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1 General introduction  

1.1 Background of the study  

Food products are vulnerable to damage and loss during and after harvest. Tackling these 

losses could make a significant contribution towards combating food insecurity and 

improving livelihoods in the least developed and developing countries. An estimate 

suggests that close of one-third of all the food produced globally is lost or wasted before 

it reaches the final consumption (Gustavsson et al., 2011). Converted into calories, one 

out of every four calories intended for human consumption is eventually lost at one or the 

other stages of the food supply chains (FSCs) (Lipinski et al., 2013). Global interest in 

reducing these losses is increasing as the natural resource shrinks, and farm productivity 

saturates. The present study was conducted in the purview of project RELOAD 

(Reduction of Post-Harvest Losses and Value Addition in East African Food Value 

Chains) a GlobE (Global Ernährungssicherung) initiative at the Department of Agricultural 

and Biosystems Engineering, of the University of Kassel, Germany. The project expands 

its horizons to multiple FSCs in three East African countries (Ethiopia, Kenya and 

Uganda).  

Root and tuber crops were selected as one of the product groups for Ethiopia as these 

crops function as an important staple in different regions of the country. In northern and 

central Ethiopia roots and tubers are secondary staples, whereas cereals (teff, maize, 

and sorghum) are the primary food. However, in the southern and south-western parts, 

roots and tubers such as anchote (Coccinia abysinica), cassava (Manihot esculenta 

Crantz), Ethiopian banana (Ensete ventricosum), Ethiopian potato (Kaffir Potato-

Plectranthus esculentus), sweetpotato (Ipomoea batatas L.), taro (Colocassia esculenta), 

and yams (Dioscorea spp.) constitute a significant portion of the daily diets of the rural 

and urban population (CSA, 2013; Tadesse et al., 2013). During the inception of this 

study, it was identified that the type, severity and at what stage of the value chain (VC) 

food losses occur presents a significant gap in the study area. These deficiencies in the 

data on post-harvest losses in developing countries have been highlighted in various 

literature in the last decade (Grolleaud; 2002; Parfitt et al., 2010; Gustavsson et al., 2011; 

Hodges et al., 2011; Kummu et al., 2012; Lipinski et al., 2013; Affognon et al., 2015). 
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Hence, the very first cross-cutting issue was the assessment of post-harvest losses and 

identification of critical loss points or ‘food loss hot spots’. The integrative holistic 

approach to cover the entire VC is a fundamental part of such an assessment. The inputs 

from such an evaluation would provide a base towards particular technological and 

capacity building interventions to improve the overall efficacy of the roots and tubers 

FSCs. In collaboration with Ethiopian partners (Ethiopian Institute of Agricultural 

Research (EIAR) and Hawassa University, Hawassa), sweetpotato (Ipomoea batatas) 

and cassava (Manihot esculenta) were selected for the study due to their significance as 

staple food and impact on food security in the southern region (Southern Nations, 

Nationalities, and Peoples' Region (SNNPR)). The geographical locations of the selected 

study sites are presented in Figure 1.1.  

 

 

Figure 1.1: Study sites.  
(The highlighted segments of the map represent the Sidama (dark grey) and Wolayita (light grey) zone of the 
Southern Region). (Source: Generated by QGIS 2.8.1 mapping tool by author, using the coordinates collected by 
Garmin GPS device). 

 

Sweetpotato and cassava are widely grown and consumed as subsistence staples and 

as a cash crop in many parts of the developing countries of the tropics and sub-tropics. It 

is estimated that close to 500-700 million people in sub-Saharan Africa (SSA) rely on 
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sweetpotato and cassava as a primary source of carbohydrates (Lebot, 2009; Rees et 

al., 2012). Cassava is a key staple in many SSA countries, close to 40% of all dietary 

energy in Africa comes from its consumption (Lebot, 2009). Sweetpotato is considered 

as a co-staple, however, in some rural areas in eastern and central Africa, sweetpotato 

is heavily consumed; annual per capita consumption in these regions is close to 80 kg 

(Thiele et al., 2009). As production of these crops is mostly associated with smallholders 

in developing regions, enhancing the capacity and efficiency of sweetpotato and cassava 

VCs is key to making an impact on the livelihood of the marginalised farmers. The 

importance of these crops as a source of income and food for smallholder and poor in the 

least developed tropical countries is even higher due to their agronomical advantage 

where reasonable yields can be obtained with limited inputs. Sweetpotato and cassava 

are the crops which produce more calories per hectare than any other crops on poor soils 

with unreliable rainfall (Lebot, 2009; Thiele et al., 2009). However, in post-harvest 

systems, these crops are vulnerable to significant damages and spoilage, as the high 

moisture content, large unit size, high rate of respiration, and soft texture makes them 

perishable (Rees et al., 2012).  

In Ethiopia roots and tubers constitute 12.58% of the total Ethiopian food production. 

Sweetpotato is the most important root crops with a share of 32.65% of the total roots 

and tubers production (CSA, 2013), constituting the maximum production among staple 

roots and tubers crops in the country.  Oromia and SNNPR regions are the biggest 

producers of sweetpotato in Ethiopia. These two areas contribute to more than 90% of 

the total sweetpotato production (CSA, 2013). Most of the research in the past has 

focused on cultivation practices of sweetpotato to increase yield, the number of studies 

on post-harvest aspects from the country is limited. Little information is available about 

the VC and extent of post-harvest losses in sweetpotato production and marketing in the 

Ethiopia (Jones et al., 2012).   

Cassava is relatively new to Ethiopia, unlike the other main producers in the West Africa, 

such as Nigeria, Congo, and Ghana. Although it is not well known when exactly cassava 

was introduced in Ethiopia, certain authors mentioned that it was introduced around 1960 

(Kebede et al., 2012; Mulualem, 2012). The importance of cassava was further 

recognised by the local communities and policymakers during the notorious famine of 
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1984-85 (Tadesse et al., 2012). However, in Ethiopia, cassava remains an underutilised 

crop, and the country has major deficiencies in the availability and implementation of 

processing, toxin removal and storage technologies (Kebede et al., 2012; Tadesse et al., 

2012). The significance of this crop in the country is increasing, especially in the southern 

and southwestern regions. Some of the districts in the south which grow cassava are 

Konso, Amaro, Gedeo, Sidama, Wolayita, Gamo-Gofa and in South-western Illu Ababa 

Bora, Jimma, West Wollega and Benshangu-Gumuz (Kebede et al. 2012; Tadesse et al., 

2012). The current varieties which exist in the southern region are typically classified by 

farmers as a sweet and bitter (sweet varieties are called Seetie and bitter as Wonde in 

local the language). Tadesse et al. (2012) stated that Kello and Qulle (44/71 white and 

104/72 Nigerian red) were the two most popular cultivars in the four districts of SNNPR. 

A lack of scientific work on cassava post-production and utilisation in Ethiopia was noticed 

during the literature review. Root crops such as cassava have been ignored by 

policymakers and researchers in the country, due to the perception of it being a famine 

reserve backyard crop of the poor. The major focus of the postharvest research in the 

country has been on cereals, pulses and cash crops such as coffee. No comprehensive 

study concerning the production and post-production situation along the VCs of cassava 

was found from the country.  

This study intends to fill this existing gap in the data from Ethiopia on post-harvest losses 

of sweetpotato and cassava crops. The study would also enrich the pool of scientific work 

conducted on post-harvest VCs of cassava and sweetpotato globally. 

1.2 State of the art  

1.2.1  Food insecurity in Ethiopia   

With current inhabitants of 104 million (United Nations World Population Prospects: The 

2017 Revision), Ethiopia rank 13th globally regarding population and has the second 

largest population in Africa after Nigeria. The current and estimated fertility rates suggest 

that the population of the Ethiopia is expected to rise to 190 million by 2050. These 

growing populations must have minimum supplies of food and water, given the socio-

economic and environmental challenges. Looking at this scenario the country is struggling 

with high population growth rates, poverty and frequent droughts where most of the 
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agriculture is rain-fed and dominated by smallholders (Endalew et al., 2015; Siyoum, 

2012).  

The history of droughts and the associated chronic and transitory food insecurity in 

Ethiopia are well documented and known. In the last century, the country has faced more 

than 40 severe famines, the notorious famine of 1888-1892 known as Kifu Ken (Evil Days) 

took the lives of almost one-third of the country’s entire population, and 90% of the 

livestock was killed ( Gill, 2010; Siyoum, 2012). Some of the other ill-famous famines in 

the country which also resulted in political instability and war were during 1972-74 and 

1984-85. The 1972-74 period was sometimes termed ‘creeping coup’ when the Ethiopian 

emperor was dethroned by a military regime (Derg) using famine as propaganda to initiate 

the revolution (Gill, 2010). However, the history repeated itself in 1984-85 when close to 

one million Ethiopians lost their lives in the northern highlands of the country, 400,000 

were refugees outside the country, 2.5 million displaced internally, which started the 

decline of the socialist Derg regime. In 2002-03  the continuous failure of rains resulted 

yet again in a famine in which close to 13 million people were affected, and the country 

requested an emergency food grains aid of 1.4 million tonnes (Gill, 2010). Such events 

created a structural food deficit in the country. More recently (2015-2016) the El-Nino 

related failure of two successive rainy seasons has damaged the livelihood and food 

security status in the country. Reports from World Food Program (WFP) suggested that 

in 2015-2016 close to 10 - 18 million people were in pressing need of food aid. Such 

droughts hit hardest the rural poor and smallholders by limiting their agricultural and 

livestock productivity and in turn exacerbating the food insecurity situation. Currently, 30-

40% of the Ethiopian population is food insecure (Siyoum, 2012; Endalew, 2015). 

The latest figures ( June 2016) of the Global Food Security Index (GFSI), rank Ethiopia 

at 98th position in a list of 113 countries. The in its calculations GFSI look at the three core 

issues namely affordability, availability, and quality of the food products prevailing in a 

particular nation. The index constitutes of 28 different indicators, and for the first time 

such an index conducted a comprehensive examination of food security and highlighted 

the underlying factors responsible. One of the important factors in the availability category 

(availability score and overall GFSI has the strongest correlation among all categories) is 

food loss (post-harvest or pre-consumer food losses), it is surprising that the food loss 
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index score has only recently become part of the GFSI  (since 2014). The addition of food 

losses index to availability category shows the increasing interest in food loss reduction 

towards supplying additional quantities without putting extra pressure on existing natural 

resources. GFSI, (2016) mention that food security and food loss are inversely correlated 

(correlation coefficient -0.59), and among all the indicators in the availability category food 

loss index score has the strongest relationship with the agricultural infrastructure. The 

current food loss index score of Ethiopia is about 5.1 whereas the global average is 5.4, 

and the sufficiency of supply index score is 15.7 with a global average of 57.3. The food 

loss index score of GFSI is the ratio of post-harvest or pre-consumption losses to the total 

domestic food supply of a particular country. For example, if we compare these scores 

with the United States of America (USA) which has the highest score (Rank 1) in the 

GFSI, food loss and sufficiency of the supply index scores are 0.8 and 94.7 respectively. 

The GFSI food loss index scores for Ethiopia show that a country which is already 

suffering from major deficiencies in its food supply is having significant food losses along 

the VC, which is unacceptable in a situation like Ethiopia where stakes in food security 

are so high. Food security is also a prerequisite for global peace and stability. The GFSI 

(2016) report mentioned that food availability and political instability are highly related to 

each other, which was discussed briefly at the beginning of this section. The bottom 40 

countries  (which includes Ethiopia) in the GFSI scores (especially in availability category) 

are more susceptible to experience a military or political coup d’etat. Overall, the food 

losses and food insecurity are directly related especially in developing countries like 

Ethiopia where the majority of food losses are taking place at pre-consumption stages. In 

the next section,  the intersection of food losses and food security is discussed in further 

detail. 

1.2.2  Food losses: the ‘hidden harvest'  

Food losses have not obtained the attention they deserve in providing an additional food 

supply to humanity. In the last decades, only 5% of the total agricultural research funding 

has been allocated to post-harvest management studies (Kumar and Kalita, 2017). Until 

recently, many versions of food loss definitions and other related terminologies with 

sometimes similar and sometimes a bit different meanings have been used by several 

researchers and other stakeholders (FAO, 2014). A globally harmonised definition for 
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food loss and waste is still under development, the most updated accounts of the 

definitional framework are provided by FAO (2014) and FLWP (2016). Table 1.1 provides 

a summary of the definitional framework; both of these documents do not give a hard 

definition rather a conceptual idea which can be used exclusively depending on the 

particular food loss quantification goals.  

 

Table 1.1: Food loss and waste definitional framework (Adapted from FAO, 2014 and 

FLWP, 2016) 

Terms  Definition  Supplementary Remarks  

Food loss The decrease in quantity and quality of 

agricultural products intended for human 

consumption (food).  

At production and 

distribution stages of the 

supply chain.  

Food waste Removal of food which was fit for consumption, or 

left to spoil as a result of neglect predominantly by 

final consumers.   

Food waste may not 

exclusively be at the final 

consumers, but can also be 

at farm and retail level.  

 

For the sake of better understanding, food losses in this document would refer to ‘the 

degradation or destruction of the food material intended for human consumption during 

the harvest and post-harvest stages of the VC’ (collectively pre-consumption losses). Pre-

consumption losses are highly prevalent in developing and least developed countries due 

to various inefficiencies in FSC and a lack of robust infrastructure. Conversely, food waste 

which is occurring at the final stage of consumption (or organised retail distribution chains 

as mentioned in Table 1.1), is a phenomenon of the developed world or high-income 

countries (Gustavsson et al., 2011; Hodges et al., 2011; Kummu et al., 2012). Food losses 

aggravate the food insecurity situation as they take away a proportion of the food quantity 

from the total food availability, whereas food waste occurs due to higher food availability 

and a high-income level. The Wall Street Journal (WSJ, October 2016), based on data 

from United States Department of Agriculture (USDA), reported that in the first eight 

months of 2016, 43 million gallons (163 million litres) of milk were poured by American 

(USA) farmers due to surplus production. In another recent review, Kumar and Kalita 

(2017) mentioned that in 2010, close to 30% of the total food available in the USA was 

wasted at retail and consumption levels. The situation is similar in high-income countries 

of Europe, according to a recent report of European commission 88 million tonnes of food 
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are wasted annually in the European Union, food products worth of 143 billion euros 

(Stenmarck et al., 2016). Various European countries are building policy to tackle the 

problem of food waste, for example, France and Italy have recently passed a law, which 

forbids the supermarkets to throw away or destroy the unsold food.  

The GFSI (2016) reiterated that there is an uncertain relationship between food waste 

and food insecurity. Food waste is rather considered as a symptom of too much food 

security, whereas food loss has a direct impact on food security in developing countries. 

Moreover, food loss and waste together also represent a gross wastage of land, water, 

labour and energy in production and supply of the food (Kummu et al., 2012; Lipinski et 

al., 2013).  According to the FAO (Food and Agricultural Organisation of the United 

Nations) estimate (October 2013), the food losses and wastes cause a significant 

economic loss, with 750 billion USD worth of food being lost along the VC globally. 

Lipinski et al. (2013) stated that food loss and waste are associated with 3,300–5,600 

million metric tonnes of greenhouse gas emissions (CO2 equivalent), 173 billion m3 of 

water and 198 million hectares of cropland per year.  It is uncertain that, if the focus on 

only producing higher farm yields can be a sustainable solution to future food demands, 

if food losses continue to be at such a high level. 

The primary emphasis in countries like Ethiopia has to be on food losses, which is also 

the theme of this study. Food losses are the main indicator of structural problems in the 

agricultural infrastructure and policies. As the food losses reduce the community tends to 

have a more nutritious diet (GFSI, 2014; Kumar and Kalita, 2017).  As the prospects of 

the global population suggest that by 2050 there will be 2.4 billion more people to feed, 

the world food production needs to be increased significantly (Parfitt et al., 2010; Hodges 

et al., 2011; Godfray et al., 2012). The majority of this population increase is going to take 

place in SSA (from the current population of 1.2 to 2.5 billion) which may exacerbate the 

already existing food shortages in the continent (Melorose et al., 2015). The pressure to 

increase more productivity to feed the growing population, shrinking natural resources 

and climate change may in future present a serious challenge to global food security.  

However, Smil (2000) in his book ‘feeding the world’ suggest that neither such 

catastrophist (Malthusian) nor a cornucopia (such as Boserup) theories would be true in 

global food supply scenarios. The core theme or as stated by Smil, the mantra of the book 
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was: ‘our response to higher demands should not be primarily the quest for higher supply 

through increased inputs, but rather the pursuits of higher efficiency’. Smil (2000) also 

noticed at the onset of the 21st century that the majority of the past agricultural research 

had focused only on the issues related to farm production, and the subject of harvest and 

post-harvest losses remained inexplicably under-researched. On the one hand there is 

this mission to increase farm yields to match the population growth in low-income food 

deficient (LIFD) countries, and on the contrary, food losses and wastes reduce the total 

available food. The rough food loss estimates of the FAO for cereals is close to 20%, of 

fruits and vegetables, it is 45% and more than 20% of dairy and meat products in the least 

developed countries. By these estimates, one can imagine the scale of nutritional, 

economic and environmental impact of these losses.  

It must be noted that when the inefficiencies in the FSC result in significant food loss the 

marginalised, vulnerable, and the poorest sections of the society hit hardest, making food 

less accessible physically and economically for these groups (Gustavsson et al., 2011; 

GFSI, 2014; Bourne, 2014). Reduction of food losses provides an outstanding opportunity 

to increase food supply without putting extra pressure on natural resources  and 

environment for higher production, which means we should not be looking for more food 

just at the farm but also in storage warehouses, wholesale and retail centres, and last but 

not least, in our eating habits. If the current food losses are halved on only one of the 

continents of the world, there would be enough food available for an extra 1 billion people, 

which can help achieve global food security (Kummu et al., 2012). In an article on 

connecting food losses and food security, Bourne (2014) defined food losses as the 

‘hidden harvest’. In September 2015, the UN launched its latest sustainable development 

agenda comprising of sustainable development goals (SDGs). The SDG 12 specifies 

sustainable consumption and production patterns, of which food loss reduction is an 

important part. The SDG12.3 sets a target to reduce per capita global food loss at 

selected VC stages by 50% by 2030. To track SDG 12.3 an effort to develop a model 

based ‘Global food loss index’ is underway at UN, which requires a broad coverage of 

primary data for various commodities for particular locations. It has been highlighted in 

the detail description of the SDGs that availability of such primary data is lowest in Sub-
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Saharan Africa, North Africa and the Middle East, raising a need to put additional efforts 

to carry out these measurements.  

1.2.3 Measurements: food loss and waste  

Food loss is a complex problem as its extent varies for different products, handling 

practices, local climate conditions and the socio-economic situation of the community. 

Considering the importance of the issues of food losses and its impact on food security 

in developing regions it is critical to understand the patterns, causes and magnitude of 

these losses for specific crops in specific locations (Kumar and Kalita, 2017; Bourne, 

2014; Gustavsson et al., 2011). The currently available data on food losses is largely 

scarce and does not provide a detailed analysis for particular crops in specific locations, 

which limits the ability of policymakers and development organisations to act towards the 

reduction of these losses. The basic stages in the VC of any agricultural food crop are 

production (cultivation and harvest) and post-production (which includes handling, 

packaging, transportation, storage, processing and distribution stages such as wholesale 

and retail) before the product reaches the final stage of consumption. The magnitude and 

causes of the losses would also depend on these stages of the VC along with other factors 

mentioned before. Hence, the food losses need to be looked at from a holistic system 

approach where whole VC from harvest to consumption is taken into consideration to 

understand the critical stages of the VC which contribute significantly to these losses.  

Studying the whole VC of a product provides us with the ‘hot spots’ and key areas 

indicating where and why most of the losses are taking place and enable us to think of 

what effective measure can be taken to overcome or reduce these losses to a minimum. 

The present situation and future trends suggest that an enormous potential is existing in 

the form of food loss reduction if the constraints and the bottlenecks of the VC be identified 

and cost-effective countermeasures are built. Parfitt et al., (2010) stated that when a 

closer look was given to the magnitudes of food loss quoted in many studies, it was 

realised that most of the estimates are based on the same limited primary data collected 

in the 1970s and 1980s. Parfitt and many other following studies (Gustavssons et al., 

2011; Hodges et al., 2011; Godfray et al., 2012 and Kummu et al., 2012) suggested a 

strong need for extensive post-harvest research to build a commodity based systematic 

analysis of the entire VC from production to consumption as the first logical step towards 
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building viable and sustainable mitigation strategies. Recording extent of food losses and 

their causes at various stages of the VC over a period of time is the key to developing 

and assessing the cost-effectiveness of measures to improve post-harvest handling and 

processing methods. Moreover, apart from identification of the point of action, obtaining 

a baseline situation is critical to evaluate intervention efficiencies and improvement 

measures.  

Measurement is considered the first step towards management. “If you cannot measure 

it right, you cannot manage it well” (Cruz-Cázares et al., 2013), a version of an old 

management adage often attributed to one of the legendary management expert Peter 

Drucker, still holds today. Efforts to reduce food losses must begin with an assessment 

of magnitudes and causes of these losses. However, there is always a question to what 

extent the measurement techniques and methodologies should be applied, so that cost 

of measurement does not exceed the advantage of doing so. Absolute precise accuracy 

in measuring food losses is a difficult task (Smil, 2000; Sonka, 2013). In the past, the 

efforts to measure food losses has been based on two broad approaches, either precise 

measurement from selected representative samples of product or informed estimates with 

variability in dimensions (Sonka, 2013). Until recently there was no available, agreed 

upon common methodology for food loss and waste assessment and reporting, which 

was creating confusion as far as an extent of losses is a concern on global and national 

levels. For example, a publication by the National Research Council, Washington (1978) 

stated that post-harvest losses for maize in developing countries range from 1-100% (Bell 

et al., 1999), which certainly cannot be very helpful. After these revelations, a consistent 

effort has been made to standardise the methodology for loss assessments at least for 

durables (cereals and pulses). A more precise estimation of grains and pulses post-

harvest losses started when counting and weighing method (initially for maize) was first 

introduced by Pantenius (1988), which was found to be more reliable in comparison to 

other methods, especially for storage losses. Visual loss estimation methods developed 

by Compton et al. (1996) at NRI (Natural Resource Institute, UK), were highly useful, 

especially for field work with considerably less workload when compared to counting and 

weighing. The initial studies on post-harvest loss assessments were primarily focused on 

storage losses. However, by the end of the 1980s, the concept of a system approach 
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came into the picture which includes elements such as socioeconomic and cultural 

aspects while assessing and looking at the overall VC (Bell et al., 1999).  After that, the 

majority of the field research shifted to a more holistic system approach in which all the 

stages of the production, processing, marketing and consumption were taken into 

account. Such an approach is certainly better than looking at one of the VC stages in 

isolation which can give an incomplete picture of the situation, without knowing what 

happened in previous steps or what is going to occur in the next stage. However, the 

perishable (fruit, vegetables, roots, tuber, milk and fish) products were not considered in 

the first place.  The complexity of measuring the losses in case of perishables is higher 

as loss of quality of the commodity plays an important role. Perishable commodities are 

more vulnerable to mechanical damage due to the bulky nature and irregular shape and 

microbial deterioration due to high water activity. It was a long-standing need to develop 

a consistent and standard approached from an integrated post-harvest management 

point of view. This gap in the assessment methodology has been recently filled by the 

development of Food Loss and Waste Protocol (FLWP, 2016) by the World Resource 

Institute (Washington DC) in collaboration with the FAO. The standardised approach 

provides not only comprehensive guidelines to measure harvest and post-harvest losses 

but is also helpful when a comparison has to be made between various studies in the 

spatial arrangement of time, location and commodities. Awareness of how much, where 

and when food loss and waste occurs would help realise the economic, social and 

environmental impact of these losses, which motivates remedial actions (FLWP, 2016). 

An individual entity (in the case of specific operations such as processing) or a collective 

action of various stakeholders (whole value chain actors, researchers and policy makers) 

may need to work towards achieving low levels of food losses and waste. The FLWP, 

(2016) lists some of the important motivations to reduce losses namely, Food Security 

(reducing food losses can increase the available amount of food for human consumption), 

Economic efficiency (the economic or financial performance of an entity can be improved 

if losses and wastes are cut to its minimum), and Environmental Sustainability (as already 

mentioned lost and wasted food products represent lost natural resources which were 

employed in their production). Other than these three larger goals, quantifying and making 

an inventory of food loss and wastes can help achieve various other academic and 
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management objectives by developing a baseline line or base year data. This base year 

data can be used to set reduction targets, track progress, make comparisons to other 

entities, calculate economic costs associated with losses, identify ‘hot spots’, monitor the 

efficacy of loss reduction measures, develop a statistical database and last but not least 

model prospective trends of losses and wastages.  
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2 Objectives and structure of the thesis 

2.1 Objectives  

The principal goal of this study was to fill the existing information and data gap regarding 

the scale, pattern and causes of the food losses along the sweetpotato and cassava 

VCs in southern Ethiopia. The study would deliver reliable data on food loss in these 

particular VCs and identify targeted reduction strategies at the policy and technological 

level. It would help to engage various stakeholders in the food loss reduction programs 

and to realise the benefits from the improved post-harvest handling practices along the 

VCs.  

To achieve the principal goal of the study, we intended to address the following research 

questions: 1) What are the current structures of sweetpotato and cassava VCs in the 

study area? 2) What are the magnitude and causes of food losses at the various 

segments of the VCs? 3) What are the potential improvement measures that can be 

implemented to enhance the post-harvest handling efficiencies along the VCs?  

The following specific objectives were formulated to answer the above research 

questions. The first two objectives (1, 2) were related to sweetpotato VC and one of the 

major sources of sweetpotato mechanical damages during handling. Objective 3 focused 

on cassava VC, and 4 provided a report on one of the major insect pest infesting dry 

cassava in the study area. 

1. To assess the post-harvest handling practices and associated food losses in the 

sweetpotato VC in southern Ethiopia. (Chapter 3) 

2. To investigate the potential of pre-harvest curing of sweetpotato roots as a measure 

of skinning injury reduction during post-harvest handling.  (Chapter 4) 

3. To characterise cassava VC and assess the post-harvest practices and associated 

food losses in southern Ethiopia. (Chapter 5) 

4. To identify and report the most damaging pest in cassava storage systems in the 

study area. (Chapter 6).  
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2.2 Thesis structure  

The thesis comprises of eight chapter. Chapter 1 provides a general introduction, 

reasoning why the study was conducted and to highlight the research gaps which prevail 

in root and tubers VCs of southern Ethiopia. The second part of chapter 1 includes the 

importance of food loss measurements and explains how these assessments are critical 

to formulating loss reduction strategies. This part also elaborated the food security 

situation in Ethiopia and the intersection of food losses and food insecurity in the country 

and beyond. The subsequent Chapter 2 elaborates the overall goal, research questions 

and specific objectives of the study. 

Chapter 3 quantifies and links specific food losses to their causes and overall limitation 

of the sweetpotato VC in the study area. Proposed mitigation measures were discussed 

in the later part of this chapter. One of the major problems, which were identified, was the 

skinning injuries of sweetpotato roots.  Pre-harvest curing (PHC) as a low-cost measure 

to minimise sweetpotato root skinning injuries was explored in chapter 4 by conducting a 

participatory farmer’s field trial.  

Chapter 5 details the food losses and by-products generated in the cassava VC along 

with the causes and destination use. Storage pests were one of the biggest problems 

associated with cassava food losses in the study area. The information regarding one of 

the important cassava pests identified during the survey (Heterobostrychus brunneus) 

was missing from the current literature on food damaging insects and pests from the 

country. This gap was filled by providing a more detailed report on morphological 

identification and geographical presence of the pest in chapter 6. The DNA barcode data 

of H. brunneus from the location was submitted to the global database boldsystems, 

which was a very first record of this information from Ethiopia. 

Chapter 7 of the thesis encompasses general discussion, where the results of the 

particular studies were explained in broader point of view. This part of the thesis also 

comprises of future outlook and the reflections on the methods used.  Chapter 8 is the 

executive summary of the thesis. Chapter 9 as annexures provides questionnaire 

templates and photo-video-graphic evidence from the study area.  
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3.1 Abstract  

Household food insecurity is a chronic problem in Ethiopia; the situation is being 

exacerbated by high population growth rates and recurring droughts in the country. The 

interest to address post-harvest value chain (VC) constraints leading to food losses has 

increased significantly to provide adequate nutrition to the growing population. In this 

study, mapping of sweetpotato VC not only quantifies the degree of losses but establish 

links between distinct VC constraints and respective food losses and limitations. Harvest 

and handling at farm level and shelf life issues at distribution were identified as vulnerable 

hot-spots of the sweetpotato food losses. Apart from physical and biological factors, 

demand and supply mismatch during the main harvest season at the wet markets leads 

to food (up to 25%)  and economic losses (33-75%)  followed by deficiencies in the lean 

season. A multi-stakeholder cooperation is required to mitigate food losses, which can 

have a high impact on the nutritional and financial status of the producers, market 

operators, and the consumers.  

Keywords: Mechanical damages; Ethiopia; Food losses; Sweetpotato; Value chain. 

3.2 Introduction 

Starchy roots and tubers such as Ethiopian banana (Ensete ventricosum), potato 

(Solanum tuberosum), sweetpotato (Ipomoea batatas) and taro (Colocasia esculenta) are 

the second most important source of daily dietary intake in Ethiopia following cereals 

(CSA, 2015). Sweetpotato is the most important tropical root crop in the country, 

especially in the densely populated southern and southwestern parts of the country 

(Tadesse et al., 2013). The Ethiopian national sweetpotato production has quintupled in 
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the last decade, making it the 4th largest producer globally after China, Nigeria and 

Tanzania (FAOSTAT, 2014). Sweetpotato is attractive to small-scale resource-poor 

farmers as it provides more carbohydrates per hectare than any other crop and has an 

ability to endure in poor soils and dry conditions (Lebot, 2009; Rees et al., 2012). The 

importance of sweetpotato as a source of β-carotenoids, ascorbic acid, and anthocyanins 

have also been widely recognised and promoted (Andrade et al., 2009; Hotz et al., 2012; 

Grace et al., 2014). Because of these unique features, sweetpotato is classified as a 

typical food security crop.  In the semi-arid plains of  East Africa, sweetpotato is 

sometimes called ‘Cilera Abana – protector of the children’ which is a reflection of its 

crucial role in fighting malnutrition (Bovell-Benjamin et al., 2007).  

Being perishable and poorly handled in developing countries such as Ethiopia 

sweetpotato roots may suffer significant post-harvest losses along the value chain (VC). 

Current global estimates suggest that 45 up to 54% of roots and tubers are spoiled post-

harvest in sub-Saharan Africa (SSA) (Gustavsson et al., 2011; FAO, 2012). A recent 

meta-analysis by Affognon et al. (2015) provides a staggering 45 - 69% loss for 

sweetpotato. The distinct causes and magnitude of such losses depend on the particular 

conditions prevailing in specific locations. Many recent studies raised this concern and 

demanded location specific detailed information regarding the scale and nature of these 

losses (Parfitt et al., 2010; Gustavsson et al., 2011; Lipinski et al., 2013; Affognon et al., 

2015). The most recent global effort towards bringing the issue of food loss in the forefront 

was the release of United Nations sustainable development goals (SDG). SDG-12.3 

targets a reduction of 50% in per capita global food loss at retail and consumer level by 

2030 and propose the requirement to multiply efforts towards reduction of losses at 

production and supply stages.  

Food security in Ethiopia is still a critical issue, 25-35% of the country’s population is 

undernourished  (WFP, 2015). Reduction in food losses and food waste is one of the 

sustainable solutions to enhance future food availability (Parfitt et al., 2010; Hodges et 

al., 2011; Kummu et al., 2012). Little information is available from the country about the 

post-harvest handling practices and associated food losses, despite Ethiopia being the 

fourth largest producer of sweetpotato. In a review Jones et al. (2012) highlighted that 

information from Ethiopia on sweetpotato post-harvest handling practices, storage and 

magnitude of losses are almost non-existent. In the course of this study, a diagnostic 
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survey was carried out during the main harvest season along the sweetpotato VC in 

southern Ethiopia. The objective was to capture the current status of the post-harvest VC 

from harvest to retail, identify the key actors and their respective roles, and quantify food 

losses. The principal focus was to assess how much, where, when food losses occur, 

what the main causes, and types of these losses are.  

3.3 Materials and methods 

3.3.1 Study location 

The SNNPR (Southern Nations, Nationalities, and Peoples' Region) borders Kenya in the 

south and south-west, and South Sudan in the west. It is one of the most rural regions of 

Ethiopia, with an estimate of 90% rural inhabitants. The region constitutes 52% of the 

total land allocated for sweetpotato production at the national level.  The Sidama and 

Wolayita zones are the centres of sweetpotato production in SNNPR, contributing 72% 

of the total regional production (CSA, 2015). Hawassa and Sodo main markets and Addis 

Ababa market (markatu) were the key markets visited to track commercial consignments 

of sweetpotato roots. Hawassa is the capital city of SNNPR and about 275 km south of 

the national capital Addis Ababa. Sodo is the central administrative town of Wolayita zone 

located 150 km south-west of Hawassa and 312 km south of the national capital. 

According to the Ethiopian national census of 2007, the population of Hawassa and Sodo 

towns was 157,139 and 76,050. However, current estimate suggests that the population 

of these cities may have grown two fold since then mainly due to rural-urban migration. 

The cities represent the urban centres of the respective zones, with literacy rates of 72.5 

and 88.7%, and economic activity rates of 52.2 and 58.9% for Sodo and Hawassa 

respectively (CSA, 2007). The geographical location and elevation of Hawassa and Sodo 

are 0380 28' E, 070 03' N, 1694 m and 0370 44' E, 060 49' N, 1854 m respectively. The 

rainfall pattern in the study area is bimodal, with a short rainy season in March and April 

and the long second rainy season from June to mid-October.  

3.3.2  Definitions and system boundaries 

Maintaining a consistent definitional framework and clearly stating the system boundaries 

are keys to compare food losses results to existing studies and measuring future 

developments against the current status. Throughout this study, the FAO definitional 

framework of food loss and system boundaries was followed (FAO, 2014), where food 
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loss is referred as ‘decrease in quantity or quality of any substance (processed, semi-

processed or raw) which originally was intended for human consumption’. Four 

boundaries, which were selected for this study, were agricultural production (during 

harvest); post-harvest handling and storage (during packaging, transportation); 

processing (industrial or domestic processing) and distribution (wholesale and retail). 

Food waste is referred as the food loss occurring at consumption stage, which is a major 

problem in developed countries (Parfitt et al., 2010; Gustavsson et al., 2011). Therefore, 

food waste was not considered during this study.  

3.3.3 Damage assessment  

After conducting a preliminary investigation at the farm and wholesale stages, four 

classes of the damages were conceptualised (refer to Table 3.1) 

Table 3.1: Damage classes at farm and market levels. 

Code  Damage class Definitiona 

UD Undamaged Roots are whole, and there is no mechanical injury apart from the breaking point from the 

vine. 

LD Lightly damaged Roots are not whole and carry one small cut other than the breaking point from the vine. 

SD Severely damaged Roots are not whole and carry more than one cut, apart from breaking point from the vine.  

PD Pest damage Roots which are infested by the pest, visual identification by looking at the holes present 

on the surface due to weevil attack. 

a
Skinning injuries were not considered in this assessment as at retail and wholesale level  100% of the roots were found to be affected 

by skinning. 

3.3.4 Field survey and measurement  

A survey (semi-structured questionnaires) and field measurements (direct 

weighing/counting) were conducted for the assessments at retail, wholesale and farm 

levels. An upstream approach of stakeholder identification was used starting from the 

retail level.  

Table 3.2: Primary producer locations and linked markets surveyed. 

Urban markets Feeder Zone Woreda Kebele Distance from market 

Hawassa Sidama Dale Mesinkala 35 km 

Dore Bafana Jara Karara 20 km 

Sodo 
 

Wolayita 
 

Boloso Sore Ukara 30 km 

Sodo Zuria Offasere 20 km 

Addis Ababa Wolayita Sodo Zuria Offasere 340 km 
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Table 3.3: Background characteristics of traders interviewed. 

Background characteristics Retailer  (n=19) Wholesaler  (n=3) Collector (n=9) 

Sex (%)    

Male 0.0 33.3 100.0 

Female 100.0 66.6 0.0 

Age (Average years) 36±12 35±14 29±3 

Education (%)    

No formal education 21.1 0.0 11.1 

Primary education 63.2 66.6 44.4 

Secondary Education 15.0 0.0 11.1 

Higher Secondary 0.0 0.0 33.3 

University 0.0 33.3 0.0 

Market (n)    

Hawassa 9 1 4 

Sodo 8 1 3 

Addis Aababa 2 1 2 

 

Table 3.4: Background characteristics of farmers interviewed. 

Background Characteristics Survey Area  

  Overall (n=30) Sidama (n = 10) Wolayita ( n = 20) 

Sex (%) 

Male  90.0 100.0 85.0 

Female 10.0 0.0 15.0 

Education (%)       

No formal education 13.3 0.0 20.0 

Primary education 56.6 80.0 45.0 

Secondary Education  16.6 10.0 20.0 

Higher Secondary  3.3 10.0 0.0 

University  10.0 0.0 15.0 

Family size (%) 

1 to 3  13.3 30.0 5.0 

4 to 6  53.3 60.0 50.0 

above 6  33.3 10.0 45.0 

Age (%) 

18 to 30 56.7 80.0 45.0 
31 to 40 20.0 10.0 25.0 

41 to 50 20.0 10.0 25.0 

above 50 3.3 0.0 5.0 

Land holdings (%) 

≤ 1hac 70.0 60.0 80.0 

> 1 hac  30.0 40.0 20.0 

Major crops (%) 

Sweetpotato 100.0 100.0 100.0 

Enset  53.3 70.0 45.0 

Taro 40.0 0.0 60.0 

Maize  36.7 60.0 25.0 

Teff  26.7 0.0 40.0 

Potato 20.0 30.0 15.0 

Coffee  13.3 30.0 5.0 

Carrots  3.0 10.0 0.0 

Sugarcane  3.0 0.0 5.0 
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All the sweetpotato retailers in Hawassa and Sodo markets were interviewed. Retailers 

were asked to provide the contact of wholesalers delivering sweetpotato roots to them. 

Similarly, information from wholesalers was obtained to reach collectors and 

subsequently the farmers. The primary sweetpotato supplier woreda (sub-regional 

administrative units) to the selected urban markets and the respective kebele (smallest 

administrative units) which were surveyed during the study are illustrated in Table 3.2.  

In total 61 VC actors were interviewed including 30 farmers, and 31 traders (19 retailers, 

nine collectors, and three wholesalers). Background characteristics of VC actors are 

presented in Table 3.3 and 3.4.  

3.3.5 Trials at market conditions 

Freshly arrived sacks (weighing ~ 110kg) at the wholesale level were procured for shelf 

life (keeping quality) trials at market conditions during the month of March (2015) at 

Hawassa main market. The consignment was a day old harvest and had travelled a 

distance of 35 km (Kebele: Mesinkala) by mini-truck involving loading and unloading 

activities (please refer to Figure 3.1 for transition points and approximate delays for 

Hawassa market). All the roots suffered skinning injuries. For in-sack keeping quality 

trials, 30 sweetpotato roots were kept in polypropylene bags, representing the marketing 

situation. The purpose was to investigate critical quality deterioration during marketing 

rather than long-term storability. Rees et al. (2003) clearly distinguish between long-term 

storage (>3 months) and shelf life (keeping qualities during marketing ranging 2-3 weeks). 

A period of 4 weeks was considered to represent the maximum length of time fresh roots 

may stay in the marketing stage. Two sets of bags with three replicas each were prepared. 

Set one (unsorted) constitutes an imitation of the commercial sack with all the different 

classes of roots (UD, LD, SD, PD) in the same proportion as it was identified at the 

wholesale level. Another set (sorted) of bags with only undamaged (UD), lightly damaged 

(LD) and severely damaged roots (SD) was prepared after sorting the original commercial 

sack to analyse the effect of injury type on weight loss and rotting. Weight loss and surface 

rotting were observed weekly, and at the end of the 4th week, all the roots were cut 

vertically and horizontally to detect the types of infection. ‘Sweetpotato DiagNotes: A 

Diagnostic Key & Information Tool for Sweetpotato problems’ was used for identification 

of rotting and responsible microorganism (O’sullivan et al., 2005). 
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Retail conditions were categorised into three types: shade (S), semi-shade (SS) and no 

shade (NS). S retail: roots are placed under a shelter providing complete protection from 

direct sunlight and have three walls. In the SS: roots are placed in the shade, but there 

are no walls; an umbrella, tree or a poorly constructed shed on four wooden pillars 

typically provides shade. NS retail: roots are sold under direct sunlight without any form 

of shade. Ten medium size roots of each damage class in each retailing condition were 

displayed on polypropylene sacks on the ground during the market hours and packaged 

in the sack during the night (which is the standard retailing practice in the study area). 

The samples were weighed every 24 hours for a seven-day period. The analysis of 

variance between subject and factors was performed using SPSS version statistics 22 

(IBM, Armonk, USA) to test the significance of damage class and retail condition on the 

mass loss characteristic of sweetpotato roots. Environmental conditions during the trials 

were recorded by digital data logger Testo, 174H (Lenzkirch, Germany).  

 

 

Figure 3.1: Post-harvest value-chain actors and activities in the study area. 
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3.4 Results 

3.4.1 Value chain characteristics 

The major VC operators identified during the survey were farmers, collectors, 

wholesalers, and retailers. The definition of these operators in the framework of GTZ 

(Deutsche Gesellschaft für Internationale Zusammenarbeit) (Springer-Heinze, 2007) VC 

methodology are as follows:  a farmer is  ‘an individual who is involved in the cultivation 

of sweetpotato roots and responsible for activities related to production such as land 

preparation, planting, weeding and applying manures/fertilizers to the crop.' Collectors 

are ‘a group or an individual who is involved in the collection of freshly harvested 

sweetpotato roots from various farmers and bring them together as one consignment and 

responsible for harvesting, packaging and final transportation (with the help of casual 

labours and transporters) to the wholesale and retail markets.' Wholesale refers to ‘ a 

group or an individual who purchase bulk consignments of sweetpotato roots sacks from 

collectors or farmers and then further distributes the product to retailers without any 

change or value added to the product.' Retailers are the final link in the marketing chain 

and can be defined as ‘an individual who is responsible for the final sorting and grading 

and sale to the consumer in smaller units.' There are other actors in the VC, but their role 

is more of an enabler, such as daily wage labours (or casual workers), mini-truck and 

donkey cart operators, who never own the product but carry out the activities such as 

harvesting, packaging, and transportation. Hawassa and Sodo markets were considered 

independent, as none of them found to be intersecting each other. At Addis Ababa market, 

100% of the sweetpotato roots came from the Wolayita zone as per the wholesaler's 

account. 

There are three common paths by which the sweetpotato roots reach the final step of 

retailing. In the first, collectors pick up roots from many farmers and bring them to the 

wholesaler from where retailers purchase. The second path is when farmers are selling 

directly to wholesalers without any involvement of collectors. Third, the farmers and 

collectors who sell directly to retailers, which happens at small village-level markets. 

Figure 3.1 presents the post-harvest VC by the market, the length of time in the sack and 

transition points along with actors and their related roles.  
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The VC actors performed no curing and storage activities at any stage. As soon as the 

product was harvested, it was packed and transported to wholesale/retail market. There 

were delays of 1 or 2 days after packaging depending on the distance to the market and 

the transportation systems. During these delays, the product was kept under shelter or 

outside in the shade at ambient environmental conditions packed in polypropylene sacks.  

Consumption was in the form of boiled whole roots; no value added primary or secondary 

processed sweetpotato products were available in the study area. There are small street 

vendors who sell boiled sweetpotato roots with local sauces, which was consumed by 

economically poor members of the society. Anecdotal evidence and observations suggest 

that sweetpotato is food for the financially weaker section of the community.  

 

 

Figure 3.2: Randomly selected roots at harvest depicting root geometry. 

As far as the variations in cultivar were a concern, only one white flesh sweetpotato 

variety, locally called Gadissa (Hawassa-83) was commercially available in the surveyed 

area. The main reasons behind low diversification of sweetpotato cultivars were the taste 

preference of the local population, better shelf life, white flesh, and higher yields per 

hectare.  According to the Hawassa Agriculture Research Center, Hawassa-83 is the 

highest yielding variety among all sweetpotato cultivars which are available at the 

research station. The maturity period of this cultivar is 150-160 days with on experimental 

station yields of up to 36.6 t/ha.  Dry matter content of the variety is about 30-33%. 

10 cm 
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However, the drawback of this cultivar is that it has no β-carotenoids, and the root 

geometry is long tapering (Figure 3.2) which makes it susceptible to injuries during 

harvest, packaging, and transport.  

The farmers were asked to recall the total number of sacks produced per hectare in the 

current season, the average productivity was 18.7 t/ha, which is almost half of the 

potential yield. FAO (FAOSTAT, 2014) estimates the national productivity of 45 t/ha, 

which was not the case at least in the study area. The price was determined by market 

demand, availability of the produce, and negotiation among stakeholders depending on 

the quality of the product. At every stage of the VC high-quality roots were defined as 

‘freshly harvested medium to big size roots which are free from pest and other damages 

and have a shiny, smooth and bright coloured skin’. The communication between all the 

actors was excellent as far as the desired root quality was concerned.  

3.4.1.1 Harvesting 

There are two main crop harvest seasons in Ethiopia referred to as Meher (Sept to Feb) 

and Belg (Mar to Aug) in the local Amharic language. In the Sidama zone, most of the 

sweetpotatoes are harvested in the Meher season. Planting is conducted at the onset of 

the rainy season in April to June. In Wolayita, Belg harvest was available in addition to 

Meher which ensures year round supply of the roots. Standard maturity indices which 

farmers use to determine the time to harvest are: counting the months from planting (5 to 

6 months), swelling and cracking of the soil around the plant and change of leaf colour 

from green to yellow. Progressive harvesting throughout the harvesting season (Meher) 

was the predominant practice for sale, whereas piecemeal collection for home 

consumption. Harvesting for commercial purpose was conducted by hired casual labours. 

In the majority of the cases, labourers were employed by collectors, who go from farm to 

farm and harvest the desired number of quantities for next day market. Harvesting starts 

in the morning carries on until evening for market deliveries. In most cases, the harvesting 

period was extended to 2 - 3 months after maturity, which increases the risk of 

sweetpotato weevil attack especially in the dry season (main harvest). 90% of the 

respondents (farmers and collectors) said that they protect freshly harvested roots from 

direct sunlight, mostly by putting them in the shade or covering them with vines and 

polypropylene sacks. The haulm (stalk or stem) of the sweetpotato roots was removed 
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just before the harvest, canopy removal 1-2 weeks before harvest as pre-harvesting 

curing was not practiced in the study area. The most common harvesting tools in the 

surveyed area were: Forka (digging fork), Safya (hoe), and Teke (small digging fork). 

Forka and Teke were the preferred tools for harvesting as they work well in dry soils and 

results in relatively fewer root injuries.  

3.4.1.2 Packaging and Transportation 

Polypropylene sacks were used for packaging and transportation of commercial 

sweetpotato roots consignments from the farm to the retail market. The soil on the roots 

was dusted moderately as no form of washing was involved before packaging. The weight 

of the commercial sacks was 110-115 to 150-160 kg for non-extended and extended 

sacks respectively. Sack height varied from 115 to 170 cm, with a cylinder radius of ~ 23 

cm. The sacks were firmly packed (density ~ 571.4 - 605.3 kg/m3) which may provide a 

potential for in-sack curing, but collectors and wholesalers were unaware of this practice. 

The open top of the sack was closed with sweetpotato vines which were tied with locally 

available threads and plants fibre (such as ensete fibre). At no point in the VC were 

sweetpotato roots sold on a weight basis; trade took place by volume (sack or heap). At 

the retail level, roots were kept in the same polypropylene sacks until sold, parts of the 

batch were taken out gradually, sorted by size and displayed on the sacks (on the ground) 

for sale. Extended bags were typically used for the packing and transportation to distant 

markets. Whereas, non-extended bags were used for nearby markets as donkey carts 

can easily transport them. Depending on the distance to the market, three major modes 

of transportation were available in the studied area: donkey, donkey cart and mini-truck 

with capacities of 1, 3 and 45 sacks respectively. To Hawassa market from Dale mini-

truck was operating (estimated travel time: 1 hour), whereas from Dore-Bafana donkey 

carts were common (estimated time of the trip: 5 hours). In the case of Sodo primary 

mode was a donkey and donkey carts: estimated travel time of 4 to 6 hours. To Addis 

Ababa market mini-truck with a full load (45 sacks) was operating (travel time 7-8 hours).  

3.4.1.3 Wholesale and retail 

Wholesalers purchase the product from collectors or farmers and transfer it to the 

retailers. No sorting, grading, packaging or any other value-adding activities take place at 

the wholesale level. The wholesaler has the advantage of having the capital to purchase 
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in bulk, which a poor retailer cannot afford. Wholesalers also lend sacks to retailers who 

do not have readily available money to buy the product for retailing and collect money 

after the sale. Wholesalers and collectors were in close contact about the market situation 

and demand. Farmers were paid by the collectors immediately on the harvest for long 

distance markets (Addis Ababa). However, for short distance markets (Hawassa and 

Sodo) farmers were paid after the product was sold to the wholesalers/retailers. At 

Hawassa and Sodo there were nine and eight sweetpotato retailers respectively, and one 

wholesaler served each market. The majority of the sweetpotato vendors were working 

under the NS and SS retail conditions in the Hawassa and Sodo markets. At the Addis 

Ababa market, three wholesalers work in close collaboration with each other in logistics 

and determining the price of the product.  

At Hawassa most of the sweetpotatoes arrive as Meher crop, hence at the beginning of 

the harvest season (September to January) the supply is high, and the price is low (Table 

3.5). The supply starts to diminish around February and March tends to increase the 

wholesale price of sweetpotato up to 60%. In Sodo, sweetpotato roots are available in 

both seasons; however, during Belg, production is low which leads to a price higher in 

comparison to the dry season.  

Economically poor women dominated retailing. 100% of the retailers at Hawassa and 

Sodo markets were female. In Hawassa, the primary sources of fresh sweetpotato roots 

for retailers were the wholesalers. However, in Sodo, 75% of the retailers were buying 

directly from the farmers or collectors. No storage facilities were available in the retail, in 

most of the cases, retailers had to leave their product in polypropylene sacks at the 

marketplace in normal ambient conditions to sell on the next day. No particular method 

to control evaporation (i.e. wet jute sacks) was carried out by the retailers during the 

display of the roots. The retailers performed sorting and grading activities before final sale 

to the consumer. Small and fibrous, rotten and pest infested roots were sorted out, and 

size graded the remaining product.  

 

Table 3.5: Seasonal variations in wholesale price. 

Season Belg  Meher  

Market /Months Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb 

Hawassa  Max Max NA NA NA NA Min Min Min Min Min Max 
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Sodo  Min Min NA Max Max Max Max NA NA Min Min Min 

Max: Maximum price ETB 250-300 (12.5-15 USD); Min: Minimum price ETB 160-190 (8-9.5 USD) 
Price is per sack referred as quintal (110-115kg) 
NA: No information available, as this is cultivation season so normally roots are not ready for harvest and sale.  

 

At retail, roots were displayed on polypropylene sacks or jute sacks as a bunch of small 

and big size root with equal numbers of roots. The price of sweetpotato roots in the current 

season (March 2015) was 5 ETB (0.25 USD) for a bunch of small size roots, and 10 Birr 

(0.50 USD) for a bigger size roots bunch consisting of 10-12 roots. By the weights of the 

sweetpotato purchased at Hawassa and Sodo retail markets, the price was calculated as 

2.9 ETB (0.15 USD) and 2.35 ETB/kg (0.12 USD) respectively.  

3.4.2 Food losses and damages 

The estimated magnitudes of food losses, related causes, and primary VC actors who 

provided information at each stage are presented in Table 3.6.   It is evident from these 

results that hot-spots of post-harvest losses are at the farm (harvest) and retail levels. 

Packaging, transportation, and wholesale operations do not lead to any discards as the 

product is kept enclosed in sacks. The sorted outs and the roots which are not sold in 

time before they become unmarketable as human food are the major food losses at retail. 

Retailers are compelled to sell 6 to 25% of the sweetpotato roots at discounted prices for 

alternative uses (animal feed), depending on the season and demand. The discount can 

vary from 33 to 75% of the original price, subject to the quality and extent of shrivelling. 

As far as the seasonal variations are concerned, the majority of the VC actors mentioned 

that maximum losses take place during the dry months (November to March). The primary 

causes of seasonal variations were: higher availability of the product as this is the main 

harvest season, dry and hot weather conditions leading to weight loss and high incident 

of insect (sweetpotato weevil) damage.  

The current harvesting practices result in high mechanical damage. The magnitude of SD 

roots ranged from 20.4 to 40.2% (Table 3.7). The motivation to minimise injuries (during 

digging, packaging, loading and unloading activities) among casual labours was low, as 

they did not own the product and were in a hurry to complete the activity. During loading 

and unloading activities polypropylene sacks (weighing 110-160 kg) were dropped from 

shoulder height resulting in additional mechanical injuries. At the wholesale level, 100% 

of the roots had skinning injuries, more than 50% of the roots were suffering from one or 
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several forms of damage (SD = 21.3%; LD=30.5%; and PD=5.6%). Weevil damage was 

low in Dale and Dore Bafana (harvested five months after planting). Whereas, in the 

Wolayita zone (harvested nine months after planting) infestation was extreme indicating 

a relation between delayed harvest and weevil attack.  

 

Table 3.6: Food losses at different stages of the value chain. 

Activities Primary 
Responders 

Food losses 
(%) 

Causes Destination use 

 
Farm/Harvest 

 
Collectors, 
farmers 

 
5 to 20 

 
Pest damage, rotten and 
small roots which are not 
suitable for marketing. 

 
Animal feed. 
 

 
Packaging 

 
Collectors, 
farmers 

 
NEGL 

 
NA 

 
NA 

 
Transportation 

 
Collectors, 
farmers 

 
NEGL 

 
NA 

 
NA 

 
Wholesale 

 
Wholesalers, 
collectors  

 
NEGL 

 
NA 

 
NA 

 
Retail 

 
Retailers  

 
6 to 25 

 
Retail sorting based on pest 
damage, severely wounded 
and cut, small size. The 
product which is not sold in 
time and develop shrivelling 
due to weight loss.  

 
Sold at a 
discounted price. 
33 to 75% 
discount off the 
original price as 
animal feed. 

 

 

Table 3.7: Farm level mechanical damages. 

 
Woreda 

 
Zone UD (%) LD (%) SD (%) 

PD 
(%) 

 
Dale 

 
Sidama 49.1 10.7 40.2 0 

 
Dore 

Bafana 

 
Sidama 

44.1 20.4 24.7 10.8 
 

Sodo Zuria 
 

Wolayita 39.5 14.5 27.1 18.9 
 

Boloso 
Sore 

 
Wolayita 

17.1 13.2 20.4 49.3 
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3.4.3 Trials at market conditions   

3.4.3.1 In sack keeping quality  

The daily ambient minimum and maximum temperatures during the trial ranged from 11 

- 14°C and 28 to 37°C with a relative humidity of 20 to 69% for four weeks. The mean 

temperature and relative humidity inside the sacks were 24°C (21.6 - 27.8°C) and 74% 

(46 to 87%) respectively. For unsorted sack replicas, after one-week the average weight 

loss was 13.5%, signs of in-sack curing were visible as the roots seemed to have 

developed a thicker skin as compared to the fresh roots. Mean weight loss at the end of 

the second, third and fourth week was 19.9, 27.6 and 29.4% respectively. After one week 

6.0% of the roots developed visual signs of fungal activity specifically on the wounded 

surfaces. From the second week onwards there were only minor visible changes in the 

roots conditions, the fungal activity on the injured surfaces seemed to have dried off, and 

infection penetrated into the roots. The results of the visual diagnostics test and pictorial 

indications of these infections for unsorted sack replicas are presented in Table 3.8 and 

Figure 3.3 respectively. Fusarium surface and Fusarium root rot had the maximum 

presence (54%).  The second most dominant infection was footrot caused by fungus 

Plenodomus destruen. 

For sorted sacks, weight loss was not significantly different (p-value > 0.05) among 

damage classes. At the end of the fourth week, the weight loss was 30.4, 30.8 and 31.9% 

for undamaged UD, LD and SD roots respectively. Similar to the unsorted sack replicas 

the dominant infection in sorted (according to damage classes) sacks was also Fusarium 

surface and Fusarium root rot. Infection free roots had significantly (p-value < 0.05) less 

UD and LD roots when compared to SD.  About 33.0% of the UD roots and 16.7% of the 

LD roots were infection free. However, none of the SD roots was free from infection. The 

infection among UD roots should be the result of skinning injuries, as all the roots suffered 

minor to severe excoriation (skinning) at wholesale.  
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Figure 3.3: Pictographic representations of the different infectious rotting in sweetpotato 
roots during in-sack keeping quality trials. 

 

Table 3.8: Percentage of roots affected by various post-harvest infections during in-
sack keeping quality trials. 

Diseases Cause Symptomsa Roots (%) 

No infection Not applicable  No symptoms of rotting or decay were present apart 
from mass loss.  

 
14.0 

Foot rot Fungus: Plenodomus 
destruens Harter 

Development of firm, dry, dark brown decay. Starts 
from the proximal end which has been attached to the 
mother root.  

 
22.0 

Fusarium 
surface rot 

Fungus: Fusar ium 
oxysporum  
 

Circular, dry, light to dark brown lesions on the surface. 
Visible white mycelium, hard and mummified roots. 
Usually restricted to the cortex. 

 
36.7 

Fusarium root 
rot  

Fungus: 
Fusar ium solan i  

 

Enters into the vascular ring, lesions are concentric 
light to dark brown circles. Root seems dry, firm and 
dark brown.  Internal cavities may contain white mould 
hyphae.  

 
17.3 

Bacterial rot  Proteobacteria: 
Erwinia chrysanthemi 

Wet and soft rot which mostly is internal. The affected 
tissue has a peculiar smell, which becomes watery.  

 
4.0  

aSource: O'Sullivan et al. (2005) 

 

3.4.3.2 Retail shelf life  

Ambient conditions during the retail trial were: mean rainfall of 0.0mm, the maximum 

temperature of 31 to 34°C and a relative humidity of 20 to 48%. These conditions are a 

good representation of the dry season when the bulk of the Ethiopian sweetpotato harvest 

and marketing take place. The percentage weight loss for seven days, comparing all three 

damage classes and retail conditions is presented in Figure 3.4. The days (duration of 

the retail display) (p-value ≤ 0.001), retail condition (S, SS, and NS) (p-value ≤ 0.001) and 

interaction between retail condition and damage class (U, LD, and SD) (p-value ≤ 0.001) 

had a significant effect on weight loss.  

Keeping the threshold weight loss as 20 % (Rees et al., 2001), after which roots tends to 

become unmarketable, roots of all damage classes can be maintained marketable under 
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S retail conditions up to seven days.  In SS retail conditions weight loss for roots of all 

damage classes remained below the threshold until the fourth day. However, on the fifth 

day, first the SD and then all other damage classes crossed the mark. Understandably, 

the NS retailing condition was worse whereas SD, LD and UD roots cross the threshold 

on the third and fourth day respectively.  

 

 
Figure 3.4: Daily percentage weight loss for three damage classes of sweetpotato roots 
in three different retail conditions.  
(The dotted line represents threshold weight loss = 20% after which roots tends to become unmarketable for human 
food) 

 

3.5 Discussion   

3.5.1  Value chain limitations and implications  

The VC of sweetpotato in southern Ethiopia was found to be underdeveloped, where fresh 

sweetpotatoes were transported from farm to retail, lacking any form of curing, storage, 

and processing. A cause and effect dendrogram summarising problems and limitations 

contributing to food losses is illustrated in Figure 3.5. Mechanical injuries, weevil 

infestation and lack of storage/curing facilities were found to be some of the primary 

causes of food losses. Lack of diverse usage and the image of sweetpotato as a poor 
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man’s food appeared to be some of the broader reasons causing neglect in the 

improvement of the sweetpotato VC. Similar situations have been recorded in other parts 

of East Africa where traders were compelled to sell their product in wet markets within 3-

10 days before significant weight loss, and rotting occurred (Rees et al., 2001; Thiele et 

al., 2009). Injuries at harvest continue to aggravate during the next stages of the VC, 

contributing to the rapid weight loss and microbial rotting, reports from developing regions 

of Asia and Africa estimates 26-35% of the roots sustained severe mechanical damages 

at harvest (Ndunguru et al., 2000; Ray and Ravi, 2005).   

 

Figure 3.5: Cause and effect for sweetpotato food losses in the study locations. 
(Source: Authors) 

 

In the current study from Ethiopia, the situation was similar and even worse in some cases 

where damages could reach up to 40%.  Clark et al. (2009) found that mechanical 

damages are higher when sweetpotatoes are harvested in the dry season, which was 

evidently the main harvest in Ethiopia. Polypropylene sacks weighing more than 100kg 

are common in many East African countries resulting in significant skinning and bruising 

injuries during loading and unloading activities (Ndunguru et al., 2000; Tomlins et al., 

2000). In the main markets of the study locations, 50% and above of the roots were 

suffering from mechanical breakages, and 100% of the roots had skinning injuries. 

Comparable studies from Tanzania state that 20% of the commercial consignments of 
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sweetpotato were severely damaged and 86% had skinning injuries at market level, 

resulting in economic losses of up to 13% (Tomlins et al., 2000). Rees et al. (2001) 

observed that from 41% up to 93% of all the roots arriving in urban markets of Tanzania 

were damaged in some form resulting in a reduction of the market value by 11 to 36%. 

Sweetpotato weevils (Cylas puncticollis and C. brunneus) infestation is a challenge in the 

whole of Eastern Africa (Smit et al., 1997; Adam et al., 2015). Examples from Uganda and 

Tanzania suggest that keeping roots underground for prolonged durations of the dry 

season leads to higher levels of weevil damage (Smit et al., 1997; Ebregt et al., 2007; 

Adam et al., 2015). 

Results from the shelf life trials during marketing clearly demonstrated that wounds and 

cuts during harvesting and handling have a significant effect on susceptibility to post-

harvest infection and weight loss. These outcomes are in coherence with previous studies 

where wounding during the harvesting/handling in combination with improper storage and, 

warm/humid environments were some of the main factors for fungal and bacterial 

infections (Ray and Ravi, 2005; Clark et al., 2009). Sweetpotato roots may become 

unmarketable after a substantial weight loss; it was hard to sell the roots which had 

experienced a moisture loss of 20-30% in wet markets eastern Africa (Rees et al., 2001). 

Economic loss due to non-marketability of roots as the food was one of the biggest 

problems of the retailers of southern Ethiopia, where they were forced to sell their product 

at significant discounts (33-75%) as animal feed. Kapinga et al. (2000) report from 

Tanzania that after two weeks during marketing the economic losses were up to 60% due 

to quality degradation resulting from weight loss.  

The estimated overall sweetpotato food losses in Ethiopia was about 11-45%, out of which 

agricultural production contributed to 5-20% and distribution 6-25%. Comparing these 

figures with Gustavsson’s (2011) estimates for roots and tubers losses from SSA, present 

a slightly different picture particularly in the distribution stage at the wet market. There is 

a need to update the food loss and waste data regularly especially for developing and 

transitional countries. Perhaps a built in system of food loss data recording has to be 

created which can be published yearly just like production and yield figures to track the 

progress against set targets (SDG 12.3).  
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3.5.2  Prospective control measures  

Future work should focus on improving the harvesting and packaging practices to 

minimise the mechanical damages. Training of farmers and collectors in good harvesting 

practices, grading, and sorting at the farm gate are some of the simple interventions which 

can be immediately executed. One of the intrinsic factors which need to be considered is 

creating a sense of ownership and incentivising undamaged roots among casual labours 

who are involved in harvesting, packaging, loading and unloading activities. The potential 

inexpensive and straight forward techniques such as pre-harvest/in-ground curing 

(Tomlins et al., 2002; Kyalo et al., 2014) and in sack curing can be explored to prevent 

skinning injuries. At farm level with undamaged roots, and routine store inspections 

sweetpotatoes can be economically stored for up to 4-5 months with traditional storage 

methods such as pits and clamps (Devereau, 1995; Ray and Ravi, 2005). Such facilities 

would also balance the demand and supply gaps in high and low seasons and control 

price fluctuations. Farmers and collectors can reduce the weevil damage, which remains 

an unsolved problem in the region by having an alternative to keep roots in-ground for 

extended durations. However, early maturing and deep rooted varieties, crop rotation, 

clean planting material, sex pheromone traps, and hilling-up are some of the management 

strategies which need to be adopted to control weevil damage (Ray and Ravi, 2005; Smit, 

1997; Ebregt et al., 2007). Shifting from overfilled sacks to boxes and crates has been 

suggested by previous studies [Ray and Ravi, 2005; Tomlins et al., 2002; Tomlins et al., 

2000).  However, limited success has been achieved in replacing the polypropylene 

packaging due to higher costs involved in buying and transporting plastic or wooden 

crates. Smaller bag sizes (~15-30kg) can provide an economical option and reduce 

damages during loading, unloading, and transportation (Saran et al., 2010).  

The retail trials during this study demonstrated that improving the environmental 

conditions and providing undamaged roots at retail can enhance marketing shelf life. Zero 

Energy Cool Chambers (ZECC) developed during the 1980s in India to provide short term 

storage for various horticultural crops can be an attractive proposition for wholesalers and 

retailers during the dry season (Roy and Khurdiya, 1981; Roy and Pal, 1991).  A humidity 

of up to 90% and temperature fall of 10-15°C (from ambient) can be obtained by watering 

such evaporative coolers twice a day. The construction of ZECC is simple and requires 

locally available materials such as bricks, sand, wood, and straw.  In some areas of Asia 
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and Africa traditionally fresh sweetpotato roots are covered with ash to prevent fungal 

decay during short term storage (Stathers et al. 2013).   

Value addition has been on the agenda to transform rural agro-economies in SSA, but 

the development of sweetpotato processing in the region has not reached that level of 

significance, which was also reflected in this study. The introduction of sweetpotato flour 

and other processed products in traditional food VCs (such as Injera: The Ethiopian stable 

flat bread) can provide a potential. However, such introduction is challenging, due to the 

local taste preferences and competition from other crops such as cassava and maize in 

price and quality (Andrade et al., 2009). 

The key to long-term success of food loss reduction strategies is that it has to provide 

tangible financial returns on investment. Short and long term cost-benefit assessment of 

the possible interventions must be conducted based on specific locations and conditions 

to convince policy-makers to take the necessary steps. Experiences from SSA suggest 

that food losses reduction and value-addition measures failed previously for not being 

economically viable, their inability to follow best practices, poor performance, 

mismatching user/market needs and high initial investment in case of smallholders (Parfitt 

et al., 2010; Lipinski et al., 2013; Affognon et al., 2015). Following a more holistic system 

approach may produce better results by bringing cultural and socioeconomic aspects into 

consideration rather than a simple technical intervention. 

3.6 Conclusion and outlook  

Identifying the VC constraints and linking them to specific food losses is a key to 

developing better mitigation strategies and improve VC efficiencies and in turn enhancing 

food security in developing countries like Ethiopia. Around a quarter of the total 

sweetpotato production in the study area is lost only at marketing and distribution stages 

of the VC. The poor retailing condition in addition to physical and biological factors along 

the VC severely restricted the sweetpotato shelf life. The loss reduction measures must 

be taken at all stages simultaneously to have maximum effect as in most cases the origin 

of the spoilage cause is in a preceding stage. A considerable loss reduction potential is 

available in sweetpotato value chains of southern Ethiopia towards achieving SDG 12.3. 

Moreover, keeping the history of war and famine in Ethiopia the experience shows that 

food security is not only a prerequisite for healthy but also peaceful societies. Biophysical 



                                                                                                                                          Chapter 3  
 

39 
 

factors such as maintaining intact skin during harvest and handling; and providing shade 

and lower temperatures at distribution stages can improve the shelf life. However, such 

efforts should be complemented with effective government policy at institutional and 

regulatory levels.  

In a recent outlook on food insecurity and post-harvest losses, Bourne (2014) stated that 

the core nature of the problem is of handling inconsistent food supply and consistent 

demand. This occurrence was prevalent in the sweetpotato value chains in southern 

Ethiopia resulting in nutrition and income losses during the peak season and scarcities in 

the lean season. Continuous reporting and monitoring of food losses are vital to track 

progress and evaluate the impact of the interventions. Examples of government policies 

on post-harvest loss information systems based on nationally representative household 

surveys from Africa and its importance was highlighted by Kaminski and Christiaensen 

(2014). In the least developed countries like Ethiopia policy interventions to adopt joint 

marketing (cooperatives) and access to micro credits at the producer level and public, 

private partnerships in market infrastructure investment can reduce losses and improve 

economic efficiencies of the VC. Such policy and regulatory efforts based on VC 

collaborations have been recognised by previous studies as one of the important 

contributory factors to achieve development goals [Hodges et al., 2011; Vellema et al., 

2013]. Hence, the involvement of all the VC actors including consumers, policy makers, 

and development organisations is crucial in developing resilient and sustainable food 

systems with minimal losses.  
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4.1 Abstract 

Excoriation (skinning injury) is a serious post-harvest problem of sweetpotato roots. In 

industrialised countries, sweetpotatoes are exposed to post-harvest curing to facilitate 

skin toughening and wound healing.  However, in developing regions, such a practice is 

barely undertaken. Pre-harvest curing (PHC), where sweetpotatoes are subjected to 

defoliation before harvest, is a potential alternative to post-harvest curing. A field trial was 

conducted in southern Ethiopia. Roots underwent PHC treatment for 3, 7, 10, and 14 

days, with 0 days as a control sample. Skin adhesion, chemical composition (ash, crude 

fibre, crude protein, dry matter and starch) of the parenchyma and the periderm were 

measured. Storage test at ambient conditions for 30 days was conducted.   

Skin adhesion among all the treatments was significantly increased. The maximum skin 

adhesion was observed for 14 days (358.92 mN-m); however, after 7 days of PHC, no 

significant change occurred. Root dry matter and ash content remained unaffected by the 

treatments. An increase in periderm crude fibre was observed for treatment samples, 

indicating lignification. Parenchyma crude protein concentration demonstrated a sudden 

drop in value from control to 3 days of PHC (5.19 to 2.32%). For the successive durations, 

crude protein started to increase from the level of 3 days demonstrating an active protein 

metabolism. Starch, the most important constituent affecting palatability and processing 

of sweetpotato, was not affected by the PHC. Roots subjected to PHC for 10 and 14 days 

presented a potential for enhancing shelf life by having a significantly lower weight loss 

after 30 days of storage.  

Keywords: Pre-harvest curing, Skin-adhesion, Sweetpotato, Weight loss. 

 



Chapter 4 
 

45 
 

 

4.2 Introduction  

Sweetpotato (Ipomoea batatas L.) is one of the most widely grown tropical root crops with 

an estimated global production of 104 million tons and covering approximately 8 million 

hectares in 2014 (FAOSTAT, 2014).  It is world’s third most important root and tuber crop 

after potato and cassava (Ray and Ravi, 2005; Lebot, 2009) and is produced in various 

parts of Africa, America, and Asia. In sub-Saharan Africa (SSA), sweetpotato is frequently 

called ‘poor man’s food,’ as resource-poor subsistence farmers do the majority of 

sweetpotato cultivation in the region with minimal inputs. In contrast, it is a high-value 

crop in the USA (Morgan, 2012). Post-harvest handling begins as soon as the 

sweetpotatoes are harvested, which can vary from just lifting the roots and taking them 

home for immediate consumption or subjected to sophisticated controlled atmosphere 

curing and long-term storage. High moisture content, delicate skin and a rapid respiration 

rate at harvest make sweetpotatoes vulnerable to various types of post-harvest injuries. 

These injuries not only reduce the marketability of fresh roots due to visual defects but 

also make them highly susceptible to pathogen infections and moisture loss during 

marketing and storage. 

Excoriation (skinning injury) is one of the biggest problems in sweetpotatoes during 

harvest and handling operations in developed and less developed regions (Jett, 1999; 

Tomlins et al., 2002; Vilavicencio et al., 2007). The skin is a lignified phellem layer; during 

excoriation, the epidermal layer of the periderm is lost due to the detachment of the cuticle 

epidermis and a portion of the outer layer of periderm from underlying tissue 

(Villavicencio, 2002). Such injuries expose the parenchyma tissue to the atmosphere, 

resulting in increased weight loss, shrivelling, microbial attack and unmarketable 

appearance (Tomlins et al., 2002; Ray and Ravi, 2005; Wang et al., 2013). Sweetpotato 

post-harvest losses during storage in the USA are 20-25%, mainly due to moisture loss 

and rotting linked directly to skinning injuries sustained during harvesting (Hayes et al., 

2014). Studies from East Africa have stated that incidents of root rots, shrivelling and 

weight loss during storage were directly related to skinning and other periderm wounds 

(Rees et al., 2001; Tomlins et al., 2002).  

To avoid such situations, freshly harvested roots of sweetpotatoes are subjected to curing 

for 4-7 days, which can be attained at high temperatures (29-33°C) and high relative 
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humidities (85-95%) (Ray and Ravi, 2005). Curing induces skin toughness and wound 

healing process by suberization and lignification of underlying cell layers and 

development of wound periderm (van Orischot et al., 2003). However, curing as a post-

harvest practice is not common in SSA; due to cost and security reasons sweetpotato 

roots are sold as quickly as possible (Hall and Devereau, 2000; Tomlins et al., 2002; 

Tomlins et al., 2007).  

Table 4.1: A review of location, duration, and effects of PHC (Pre-harvest curing) 
treatment. 

Location Duration 
(days) 

Effects Reference+ 

USA 
 

4, 8, 10, Significant linear reduction in skinning (In % skinned 
surface area). 

La Bonte and Wright 
(1993)1,2 

15  No further reduction from 10 days and roots begin to sprout. 

7 Higher skin-set readings (torque resistance). Jett (1999)1 

7, 14 Reduced skinning (In skinned area). Schultheis et al. (2000)1 

7, 14   Reduced skinning (number of scuffs per root) but non-
significant. 

Weir and Stoddard (2001)3 

Better visual quality.  

3, 6 Mean skin strength increased only for one of the cultivars4 
from 3days for 6days treatment. 

Hayes et al. (2014)1,4 

3,7 Skinning incident (% skinned roots) and severity (wounds 
per root) did not present a significant reduction. 

Wang et al. (2013)1 

Ghana  4,8,12 Decreased surface bruising. 
Significantly increased root sprouting for 12 days. 
Reduced weevil infestation (% number of roots) 
Reduced fungal decay in the field (% number of roots at 
harvest) 

Dukuh (2011)5,6,7 

Tanzania  
 

14-18 Significantly reduced skinning injuries. 
Significantly reduced rotting after 14 days of storage. 
Weight loss during storage (14 days) was not affected. 

Tomlins et al. (2002)8 

 

14 Improved marketability (visual appearance). 
Significantly lower weight loss (%) after 16 weeks of 
storage. 

Tomlins et al. (2007)9 

Uganda 3-7 Prolonged shelf life by a reduction in weight loss during 
storage. 

Kyalo et al. (2014) 

14 Sprouting beings to occur. 

+
Cultivar: Beauregard1; Jewel2; Hanna3; Evangeline4; TIS 86-30175; TIS 82666; Cape coast7; SNP/08; Polista9 

 

Pre-harvest curing (PHC) sometimes also known as in-ground curing or defoliation is a 

potential alternative to post-harvest curing in tropical regions, which can be attained by 

removing the plant canopy a few days before harvest (Tomlins et al., 2002; Kyalo, 2014). 
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Removal of the canopy can be manual or by mechanical cutting, mowing and shredding 

or pulling the vines at the base of the plant.  In the absence of vines, the root growth 

stops, and skin setting (toughening) initiates (Hayes et al., 2014).  

It has been an important practice in potato (Solanum tuberosum L.) production and 

studied in detail (Lulai and Orr, 1993; Lulai and Freeman, 2001; Lulai, 2002) to ensure 

the maturity of tuber’s periderm. This approach is inexpensive, secure and straightforward 

to be adopted by poor farmers in developing regions.  In industrialised countries like the 

USA, this practice is employed to obtain reduced skinning during mechanical harvesting 

(Effendy et al., 2013; Legendre, 2015). La Bonte and Wright (1993) reported a significant 

reduction in percentage skinning caused by a mechanical digger in two cultivars of 

sweetpotato. A list of previous studies on PHC by location, duration and its effects on skin 

toughness and post-harvest quality of sweetpotato is presented in Table 4.1.  Only a 

handful studies have been conducted on this technique in tropical conditions, and the 

results are inconsistent to a certain extent (refer to Table 4.1). Additionally, no information 

is available on how PHC would alter major chemical components of the starchy root and 

periderm during the skin hardening process.  

The objectives of this study were to evaluate the changes in skin-adhesion, chemical 

composition (flesh and peel) and shelf life of sweetpotato roots exposed to a range of 

PHC durations under tropical conditions. The results would help in making a 

recommendation on an optimised PHC duration to the farmers in comparable agronomic 

settings. 

4.3 Material and method  

4.3.1 Treatments and field conditions  

A local farm with a five months old (months after planting) ready to harvest, rain-fed 

cultivation of a popular white flesh sweetpotato cultivar (Awassa-83) was selected for the 

study. The location of this trial was in Gununo district (N6° 54' 53.0" E37° 41' 41.7") in 

southern Ethiopia at an elevation of 1977 m above sea level. The farmer applied no 

chemical fertilisers during the production process. The farm was divided into multiple rows 

(6 m × 2 m) with alternate rows being either subjected to PHC or left intact following the 

method described by Tomlins et al. (2002). PHC was activated by manually removing the 

leaf and stem canopy (by local sickle) at ground level for 0, 3, 7, 10 and 14 days before 
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harvest (treatments: 0D, 3D, 7D, 10D, and 14D). The canopy of the control (0D) was left 

intact until harvest. An edge of 2m wide was kept to avoid any edge effect on the 

treatments. 

Ambient and underground (root depth ~ 20 cm deep) temperature and relative humidity 

(RH) during the 14 days using digital data loggers Testo, 174H (Sparta, NJ, USA) were 

recorded (Figure 4.1). For underground measurement, data loggers were encased in a 

plastic tube providing a permeable opening from both ends covered by garden fleece 

Windhager (Thalgau, Austria) to avoid soil particle contact with the sensor. On an 

average, for a 14-day period, underground temperature and RH was 19°C and 92%, 

respectively. Two short spells of rainfall were experienced during the fourth and the eighth 

day of PHC, which raised the underground RH above 90%, which was maintained at this 

level for the rest of the duration. The soil texture (hydrometer method following USDA 

triangle) was characterized as sandy clay loam, and PH-H2O (1:2.5 extraction) of soil was 

5.78. The soil was analyzed at Bless Agri-Food Laboratory Services, Adis Ababa (ISO 

17025-2005 Accredited).  

All the treatments and control roots were harvested on the same day and packed in 

separate cardboard boxes before transportation to the laboratory for further analysis. 
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Figure 4.1: Ambient and underground temperature and relative humidity during the 
experiment. 
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4.3.2 Skin adhesion  

Skin adhesion was quantified on the day of harvest for all the samples. A modified 

Halderson torque meter protocol initially implemented by Halderson and Henning (1993); 

Lulai and Orr (1993); and Lulai and Freeman (2001) was adopted to measure the 

resistance to excoriation regarding torque required to break the potato skin. The torque 

device has been found sensitive enough to distinguish between different treatments for 

sweetpotatoes (Jett, 1999). Following the recent modification in the methodology (Hayes 

et al., 2014; Legendre, 2015), a 100 grit sand paper Wolfcraft (Germany) was attached 

on a 1cm radius rubber tip Staedtler (Nürnberg, Germany) using a quick setting adhesive 

Pattex (Henkel, Germany). The rubber tip holder was mounted on the torque meter 

Waters, 940-2M (Wayland, USA) to cause skinning injuries. Twelve medium size roots 

per treatment were randomly selected. After allowing the soil and dust particles to dry, 

roots were gently brushed, and three skinning injuries per root were made on the distal, 

equatorial and proximal ends as shown in Figure 4.2.  

 

 
Figure 4.2: Skinning injuries made by the shear tester. 

 

To avoid inconsistency due to sandpaper wear off, the old sandpaper was replenished 

with a fresh piece after twelve consecutive readings (4 roots). In the previous studies, one 

of the significant difficulties in obtaining the torque measurements was to maintain a 

constant pressure on the tuber skin (Pavlista, 2002). To overcome this limitation, the roots 

were secured (with cable binders) on a weighing balance, and a weight of 5 kg was 
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applied with hands to provide consistent pressure from the top before twisting the torque 

meter to cause an excoriation. Torque (in kg.cm and later converted into SI units mN.m) 

was recorded from the analogue display and was set back to zero before taking the next 

reading.   

4.3.3 Chemical composition  

An approximately 1 mm layer of peel was removed using a hand held potato peeler for 

each treatment to obtain periderm (peel) and underlying tissue parenchyma (flesh) for 

analysis. Reference Protocol (Villavicencio et al., 2007) was followed where roots were 

washed, towel dried and allowed to air dry for 1 hour before peeling. A 3-4 g sample was 

oven dried at 105°C until the constant weight was obtained for dry matter determination. 

Total ash (method 923.03; AOAC, 1995), crude protein [N×6.25] by Kjeldahl method 

954.01 (AOAC, 1995), and crude fibre (method 962.09; AOAC, 1995) measurements 

were performed for parenchyma and periderm at Hawasa University, Hawasa. Starch 

content investigations by acid hydrolysis method 920.44 (AOAC, 1995) was conducted 

for the parenchyma (flesh) of the root at Bless Agri-Food Laboratory Services, Adis 

Ababa.  For starch, ash, crude protein, and crude fibre determination, the samples were 

freeze-dried (Beta2-8 LD Plus, Christ, Germany) and milled into flour using a laboratory 

mill to a particle size of ≤ 1mm. To prepare samples, the CIP (International Potato Center) 

procedure for freeze-dried sample preparation was followed (Burgos et al., 2014). 

4.3.4 Post-harvest weight loss and rotting  

Undamaged medium size roots were randomly selected for weight loss assessments 

during storage at ambient conditions. Roots were stored in cardboard boxes under shade 

for 30 days. A daily weight loss for nine roots per treatment was recorded. Data loggers 

Testo 174H (Sparta, NJ, USA) were used to monitor the storage conditions (temperature 

and RH). Another set of damaged (broken and cut by harvest tool) and undamaged roots 

were stored in the same way, and rotting was monitored weekly by cutting three roots 

transversely and horizontally in triplicate of each treatment. 
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4.3.5  Statistical analysis  

Descriptive statistics and one-way ANOVA with Post Hoc-Tukey alpha (P ≤ 0.05) were 

performed to estimate means, standard deviations and level of significance using SPSS 

version statistics 22 (IBM, Armonk, USA). 

4.4 Results and discussion  

4.4.1 Skin adhesion 

All the treatments displayed significant differences for the skin adhesion from 0D, as 

shown in Table 4.2. 7D torque values were significantly higher than 3D, whereas no 

significant increase in skin adhesion was observed in 10D and 14D when compared to 

7D. However, a linear relationship was indicative, as the duration of PHC increased the 

mean torque (resistance required to break the skin) also increased. Plavlista (2002) 

stated that the skin adhesion and tuber skinning displayed an inverse linear relationship, 

where the percentage surface skinning decreased as the quantitative torque required 

breaking the skin increases. Hence, an increased skin adhesion values would directly 

result in reduced skinning injuries during harvest and post-harvest handling.  

No comparable study for the tropical conditions was found. However, many studies to 

measure skin-sets of potato and sweetpotato were conducted in the USA. A skin 

adhesion of ≥ 325 mN.m significantly reduced the skinning injuries in potato (Solanum 

tuberosum L.) tubers, whereas the torque values below 310mN-m were not acceptable 

(Pavlista, 2002).  

Table 4.2: Means skin adhesion and standard deviations for different treatments. 

Control and 

Treatment 

samples 

 

0D 

 

3D 

 

7D 

 

10D 

 

14D 

Skin 

adhesionα 

(mN.m) 

 

232.42±67.67 

 

279.49±60.80β 

 

324.60±61.78β+ 

 

331.46±48.05β 

 

358±67.67β 

αAverage of proximal, equatorial and distal end torque required breaking the skin. β Significantly different 

from the no curing (p-value ≤0.01).  
+Significantly different from 3days curing (p-value ≤ 0.018), but no statistical difference from 10 and 14 days 

(p-value ≥ 0.128).  

 

De-vining for 1-2 weeks before harvest in Hanna sweetpotatoes from California resulted 

in reduced skinning injuries (Weir and Stoddard, 2001); with skin shear strength of 4.5 

lb.inch (508.43 mN.m). The Hanna sweetpotatoes torque values are considerably higher 
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when compared to Awassa-83, which may be a result of factors such as cultivar, growth 

temperature, humidity, location and age of root (Villavicencio, 2002).  

In another study from the USA where heritability of skinning resistance in various 

sweetpotatoes for parent and progeny was investigated for two years, Legendre (2015) 

illustrated that apart from genotype, environmental conditions play a significant role in the 

development of skin strength. A recent technique where sweetpotatoes were subjected 

to mechanical undercutting before harvest where a machine mounted blade cuts the soil 

under the tuberous roots; demonstrated a significant interaction between vine condition 

and undercutting tool (Hays et al., 2014). Moreover, in the same study, de-vining for six 

days before harvest resulted in skin strength of 210.2 and 262.1 mN.m for B-14 and 

Evangeline cultivars, respectively. Sophisticated harvesting techniques such as 

undercutting of roots are not practical in developing countries; however, these results and 

previous studies (table 4.1) suggest that PHC by defoliation can enhance the skin 

strength resulting in reduced skinning injuries during harvesting and packaging 

operations.  

Studies from the USA recommend a PHC of 6 -14 days (La Bonte and Wright, 1993; Jett, 

1999; Schultheis et al., 2000; Hayes et al., 2014) before harvest for better skin strength 

for specific cultivars and locations. Very few studies have been conducted under tropical 

conditions, suggesting PHC durations of 3 up to 14 days in various parts of Africa (Tomlins 

et al., 2002; Dukuh, 2011; Kyalo, 2014).  

4.4.2 Chemical composition  

The chemical composition of sweetpotato roots varies depending on many factors such 

as cultivar, location and climate, soil type and fertility, pest and diseases, and agronomical 

practices. Average dry matter content of sweetpotato is reported to be 30%, which can 

range from 13.6 – 48.2% (Woolfe, 1992). In the case of the Awassa-83 cultivar from 

southern Ethiopia, dry matter content of the freshly harvest roots (0D parenchyma) was 

31.03% as shown in the Figure 4.3A. When compared to roots subjected to various 

durations of PHC no significant (p-value > 0.05) difference was found. The periderm dry 

matter content of the control samples was 19.82%. All the pre-harvest cured samples 

demonstrated a decrease of 1.62 up to 2.75% in periderm dry matter content; however, 

the difference was non-significant (p-value > 0.05).  Villavicencio et al. (2007) reported 
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the periderm dry matter content of sweetpotato (Beauregard cultivar, USA) varying from 

15.9% to 23.9% and stated a negative correlation with skin-adhesion and growth 

temperatures. Hence, the slight decrease in periderm dry matter content could be due to 

enhanced skin adhesion observed in treatment samples.  

Ash content is referred as non-volatile inorganic residues, mainly composed of minerals 

and trace elements. In sweetpotato ash content has been reported to be in the range of 

3-4% in the flesh and up to 14% in peel on dry matter basis (Padmaja, 2009). The element 

potassium (K), phosphorus (P), sodium (Na) and calcium/magnesium (Ca/Mg) makes a 

considerable concentration of total ash followed by trace elements such as iron (Fe), 

copper (Cu) and zinc (Zn). The variation in different mineral content is mostly related to 

cultivar, location, and application of fertilisers (Woolfe, 1992). For control samples (0D) of 

periderm and parenchyma, ash content was 6.9 and 3.3% dry basis, respectively (Figure 

4.3B). For both fractions, it did not show any statistically significant difference among 

treatments when compared to the control. It can be concluded that pre-harvest curing of 

up to 14 days does not have any effect on dry matter and ash content of freshly harvested 

sweetpotato as far as the starchy part of the root, which is meant for food and industrial 

processing is concerned. 

 

 
Figure 4.3: Dry matter and ash content of periderm and parenchyma. 

 

Parenchyma crude fibre [NSP (non-starch polysaccharides) and lignin] for control sample 

was 1.03%, and for the treatment samples, it varied from 0.84 – 1.16 % dry weight basis 

(Figure 4.4A).  No significant difference (p-value ≥ 0.098) was observed between control 

and treatments. Periderm crude fiber for the control sample was 4.19% which increased 
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significantly (p-value < 0.05) to 5.14, 4.61, 5.12 and 4.76 % for 3D, 7D, 10D, and 14D, 

respectively. 

Due to the higher presence of hemicellulose, cellulose, and lignins, the peel of 

sweetpotatoes contains more dietary fibre than the flesh (Woolfe, 1992). Lignins are 

phenolic polymers present in plant cell walls and are believed to influence compressive 

strength, microbial attack and water permeability to the matrix of the cell wall 

(Villavicencio et al., 2007). Wound healing and enhanced skin strength during post-

harvest curing are a function of the lignification index, which can even be correlated to 

the reduced level of weight loss and fungal infection (Oirschot et al., 2003). The higher 

fibre content in the periderm of PHC roots may be related to the increased lignin content. 

Lignin content has previously been shown to increase to a certain extent following seven 

days of de-vining treatment previously (Wang et al., 2013). 

The crude protein [N×6.25] content of raw sweetpotato root dry matter can range from 

1.2 up to 10% (Woolfe, 1992; Padmaja, 2009) with a high dependence of genotype and 

environment interactions. Crude protein also contains NPN (non-protein nitrogen), which 

can be as high as 15-35% (Purcell and Walter, 1980; Padmaja, 2009) of the total value; 

hence the crude protein values may not represent the true protein values.  

 

 
Figure 4.4: Crude fibre and crude protein of parenchyma and periderm. 

 

However, NPN acts as a readily available pool of nitrogen for synthesis of true protein on 

physiological demand of the fresh roots (Purcell and Walter, 1980).  From a nutrition 
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perspective, NPN lacks essential amino acids but is a primary source of utilisable nitrogen 

(Woolfe, 1992). 

Changes in crude protein levels due to PHC duration in the parenchyma and the periderm 

tissue are presented in Figure 4.4B. The concentrations in the periderm were reduced 

significantly (p-value ≤ 0.01) for 3D and 7D when compared to 0D; however, for 10D and 

14D, it did reach almost the same level showing no difference (p-value > 0.185) from 0D. 

In the case of the parenchyma, the protein content was significantly lower (p-value < 0.05) 

for 3D, 7D, and 10D. A drastic decrease (from 5.19 to 2.32%) was observed after three 

days of de-vining, whereas the concentration started to increase again from the level of 

3D to 3.56, 3.95 and 4.79% for 7D, 10D, and 14D respectively. At the 14D crude protein, 

concentrations were significantly (p-value=0.727) similar to 0D.  Similar pattern of the first 

decrease, and the next increase was also visible in the periderm, but the intensity was 

much higher for the parenchyma. The influence of PHC on crude protein has not been 

studied previously; however, post-harvest curing and storage research in the past has 

presented a reduction in total protein and alterations in NPN (Woolfe, 1992). The NPN 

has been found to decrease during storage and then increase once again, which suggests 

an active nitrogen metabolism (Purcell et al., 1978). Purcell and Walter (1980) stated that 

the drop of NPN to the lowest level during storage might be related to a dormant (or 

resting) period, and the progressive increase is because roots are preparing themselves 

for sprouting. During this study, a sudden drop in the case of 3D and the further increase 

may relate to active nitrogen metabolism and perhaps initiation of the sprouting process; 

however, further studies are required to have a more detailed understanding.  

Carbohydrates are the primary nutrients in sweetpotatoes, accounting for 80-90% of the 

dry matter. Changes in the carbohydrate content and composition can affect palatability 

and processing characteristics. The major constituents of carbohydrates are starch and 

sugars (Padmaja, 2009). Quantitatively starch is the most important component 

accounting for 60-70 % on a dry matter basis (Woolfe, 1992). Starch content in the current 

study was 63.97, 62.12, 63.0, 62.80 and 64.39% for 0D, 3D, 7D, 10D and 14D 

respectively. In respect to starch content, none of the treatments presented any significant 

difference from each other. Changes in starch content have been studied previously only 

for post-harvest curing and subsequent storage. In principle starch content decreases 

due to metabolic activity during post-harvest curing and storage, resulting in the increase 
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of reducing sugars (such as sucrose, glucose and fructose). However, conflicting results 

have been reported by many studies in the past (Woolfe, 1992). Walter (1987) reported 

a slight decrease in starch content after curing (7 days at 30°C and RH of 75-85%) with 

a non-significant difference; however, storage for 37 and 68 days presented a 

considerable difference in starch content from freshly harvested roots. In another study 

where fresh sweetpotatoes were stored for seven months after curing, there was a 

significant decrease in starch content (Reddy and Sistrunk, 1980). The varietal difference 

may also play a role in the reduction of carbohydrate content during storage; Takahata et 

al. (1995) reported that only one out of three varieties presented a significant decrease in 

starch during storage. An information gap exists regarding changes in starch and sugars 

during PHC. 

4.4.3 Post-harvest weight loss and rotting  

Weight loss and rotting are two of the most important visible quality factors which directly 

influence marketability of fresh roots and are leading causes of post-harvest losses, a 

weight loss of about 20% may render roots unmarketable (Rees et al., 2001; Tomlin et 

al., 2002). Respiration and transpiration are primarily responsible for weight losses, 

whereas rotting is induced by microbiological infections, both of which eventually change 

the internal and external structure of the root. These factors are substantially aggravated 

by post-harvest injuries, and environmental conditions the roots are exposed to after 

harvest (Ray and Ravi, 2005).  

 

Table 4.3: Final values of percentage weight loss after 30 days of storage. 

Control and treatment 
samples 

0D 3D 7D 10D 14D 

Weight loss 
(%) 

22.45±3.31α 23.56±4.71 18.32±4.90α 17.56±5.60β+ 18.08±3.97β 

αIs not significantly different from 3 days (p value=0.930 and 0.119). βSignificantly different from 3 days 

with p values = 0.013 and 0.044 for 10 and 14 days. +Weight loss for 10 days treatment roots was not 

significantly different from 14 days (p value = 0.998).  

 

The average temperature and RH during storage were 18.07°C (12.2 - 25.7°C) and 

64.12% (38.7-81.8%), respectively. The total and increasing trend of weight loss over a 

period of 30 days’ storage are presented in Table 4.3 and Figure 4.5, respectively. The 

treatment for 3D did not show any significant weight loss difference (table 4.3) when 
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compared to 0D and 7D. However, 10D and 14D displayed a statistically significant 

difference from 3D. The lowest weight loss was observed for 10D samples with a final 

value of 17.6%; however, the maximum (23.56%) was recorded for 3D. 

There have been contradictory results on effects of PHC on weight loss during storage in 

previous studies, suggesting cultivar and location interactions may play a role. In a 6-

week storage test of Hanna sweetpotatoes from California, no significant difference was 

found in weight loss between the roots with and without PHC for one and two weeks (Weir 

and Stoddard, 2001). However, in the same study, improved visual quality of roots was 

observed due to a reduced amount of scuffing (skinning) during harvest and handling. In 

a more comparable study Kyalo (2014), reported minimal weight loss for 3-5 days of PHC 

followed by storage of 60 days for orange flesh cultivars in Kenya. Cultivar SPN/0 did not 

show any effects of PHC for 9, 14 and 18 days on weight loss during a 14-day storage 

period at ambient temperatures (23-28°C) in Tanzania (Tomlins et al., 2002).  
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Figure 4.5: Percentage weight loss for 30 days among various pre-harvest treatments 

durations. 
 

Rotting was present exclusively in the roots which sustained breakages and cuts during 

harvesting irrespective of PHC duration. Undamaged roots from control and treatments, 

samples experienced only weight loss during storage. The 100% of the broken or cut 



Chapter 4 
 

58 
 

roots presented symptoms of rotting within one week.  Typical rotting symptoms in a 

harvest tool induced damaged tuber is illustrated in Figure 4.6. 

Since all the rotting was associated with cuts and breakage injuries, PHC may not reduce 

the rotting related to such mechanical damages. However, observations have been made 

in previous studies (Tomlins et al., 2002), where PHC did result in a significantly lower 

level of root rot associated with skin injuries. Tomlins et al. (2002) mentioned that PHC 

does not have any positive effect in reducing injuries and weevil infestation. Dukuh (2011) 

reports similar results as far as breakages and cuts were a concern; however, 4, 8 and 

12 days of PHC considerably reduced sweetpotato weevil (Cylas puncticollis) infestation. 

In the current study, the crop (canopy and storage roots) was totally weevil free; no weevil 

infestation was found in any of the samples. The absence of weevils may be due to the 

wet period and no delays in harvesting, as risks of weevil attack is known to be enhanced 

by dry conditions and delayed harvesting after maturity (Smit, 1997; Ebregt et al., 2007). 

 

 

Storage  
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Figure 4.6: Examples of mechanically damaged roots showing the extent of rotting after 
first and the four weeks of storage. 
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The emergence of sprouts has been a concern during PHC, which can occur if roots are 

left in the ground for a longer duration. Initial trials of PHC from the USA recorded the 

beginning of the sprouting after 15 days of canopy removal (La Bonte and Wright, 1993). 

Kyalo (2014) reported the occurrence of sprouting after 14 days of in-ground curing in 

orange-flesh cultivars from Uganda, proposing restricting the in-ground curing to 3-5 

days. In another study from Ghana Dukuh (2011) stated that PHC of 12 days significantly 

increased the root sprouting in the field. However, in the current study, no sprouting was 

observed for any of the treatments.  

4.5 Conclusion  

A pre-harvest defoliation treatment of 10-14 days was found to be suitable for Awassa-

83 cultivar in the study location to improve the skin adhesion and reduce weight loss 

during successive storage. Increased skin adhesion should lower the incidence of 

excoriation during harvest and post-harvesting handling. Lower levels of skinning injuries 

and weight loss would enable storage of sweetpotato roots for a longer duration assisting 

post-harvest loss reduction. No adverse effect on the primary chemical constituents, 

which are important properties affecting palatability and processing of sweetpotato roots 

was observed. PHC needs to be promoted before focusing on improved post-harvest 

handling practices. In the developing regions of the tropics, educating farmers regarding 

the relationship between skinning injuries and shelf life could be one of the ways forward. 

Further studies are required to explore protein metabolism and also to obtain a deeper 

understanding of the carbohydrates (individual sugar concentrations). Continuous 

monitoring of the environmental conditions is critical to compare the results from wet 

conditions to dry. During these trials unexpected rains raised the ambient and 

underground RH; further experimentation in arid conditions (low RH and higher 

temperatures) may be conducted to widen the understanding. 
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5.1 Abstract  

Improved (high yield and disease resistant) cassava varieties were introduced in Ethiopia 

around the onset of the twenty-first century, as a potential food security crop. At present, 

limited information is available from the country on post-production aspects of the value 

chain (VC) and related food losses. Lack of such data prevents policy makers and VC 

actors from taking steps towards improving VC efficiencies, which can have a significant 

impact on livelihood and food security. The focus of this study was to examine the 

prevailing post-harvest practices in cassava VC in southern Ethiopia and quantify the 

extent of food losses and associated by-products in the framework of recently developed 

‘food loss and waste protocol’. 

The majority of the cassava in the study area (95%) was processed into dry chips and 

milled into composite flour with teff and maize to prepare staple bread (injera). The ‘critical 

loss points’ were during sun-drying (4%) and stockpiled at farm and marketplace (up to 

30-50%). Insect pest damages were primarily responsible for food losses at farm and 

market level. The most important insect species infesting dry cassava were identified 

during the survey. As far as the by-products were a concern, the ratio of leaf: wood (stem 

and stump): starchy root on dry matter basis at harvest was 1:6:10. Further emphasis 

should be on improving processing and storage technologies to reduce food losses and 

the better recovery and utilisation of by-products, especially the leaves of cassava which 

could be a potential source of protein in human diets. 

Keywords: Cassava, Ethiopia, Food losses, Inedible parts, Value chain. 
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5.2 Introduction  

The southern region of Ethiopia is known for high population density and production of 

space effective (amount of nutrition per unit area) root and tuber crops like enset (Enset 

ventricusum) potatoes (Solanum tuberosum/Ipomoea batatas), taro (Colocasia 

esculenta), and cassava (Manihot esculenta). Cassava has been produced and 

consumed at smallholder level as subsistence food security crop in southern Ethiopia for 

several decades (Taye and Biratu, 1999; Mulualem and Weldemicheal, 2013; Haile, 

2015). The importance of the cassava has increased in the country since the 1984 famine 

(Nebiyu, 2006; Yebo and Dange, 2015). National research programs and government of 

Ethiopia has considered cassava as a potential crop to address general food insecurity 

due to recurring droughts and erratic rainfall in the country (EARO, 2000; Nebiyu, 2004; 

Anshebo et al., 2004; Kassa, 2013).The improved cultivars (high yield and cassava 

mosaic disease (CMD) resistant) were introduced by International Institute of Tropical 

Agriculture (IITA) in the country with the collaboration of national research programs in 

about the year 2005-2007 (Anshebo et al., 2004; Atser, 2012; Mulualem, 2012). At 

present, the majority of the cassava is produced and consumed southern, southwestern 

and western parts of the country (Taye and Biratu, 1999; Anshebo et al., 2004; Mulualem, 

2012, Haile, 2015). Overall, there is a lack of reliable data from the country on cassava 

production and consumption. However, the southern regional agricultural bureau reports 

estimates that cassava production has increased five folds since the introduction of 

improved cultivars from close to 50,000 tons (in the year 2000) to 250,000 tons in about 

12,800 hectares (average yield of ~19.53 tons/h) in 2011 (Tadesse et al., 2013; Haile, 

2015). Preliminary reports from the southern region of the country suggest that cassava 

is consumed more frequently in the low-income households, and fills the food shortage 

periods of the year, when supplies of cereals crops such as maize and teff are short 

(Haile, 2014; Balta et al., 2015; Legesse and Geta, 2015). Webb et al. (1992) mentioned 

that during a household survey in Wolayita zone, in 1985, 50% of the respondents claimed 

that cassava as a source of food and income was crucial to replace some of the losses 

of other crops. In a relatively recent study, Legesse, (2013) concluded that in one of the 

districts (Amaro), in southern region, the households who were involved in cassava 
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production were better off in terms of calorie intake (446 kcal/adult/day) and income (ETB 

45,433/annum) compared to the households who did not cultivate cassava. Abuye et al., 

(1998) associated high consumption of cassava in three villages of Gamo-Gofa zone (in 

southern Ethiopia) with increased prevalence of goiter; however, in the recent literature 

(Haile, 2015), there has not been any reports of cassava toxicity (perhaps due to the 

introduction of improved varieties).  

Majority of the research and development on cassava in Ethiopia has focused on crop 

production particularly cultivar adaptability and selection (Nebiyu 2004, 2006; Mulualem, 

2012; Mulualem et al., 2012; Shonga et al., 2012M; Mulualem and Weldemicheal, 2013; 

Laekemariam, 2016), and on nutritional and anti-nutritional factors (Desse and Taye, 

2001; Enidiok et al., 2008; Nebiyu and Getachew, 2011; Kebede et al., 2012; Haile et al., 

2014, Haile, 2014). The research on post-harvest food losses of cassava in the country 

is deficient; the literature available on the cassava from the country is not adequate to 

make a comprehensive post-harvest food losses assessment (Tadesse et al., 2013; Yebo 

and Dange, 2015; Mulualem and Dange, 2015; Markos et al., 2016). The lack of such 

information prevents the national research institutes, government, development 

organisations and other stakeholders from recognising the socioeconomic, nutritional and 

environmental significance of the problem (FLWP, 2016).  Global estimates of cassava 

food loss are up to 30-40% (Westerbergh et al., 2012; Naziri et al., 2014). Such significant 

losses can have a direct impact on food security and income of smallholders and poor in 

developing countries like Ethiopia, with large populations (approximately 100 million, 

2017 government and United Nations (UN) estimates), where the prevalence of 

undernourishment is high (32% as per GFSI, 2016). The objective of this study was to 

capture the current state of the cassava post-harvest value chain (VC) from harvest to 

retail; illustrate the key actors and their roles; and, assess the magnitude and related 

causes of the food losses and other by-products associated with production and 

processing. The primary focus was to assess how much, where and when food losses 

occur in cassava VC and what are the main reasons and types of these losses. 
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5.3 Material and Methods  

5.3.1 Study sites 

In consultation with the Ethiopian Institute of Agricultural Research (EIAR) and the 

regional agricultural research stations, three woreda (sub-regional administrative 

divisions): Sodo-zuria, Ofa, and Kindo-koysha in Wolayita zone of the SNNPR (Southern 

Nations and Nationality People’s Region) were identified. In each woreda, three kebele 

(smallest administrative divisions) were selected, covering a total of nine kebele namely: 

Wachiga-Busha, Tome-gerere, Bukama-fekaka, Dakaya, Wachiga-yesho, Sere-yesho, 

Molticho, Hanaze, and Zebeto. Apart from woreda level town markets  (Sodo, Gesuba 

and Bale), three major urban markets namely  Hawassa, Arba-minch, and Shashemene 

surrounding the zone were also surveyed (Figure 5.1).  

 

 

Figure 5.1: Map of the study area. 

(Square dots represent the coordinate location of individual kebele). (Source: Generated by QGIS 2.8.1 mapping 

tool by the first author by using the coordinates collected by Garmin GPS device.) 

Wolayita zone is located in  6°36′ to 7°18′ north latitude and 37°12′ to 38°24′ east longitude 

and at an altitude ranging from 700 to 2940 m.a.s.l. The vegetation falls in wood bushland, 

and topography consists of rocky, undulating plateaus, mountains and steep slopes with 
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the highest peak of an extinct volcano (Mount Damota) extending into Lake Abaya and 

Omo river (Bekele and Butako, 2011). The soil types vary from Humic Nitosols and 

Chromic Luvisols in Sodo-zuria to Lithic Leptosols in Ofa and Kindo-koysha. The rainfall 

pattern is bimodal: June – October as long rainy season and March – April as the short 

rainy season. Annual precipitation range from 1000 – 1800 mm in the zone (NMSA, 1996). 

Wolayita zone is one of the most populated parts of the region with a population density 

of over 351/km2, about 90% of the zonal inhabitants reside in the rural area having 

agriculture and livestock rearing as their primary economic activities (CSA, 2007). The 

rural communities of the zone often face a moderate level of food consumption gaps 

(USAID, 2016). Balta et al., (2015) reported that up to 72% of the households in Sodo-

zuria woreda of the Wolayita zone experience food shortages for up to six months in a 

year, and rely on food aid.  Some of the key limiting factors leading to such a situation in 

the area are erratic rainfalls, soil infertility, soil erosion and the increasing population 

density. The principal crops in the study area were maize, ensete, cassava, sweetpotato, 

red-beans (haricot beans), taro, yams, teff, and coffee. 

5.3.2 Conceptual framework: food loss quantification 

The ‘Food loss and waste accounting and reporting standard’ (FLWP, 2016) was the 

guiding approach for the study. The methodology is a recent development towards 

standardising the food loss and waste assessments. The standard is the result of a multi-

organization collaboration among which the Food and Agriculture Organisation of the 

United Nations (FAO), the United Nations Environment Programme (UNEP) and the 

World Resource Institute (WRI) were some of the leading contributors. The purpose of a 

global quantification standard is to maintain consistency in measurements and enable 

tracking towards the United Nations Sustainable Development Goal 12.3 of reducing food 

losses to 50% by 2030. 

The definitional and structural framework based on FLWP, (2016) in the context of the 

current study is described in Figure 5.2. The four essential components of the 

methodology are the material types (food and inedible parts), destinations, time frame, 

and boundary. The combination of these four dimensions is defined as the scope of the 

study.   
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Figure 5.2: Conceptual frame and scope of the assessment. 

                                                         (Source: Based on FLWP,2016) 

 

 

 
Figure 5.3: Value chain map of dried cassava in the Wolayita Zone, Ethiopia. 

In the study area, the cassava was primarily traded (~ 95% of the production) in the form 

of dried chips and later milled into flour which serves as supplementary to teff (Eragrostis 
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tef) and maize (Zea mays) in making composite flour for injera (Ethiopian staple flat bread) 

preparation. Comparing this consumption pattern with other West and East Africa where 

close to 42% of harvested cassava roots are processed into dried chips (Hell et al., 2014); 

the proportional drying of the fresh cassava roots is much larger in Ethiopia. The material 

types which were considered for quantification were ‘food losses’ and ‘inedible parts or 

by-products’ along the VC with their specific destinations. Boundaries were set from 

harvest to retail for dried cassava VC (which includes processing of fresh roots into 

cassava chips and flour). The flow of major VC steps (production, harvest and post-

harvest activities) and associated actors considered for the study are presented in Figure 

5.3.  The VC map also presents the tools and facilities used by the local producers, labor 

requirements and gender segregation of the activities. 

5.3.3 Data collection and analysis  

The FLW standard provides a diverse range of quantification tools depending on the 

framework of the study and available resources. During this study, the ‘measurements 

and approximations’ tools were used, which include ‘direct weighing’, ‘assessing volumes’ 

and ‘survey’ along the post-harvest VC (harvest to retail) of cassava. The study was 

carried out during the Meher harvest season (harvest beings in October till Feb) 2015/16. 

A cross sectional survey in addition to direct weighing is critical for designing effective 

intervention strategies, as it provides insights into attitudes, values, and limitations 

associated with particular food losses (FLWP, 2016). 

Open and closed questionnaires were administered in the study area to collect 

quantitative and qualitative data on food losses and inedible parts during harvest, 

processing, and marketing of dried cassava products. In total 137 VC actors were 

interviewed which includes 74 traders (wholesalers, millers, and retailers), and 63 

farmers. Storage warehouses were inspected, and specimens of insects/pests infesting 

dry cassava were collected for taxonomic identification. Background characteristics of the 

responders with the location is presented in Table 5.1.  

The collected data were scanned, coded and analysed, using means, frequencies, 

percentages, cross-tabulations and independent t-test (P ≤ 0.05) using the Statistical 

Package for Social Science (SPSS) version statistics 22 (IBM, Armonk, NY, USA). 
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Table 5.1: Background characteristics of VC actors. 

 

5.4 Result and discussion 

5.4.1 Value chain characteristics  

Smallholder farms cultivated the majority of the cassava in Wolayita zone with labor-

intensive agronomic methods. The prominent cassava VC actors in the study area were 

farmers (plant and sell standing crops to collectors or other processor farmers); processor 

farmers (who plant, procure standing crops and process fresh cassava into dried chips), 

wholesalers, retailers, and millers (refer to Figure 3). Some of the enabling actors who 

are essential for production and marketing of dry cassava include casual laborers 

(including family labor), and collectors (brokers, who were an intermediator between 

processor farmers and wholesalers). Due to the labor intensive nature of cassava 

Background 

characteristics 

VC actors (Percentages %) 

Location 

(Towns/Woreda)                                                                 

Wholesaler

s (n=32) 

Retailers 

(n=19) 

Millers 

(n=23) 

Farmers/ processors farmers (n=63) 

Sodo (Sodo-Zuria) 34.4 36.8 52.2 41.3 

Bale  (Kindo-koysha) 6.3 36.8 26.2 19.0 

Gesuba (Ofa) 34.4 5.3 13.0 39.7 

Arba-minch 6.3 10.5 0.0 NA 

Hawassa  12.5 0.0 4.3 NA 

Shashemene  6.3 10.5 4.3 NA 

Sex 

Male 90.6 84.2 100.0 69.8 

Female 9.4 15.8 0.0 30.2 

Age (years) 

≤ 30 34.4 31.6 30.4 36.6 

31- 40 31.3 42.1 43.5 22.2 

41-50 21.9 15.8 21.7 25.2 

≥ 51 12.5 10.5 4.3 16.0 

Education    

No education 0.0 0.0 8.7 25.4 

Primary 16.1 10.5 30.4 33.3 

Junior secondary 61.3 52.6 52.2 38.1 

Senior Secondary 12.9 21.1 4.3 0.0 

University/College 9.7 15.8 4.3 3.2 

Household size (persons) 

≤ 5 51.9 46.7 55.0 35.5 

5-10 40.7 46.7 40.0 56.4 

>10 7.4 6.6 5.0 8.1 

Landholding (hectare) 

≤1 NA NA NA 63.5 

>1 NA NA NA 36.6 
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harvesting and processing, about 13% of the total farmers surveyed were selling their 

standing crop to other processors farmers. 16% of the respondent processor farmers 

were selling the dried product to collectors to avoid the inconvenience in arranging 

transportation and labor for loading and offloading. However, the majority (~80%) sold 

their products directly to wholesalers and retailers in woreda level markets.  

At rural household level fresh cassava like other roots crops such as sweetpotato, taro 

was boiled with red beans and served with local sauces as a staple food. However, as 

mentioned before the major portion of cassava was subjected to drying and milled into 

flour to composite with teff and maize for the production of the final product injera. As the 

industrial application of cassava in Ethiopia is still in the development phase, only a small 

part of the production was used to produce industrial starch and adhesive. Dried cassava 

was transported up to the distances of 400 km to the national capital industrial area. 

Collectors from Sodo reported that about 1000 tons of cassava were transported monthly 

to Addis Ababa, one-third of this quantity was used in the non-food industry whereas the 

majority of the product went into the food supply chain of the national capital and adjoining 

areas.  

5.4.1.1 Production  

About 33% of the surveyed cassava farms in Wolayita zone were bigger than half a 

hectare, and 63% of the farms were mono-crop plantations. Farmer’s survey revealed 

that, on an average, about 5% of the total cassava production was used for home 

consumption, which indicates the income generation potential of the cassava crop. Qulle 

(104/72 Nigeria red) and Kelle (44/72 Nigerian white) were the two commonest cassava 

varieties in the study area, which are the improved varieties (high yield, disease resistant 

and low toxicity) introduced in the country from Nigeria (Anshebo et al., 2004; Atser, 

2012). Farmer to farmer exchange and self-multiplication was the primary source of 

planting material for the peasants. Only 12.7% of the responders mentioned government 

and non-government bodies as an initial source of planting material. The yields in 

Wolayita zone for Qulle cultivar was approximately 20 t/ha from a 24 months old plantation 

(based on direct weighing and measurement data from three locations and discussions 

with crop holders). The average yields on researcher managed sites for the varieties 

(Qulle and Kelle) reported from the southwestern part (Jimma zone) of Ethiopia ranged 
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from 36–49 t/ha (Mulualem and WeldeMicheal, 2013).  Various other studies from the 

region also report the similar yields (on the farm) ranging from 23 t/ha in Jimma zone 

(Mulualem, 2012) to 20-24 t/ha in the southern region (Tadesse et al., 2013; Mulualem 

and Dange, 2015; Markos et al., 2016). The most important criteria for farmers to select 

a cultivar were high yield and low-cost availability of planting material; these findings are 

similar to previous studies which reported, yield, drought tolerance and early maturing as 

some of the important cassava cultivar selection criteria for the farmers in the region 

(Mulualem and Dange, 2015). Previous reports on the toxicity (hydro-cyanide (HCN) 

content) of Qulle and Kelle cultivars from Ethiopia showed a HCN content of 69 and 50 

mg/kg of fresh peeled root respectively, which may reduce to below detection levels after 

processing into the flour and the final preparation of fermented flat bread injera  (Nebiyu 

et al., 2011; Kebede et al., 2012). No incident of acute or chronic HCN toxicity due to 

cassava consumption has been reported from the study area during the survey.  

Inter-cropping was practised by close to one-third of the farmers mostly with common 

beans (haricot beans) during the first six months up to a year from planting cassava before 

the canopy develops. In a recent review of the development of cassava agronomy for last 

two decades in Ethiopia, Markos et al., (2016), highlights that intercropping with haricot 

beans resulted in a land equivalent ratio of 1.82 (which was highest among all the other 

(cowpea, soybean, mung bean) intercrops).  

The most valuable input for cassava cultivation in the study location was labor and land; 

the majorities of farms were rain-fed and had no provisions of mineral fertilisers. Out of 

nine major cassava producing kebele in the zone, only one has irrigation facilities (kebele 

Dakaya in Ofa woreda). More than 90% of the farmers did not have access to synthetic 

fertilisers due to cost and availability issues. Only 23.7% of the farmers had enough 

organic matter to be used as farmyard manure for cassava cultivation. These 

observations are in line with the results presented by Laekemariam, (2016) in a study 

from Wolayita zone which states the lack of mineral fertiliser utilisation in the region. Draft 

animals and manual labors were carrying out tillage. The most common planting method 

was flat tilled, which is the least labor intensive when compared to forming ridges or 

mounds. The plant density varied from 9,000 to 10,000 plants per hectare, following a 

typically recommended row spacing of 1m (Markos et al., 2016).  
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Figure 5.4: Spittle bug (a) and scale insect (b) infested cassava stem in the study area. 

 

Farmers did not report incidents of any major cassava disease (such as a mosaic virus, 

brown streak and bacterial blight) during production. However, 10% of the surveyed farms 

were infested by scale insects. The scale insect infestation significantly affects the leaves 

and stems which also have economic value in the form of animal feed and planting 

material (Shonga et al., 2012).  The single most important species of scale insects 

reported from the southern region of Ethiopia was Aonidomytilus albus (Shonga et al., 

2012; Tadesse et al., 2013). Other than scale insects’ infestation, a few incidents of 

meadow spittle bug (Family: Aphrophoridae) were detected during the survey (Figure 

5.4).  The nymphs of the spittle bug were found to be feeding on tender stems covered 

with a typical frothy material (looks like human spittle) which protects young insects from 

insecticides and predators. There was no evidence of significant crop losses due to these 

two insects; farmers in the study area were not using any particular control measure.  

 

5.4.1.2 Harvesting  

Cassava harvesting was entirely manual with simple tools and labor intensively. To 

harvest a ton of fresh cassava roots about 35 labor hours were required which is 

equivalent to ~ 6 workers-days (6 hours/day based on personal observations during the 

survey). The labor requirement may depend on the cultivar, soil type and to some extent 

the harvesting season. The previous studies from Asia and Africa mention a labor 

requirement of up to 12 workers-days to manually harvest one ton of cassava (Cock, 

a b 
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1985). The planting and harvesting time aligned with local climate conditions in the study 

area are presented in Figure 5.5. 
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Figure 5.5: Planting and harvesting frequencies in line with climate data. 
 (Climate data: 10 years (2005-2015) average of mean monthly temperature and rainfall. Source National 

Meteorological Agency, Areka Station, Wolayita Zone) 

 

The majority of the planting and harvesting activities overlapped with each other and took 

place in the dry season (October- March); in the farms where soils are not sandy, 

harvesting and tillage activities during dry season may become tedious. The practice in 

the study area was very similar to other SSA countries where cassava is planted at the 

beginning of the rainy season and harvested in the following long dry season when the 

roots starch content is highest (Howeler et al., 2013). Markos et al., (2016), mentioned 

that best time for cassava planting in the major cassava growing areas of Ethiopia would 

be from March to May. The survey revealed that more than 75% of the crop holders were 

planting cassava in the first four months of the dry season.  However, about 25% were 

planted at the onset of the first rains in February and March.  Peak harvest time for 

cassava crop was from October to January. In this period, 90% of the farmers were 

harvesting and drying cassava. The primary reason for harvest to take place in these 

months was due to the availability of higher solar radiations and minimal rains which are 

required for the sun-drying process. The optimal harvesting maturity for cassava is about 

18-24 months (Cock, 1985; Bokonga, 1999). The recommendations for the cultivar Qulle 
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and Kelle from the local agricultural research station (Areka, Wolayita) were to harvest 

after 18 months (Markos et al., 2016), but the majority of the crop holders did not follow 

the recommended harvest index. The average time after planting for harvest was 27 

months (ranging from 18 up to 36 months). The primary reason provided by the farmers 

for delayed harvest was to obtain higher yield; this may be due to the low input production 

systems where root growth takes a longer time to reach optimal yields.  However, farmers 

reported that the starchy root tends to become woody and start rotting after 36 months. 

The harvesting pattern was gradual or progressive harvesting (depending on the 

processing capacity of the individual crop holders and market demand) over a period of 

5-6 months starting from October and November until March.  

5.4.1.3 Processing, packaging, and transportation  

In the study area processing of freshly harvested cassava roots starts simultaneously with 

harvest without any delays. Contrary to harvesting practices, processing (peeling and 

chopping) was primarily carried out by women and children (particularly young girls). The 

peeling and chopping operations were manual using locally available household knives 

and chopping boards. Due to a lack of water, washing of roots after peeling was not 

common practice. The dust and soil particles were brushed gently by hands or local 

brooms before peeling. To peel and chop one ton of fresh cassava roots about 80 labor 

hours were required. The rough chopping leads to wide deviations in slice thickness 

varying from 1- 5 cm, resulting in long drying periods during the next stage of processing 

(sun-drying). Moreover, during the peeling and chopping operations, women often 

sustained hand injuries. Only a few processor farmers (3% of total responders) were in 

possession of a low capacity manual crank based mild steel and cast iron cassava chipper 

distributed by local non-government development organisations.  
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Figure 5.6:  Mass balance flow from fresh tubers to cassava flour. 
Note: *The ratio of Teff: Maize: Cassava in the study area is approximately 50:25:25. However, there are many 
variations of in between depending on the preference of consumers and price of expensive cereal such as Teff. 
 

The next step of processing was sun-drying the chopped fresh cassava. The drying 

process was 100% sun-drying, as mentioned before that was the reason most cassava 

was harvested during the dry season. The typical drying surface was a black plastic sheet 

with a mean drying time of six days ranging from 4 days (with a constant adequate 

sunshine) to 14 days (in case of cloudy or rainy conditions). Renting the plastic sheet 

from neighbours was also a common practice in the study area, with a daily rent of up to 

30 ETB (1.5USD). About 70% of the processor farmers had plastic sheets, whereas 16% 

were renting and close to 14% were using brushed grass covers due to non-availability 
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of plastic sheets. None of the processor farmers in the study area had access to any form 

of mechanised or solar drying technology.  

During the drying process, the mass of the fresh cassava (peeled) reduced by ~ 50%, 

from an initial moisture content (MC) of 65% to final MC of 12-15%. The touch and feel 

method (by cracking and biting the dried chips) to test the dryness of the product to be 

packed and stored was the only technique available to producers to terminate the drying 

process. The method seems to be quite useful as the samples which were approved by 

processor farmers after cracking and biting had a final MC of below 13%. A mass flow 

diagram describing the reduction in weight of cassava at different steps of processing and 

various usage of cassava in the study area is illustrated in Figure 5.6.  

The standard packaging for dry cassava chips or flour was 100 kg polypropylene bags, 

which are inexpensive and easily available; such packaging was used for most of the 

other agricultural products nationwide. The standard transportation modes for local 

markets (to woreda level towns) were donkey carts (capacity of 300-500 kg). Whereas, 

mini-trucks with a capacity of 50 sacks (5000 kg) were utilised for urban markets such as 

Hawassa, Sheshemene, Abra-minch, and Addis Ababa.  

5.4.1.4 Marketing and storage  

One of the advantages of converting fresh cassava into dried chips was that dry product 

could be stored for longer periods of time to fill availability gaps during the reduced 

seasonal availability of food. Moreover, the motivation, especially for processor farmers 

in the study area, to store the dried cassava was to obtain higher financial returns. The 

important factor which governed the price of cassava was the production season (dry 

season), the supply of dried cassava chips in the production season overruns the 

demand, and the price crashes to its minimum. The high and low prices on an average 

were 4.9 and 2.9 ETB/kg respectively for dried cassava chips in the study area. The prices 

were significantly higher (P-value < 0.001) in the rainy season. Another important factor 

which plays a role in the increased price of cassava chips and flour during the rainy 

season was it being the cheapest source of calories; per unit cost of cassava product was 

one-fourth of the teff and two-thirds of the maize prices. The trend shows that local price 

of teff and maize also tends to increase during the rainy season. As the price of teff and 

maize increase the demand for cassava as a cheaper calorie substitute increases and in 
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turn the price rises. The seasonal variation in cassava price along with teff and maize 

(which are the primary ingredients on staple flat bread injera) is presented in Figure 5.7.  

Balta et al., (2015) stated that in Sodo Zuria (which is one of the primary study locations) 

the peak hunger periods were from April to August, which is perfectly in line with increased 

cassava prices. Hence, a sudden increase in price during this time may be a result of an 

enhanced number of consumers for cassava substitution in injera or a higher proportion 

of cassava in the composite flour reducing the amount of the relatively costly maize and 

teff during the rainy season. Such a price phenomenon is unique to the communities 

where large proportions of populations are poor. Similar examples are reported from 

countries like Indonesia, where an increase in the price of staple and more valuable crop 

like rice leads to higher consumption of cassava-based food (Cock, 1985). 
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Figure 5.7: Monthly price fluctuation of dried cassava chips in the study area a 
comparison with primary cereals (maize and teff) which are used in the 
composite flour with cassava. 

*
Note: Cassava price [Source: Survey data 2015/2016, an average of the price records from Traders (wholesalers, 

retailers), Farmers in the study area]. Teff (mixed) and Maize (white) price [Source: FAO, FPMA (Food Price 
Monitoring and Analysis Tool). Data is the average of last three years (2014, 2015 and 2016 (up to August) wholesale 
price at Addis Ababa] 
ETB= Ethiopian Birr (Exchange rate: 1USD = 22.14 @ Sep. 2016). 

Keeping dry products for extended durations benefits processor farmers and traders 

(wholesalers and retailers) economically, but storage was a challenge and risk due to 

poorly managed warehouses. The consumers in the study area prefer to buy chips rather 
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than flour and bring the chips to mill themselves to ensure the quality of the product and 

prevent adulteration with pest damaged chips. Hence, most wholesalers and retailers 

were storing cassava in the form of dried chips rather than flour. The packaging and store 

settings were not able to protect the dry cassava chips from insect attack and wet 

conditions. The two most pressing storage problems reported by VC actors (processor 

farmers and traders) were insect pest and moisture related fungal growth (blackening of 

the cassava chips). Apart from quality degradation fungal growth may lead to microbial 

contaminations in the form of Aflatoxins (Tadesse et al., 2013). Four most predominated 

insect pests which were infesting dry cassava chips in the study area were identified and 

ranked (rank 1 as the most damaging) (Table 5.3). The ranks were allocated based on 

the damage perception of wholesalers and retailers in three woreda level markets. 

 

Table 5.2: Major insects/pest identified infesting dry cassava in the study area. 

Rank* Common name Species name Family  

1 Box-wood borer Heterobostrychus brunneus (Murray 

1867) 

Bostrichidae   

(Horned Powder-post Beetles) 

2 Lesser grain borer Rhyzopertha dominica (Fabricius 1792) Bostrichidae  

(Horned Powder-post Beetles) 

3 Corn weevil Sitophilus zeamais (Motschulsky, 1855) Curculionidae                                  

(Snout and Bark Beetles) 

4 Broad-horned flour 

beetle** 

Gnatocerus cornutus (Fabricius 1798) Tenebrionidae (Darkling Beetles) 

*Note: Rank to insect species was provided by observations and discussions with traders in three woreda of the study area. **G.  

Cornutus is a secondary pest which is feeding on the powdery dust produced by an initial infestation of powder post beetles.  

 

The most damaging pest was H. brunneus commonly known as boxwood borer and auger 

beetle. A more detailed report on the identification and infestation of the pest from the 

study area has been provided by Parmar et al. (2017). The beetle (H. brunneus) has been 

considered as a destructive pest of dried cassava in West Africa (Strumpf, 1998). Bellotti 

and Schoonhoven, (1978) also reported H. brunneus as a common stem borer for 

standing cassava crop posing a dual threat during production and storage of dried chips. 

R. dominica is common in tropical and sub-tropical cassava storage systems (Golob et 

al., 2002), whereas G. cornutus is a secondary pest found in various farinaceous (starch 

containing) materials. Although S. zeamaise is a major pest for maize, the insect is very 

much polyphagous and has been reported to infest not only other cereals (buckwheat, 

oat, sorghum, millet) but also cassava and yams chips (Hagstrum et al., 2013). Other 
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minor insect pests which infested dried cassava chips in the study area were of Tribolium 

spp. and Lyctus spp. which belongs to Tenebrionidae and Bostrichidae families 

respectively. One of the most damaging insect for dried cassava in SSA is Prostephanus 

truncatus (Hodges et al., 1985; Chijidu et al., 2008; Isah et al., 2012), however in Ethiopia 

P. truncatus had not been reported until 2015 (APHIS, 2015; CABI, 2015).  

None of the processor farmers were using any control measures for prevention of insects 

during the storage of cassava. The majority of the wholesalers (65% of total responders) 

utilised insecticides to control insect infestation and re-sun-drying (opening up the bags 

and leaving it in the sun) to prevent fungal or mould growth. The most common 

insecticides which were available in local markets and frequently used by the traders as 

multipurpose insecticides for most of the crops were Malathion dust 5% (local trade name: 

Ethiolathion) and Aluminum phosphide (trade name: Celphos) fumigant insecticides.  

5.4.2 Food losses and by-products  

One of the reasons why cassava has been so successful in low input agricultural systems 

of tropical and sub-tropical regions is its excellent use value. Every part of the plant is 

utilised and has economic importance (Weterbergh et al., 2012), starchy roots as a source 

of carbohydrates; stem as planting material and firewood; leaves as vegetable and animal 

feed; and peels as animal feed or compost. Hence, it is important not only to record the 

food losses of the cassava root but also the extent of by-products which are produced at 

each stage of the VC. The estimated physical quantities of food losses and associated 

inedible parts produced along the cassava VC in the study area with the type of material, 

the cause of food loss and destination use of each element is presented in Table 5.3. The 

storage of dry cassava chips and sun-drying process were considered as ‘critical loss 

points’ in the cassava VC. 

5.4.2.1 Production and harvesting  

At harvest the relative ratio (dry matter basis) of leaf: wood (stem and stump): storage 

root was 1:6:10 (moisture content of stems and leaf ~ 65 and ~ 70% respectively (Wobeto 

et al., 2007; Xue et al., 2015)) for Qulle cultivar. It is hard to compare these fractions with 

other studies as the yields may vary significantly depending on the variety, the age of the 

plant, the plant density and soil fertility and climate (Ravindaran, 1993; Westerbergh et 

al., 2012).  
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Table 5.3: Mean food losses and associated inedible parts along the dried cassava 
(chips/flour) value chain in southern Ethiopia. 

Process Activities Food losses Inedible 
parts 

Type of 
material 

Destination 
use  

Causes of 
food losses 

Harvest* Removing canopy+ 

(t/ha) 

NEGL 9.2 ± 1.2 Stems Planting 
material /fire 
wood. 

NA 

NEGL 2.2 ± 0.2 Leaves with 
petioles  

Animal 
feed/compost  

NA 

Digging/soil 
loosening/ root 
pulling  

 (t/ha)+ 

NEGL 3.8 ± 0.9 Stumps As fire wood or 
refuse 

NA 

Too small and 

woody roots (t/ha)+ 

NA 1.8 ± 0.2 Cassava 
roots 

Animal feed Too small and 
woody for 
processing.  

Post-
harvest 

Peeling (% of 

unpeeled roots)+ 

1.24 ± 0.7 21.57 ± 4.56 Peels Compost/ 
animal feed 

Inappropriate 
peeling tool 

Chopping (%) NEGL NA NA NA NA 

Sun-drying (%) -     

 ** 

3.8 ± 2.4 NA Edible roots Refuse/animal 
feed 

Pilferage, 
domestic and 
wild animal, 
unpredictable 
rainfall 
occurrence, 
theft 

Packaging (%) NEGL NEGL NA NA NA 

Storage (at Farm) - 

(%) ** 

11.46 ± 9.3 NA Dry chips Refuse/animal 
feed 

Insect, pest 
and mold 

Transportation (%) NEGL NEGL NA NA NA 

Storage (at Market) 

- (%) ** 

14.28 ± 
13.26 

NA Dry chips Refuse/animal 
feed 

Insect, pest 
and mold 

Sorting (%)- NEGL 4.5 ± 2.9 Woody and 
insect 

damaged 
chips 

Animal 
feed/refuse 

Removal of 
woody parts, 
unwanted 
material 

Milling (%) + 1.9 ± 0.7 NEGL Cassava 
flour 

No use  
(lost as dust) 

Stone Mills, 
poorly 
secured 
outlets 

Sieving (%) + NEGL 3.8 ± 1.4 Cassava 
bran 

Animal feed  NA 

Note: NEGL: Negligible; NA: Not applicable. * The inedible parts associated with harvest activities correspond to a yield of unpeeled 
tubers of ~20t/ha of Qulle cultivar. (+) The data is based on the direct weighing (Yield data: extrapolated from plot size 8 m × 24 m, 
three replicates plots/harvest treatment). (–) The data builds on survey and questionnaire results estimates based on experiences of 

VC actors at a particular stage. **Critical loss point.  
 
 
 

The leaf dry matter content reported by previous studies could range from 1 up to 4 t/ha 

at root maturity (Ravindaran, 1993).  Whereas the biomass of the cassava stem can be 

50% of the root mass (Zhu et al., 2015), which was also found in the study area where 

the stem biomass was close to 10 t/ha with a root yield of 20 t/ha (Table 5.3). In the study 

area, the cassava cultivation was primarily for its roots, whereas leaves were used as a 

secondary source of animal feed.  
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Considerable portions of fresh leaves were left in the field as green manure due to 

practical problems of keeping the wet leaves for longer durations, fear of toxicity, cultural 

bias towards using leaves as human food and transportation issue (personal observations 

of the first author). Part of the cassava stems was used as planting material (for own farm 

or sell to other farmers), and the rest was as firewood (after drying) and fencing. Food 

losses (the loss of edible cassava root) at production and harvesting stage were 

negligible. 

 
5.4.2.2 Processing, packaging, and transportation  

The cassava peel mass varies from 15-25% of the whole root mass (Grace, 1977; 

Oguntade, 2013); it comprises an outer cork layer (dark-brown) consisting of cork cells 

and phellogen, and an inner part composed of phelloderm and phloem. In the study area, 

the peel mass was about 21.6% of the unpeeled root, which is within the variability zone. 

Due to inappropriate peeling tools and labor-intensive nature of the work, it was hard to 

avoid a minor loss of pulp during peeling (~1% of whole root mass). However, processor 

farmers were careful about losing starchy root mass during the peeling process. Other 

minor by-products during sorting of cassava chips before milling and sieving the flour 

were woody and unwanted cassava parts and cassava bran (fibrous material) 

respectively (refer to table 3).   

The losses during sun drying (about 4% of the fresh root mass) were mostly due to 

random precipitation events which result in the development of fungus (black mold) along 

with other minor causes such as pilferage, wild and domestic animals and in some 

extreme cases theft. The processor farmers needed to guard the cassava during sun-

drying and cover it in the event of unexpected rains. As drying takes many days (~ 7 

days), at the night time the product was also covered and put inside if possible to protect 

from theft and wild animals. 

5.4.2.3 Marketing and storage  

The average food losses during storage at farm and market were the highest among all 

the VC stages.  A description of variability in weight loss at the farm and market storage 

based on the duration and storage behaviour of farmers and traders is presented in Figure 

5.8.  
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Figure 5.8: Farmer’s and trader’s estimates of weight loss of dried cassava chips 
during storage at the farm and market (top), and frequency of farmers and traders 
storage durations after the production or procurement of the cassava chips (bottom). 

 

Only about 30% of the processor farmers stored dried cassava chips for more than three 

months at the farm level, mostly due to the increased level of weight loss (due to insect 

infestation). Conversely, 50% of the traders were keeping dried cassava roots in their 

warehouses for more than three months. The storage losses indicated a linear 

relationship with the length of storage period. The maximum storage period in the study 

area was varying from 1 to 2 years. The maximum losses during storage could be up to 

50% of the total volume stored at market warehouses for more than six months. However, 

at the farm level, the maximum losses were close to 30% for the similar duration.  

There was a large deviation in the storage losses, at the farm (processor farmer) the 

losses were varying from 10-30% for more than six months of storage, and at the market 
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this variation was from 10-50%. The intensity of infestation and cross contamination could 

explain this variance. At market level due to the presence of various cereals and grains 

in the proximity of dry cassava, the swiftness of infestation was higher.  

In Sodo, wholesalers and retailers reported both wet and dry seasons equally damaging 

due to insect infestation. However, in Bale and Gesuba the dry season was reported to 

be the higher infestation period. The reason for this variation could be due to the lower 

altitude of Bale and Gesuba (1245 and 1499m respectively), whereas Sodo is a highland 

area with an elevation of 2092m. Comparable magnitudes of losses during dry cassava 

storage has been reported from various tropical countries such India, Ghana, Tanzania, 

Togo where losses varied from 12-30% from three up to six months of storage (Wright et 

al., 1997; Stumpf, 1998).  

The single most important cause of weight loss recorded by previous investigations from 

SSA in dry cassava product was the wide range of insect species (Prostephanus 

truncatus, Sitophilus spp., and Ryzopertha dominica) directly feeding on cassava chips 

(Hodges et al., 1985; Wright et al., 1997). In a recent review on unpacking the post-

harvest losses in SSA, Affognon et al., (2014) reported loss figures for dry cassava chips 

ranging from 20% up to 75%, primarily due to insect feeding at the storage for 3-4 months. 

The insect and mould damage cassava chips attract considerable price discounts (up to 

50% (Affognon et al., 2014)) or total rejection from the customers. As previously 

mentioned especially household consumers in Wolayita zone (who were buying cassava 

for their consumption, excluding food catering industry and commercial injera makers) 

preferred to buy chips rather than flour to reassure the quality of the cassava (free from 

insect and mould damages).  

The final step of milling before the cassava flour can be composited with the teff and 

maize was conducted exclusively with multi purpose electric motor run stones or mortar 

mills. The flour mass recovery was 98.1%. Close to 2%of the cassava flour was lost during 

the milling process. The literature on milling losses for cassava is limited; studies from 

Nigeria recommend hammers, pin mills and disc attrition mills (Emmanuel et al., 2010; 

Adesina and Bolaji, 2013) for finesse and higher flour recovery from dried cassava. 
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5.4.3 Constraints and opportunities  

The cassava crop in Ethiopia is of strategic importance to combat food insecurity and its 

role as a co-staple and potential industrial crop. The Ethiopian national research 

programs and international Institute (like IITA) are taking steps towards expanding land 

allocation and adapting high yielding varieties of the crop to increase cassava production 

in the country. However, not adequate attention has been given towards post-harvest VC 

development of the crop, especially towards improving the final product quality and 

reduction of food losses. Although the perspective of cassava expansion in the country is 

optimistic, the production and post-production systems of cassava in Ethiopia face some 

challenges. A SWOT matrix demonstrating the strengths, weakness, opportunities and 

threats for cassava crop in Ethiopia is presented in table 5.4. Further discussion on 

particular stages of the cassava VC in the study area is illustrated in the following sub-

sections.  

5.4.3.1 Production and harvesting  

The efforts to introduce improved cassava cultivars in Ethiopia has to match with the 

current development in the cassava breeding, the last records of improved varieties 

introduced from Nigeria date back to the year 2000. One of the examples of a recent 

development in breeding new varieties is of bio-fortified (with β-carotenoids) cassava, 

which has been introduced in various other SSA countries to tackle Vitamin A deficiencies 

(HarvestPlus, 2016). The focus of the existing cassava research in Ethiopia has been on 

cultivar adaptation and higher yields. As a principal, the high yields need to be 

accompanied with mechanised harvesting and processing as the large quantities 

produced could remain unharvested or unprocessed of a labor intensive crop like 

cassava, resulting in food losses. Local availability of the harvesting and processing 

equipment for cassava are lacking, which need to be considered in further research and 

development of the crop. The lack of financial resources and credits (from financial 

institutes) to import this equipment and machines from other SSA countries is beyond the 

capacity of small and marginal farmers.  

It was observed in the study area that long bulking times (24-36 months after planting) 

was a major concern for the farmers. The optimum maturity for the two predominant 

cultivars was around 18 months, however, due to input deficiencies, farmers tended to 
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delay the harvest to obtain higher yields. Such a practice of keeping roots in-ground for 

extended durations may result in lignification and also increase the storage root 

availability to the rodent, pest and microbial attack (Uchechukwu-Agua et al., 2015). 

Moreover, cassava being a drought resistant and famine reserve crop, its adoption in 

drought prone northern regions can be of importance in tackling overall food insecurity in 

the country. Inter-cropping with high protein grain legumes should be encouraged at the 

smallholder level which serves two important purposes, firstly compensation of the low 

protein diets of cassava and provision of nitrogen fixation in low input production systems. 

Apart from scale insect infestation and minor incidents of other sap-sucking insects, no 

incident of any major cassava disease (e.g. cassava mosaic virus) was reported by 

farmers or observed during the survey in the study area. Possible control measures for 

scale insects include phyto-sanitation and the introduction of naturally occurring predators 

(Cybocephalus spp.) (Lozano et al., 1976; Shonga et al., 2012).  

An additional aspect of the cassava VC, which requires attention in the study area, is the 

better utilisation of the by-products (cassava leaves (up to 10% of the total fresh root 

mass at harvest) and peels (~20% of the total fresh root weight)). Cassava leaves 

potential as animal feed is highlighted in the literature by referring it as ‘tropical alfalfa’ 

(Morgan and Choct, 2016). The crude protein content of cassava leaves range from 20-

30%, of which close to 85% is true protein, make cassava leaves as suitable for animal 

feed as soybean meal. The current usage and future potential of cassava leaves (in the 

form of cassava leaf protein extracts) as human food has been discussed in a recent 

review by Latif and Müller (2015).  

 

 

Table 5.4: SWOT matrix of Ethiopian cassava production and post-production system. 

 
SWOT 

 
 

 
 

 Strengths Weaknesses 
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1. Favorable climatic and edaphic 

conditions for adaption and 
adoption of high yielding cultivars.  

2. Suitable for typical low input 
agricultural systems of Ethiopia.  

3. Cassava thrives in marginal soils 
and periods of neglect.  

4. Suitable for intercropping.  
5. Suitable for areas prone to erratic 

rainfalls.  
6. Most economical source of calories 

during the period of food shortage. 

 

1. Late bulking (24-36 months) 
2. Fragmented production by 

smallholders and informal marketing 
channels. 

3. Weak market price mechanism 
(fluctuations in market price). 

4. Low and inconsistent final product 
quality.   

5. Lack of mechanisation (particularly, 
manual peeling, chopping and, open 
air sun-drying).  

6. Non-availability of water for 
processing.  

7. Poor storage infrastructure (for the 
fresh and dehydrated product).  

8. Poor insect pest management at farm 
and market.  

9. Lack of awareness and advertisement 
on various cassava based products. 

10. Lack of scientific research and 
development, and insufficient crop 
statistics. 

11. Lack of cassava based food safety 
standards.  

 Opportunities 

 
1. Cassava roots and leaves as 

livestock feed.  
2. Introduction of High-Quality 

Cassava Flour (HQFC) technique.  
3. Promotion of cassava and other 

cereals composite flour in the 
bakery industry.  

4. Introduction of yellow cassava 
(Vitamin A rich).  

5. Industrial application (starch and 
starch based products, bio-ethanol).  

6. Development of centralised 
cassava processing units at woreda 
level.  

7. Co-operative farming. 
8. Better utilisation of cassava peels.  
9. Rural employment and income 

generation in cassava based 
products.  

10. Large domestic market (Ethiopia is 
the 2nd most populated country). 

Threats 
1. The low price of substitute staples 

such as teff, maize, taro, sweetpotato 
and potato.  

2. Introduction or expansion of new 
storage and vector insect pest 
(notably, whiteflies and Larger Grain 
Borer (LGB)) 

3. Fear of cassava toxicity disorders 
among consumers.  

4. East African strains of cassava 
mosaic virus (EACMMV, EACMV-UG) 
(endemic in neighbouring countries 
Tanzania and Uganda). 

5. Yield losses and soil degradation as a 
result of the low-input farming system.  

6. Weak market demand as disposable 
income rise in the country (perception 
of poor man’s food). 

 

 

5.4.3.2 Processing, packaging, and transportation  

The inherent perishability of fresh cassava roots due to post-harvest physiological 

disorder (PPD) is a major problem for cassava producers and processors around the 

globe (Bokanga, 1999; Oguntade, 2013; Uchechukwu-Agua, 2015). The only practical 

solution which is currently available to the smallholders in the study area was to harvest 

a part of the total production which can be processed within a day (Nduwumuremyi et al., 
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2016). When most of the cassava is produced for sale rather than home consumption 

PPD creates a serious bottleneck for processor farmers and collectors in the study area 

due to the high manual labor requirements in a short duration, which diminish the 

producers’ profit margins. The constraint (availability and cost) was mainly associated 

with manual peeling and chopping (slicing) and long open-air sun-drying periods (up to 

14 days). Lack of drying surface (plastic and polythene sheets) was a common concern 

of the processor farmers, some of them were forced to dry their cassava on brushed grass 

covers.  

The intervention focus should be on implementing low-cost peeling, chopping and drying 

technologies to reduce labor hours, and drying times respectively, to improve the quality 

of the end product (cassava flour) and reduce food losses. Some improved solar drying 

technologies suitable for cassava based on mix-mode and natural convection were 

discussed by Vijayavenkataraman et al., (2012) in a review on solar drying of agricultural 

produce. The basic low-cost equipment for peeling and chopping has been developed in 

other major cassava producing countries (especially in West Africa) with the similar 

socioeconomic background (Bokanga, 1999; Emmanuel et al., 2010; Howeler et al., 

2013), for example, equipment like handheld modified cassava peeler and mechanised 

grater/chopper used in countries like Nigeria and Ghana can be directly introduced into 

the southern Ethiopian cassava producing areas. It is anticipated that introduction of such 

equipment would reduce losses, minimise the cost of labor and improve the final product 

quality. Naziri et al., (2014) related the higher mechanisation in South East Asia to lower 

post-harvest losses in comparison to SSA. Since the majority of the cassava is used in 

the form of flour to composite with other cereals in Ethiopia; introduction of HQCF (High-

quality cassava flour) production technology based on pressing the cassava mash before 

drying can significantly improve the quality of the product and reduce drying times. The 

HQFC is non-fermented, odourless and fine flour which is ideal for the current application 

in Ethiopia.  

Moreover, the industrial application of cassava in Ethiopia is in its infancy. Apart from a 

minor utilisation for starch and adhesive production, the potential industrial uses such as 

livestock feed; starch derivatives (glucose, sucrose), beverage industry, and bio-ethanol 

are non-existent. Ethiopia provides an immense potential for cassava to be transformed 

from a famine reserve and rural staple to industrial crop.  
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5.4.3.3 Marketing and storage 

The insect pest infestation during storage of dried cassava chips was the leading cause 

of food losses (~ 30% of the total mass for > 6 months of storage) at farm and market 

stages of the VC in the study area. These results are similar to other main cassava 

producing countries (Hodges et al. 1985; Affognon et al. 2014; Hell et al. 2014). The 

currently employed insect pest control measures by traders and the processor farmers 

need improvement, as the contact insecticide Malathion (dust) may result in a 

considerable amount of residues in the cassava flour (Uygun et al. 2005; Hell et al. 2014), 

and fumigant (Aluminum phosphide) need to be accompanied with air tight storage 

systems or packaging. The hermetic bags are one of the economical options (commonly 

known as PICS (Purdue Improved Crop Storage) bags). However, it is only able to reduce 

the losses if the product is free from any insects at packaging, as the oxygen expulsion 

for cassava chips may not be as effective as in case of grains and cereals (due to oxygen 

trapped in between cassava chips) (Hell et al., 2014). Development of other non-chemical 

options such as economical insect proof packaging, use of pheromone trap, and general 

store hygiene, would not only reduce cassava chips storage losses but would apply to 

other grains and cereals which face similar problems. Experience from other SSA 

countries shows that the chances of adoption of a novel or improved technology are 

higher when its introduction is conducted in a participatory and inclusive manner 

(Nduwumuremyi et al., 2016). Thus, the interventions at various stages to improve 

cassava VC efficiencies have to be based on multi-stakeholder collaborations. 

5.5 Conclusion  

Although cassava is relatively new in Ethiopia, the crop plays an important part in staple 

diets of people living in the southern region. Its importance is even higher during the lean 

season when other staples become relatively expensive for the poor. The current study 

has analysed the post-harvest constraints and associated food losses for the crop in the 

study area and has presented a framework towards designing and developing 

improvement strategies. The predominant use of cassava in the study area was in the 

form of composite flour with teff and maize to prepare staple flat bread commonly known 

as injera. Storage of dried cassava chips was identified as the primary food loss ‘hot 

spots’ (on average 12-14% mass losses). The most important insect pest responsible for 
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these losses was G. Cornutus, H. Brunneus, R. Dominica, and S. Zeamais. Open air sun-

drying due to its nature of long duration and dependent on unpredictable weather 

conditions was responsible for food losses of up to 4% fresh peeled root mass. Other 

cassava VC stages where minor (1-2%) food losses occurred were peeling and milling 

operations. Far-reaching improvement in processing and storage systems for cassava is 

required in the study area to improve the final product quality and reduce food losses. 

Training of the processor farmers in better utilisation of the by-products generated during 

cassava production and processing can bring additional benefits. Moreover, the focus of 

the current study was limited to the southern region of the country. The extension of the 

future studies to other cassava production areas (Southwestern and Gambella regions) 

can provide further insights and comparisons within the country.   
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6.1 Abstract   

Insect specimens of adult beetles and larvae of 7-9 mm and 9-10 mm length respectively 

were collected from infested dry cassava at two locations from multiple stores in southern 

Ethiopia. The specimens were identified as Heterobostrychus brunneus (Murray, 1867) 

commonly known as boxwood borer and auger beetle. The study presents a current 

record of H. brunneus in Ethiopia, particularly in the context of infesting food products. 

Additionally, a wide geographical distribution of the pest was reviewed and presented in 

this paper. Current evidence suggests that H. brunneus is a serious pest of forest wood, 

structural timbers, and dried food products and that it carries a risk to be introduced into 

various other parts of the world via global trade.  

Keywords: Cassava; COI; Ethiopia; Heterobostrychus brunneus. 

 

6.2 Introduction  

The genus Heterobostrychus Lesne, 1899 belongs to the Bostrichidae family and 

comprises species that are commonly considered as forest wood pests that can also 

infest foodstuff and household structural timbers. Most of the bostrichids are known to be 

polyphagous in nature; both adult and larvae feed on a variety of woods and obtain their 

nutrition from starch and sugars present in their hosts. Moreover, some species can also 

feed on food products (Hill, 2002; Liu et al., 2008). Species belonging to Heterobostrychus 

are notorious pests of significant economic importance in tropical and sub-tropical regions 

and are categorised as powder-post beetle because of their peculiar nature of reducing 
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the wood to powdery dust (Findlay, 1985; Liu et al., 2008; Azmi et al., 2011). Six known 

species of the genus are H. aequalis (Waterhouse, 1884), H. ambigenus (Lesne, 1920), 

H. brunneus (Murray, 1867), H. hamatipennis (Lesne, 1895), H. pileatus (Lesne, 1899), 

and H. unicornis (Waterhouse, 1879) (Beiriger, 2010; IT IS, 2016).  Some species of the 

genus (H. aequalis, H. brunneus and H. hamatipennis) have regularly been introduced in 

various parts of the world (Borowski & Węgrzynowicz, 2007) due to increased global trade 

in timber and wood products. According to Azmi et al. (2011), one of the species (H. 

aequalis) was introduced most likely via trade to various countries, including Belgium, 

Canada, France, Germany, Israel, Italy, Japan, New Zealand and the United States.  

H. brunneus is commonly called boxwood borer due to its presence in hardwood 

packings. This habit makes it a quarantine pest in many countries where the species is 

non-endemic or not yet established (Wylie et al., 2008). Adults and larvae of H. brunneus 

can affect timber in green condition and after seasoning (Findlay, 1985). The beetle is 

about 6-13 mm long and dark reddish brown to black in colour. Full grown larvae are pale 

yellow and about 7-10 mm long (Fisher, 1950; Robinson, 2005). Booth et al. (1990) 

describe H. brunneus as being similar to H. aequalis but having recumbent hair and an 

absence of tubercles on the top margins of the elytral declivity.  

Cassava (Manihot esculenta Crantz) is an important root crop and is cultivated in various 

parts of Africa, Asia, and South America. Globally, cassava is the sixth largest crop after 

wheat, rice, maize, potato, and barley (Lebot, 2009). Estimates suggest it is a staple food 

for more than 800 million people, mostly living in the least industrialised tropical and sub-

tropical regions of the world (Howeler et al., 2013). However, the subsistence status of 

this crop species is rapidly changing to a cash crop with its enhanced usage in multiple 

industrial applications such as the production of paper, textile, plywood, glue, biofuel, 

animal feed and beverage. Cassava in Ethiopia is relatively new, it was introduced in 

1960, but its importance dramatically increased in the country after the famine of 1984 

(Kebede et al., 2012). Presently, it is an important crop in the south and southwestern 

parts of Ethiopia where the local population tends to rely more on root crops.  

During storage, dried cassava is highly susceptible to a variety of storage insects and 

pests. The damage is intensified by tropical conditions resulting in significant weight loss 

in a short time (Hodges et al., 1985). Strumpf (1998) reported H. brunneus (Ghana) as a 

destructive pest of dried cassava. The species not only damages the dried products, but 
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it has also been reported as a common stem borer for standing cassava plantations 

(Bellotti and Schoonhoven, 1978). Hence, the presence of H. brunneus poses a dual 

threat to cassava during production and storage and requires immediate attention for 

control and prevention. The purpose of this study is to provide details on the presence of 

H. brunneus infestation in the dried cassava chips and chunks during storage in southern 

Ethiopia.  Key morphological features and DNA barcode of the species are reported. 

Additionally, a global distribution data for the species based on current information was 

generated.  

6.3  Material and Methods 

6.3.1 Location and Survey  

A field survey to assess the post-harvest losses and related causes in the cassava value 

chain was conducted in Wolayita Zone of Southern Region (SNNPR) Ethiopia in October-

December 2015. In the course of this study, 60 traders were surveyed by administering 

semi-structured questionnaires and conducting store inspection using pictographic 

illustrations of the main storage pests in three districts. Along with other more common 

insect species, unidentified black, brownish beetles (adults of 8-9 mm length) were 

presented and reported by traders infesting dried cassava chips at their storage systems. 

Sodo and Bale town in Sodo Zuriya and Kindo Koyisha districts respectively were the two 

locations in the southern highland of Ethiopia from where the specimens were collected. 

The climate of Sodo is classified as warm and temperate (Köppen-Geiger: Cfb) with a 

mean annual temperature of 19.3°C and 1484 mm of annual precipitation (Gonfa, 1996; 

Climate Data Org, 2016). Bale has a tropical climate (Köppen-Geiger: Aw) with a mean 

annual temperature and an annual precipitation of 22.7°C and 1200 mm, respectively 

(Gonfa, 1996; Climate Data Org, 2016). The exact coordinates and elevations of the 

locations are presented in Figure 6.1.  

The specimens of the unidentified adult beetles along with larvae were collected from the 

storage houses and kept in 70% ethanol until identification. The species was identified 

using several keys for adults (Fisher, 1950; Walker, 2005; Beiriger, 2010) and larvae 

(Lesne, 1924; Robinson, 2005; Schabel, 2006). The online source the Integrated 

Taxonomic Information System (ITIS, 2016) and the Department of Entomology, Iowa 

State University the BugGuide (2016) were used for nomenclature classification.  
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Photographs of the specimens (Figs 6.3-6.5) were taken with a stereomicroscope Leica-

EZ4HD (Leica Microsystems, Switzerland). DNA barcoding of the adult beetle was 

conducted, which was based on a 658-bp long region of the mitochondrial gene for 

cytochrome c oxidase I (COI) amplified using primers COL6 (5′- 

TYTCHACAAAYCATAAAGAYATYGG-3′) and COH6 (5′- 

TADACTTCDGGRTGDCCAAARAAYCA-3′) (Schubart, 2009). 

 

 
Bale - N6° 55.175' E37° 32.075', Elevation: 1245m asl; Sodo - N6° 51.481' E37° 46.141'. Elevation: 

2017m asl. 

Figure 6.1: Sites from where specimens of the adult and larvae (Heterobostrychus 
brunneus) were collected. 

6.3.2 Distribution 

A literature review was conducted to build a global distribution data where the pest has 

been present or intercepted before. The primary databases used were Google Scholar, 

Science Direct, CAB Direct, Web of Science, Zoological Record and unsystematic 

exploration using Google search engine.  Other than that books and documents were 

located at universities and national research centre. The keywords used for search 

Heterobostrychus brunneus, Ethiopia, Cassava pests and tropical wood pests.  



                                                                                                                                          Chapter 6 
 

102 
 

6.4 Results and Discussion  

6.4.1 Distribution 

Information on the geographical distribution of H. brunneus is currently limited. The 

European and Mediterranean Plant Protection Organisation (EPPO, 2016a; 2016b) and 

Borowski and Wegrzynowicz (2007) list various countries, namely Cape Verde, French 

Guiana, Israel, Madagascar, Nigeria, Seychelles, and South Africa. Booth et al. (1990) 

and Walker (2005) mention Africa as a whole in distribution but do not give specific 

accounts per country. The geographical distribution of H. brunneus provided by ITIS 

(2016) provides information only at the level of the continent (Africa, Asia, Australia, 

Europe and North America) but lacks specific locations. GBIF (2016) lists several 

countries in Africa and Europe.  Fauna Europaea (2016) and Borowski (2007) state the 

possible presence (interceptions) of species in Germany, Italy, Spain and the United 

Kingdom. Based on the published information and archives, a list of countries was 

prepared where H. brunneus has been reported previously (Table 6.1 and figure 6.2). 

Current literature on stored food product’s insects and pests from Ethiopia is devoid of 

information regarding the presence and infestation of H. brunneus (Walker and Boxall, 

1974; Abate, 1988; Tedesse et al., 2006; Hagstrum et al., 2013).  

 

 
Figure 6.2: Heterobostrychus brunneus global distribution map [Red= present; Green= 
intercepted]. (Source: Authors. Produced by: QGIS 2.8.2 Wien. Resolution: 1000dpi).  
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Table 6.1: Distribution of Heterobostrychus brunneus (Murray, 1867) based on current 
information. 

Region  Status Host Reference  

Africa  

Burundi  Present NI* Hagstrum and Subramanyam (2009) 
Cameroon  Present NI Vrydagh (1960); Alene et al. (2005); EPPO (2016a) 
Cape Verde Present Timber  Fisher (1950); EPPO (2016b) 
Congo Present Logs Fisher (1950); Borowski and Wegrzynowicz (2007); GBIF (2016) 
Egypt  Present NI Borowski (2007); Hagstrum and Subramanyam (2009) 
Ethiopia (Abyssinia) Present NI Vrydagh (1960) 
Gambia Present NI GBIF (2016) 
Ghana  Present Cassava, sapwood, lumber Ashiru (1989); Stumpf (1998);  Wagner et al.(2008) 
Ivory coast  Present Wood  Becker (1980) 
Kenya  Present NI Wasonga (2015) 
Madagascar  Present NI Fisher (1950) 
Mozambique Present NI Vrydagh (1955b)   
Nigeria  Present Lumber, dead logs Robert (1967); Ashiru (1989); Borowski and Wegrzynowicz 

(2007) 
Rawanda Present NI Hagstrum and Subramanyam (2009) 
Senegal Present NI GBIF (2016) 
Seychelles Islands  Present Timber  Fisher (1950); EPPO (2016b) 
South Africa Present Bamboo, timber Lesne (1924); Pringle (1938); Fisher (1950); GBIF (2016) 
Sudan Present NI Hagstrum and Subramanyam (2009) 
The Republic of 
Guinea 

Present Potato tubers Fisher (1950) 

Tanzania Present Forest wood Madoffe et al. (2000); Schabel (2006); GBIF (2016) 
Togo Present NI Vrydagh (1955a) 
Uganda Present Dried sweet potato,  Davies (1960); Mwanga and Wanyera (1988) 
Zambia Present Sawn Timber, Logs Selander and Piearce (1984);  Lemmens et al. (2012) 
Zimbabwe Present NI Walker (2005); GBIF (2016) 

Europe  

Belgium  Intercepted NI Hagstrum and Subramanyam (2009); Borowski (2007) 
United Kingdom Intercepted NI Borowski (2007); Hagstrum and Subramanyam (2009); Fauna 

Europaea (2016) 
France Intercepted NI Borowski (2007); Hagstrum and Subramanyam (2009); Brustel 

and Aberlenc (2014) 
Germany  Intercepted Imported timber or bamboo Cymorek (1970);  Borowski (2007);  Fauna Europaea (2016); 

GBIF (2016) 
Italy  Intercepted  Wood and wood products Gambetta and Orlandi (1982); Audisio et al. (1995); Ratti 

(2004); Borowski (2007);  Fauna Europaea (2016);  GBIF (2016)  
Poland  Intercepted NI Hagstrum and Subramanyam (2009); Borowski (2007); 
Portugal Intercepted NI Baena and Zuzarte (2013) 
Spain Intercepted NI Bahillo de la Puebla (2007);  Borowski (2007);  EPPO (2016a) 

Fauna Europaea (2016) 

Middle East  

Israel Present Timber and wood products  Bytinski-Salz (1966);  Halperin and Damoiseau (1980); EPPO 
(2016b) 

North America  

USA, New York Intercepted  Wood boxes Fisher (1950) 
USA, California Present  Wood, lumber, logs Ivie (2002); Haack (2006); Hayes and Lundquist (2007); Beiriger 

(2010) 
USA, Florida Intercepted  Wood products Woodruff and Fasulo (2006) 

South America     

French Guiana Present  NI EPPO (2016b) 

Asia  

China  Intercepted  Timber imported from 
Africa 

Wei and  Guangqin (1994); Zhi-Lin (2003) 

Sri-Lanka Present  Timber De Silva and Amarasekara (1998) 

Oceania  

New Zealand  Intercepted  NI Archibald and Chalmers (1983) 

 
Present – Established and infested. Intercepted - Identified as introduced in the country (Establishment is doubtful) NI* - No 
information.  
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Some of the popular hosts of the insect pest which were listed by Fisher (1950) were 

bamboo (Poaceae, Bambusoideae) in southern Africa; potato from French Guinea and 

sapwood of various tree species such as African teak (Baikiaea plurijuga), Kiaat 

(Pterocarpus angolensis) and Eucalyptus (Eucalyptus spp.). Heterobostrychus brunneus 

has been reported to infest stored foodstuffs such as coffee (Coffea ssp.) beans, cassava 

(Manihot esculenta), sweetpotato (Ipomoea batatas), pulses and oil seeds in tropical 

regions (Mwanga and Wanyera, 1988; Stumpf, 1998; Golob et al., 2002; Hill 2002).  

6.4.2 Morphology and DNA barcode  

The collected beetle species in cassava storages houses of traders were identified as 

Heterobosytrychus brunneus. Figure 6.3 provides a pictorial illustration of adult and larvae 

of the species. Adult beetles have black to dark brownish colour and a length of about 7-

8 mm and 3-3.5 mm in width.  The fourth to fifth instar larvae are of pale yellow to whitish 

colour with black mandibles and 9-10 mm long fully elongated, with typical Bostrichid 

profile. Both adults and larvae feed on starchy dried cassava roots.  

 

  
 

Figure 6.3: Heterobostrychus brunneus Adult (a) Dorsal view, (b) Lateral view and 
Fourth Instar Larvae (c) Lateral view. (Photos by Aditya Parmar; Collected at Sodo) 

 

(a) (b) (c) 
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In the adult beetles, eyes (Figure 6.4a) appear marginally detached, upraised and placed 

on the posterior end of the head (Beiriger, 2010). Figure 6.4b shows the thorax side 

displaying elytron (dorsal surface) covered lightly with short reclining yellow hairs, are 

peculiar of H. brunneus (Fisher, 1950; Walker, 2005; Beiriger, 2010). The pronotum 

(Figure 6.5b) is much larger than the head (Figure 6.5a); the clypeus is flat, and dense 

yellow hairs are present on the labrum (Fisher 1950). Smooth uneven granules on top of 

the pronotum (Beiriger, 2010), two broadly separated parallel, identical, resembling hooks 

in front of the pronotum are some of the key features of the species. The sexes of the 

species are difficult to distinguish based on secondary sexual characteristics. Fisher 

(1950)  states that in the extreme form males have strongly hooked, and a narrowly 

separated pair of teeth on the anterior margin of the pronotum, whereas female teeth are 

smaller, straight and widely separated. However, there are all kinds of variations in 

between these two extreme forms. To accurately identify the sex of the species, 

dissecting the specimens and examination of internal genitalia is the only way.  

The 658bp long partial sequence of the cytochrome c oxidase I (COI) gene of H. brunneus 

was deposited under BOLD Systems database accession number BankIt1918662 

CPETH001-16.COI-5P KX232682 (BoldSystems, 2016).  

  (a)   (b) 

Figure 6.4: Heterobostrychus brunneus adult: (a) Eye; (b) Thorax lateral view. 

1mm 1mm 
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 (a)  (b) 

Figure 6.5: Heterobostrychus brunneus adult: (a) Head lateral (or side) view; (b) 
Pronotum dorsal view. 

 

6.4.3 Symptoms of infestation and management  

Cassava tubers in southern Ethiopia are harvested during the dry season (October – 

February), peeled, chopped into thick slices (2-5 cm) and sun-dried (final moisture content 

10-12 %). Sun dried cassava is stored in large quantities until further processing into the 

composite flour with teff (Eragrostis tef) and maize to prepare staple flat bread (Injera). 

During the survey, 100% of the wholesalers at Sodo and Bale town who were storing 

cassava for three and more months reported this particular beetle and its larvae as a 

destructive pest resulting in quantitative and qualitative losses. Turning cassava into 

powdery dust, representative entry holes and empty inner spacing were the common 

symptoms of H. brunneus presence. During the cassava (chips/chunks) store inspections 

at Sodo and Bale, it was observed that the powdery dust and empty inner spacing of 

cassava were providing a habitat for other grain and flour beetles as well as fungi.  

Typical H. brunneus bores on dried cassava were about 3 to 4 mm diameter, illustrated 

in figure 6.6a.  Figure 6.6b shows a common cassava storage system, where cassava 

chips are filled in polypropylene bags and kept inside or under a roof to protect them from 

the rain. 

The common insecticides which were used by traders at the study locations to control H. 

brunneus and other storage insects were Malathion 5% Dust (active ingredient 50g/kg) 

1mm 

1mm 
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and Celphos tablets (Aluminium phosphide fumigant insecticide). The presence of H. 

brunneus was reported year round, with not much difference from rainy to the dry season.  

 

  

Figure 6.6: Representative holes on cassava chips (a) infested by Heterobostrychus 
brunneus and cassava storage house (b). 

6.5  Conclusion  

Incomplete information is available about the spread and distribution of H. brunneus 

globally. However, the current distribution based on published literature is largely limited 

to sub-Saharan Africa. Evidence suggests that there is a potential threat that the species 

may get introduced to and established in other parts of the world through global trade in 

wood and wood product. Along with its pest status of Wood, H. brunneus can be 

considered as a serious storage pest for dried starchy food products such as cassava. 

Further studies on damage assessments and sustainable control measures for the 

species are required in the survey area.   
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7 General discussion and outlook 

7.1 Discussion  

Agriculture is thousands of years old enterprise, which presently accounts for USD 6.4 

trillion and employs more than a billion people globally (Sharma and Wightman, 2015). 

However, in the 21st century and beyond sustainability of the current (‘business as usual’) 

production and post-production systems is questionable. Even after making significant 

advances in science and technology one in nine people of the total global population do 

not have adequate calories intake, and much more are suffering from micronutrient 

malnourishment. Poverty and hunger are endemic among farmers, about 50% of world 

poor (living on > USD 1/day) are smallholders (> 2ha) (Birch et al., 2010). Naturally, there 

would not be a single silver bullet which can fix all the problems in modern food production 

and supply systems; rather it is going to be a host of effort at all levels of the FSC. Sharma 

and Wightman, (2015) conceptualised a 3P (figure 7.1) solution in a recent commentary 

on ‘vision infinity to food security’. The P2 in this concept is of the interest to this study 

which talks about fixing the leakages in the supply chain to have more food available 

without putting pressure on exhausted production systems.  

 

Figure 7.1: A 3P concept for global food security.  
(Adapted from Sharma and Wightman, 2015) 
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The current study has analysed the post-harvest constraints and related food losses in 

sweetpotato and cassava VCs of Ethiopia. The study helped to understand the supply 

system complexity and deficiencies associated with the structure of the VC. The need of 

this work arises as exactly what needs to be done to reduce food losses and add value 

varies for different socioeconomic settings and food products (Affognon et al., 2015; 

FLWP, 2016). In the absence of such information, erroneous conclusions and 

recommendations based on outdated data can become the basis of the technological 

intervention, policy and further research and development. The information gathered 

within this thesis can help decision makers and future researchers to prioritise actions to 

tackle the food losses in their domains. The approach of breaking down the compound 

product VC into smaller and smaller units, until the extent and causes of food losses were 

exposed was followed during the field studies (La Gra et al., 2016). The sweetpotato and 

cassava crops were found to be strategically important for Ethiopia, to combat food 

insecurity at the farm and household level (famine reserve crop), and their role as co-

staple and prospective industrial crops. A sizable degree of attention has been given 

towards expanding land allocation and adopting high yielding cultivars of sweetpotato and 

cassava as a strategy to increase food production in Ethiopia. However, it was evident 

from the post-harvest field assessments and the review of literature that, not adequate 

emphasis has been put towards reducing food losses as a complementary measure to 

increase food availability. As individual studies (chapter 3-6) of the thesis has their 

discussion section, bearing in mind ‘non-repetition’ this part highlights the important 

practical avenues where the results of this work could be applied to reduce food losses 

and improve the efficiencies of the current VCs. 

7.1.1 Sweetpotato food losses and value chain constraints  

The sweetpotato VC in the study area was rather short (involving four to five major steps 

before the product reach final consumer); the relevant stakeholders were farmers, 

collectors, wholesalers and the retailers. Roots were harvested manually with simple 

hand tools and immediately packed in polypropylene bags for transportation. Mechanical 

damages of roots and following effect of these damages on storage and marketing under 

tropical conditions was a critical issue in sweetpotato VC. A large proportion of the roots 

were mechanically damaged during harvesting and packaging in the study area, which in 
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turn resulted in losses at retail stage. The size of the bags (> 100kg) and rough loading 

and unloading operations were leading to skinning and bruising injuries. At the wholesale 

level, 100% of the root sustained a varying degree of skinning injuries. Figure 7.2 gives a 

glance of how sweetpotato handling looks like in one of the urban wholesale markets in 

Ethiopian capital Addis Ababa. The extent of these mechanical damages and resulted 

losses are not unusual for Ethiopia; the equivalent magnitudes have been reported from 

other parts of Africa and Asia (Ray and Ravi, 2005). Past experiences from Tanzania and 

Kenya (Tomlins et al., 2000; Rees et al., 2001; Kaplinga et al., 2003) suggests that 

investing in the training of casual labor on careful harvesting, loading and unloading 

operations with improved packaging and storage infrastructure could help reduce these 

injuries and losses to a certain extent. Moreover, currently only one sweetpotato cultivar 

was popular among farmers in the region, the introduction of other sweetpotato cultivars 

with similar or higher dry matter content with round geometry rather than long tapering 

can also reduce mechanical damages.  

 

 

Figure 7.2: Sweetpotato wholesaler at main market ‘markatu’ Addis Ababa, Ethiopia. 
(Picture by Aditya Parmar) 
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Lack of storage facilities at farm and retail level resulting in food losses were evident 

during the survey. Farmers and collectors were forced to practice continuous or 

progressive harvesting, where roots are kept underground until the market demand 

triggers the harvesting. Apart from changes in palatability such a practice increases of the 

risk of disease and pests. Sweetpotato weevils (Cylas puncticollis and Cylas brunneus) 

are one of such pests, which were highlighted by farmers as a major challenge. The dry 

season is the main harvest season for sweetpotatoes in the study area, which aggravates 

the weevil infestation. The weevil damage not only reduces the weight but also makes 

the roots unhealthy for consumption due to the production of certain toxins such as 

terpene phytoalexins. ZECC a low-cost alternative to in-ground storage was 

recommended in Chapter 3. Such cooling chambers can improve the shelf life at retail 

level specifically, as retailers are currently struggling with 2-3 days of the marketable shelf 

life of roots. However, such storage facilities would not serve the purpose if cuts and 

breakages at harvest and transportation stages are not minimised, as undamaged roots 

are one of the pre-requisite of successful long and short term storage. Diversified used of 

sweetpotato in the form of post-harvest processed products were non-existing in the study 

area. Economic viability and local acceptability of converting highly perishable and bulky 

sweetpotato roots into processed products have to be explored further in the region. 

Processing sweetpotato in various innovative products can enhance consumption among 

urban areas.  

As previously stated that 100% of the sweetpotato roots arriving at wholesale market 

sustained skinning injuries (or excoriation), it was an important area to look and reduce 

the degree of this injury to enhance root shelf life. Curing is one of the most important 

post-harvest operations for sweetpotato roots, proper curing of the roots can be achieved 

by keeping the roots at 29-35°C and relative humidity of 80-95% for 4 to 7 days (Ray and 

Ravi, 2005). Curing offers multiple benefits from increased shelf life by setting the skin, 

injury healing, reduced microbial rotting; better visual appearance and enhanced culinary 

characteristics. However, in developing tropical countries like Ethiopia post-harvest 

curing is hardly practised due to various constraints listed previously in chapter 4. Multiple 

studies (these studies have been listed in chapter 4) have recommended pre-harvest 

curing (PHC) as one of the possible measures to enhance skin adhesion. Past research 

has shown that PHC for 14days has reduced post-harvest losses up to 40% (Thiele et 



                                                                                                             General Discussion 

118 
 

al., 2009). A direct application of such a management practice with improved harvesting 

can significantly reduce food losses at the farm and market level. Though, PHC has its 

own limitations, but it is still an appropriate practice to starts with to develop a mindset of 

post-harvest management among smallholders to eventually upgrading it to the post-

harvest curing and long-term storage of the roots. The primary focus of PHC is the 

skinning injuries which roots sustained during harvesting and post-harvest handling. The 

recommendation for PHC duration for Awassa-83 cultivar in Ethiopian highlands is not far 

from PHC reports from Ghana (Dukuh, 2011) and Tanzania (Tomlins et al., 2002). 

However, Kyalo et al., (2014) report that after a week of PHC the roots started to sprout. 

The major limitations in comparing these results are the missing ambient condition data. 

As temperature and RH are the major factors influencing the curing, it can be assumed 

that environmental conditions would play a major role in determining the skin adhesion 

characteristic. Overall further participatory research, training and economic analysis of 

various curing methods and low-cost storage such as ZECC are recommended to have 

an impactful reduction in food losses.  

7.1.2 Cassava food losses and value chain constraints  

In the study area, the two predominant cassava cultivars adopted by farmers were Kelle 

and Qulle, with higher production as the major objective. However, the drawback was 

long bulking times, on average harvesting takes place 2-3 years after planting.  Making 

provisions for early bulking cassava cultivars, suitable for specific soils conditions in the 

study area would be useful for farmers to have similar yields in much shorter durations. 

Cassava roots are infamously perishable, rapid post-harvest physiological deterioration 

(PPD) starts almost immediately after harvesting. Due to such high perishability cassava 

roots are processed into various dry products within a day or two days after harvest. 

However, dried cassava is vulnerable to storage insect and pests as any other cereals or 

pulses. Similar to the other main cassava producing countries (Affognon et al., 2014), 

insect pest infestation during storage of dried cassava was a leading cause of food losses 

in the study area. Among all the insect pests, as per the farmers and traders, perception 

Heterobostrychus brunneus was the most damaging pest of dried cassava chips and 

chunks. Also, it must be noted that it was the only insect pest which was exclusively 

present in cassava as other pests such as R. dominica and S. zeamais were also infecting 
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other crops such as maize in the trader's stores. The target interventions such as the 

introduction of improved packaging and store hygiene for cassava at this juncture can be 

clubbed together with other cereals and pulses to obtain a higher impact. Moreover, 

having effective phytosanitary regulations which guide the movement of food and non-

food plant products to the country is necessary to prevent the introduction of other major 

cassava pests, for example, in this case, LGB (larger grain borer, Prostephanus 

truncates). LBG is an insect pest of South American origin and was first reported in Africa 

from Tanzania in the 1970s (Sharma and Wightman, 2015). After that, it has rapidly 

spread to the continent. It is a major pest of dried cassava and maize (another important 

crop in the study area) resulting in significant economic damage. The LGB is present in 

Kenya and Tanzania and many more SSA countries, which poses a direct risk of 

introduction in Ethiopia. It is not clear if the insect has already been introduced in Ethiopia, 

further detailed investigation in the border areas with Kenya are required to establish the 

presence of the insect. 

 

 

Figure 7.3: Manual chopping of cassava in Wolayita zone. (Picture by Aditya Parmar) 

 

After storage, processing was second most significant food loss ‘hot spot’. Improved 

processing equipment is significantly lacking in the study area, almost all the activities in 
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the VC were performed manually. Manual peeling is one of the most labour intensive 

tasks in cassava processing (Bokanga, 2000). Figure 7.2 represents the typical peeling 

and chopping operation in southern Ethiopia.  

The labor-intensive peeling, chopping and drying are critical VC bottlenecks throughout 

SSA towards achieving a high-quality product (Nweke et al., 2002). Mechanical peeling, 

grating and dewatering technologies which are established in West African and Asian 

countries like Nigeria, Ghana, Thailand and Vietnam, can be implemented directly with 

keeping in mind the production capacities in Ethiopia. The introduction of such equipment 

can significantly reduce losses, processing costs (labour cost) and improve the quality of 

the product. In a relatively recent study, Naziri et al. (2014) described how cassava 

physical and economic losses varied among four countries (Ghana, Nigeria, Vietnam and 

Thailand), reinstituting the need for location-based studies. The physical losses of fresh 

roots in Ghana and Nigeria varied from 9 – 20%, whereas in South East Asia the losses 

were 2-5% mostly due to higher mechanisation. It is sometimes wrongly perceived that 

implementation of modern technology to reduce labour-intensive manual requirement 

would result in loss of employment in the sector. On the contrary, such an introduction 

would provide more economic opportunities as the production capacities increases and 

quality of the final product improves. During the field survey, it was realised that manual 

peeling was restricting cassava producers from harvesting enough quantities on time to 

meet constant market demands. Hand injuries were common among women and young 

girls due to the use of unsuitable peeling and chopping tools. The introduction of high 

yield cultivars also needs to be accompanied by the introduction of mechanised 

processing, as large quantities produced would remain unprocessed due to lack of 

mechanisation resulting in losses. An economical and efficient mechanical harvester and 

peeler for cassava is still lacking globally due to inconsistent shape and size of roots. The 

future markets of dried cassava products would be decided by its ability to compete with 

grains regarding cost, availability and suitability. The lack of finances among smallholders 

in procuring such technologies was evident during the survey. Government investment in 

short-term agricultural financing at reasonable interests can help marginalised farmers to 

improve their livelihood and VC efficiencies.  

Another aspect in the cassava VC is the effective utilisation of the by-products. Cassava 

peels (~20-25% weight of roots) and leaves (~10% of the root mass at harvest) in this 
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regard present a major opportunity in the animal feed industry. As already mentioned in 

chapter 5, the crude protein content of cassava leaves can range from 20-30%, of which 

close to 85% is true protein (Latif and Müller, 2015). This high protein content makes 

cassava leaves as suitable as soybean meal for animal feed. Sometimes, cassava leaves 

are referred to as ‘tropical alfalfa’ in the literature to highlight its importance as animal 

feed. The potential of the leaf production is high with an insignificant effect on root yield if 

it is harvested in a controlled manner during the whole duration of the plantation 

(Balagopalan, 2002). In the case of monogastric animals, cassava leaves may need some 

processing, however, for ruminant (which are the major livestock in Ethiopia), the leaves 

can be used with minimal processing (Balagopalan, 2002). The HCN toxicity of the 

unprocessed leaves is a cause of concern among the farmers. Methods such as simple 

sun-drying can eliminate the majority of the cyanide content. Cassava leaf protein 

concentrate preparation methods have been talked about for a long time in the scientific 

community as mentioned in moderately recent review papers by Latif and Müller (2015) 

and Shigaki, (2016). Dried cassava peel feed and cassava peel silage (from grated or 

whole peels) production are some of the available technologies which can help livestock 

production in southern Ethiopia. However, its application is still lacking in practice. Farmer 

training and education in making such utilisation is a major factor which need focus.  

7.1.3  Prospective  

The thesis offers detailed insights for future research, intervention and policy formulations 

to reduce losses in sweetpotato and cassava VCs of southern Ethiopia. The estimated 

magnitudes of food losses and identified key constraints, risks and opportunities during 

this survey will act as the first step towards building intervention strategies for sweetpotato 

and cassava in the country. Capacity development at the domestic level, supporting agro-

industries by innovative financing instruments are some of the broader objectives which 

will improve the VC efficiencies and reduce losses. For example, in the study area 

cassava flour is already substituting teff in the preparation of injera; expanding this to 

OFSP or introducing of ‘yellow flesh cassava’ in Ethiopia can enhance the nutritional 

quality (especially beta-carotenoids) of the final product and create further avenues for 

agro-industries. The quality of cassava flour in general also has to be improved to make 

it more successful in achieving further adoption in the country. A product like HQCF, as 
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has been mentioned before in chapter 5, provides a starting point (as the technology does 

not require significant investments) towards going for more complicated extraction of 

starch and starch derivatives (fructose, dextrose). In comparison to Western African 

countries like Nigeria and Ghana where the market for cassava processing and 

production for human food is more or less saturated, plenty of opportunities are present 

in countries like Ethiopia where the crop is relatively new. However, before looking for 

such investments, consumer confidence has to be built, and a sense of cassava as good 

quality food has to be created among communities. The introduction of beta-carotenoids 

rich orange flesh sweetpotato (OFSP) lacks in the region. In personal observations and 

discussions at the country’s leading research institutes, it was found that experimental 

work (at laboratory level) was in progress towards substitution of OFSP flour in bakery 

products and injera. An ICCO (Interchurch Organization for Development Cooperation, 

Netherlands) was active in Wolayita zone focusing on taro flour production, which was 

also used in substituting teff and wheat flour in the preparation of injera, bread, and 

biscuits. However, dissemination of these methods to the larger public still faces a major 

challenge in adaption and adoption.  

Public, private and PPP (public-private partnerships) investments opportunities to 

develop such new uses of these crops need to be explored. Such investments in 

processing and storage would help in breaking the vicious seasonal cycle of abundance 

and scarcity (leading to hunger) by managing the inconsistent supplies and consistent 

demand during these two seasons. The industries which process and utilise cassava and 

sweetpotato are scarce in Ethiopia. In the present survey only two medium scale plants 

in the suburbs of the capital city, Addis Ababa was processing cassava starch into 

adhesive and ethanol. Commercial livestock feed from sweetpotato and cassava was not 

commonly available. These two sectors present an outstanding opportunity regarding the 

non-food industrial application. As these industries in Ethiopia are still in their infancy, the 

early introduction of contract farming (an interface between farm and industry) can bring 

benefits at multi-stakeholder levels.  

The geographical focus of adopting cassava and sweetpotato should also shift towards 

the northern parts of the country where major food deficiencies have been chronically 

occurring due to erratic rainfalls. Cassava as a drought resistant crop is anticipated to be 

able to sustain the rainfall gaps in the northern regions of Ethiopia and provide basic 
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nutrition in the case of food emergencies. Rapid rural assessments can be conducted to 

understand the viability and the product of choice among the prospective cassava 

growing regions in the north of the country. Technical, economic and social feasibility to 

substitute cereals flour with dehydrated roots and tuber flour need to be investigated in 

depth. 

The immediate next step should be to develop an action framework roadmap based on 

the recommendations made in various sections of the thesis. Such a framework should 

build strategies in three different timelines, immediate actions (1-2 years), medium term 

actions (3-5 years) and long-term strategies which focus on building local capacities for 

more than 5 -10 years. Strategies based on this framework would work towards the 

transformation of the root crops from a mere famine reserve to a crop which generates 

economic opportunities for the local communities and improves the livelihood in general. 

A concept of such a transformation is presented in figure 7.3. 

 

Figure 7.4: The cassava transformation process, which may apply to sweetpotato to a 
certain extent. (Adapted from Neweke et al., 2002) 
Note: Looking at the current situation in Ethiopia the present conditions of the crops could be assigned as a transition phase between 

rural staple and cash crop/urban consumption.  

 

While introducing targeted intervention mentioned in the thesis and carrying out the 

follow-up studies, some of the organisational issues to make successful implementations 

must be kept in mind. Firstly, the involvement of identified stakeholders to achieve a multi-

stakeholder and multi-institutional cooperation is an important factor for the success of 

intervention projects. The presence of the multi-disciplinary team in charge of the planning 
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and execution work is highly recommended so that discipline bias can be minimised. 

Secondly looking at the overall VC is the key, as in most cases the causes of the food 

losses originate in a previous step and if that step is ignored and only the symptoms of 

that cause are addressed in the next steps the real purpose would not be served.  

In a nutshell, it can be said that Ethiopia, an agricultural but food deficit country, where a 

high proportion of the population is under the global poverty line, and food insecure can 

benefit immensely by investing in post-harvest VCs. This study would help to provide the 

focus for public or private expenditures to reduce food losses in roots and tubers VC and 

enhance the overall sufficiency of the food supply in the country. It can be expected that 

further expansion of research and development in post-harvest VCs of sweetpotato and 

cassava would increase the stakeholder awareness of the subject and develop 

mechanisms to adopt best practices to reduce food losses and raise income of the 

smallholders in the country.  

7.2 The approach and limitations  

7.2.1 An integrated approach  

The very first multidisciplinary case study based approach to explore agricultural 

production and marketing systems started in the early 1970s when Inter- American 

Institute for Cooperation on Agriculture (IICA) conducted such studies in the Caribbean. 

Since then various non-governmental agencies, government bodies and researchers 

have used this approach to find facts at the grassroots level to perform development work. 

Sometimes termed as ‘exploratory studies’ such studies are based on an integrated 

approach which covers anthropological, food technological and economics aspects of the 

whole system. In addition to the biological, physical and economic factors, agricultural 

systems are significantly influenced by behaviours and decision making of the various 

stakeholders and intermediaries involved. The vital information required to make a 

development project successful will be missed if the problem is looked only from a 

singular point of view. Keeping this background in mind, such a mixed method approach 

was followed during this study, which collected data on physical measurements, price 

fluctuations, primary production and marketing, as well as the perceptions and decision-

making process of the stakeholders. Conducting an interview with the interested parties 

and watching the product flow from production to the consumption are important parts of 
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such a method. The fresh information gathered with such an approach would be hard to 

locate in existing literature as it is community and crop specific. Conducting such studies 

not only provides the technical data on food losses and other measurements but also the 

way of life and how it influences the critical factors which are of interest to researchers. 

Overall close to one year was spent in the study area visiting various markets conducting 

field case studies and trials. Largely, it can be said that such a diversified methodological 

approach used to collect extensive data at different stages of the VC was a success and 

results allowed to present an accurate and detail picture of the sweetpotato and cassava 

food systems in the study area. The approach assisted in going deeper into the compound 

subject of food losses to find causes and effects, and interactions along the VC. Moreover, 

it provides recommendations based on the veracity of socio-economic, cultural and 

environmental conditions.  

7.2.2 Limitations  

To understand genuine concerns of stakeholders and watch the product flow from farm 

to market are time and resource consuming practical tasks. The study captured a 

snapshot of the VC in a particular season during a given year. Food losses can vary from 

season to season and from one year to another. Hence, the primary focus was to identify 

fundamental post-harvest handling and processing practices associated with losses while 

providing an estimate of quantification. Methods of quantification of losses at the national 

level are restricted to sample surveys and limited measurements (load tracking of 

representative consignments of the product). The estimates which are based on the pure 

interview can sometimes provide a biased assessment; this factor was kept in mind, and 

proper measurement and alternative cross checks were always employed. In cases 

where the survey figures seemed impractical or did not co-inside with measurements, 

such data was removed from the analysis.  

The study is limited to the particular locations as mentioned due to practical constraints 

of time and resources. Although there is no specific reason to believe that sweetpotato 

and cassava VCs are any different in other parts of the country. However, there is also 

no concrete basis for claiming that these FSCs are indistinguishable all over Ethiopia. 

Hence, a caution must be used in extrapolating this data and information. The extension 

of the sweetpotato and cassava studies to other production areas (such as Oromia region 



                                                                                                             General Discussion 

126 
 

for sweetpotato and Gambela for cassava), could provide further insights from the country 

and a geographical comparison within in the country could be made. As already 

mentioned in chapter 2, pre-harvest curing (PHC) field trials have to be extended to arid 

conditions, so that further information regarding its applicability in dry conditions (previous 

studies did not record soil moisture and temperature conditions) can be proved. Extending 

the PHC experiment for other cultivars can also provide more insight into the application 

of this practice. In-sack curing for sweetpotato can be explored in the further studies as 

some form of curing was noticed due to high packing density and tropical temperatures 

in polypropylene bags. A suitable microclimate for curing may be present in such 

packaging if the roots are intact, handled carefully and kept for few days without 

disturbance. Nonetheless, the study has provided useful details about the complexity and 

extent of sweetpotato and cassava VC in Ethiopia.  
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8 Summary 

An increasing global population and the shrinking natural resources demand more 

efficient food value chains with minimum losses and higher returns. Reducing food losses 

is of utmost importance and can have a direct effect on income generation, food security 

and the environment in developing regions. There is a need to understand the specific 

reasons for food losses, which differ throughout the world and depend on the particular 

conditions, nature of the crop and local situations of a given country. In this study, the 

post-harvest value chains (VC) of sweetpotato and cassava root were analysed with a 

particular reference to Southern Ethiopia. Key factors which are responsible for food 

losses and inefficiencies were identified, and prospective control measures were 

suggested.  

The farm and retail stages of the sweetpotato VC have been designated as ‘hot-spots’ of 

post-harvest losses in the study area, with rejects of up to 20 and 25 % respectively. The 

sweetpotato rejects or discards (food losses) at the farm and retail levels were sold at 

discounted prices (33 to 75 %) as animal feed. Some of the important factors identified in 

the sweetpotato VC were significant mechanical damages in the form of skinning injuries, 

breakages, cuts and poor retailing conditions resulting in loss of marketability. Pest 

(sweetpotato weevil) infestation-induced by keeping the roots in the ground for extended 

periods (progressive harvesting) and lack of storage and curing facilities were adding to 

food losses. Weight loss and microbial rotting were two leading causes. Poor retailing 

conditions and mechanical damages during harvesting and handling result in a significant 

weight loss (>20 %) in 3 to 4 days, which eventually leads to a loss of marketability. 

Fusarium surface (Fusarium oxysporum) rot, Fusarium root (Fusarium solani) rot and foot 

rot (Plenodomus destruens) were the major forms of rotting during storage for four weeks 

in polypropylene bags under ambient environmental conditions. The extent of skinning 

injuries(excoriation) was close to 100% at the wholesale level and was identified as one 

of the important shelf life limiting factors for sweetpotato. A field trial was conducted in the 

study location to test Pre-harvest curing (PHC) or commonly known as in-ground curing 

as a suitable method for enhancing the skin adhesion which would, in turn, minimise the 

skinning injuries. PHC curing was activated by removal of the canopy (defoliation) before 

harvest (0, 3, 7, 10 and 14days). It was concluded that defoliation treatment of 10-14 days 
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is suitable for Awassa-83 cultivar in the study area to improve skin adhesion. However, 

breakages, cuts and bruises injuries were not influenced by PHC, and sweetpotato with 

these injuries remained vulnerable to significant fungal infections due to open wounds.  

Cassava was introduced in Ethiopia as a typical food security crop, due to the country’s 

history of recurring droughts and erratic rainfalls. In the southern region (SNNPR), 

cassava plays an important part in the daily diets of the rural and urban population. The 

predominant use of cassava in the study area is to form a composite flour with teff and 

maize to prepare staple flat bread commonly known as injera. During the field survey and 

interactions with farmers and traders, it was realised that cassava is a cash crop in the 

study area and more and more farmers are attracted towards adopting this crop due to 

its resistant to low soil moisture and ability to sustain with limited inputs. However, the 

there are major challenges in post-harvest processing and storage of the crop. Labor-

intensive manual harvest and post-harvest processing activities (peeling and chopping), 

sun-drying (for 7-14 days) and storage of the dried products (chips and chunks) were the 

major constraints in the VC resulting in significant levels of food losses. The extent of food 

losses was maximum during storage at farmer’s and trader’s warehouses, with  12 and 

14% respectively. Storage was identified as one of the ‘hot spots’ for dry cassava, where 

primary insect pest responsible for losses were G. Cornutus, H. Brunneus, R. Dominica, 

and S. Zeamais. Sun-drying due to its nature of long duration and dependent on 

uncontrollable weather conditions was responsible for food losses of close to 4%. Other 

cassava VC stages where food losses occur were during peeling and milling operations 

with 1-2% edible mass loss. The by-product associated with cassava processing was 

cassava peels, which accounts for 21% of the whole root mass. A significant amount of 

cassava leaves, stems cuts and stumps are generated as by-products at cassava 

harvest. Cassava leaves and peels were either left on harvested cassava field as manure 

or fed to livestock when other sources of feed are scarce. Cassava stems are used as 

planting material for self or sold to other cultivators in the nearby villages. Improvement 

in processing and storage technologies for cassava are a need in the study area to reduce 

losses and improve the quality of the final product. Moreover, training in the better 

utilisation of the by-products especially leaves, and peels of cassava can bring additional 

improvement in the livelihood of cassava farmers. Overall, a significant food loss 
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reduction potential is existing in sweetpotato and cassava VC of southern Ethiopia to 

improve food availability especially for the poor and smallholders who are the major 

consumers of the root and tuber crops. The VC mapping and identified ‘hot spots’ 

presents a framework towards the design and development of intervention and 

improvement strategies in the study area.  

 

Zusammenfassung: 

In dieser Studie wurden die Nachernte-Ketten von Süßkartoffel und Maniok in 

Südäthiopien untersucht. Schlüsselfaktoren, die für Nahrungsmittelverluste 

verantwortlich sind, wurden identifiziert und mögliche Verbesserungsmaßnahmen 

vorgeschlagen. 

Es wurden innerhalb der Süßkartoffel-Wertschöpfungskette die landwirtschaftlichen 

Betriebe und der Einzelhandel mit einem Ausschuss von bis zu 20% bzw. 25% als "hot-

spots" identifiziert. Der Schädlingsbefall (Rüsselkäfer) ausgelöst durch überlangen 

Verbleib im Boden (kontinuierliche Ernte) und der Mangel an geeigneter Lagertechnik 

führten zu den Verlusten. Gewichtsschwund und mikrobielle Verrottung waren dabei die 

Hauptursachen. Schlechte Vermarkungsbedingungen sowie mechanische 

Beschädigungen während der Ernte und der Handhabung führten zu einem signifikanten 

Gewichtsverlust (> 20%) in 3 bis 4 Tagen, was schließlich bis zu Unverkäuflichkeit der 

Ware führen kann. Das Ausmaß der Schalenverletzungen lag auf der Großhandelsebene 

bei nahezu 100% und wurde als einer der wichtigsten die Haltbarkeit beschränkenden 

Faktoren bei Süßkartoffeln identifiziert. Es wurde ein Feldversuch durchgeführt, um die 

Möglichkeiten einer Erhöhung der Schalenfestigkeit zu untersuchen und zu klären, 

inwieweit durch eine Verbesserung der Widerstandsfähigkeit der Schale die 

Beschädigungsanfälligkeit reduziert werden kann. Es wurde ermittelt, dass ein preharvest 

curing (eine Entblätterungsbehandlung) von 10-14 Tagen bei der im 

Untersuchungsgebiet verbreitete Varietät ‚Awassa-83‘‘ die Schalenfestigkeit erhöht. 

Während der Felduntersuchung und den Kontakten zu Landwirten und Händlern wurde 

festgestellt, dass Maniok im Untersuchungsgebiet ein cash-crop ist und sich immer mehr 

Landwirte für diese Kultur interessieren, da sie widerstandsfähig gegen niedrige 

Bodenfeuchtigkeit ist und nur geringe Ansprüche hat. Die Nacherntebehandlung und die 

Lagerung der Ernte sind jedoch mit großen Herausforderungen verbunden. 
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Arbeitsintensive manuelle Ernte- und Nachernteaktivitäten (Schälen und Zerkleinern), die 

Sonnentrocknung (für 7-14 Tage) und das Lagern der getrockneten Produkte (als 

Scheiben und Stücke) waren die Haupteinschränkungen in der Wertschöpfungskette und 

führten zu signifikanten Nachernteverlusten. Diese waren mit 12% bzw 14% in den 

Lagerhäusern der Landwirte und der Händler am höchsten. Die Lagerung wurde als einer 

der "hot spots" für getrockneten Maniok identifiziert. Sonnentrocknung, die von Natur aus 

von langer Dauer und abhängig von unkontrollierbaren Wetterbedingungen ist, war 

verantwortlich für Lebensmittelverluste von fast 4%.  

Insgesamt besteht ein signifikantes Potential zur Verringerung von Lebensmittelverlusten 

bei Süßkartoffel und Maniok in Südäthiopien. Dies würde die Verfügbarkeit von 

Nahrungsmitteln insbesondere für die Armen und Kleinbauern zu verbessern, die die 

Hauptnutzer der Wurzel- und Knollenpflanzen sind. Die durchgeführten Untersuchungen 

der Wertschöpfungsketten und die identifizierten "hot spots" bieten einen Rahmen für die 

Gestaltung und Entwicklung von Interventions- und Verbesserungsstrategien. 
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9 Appendix  

9.1 Survey question templates  

9.1.1 Sweetpotato  

Sample questions used to survey sweetpotato (SP) farmers.  

Sno. Questions  Answers  

1 Location: Region/Zone/District/Village.    

2 Age.   

3 Gender.   

4 Family Size.  

5 Education.  

6 Total Land Holding (hectares).   

7 
Years of experience in SP cultivation?  

 

8 What are the major crops other than SP?  

9 Cropping systems (mixed, inter or mono-crop).  

10 Where did you get you planting material?  

11 Planting month.  

12 Harvesting month.  

13 Variety?  

14 
Land area allocated to SP cultivation (hectares).  

 

15 Yield/hectare.   

16 What is the price at harvest?   

17 Major inputs and relates costs of production.   

18 
Part of the production intended for home consumption.  

 

19 Part of the production destined for sale.   

20 How price is determined for sale.   

21 What are the quality criteria for good quality roots?  

22 Does a good quality root attract more prices?    

23 Maturity index.    

24 Harvesting practice (at once/progressive/piecemeal)  

25 Time of day when harvest takes place?  

26 Do you protect freshly harvested roots from the direct sun?  

27 Packaging material and size of the packaging.   

28 Harvesting tools.   

29 The degree of mechanical damages associated with particular 
harvesting tool.  

 

30 Do you do post-harvest curing of roots after harvesting?  

31 Are you aware of post-harvest losses?  

32 Where does most losses take place?  

33 How many losses and why?  

34 Destination use of discarded roots?  

35 Do you do short or long term storage of roots?   

36 If yes for storage: How do you store and for how long?  

37 What other major challenges you face in SP production and post-
production operations?  
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Sample questions used to survey sweetpotato (SP) traders. 

Sn
o Questions Answers 

1 Type of Trader (broker/collector/retailer/wholesaler).  

2 Gender (Male/Female).  

3 Education.  

4 Years of experience in the business?  

5 Marketing Calendar (Months).   

6 Variety trading.   

7 Buy the product from?   

8 Sell to?   

9 Price determination mechanism.   

10 Do Good quality roots attract more prices?   

11 Characteristics of high-quality roots?   

12 Do you sort or grade before selling?   

13 Why do you grade?   

14 How do you grade?   

15 Who is responsible for transportation?   

16 Mode of transportation.   

17 Types of Road from source to destination.   

18 Is time taken for the product to reach the destination?  

19 Time of the day when you travel with the product?   

20 Who is responsible for packaging?   

21 How is the root packaged for transportation and trading?  

22 The weight of the bag for transportation?  

23 Do you experience post-harvest losses?   

24 Which stage of the value chain you incur maximum 
losses?  

25 Which months of the year you incur maximum losses?  

26 Which months of the year you incur minimum losses?   

27 Do you store SP?  

28 Why do you store?  

29 For how long do you store?  

30 Where do you store?   

31 Suggestions to reduce the post-harvest losses?  

32 Other Major challenges?   
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9.1.2 Cassava 

Sample questions used to survey cassava farmers.  

Sno Questions  Answers  

1 Basic Info   

1.2 Name.  

1.3 Location.  

1.4 Age.  

1.5 Gender (Sex).  

1.6 Education.  

1.7 Marital status.  

1.8 Family size.  

1.9 Landholding (hectares).  

1.10 Experience in cassava farming (number of years).  

1.11 Major crops (other major crops).  

2 Agronomy  

2.1 Land allocation for cassava (hectares).  

2.2 Planting months (which season planting take place, and 
why).  

 

2.3 Soil suitability (Do you consider poor soils for cassava 
farming?). 

 

2.4  Planting depth.   

2.5 Tillage method.  

2.6 Tillage repetitions.    

2.7 Stalks planting method (mound, flat tilled ridges).  

2.8 Labour requirements for land preparations?  

2.9 Some plants (distance between row and plants).  

2.10 Cropping system (mono, mixed or intercropping).  

2.11 Crop rotation.   

2.12 Weeding method.   

2.13 Weeding repetitions.   

2.14 Weeding timing – months after planting.  

2.15 Labour requirements for weeding.  

3 Variety and planting material   

3.1 Variety (name and characteristics of the cultivars).  

3.2 The reason for the choice of the variety.    

3.3 Source of the planting material.   

3.4 Do you inspect stalks for diseases and pest before buying or 
planting?  

 

3.5 Cost per stalk?  

4 Soil and Water Management  

4.1 Water availability situation regarding irrigation.   

5 Crop Nutrition  

5.1 Do you use mineral and synthetic fertilisers?  

5.2 Organic manure?   

5.3 Money spent on manure and fertilisers?  

6 Pest and diseases   

6.1 Common disease and pest on standing crop?  

6.2 Any control measures?  

6.3 Money spent on control measures?  

7 Harvesting   

7.1 Harvesting time (time of the day preferred to harvest).  
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7.2 The reason for choice (why harvest after or during this 
period). 

 

7.3 How many months after planting you harvest and why?  

7.4 Who harvests?   

7.5 Harvesting pattern (at once, progressive, piecemeal).  

7.6 Harvesting tool and extent of mechanical damage?  

7.7 Do you process yourself or sell fresh roots?  

7.8 Labour requirements for harvesting/processing?   

7.9 Are roots normally damaged during harvesting?  

7.10 How much roots are damaged (approx.).  

7.11 Do you incur economic and physical losses because of 
damages? 

 

7.12 Are there any discards or throw away at harvest?  

7.13 How much are the discards?  

7.14 What do you do with discards?  

7.15 Do you believe some roots remains harvested?  

7.16 How much remains un-harvested?  

7.17 Do you harvest leaves also?  

7.18 What do you do with leaves?  

8 Post-harvest value addition   

8.1 Do you sell as fresh or process?  

8.2 If both what is the different proportion.   

8.3 Do you sort or grate the roots after harvest?  

8.4 Discards or throw away during processing?  

8.5 If yes how much discards.   

8.6 Where do you sell your finished products?   

8.7 Transportation.   

8.8 Packaging.   

8.9 Do you have discards and throw away drying packaging and 
transportation? 

 

8.10 Do you store your final product?  

8.11 For how long you store?  

8.12 Where you store?  

8.13 Storage problem?  

8.14 What do you do with stems?  

9 Price of sale   

9.1 What price do you sell processed products?  

9.2 High Price in which months?  

9.3 Low price in which months?  
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Sample questions used to survey cassava traders.  

Sno. Questions  Answers  

1 Basic Information  

1.1 Name.  

1.2 Age.  

1.3 Gender.  

1.4 Marital Status.  

1.5 Family Size.  

1.6 Education.  

1.7 Experience.  

1.8 Location.  

1.9 Type of traders.  

2 Cassava Marketing   

2.1 Cassava Products you trade (chips, flours, fresh, others).   

2.2 Which months you buy processed cassava?  

2.3 From whom do you normally buy?  

2.4 Price fluctuations scenario High and low price.  

2.5 Months of high price.   

2.6 Months of the low price.  

2.7 How much volume of trade in last one year (bags one bag 
70kg)? 

 

2.8 Whom you sell to and where?   

3 Packaging, Transportation, Sorting   

3.1 Packaging?  

3.2 Transportation?  

3.3 Who is responsible for packaging and transport?  

3.4 Do you think there is some product which is lost due to 
packaging and transport?  

 

3.5 Do you sort dry cassava before selling or milling?   

3.6 How much is sorted out in one bag (70kg)?  

3.7 What are the main reasons for sorting throw away?  

3.8 What do you do with the sorting throw away?  

4 Storage   

4.1 Do you store processed product?  

4.2 How long you store?  

4.3 Where do you store?  

4.4 Do you experience losses during storage?  

4.5 How much losses can take place during storage?  

4.6 What is the reason behind the storage losses?  

4.7 What measures you take to minimise storage losses?  

4.8 In there any particular season when storage losses are higher?  

5 Milling operations   

5.1 Consumer preference of Teff and cassava mixing ration.  

5.2 Losses during milling? (Output and Input).  

5.3 The price of milled cassava flour (final product)?   
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9.2 Supply chain video 

9.2.1 Sweetpotato supply chain video 

Created by: Aditya Parmar 

Description: The video provides an example for one of the load tracking activities where 

the sweetpotato roots were tracked from the farm (harvest) to retail.  

Online link: https://1drv.ms/v/s!Ao-ZEaxC4ee9gmsS3cSTMzNiVtTJ 

9.2.2 Cassava supply chain 

Created by: Aditya Parmar 

Description: The video provides an example of one of the load tracking activities where 

cassava was tracked from harvest to retail along with all the value added activities along 

the value chain.  

Online link: https://1drv.ms/v/s!Ao-ZEaxC4ee9gxGIgYMMwFBJgujE  

 

9.2.3 Heterobostrychus brunneus larvae and adult feeding dry cassava 

Created by: Aditya Parmar  
Description: The video is a short (21sec) live snap of H. brunneus feeding patter on 
dehydrated cassava chips and chunks. 
Online link:  https://1drv.ms/v/s!Ao-ZEaxC4ee9gxKNVFs0tQiIl1wk  
 

 

 

 

 

 

 

 

 

 

 

https://1drv.ms/v/s!Ao-ZEaxC4ee9gmsS3cSTMzNiVtTJ
https://1drv.ms/v/s!Ao-ZEaxC4ee9gxGIgYMMwFBJgujE
https://1drv.ms/v/s!Ao-ZEaxC4ee9gxKNVFs0tQiIl1wk
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9.3 Selected pictures from the field  

 

 
A busy market day at Wolayita Sodo, Southern Ethiopia.  

 

 

 

 

 



                                                                                                                             Appendix 

139 
 

 
Fresh sweetpotato arrived at Hawassa main market (Gabya).  
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Packing operation of freshly harvested sweetpotato roots.  
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A cassava farmer transporting freshly harvested cassava to a household processor.  
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Sorting of dry cassava infested heavily with insects at Wolayita Sodo market with a view of 
holy mount Damota (the extinct volcano) in the background. 
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Sweetpotato weevil infected roots (nine months after planting) at Ukara village near Areka, 
Southern Ethiopia.  
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Overloaded donkey with sweetpotatoes on back refused to go further, on the way to Sodo 
market.  
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A women retailer of roots and tubers at Wolayita Sodo market, Southern Ethiopia. 
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Sun drying chipped cassava at the household level, near Gesuba, Southern Ethiopia.   
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