edge of the infected tissue were
removed with flamed scalpel and surface sterilised in 1% sodium hypo chlorite solution for two
minutes to disinfect the tissue surface of any contaminant fafgamism. The tissue wasmoved

with forceps and rinsed in sterile distilled water for three minutes and blotted on sterilised filter paper.
Three pieces of the surface sterilised diseased tissues were placed on one WA plate for culturing
incubated at ambient temperatures of 30°C. Pure cultures were sghltured from the advancing

edge of each of the growing mieooganism on PDA plates

The PDA colonies of the fungi, which did not sporulate, were kept in disinfected improvised wooden
incubation chambers with light provided aywo feet 18 watt Tungstram fluorescent tube to provide

a near ultraviolet light continuously for seven days (Johnson and Booth, 1968; Tuite, 1969; Neegaard,
1977).

To identify the pathogens, mycelia bits were taken from pure cultures of the patidgatification
was according to the cultural characteristics on PDA, rate of growth, pigmentation, morphological
features of the mycelium and conidia and the sporulating characteristics of the fungi.

Isolation and identification of bacterium:

To isolateand identify the bacterial species, a small amount of tissue was removed from the advanced
edge of the diseased tissue with a fsatilised knife and surface sterilised in 1% sodium

hypochlorite for three minutes. The tissue was then rinsed in stistilled water for three minutes.

The tissue was then chopped with a flamed scalpel into small pieces in a drop of sterile distilled water
in a petri dish, incubated for two to three minutes at ambient temperature, and streaked into nutrient
agar (NA) phtes. The plates were incubated under ambient room temperature for three to four days in
wooden incubation chambers. Sub cultures from-giced single colonies were streaked into new

NA plates. Identification involved a motility test, gram stainingyrspcharacteristics, and tests for
anaerobic growthPseudomonas spas identified by plating oRseudomonaggar F

(Mikrobiologie). Further identification was done using API 20E, Enterobacteriaceae identification kits
(bioMérieux)

Extraction of nematodes from seed yams and soils.
Samples taken from infected seed yams were thoroughly washed under running tap water to remove

all soil particles. A thin slice of six to ten millimetres of seed yam tissue was cut into bits placed in a
petri dish and twenty rilitres of water added. The petri dish was left for twefdyr hours after
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which drops of water were taken from it into a grooved slide and observed under the microscope for
nematodes. Freshwater was added to the pieces of tuber in the containeydacthdze days to
improve aeration. ldentification of the nematodes was based on their morphological features.

About 750g each of soil from mounds in the fields where the seed yams were produced were also
taken for analysis for nematodes. A s#mpleof 200g was taken from each 750g soil sample and

put into facial tissue paper supported on a 1-mesh sieve in a plastic funnel with a flexible hose

and a clamp attached to the funnel. Nematodes were extracted from soil samples, using the method
describedy Dropkin (1989). Water was poured down the side of the funnel until it covered the lower
surface of the soil. After twerdipur hours, the clamp was opened to draw about twenty millilitres of
water into a smaller beaker. Drops of water from the bea&ex observed in a grooved slide, first

under the light microscope and further under the compound microscope.

3.1.3 Effect of traditional storage systems on quality of seed yams of two white yam varieties
(Lili and Pona).

Seed yams of two white yam veties (Lili, 450 and Pona, 450) were stored by six farmers each at

Akokoa, Nyomoase, Bawakura, Suronuase, Asantanso and Fiaso in Brong Ahafo Region from

November 2000 to April 2001. The storage systems were; (i) storage in thatch farm huts with one side
opened,, (ii) storage in dried millet stalk farm hut,, (iii) storage in heap under shade trees covered with
dried palm |l eaves, and (iv) storage in the thatc
Twentyf i ve seed yams of each f ar meaepltate goups o fivg n ment
to constitute a treatment. Each replicate of five seed yams was assessed at 0, 60 and 120 days after
storage to determine the influence of the storage systems on their quality. Weighing the seed yams at

0, 60 and 120 days afteosage weight loss in each seed yam in the storage systems was monitored.

The seed yams were further examined to determine the presence or absence of rots, which were
categorised into external or internal rot. The seed yams were also inspected fase¢hego

absence of Internal Brown Spots. The weights of the rots of external or internal origin and Internal
Brown Spot were also monitored. The incidence, weight and thickness of wound periderm on the
seed yams of the two varieties stored in the faanage systems were measured.

To further determine the types of miesoganisms associated with the yam barns, water agar plates

were prepared and used to trap pathogen spores in the selected traditional storage systems at Atebubu,
Kintampo and Techiman siricts. One plate of water agar was used per system at harvest before the
tubers of yam were packed into them and at 120 days after storage. The uncovered water agar plate
was held vertically in the right hand and waved overhead six times in the stgstgy®. The plate

was left uncovered on the floor of the storage system and recovered after 2 hours. The plate was kept
in an ice chest. Bits of WA were cut from the advancing margins of the growing-onganism with

a cork borer and sub cultured on POAe pure cultures were later identified using methods

described in 3.1.2.
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3.2 Assessing the incidence of major rot pathogens that compromise the quality of yams in
selected markets In Accra
Further information is given in Aboagyd¢uamah, Oduro and Gif (2003)

A total of 113 yam tubers with rots arising from natural infections were obtained from four selected
sources. These were the Accra, Agbogbloshie (Kokomba yam market), and Madina markets, and from
a Yam Barn in the Crop Science Department ofuhiversity of Ghana, Legon. Samples were taken
from the advancing ends of the each rotten yam tuber and were individually wrapped in plain
polythene bags and sent into the laboratory. Samples were then conserved in a refrigerdtdiCat 5

until isolation and identification of the organisms were done. The methods of identification were as
described in Activities 3.1

3.3 Association between tuber damage and rot causing organisms on the incidence of rots
among two varieties of white yam Dioscorea rotun@ta Poir var. Pona and Onump
Further information is given in Aboagyduamah and Offei (2003)

The experiment was conducted between October 2001 and June 2002 at-HarvesstDivision of
the Ministry of Food and Agriculture (MoFA), Sunyani and thehBlagy Laboratory of the
Department of Crop Science, University of Ghana, Legon.

di f

Two white yam varieties, Pona and Onumo , at
the ex

yamo and mature fiwaredo yams wer e aresltvdpefiodst
from October to February for the Milk yam and February to June for the Ware yams.

The Yams were separated into five groups depending on naturally occurring woutglggashes,

breakage and insect holes (as defined beland undamaggd controls.

e Cuts These are sharp excisions made on the tuber surface by farm tools either during harvesting
or cultural practices.

e Holes These are tunnels or small openings in the tubers, which are visible outside. They may be
as a result of termite daage or spear grass growing into the tuber.

e GashesAny damage on the tuber surface, which results in the destruction of the tissue of a
particular segment of the tuber other than a cut, or hole.

e Breakage This is where a particular portion or segmenteftuber has been broken off or
removed.

e Control: The control was made up of commercially sound tubers with no visible quality defect.

The yam tubers were then stored in a raised well ventilated improved yam barn built to the
specification of GTZ (GTZ, 196) in a completely randomised design (CRD) with 4 replicates.

Routine monthly assessments were carried out on the yams over the four months storage period for
each season. At each assessment time, four replicate tuber samples with rots were selexdet from
treatment and assessed for rots. Representative samples of rots arising from a particular wound from
these treatments were taken and returned to the laboratory for isolation and identification of pathogens
associated with the rots. In each instanive recovered disease samples were individually wrapped in
polythene bags and transported from the field to the laboratory in an ice chest. Samples were then
kept in a refrigerator ati05°C until isolation of pathogens were done as described in 3.1.

Thequality of yams was assessed using the methods described in activities 1.2.2.2.

3.4 Isolation of rotting pathogens from storage trials.
Further information can be obtained from Cornelius (2002)
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Output 4. Grading protocols capable of identifying and excluding chronic
guality defects in yam investigated and tested.

4.1 Comparing methods for nordestructive visual assessment and destructive assessment for
grading yams for levels of rot.

During the Handling/Storage trials described for Output 1, getgiled and labour intensive methods
were used to assess tuber quality as accurately as possible. These methods are not practical for
standard use within the yam marketing system. The objectives of this trial were:
e To determine the best methods for rdmstructive visual assessment of yams, and their
accuracy.
¢ To determine the most efficient destructive methods for assessing yam quality so that these
could be used where destructive sampling of yams is practical.
The trial involved selecting 50 yams afniable quality, and assessing them both by external appearance
and by a detailed destructive method. The destructive method used was as described in Activities 1.2.2.1.
It involved cutting the yam into 80 pieces (8 longitudinal sections, each cufinéalidl pieces), each of
which was assessed for forms of internal damage. This allowed us to simulate the observations which
would have been made had the yam been cut in various ways.

4.2 Determine the practicality of using sensory arrays to grade yam

The fact that yam tubers can have significant internal rotting without any externally visible signs
makes grading for export very difficult. A study was conducted to determine whether sensory arrays
(see Scientific background) could provide a prattiv@ans for assessing yam quality aon

destructively.

4.2.1 Gas Sensor Array equipment

The gas sensor array apparatus deployed during the present study was designed and built by NRI in
collaboration with ???. The main components of the system are ghé&ign 4.1 b)

The apparatus consisted of a delivery system (funnel and two pumps) to take volatiles from the
sample to the electronic sensor array of six metal oxide gas sensors (obtained from Capteur Sensor
and Analysis Ltd., Oxfordshire) a data ym@cessor and a laptop computer for data handling. The
details of the sensors are shown in Table 4.1. A typical time response trace from a sensor is shown in
Figure 4.1a.

Table 4.1 Details of sensitivities of sensors to gas species

Sensor number Gas species Gas concentration | Operational temperature
range (ppm) °C)

1 Ethanol 1000 -

2 Propane 300- 10000 503
3 Ethylene 250- 1000 104
4 Ethanol 250- 1000 422
5 Hydrogen sulphide 25-100 431
6 Carbon monoxide 100- 400 439
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Fig. 4.1(a) Change in resistance of sensor five to aroma volatiles from a yam tuber during a volatile
measurement period(630 seconds) and falbff in response to sensor cleaning period (380 seconds). (b)
Essential components of the gasensor array.



Final Techical Report: Activities 39

An analysis involves five stages kdins with the warm up phase in which the sensors are brought up

to their specified operational temperature (see
for 30 seconds to purge the previous spumpl e. Dur
are run together for 180 seconds to purge the sensor head of the previous sample and to keep the
sample funnel <c¢cl ear. During the Ameasured phase
only draws sample gas for 30 seconds in through theelunto the sensor chamber. Finally, during

the Acleaningd phase, the reference pump bl ows a

sensor head prior to the sensors being shut down. This phase can be extended to allow contamination
of the sensort be blown off. It therefore takes 5 minutes and 30 seconds to analyse a sample and 15
minutes resting interval between measurements. Data from the sensors are logged from the start of
purge 1 until the end of the cleaning phase. The instrument pr@agdess to various control and
calibration functions for editing profile phases and sensor temperatures. The flow rate of the pumps is
120 ml per minute.

During analysis of a gas sample, the components of the gas interact with the surface of the sensors
(oxidation reduction reaction) resulting in a change in electrical resistance of the sensors. The change
in resistance of Sensor 5 for volatiles derived from yam, is shown in Fig. 4.1a.

Resistance impulses from all six sensors are individually interpfEteddata for a particular sample

can be interpreted as a pattern of responses or
of patterns can be stored in a computer database, such that data from test samples can be compared to
this library and classified accordingly.

In order to evaluate the ability of the gas sensor array to distinguish between different groups of
treatments, Discriminant Analysis is usually undertaken. Discriminant analysis is a generic name for
a group of methods usedrftreating multiplegroup classification problems. They include linear
discriminant analysis (LDA) and canonical variate analysis (CVA). Linear discriminant analysis
comprises a number of steps. It defines the proposed group structure, by allocativgtios to

one of a minimum of two groups. It then calculates the group centre, (mean of the observations in
each group) and the distance of each observation from a group centre. Finally, the analysis records
which group centre is nearest to each obsemnwvand compares this with the group definitions made
earlier to determine the number of correct matches. The analysis of such data is complicated and
beyond the scope of this report but involves the transformation and interpretation of group
characterists by Principal Component Analysis (PCA).

4.2.2 Preliminary evaluation of the ability of a gas sensor array to detect internal rotting in yam
tubers.

White yam tubers of &onsSpitalfelds makeatin leohdpnow®dhr e bought
November 2000The yams were imported to UK from Ghana with unknowrhistory and were

packed in ventilated cardboard boxes. Export yams from Ghana are usually bought from yam markets

in Accra and shipped to the UK. The voyage takes about two weeks.

The yams wereansported to a laboratory in the Natural Resources Institute in Chatham the same day
and placed at random on shelves in a controlled environment room. The following day the tubers were
cleaned of surface soil using a soft brush, numbered and their langtmgights measured. Twenty

sound tubers, and twenty tubers suspected of having some form of internal rots were selected, mixed,
replaced in boxes to be used for the experiment. The weights of the tubers ranged between 1.8 and 3.6
Kg and their lengths rged from 3061 cm. The suspected internal rot test was done by visual

inspection, feeling the skin of tubers with the fingers and sniffing of tubers. The temperature and
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relative humidity of the controlled environment room laboratory used for the exqenmere
monitored daily.
The samples used for the experiment were as summarised below:

e Sound tuber
e Sound tuber with artificial wound created using 5mm cork borer (wound depth 3mm)
e Tuber suspected of having internal rot

The NRI gas sensor array (GSA)swased to analyse aroma volatiles. Samples were taken from the
middle portion of sound tubers and from the position of the wound for wounded tubers. Five
measurements were taken from the same position on each tuber. The order of measurements was
randomsed among the tubers.

The aroma volatiles were drawn into a sampling head consisting of a 150ml plastic funnel joined to a
44cm plastic tube of 0.70cm internal diameter attached to the GSA

The tubers were cut open after the experiment to inspect theahtissue and any rot found was
removed and weighed.

4.2.3 Evaluation of gas sensor array for discriminating between varieties of white yam

The yams used for the experiment were part of a batch of tubers harvested in July 2000 at Fiaso in the
Techiman district of Ghana and stored in a yam barn &€ 28d 69 %RH. Two ventilated cartons

each of O6Lilyo6 and 6Zoand white yam varieties an
Ghana and arrived at the NRI on 26th January 2001. Yams shippefrana normally take about

two weeks to arrive in the UK. There were 16 to 31 tubers in each carton depending on tuber size. The
tubers were removed from the cartons, numbered, weighed and their lengths measured. External tuber
guality was assessed anthews found to be rotten discarded. The sound tubers were mixed up in

cartons and arranged randomly on shelves in a storage facility where they were kept until needed for
experiments. The temperature and humidity of the store was observed daily.

The expeme nt was conducted on two sound tubers each
white yam. Their identification and quality assessment was done by visual inspection, feeling with the
finger and smelling of the tubers. The yams had been stored ifoNRL days on the day of the

experiment.

The NRI gas sensor array (GSA) was used to analyse aroma volatiles from the outer middle third
portion of the tubers. Five measurements were taken from the same position on each tuber. The order
of measurements Wwarandomised among the tubers. The sampling system was as described in 4.2.2.

The tubers were cut opened after the experiment to observe the internal tissue and any rot found was
removed and weighed.

4.2.4 Further work using gas sensory arrays.

The wak on gas sensor arrays was delayed due to equipment problems.

Handheld portable sensor had problems with stability of readings. Therefore redesigned, and in process
of being rebuilt.

NRI has purchased more complex commercial version that allowsrfutineto be conducted on

potential of GSA.

Recently arrived. Experiments planned for after end of project.
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Experiment 1: detection of rots.
Artificially infect tubers (agar plug), and take measurements on opposite side of tuber

Experiment 2: can GSA distinguish between rotting pathogens

Compare profiles of pathogens grown on agar.

Artificially infect tubers with different pathogens, and take measurements from opposite side of tuber.
Penicillium brevicompactum

Rhizopus stolonifer

Aspergillus niger

Fusarium oxysporum

Botryodiploidea theobromae.

Experiment 3: Can GSA determine age of tuber

Compare tubers of difference age.

4.3 Preliminary evaluation of the ability of an X-ray metal detector to detect internal tuber rots
in white yam.

An X-ray meal detector (for detecting metals in passenger luggage at the Kotoka International
Airport in Accra, Ghana) was assessed on 20/12/01for its ability to detect internal tuber rots in four

rotten and four sound white yam tubers of 6Pona
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Output 5: Knowledge exchanged and information disseminated

During the course of the project five workshops have been held to disseminate information to yam
traders, exporters, and scientists, and proceedings are being prepared for distribution .

At the end ofthe project a CD of all the publication outputs is being produced for distribution to
stakeholders. Recommendations to improve the marketing system including a list of best practices for
each stage of the system will be distributed to yam traders anderspo Ghana and to importers in

the UK.

Natural Resources Institute, University of Greenwich
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OUTPUTS

The research results and products achieved by the project. Were all the anticipated outputs achieved and if not what
were the reasons? Research results should be presented as tables, graphs & iskbhan lengthy writing,
and provided in as quantitative a form as far as is possible.

Output 1. Improved post-harvest handling and storage protocols developed,
integrated and validated in collaboration with yam producers for deployment in-
country.

Overview of Output 1

Obijectively verifiable indicators

1.1 Technical, economic and social investigations completed by December 2002.
1.2 Onfarm pilot scale trials completed by March 2002.

1.3 Impact assessment offamm protocols completed by Mar2603

The project was successful in that it identified the socioeconomic and technical constraints for thg yam
production and marketing system within Ghana (OVI 1.1). Recommendations have also been developed
for the improvement of the management of f&esn, and improvement of technical aspects of the post
harvest handling of yams. One of the main technical recommendations is the introduction of a curing
process for yams immediately after harvest, during which the tubers should be placed in an environme

to promote natural healing of wounds inflicted during harvested. However, trials to test the curing
protocols took longer than anticipated (OVI 1.2), so that it was not possible to conduct farmer managed
trials, or an impact assessment (OVI 1.3).

1.1 Socioeconomic aspects of the marketing system.
Further information can be obtained from Greenhalgh (2001) and Agbodza (2002)

Note: following the initial survey work on the yam marketing system within Ghana, subsequent work
concentrated on the supply airps for export. The following is a summary of the early conclusions.
The main findings are therefore addressed under Output 2, but are of relevance to both the internal
and export markets.

Survey work involving interviews of growers and traders idedtiseveral problems of the yam
marketing system in Ghana. Lack of competition faced by traders in some areas puts producers at a
disadvantage and can lead to relatively low and fluctuating prices for farmers. Growers are unable to
counteract this, as thégck reliable market information and are unable to defer sale during the
harvest season when prices are low because of lack of storage facilities and finance. The quality of
yams arriving at the markets may be compromised for several reasonspoortiafrgistructure,

poor harvesting practices (such as the use of cutlasses) which result in damage, and poor storage
conditions. There appears to be no premium for the growers for higher quality yams, and thus little
incentive to improve practices. Theqgy quality of yams is further exacerbated when growers are
persuaded by traders to harvest early in the season, when yam prices are higher, but the immature
yams are more perishable. The variety, Pona, which is preferred for its taste, is one of the more
perishable varieties. This combination of factors contributes to substantial losses, which cumulatively
over time can account for as much as 50 per cent of production.

To address these problems recommendations have been developed for improvements in the
organisation of the marketing system.
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1.2 Storage and handling trials.
Further details can be obtained from Banceotil. (2003)

To improve storage protocols for yam tubers, especially for the v&riety storage trials were
conducted over three asons.

1.2.1 Storage and handling trials: Year 1

During the first year of trials, the effect of four storage protocols on the quality of three white yam
varieties were compared. The storage treatments included traditional pit storage and storage barns

and also considered the effect of pterage treatments that could promote natural healing (curing) of
tuber s. For practical reasons, the tubers wused
humidity conditions in the storage barn throughtettrial were recorded with data loggers. The data

is shown in Figure 1.1. During the first 4 days, the temperature ranged froB922, while the

humidity was maintained between 75 and 100%. Later on in the trial, the temperature rose, and the
humidity fell.

After 5 months of storage, considerable rotting was observed in all treatments for tié&iapper top

half of tubers appeared more prone to rots (P < 0.001) (Fig 1.2). Careful handling at harvest can
reduce incidence of rots enteringpéers at the tail end. The harvest cut, in particular, and insect holes
and abrasions towards the head of the tuber appear to facilitate the entry of pathogenic organisms and
so engender a higher frequency and greater severity of rots.

Natural Resources Institute, University of Greenwich
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Temp/Rel humidity in Barn for first four days after harvesting
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Figure 1.1 Temperature and humidity recorded in the storage barn
a) during the first four days of storage
b) during the whole period of the trial.
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Figure 1.2 Distribution of rots within yam tubers
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Figure 1.3 The effect of prestorage/storage treatment and variety on rotting of tubers

Figure 1.3 indicates the extent of tuber rotting (expressed as % fresh weight of the whole tuber) for
the four treatments after fiveonths. Both cultivar and storage effects were highly significant (P <
0.001). Very similar results were obtained when rot was expressed as % surface area. For these yams,
apart from the variety Zoan, the traditional pit storage resulted in less ibitimdgparn storage. The
purpose of putting yams in plastic bags or in clamps for 2 weeks prior to barn storage was to expose
yams to an environment that would promote natural wdwealing (curing), and thereby increase
resistance to rots. In the caseplEstic bags, this was clearly not successful. Considerable
condensation was seen during the trial, indicating that there was insufficient ventilation for efficient
curing (see Outputs 1.2.4), while the accumulation of moisture would have encourageasivtheof

rots. Thus it is not surprising that this treatment resulted in the highest levels of rot. The effect of
clamp prestorage is ambiguous, but appears to have reduced rotting for Zoan.
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Table 1.2. The impact of posharvest treatments on the weight loss of fresh tubers after 5
months storage.

Variety Treatment Barn Clamp/ | Pit Bagged/ | Overall
barn barn

Original Average| Weight Loss (%)

Weight (g)
Lili 1788 21.7 33.3 8.9 14.7 19.7
Pona 1645 5.3 22.7 17.4 57.9 25.8
Zoan 1748 47.0 37.5 4.2 56.1 36.2
Overall 24.6 31.2 10.2 42.9

Table 1.3. The impact of posharvest treatments on sprouting of tubers after 5 months.

Treatment Barn storagg Clamp/Barn | Bagged/barn Pit Significance
Units of Sprout 0.160 0.049 0.007 0.292 P =0.044
Length

Weight of Sprouts 0.150 0.060 0.010 0.910 P =0.006

Tuber weight loss and sprouting over 5 months are summarised in Tables 1.2 and 1.3. Overall, the
lowest weight loss was observed in pit storage. Weight loss appears to relate reasonably well with
rotting, such that those treatments which result in the highest rotting are also associated with high
weight loss. This probably indicates that these treatments are not efficient at promoting wound
healing. Overall pit storage still appears to be the bestdbstorage, except that it promoted
considerably greater sprouting of tubers than the other treatments (Table 1.3).

With respect to cultivar effects, the cultivar Lili is the least susceptible to rotting overall, and also
shows lower rates of weight losinterestingly, Lili shows particular resistance to rotting after being
placed in plastic bags. From the data obtained we cannot tell whether this is a result of a high intrinsic
resistance to rotting, or a lower respiration rate, resulting in lesgsation.

Unfortunately, although Lili is much easier to store than the other two varieties, Pona is preferred for
marketing due to its superior sensory properties. Trials in subsequent years therefore concentrated on
improving storage of this variety.
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1.2.2 Storage and handling trials: year 2

quality

In the second year of trials, there was an attempt to introduce a curing treatment that could be better
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The conditions achieved during the curing process are shown in Figures 1.4 a and b. Apart from the
first day, the temperature ranged betw86 and 32C, while the humidity was maintained above
85% for the whole curing period.
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Figure 1.4: Temperature and humidity during the curing process.
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Figure 1.5: The effect of prestorage/storag treatment on % rotting of yam tubers in storage and
handling trial: year 2. The treatments used are described in Activities 1.2.2.1.
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Figure 1.6: The effect of prestorage/storage treatment on % fresh weight loss of yam tulsein
storage and handling trial: year 2. The treatments used are described in Activities 1.2.2.1.
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Figure 1.7: The effect of prestorage/storage treatment on % rotting of two varieties of yam tubers
in storage and handling trials: year 2. The treatmerg used are described in Activities 1.2.2.2
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The effect of prestorage/storage treatments on tuber quality are illustrated in Figwks 1lahid Tables
14 and 1.5.

For the Pona tubers used (immature milk yams), the results quite clearly show itiaidiquit storage

retains quality better than barn storage. Thus % rotting is less (Figures 1.5, 1.7), and % weight loss is less
(Figure 1.6) than for the other two treatments. However, the practice of curing does appear to improve
barn storage to sonextent, in that it reduces rotting in the barns (Figures 1.5 and 1.7), although
interestingly, it does not appear to reduce fresh weight loss (Figure 1.6).

Samples of tubers were selected from the Pona trial and exported to the UK using the nonmgl shipp
routes. The observations of tuber quality for two such export trials are summarised in Tables 1.4 and 1.5.
In this case, although traditional pits are again shown to provide better quality tubers, the benefits of
curing for barn storage are less clea

Table 1.4 Rotting observed in Pona yams imported to the UK in March 2002. Standard export
yams were selected randomly from commercial consignments, while the other treatments refer to
the pre-storage/storage treatments described in Activities 1.2.1

Yam Source Standard |Barn Cured + barn (Traditional pit
Export

No. tubers with no rotting 44 11 10 10

No. tubers with >10% rotting. 20 5 7 4

% tubers with >10% rotting. 31.25 31.25 41.18 28.57

Table 1.5 Rotting observed in Pona yams imported to the UK April 2002. Treatments refer to
the pre-storage/storage treatments described in Activities 1.2.1

Yam Source Barn Cured + barn |Traditional pit
% tubers with rots 56 59 35
% tubers with > 10% rot 18 29 21
% tubers with < 10% rot 37 30 14

The results shown in Figure 1.7 were obtained from the trial described in Activities 1.2.2.2 and are
interesting in another context, as they compare the behaviour of two varieties; Pona and Onumo.
They indicate that although the traditional pit system feb¢han barn storage for Pona milk yams,

this is not the case for the variety Onumo. This variety is more resistant to rots, and appears to store
better in barns.

One important issue is whether the finding that immature (milk) tubers of Pona storénlyaitse

than barns can be extrapolated to mature (ware) yams. Trials were conducted by Abaagga

and Offei (2003) to compare the behaviour of milk and ware yams in storage barns. They also looked
at the effect of tuber damage on rates of detdrmrdoy rotting. Table 1.6 summarises the rates of

rotting observed after one month of storage in a barn. Overall there was no significant difference in
the rate of rotting for milk and ware yams (results not shown), although there is some indication tha
damage has a more significant effect on milk yams than on ware yams.
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Table 1.6: Percentage rot of tubers after one month storage in a barn as influenced by maturity

and damage.
Season | Breakage | Cuts Gashes Holes Sound
Early 55.1 77.8 70.6 27.4 0.0
Late 40.0 100.0c 55.8 15.0 2.1
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1.2.3 Storage and handling trials: year 3

In the third year of trials, as it was seen to be very important to understand the effect of tuber maturity on
postharvest behaviour, and to develop storage protocols for matuse fr&als were conducted

separately on milk and ware yams. Comparison of early results from this project with those of previous
projects run by GTZ, suggested that whereas ware yams stored better in barns, milk yams kept better in
traditional pits. Fothis reason the milk yam trials aimed to test improvements to pit storage, while the
ware yam trials aimed to test improvements to barn storage.

1.2.3.1 Milk yams

Figures 1.8 a and b indicate the environmental conditions maintained in the traditional pithaufiisty
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Figure 1.8a Temperature and relative humidity recorded in pit. We believe that the relative
humidity was very close to 100%, resulting in condensation athe probe causing it to fail.
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Figure 1.8b Temperature and relative humidity recorded in the curing room.

Whereas the temperature in the pit rose from 26.5 t6@&¥er the initial four days of storage, the
temperature in the curingam was increased by the use of lights and hot water up-t83C. The
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humidity probe in the pit ceased to function during the measurements. This behaviour is often caused by
very high humidities resulting in condensation on the probe. We beliete baghe case here,

suggesting that the humidity in the pit was very high, close to 100%, whereas in the curing room it ranged
between 87 95%. The curing room showed a marked daily cycle in conditions, whereas the pit had a
much more consistent enumment.

In addition to testing the effect of curing, this trial also considered the effect of dipping tubers in
thiabendazole. (This chemical is shortly to be approved by the EU for use on imported yam tubers).

Table 1.7 summarises the rotting obsemegr 37 days of storage in terms of number of rotten tubers
(from a total of 16) for each treatmebtnfortunately in this trial the storage pits flooded in the
second month of storage, so that data beyond 37 days is unreliabdedetail on the leveif
rotting per tuber is given in Figure 1.9.

Table 1.7 number of rotting tubers after storage of milk Pona yams under four treatments. 16
tubers were included in each assessment.

Cured Prestorage in pit

Days of storage | No chemical +Thiakendazole | No chemical +Thiabendazole
treatment [NC] | [TC] treatment [NP] | [TP]

6 1 0 0 0

37 1 0 2 1

Noof Tubers Sampled

OsnC
BEHP
OgTC
OgTP
W37 NC
B 37 NP
BITTC
O3rTP

% Rot by Weight

Figure 1.9 levels of rotting observed in tubers after storage of milk Pona yams under four
treatments. The treatments are as indicated in Tdb 1.7.
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Over the timescale of the trial the level of rotting was very low, so that no clear effects of either
curing or thiabendazole on rotting could be detected. Such low levels of rotting were not
expected, and we believe that they are due to vécieet selection of clean tubers at the start

of the trial. Although this does not allow us to assess the storage treatments, it does serve to
underline the importance of good tuber selection, and to show with experience very effective
tuber selection cabe achieved.

An important and unexpected observation, however, was that during assessment at six days
the cut surfaces of tubers that had been cured turned brownish after a few minutes. The cut
surfaces of those that were kept in the pit remainedshhitroughout the assessment period
and beyond. During assessment of the tubers after 37 days, it was again observed that cut
surfaces of tubers that were cured before storage showed brownish colouration while those
that were not cured remained white.Ww&ver, when the pieces were kept under water, they
mai ntained their oOowhitishdé surfaces
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1.2.3.2 Ware yams

Figures 1.10 and 1.11 indicate the environmental conditions maintained in the barn during the first four
storage,

days
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Figure 1.11 Temperature and relative humidity observed in curing room

The humidity in the barn was lower (ranging from 90% down to 7#8%) the traditional pit used in
the earlier trial, with temperatures ranging from 23 t2C30The curing room had higher
temperatures (336) and higher humidity (9500%) than for the milk yam trial.

Table 1.8 summarises the rotting observed oved.thenonths of storage in terms of number of

rotten tubers (from a total of 16) for each treatment. More detail on the level of rotting per tuber

is given in Fig 1.12.
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Table 1.8number of rotting tubers after storage of ware Pona yams under four treatmes. 16
tubers were included in each assessment.

Cured Prestorage in barn

Days of storage | No chemical +Thiabendazole | No chemical +Thiabendazole
treatment (NC) | (TC) treatment (NB) | (TB)

7 1 0 0 0

25 4 2 0 0

74 1 6 0 0

105 4 2 2 1

Influence of Treatment and Age of Ware yam Tubers Post-Harvest on
Incidence of Rot (Weight per Entire Tuber)

O7NB
B7NC
0778
o7TC
m25N\B
@25NC
B257TB
025TC
No. of Tubers m74NB
Sampled m74NC
o747B
m74TC
%60 =105 NB
11.15% 105 NC
26.30% 105 TB
4 105 TC
41-45%
2 56-60%
0 71-75%
% % E E 86-90% % Rot by Weight

25NB

25NC
25TB
25TC
74 NB

Qoo
ZFFZ0
NS

I\OLO
=3

105 TB
105 TC

Age x Treatment

Figure 1.12 Levek of rotting observed in tubers after storage of milk Pona yams under four
treatments. The treatments are as indicated in Table 1.8.

In these trials although the levels of rotting were not high, it appears that curing might have increased
levels of roting. As for the milk yams, it was observed during assessments that for all tubers that
were cured, their cut surfaces turned brownish after a few minutes exposure to the atmosphere, while
cut surfaces of uncured tubers remained white. No significart eff¢hiabendazole treatment was
observed.

The results were supported by export trials. Figure 1.13 illustrates the incidence of rots in Ware yams
imported in March 2003 to the UK. The tubers assessed included samples from the four treatments
describé above, and also commercial export yams (controls) with and without thiabendazole
treatment immediately prior to shipping. The overall level of rot in all the variously treated yams was
14.8%. None of the treatments, however, had a demonstrable @ffeatiival in the UK the non

treated controls were found to have 8.7% rots whereas the thiabendazole treated material had 8.2%
rots. The difference was not significant.
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OExN
BEXT
ONB
ONC
BTB
oTC

Treatment

-
> =
% Rot by Weight |.>u< i % of Sample

Figure 1.13 Levels of rots observed in ware Pona yam#er importation to the UK. Ex N:
untreated standard export tubers, Ex.T: standard export tubers dipped in thiabendazole
immediately before shipping. Other treatments are as indicated in Table 1.8.

There is an indication that curing might reduce spngutFigure 1.14).

No. Sprouting &
Weight of Growth

Age x Treatment 105 TC

Figure 1.14: The effect of storage treatment and storage time on tuber sprouting.
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1.3 Studies on the environmental effects on wourtkaling in yams.

Further details can be obtained from Cornelius (2003)
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Figure 1.15 The effect of temperature on the number of lignified cell layers formed in Pona milk
yams after curing for 4 and 5 days. Vertical bars represent standard error.

Effect of duration of curing on the formation of
wound periderm in white yam tubers at 300C and
92% RH
(vertical bars represent standard error)
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Figure 1.16 the effect of curing time on thenumber of lignified cell layers in Pona milk yams
maintained at 3C°C and 92% RH

Key results obtained in a laboratory study on the effect of curing environment on rate of curing in Pona

milk yams are illustrated in Figures 1.15 and 1.16. The rate ofydsrdetermined by the lignification of
cell layers which is an essential part of curing. The optimum temperature for curing was found to be
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32°C, while the thickness of the lignified layer continues to increase at least up to six days. Although this
experiment has been repeated for ware yams, the microscopic samples are yet to be fully analysed.

The yams used for the experiments of Figures 1.15 and 1.16 showed no tissue browning, as observed in
the third year of field trials. In an attempt to undegtahy this phenomenon was observed in the field,

the effect of atmospheric modification (increase in @l decrease inoas would be observed if

ventilation were not sufficient, was studied. The conditions used and the results obtained are summarised
in Tables 1.9 and 1.1@>enerally the modified atmosphere decreased the rate of lignification,

indicating the importance of ventilation, but did not cause browning of tuber tissue. Insufficient
ventilation in the field would allow build up of the plantrhwne, ethylene. The effect of ethylene

was not tested in this experiment, but may be responsible for the browning effect.

Table 1.9. Atmospheric composition and temperature recorded during curing of yam tubers.

Duration of curing Temperature
(days) % CO; %0, (°C)
1 24.0 0.02 34.0
2 23.8 0.03 34.5
3 24.0 0.03 34.5
4 24.0 1.50 34.0

Table 1.10. Comparison of various wound periderm characteristics during curing of yam tubers
at 34°C and 91% RH in air and modified atmosphere (23%CQ and 0.035%0;)

Tuber No. of periderm layers | Thickness of periderm | Score for colour of stair
number layers in periderm
control | Modified control | Modified control | Modified
atmosphere atmosphere atmosphere

1 4.50 2.75 9.50 10.75 1.0 0.190

2 4.0 3.25 15.75 1667 1.0 0.13

3 4.25 3.75 9.50 21.25 1.0 0.190

4 3.75 2.25 14.99 12.00 1.0 0.250

5 5.00 3.25 14.00 12.75 1.0 0.19

6 4.00 2.75 16.00 17.25 1.0 9.13

Mean 4.25+0. | 3.00%0.23 13.12+1 | 15.11+1.8 1.0+0.0 | 0.18+0.02
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1.4 Summary and dscussion of key technical findings for Output 1

Early on in the project trials were conducted in which the-lpastest behaviour of different varieties of

white yam were compared. Pona, is the preferred variety for marketing due to its superioasehsory
culinary characteristics, but is significantly more perishable and susceptible to rotting than other varieties
such as Onumo. Although outside the scope of this project, there might be great potential for breeding for
better storing cultivars, as Igras good sensory characteristics can be maintained.

The results from the first two years of field trials indicated that, at least for Pona milk yams, pit storage is
better than barn storage. Given that extensive trials conducted by GTZ using waredicates! that

barn storage was an improvement on pit storage, the assumption must be that tuber maturity has a very
significant effect on optimum storage conditions. Thus pit storage should be used for immature yams,
while barn storage should be usedrf@ture yams.

Within our trials, a major objective was to refine curing in order to improve storability. The studies on
the effect of environment on the process of curing conducted in the laboratory (1.3) are very important in
helping us to interpret tHandings of the field handling and storage trials (1.2). In particular, it will be

very important to know if the optimum curing conditions for ware yams differ significantly from those of
milk yams, and it is unfortunate that it was not possible to amis study before the end of this

project. Indeed, in retrospect it would have been better to carry out a series of laboratory studies before
planning the field trials.

The curing protocols used in the first year were not very successful. Hovaeveecond year of trials

was very encouraging. The curing treatment improved barn storage, even though comparison with the
laboratory experiments indicates that the curing temperatu&X85 was considerably above the

optimum of 32C, and the time ofwing (4 days) was not long enough to complete the process (at least 6
days needed). It was unfortunate that in the final year of trials on milk yams, in which the curing
conditions were much closer to optimum (&¥°C, high humidity, although still dyn4 days), the levels

of rotting were not sufficient to assess the impact of curing.

In the final year, the effect of curing on ware yams was not very positive, but as yet we do not have
completed laboratory studies to help us to interpret this data.

Once the laboratory studies on ware yams are complete, the knowledge gained of optimum curing

conditions, and of the environmental conditions that can be maintained within various designs of curing
room, will enable us to provide recommendations to impstaeage both of milk and ware yams.
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Output 2: Improved post-harvest handling and shipping protocols developed
for the export market and validated in collaboration with joint yam
producer/exporter associations.

Overview of Output 2

Objectively verifiablendicators
2.1 Technical, economic and social investigations completed by March 2003.
2.2 Recommendations developed by March 2003.

The OVIs of this Output were adapted during the course of the project (see Activities). The revis
were achieved.

Technical work on the improvement of pbstrvest handling of tubers in Ghana for export is desci
under Output 1, as it is also relevant to tubers destined for markets within Ghana. Th
recommendations however, refer to the treatment of yamsgdshiipment to Europe, during which ve
serious problems have been identified.

ed OVIs

ibed
e main
ry

2.1 Socioeconomic aspects of the Ghanaian Yam export trade
The defined outputs of the soeoonomic research were to have:
i. Identifiedthe economic and marketing factorfeafing the viability of fresh yam

exports from Ghana into the UK (and other European and American) markets,
including competition from other Yam exporting countries.

ii. Identified the technical and soegmonomic constraints hindering the development of

effective yam producer/exporter linkages as well as devised possible strategies
foster successful collaborations.

iii. Assessed the feasibility of introducing improved handling, storage and shipping
protocols to reduce biological and economic losses, thenafpving the quality of
exported yams.

2.1.1 Summary of Significant Results

e The study revealed yam export has potential in Ghana. Gross niargins

to

difference between wholesale prices in UK markets and local wholesale prices
plus direct shipping cosisexceed 75% of the domestic price, making the trade

look quite lucrative. In terms of output, Ghana ranks second only to Nigeria

enjoys very strong price competitiveness. Furthermore, there is evidence that

consumers in the UK market, to which over 50% Grameaxports are destined,
prefer the white yam varieties from Ghana because of the taste.

e Although it is considered as a highlue tuber crop, it is grown mainly by
smallholders using simple tools like cutlasses and hoes and own tubers as

planting mataal, but making very little use of modern inputs like fertiliser and

pesticides. Hence, smallholders could benefit from improved marketing and

prices due to increased exports. The volume of exports, both formal and informal,

represent less than 0.01% otinaal output of the crop and does not therefore
pose any threat to household food security, in terms of the contribution of th
crop to meeting the calorie needs of the average Ghanaian.
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Exports of yams from Ghana have doubled since thel®@ds, but ftther
expansion is limited by the factors summarised below.

Yam has not crossed the ethnic barrier in the UK market, which has either
stagnated or grown only marginally. The growth in Ghanaian exports therefore
represents more of displacement of impamsrf other origins. The main

competition is from Caribbean and Brazilian supplies, but these tend to be
significant mainly during the period when supplies from Ghana appear to dry up.
Disputes over quality are frequent and it costs an additional $0.8€ptosdi of

rotten yams in the UK. Frequent unscheduled exports from Ghana also depress
prices, leading to considerable losses by exporters. New entrant exporters are less
able to cope with such losses than the experienced ones. Quite often, instability in
the export market is attributed in the media to the activities of rogue traders
engaged in drug trafficking using yams, but a number of exporters have realised
that the root cause is lack of professionalism in the trade.

The existing marketing system cdbtrtes to the poor quality of Ghanaian yams.
The crop goes through multiple handling as it is transported from the surplus
producing areas to the main urban markets from which exporters source their
consignment. The trade is highly informal with no enfdrsandards regarding
weight and quality. Storage is largely-faxm, and irefficientfacilities, as

farmers cannot afford modern storage facilifi¢be technical component of the
project examined the technical feasibility of adopting various protéaotduce
postharvest losses. Packaging in the domestic system is based on traditional
systems which fail to reduce losses in transit. Domestic transport is a problem,
though it is less so from the point of export. Direct linkage between exporters and
farmers to shorten this chain and reduce such losses was explored in another
study and is reported on later. Poor shipping conditions contribute in small
measure to losses in transit. Though the Ghana Shippers Counciljgageli to
initiate dialogue betwen exporters and shippers to improve this situation, the
yam exporters had never used this channel, due mainly to lack of knowledge.

Entry barriers to the trade were observed to be low, contributing the lack of
professionalism in the trade, with attendatuent occurrence of disputes
related to unscheduled exports and poor quality tubers.

The study shows that if Ghana is to enjoy growth in yam exports, the focus
should be on improving the internal marketing system. There is some indication
from exportes of their preparedness to adopt technical protocols and other
market interventions that will assure the supply of quality produce in a stable
manner. It is also apparent that UK importers will more than welcome such
improvement, which are likely to beyand the life of this project.
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Specific Outputs of the Research

2.1.2 Yam exports from Ghana: economic and marketing factors affecting viability, including
competition from other yam exporting countries.

This section reports on the yam supply andidigtion system, within Ghana and the UK markets,
identifying opportunities and constraints in the chain, and what is needed to enhance prospects for
exporters and producers.

2.1.2.1 Ghana yam: production and export

Ghana ranks second to Nigeria in tewhglobal yam production, with annual output estimated

officially at 3.5 million tonne3d (compared with Nigeria's output of 37.8 million tonnes). The crop is

an i mportant part of Ghanads food economy, being
cassava in meeting the calorie needs of the average Ghanaian (Fowler, 2000). Yam production has

been rising since the 1990s, from 1.7 million tonnes in 1994 to 3.25 million tonnes in 1999. Output

growth is attributed to increased area under cultivatiomedisas improved productivity (with yield

per hectare rising from 7.4 tonnes in 1990 to 12.9 tonnes if2000

Yam production is concentrated in Ghanads interi
Ashanti, Eastern and Volta Regions as well as\thithern and Upper Regions). Many varieties of

the crop are well adapted to the climatic conditions and light sandy soils in this area. Although it is
considered a relatively higéalue tuber crop, it is grown mainly by smallholders making very little

useof modern inputs like fertiliser and pesticides. The main purchased inputs are simple tools like
cutlasses and hoes; and farmers usually use their own tubers as planting material. Availability of farm
labour is seen by farmers as one of the main fadgtoitirig expansion of area under cultivation,

though land is also becoming an increasingly important constraint in some yam growing areas.
AsumingBrempong et al. (2003) estimated the average farm size at 5.5 héatdries is well

above the national avage for staple crops (officially estimated at 1.5 hectdrag)indication that its
production is more commercially oriented than most other food crops in Ghana. In the Northern
Region it is intercropped with other staples such as maize and milletnkheiother regions it is

generally harvested before other crops are planted.

According to thd=AO, Ghana enjoys a strong comparative advantage in yam production (FAO 1998).

As Table 2.1 illustrates, formal yam exports have risen significantly over shelg@ade, rising from

2,100 tonnes in 1990 to a record of 12,463 tonnes in200h foreign exchange revenues

estimated at over US $7 million per year, yam is the second most importanaditional

agricultural export after pineap@leThe guantityexported through formal channels represents less

than 0.01% of national output; but it is estimated that unrecorded, overland shipmenteetyicrudd

mar kets (including Burkina Faso, Clte dolvoire,

(FAO, 1998Y’.

3 Source: Ministry of Agriculture and Food (MoFA) data quoted in ISSER (2002).

4 Official productian data need to be treated with some degree of caution as the collection of statistical data on
smallholder crops, which is a very difficult task, has been affected by the restructuring of the Ministry of
Agriculture and Food (MoFA) (Centre for Policy Anaiy, 1999).

5 Source: ISSER (2002).

6 |ts status was recently changed by legislation (LI 1709) to a traditional export, apparently to create controls
intended to improve the trade.

7 No sources for the estimates is provided in the FAO publication
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Table 2.1: Ghana yam exports (1992001)

Year Volume Exported
(tonnes)

1994 5,323
1995 6,866
1996 8,086
1997 7,018
1998 7,421
1999 9,763
2000 12,463

2001 9,629

Source: Ghana Export Promotion Coun¢{tEPC).

Destimation markets for exported Ghana yams

About 50% of the Ghanaian yam exports are destined for the UK market. Other destinations include
continental Europe, (namely Germany, Italy, Netherlands and France) and North America. In recent
years, shipments to th¢SA have increased, and in 1999, accounted for almosfjuarger of exports

by valud. The UK market is dominated by 10 wholesalers, most (7) of whom have been in the

business for over 15 years. The market is small and growing slowly, as reported l@cm)% ,

This is in part due to the observation that the
African and otheryare at i ng O0di asporad communitieso (FAO 19
Caribbean and South American countries are alssuroers. As yet, yams (in contrast to some other
tropical products, such as bananas and mango) da
significant consumption by the indigenous rather than the ethnic population. It is also reported that

second geeration immigrants consume less yam than their parents (reports Otoo, 2003 from survey

of wholesalers).

Yam imports into UK is estimated at about 11,000 tonnes petYesdigeria used to be the major
supplier of yams to UK, but lack of competitivenesd an official ban on exports following food
shortages, led to supplies from this source becoming insignificant. Ghana account8d@®s 60yam
imports into UK, with other suppliers being Céte d'lvoire, Brazil, Columbia, Jamaica (and other
Caribbean counies) and Cameroon (which is reported to produce high quality yams but has
insufficient for exports). Ghanaian yam exports have increased in the past decade as a result of the
competitiveness of Ghanaian exports and their replacement of yams from ajiver thidn because

of a rapid expansion of the market.

In the 1970s, two species predominated in the UK market: the White or West African or Negro or
Guinea yamDioscorea rotundatdoir), imported from West Africa and Jamaica; and the Lisbon
yam or wateyam Q. alataL.) - imported mainly from Barbados. Currently, however, consumers

appear to have a preference for Ghanaian yams (Greenhalghl,lzmils)te is an important factor
cited for the preference of Ghana yams over other origins. Whereas largergmmare preferred in

8 As yetfor 1999 only the value of yam exports to various destinations are available and they should exports to
the UK accounted for 48%, USA 24%, Netherlands 11%, Germany 8% and lItaly 3%.

9 A recent survey of UK yam wholesalers carried out by Otoo (2003) revtradethat yam consumption in the

UK had either been stagnant or grown only marginally. Consistent with this, only one out of eight respondents
reported increased margins, with the rest indicating that margins had stagnated or declined.

10 The UK does noseparately specify yam imports, but these are grouped under "Other Root Vegetables with a
high starch conterttHCDCS Code 0714 90 110. Nevertheless, based on an interpretation of the data, trade
discussions, previous analysis and origin export datgdssible to provide some estimates of overall imports.
11This is, however, not based on a detailed consumer survey.
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Ghana, there is a reported preference for smaller tubers in both the UK and Continental European
countries. It has also been noted that, in Nigeria and Benin, the urban population is increasingly
demanding competitively priced srltubers (weighing-2 kg), rather than the typical tuber that
weighs between 3 and 5 kg. This is beginning to influence production techniques in both countries
(Fowler 2000).

There is no reference to similar changes having taken place in Ghanal, fiwldestudies conducted

in several wholesale and retail markets showed that large tubers attract a significant price premium
over smaller ones (Kleih et al, 1994). However, such a change may not be far away, given the rapid
growth in theopdatamnt ryds ur ban

Table 2.2: Varieties of Yams Exported by Sample Yam Exporters

Yam variety Frequency Percent
Puna 7 53.8
Asana 2 154
Dente (Punjo) 1 7.7
Other white yam 3 23.1
Total 13 100.0

Source: Jatoe and Twenebdabduah (2003)

White yams are the preferred and most widely cultivated varieties in Ghana due to the economic
value, accounting for about 80 percent of the <co
Thepuna larbekoandlorbayi white yam varietiesommand higher market prices and are therefore

largely favoured by farmers despite their higher susceptibility to spoPagandlarbekoyams

have a maximum storage life of three months whereas other white yam varieties can be stored for six

to twelvemonths.

Supply of yam to the UK market is seasonal. The bulk of yam sales (about 65% of the total marketed)
in the UK market occurs in AuguBtecember, when wholesalers on the average sell about 185 tonnes
of yam each per month (Otoo, 2003). The periddades with the yam season in Ghana: planting
normally occurs in SeptembBlovember and the harvest usually begins in July. The first shipments,
which occur in July, tend to be made by air, as the relatively higher prices during that period
compensate fdhe higher cost of transport. Some yams, stored in West Africa, may be available until
April, but the main supplies from February to June are from the West Indies and Brazil. To some
extent, the situation in the UK market contrasts with the US markethwielatively uniform year

round, in terms of volumes. According to Amex (1993), the US market is supplied predominantly by
Latin America and the Caribbean producers.

Yam is usually shipped by sea to the ports of Felixstowe, Tilbury and Teespaitfireast

England), but is sometimes air freighted into the UK (British Airways opened a new terminal at
Heathrow to handle fruit and vegetable in 2000). The major wholesale markets are Spitalfields market
in East London, the Western Market in London dn@t mar ket s f or Afet hnic proc
Manchester and Bradford. Yam is retailed through many small markets and a large number of fruit
and vegetable shops and stalls, most of which cater to the immigrant population in urban areas. The
supermarketare not known to retail significant volumes of yam, though a few of them sell mainly

small Central American yams (the largeB Rg tubers are not preferred). In contrast, yam is available
through retail chain outlets in the US. The two major importingsairethe USA are the New

York/New Jersey and South Florida areas, and in the early 1990s they accounted for over 90% of yam
imports.
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2.1.2.2 Yam supply and distribution system

Only a small number of exporters produce yams, and most of them rely dontlestic distribution
system to procure yams for export, usually using agents to buy from the main wholesale markets in
Accra (especially the Konkomba and Basare yam markets). With production concentrated in the
central and northern parts of Ghana, ardrttajor consumer markets in the south, the direction of the
yam trade tends to be southwards. Yam is marketed fresh throughout the country, with little or no
trade in stable processed products with a prolonged shelf life. Processing through roasting fryin
for fufu preparation is generally done by final consumers or food outlets.

Domestic marketing chain

A very simplified version of the main marketing channel, illustrated in Figure 2.1, shows producers
selling at the farm gate or in assembly marketsliages and rural towns. Assembling is usually
undertaken by itinerant traders, who sometimes work through agents. After bulking, the traders
transport the yams to wholesale markets in urban centres, renting large trucks for this purpose, either
individually or in groups. There, yams are sold to sedentary wholesalers and retailers. Many retail
markets exist in each urban centiirect trading links between farmers and urban wholesalers or
exporters are not common (NRI, 2000; AsumBrgmpong et al, 2003However, close ethnic ties

appear to exist between traders and prod&@evshich allows wholesalers to either buy yams on
credit or to assist producers sell in the wholesale market.

Assembling of produce takes between 10 and 21 days, dependingseasbe and availability of

supplies. This is due mainly to farms being small and widely dispersed as well as difficulty in getting
suitable transport to move the crop from the farm to villages or the assembly markets. Lack of reliable
market information ahthe absence of quality and weight standards means that the buyer has to be
physically present in the producing areas to ensure that they get the right yams for the right price. The
time and financial cost involved in the process is one factor that déggmsidirect sourcing of

produce from farmers by exporters.

Yams are transported over distances of more than 500 km (Gray, 1996), and multiple handling occurs
along the chain, including 1&tacking, loading and efbading at several points. Togetherjror

isolation, these activities lead to significant quality deterioration and losses. The principal quality
problems cited by traders are rotting, breakage, surface damage, bruises, termite damage, nematode
damage, cooked spots and sprouting (Gray, 1996).

12 A study by AsumingBrempong et al (2003) found over 75% of yam producers and about 65% of the traders
shared common ethnic origins (mairfitgm the northern tribes). Only 15% of exporters sampled share similar
ethnic background.

Natural Resources Institute, University of Greenwich



Final Technical Report: Outputs 67

FIGURE 2.1: MARKETING CHANNELS FOR YAMS IN GHANA'S EXPORT TRADE
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Trading Arrangements

Women dominate the yam trade in some markets, especially in the assembly and retail markets.
However, men dominate the urban wholesale trade. The traders generally lack access to bank credit,
but traders are often required to extend credit to farmers to assure supply during the harvest (NRI,
2000). Apart from selfinance, traders often resort to informal finance in the form of trade credit and
loans from other traders, friends and relations) exXistst urban retailers depend on credit extended

by the wholesalers, allowing them to pay after the sale of yams. These trade financing constraints
impose significant limitations on capacity expansion by traders. Trade credit is often not extended to
exporers, who tend to relatively bigger operators, with more formal education and long history of
dealing with banks.

Different trading arrangements are negotiated between exporters and importers, depending on the
degree of familiarity and trust developedatigh repeat transactions. Yams are often shipped on a
consignment basis and the final price is worked out when the yams have béea paddtice which

is discouraged in the US market. There are several reasons why consignment basis dominates the
curren trade, including the high losses through rot during shipment; substantial price volatility in the
market and considerable uncertainty in the trade. There have been a number of disputes, especially
when the UK is flooded and prices collapse.

Importers gually pay for freight charges and are responsible for clearing the consignment. In
addition, they have to obtain the necessary i mpo
(MAFF) Intervention Board. There is a ceiling on the level of imports dingce is required to

import. As yet, it is thought that since import volumes are relatively $naalt present no threat to

UK animal feed suppliesthere has been no import licence refusal. While Brazil pays a small levy on

its exports to the EU (abb£1 per tonne) but the levy is waived on ACP origins.

Trade standards and quality

Standard weights are not applied within the trade, except at the point of export. Within the domestic
trade sale is often in heaps of tubers, the standard number & itulaeheap differing in different
markets. At the assembly markets yams are sold in heaps of 110 tubers; the 10 tubers being an
addition to compensate for losses and other costs incurred during the marketing process (including
bribes paid at various pok barriers in transit). At the major wholesale markets, wholesalers add 3
tubers to the 100 sold to retailers to cover losses and other transfers. The heaps contain tubers of
different sizes and qualitiythis variability makes it difficult for trade byedcription to occur (i.e.

without requiring the trader to physically sample the commaodity).

In contrast with what prevails in the domestic trade, yams are sorted, washed and dried before being

packaged for export. Though formal quality standards@(iﬂiey are generally not applied when

exporters do sorting. The preferred yams are the relatively smaller tubers weighing 2 kg on average

and with a low water content, allowing the tubers to store better (FAO, 1998). There is no evidence of
formal quality irspection at the Ghana ports. Tubers rejected by exporters are ussally irethe
domestic market, with some retailers buying thes

Despite the sorting, there are frequent complaints from UK importers abdugthlevel of losses,
usually of rotten yams, upon arrival at the ports. The most popular variety exported by Bhana
has a relatively short shelf life (can be stored for ordyrBonths) compared to Brazilian varieties that

133 standard Specification for Fresh Yamso produced by
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can store for6 monthshad t he Co s tcau shhioc ayma nfsc uwshhh ch ar e reput e

l onger shelf 1ife. A recent | AMslowedthdt: survey i n
T Losses averaged betweed @b per container, and could even be as high as 25% towards the end
of the season (June/July when the new harvest is yet to come in);
T The losses could be due to:
e undetected internal rot;
e poor shipping conditions, allowing the pack
transit by keeping them in very hot placesha ship;
e off-loading;
s poor quality cartons
e sharp variations in shipping conditionsnicrobiological rotting occurs during shipment
as a result of very high temperatures followed by rapid cooling

Quite often, import contracts allow for exporterstoreplacir ej ect edd yams i n subs
However, the cost of disposing rotten yams is quite high in thé asout £5 per 25kg box of rotten

yams. Assuming a reject rate of 10%, this translates into an additional cost of £20 per tonne or £0.50

per 25kgbox of yams shipped.

Storage and transport of yams

Postharvest losses for yams are very high (Marfo et al, 1998) and can be attributed to poor harvesting
and handling practices as well as lack of efficient storage facilities. Most storage octans @nd
resourcepoor farmers cannot afford the available improved storage technologies (NRI, 2000). The
result is substantial losses through weight loss, rots, sprouts and attacks by termites and rodents.
Hence, the longer the yams are kept in store theegrded decline in their market value.

Transporting yams to the major markets is severely hampered by lack ofraaimthined network of
primary, secondary and feeder roads in the rural areas results. Reliable cargo transport is often
unavailablé bicycles, hired tractors arald taxis are the main means of transport used by itinerant
traders in assembling the crop in the sufpteducing communities. Traders use hired cargo trucks
to transport yams from the assembly villages to wholesale and ott@rmeakets. Transport costs

are very high, can represent fdup t o5 %Meseper cent
transport constraints also limit subgional trade in yams, but are less of a problem from the point of
export.

Export of yams is minly by sea, through the Tema and Takoradi portsfrAighting occurs, usually

during the beginning of the harvest, when fimil ke
days between Ghana and the UK. Shipping companies from Ghana inchirle &omaldi/OTAL

(African Liners) and Maersk, which appears to be mainly involved in shipments to the USA. Ghana

has an advantage regarding the distance the yams have to be shipped to the UK compared with Brazil,
Costa Rica and Caribbean and costs can raetyeeen £60&900 per container (i.e. between £48 and

£72 per tonne or £1.20 and £1.80 per box of 25kg). Clearing costs approximately £50 per container.

Air freighting is substantially more expensive, raising the retail price of air freighted yams in UK
retail to between at £280 per 25kg box, compared to average price pekddox of sedreighted
yams of between £818. Air freighted yams can be in UK shops withifd 8ays of leaving the
producing country. From the UK ports (Felixstowe, Tilbury aedsport) the yams are transported by

road to wholesalers, at an average cost of £1.12 pe|1§.5kg

14NRI (2000).
15 Gray (1996) estimates thatthrget ~ gsdqr ne 8l acqourdes forrby tramsport.s r € =~ qd
16 The estimated cost from Teesport to Spitalfields is £560 per container.
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Yams for export are packed in-Rf cardboard boxes, which may be telescopic or ordinary. No such
packaging is used in the domestic trade. The packaged yarskipped in containers holding 500

boxes (12.5 tonnes) or put on pallets containing 40 boxes (10 tonne). Palletisation of the consignment
is undertaken by the port authorities (the Ghana Harbours and Ports Auti®RtyA), which also

provide temporaryarehousing facilities when shipping is delayed. The pallets, which are placed on
flat racks, are preferred because they permit circulation of air and tend to be cheaper than container

shipmen%7. Shipping conditions, particular temperature, tend vary fedgnitly during transit and is
known to adversely affect the quality of ya]rﬁisee Outputs 2.2)

Yam Prices

Yams are a relatively high cost starchy food in comparison with its major competitors, namely
cassava in West Africa and potatoes and rice in Eutldfe most agricultural products, yam prices

show wide seasonal variation, as illustrated in Fig 2.2 below. Yam prices are usually lowest in
October and peak in June (just before the early harvest in July). Between 1986 and 1997, the average
October whatsale price was $208.24 per tonne, the comparative figure for June being $388.39 per
tonne; implying an average seasonal price rise of over 85% in real terms (that is after taking into
account the effects of inflation and currency depreciation on donpests). It is not uncommon for

prices to double during the season as occurred in the period94 %01 199897 (Fig 4.2).

Real wholesale prices have been declining, partly because of increased output, falling by almost 20%
between 1986 and 1997. Hoveeywhile wholesale prices in October fell by nearly 30% in real terms
over the period, the corresponding fall in prices during the lean season (April to June) is about 15%.
Falling real wholesale prices imply improved price competitiveness of the yasestdy in Ghana

in the 198688 period, the wholesale price per 25kg box of yams (cost of tubers alone) was $6.37, but
by the 199597 period this had fallen to $4.52.

This situation is due in part to poor storage, making it difficult to better managepply of the crop

to match demand a reflection of an undeateveloped marketing system (GTZ, 1999). Lack of access
to credit for consumption smoothing by farmers, and the pressing liquidity constraints this creates,
necessitates sale during the hargestson, leading to depressed producer prices.

17 Grimaldi Line which is provides pallet shipment offers a lower tariff than container shipments.

18 The Ghana Shippers Council organises educational gmoges for exporters and can intervene in shipping
related disputes. Though exporters pay a levy to the Council, none of them had used their services in seeking a
claim against a shipper because of losses in transit due to poor shipping conditions.

Natural Resources Institute, University of Greenwich



Final Technical Report: Outputs 71

Fig 2.2: Ghana Yam Wholesale Prices
(1986-97)
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Source: Historical price data from Ministry of Food and Agriculture (MoFA)

Entry barriers to yam export

With domestic wholesale prices ranging between $5.2 and $9.7 pebakskge. between October
and June respectively), and wholesale price in UK of between $12.0 and $20 (based on data collected

by Otoo, 2003), yam exports appear very lucrdfvearriers to entry into the yam trade are low; one
reason being ease of accésgproduce during the harvest season, when there is usually a glut and
prices are very low. As part of efforts to promote 4r@ditional exports, Government lowered
regulatory barriers to the trade in the early 1990s with the revocation of the legisiatiument (LI

1354), which governed yam exports, and required irrevocable letters of credit before exports would be
authorised. No official quality control system is enforced at the ports, except for phytosanitary
inspections by the Plant Protection &ehulatory Services Directorate (PPRSD) of MoFA.

The inspectors look for:
- cuts and other forms of injuries. Thi s measur e
organisms are closed thus prolonging the shelf life of the tuber.

19with gross marging difference between wholesale prices in UK markets and local wholesale prices plus

direct shipping costs in excess of 75% of the domestic price, many traders find it an attractive enterprise. In

the words of one of the exporters, yamexpog fAimor e t han a goldmined. A group
exporters shared similar perceptions of the yam export trade.
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- soil and sdiparticleson produceThis ensures that soil borne diseases are not carried to other
countries.

- deformation 6 ber sabgrodves orthe tuberBranched tubers or those with grooves may have
soil particles hidden in certain parts.

- insects and insect red.

sprouts. All sprouts, where possible are broken off otherwise such tubers are replaced.

There is a core of about one dozen companies with long experience in the trade and which accounts
for a major proportion of the exports, but there usually tenie @ large number of new exporters in

the business and turnover of exporters is high. This is mainly the result of the low entry barriers and
the relative attractiveness of the trade. Inexperienced exporters often lack knowledge of both trading
and the setor, particularly conditions in the export destination markets. UK importers tend to be well
informed about pricesensitive developments in the yam market in Ghana (Otoo, 2003), including
information on local prices, shipments schedules as well as edpeaiienes to be landed in any
particular week and what effect it will have on prices. This is, however, not the case with most
exporters in Ghana they have little or no idea about the size of the UK yam market, suppliers and
volumes shipped into the matk(J. Danquah, 20Q&ers. comn).

Information asymmetry between importers and exporters tends to weaken the bargaining position of
the latter, especially when contract settlement is after sale of the commodity in the export destination
market. This undenines trust between the counparties, compounding difficulties created by

quality uncertainty. Unscheduled exports by uninformed traders is a frequent occtfredoe
effect is deepen uncertainty about prices in the UK market, leading to lossesdwpgoorters. It is
guite common for many in the export trade to attribute price collapse in the UK market due to excess

supply to the activities of rogue traders engaged in drug traﬁi%ikingis, however, becoming quite
apparent to some in the tradettttae problem is due more to the activities of uninformed exporters
(K. Baah, 2003 pers. comm.).

Not surprisingly, there have been calls for tightening controls in the export trade, but initiatives like
the introduction of a quota system failed to workeTexecutives of the Ghana Yam Exporters
Association (GYEA) are doubtful that the recent change of status of yam (to a traditional export that

requires new documentation prior to exp®&twill fail to achieve its aim of regulating the trade
because it doesot reimpose the requirement that shipment should be against irrevocable letters of
credit only.

2.1.3 Promoting linkage between yam producers arnekporters to improve the competitiveness of
yam exports.

In the section on Ghana yam export marketing reported many suppbide problems in the trade,
including low quality tubers and a high degree of deterioration of yams at the final port of destination,
as well as supply and price variability. These were attributed to inefficiencies in the markst#amg, s

which is rather long and entails considerable multiple handling that contributes to spoilage of tubers in
transit. It has been suggested that some of these problems can be reduced with the development of
mutually advantageous linkages between expsrnd farmers.

20 Wholesale traders surveyed by Otoo (2003) reported very frequent unscheduled imports, ranging between 6
to 10 cases in the season.

21 There have been several media reports in the Ghanaian press alleging that drug dealers are destroying the yam
trade, but there is no corroborative evidence to confirm this is happening.
22The new legislation is LI 1709.
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No viable linkages between exporters and producers have been observed in the yam trade lim Ghana.
this section we report on technical and se@onomic constraints hindering their development and what
needs to be done to foster them.

2.1.3.1 The case and conditions for effective producer/trader (exporter) linkage

Vertical integration schemes linking exporters or processors and growers through contractual relations

for input and technical advise provision and output marketing hesne theveloped in several parts of
SubSaharan Africa for horticultural crops, tropical fruits, tea, sugar cane and other crops

(Stringfellow, 1995; Little and Watts, 1994). This type of relation enables smallholder farmers to

produce for higher value, highgrowth markets that would be otherwise difficult to reach due to a

lack of critical marketing and other agricultural services. For the processor or exporter such schemes
assure timely supplies of produce at an agreed price and some form of contapemific aspects of

the production process, including the type of variety grown, the inputs used and other agronomic
practices. The alternative of operating a large farm would not only imply high investment and labour

costs, but it would also increasethe r m6s exposure to production and

Based on experience from S8hharan Africa and other developing countries, it has been suggested
by Stringfellow (1995) and others that successful contract farming arrangements between growers and
exporers need to meet the following conditions:

e First, production of the commodity should require significant amounts of produeavitsincing

inputs like fertiliser and pesticid@ Because such inputs are expensive and often unavailable in
rural areas, castonstrained farmers need a reliable source of supply, especially if this same
source is willing to provide the inputs on credit. Farmers may also require access to
complementary technical information, particularly in cases where they are being intrtalaced
new crop, a new technology or a new and more demanding market with specific quality
requirements.

e Second, the crop in question does not have-estiblished multiple marketing chanrélsif
farmers have limited opportunity for sidelling, they ardess likely to breach interlinked
contracts involving input supply on credit and crop marketing. Farmers also have little incentive
to participate in such arrangements if it does not offer access to more rewarding markets.

e Third, unless the targeted expmarkets are relatively attractive to the farmer as well as to the
exporter, there will be no interest on both sides to invest in direct contractual relations.

2.1.3.2 Experience in promoting farmer/exporter linkages

The failed yam linkage scheme

Yamdoes not seem to fulfil any of the conditions mentioned above. It is traditionally grown using
simple, lowtechnology inputs. Being a major staple food, multiple marketing opportunities exist for
producers, increasing the risk of contract-penformanceéy farmers and discouraging exporters

from investing in service provision. The export market is also not only thin, but has not exhibited
strong growth and has been quite unstable. Uncertainty about export orders and future prices deter
exporters from inveting in the establishment of direct linkages with farmers. In particular, they are

23 |n peasant farming systems, inpsus a function of factors such as the level development of input markets,
the susceptibility of a certain crop to pests and diseases, its yield response to fertilizer use or irrigation, and the
quality requirements of final consumer markets.

24 Crops thatenjoy high consumption levels within the region or country of production are normally
characterised by wellstablished spot markets.
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unable to guarantee purchase of deliveries from farmers since they lack the capacity to store the
produce beyond a few weeks and have not developed alternative markatinglstshould they fail
to secure export orders.

As a result of these factors, farmers and exporters have both not been enthusiastic about developing
linkages. Farmers scepticism is also in part due to a failed attempt to promote such a linkage in the
past as reported below based on the study by AswBiegnpong et al (2003). The arrangement

involved the Ghana Yam Producers and Exporters Association (GYPEA) and farmers in the Nkwanta
and KeteKrachi districts of the Volta region. A eardinator was ideified to assemble produce from
various farmers in the area for the exporters. It did not involve any formal agreements, being based on
trust between the parties.

The exporters failed to take delivery of a consignment of about 150 tonnes of yam supfiied by
participating farmers and also failed to communicate their inability to buy the consignment to the
farmers. Hence, the trust upon which the scheme was built, was lost leading to the collapse of the
linkage arrangement. The other major factor thaitaiéld against the programme was the
involvement of politicians. The linkage system was developed around the District Chief Executive

(DCEYS, who appointed an official of the National Mobilization Prograféfte coordinate

activities by farmers and liasdtivexporters. According to the farmers, theotdinator was

selective in dealing with farmer groups and was far from transparent in his dealings with the parties in
the linkage. For example, farmers reported that he quoted prices to the exporterstrattdwepaid

to the yam farmers, denying the farmers of one essential ingredéantinerative market.

The pineapple export linkage model: a success story in Ghana

The model has been developed by Farmapine, a private company engaged in fresh gixgayple
Pineapple is the leading noraditional agricultural export. The crop meets at least one of the
conditions for successful contract farmin@s production requires significant use of productivity
enhancing inputs as well as extension in agrongractices. However, like yam, it has multiple

mar keting channels. Seini (2002) reports that
exported. The rest is marketed locally through the informal fruits and vegetables market, to
supermarkets and hotebnd to fruit processing companies of various sizes. Hence, the risk-of side
selling is quite high. The production of pineapple is also concentrated geographically, even more so
than is the case for yams.

The exporter (Farmapine) works with farmers whm@rganised into 5 eoperative groups, and who
are also shareholders of the company. The company provides technical support ataltbeedit
farmers, who have to demonstrate commercial orientation. The farmers are given codes for

identification and treeability and production is confined to the "pineappled&lt Farmapine
regulates quantities produced at any given time, to match output with export orders. It is responsible
for transporting the crop from the farms, using specialised trucks.

Prior to entering into supply agreements with the farmers, Farmapine secures firm forward contracts,
guaranteeing volumes to be supplied and agreed minimum price for fresh pineapples with each of its
trading partners (10 importers). Farmers are paid after tipaexported, with the cost of inputs and
services provided being deducted from what is due to them. The systempsheeltl by the

company, and its staff are sometimes used in harvesting the crop to assure delivery of quality
pineapples and on scheeu

25 political head of the local government system.

26 A political organisation created by the past NDC government, whishresponsible for relief and mass
mobilisation programmes.

27 A contiguous geographical area within the Akuapim South district.
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The experience of Farmapine indicates that, even in the face of the risk-séliinig, a successful

linkage arrangement can be developed if farmers are well organised, and the arrangement well

monitored within a limited geographicaltiefined prodation area. The key factor, however, seems to

be the exportersd capacity to absorb volumes del
in accordance with agreed terms. The price offered should also be competitive. Farmapine is able to

do this orthe basis of the forward contracts with importers.

2.1.3.3 Prospects for replicating the pineapple farmer/exporter linkage

Expectations from linkage schemes

AsumingBrempong et al (2003) observed that farmers they surveyed were interested in linkage
schemes with exporters. The farmers ranked market access for a good price as their top priority in
participating in any linkage scheme, followed by access to production credit.

For exporters, the main objective was to assure timely delivery of qualitytfiesrs and at stable

prices. Some exporters view the development of linkages with producers as potentially more

beneficial than existing informalrrangements with agents in the major urban yam markets. These

agents usually procure supplies for the etgrsrwhen the latter has an order. They charge a

commission of between $18 and $30 per tonne of yams supplied. Where the agent operates on a non
commission basis, he/she may actually buy and sell the consignments to the exporter, in which case
theyarecomonly cl assified as fAsuppliersodo. I n both ce
exporterdés warehouse and the yams are sorted bef

Characteristics of participants

Of the farmers surveyed (Tabl28 and2.4), 42% are aged 50 years androumdicating that

promoters will be dealing with an ageing population. More than 62% of them have no formal
education and nearly 50% of them farm on communal land. The land tenure system invols@sinon
payments to chiefs (with payment in the form afohlolic beverages and tubers of yams. These
characteristics suggest that the commercial orientation of the farmers may be doubtful. However, the
average farm size of over 5 hectares is indicative that some of the producers may be gravitating
towards commaeial production.

Table 2.3: Age Distribution of Sample Yam Farmers

Age Range Frequency Percent
up to20 10 15.2
21-29 6 9.1
30-39 8 12.1
40-49 14 21.2
50-59 7 10.6
60 and above 21 31.8
Total 66 100.0

Source: AsumingBrempong et al (2003).
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Table 24: Educational Status of Sample Yam Farmers

Level Frequency Percent
No formal education 41 62.1
Primary 7 10.6
Middle school 12 18.2
Secondary school 3 4.5
Vocational school 2 3.0
Arabic school 1 1.5
Total 66 100.0

It is also evidentrbm data collected by Asumirgrempong et al (2003), that few exporters (only

15%) share common ethnic background with yam farmers, whereas over 65% of the yam traders share
similar ethnicity with the farmers. Since ethnic ties appear to have played aantgpart in the
development of linkages between traders and farmers, the commercial and economic benefits of any
other arrangement has to be clearly demonstrated to attract participation by farmers. In this context,

the desire by the Konkomba Yam Farsmand Exporters Associatiéfto develop such a linkage
may be worth further consideration.

Unlike Farmapine, most yam exporters have difficulty assuring farmers of a stable and remunerative
market. This problem is due to their difficulty in securing ffiorward contracts, partly as a result of

the supply and quality uncertainty that characterises the yam expor{distiessed in the preceding
section) The Farmapine model illustrates how important it is for exporters, seeking to benefit from
developingsuch linkages, to enhance their capacity to take delivery of produce contracted for. One
such option, which may be considered but has not been explored to any significant extent by
exporters, is that of developing alternative domestic distribution chaionesgport grade tubers.

28 The Association brings together a group of farmers (based in the northern savannah and traders based in the
Konkomba Yam Markein Accra). They share strong ethnic ties. The Association has only recently entered the
export trade.
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2.1.4 Examining economic basis for introducing improved handling, storage and shipping protosol
in the yam export trade.

In the section we review the profitability of yam exports to the UK market and examine the case for
introducing improved handling, storage and shipping protocols to reduce biological and economic
losses, thereby improving the quality of exported yams.

2.1.4.1 Yam exports: is it really a goldmine undermined by drug dealers?

The perception is strong amg yam exporters and traders that yam exports is a very lucrative

business. The executives of one of the Exporters Associdlemplained that they entered the
export trade, after years of being mainly wholesalers, because they saw it as highly @rdrfitiue!
words of one of the exporters, yam export i s fmo

This perception seems to be based on the assumed high gross margins, defined here as the difference
between wholesale prices in UK markets and local wholesale prices plisstipping costs. Based

on data collected by AsumiriBrempong et al (2003), these margins exceed 75% of the domestic
wholesale price. As a result a number of new exporters enter the trade, but many often fail leading a
high turnover of participants in tlexport trade. The profitability of yam exports was therefore

examined to provide some understanding of why some exporters fail.

The study employed marginal analysis in estimating the profitability yam exports. In the analysis
exporter margins are estiredtas the difference between the total revenue and total variable cost
expressed as a percent of the value of the exports. ThUEif total variable cost, TR = total
revenue, then Exporter Gross Margin EGM is given by

EM = (TR7 TVC) x 100/ total vale of exports

The total revenue is estimated as the gross earnings per 25kg box of yams. Due to difficulty in
obtaining reliable data from both exporters and importers, the price per box paid to exporters was

estimated using wholesale prices in the UK re®® less an assumed importer margin of 12% of the
wholesale price.

The total cost was calculated by summing up all relevant costiitetaslingcost of tubers

purchased, transport cost, material cost on packaging, casual labour for packaging, gest char

shipping and handling costs, and cost of freight. Data onadministrative cost and wages for permanent
staff were not allocated. The cost thus captured is variable cost and the computed exporter margins
cannot be regarded as profit. Also included aeject losses, which was basedestimates provided

by exportersMost export contracts allow for a maximum percentage rejects (due to rots), ranging
between 3% and 10%. Any rejects over and above the agreed limit is counted as a cost to the exporter.

Based on historical data from MOFA on domestic
operating costs collected by Jatoe and Twenebaatuah (2003), the cost structure for exporters
is as shown below:

29 The Konkomba Yam Farmers and Exporters Association interviewed on 05/04/03.
30 This is based on data collected by Otoo (2003).
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