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Abstract
Praxedis Dube (2018). Traditional Leafy Vegetables in Zimbabwe: Agronomic and
Market Studies. PhD thesis, Wageningen University, The Netherlands, with English

summary, 228 pages.

Feeding the quickly growing population in Africa remains a global challenge. As the
demand for food increases, climate change, on the other hand, poses more challenges
to agricultural productivity, implying a threat to the provision of sufficient quantity
and quality of food. Traditional leafy vegetables in Africa are resilient to adverse
weather conditions and are naturally rich in nutrients, including vitamins Aand C, iron,
protein and other macro- and micronutrients. The growing importance of traditional
leafy vegetables as affordable sources of micronutrients is predicated on the rising
food and nutrient insecurity in many developing countries, e.g. Zimbabwe. It is in this
context that the supply chain of traditional leafy vegetables was investigated.
Increasing the production of traditional leafy vegetables will increase their
consumption, and may also benefit the health of many people, and increase the
incomes of smallholder farmers and the poor people involved in the supply chain. The
study developed an analytical framework that can be used to evaluate and help
researchers to come up with a general assessment of the production, markets and
consumption of traditional leafy vegetables in Zimbabwe or across Sub-Saharan Africa.
The framework was constructed based on the existing literature, and modified based
on information gathered after assessing the traditional leafy vegetable supply chain in
Zimbabwe. In addition, the study brought together seed science and economics in an
interdisciplinary approach to address the problems of traditional leafy vegetables. A
seed health test was conducted in order to determine the seed-borne pathogens
associated with traditional leafy vegetable seeds. Seeds were collected from five
different farmers in three provinces of Zimbabwe and tested for the presence of
pathogens in the plant pathology laboratory. Another study was carried out with seeds
from three traditional leafy vegetables sourced from five different farmers, in order
to evaluate the germination of seeds and the morphological characteristics of the

seedlings. The seeds were collected during the growing season of 2015-2016, stored



at room temperature and tested for germination in the laboratory at regular monthly
intervals during storage. Field germination tests were also conducted. The results from
the two chapters (Chapters 2 and 3) show that the quality of the seeds depended on
the seed sources. Finally, instead of only focusing on the seed science aspects, the
study also took into consideration the need to assess the economic aspects of
traditional leafy vegetable production and consumption. In this regard, the study
examined the influence of various socio-economic characteristics of households on
the quantity they consume and amount of money they spend on traditional leafy
vegetables, as well as the potential of tradition leafy vegetables to improve food
security. A survey was therefore conducted in four districts of Zimbabwe. The findings
were subjected to two econometrics models and linear regression, and showed that
consumption of traditional leafy vegetables is very low and depends on various socio-
economic characteristics of the households. The latter study involved a survey and a
gross margin analysis to evaluate the potential benefits of traditional leafy vegetables
across different supply chain components. Improving the productivity of traditional
leafy vegetables through research will go a long way in improving their contribution
to the reduction of poverty and food and nutrition insecurity. In light of the findings
from each chapter, the presented supply chain framework could be organised
differently. The seed regulatory services and breeding research could be embedded

horizontally instead of vertically.

Keywords: seed quality, germination, seed health, determinants, socio-economic
characteristics, households, econometrics models, linear regression, food and

nutrition insecurity, supply chain



1 General Introduction

1.1 Background

Malnutrition and obesity have become the greatest problems worldwide, with global
estimates indicating that up to one-quarter of the world’s population suffers from
malnutrition (FAO, 2015) and close to 1.5 billion people are obese (WHO, 2012). The
projections show that a significant rise of malnourishment in Africa will be experienced by
2050—from 223 million to 355 million—according to the Alliance for a Green Revolution in
Africa. Stunting and obesity in children are increasing to 64 million and 60 million by 2020 in
Africa and worldwide, respectively (de Onis et al., 2011). Micronutrient deficiencies are at
alarming levels: globally, over 3 billion people suffer from micronutrient deficiencies (Gardner
& Halweil, 2000). In addition to already existing global challenges, climate change is
threatening food security and the provision of adequately balanced food on a global scale,
causing food gaps for certain crops and subsequently reducing food diversification. In the
words of Mnzava (1997), Maundu et al. (1999), and Khoury et al. (2014), decreasing global
dietary choices, decreasing diversity of traditional diets and inadequate prioritisation of

balanced nutrition lie at the heart of the these global challenges.

Micronutrient deficiencies are often referred to as hidden hunger, as they can occur within
the context of adequate energy intake (FAO et al., 2012) and various nutritional innovations,
including the bio-fortification of staple foods. Allen et al. (2006) argue that the micronutrient
deficiencies faced by poor communities in most developing countries (e.g. in Sub-Saharan
Africa) can be addressed by adapting and domesticating traditional and wild micronutrient-
rich foods as a simple and affordable means of satisfying micronutrient needs. One of the
feasible options is traditional leafy vegetables (TLVs). TLVs are cooked and consumed to
accompany staple foods (e.g. maize or cassava), which are generally low in micronutrient
content. TLV intake, accompanying the staples, is important for both food and nutrition
security as they can help to increase the intake of staples, improve their flavour and

palatability, add variety to meals and make them more healthy.

TLVs are plants which originate in Africa and have a long history of cultivation and

domestication to African conditions and use (Ambrose-Oji, 2009). Natarajan (2002) listed



about 30,000 edible plants throughout the world, of which 7,000 are grown or collected as
food. Commonly consumed TLVs across Africa include amaranth (Amaranthus spp.), okra
(Abelmoschus esculentus), spider flower (Cleome gynandra), pumpkin leaves (Cucurbita spp.),
cowpea leaves (Vigna unguiculata), black jack (Bidens pilosa), sweet potato leaves (lpomoea
batatas), nightshade (Solanum spp.), moringa (Moringa oleifira), african eggplant (Solanum
spp.), baobab leaves (Adonsonia digitata), jute (Corchorus olitorius), and cassava leaves

(Manihot esculentum).

TLVs are becoming more and more important crops in many countries in Sub-Saharan Africa,
due to their multiple uses; e.g. the leaves of cassava and sweet potato provide micronutrient-
rich vegetables, whilst their tuberous parts provide much-needed energy. TLVs combine both
social and socio-economic importance across Africa as multi-purpose vegetables with both
environmental adaptability and nutritional and medicinal properties (Weinberger & Msuya,
2004; Abukutsa-Onyango, 2007; Maroyi, 2013); they also provide a source of income to poor
people along the supply chain (Schippers, 2000). Traditional leafy vegetables account for
around 90% of all leafy vegetables consumed in Tanzania (Amaza, 2010), over three-quarters
of the Zimbabwean population use them when available (DFID project 2309, 2003), and
almost two-thirds of the rural population households in Limpopo, South Africa, consume
them at least twice a day (Faber et al., 2010), underlining their importance for food and

nutrition security.

Rapid urbanization, rural transformation and changes in food consumption patterns has
spurred demand for agricultural produce from the smallholder farm sector, creating urban-
rural linkages and expanding the markets for various crops products (Livelihoods and Food
Security Programme (LFSP), 2017). Dhewa (2017) reported a shift from the consumption of
modernised foods (e.g. use of maize flour in staples) to traditional foods (e.g. use of traditional
crops, including TLVs) in urban areas as shown by the mushrooming of restaurants serving
traditional foods. The food basket is broadening from traditional leafy vegetables, beef and
sadza, bread and tea, other vegetables and a wide range of fruits (Dhewa, 2017). People are
innovating around food and, as they do that, consumption is increasing, making the TLV
supply chain a pertinent aspect of localised patterns of food consumption. Many

Zimbabweans are now beginning to understand the fact that food is not just about staples,



but eating from a wide range of options including small grains, TLVs and wild fruits. The rise
of diseases like diabetes, cancer and HIV/AIDS have triggered increased consumption of small
grains and indigenous vegetables (i.e. TLVs) (Dhewa, 2017), implying that the health of many

may benefit from increased production of TLVs.

Domestication of TLVs can increase their production, and thus their consumption, which may
benefit the nutritional health of many people. The production and marketing of TLVs is most
associated with women; therein lies a high potential to empower women, alleviate gender
vulnerability and dependence syndrome amongst women. Weinberger and Pichop (2009)
estimated that the TLV market is worth billions of USD across Sub-Saharan Africa.
Traditionally, TLVs are gathered in the wild, in fields or fallow lands, with few cases of
cultivation across Africa: only two provinces were identified in reports of TLV cultivation in
South Africa (Bvenura & Afolayan, 2015) and only 25 species of TLVs make up the majority
cultivated across Africa (Schippers, 2000). Cultivation of TLVs in home gardens would go a
long way in increasing their consumption, thereby significantly reducing food insecurity and
malnutrition problems (Bvenura & Afolayan, 2015). However, some TLV species, e.g. Cleome
spp., show substantial variation in reproductive characteristics relevant to domestication and
crop improvement (Sogbohossou et al.,, 2018). Literature indicates that these TLVs are
actually somewhere in the process of domestication, therefore they have a very special seed
system, as some farmers grow seed, whereas most farmers collect them from wild plants or
plants in fallow fields. Farmers collect and save seeds, and exchange them with or sell them
to other farms. Mostly healthy plants are protected in the field to produce seeds (Tata et al.,
2016), whilst breeders identify traits, i.e. leaf size, taste, resistance to disease, etc. and

incorporate these traits using classical breeding and molecular techniques (Tata et al., 2016).

TLV seeds are hardly considered in Zimbabwe’s seed policies as they are not covered in many
seed regulatory platforms (Dube & Mujaju, 2013), giving them less economic value in local,
regional and international markets. Because of the omission of TLV seeds in local seed
policies, both the public and private sectors do not give enough attention or invest much
effort in the production, distribution or development of quality standards for these seeds,
leaving farmers with no option but to use their saved seeds of unknown quality. Poor seeds

give low germination, thereby thus farmers fail to meet their desired plant population per



area, and end up using more seeds than required, thereby increasing their production costs.
Stringent phytosanitary rules and seed regulations across countries impede the movement of
TLV seeds, thereby limiting farmers’ access to new varieties of seeds which might be better
yielders, directly affecting their incomes. One way of addressing the problems of TLVs in
Zimbabwe is by bringing the two disciplinary domains of seed science and economics together

in an interdisciplinary way, as depicted by the analytical framework discussed below.

The analytical framework presented in this study was developed after an extensive literature
review and the surveys that constitute Chapters 4 and 5. The supply chain consists of quite a
number of components forming an economic entity, which distributes benefits and apportion

risks among participants.



1.2 Analytical framework for the thesis

Figure 1 shows the analytical framework for TLVs: complete supply chain of TLVs from
production to consumption in Zimbabwe and the aspects focused on in this thesis. It also
shows aspects of the chain that are the focus of this thesis. The framework creates a new data
structure which is helpful for summarizing the data in a way which supports answering the

main research question: How is the TLV supply chain organized in Zimbabwe?

The components of the TLV supply chain are shown in Figure 1. The numbers refer to the

chapters (2, 3, 4 and 5) that deal with the component indicated.

Component ‘seed farmers’ (2, 3, and 5): Seed quality aspects, a mandate carried by the
Department of Regulatory Services (DARS) and survey research for Chapter 5. The benefit of
seed testing include: farmers come up with desired plant population; farmers get more
income; spread of diseases is reduced; yields increase; quality of the vegetables on the
markets increases. For example, TLVs have the potential to contribute to food security and

economic development in many developing countries (Schippers, 2000), including Zimbabwe.

Component ‘local consumers’ (4, 5): Household consumption of and expenditure for TLVs,
and insights from Chapter 4 are used in Chapter 5. The fourth chapter focuses on consumers,

examining the determinants of household consumption and expenditure for TLVs.

Chapter 5 deals with a number of components (See Figure 1). It is based on results obtained
from the surveys conducted among seed and vegetable growers, traders, processors and
marketers as depicted in Figure 1, and insights from the literature review and data analysis in
Chapter 4. The gross margin calculations have been based on farmers’ perception of the costs
required for production, which can be a realistic way of convincing them to use high quality

seeds, or improved varieties they can achieve better income returns from their produce.



Figure 1 Analytical framework of the thesis: TLV supply chain in Zimbabwe and the studied
areas
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TLV seeds are traditionally traded through informal seed systems (Croft et al., 2017) where
seed quality is not known, and is typically poor (Abukutsa-Onyango, 2007). Informal seed
systems have been described by Almekinders (2000) as the total seed production activities of
farmers, mostly small-scale farmers. The advantages of the informal seed systems include:
farmers have control over seeds; timely availability of seeds; relatively cheaper seeds

(Almekinders, 2000)- a key component of supporting domestic marketing structures in



developing countries. The disadvantages of the informal seed systems include: low
germination, farmers are forced to use large quantities of seed to compensate for poor

germination rates, resulting in increased production costs and low yields.

Although the vertical components of the analytical framework shows the quality control
component, the literature shows that TLV seeds rarely undergo any quality control before
being shared, exchanged or marketed amongst the farmers. There are no formal quality
standards for seeds, not even formal procedures to test seed quality. There has been no
breeding, and therefore there is little resistance against pests and diseases, as illustrated by
the fact that the seeds are infected by all kinds of cosmopolitan and opportunistic diseases
(Ma et al., 2013). Due to lack of genetic improvement, TLV crops produce inferior yield in
terms of both quality and quantity (Tadele, 2009). The yields are very low, resulting in TLV
farmers failing to meet the demand and deliver quality produce to consumers (Afari-Sefa et
al., 2013). The objective of this study, using the components numbered 2 and 3 (referring to
the respective chapters of the thesis), is to determine the quality of farmers’ saved seeds

through conducting seed health and germination tests.

TLVs are commonly eaten and regarded as valuable crops in rural areas of Africa as important
cheap sources of food and nutrition (Schippers, 2000; Bvenura & Afolayan, 2015) and income
generation for resource-poor farmers (Tadele, 2009). Both poverty and food insecurity are
major challenges for people in rural Africa. TLVs have been historically regarded as food for
the poor, because their prices are relatively affordable compared to other food (Schippers,
2000). TLV production is affordable and can be realized by poor people, requiring only small
capital investment (Schippers, 2000). This study assesses the role of TLVs in smallholder

farmers’ diets and livelihoods using the components marked 5 (Chapter 5 of the thesis).

With emphasis on knowledge sharing, on the importance and benefits associated with TLV
consumption, availability of TLVs in modern markets, i.e. supermarkets, TLVs are no longer
typically regarded only as food for the poor, and literature reports that their consumption has
been realised in urban areas (e.g. Schippers, 2000). However, in Sub-Saharan Africa, per capita

consumption of vegetables is still below recommended levels (Ruel et al., 2005).



Several challenges impede the consumption of vegetables across Sub-Saharan Africa,
including household income levels, preferences by households, market prices and availability,
and the gender of the decision maker in the household (Ruel et al., 2005). Elsewhere in the
world, socio-demographics (including education, age, ethnicity, income and location) were

identified as predictors of vegetable consumption in Malaysia (Yen et al., 2011).

Weinberger & Msuya (2004) reported an inverse relationship between household income and
wealth and TLV consumption. Traditionally, poor people regularly consume TLVs, implying
that they are probably regarded as food of inferior quality (Jansen van Rensberg et al., 2007).
In addition, the elite urban dwellers and middle-income earners consume less TLVs, for fear
of risking their health (World Vegetable Center, 2006). Preferences may vary per region. For
instance, spider flower is the most cultivated and preferred TLV species in both Zimbabwe
and Southern Africa (Bvenura & Afolayan, 2015). Consumers in western Kenya value TLVs for
their taste, nutritional and medicinal benefits (Abukutsa-Onyango, 2007). The objective of
Chapter 4 of the thesis is to examine the determinants of TLV consumption in Zimbabwe and

uses the local consumer component of the framework for this research.
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1.3 Problem statement

Chweya & Eyzaguirre (1999) and Pasquini et al. (2014) reported that there is very little
published information on the supply chain of TLVs. Formal market chains and quality
standards for this supply chain barely exist (Smith & Eyzaguirre, 2007; Pasquini et al., 2014).
The TLV markets have been relatively ignored; very little literature has been published on the
supply chain of TLVs, with a few exceptions: e.g. Chagomoka et al. (2014), who analyzed the
value chain of TLVs in Malawi and Mozambique. They found that linkages between value chain
actors were weak. Abukutsa-Onyango (2007) pointed out the importance of farmers having
access to high quality seed from the start, as a way to improve TLV productivity and supply.
Similarly, Smith & Eyzaguirre (2007) emphasised the urgent need for research that addresses
agronomic constraints, including seed quality and diseases. The present thesis argues that if
consumption increases with limited supply, the potential of TLVs for food and nutrition can

hardly be realized.

Although TLVs have been an integral part of agricultural systems in Africa, most countries
have not given them priority in crop development. It has been reported that over 350,000
plant species are available in the world, 80,000 plant species are edible to humans and only
150 are actively cultivated for consumption (Flleky, 2002). TLVs, on the other hand, do not
feature significantly on the research agenda, for example, in the fields of breeding and
agronomy, including the use of irrigation systems to improve productivity and year-round
production to eliminate seasonality. Studies have shown that retailers and consumers regard
taste, appearance, nutritional value, long shelf life, freshness and affordability as important
attributes that could be targeted by breeders to increase TLV consumption (Afari-Sefa et al.,
2012). Typically, smallholder farmers seek TLV varieties with rapid germination and no period
of dormancy, multiple leafy harvests, high yields and resistance to diseases and pests, among
other important characteristics. In view of the global food and nutrition demands, and
poverty and gender inequality enshrined in the Sustainable Development Goals, TLVs already
under cultivation paint a gloomy picture of improving world food and nutritional needs and
meeting ever increasing food and nutritional demands, poverty reduction and addressing

gender inequality. Studies have shown that people consume large quantities of fresh TLVs
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compared to dried TLVs (Banwat et al., 2012). The regular supply of fresh TLVs can be

enhanced through irrigation systems.

TLV production in many Sub-Saharan African countries faces many challenges, including
availability of quality seeds and poorly skilled farmers, which contribute to low productivity
and seasonality of supply, in turn affecting their consumption. Because of the limited
agronomic knowledge of smallholder farmers, particularly regarding the agronomic value of
high-quality seeds (Biemond et al., 2012), lack of information on seed storage and difficulties
with seed germination (Cernansky, 2015), these farmers hardly get one-tenth of the potential
yield from seeds (Ojiewo et al., 2010). Nevertheless, the seeds used are rarely tested for
germination and pathogens before planting, risking undesirable plant populations or using
more seed than required. The risks are high also for seed degeneration across generations.
Taken together, all these challenges contribute to sub-optimal and decreased yields and
profits which may subsequently lead to the less successful commercialization of TLVs. As a
result, farmers fail to meet the growing demand (Afari-Sefa et al., 2013) and availability is also
limited to certain periods of the year. Farmers may also risk the quality of their vegetables
(Ayana et al., 2014) due to diseases, as some plant diseases may affect the plants during the
growing phase as well as in storage (Ngadze, 2014). Also, the lack of documentation on
preferred species (Maundu et al., 1999), lack of seed selection for uniformity of desired traits
(Smith & Eyzaguirre, 2007), and poorly developed seed supply and distribution (Ayana et al.,

2014) hinder TLV production and consumption.

Despite their potential to address current global challenges including food and nutrition
insecurity caused by climate change and malnutrition, daily TLV consumption varies across
Sub-Saharan Africa, ranging from 24 g (in Senegal) to 350 g (in Tanzania) per capita, as
depicted by Weinberger & Pichop’s (2009) findings. Consumption is influenced by many
factors, such as the seasonality of supply and prices of TLVs and the socio-economic
characteristics of households. The seasonality of TLVs affects their pricing; prices fall in the
rainy season because they grow well during that period (Schippers, 2000). Moreover, most
rural households hardly buy TLVs from the markets, as they collect them from fields and
forests (Weinberger & Msuya, 2004). Inadequate supply due to production constraints (e.g.

use of poor-quality seeds which contributes to poor crop stands, reduced yields, and

12



subsequently, low supply of vegetables), differences in socio-demographic, socio-economic
and other consumer characteristics (Weinberger & Msuya, 2004; Abukutsa-Onyango, 2007;
Odhav et al., 2007; Karanja et al., 2010; Banwat et al., 2012) also affect TLV consumption.

This thesis is motivated by the fact that, on one hand, quite a volume of research has been
done on consumption of TLVs, while, on the other hand, little research has been done on
production, particularly on seed quality and seed markets, to help supply meet demand. It is
against this background that the present thesis, which combines technical and socio-
economic methods, assesses the supply chain of traditional leafy vegetables. On one side, the
thesis evaluates the potential of traditional leafy vegetables for improving food security and
nutrition. It also explores the determinants of household consumption and expenditure for
traditional leafy vegetables using surveys. Several determinants impede the consumption of
TLVs, which may play a significant role in overcoming the dietary deficiencies experienced
across Sub-Saharan Africa. If such impediments are exposed and recommendations are made
for future research, subsequent developments may lead to increased consumption of TLVs,
which may benefit the health of many, and improve the incomes of those involved in the
supply chain. On the other side, the thesis examines the quality of TLV seed by conducting
germination and seed health tests before it is sown. If the farmers sell their seeds with known
germination capacity or quality, this may substantially increase their incomes, as their seeds
will more likely fetch higher prices. Research on and documentation of seed quality is of
equally great importance, so that production can be increased to meet urgent demands, and
seeds can be conserved and used sustainably to reduce the extinction of certain species
through overharvesting. This thesis shifts attention from studying one segment of the supply
chain and looks into operations within different segments. No such literature has been
reported. Such a synthesis is expected to benefit almost the entire supply chain (the supply
side, i.e. producers and marketers, and the demand side, i.e. the consumer). This makes this

thesis novel.

This thesis focuses on the supply chain of traditional leafy vegetables using an interdisciplinary
approach and uses Zimbabwe as an example. Zimbabwe was selected for several reasons:
Zimbabwe imported goods valued at 2 billion USD in the first quarter of 2016, with vegetables

and citrus fruits accounting for over 15 million USD (Kachembere, 2016), despite the fact that
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Zimbabwe is a low-income country. However, the consumption of vegetables is still very low.
Earlier reports have shown a daily intake of 30 g per capita (FAO, 2015), which has resulted in
obesity and malnutrition in the population. Over one-third of 15- to 49-year-old women, 12%
of men and 6% of children under age five are overweight or obese. On the other hand, one-
third of children under age five are stunted. Currently, in Zimbabwe anemia affects about 37%
children under five, about one quarter of women and 15% of men between 15 and 49 years
of age (Zimbabwe National Statistics Agency and ICF International 2015, 2016). Anemia is a
disease related to low intake of iron, which can be found in great abundance in some TLVs,
e.g. Amaranthus spp. and cowpea. In recognition of these national health challenges, the
Zimbabwean government introduced the Statutory Instrument 120 of 2017, Mandatory Food
Fortification Programme, aimed at compelling all food processing companies to add nutrients
to everyday foods such as bread, mealie meal, cooking oil and sugar to enrich consumers’
diets (Chikwati, 2017). But the type of products purchased may depend on the household
income, with low income households (constituting over 70% of Zimbabwean population)
tending to consume bread, sugar, cooking oil and pre-processed mealie meal less frequently,
posing a considerable challenge to addressing domestic health problems in this manner.
Considering the coexistence of malnutrition and obesity in Zimbabwe, increasing the intake
of vegetables, particularly TLVs, is therefore becoming an important initiative. As these
challenges are widespread across other Sub-Saharan countries as well, | believe that this
thesis contains an insightful analysis relevant for Sub-Saharan Africa in general, and findings

can be used to tackle similar problems in the region.
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1.4 Research Objectives

I am interested in the following specific research objectives:

O 1: Detecting and identifying seed-borne pathogens on TLV seed and establishing the
relationship between seed infection and pathogens which develop on the plants in the field
(Chapter 2);

O 2: Evaluating the germination of traditional leafy vegetable seed and determining the
morphological characteristics of seed from five sources (Chapter 3);

O 3: Examining the determinants of household consumption and expenditure for TLVs
(Chapter 4);

O 4: Assessing the potential of traditional leafy vegetables for improving food security in

Africa (Chapter 5).
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1.5 Methodology and Data Analysis

To address the research objectives listed above, four researches were conducted: two
researches on the quality of TLV seed—germination tests and seed health tests—and two
surveys assessing the role played by TLVs in smallholder farmers’ diets and incomes, and
determinants of household consumption of and expenditure for TLVs. Three species, namely
Cleome gynandra, Bidens pilosa and Amaranthus hybridus, were evaluated for quality and
used as examples. In our study, the term quality refers to physiological characteristics,
including the percentage purity and germination, the uniformity of the plants and seed health
(i.e. free of seed-borne pathogens). Each chapter is written as a stand-alone publication for a

specific scientific journal. The methodology used for each chapter is presented as follows.

Table 1 shows a summary of the research methods used for each chapter, where each

objective is addressed in a separate chapter.

Table 1. Summarised Research Methodology

Chapter/ Focus Data collection Level of analysis Data analysis
Objective
Chapter 2 Seed health Laboratory test Analysis of variance (ANOVA) in  GenStat
01 GenStat
Chapter 3 Seed germination Laboratory test Analysis of variance (ANOVA) in  GenStat
02 GenStat
Chapter 4 Household consumption  Survey Econometric  equations and  SPSS
03 and expenditure multivariate linear regression
models
Chapter 5 Potential of TLVs Survey and literature  Gross margin analysis Gross margin analysis
04 review

Source: Author

Chapter 2 is about the detection and identification of seed-borne pathogens on TLV seeds and
establishes the relationship between seed infections and pathogens which develop on plants
in the field; it addresses research objective 1. The presence of pathogens on seeds and plant
parts was detected in the plant pathology laboratory of the University of Zimbabwe. The

pathogenicity tests were carried out to confirm the presence of the pathogens on the plants
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but were not scored or scaled to show the severity of infection. Both the type of pathogens

and pathogenicity test results were reported.

Chapter 3 addresses research objective 2 and evaluates the germination of traditional leafy
vegetable seeds and determining the morphological characteristics of seeds from five
sources. Laboratory and field germination tests were conducted and reported here.
Qualitative and quantitative morphological analyses were conducted and reported various

characteristics for both seedlings and 1000 seeds weight.

Chapter 4 addresses the third research objective and evaluates the determinants of
household consumption and expenditure for TLVs in four districts of Zimbabwe. This chapter
assesses the relationship between the quantity of TLVs consumed and amount of money
spent on TLVs, as affected by various socio-economic, socio-demographic of households.
Therefore, various socio-economic, socio-demographic of households affecting quantity and

expenditure were evaluated.

Chapter 5 evaluates the potential of traditional leafy vegetables for improving food security
in Africa, answering the last research objective. The role of TLVs in the supply chain (from
production to consumption) of Zimbabwe were assessed. The content of this chapter is partly
based on the results obtained from this survey, insights from the literature and insights from

the data analysis of chapter 4.

Chapter 6 provides a synthesis of the main results found in all the other chapters.
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2 Seed health tests of traditional leafy vegetables and pathogenicity in plants?

1 This chapter is based on the article: Praxedis Dube, Paul C. Struik and Elizabeth Ngadze (2018). Seed health
tests of traditional leafy vegetables and pathogenicity in plants. Published in African Journal of Agricultural
Research DOI: 10.5897/AJAR2018.13001.
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Abstract

Traditional leafy vegetables play a significant role in the daily diets of many people in
Zimbabwe. They are produced by smallholder farmers with limited knowledge on the
agronomic value of high-quality seed, on seed storage, and on plant- and seed-borne
pathogens. The quality of the seed is rarely tested for seed-borne pathogens posing risks of
pathogen build-up. This study was conducted in order to determine the seed-borne
pathogens associated with traditional leafy vegetable seeds. Seeds were collected from five
different farmers in three provinces of Zimbabwe and tested for the presence of pathogens
in the plant pathology laboratory of the University of Zimbabwe. A total of 154 fungal and 233
bacterial infections were recorded on 450 seeds for each type of pathogen. Significantly high
percentages of the isolates (Xanthomonas campestris, Curvularia spp., Alternaria alternata,
Fusarium oxysporum and Pseudomonas syringae) were obtained from the three different
species of traditional leafy vegetables (Amaranthus hybridus, Bidens pilosa and Cleome
gynandra). Fusarium oxysporum, Alternaria alternata, Xanthomonas campestris and Bacillus
spp. isolates were pathogenic to traditional leafy vegetable plant species as confirmed by
pathogenicity tests, hence may have significant effects on traditional leafy vegetables
production. The results indicate that seed sourced from Farmers 1, 2, 3 and 4 resulted in seed-
borne pathogens on both the seed and plants, clearly showing that seed quality was poor.
Although most pathogens observed have a broad host spectrum, pathogenicity and virulence
tests confirmed that some pathogens were likely to be closely associated with these

traditional leafy vegetable seed species.
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2.1 Introduction

Traditional leafy vegetables (TLVs) of Africa refer to plant species, which originated on the
continent and have a long history of cultivation, domestication and use in African conditions
(Ambrose-0ji, 2009). Amaranthus spp. combine both social and socio-economic importance
in Kenya and Tanzania as a multi-purpose vegetable with environmental adaptability,
nutritional, medicinal and income generation properties (Weinberger & Msuya, 2004;
Abukutsa-Onyango, 2007) and have gained popularity also in Zimbabwe. Mukwereza (2002)
reported spider flower as the most preferred TLV in Zimbabwe. Together with Bidens pilosa
and Cleome gynandra (spider flower) Amaranthus spp. also combine resilience to climate

change, nutritional, medicinal and income generation properties.

Across Africa TLVs are produced and marketed by smallholder farmers (Ngugi et al., 2007)
with limited access to advanced agro-technology including limited knowledge of the
agronomic value of high-quality seed (Biemond et al., 2012), lack of information on seed
storage (Cernansky, 2015), on appropriate use of chemicals like pesticides and fertilizers
(Schippers, 2000), plants and seed-borne pathogens. These smallholder farmers obtain most
of their seeds from their neighbours or informal seed markets (Ngwerume & Mvere, 2003;
Adebooye et al., 2005; Guei et al., 2011). This seed is most likely to be of poor quality. Seed
is rarely tested for germination and seed-borne pathogens, increasing risks of seed
degeneration across generations. Seed-borne pathogens can prevent germination and cause
serious threats to seedling establishment (Valkonen & Koponen, 1990; Walcott, 2003) and
plant vigour (Anjorin & Mohammed, 2014). Farmers using poor-quality seed risk poor
germination and the ultimate crop stand in their fields will be poor. This may also affect crop
yields and the quality of their vegetables on the market (Biemond et al., 2012; Mancini &
Romanazzi, 2013).

Most TLVs are propagated by seed (Grubben & Denton, 2004). However, seed is the most
important vehicle for transmitting plant pathogens globally (Kuan, 1988). Plant pathogens are
reported to have close associations with seed, as they can survive in, on or with seed, hence
can be preserved in seed lots (Copeland & McDonald, 2001), at times in latent stage, are

temperature dependent (Ngadze & Icishahayo, 2014), and manifest themselves and become
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problematic only when environmental conditions become conducive for their growth and
reproduction (Copeland & McDonald, 2001). Seed has the potential to carry a wide range of
pathogens including fungi, bacteria, viruses, many of which cause diseases in various plant
developmental stages (from seedling to the product on the markets) (Copeland & McDonald,

2001).

A seed health test is an important component for determining the quality of seed worldwide,
a prerequisite to minimise losses by assessing the quality of seed before it is sown (Copeland
& McDonald, 2001). Seed health tests have been done on various seeds including tree seed,
vegetable seed, and cereal seed (International Seed Testing Association - Seed Health (ISTA),
2015). Relatively very limited research on TLV seed has been reported (Sharma et al., 1980)
including research on seed health tests, posing risks with seed germination (Cernansky, 2015).
Plants are frequently left in the field for too long, risking seed-borne pathogens accumulation

on seed (Adebooye et al., 2005).

TLV seed is affected by several seed-borne pathogens such as Rhizoctonia spp., Sclerotinia
spp., Pythium spp., Choanephora cucurbitarum, Alternaria spp., Mycoplasma, Cercospora
spp., Sphaerotheca fuliginea, and Oidiopsis taurica (Sharma et al., 1980; Grubben & Denton,
2004) and some TLVs are important hosts of Xanthomonas campestris pv. campestris
(Bradbury, 1986), which is also an important seed-borne pathogen of many plant species.
Economically important examples of these seed-borne pathogens include Pythium spp.,
Pythium aphanidermatum and Rhizoctonia spp. causing a serious damping off problem in the
Amaranthus hybridus seedbed, Cercospora bidentis and Cercospora uramensis affecting
Bidens pilosa and Cleome gynandra, respectively (Grubben & Denton, 2004). Cleome
gynandra seed is also affected by a range of seed-borne fungi including Sphaerotheca
fuliginea and Oidiopsis taurica. These pathogens were reported to cause powdery mildew on

Cleome gynandra plants (Grubben & Denton, 2004).

In Zimbabwe over 75% growers of TLVs collect and retain seeds for sowing in the next season
(Schippers, 2000) and the quality of the seed is rarely known. Moreover, farmers rely on
traditional knowledge that is passed on through generations and often use traditional

cropping technologies (Schippers, 2000). Considering that most of the seed-borne pathogens
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affecting TLV seed including Xanthomonas campestris, Cercospora spp, Stemphylium solani
and Pythium spp. cause serious problems in vegetable production in Zimbabwe (Handiseni et
al., 2008), there is, therefore, a high risk of seed-borne infections. Moreover, Rothwell (1982)
listed Entyloma bidentis, Sclerotium rolfsii, Sphaceloma spp., Uromyce bidenticola,
Verticillium dahliae, Pseudomonas solanacearum and Oidium spp. as pathogens that affect
Bidens pilosa, Amaranthus spp. and Cleome spp. in Zimbabwe. Primary inoculum can also arise
from other sources like contaminated tools and equipment (Jones et al., 1986), some TLVs
are important host of Xanthomonas campestris pv. campestris (Bradbury, 1986), plant debris
(Barak & Liang, 2008). Nevertheless, seed-borne inoculum remains of paramount importance

for most pathogen infections (Naseri & Mousavi, 2015).

Generally, seed pathogens transferred to plants during growth cause considerable loss of crop
yields globally (Copeland & McDonald, 2001), but limited literature on the economic losses
caused by these pathogens on TLVs have been reported. For example, Ngadze (2014)
reported that some plant diseases may affect the plants during the growing phase and later
stages in storage as well. The pathogens which are seed-borne affect the whole TLV food
chain. Initially starting with pathogen infected seed, the pathogens may result in poor crop
stand due to poor germination or poor-quality seedlings which cannot withstand relative
environmental changes- dying away of plants. In storage and on the markets, the quality of
the product is also affected by the pathogens including those passed through the use of
infected seed-borne. This may result in food and nutrition insecurity and loss of incomes to

the farmers, if little attention is paid to controlling seed-borne pathogens.

The research aims at detection and identification of seed-borne pathogens on TLV seed and
establishes the relationship between seed infection and pathogen which develop on the
plants in the field. In addition, the study seeks to ignite researches on the diseases and their

economic impact on TLV seed.
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The specific objectives are:

e to identify seed-borne pathogens in TLV seed from different sources;

e toinvestigate whether pathogens found on seed are pathogenic to the plants.
Therefore the hypotheses tested include:

e Seed-borne pathogens’ presence varies among seed sources;

e Seed-borne pathogens cause the diseases observed on the leaves of infected plants.
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2.2 Methodology and Data Analysis

The study uses three traditional leafy vegetable seed namely Cleome gynandra, Bidens pilosa
and Amaranthus hybridus as examples. Cleome gynandra and Amaranthus hybridus are Ca
plants (Imbamba et al. 1977; Schippers, 2000), while Bidens pilosa is a C3 plant. Traditional

leafy vegetables have a significant role in the traditional diets of many people in Zimbabwe.

Origin of the seed sources

Seed of the three species was sourced from five different farmers. These farmers were chosen
using a snow ball sampling technique, with the entry point as the traditional leafy vegetable
markets. Only farmers who had seed stocks from the previous season showing that they had
been producing TLV seed were chosen. About 500 grams of seed for each species was sourced
from the farmers and used for seed health tests. One farmer was a government research
institute, i.e. Horticultural Research Centre (HRC). Lot sampling was done for seed sourced
from HRC because they had bigger quantities in their stock than required and hand sampling
was used to come up with approximately 500 grams of seed per each species. For the
remaining other seed sources, all the seed available was sourced and most of the seed lots
weighed less than 1 kg per species per source. The seed collection constituted of 15 samples
(three samples of three species per seed source). Subsampling to approximately 400 seeds
per sample was done using the hand halving method (International Seed Testing Association
[ISTA], 2016). The seed was sourced from three different agro ecological regions of
Zimbabwe: Mashonaland Central, Mashonaland West and Mashonaland East. These
provinces (agro ecological regions) are some of the major vegetable growing ones of
Zimbabwe, because of their proximity to major cities and because they are located in areas
of high agricultural potential. Our research used only five seed sources and intended to ignite
more research on these vegetables across Zimbabwe. The climatic conditions during crop

growth and geographical coordinates of the seed origin sites are presented in Table 2.
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Table 2 Geographical coordinates and climatic data during crop growth of the origin sites of

the seed
Farmer  Origin Agro Mean annual Temperature Geographical Altitude  Annual Amount of
ecological temperature range during coordinates (m) rainfall rainfall
region ? crop growth (mm) during crop
growth
(mm)
1 Mashonaland 2B 22-29°C 31-22°C 17°22'00" S; 1153 700-800 73-0.31
West 30°11'59" E
2 Mashonaland 3 18-29°C 31-21°C 17° 38' 35.59" 1400 800-850 100-0.8
East S; 31°47' 2.40"
E
3 Mashonaland 3 18-29°C 31-21°C 17° 38' 35.59" 1400 800-850  100-0.8
East S; 31° 47' 2.40"
E
4 Mashonaland 3 21-31°C 31-21°C 17° 18' 56" S; 953 800-850  110-1.5
Central 31°34'14"E
5 Mashonaland 2B 18-29°C 29-27°C 18°11'6.97"S; 1688 850-900  105.7-24.8
East 31°33'6.95"E)

a. Note: Agro ecological classification also known as natural region (NR) classification of Zimbabwe,
divided the country into five regions based on mean annual rainfall and was done in the 1960s (Vincent
& Thomas, 1960).

b. Source: authors, https://www.worldweatheronline.com Historical average weather 20/04/2017 (for

full details see Annex 1 and 2 description)

Detection of seed-borne pathogens

Seeds of the three TLV types were randomly selected and 150 seeds of each type of pathogen
were plated on potato dextrose agar (PDA) and nutrient agar (NA) for isolation of fungi and
bacteria respectively. The seeds were surface sterilized in 1% sodium hypochorite and rinsed
three times with sterile distilled water. The sterile seeds were blotted with sterile filter paper
(Whatman no.1) to remove excess water prior to plating. A total of 10 seeds were plated out
on a 90 mm diameter petri dish. Seeds for fungal identification were plated on PDA while
those for bacteria were placed on NA plates. Each Petri dish was replicated 6 times (3 plates
bacteria and 3 for fungi). The Petri dishes with seeds on PDA were incubated at 25+2°C under
12/12 alternating cycles of NUV and darkness in Plant Pathology incubation room at the
University of Zimbabwe for seven days. The seeds on NA were placed in an incubator
(Gallenkemp- Sussex, England) and maintained at 30 +2°C for 4 days. After incubation the

seeds were viewed under a stereo microscope using the 16x objective.
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Identification of fungi

After the incubation period the fungi, which grew on the seeds, were examined and identified
under stereomicroscope (WILD M3B, Heerbrugg, Switzerland) based on the growth
characters of the fungi. Slides were prepared using the associated fungi on seeds for
identification under a compound microscope (JENA LABOVAL, Gottingen, Germany) for better
identification following the keys described by Mathur and Olga (2001) and Commonwealth

Mycological Institute descriptions.

Identification of bacteria

After the incubation period, further plating was done on the culture media, colonies of
bacteria were purified on the solidified potato dextrose agar or nutrient agar, respectively,
were then incubated at 25°C for 48 hours. The morphological identification of the spores for

fungi and bacteria was performed according to Mathur & Olga (2001) and Schaad et al. (2001).

Single colonies of each isolate were used for physiological and biochemical tests. The isolates
were identified by standard bacterial methods based on Cother and Sivasithamparam (1983).
The tests performed were Gram reaction, oxidase activity, glucose metabolism, pectate
degradation in Sutton’s medium, production of phosphatase, indole production from
tryptophan, gelatine hydrolysis, production of reducing substances from sucrose, production
of acid from a-methylglucoside and trehalose, malonate utilisation, sensitivity to
erythromycin (15 pg), growth at 372C which was determined after 24 h in nutrient broth (NB,

Difco) and salt tolerance which was checked after 48 h growth in NB with 5 g I"* NaCl.

Detection and identification of pathogens on infected plants

The aim was to investigate whether seed-borne pathogens on seed corresponded to disease
symptoms observed on plants. Plants were grown in the greenhouse at the University of
Zimbabwe in February of 2017. A randomized complete block design with three blocks was
used. The pots were labelled and randomly arranged and filled to approximately 6 cm under
the rim. The soil was sterilised at 70°C for 24 hours and allowed to cool. A mixture of soil and
pine bark at ratio 1:3 was done to reduce soil compaction and placed in pots. Proper levelling
of the growing media was done before approximately 1000 seeds were evenly distributed per

pot. The seeds were then covered with 1.5 cm thick layer of the growing media. Water as
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needed was added to the pots. The presence of the diseases on plants was also recorded in

the greenhouse (e.g. damping off).

The infected plant parts showing typical symptoms of diseases were collected for further
analysis. Plant pathogens were isolated from different parts of the crops that had advanced
lesions and rots. The lesions and surrounding healthy tissues were cut into small pieces and
washed in running tap water before sterilizing with 1% sodium hypochlorite for 2 —3 minutes,
followed by rinsing three times in sterile distilled water, and drying on sterile blotter papers.
Disinfected pieces were placed on solidified Nutrient Agar (NA) medium (Schaad et al. 2001).
The Petri dishes were incubated at 28+2°C and observed for bacterial growth 4-6 days later.

After the incubation period, the further plating was done on the culture media, colonies of
fungi and bacteria were purified on the solidified potato dextrose agar or nutrient agar,
respectively, and were then incubated at 25°C for 48 hours. Thereafter, the morphological
identification of the spores for fungi and bacteria was performed according to Mathur & Olga

(2001) and Schaad et al. (2001).

Hypersensitivity

Isolated colonies of different bacteria were tested for ability to induce a hypersensitive
response on foliage of the non-host plant tobacco (Nicotiana tabacum cv. Burley). Five
isolates were selected for each of the three bacteria species isolated from seed and infected
plants. Test isolates were freshly grown on NA at 30+2°C for 24 h and suspended in sterile
water, maintain an inoculums concentration of 108 cfu/ml (using Genie spectrophotometer
at 550 nm). Tobacco seedlings were inoculated with suspensions of the selected isolates at
the 5-6 leaf stage. 1 ml of bacterial suspension was injected using a disposable syringe into
the lower surface of the tobacco leaves and the plants were sealed in plastic bags for 24 h to
prevent desiccation. Plants were uncovered and kept in the laboratory at 28+2°C for 36 h.

Control plants were injected with sterile distilled water and kept under same conditions.
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Virulence test

For the assessment of pathogenicity of the different bacteria on TLV seedlings, inoculum
suspensions were prepared in sterile water as previously described for the hypersensitive
test. Young TLV seedlings were inoculated with 1 ml of inoculum using a hypodermic syringe.

Control leaves were inoculated with sterile distilled water.

Data Analysis

Data was analysed using GenStat 18 edition. The data was transformed using LOG10 plus 1
and subjected to analysis of variance (ANOVA) and the means of the parameters were
separated using the Duncan’s multiple range least significant difference test (P < 0.05). The

transformation was done to normalise the data sets because some data sets had many zeros.
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2.3 Results

A total of 154 fungal and 233 bacterial infections were recorded on 450 seeds (for each type
of pathogen) selected from seeds of three types of TLV. The fungi were identified based on
colony morphologies as Curvularia spp., Alternaria alternata, Fusarium oxysporum,
Aspergillus spp., Phoma betae, Colletotrichum spp. and Rhizoctonia solani. Three bacteria
species were isolated from the seed and they were identified as Xanthomonas campestris,
Pseudomonas syringae and Bacillus spp. The seed-borne infections varied according to seed
species and source. The virulence test conducted on young TLV seedlings varied by pathogen

species and seed species.

Hypersensitivity test

Table 3 shows hypersensitivity responses of the different isolates tested on tobacco. Ten of
the fifteen isolates tested on tobacco plants induced a hypersensitivity test within 24-48
hours after inoculation and based on these reactions they were categorized as strongly,
moderately, or mildly virulent. All isolates were considered as pathogenic since they produced
a reaction within 72 hours after inoculation. Xanthomonas campestris isolates 1, 3 and 5,
Pseudomonas syringae isolates 3, 4 and 5 as well as Bacillus spp. isolates 3 and 4 were
regarded as highly virulent. Two isolates Xanthomonas campestris 4 and Bacillus spp. 1 were
moderately virulent while isolates Xanthomonas campestri 2, Pseudomonas syringae 1 and 2

as well as Bacillus spp. 1 and 5 were considered to be weakly virulent.
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Table 3 Hypersensitive responses of the different isolates tested on tobacco

Isolate

Xanthomonas campestris 1
Xanthomonas campestris 2
Xanthomonas campestris 3
Xanthomonas campestris 4
Xanthomonas campestris 5
Pseudomonas syringae 1
Pseudomonas syringae 2
Pseudomonas syringae 3
Pseudomonas syringae 4
Pseudomonas syringae 5
Bacillus spp. 1

Bacillus spp. 2

Bacillus spp. 3

Bacillus spp. 4

Bacillus spp. 5

Control

Virulence tests

Source
seed
plant
seed
seed
plant
seed
seed
plant
plant
plant
seed
plant
seed
seed
plant

distilled water

Hypersensitive response (+/-)

+

+

+

Duration (hrs)

24
36
36
24
72
36
24
48
72
72
24
72
72
24
36
24-72

Virulence
High
Weak
High
Moderate
High
Weak
Weak
High

High

High
Moderate
Weak
High

High
Weak

All isolates gave a positive response on all three TLV plant species (Table 4). The isolates were

ranked as highly, moderately and weakly virulent pathogens based on host responses. Among

these highly virulent isolates, symptoms in plants inoculated with Xanthomonas campestris
isolates 1, 3 and 4 were highly virulent on Bidens pilosa and Cleome gynandra and moderately

virulent on Amaranthus hybridus and the symptoms developed earlier than with other

isolates. Plants inoculated with these isolates showed disease symptoms within 6 days.

Pseudomonas syringae isolates 3 and 4 were highly virulent on Bidens pilosa and Amaranthus

hybridus. No symptoms developed in controls treated with sterile water.
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Table 4 Virulence of the different isolates on seedlings of traditional leafy vegetables

Isolate Amaranthus hybridus  Cleome gynandra  Bidens pilosa
Xanthomonas campestris 1 ++ +++ +++
Xanthomonas campestris 2 ++ + +
Xanthomonas campestris 3 ++ + T+
Xanthomonas campestris 4 ++ +++ 4+
Xanthomonas campestris 5 ++ +++ ++
Pseudomonas syringae 1 ++ ++ +
Pseudomonas syringae 2 ++ + ++
Pseudomonas syringae 3 +++ ++ +++
Pseudomonas syringae 4 +++ ++ o+
Pseudomonas syringae 5 ++ ++ ++
Bacillus spp. 1 +++ +++ ++
Bacillus spp. 2 + ++ 4
Bacillus spp. 3 + ++ +
Bacillus spp. 4 +++ + ++
Bacillus spp. 5 +++ ++ 4

Control - -

a. Note: +++, ++ and + denote highly, moderately and weakly virulent pathogens, respectively

Isolation of pathogens from seed by plant species and source

The percentage occurrence of seed-borne pathogens for plant species and seed farmers were
evaluated and are presented in Table 5 and Table 6, respectively. For both cases, the
percentage occurrence refers to the frequency of any single isolate observed on each seed
which is measured as the proportion of the seeds per species that are infected by seed-borne
pathogens. The percentage occurrence was calculated by adjusting Jager et al. (2007)
calculations as number of seeds having the pathogen during the analysis divided by the total
number of seeds used per species and the ratio is multiplied by 100 (following formula used)
and subsequently used to determine the differences by performing the analysis of variance
and separation of means using Duncan’s multiple range method in GenStat.

No.of seeds af fected by a pathogen
x

100
Total no.of seeds

Percentage occurrence =

Table 5 shows the percentage occurrence of seed-borne pathogens isolated from seeds of
three species. In comparison among plant species, highest percentage occurrence of seed-
borne pathogens was observed on Cleome gynandra, followed by Bidens pilosa and least on
Amaranthus hybridus seed. Only Xanthomonas campestris, Pseudomonas syringae and

Alternaria alternata isolates were significantly different for the percentage occurrence of
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seed-borne pathogens on seed among the three plant species. For Xanthomonas campestris
the percentage occurrence of seed-borne pathogens on seed for Cleome gynandra and Bidens
pilosa did not differ from each other, which was significantly higher than for Amaranthus
hybridus. On the other hand, Cleome gynandra showed the lowest percentage occurrence on
Pseudomonas syringae. For both plant species, the percentage occurrence of Alternaria
alternata on seed was highest on Cleome gynandra, intermediate on Bidens pilosa and lowest

on Amaranthus hybridus.

Table 5 The percentage occurrence of seed-borne pathogens on seed for three plant species

(between brackets the transformed values and the mean separation)

Plant species LSDsy%
Name of pathogen Amaranthus hybridus  Cleome gynandra  Bidens pilosa
Bacteria
Xanthomonas campestris 1.3 (0.09a) 79.3 (1.60b) 58.7 (1.20b) 0.57
Pseudomonas syringae 6.7 (0.36ab) 0.0 (0.00a) 8.7 (0.53b) 0.40
Bacillus spp. 0.7 (0.07a) 0.0 (0.00a) 0.0 (0.00a) 0.11
Fungi
Alternaria alternata 1.3(0.14a) 18.7 (1.12¢) 10.7 (0.74b) 0.38
Aspergillus spp. 0.0 (0.00a) 0.0 (0.00a) 4.7 (0.19a) 0.22
Fusarium oxysporum 12.0(0.57a) 3.3(0.18a) 1.3 (0.14a) 0.41
Curvularia spp. 2.7 (0.23a) 25.3 (0.78a) 18.7 (0.69a) 0.55
Phoma betae 0.0 (0.00a) 0.0 (0.00a) 1.3 (0.09a) 0.15
Colletotrichum spp. 0.0 (0.00a) 1.3 (0.14a) 0.0 (0.00a) 0.16
Rhizoctonia solani 1.3 (0.09a) 0.0 (0.00a) 0.0 (0.00a) 0.15

The mean separation indicates per pathogen the differences among the three species (P < 0.05).

Table 6 shows the percentage occurrence of seed-borne pathogens per farmer. The
percentage occurrence of a single bacterial or fungal isolate differed among the farmers but
only significantly for Curvularia spp. and Colletotrichum spp. The lowest percentage
occurrence of Curvularia spp. was detected for Farmer 5, followed in order by Farmers 3, 2,
and 4 and highest for Farmer 1. For Colletotrichum spp. the highest percentage occurrence of
a single isolate was observed for Farmer 2, and the remaining farmers were not significantly

different from each other.
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Table 6 The percentages occurrence of seed-borne pathogens per seed farmer (between

brackets the transformed values and the mean separation)

Name of pathogen Seed source LSD 5%
Farmer 1 Farmer 2 Farmer 3 Farmer 4 Farmer 5

Bacteria

Xanthomonas campestris 35.7 (0.82a) 64.4 (1.33a) 66.7 (1.34a) 33.3(0.67a) 32.2 (0.66a) 0.95

Pseudomonas syringae 3.3(0.17a) 2.2 (0.15a) 7.8 (0.44a) 6.7 (0.33a) 5.6 (0.41a) 0.56

Bacillus spp. 0.0 (0.00a) 0.0 (0.00a) 0.0 (0.00a) 0.0 (0.00a) 1.11 (0.12a) 0.15

Fungi

Alternaria alternata 7.8 (0.64a) 16.7 (0.93a) 10.0 (0.67a) 10.0 (0.58a) 6.7 (0.53a) 0.64

Aspergillus spp. 0.0 (0.00a) 0.0 (0.00a) 0.0 (0.00a) 6.7 (0.20a) 1.1(0.12a) 0.29

Fusarium oxysporum 11.1(0.38a) 2.2 (0.23a) 0.0 (0.00a) 6.7 (0.41a) 7.8 (0.45a) 0.55

30.0

Curvularia spp. 41.1(1.32c) 3.3 (0.35ab) (0.81bc) 3.3 (0.35ab) 0.0 (0.00a) 0.61

Phoma betae 0.0 (0.00a) 0.0 (0.00a) 0.0 (0.00a) 2.2 (0.15a) 0.0 (0.00a) 0.19

Colletotrichum spp. 0.0 (0.00a) 2.2 (0.23b) 0.0 (0.00a) 0.0 (0.00a) 0.0 (0.00a) 0.20

Rhizoctonia solani 2.2 (0.15a) 0.0 (0.00a) 0.0 (0.00a) 0.0 (0.00a) 0.0 (0.00a) 0.33

The mean separation indicates per pathogen the differences among the five farmers (P < 0.05).

The two-way interactions between farmer and TLV species on percentage occurrence of seed-
borne pathogens (for full results see Annex 3 to Annex 12)

The difference between TLV species in the percentage occurrence of the Xanthomonas
campestris isolate (Annex 3) depends on the farmer, with Farmer 1 showing occurrences very
different from the other farmers. Similarly, a two-way ANOVA carried out on the
Pseudomonas syringae isolate (Annex 4) showed that the difference in occurrence between
TLV species depended on the farmer, with Amaranthus hybridus and Bidens pilosa showing
much more variation among farmers than Cleome gynandra. For the Bacillus spp. isolate
(Annex 5), the results showed that the ranking of the species for each farmer was only
different for Farmer 5. The results of a two-way ANOVA on the Alternaria alternata isolate
(Annex 6) depicted that the order of occurrence of the disease among the TLV species strongly
depended on species and varied considerably. Similarly, for the Aspergillus spp. isolate (Annex
7) the results showed that the difference between farmers depended on TLV species with
Farmer 4 showing the largest differences. For the two-way ANOVA carried out for the
Fusarium oxysporum isolate (Annex 8), the findings showed that the differences among, but
also the ranking of the TLV species were different for each farmer. The results for the
Curvularia spp. isolate (Annex 9) also showed that both the differences among and the ranking

of the TLV species differed among farmers. For the Phoma betae isolate (Annex 10), the
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ranking of the TLV species was consistent among the farmers, but the extent of the
differences among the species differed among farmers. A two-way ANOVA was also carried
out to assess the interaction between farmer and TLV species on the Colletotrichum spp.
isolate (Annex 11), demonstrating that the variation among TLV species was larger for Farmer
2 than for the other farmers. For the Rhizoctonia solani isolate (Annex 12), Farmer 1 showed
the largest difference among TLV species, especially because Amaranthus hybridus had a high

value.

Pathogenicity tests

Table 7 depicts the occurrence of seed- and soil-borne pathogens on plants. The occurrence
here refers to the presence of seed-borne pathogens on plant parts (showing typical
symptoms of diseases) and were not scored or scaled. For pathogenicity tests of seed-borne
diseases on plants, two bacterial and six fungal species were identified. The two bacterial
species included Xanthomonas campestris and Bacillus spp. while the fungal species were
Alternaria alternata, Fusarium oxysporum, Trichoderma spp., Penicillium spp., Erysiphe spp.
and Pythium spp. Several soil pathogens including Bacillus spp., Trichoderma spp. and
Penicillium spp. were also isolated from the plant parts. The farmers with an asterisk indicate

that the observed pathogen were also present on seed.

Table 7 The occurrence of seed and soil-borne pathogens on plants

Plant species

Name of pathogen Amaranthus hybridus Cleome gynandra Bidens pilosa
Bacteria

Xanthomonas campestris Absent Present (Farmer 2)* Absent

Bacillus spp. Absent Present (Farmer 4) Present (Farmer 2)
Fungi

Alternaria alternata
Fusarium oxysporum
Penicillium spp.
Trichoderma spp.
Erysiphe spp.
Pythium spp.

Present (Farmer 1)*
Present (Farmer 1)*
Present (Farmer 1)
Absent

Absent

Present (Farmer 4)

Absent

Present (Farmer 4)*
Present (Farmer 2)
Present (Farmer 4)
Absent

Absent

a. The words in parentheses represent the farmers

b. * observed pathogens were also present on seed

Present (Farmer 3)*
Present (Farmer 5)
Present (Farmer 2)
Absent

Present (Farmer 3)

Absent
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Comparison of seed-borne pathogens on seed corresponds to pathogenicity on plants

The pathogenicity tests on the plants indicated that Fusarium oxysporum and Penicillium spp.
had a wide range of infections as they were observed on all the three species, followed by
Alternaria alternata and Bacillus spp. as these pathogens were present on two species while
Xanthomonas campestris, Trichoderma spp., Erysiphe spp. and Pythium spp. had the least
pathogenicity range, present only on one species. Occurrence of Xanthomonas campestris,
Alternaria alternata and Fusarium oxysporum on both seed and plants was observed.
Occurrence of seed-borne pathogens on both the seed and plants was observed for Farmers

1,2,3and 4.
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2.4 Discussion
Seed heath testing is important for four reasons: reduce seed-borne inoculum incidences and

give an economic value to the seed lot, its requirements to satisfy the seed movement,
elucidate seedling evaluation and causes of poor germination and give recommendation and
perform seed lot treatment in order to eradicate seed-borne pathogens and reduce the risk

of disease transmission (ISTA, 2015).

This study aims at identifying seed-borne pathogens in TLV seed from different farmers. This
is primarily useful since the literature on seed-borne pathogens for TLV seed is scanty and
farmers normally rely on literature for other crops like exotic cabbages which are relatively
different in terms of production requirements or they rely on traditional production
knowledge that is passed on through generations (Schippers, 2000). Unlike cabbage seed
from relatively improved hybrid varieties, TLV seed predominantly is from traditional
unimproved varieties. Therefore, in Zimbabwe, their production requirements are totally
different from cabbage and TLV farmers should not rely on information on cabbage.
Furthermore, this study investigated whether pathogens found on seed showed
pathogenicity to the plants. There is limited literature on pathogenicity tests for TLVs, hence

this study aims at filling that gap.

Seed samples of three TLV plant species from five different farmers were compared for the
percentage occurrence of seed-borne pathogen isolate on each seed. Furthermore, the study
investigated whether pathogens found on seed show pathogenicity to the plants.
Pathogenicity tests were conducted and showed pathogenicity effects on seeds and plants.
Major pathogens included Xanthomonas campestris, Alternaria alternata and Fusarium
oxysporum. The seed-borne pathogens Xanthomonas campestris and Alternaria spp. were
also reported to be pathogenic to traditional leaf vegetables in several other studies (Sharma
et al., 1980; Bradbury, 1986; Grubben & Denton, 2004), but no such reports were made on
Fusarium oxysporum. The results also indicated that seed sourced from Farmers 1, 2, 3 and 4
had occurrence of seed-borne pathogens on both the seed and plants (Table 7). These results
clearly show that farmers use bad seed. Further, comparison on accumulative percentage
occurrence for the 10 seed-borne pathogens observed (Table 6) showed wide ranges: Farmer

3 (114.4), followed by Farmer 1 (101.2), then, third, Farmer 2 (91.0), the fourth, Farmer 4
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(68.9) and least, Farmer 5 (54.51). The superiority of Farmer 5 over other farmers was
expected, because it is a research organization, which has much better knowledge on seed
production compared to its counterparts. On the other hand, differences in the percentage
occurrence of seed-borne pathogens among the sources may partially be explained by
different crop management practices during seed development as previously reported by
Bradbury (1986) and Naseri & Emami (2013). Bradbury (1986) reported that some TLVs are
important hosts of Xanthomonas campestris pv. campestris, and, therefore, likely sources of

inoculum if diseased plants are left to grow and subsequently seed is harvested.

Farmers need seed of good quality to start with, for them to be able to satisfy the market
requirements. The quality of the seed is comprised of many different attributes that add to
the performance of the seed. Being free from seed-borne diseases, is figured out the most
important one (Dube & Mujaju, 2013). Observations indicating that higher levels for
percentage occurrence of seed-borne pathogen isolate on each seed by farmer (statistically
significant at 5%) is also confirmed by the pathogenicity tests. Although, there are not yet
established the quality standards of these plant species in literature, farmers require clean
seed, that is free from seed-borne diseases for them to increase their yields and get better
incomes from their crops. Many seed-borne pathogens become active when seeds are sown,
which may result in seed decay or pre- or post- emergence damping off (Agarwal & Sinclair,
1996), thereby reducing desired plant population in the farmers’ fields. Moreover, many
seed-borne pathogens, particularly, fungi induce qualitative changes in the physio-chemical
properties of seeds such as protein content (Agarwal & Sinclair, 1996) that are fundamental
in the germination process. For instance, Mathur & Sehgal (1964) reported that a collective
of fungal pathogens contaminants, e.g. Fusarium spp., reduced seed vigour and inhibited seed
germination. Notably, some isolates of Bacillus spp. decreased seed germination or seedling

growth (Broadbent et al., 1977).

The observation of the pathogens on both seed and plants and moderate to high virulence on
tested plant species may explain their strong association with seed and ability to give rise to
progressive disease development in the field. Such developments influence the ultimate crop
yield and reduce the commercial value of the crop as well (Naseri & Mousavi, 2015). This may,

therefore, give a positive indication of possible need of control measures. For example, in a
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study carried by Rude et al. (1999), infection of seed by Alternaria spp. greatly reduced seed
germination of turnip. Although in this study we did not test the germination of seed,
literature regarding these TLV seed has reported difficulties with seed germination
(Cernansky, 2015) which cannot be overlooked the incidences of seed-borne as an important

factor reducing the seed germination.

Virulence is the degree of pathogenicity exhibited by most of the pathogens and it is a
measure that effectively differentiates pathogenic and non-pathogenic strains (Russell &
Herward, 2005). All bacteria isolates gave a positive response on all three TLV plant species
(Table 4) and with varied magnitudes, ranking as highly, moderately and weakly virulent
pathogens based on host responses. Interestingly, among the tested plant species for
virulence, none were found to possess a high level of resistance to the present bacteria
pathogens observed in the study. Differential virulence on these TLV plant species are further
confirmed by pathogenicity test. These results suggest, although the observed pathogens
have wide host range, these pathogens were sufficient to cause host-generated infections

and if ignored may cause serious problems in TLV seed and vegetables production.

Erysiphe spp. were observed on Bidens pilosa during the late stage of growth, i.e. seed
development and seed maturation. Erysiphe cruciferarum in wild radish has been shown to
affect the crop late and is destructive at the seed development stage (Djébali et al., 2009).
Schippers (2000); Grubben & Denton (2004) also confirmed the presence of Alternaria spp. in
East Africa causing damping off. Our results showed that the bacterium Xanthomonas
campestris, although present in high quantities on seed of all three plant species, exhibited
pathogenicity on Cleome gynandra only and did not show up on Amaranthus hybridus and
Bidens pilosa plants. Xanthomonas campestris has already been reported as a serious
pathogen, causing economic problems in vegetables production in Zimbabwe (Handiseni et
al., 2008). Considering its close association with Cleome gynandra seed, it poses a serious
threat in Cleome gynandra production as well. On the same note, Trichoderma spp. was
isolated from one sample of Cleome gynandra and it was detected in all the replicates. The
plants had leaf spot. Trichoderma spp. can behave as an opportunistic pathogen. Harman et
al. (2004) confirmed that particular strains of Trichoderma spp. in rare cases, are pathogenic

to plants and have been reported to cause diseases of the crops such as apples, maize and

45



alfalfa. Some Trichoderma spp. strains also grow on leaf surfaces. That probably we detected
Trichoderma spp. in one of our samples, may also pose a serious threat in Cleome gynandra
production. Also, Bacillus spp. was isolated on all three plant species, Amaranthus hybridus
seed and Cleome gynandra and Bidens pilosa. Some Bacillus spp. isolates can be beneficial,
whereas others can be detrimental in crop production. Broadbent et al. (1977) reported that
some Bacillus spp. increased plant growth by producing gibberellin or auxin or solubilizing

phosphate, while others reduced germination.
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2.5 Conclusions and Recommendations

Although most of the pathogens observed in our results have a broad host spectrum,
pathogenicity and virulence tests substantiate that some pathogens were more likely to be
closely associated with these traditional leafy vegetable seed species. All bacteria isolates
gave a positive response on all three TLV plant species and with varied magnitudes, ranking
as highly, moderately and weakly virulent pathogens based on host responses. However,
none of the plant species were found to possess a high level of resistance to the present
bacteria pathogens observed in the study. Furthermore, Xanthomonas campestris, Fusarium
oxysporum, Alternaria alternata and Bacillus spp. isolates were pathogenic to Amaranthus
hybridus, Cleome gynandra and Bidens pilosa plants as confirmed by pathogenicity tests. The
occurrence of seed-borne pathogens on both the seed and plants for Farmers 1, 2, 3 and 4

clearly showed bad seed.

One further important area for future research is virulence testing for fungal pathogens using
more samples collected from various places around Zimbabwe. Such tests will lead to better
understanding of pathogens affecting TLV seed and production, and to more knowledge on
certain pathogens prevalent in certain areas. There is limited literature reported on the

economic losses caused by these pathogens on TLVs.
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Annex

Annex 1 Climatic data during crop growth of the origin sites of the seed
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Weather

Temperature (°C)
Rain (mm)

% Cloud cover

% Humidity

Bee activity

Planting

Temperature (°C)
Rain (mm)

% Cloud cover

% Humidity

Bee activity

Planting

Temperature (°C)
Rain (mm)

% Cloud cover

% Humidity

Bee activity

Planting

Temperature (°C)
Rain (mm)

% Cloud cover

% Humidity

Bee activity

Planting

Temperature (°C)
Rain (mm)

% Cloud cover

Dec

31

73

24

57

31

100

31

100

31

110

29

105.7

24

Jan Feb  March April
Farmer 1
29 30 28 26

56 49 98 68.5

36 27 33 25

69 72 81 68

- mod mod high
Sole crop
Farmer 2

29 30 28 26

49 46 85 29.5

39 33 38 22
67 76 79 69
- - mod high

Intercropped with maize
Farmer 3
29 30 28 26
49 46 85 29.5
39 33 38 22
67 76 79 69
- mod mod high

Intercropped with maize

Farmer 4
29 30 28 26
57 63 29 15
39 33 38 22
67 76 79 69

- mod mod high
Sole crop
Farmer 5
27 28 27 -
145 16.7 24.8 -

33 30 36 29

May

23
11.2
17
61

low

22
17
20
67

low

22
17
20
67

low

22
10
20

67

21

June

22

0.3

56

21

0.8

13

63

21

0.8

13

63

21

1.5

13

63

17



% Humidity 57 68 67 77 70 69 64
Bee activity

Planting Sole crop

a. https://www.worldweatheronline.com Historical average weather 20/04/2017

b. authors

Annex 2 Geographical coordinates and climatic data during crop growth of the origin sites
of the seed

The seed was sourced from three different agro ecological regions of Zimbabwe:
Mashonaland Central, Mashonaland West and Mashonaland East. The five seed sources were
Horticultural Research Centre [HRC] (Farmer 5), Shamva (Farmer 4), Murehwa — two farmers
(Macheya- Farmer 2 and Makondora- Farmer 3) and Chinhoyi (Farmer 1). HRC is a
government institute located in Mashonaland East province and is under agro ecological
region 2B (18° 11' 6.97" S: 31° 33' 6.95" E) at an elevation of 1688 m above sea level (Vincent
& Thomas, 1960). The mean annual rainfall for the area ranges from 850-900 mm. The mean
annual temperature ranges from 18-29°C. During seed crop growth temperatures and rainfall
ranged (December 2015- March 2016) from 28.9-26.7°C and from 105.7-24.8 mm,
respectively. Shamva is in Mashonaland Central province and located under agro ecological
region 3 (17°18'56" S: 31° 34' 14" E) at an elevation of 953 m above sea level, receiving annual
rainfall of 800-850 mm (Vincent & Thomas, 1960). The mean temperature for Shamva ranges
between 21-31°C. During seed crop growth temperatures and rainfall ranged (December
2015- June 2016) from 31-21°C and from 110-1.5 mm, respectively. Murehwa is located in
Mashonaland East province under agro ecological region 3 (17° 38' 35.59" S: 31° 47' 2.40" E)
at an elevation of 1400 m above sea level (Vincent & Thomas, 1960). The mean annual rainfall
ranges from 800-850 mm. The mean annual temperature ranges from 18-29°C. During seed
crop growth temperatures and rainfall were (December 2015- June 2016) 31-21°C and 100-
0.8 mm, respectively. Chinhoyi is located in Mashonaland West province under agro
ecological region 2B (17°22'00" S: 30°11'59” E) at an elevation of 1153 m above sea level
(Vincent & Thomas, 1960). The mean annual rainfall and temperature ranges from 700-800
mm and 22-29°C, respectively. During seed crop growth temperatures and rainfall ranged

(December 2015- June 2016) 31-22°C and 73-0.31 mm, respectively, (authors,
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https://www.worldweatheronline.com Historical average weather 20/04/2017), data

presented as Annex 1.
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Annex 3 to 12, the mean separation indicates per pathogen the differences among the

interactions between farmers and three species (Duncan’s multiple range least significant

difference test, P < 0.05). For all cases, all values in parentheses are transformed values and

mean separation.

Annex 3 The two-way interactions between the farmers and plant species percentage

occurrence of Xanthomonas campestris

Farmer*Species

Farmer 2 Amaranthus hybridus
Farmer 3 Amaranthus hybridus
Farmer 4 Amaranthus hybridus
Farmer 5 Amaranthus hybridus
Farmer 4 Bidens pilosa

Farmer 5 Bidens pilosa

Farmer 1 Cleome gynandra
Farmer 1 Amaranthus hybridus
Farmer 2 Bidens pilosa

Farmer 5 Cleome gynandra
Farmer 1 Bidens pilosa

Farmer 2 Cleome gynandra
Farmer 3 Cleome gynandra
Farmer 3 Bidens pilosa

Farmer 4 Cleome gynandra

LSD 5%

Mean

0.0 (0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.67 (0.44b)
9.33 (1.97¢)
9.67 (1.99¢)
10.0 (2.00c)
10.0 (2.00c)
10.0 (2.00c)
10.0 (2.00c)
10.0 (2.00c)
0.33
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Annex 4 The two-way interactions between the farmers and plant species percentage

occurrence of Pseudomonas syringae

Farmer*Species Mean

Farmer 2 Amaranthus hybridus 0.0 (0.0a)
Farmer 1 Bidens pilosa 0.0 (0.0a)

Farmer 1 Cleome gynandra 0.0 (0.0a)
Farmer 2 Cleome gynandra 0.0 (0.0a)
Farmer 3 Bidens pilosa 0.0 (0.0a)

Farmer 3 Cleome gynandra 0.0 (0.0a)
Farmer 4 Amaranthus hybridus 0.0 (0.0a)
Farmer 4 Cleome gynandra 0.0 (0.0a)
Farmer 5 Amaranthus hybridus 0.0 (0.0a)
Farmer 5 Cleome gynandra 0.0 (0.0a)
Farmer 2 Bidens pilosa 0.67 (0.44ab)

Farmer 1 Amaranthus hybridus 1.0 (0.50ab)
Farmer 4 Bidens pilosa 2.0 (0.99bc)

Farmer 5 Bidens pilosa 1.67 (1.23c)

Farmer 3 Amaranthus hybridus 2.33 (1.33¢)
LSD 5% 0.63
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Annex 5 The two-way interactions between the farmers and plant species percentage

occurrence of Bacillus spp.

Farmer*Species

Farmer 1 Bidens pilosa

Farmer 1 Cleome gynandra
Farmer 2 Bidens pilosa

Farmer 2 Cleome gynandra
Farmer 3 Bidens pilosa

Farmer 3 Cleome gynandra
Farmer 4 Bidens pilosa

Farmer 4 Cleome gynandra
Farmer 5 Bidens pilosa

Farmer 5 Cleome gynandra
Farmer 1 Amaranthus hybridus
Farmer 2 Amaranthus hybridus
Farmer 3 Amaranthus hybridus
Farmer 4 Amaranthus hybridus
Farmer 5 Amaranthus hybridus

LSD 5%

Mean

0.0 (0.0a)
0.0(0.0a)
0.0(0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.0(0.0a)
0.0 (0.0a)
0.0 (0.0a)
0.0(0.0a)
0.0(0.0a)
0.0 (0.0a)
0.0(0.0a)
0.33 (0.35b)
0.26
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Annex 6 The two-way interactions between the farmers and plant species percentage

occurrence of Alternaria alternata

Farmer*Species Mean

Farmer 1 Bidens pilosa 0.0 (0.0a)

Farmer 2 Amaranthus hybridus 0.0 (0.0a)
Farmer 3 Amaranthus hybridus 0.0 (0.0a)
Farmer 4 Amaranthus hybridus 0.0 (0.0a)
Farmer 5 Amaranthus hybridus 0.0 (0.0a)
Farmer 5 Cleome gynandra 0.33 (0.35ab)
Farmer 4 Bidens pilosa 0.33 (0.35ab)

Farmer 1 Amaranthus hybridus 0.67 (0.69bc)
Farmer 3 Bidens pilosa 0.67 (0.69bc)

Farmer 1 Cleome gynandra 1.67 (1.23cd)
Farmer 5 Bidens pilosa 1.67 (1.23cd)

Farmer 3 Cleome gynandra 2.33(1.33d)
Farmer 2 Cleome gynandra 2.33(1.33d)
Farmer 4 Cleome gynandra 2.67 (1.38d)
Farmer 2 Bidens pilosa 2.67 (1.44d)

LSD 5% 0.57
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Annex 7 The two-way interactions between the farmers and plant species percentage

occurrence of Aspergillus spp.

Farmer*Species Mean

Farmer 5 Amaranthus hybridus 0.0 (0.0a)
Farmer 1 Amaranthus hybridus 0.0 (0.0a)
Farmer 1 Bidens pilosa 0.0 (0.0a)

Farmer 1 Cleome gynandra 0.0 (0.0a)
Farmer 2 Amaranthus hybridus 0.0 (0.0a)
Farmer 2 Bidens pilosa 0.0 (0.0a)

Farmer 2 Cleome gynandra 0.0 (0.0a)
Farmer 3 Amaranthus hybridus 0.0 (0.0a)
Farmer 3 Bidens pilosa 0.0 (0.0a)

Farmer 3 Cleome gynandra 0.0 (0.0a)
Farmer 4 Amaranthus hybridus 0.0 (0.0a)
Farmer 4 Cleome gynandra 0.0 (0.0a)
Farmer 5 Cleome gynandra 0.0 (0.0a)
Farmer 5 Bidens pilosa 0.33(0.35ab)

Farmer 4 Bidens pilosa 2.0 (0.60b)

LSD 5% 0.51
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Annex 8 The two-way interactions between the farmers and plant species percentage

occurrence of Fusarium oxysporum

Farmer*Species Mean

Farmer 1 Bidens pilosa 0.0 (0.0a)

Farmer 1 Cleome gynandra 0.0 (0.0a)
Farmer 2 Amaranthus hybridus 0.0 (0.0a)
Farmer 2 Cleome gynandra 0.0 (0.0a)
Farmer 3 Amaranthus hybridus 0.0 (0.0a)
Farmer 3 Bidens pilosa 0.0 (0.0a)

Farmer 3 Cleome gynandra 0.0 (0.0a)
Farmer 4 Bidens pilosa 0.0 (0.0a)

Farmer 5 Bidens pilosa 0.0 (0.0a)

Farmer 5 Cleome gynandra 0.0 (0.0a)
Farmer 4 Amaranthus hybridus 0.33 (0.35ab)
Farmer 2 Bidens pilosa 0.67 (0.69bc)

Farmer 4 Cleome gynandra 1.67 (0.88bc)
Farmer 1 Amaranthus hybridus 3.33(1.14¢)
Farmer 5 Amaranthus hybridus 2.33 (1.34c)
LSD 5% 0.67
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Annex 9 The two-way interactions between the farmers and plant species percentage

occurrence of Curvularia spp.

Farmer*Species Mean

Farmer 3 Amaranthus hybridus 0.0 (0.0a)
Farmer 5 Amaranthus hybridus 0.0 (0.0a)
Farmer 2 Amaranthus hybridus 0.0 (0.0a)
Farmer 2 Cleome gynandra 0.0 (0.0a)
Farmer 4 Bidens pilosa 0.0 (0.0a)

Farmer 5 Bidens pilosa 0.0 (0.0a)

Farmer 5 Cleome gynandra 0.0 (0.0a)
Farmer 4 Cleome gynandra 0.33 (0.35ab)
Farmer 1 Amaranthus hybridus 0.67 (0.44ab)
Farmer 3 Bidens pilosa 1.67 (0.57ab)

Farmer 4 Amaranthus hybridus 0.67 (0.69ab)
Farmer 2 Bidens pilosa 1.0 (1.04b)

Farmer 1 Cleome gynandra 5.0 (1.70c)
Farmer 1 Bidens pilosa 6.67 (1.83c)

Farmer 3 Cleome gynandra 7.33 (1.87¢)
LSD 5% 0.65
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Annex 10 The two-way interactions between the farmers and plant species percentage

occurrence of Phoma betae

Farmer*Species Mean

Farmer 1 Bidens pilosa 0.0 (0.0a)

Farmer 2 Bidens pilosa 0.0 (0.0a)

Farmer 3 Bidens pilosa 0.0 (0.0a)

Farmer 4 Amaranthus hybridus 0.0 (0.0a)
Farmer 4 Cleome gynandra 0.0 (0.0a)
Farmer 5 Bidens pilosa 0.0 (0.0a)

Farmer 1 Amaranthus hybridus 0.0 (0.0a)
Farmer 1 Cleome gynandra 0.0 (0.0a)
Farmer 2 Amaranthus hybridus 0.0 (0.0a)
Farmer 2 Cleome gynandra 0.0 (0.0a)
Farmer 3 Amaranthus hybridus 0.0 (0.0a)
Farmer 3 Cleome gynandra 0.0 (0.0a)
Farmer 5 Amaranthus hybridus 0.0 (0.0a)
Farmer 5 Cleome gynandra 0.0 (0.0a)
Farmer 4 Bidens pilosa 0.67 (0.44b)

LSD 5% 0.33
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Annex 11 The two-way interactions between the farmers and plant species percentage

occurrence of Colletotrichum spp.

Farmer*Species Mean

Farmer 1 Amaranthus hybridus 0.0 (0.0a)
Farmer 1 Bidens pilosa 0.0 (0.0a)

Farmer 1 Cleome gynandra 0.0 (0.0a)
Farmer 2 Amaranthus hybridus 0.0 (0.0a)
Farmer 2 Bidens pilosa 0.0 (0.0a)

Farmer 3 Amaranthus hybridus 0.0 (0.0a)
Farmer 3 Bidens pilosa 0.0 (0.0a)

Farmer 3 Cleome gynandra 0.0 (0.0a)
Farmer 4 Amaranthus hybridus 0.0 (0.0a)
Farmer 4 Bidens pilosa 0.0 (0.0a)

Farmer 4 Cleome gynandra 0.0 (0.0a)
Farmer 5 Amaranthus hybridus 0.0 (0.0a)
Farmer 5 Bidens pilosa 0.0 (0.0a)

Farmer 5 Cleome gynandra 0.0 (0.0a)
Farmer 2 Cleome gynandra 0.67 (0.69b)
LSD 5% 0.26
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Annex 12 The two-way interactions between the farmers and plant species percentage

occurrence of Rhizoctonia solani

Farmer*Species Mean

Farmer 1 Bidens pilosa 0.0 (0.0a)

Farmer 1 Cleome gynandra 0.0 (0.0a)
Farmer 2 Amaranthus hybridus 0.0 (0.0a)
Farmer 2 Bidens pilosa 0.0 (0.0a)

Farmer 2 Cleome gynandra 0.0 (0.0a)
Farmer 3 Amaranthus hybridus 0.0 (0.0a)
Farmer 3 Bidens pilosa 0.0 (0.0a)

Farmer 3 Cleome gynandra 0.0 (0.0a)
Farmer 4 Amaranthus hybridus 0.0 (0.0a)
Farmer 4 Bidens pilosa 0.0 (0.0a)

Farmer 4 Cleome gynandra 0.0 (0.0a)
Farmer 5 Amaranthus hybridus 0.0 (0.0a)
Farmer 5 Bidens pilosa 0.0 (0.0a)

Farmer 5 Cleome gynandra 0.0 (0.0a)
Farmer 1 Amaranthus hybridus 0.67 (0.44b)
LSD 5% 0.33
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3 Seed germination of traditional leafy vegetables?

2 Paper by Praxedis Dube and Paul C. Struik, 2018. Seed germination of traditional leafy vegetables. African
Journal of Agricultural Research
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Abstract

66

Traditional leafy vegetables provide affordable sources of micronutrients to many people
in Zimbabwe. They are produced by smallholder farmers with limited knowledge on the
agronomic value of high-quality seed and the seed is rarely tested to determine its quality.
This study was therefore conducted to evaluate the germination of seeds of three
traditional leafy vegetables sourced from five different farmers and the morphological
characteristics of the seedlings. The seeds were collected in the growing season of 2015-
2016, stored at room temperature and tested for germination in the laboratory at regular
monthly intervals during storage. Field germination tests were conducted only once. The
seeds tested were classified as normal seedlings, abnormal seedlings, fresh non-
germinated seeds or dead seeds. Morphological analysis was conducted at seedling stage,
including seven qualitative characters and one quantitative character. Mean separation
based on the least significance difference at 5% indicated that percentage germination,
purity and 1000-seeds weight for all three species significantly differed among sources.
The results showed that Cleome gynandra had lowest germination percentages,
Amaranthus hybridus was intermediate and Bidens pilosa had highest values throughout
the tests. Cleome gynandra seed exhibited dormancy, showing high levels of fresh non-
germinated seed percentage after each test, which is potentially disastrous for the
farmers. The combination of pre-chilling, light, potassium nitrate and alternating
temperatures as a way of improving germination for Cleome gynandra needs further

validation.



3.1 Introduction

The term traditional leafy vegetables (TLVs) of Africa refers to plant species which originate
on the continent and have a long history of cultivation, domestication and use in African
conditions (Ambrose-Qji, 2009). TLVs’ cultivation, domestication and use are tremendous
across Sub-Saharan Africa (Oniang’o et al., 2006), partly because of their wide use offering
important socio-economic benefits. TLVs’ consumption and marketing across Africa have
increased steadily with the growing demand from consumers as well (Ojiewo et. al., 2012).
For example, in Zimbabwe more than 75% of the population eat them when available (DFID
project 2309, 2003); most commonly consumed are: spider flower (Cleome gynandra),
pumpkin leaves (Cucurbita spp.), pigweed (Amaranthus spp.), cowpea leaves (Vigna
unguiculata), black jack (Bidens pilosa), okra (Abelmoschus esculentus) and jute leaves

(Corchorus olitorius).

The production of TLVs is challenged by many factors including unavailability of quality seeds
(Abukutsa-Onyango, 2007), low germination rates of seed (Cernansky, 2015), the problems
of purity (Karanja et al., 2012), limited knowledge on the agronomic value of high-quality seed
among smallholder farmers (Biemond et al., 2012) and poor seed production skills by
smallholder farmers as they rely on traditional seed production technologies to produce their
seed (Schippers, 2000). The seeds are rarely tested for viability before they are planted
(Schippers, 2000) giving them less economic value on national markets. The seed markets
remain localised. Moreover, the farmers get very low profits as they fail to fetch premium
prices on both vegetables and seed markets, because the seeds have not gone through any
form of certification or quality check before being marketed, and lack quality declaration
documentation such as seed testing certificates, which are required for regional and
international seed trade (Cromwell et al., 1992). When planting the seeds, the farmers are at
times forced to use large quantities of seed to compensate for the poor germination rates
and this becomes less economically viable. Furthermore, at harvesting, because the variety
admixtures emanating from the use of less pure seed, the farmers tend to selectively harvest,
which is cumbersome and time consuming. All these challenges have constrained the ability
of farmers to meet the demand and to deliver quality produce to consumers (Afari-Sefa et al.,

2013).
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Of the total TLV seed requirements across Sub Saharan Africa, only a tenth is of good quality
and available to the farmers through formal seed markets and the remainder is met by the
farmers themselves as saved seed or seed obtained through exchange (Ngwerume & Mvere,
2003; Adebooye et al., 2005). Notably, over three quarters of the farmers that venture into
TLVs production use saved seed for planting their crops in Zimbabwe (Schippers, 2000) and
its quality is rarely known. Farmers using poor-quality seed risk poor germination and poor
crop stand causing low production and productivity, which directly affects their yields
(Karanja et al., 2012) and the quality (Ayana et al., 2014) of their produce, and therefore
reduces their profits. This can be addressed by regular checks on the quality of the seed,
getting the required quality declaration documentation before the seeds are distributed or
sold. Such evaluations are done in the laboratory under optimal conditions. In some cases,
skilled farmers do regular checks on quality of their seeds before planting. The commonly

used method by these farmers is testing germination by putting just a few seeds in the soil.

Seed germination and purity analysis are the most important components that can be used
to differentiate the quality of the seed among farmers, and can be used to accord those that
produce good-quality seed. It is also equally important to determine the germination so as
best seed rates are known before the seeds are sown. Seed germination and purity tests have
been done on many agricultural crops, trees, flowers, and herbs for the international, regional
and local markets in Zimbabwe (Seeds Rules and Regulations, 1971) and (International Seed
Testing Association [ISTA], 2016). Very few studies that determine the quality of traditional
leafy vegetable seed have been done in Zimbabwe. Notably, the Seeds Rules and Regulations
(1971) of Zimbabwe does not have guidelines for seed certification for these plant species, as
they are only regarded as weeds (Seed Act (1971)) and they are not covered in many seed
regulatory platforms (Dube & Mujaju, 2013). This justifies the adoption of this study on
farmers saved seed which aimed at 1) evaluating the germination of traditional leafy
vegetable seeds and 2) determining the morphological characters of seedlings from five

sources.
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Therefore the hypotheses tested include:
e Percentage germination varies among seed sources.

e (Qualitative and quantitative morphological characteristics vary by seed sources.
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3.2 Methodology and Data Analysis

The study uses three traditional leafy vegetable species, namely Cleome gynandra, Bidens
pilosa and Amaranthus hybridus as examples. These three species were selected because they
are one of the commonly consumed traditional leafy vegetables in Zimbabwe. Knowing their
planting value before planting can increase the farmers’ incomes as they are able to predict

desired crop stand, reduce labour cost for gap filling or thinning crops.

Origin of the seed sources

Seeds of three species were sourced from four farmers and a research organization. These
seed sources were chosen using a snow ball sampling technique, with as entry point the
traditional leafy vegetable markets. Only farmers who had seed stocks from the previous
season showing that they had been producing TLV seed were chosen. The research
organization was included for comparison purposes since most of the seed is produced by

smallholder farmers with limited knowledge, as alluded earlier.

During the seed development time, factors that might influence seed quality including
weather variation were also recorded weekly (see Annex 1 for full results). About 200 grams
of seed per species was sourced from each farmer to be used for germination tests and
morphological characterisation. The seed collection constituted of 15 samples (samples of
three species per seed source). The seed was stored at room temperature and seed
germination in the laboratory was analysed at regular time intervals during storage. The
germination tests were conducted from August to November 2016 and in February, 2017. The
laboratory tests were conducted at the Seed Services in the Department of Research and
Specialist Services under the Ministry of Agriculture, Mechanisation and Irrigation

Development. Field germination tests were conducted in December, 2016, only once.

The seed was sourced from three different agro ecological regions of Zimbabwe which
entailed: Mashonaland Central, Mashonaland West and Mashonaland East. The five seed
sources entailed: Chinhoyi (Farmer 1), Murehwa — two farmers (Farmer 2 and Farmer 3),
Shamva (Farmer 4) and research organization (Farmer 5). The climatic conditions during crop

growth and geographical coordinates of the seed origin sites are presented in Table 8.
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Table 8 Geographical coordinates and climatic data during crop growth of the origin sites of
the seed

Farmer  Origin Agro Mean annual Temperature Geographical Altitude  Annual Amount of
ecological temperature range during coordinates (m) rainfall rainfall
region ? crop growth (mm) during crop

growth
(mm)
1 Mashonaland 2B 22-29°C 31-22°C 17°22'00" S; 1153 700-800  73-0.31
West 30°11'59"E
2 Mashonaland 3 18-29°C 31-21°C 17° 38' 35.59" 1400 800-850  100-0.8
East S; 31° 47' 2.40"
E
3 Mashonaland 3 18-29°C 31-21°C 17° 38' 35.59" 1400 800-850  100-0.8
East S; 31° 47' 2.40"
E
4 Mashonaland 3 21-31°C 31-21°C 17° 18' 56" S; 953 800-850  110-1.5
Central 31°34'14"E
5 Mashonaland 2B 18-29°C 29-27°C 18°11'6.97"S; 1688 850-900  105.7-24.8
East 31°33'6.95"E)

a. Note: Agro ecological classification also known as natural region (NR) classification of Zimbabwe,
divided the country into five regions based on mean annual rainfall and was done in the 1960s (Vincent
& Thomas, 1960).

b. Source: authors, https://www.worldweatheronline.com Historical average weather 20/04/2017 (for

full details see Annex 1 and description)

Laboratory and field experiments

The seed was sub-sampled to working samples by using the hand-halving method as
described by the International Seed Testing Association (ISTA, 2016). Thereafter, the purity
analysis was conducted on each working sample. The findings were classified as pure seed,
inert matter (comprising broken seed, sand, chaff, stalks) and other seeds. All the purity
analyses were done in accordance with the Pure Seed Definition provided for each crop
species (ISTA, 2016) and procedures applicable to Tagetes tenuifolia were used for Bidens
pilosa. Other seeds were identified with the aid of reference samples (seed of other crop
species collected and filed according to ISTA requirements at Seed Services). Thereafter, each
component was weighed using the same balance as on determination of working sample and
the percentage weights were calculated using the formula presented below. Also, for
morphological quantitative analysis, 1000 seeds were randomly counted from each sample
and weighed. The weights ranged from 0.24-0.38 g, 1.03-1.18 g and 1.33-1.74 g, for
Amaranthus hybridus, Cleome gynandra and Bidens pilosa, respectively, depending on

source.

Weight of pure seed after purity analysis
Weight of working sample

x 100

Percentage pure seed =
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The germination tests were carried out on a working sample of 200 seeds randomly picked
from a working sample (ISTA, 2016) and only intact seeds (i.e. showing no signs of damage or
fungal attack, not shrivelled) were used. Hundred seeds were evenly spread on moistened
filter papers- 2 replicates, laid out in a Randomised Complete Block Design on the Jacobsen
tank. Plastic funnel caps were placed on each filter paper, to maintain the humidity at high
levels around each seed. For Amaranthus hybridus and Cleome gynandra seeds, filter papers
were moistened using potassium nitrate (KNOs), 100 seeds were evenly spread, then placed
in petri dishes and pre-chilled at 5-10°C for seven days (ISTA, 2016). For Bidens pilosa seeds,
filter papers were moistened using water and placed directly on the Jacobsen tank without
pre-chilling. Germination tests were done according to ISTA standards (temperature
requirements, light intensity, alternating temperatures, pre-chilling). The experiments were
conducted under light (two fluorescence lamps, 40W) at 8 hours light and 16 hours darkness,
alternating temperatures of 20<=>30°C, using the same Jacobsen tank throughout.
Temperatures for the Jacobsen tank was monitored with readings taken at 8 am, 12 pm and
4 pm daily except for weekends and public holidays. Thereafter, seedling evaluation was done
on different days depending on the prescribed requirements of ISTA and ISTA (2009) Seedling
Evaluation Handbook. Germinated seeds — seedlings were counted by destructive method,
with all the seedlings and diseased seeds removed on each day of counting. This included
assessing each individual germinated seedling, recording on the card and classifying all normal
seedlings, abnormal seedlings, fresh non-germinated, and dead seeds. Annex 3 shows the
seedling evaluation intervals. Further, to substantiate whether the combination of pre-chilling
and KNOs damaged the seed, laboratory tests were carried for Amaranthus hybridus and
Cleome gynandra seed in February 2017, these included testing the Amaranthus hybridus
seed without pre-chilling and the use of KNOs and pre-soaking the Cleome gynandra seed for
24 hours and 48 hours to mimic the farmer’s environment and dried at ambient temperature,
then evenly spread the seed on filter papers before placing them on Jacobsen tank for
germination. Thereafter, similar seedling evaluation procedure described earlier were

followed.

Field germination tests were conducted in Seke rural (18° 1’ 4” S;31° 31’ 29” E and 1790 m
above sea level) in December, 2016. The experiment was laid out in a Randomised Complete

Block Design. The field was prepared and each treatment was clearly labelled, 100 seeds
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replicated twice were sown in a bed of 1 metre by 0.50 metres length. Guard rows were
made. The seeds were placed in rows and then thinly covered with soil. The experiment was
conducted under rain-fed conditions, no additional water through irrigation was applied.
Seedling evaluation for Bidens pilosa was done on day 7 and 14. Amaranthus hybridus and

Cleome gynandra were evaluated on days 7, 14 and 21. Weeds were removed by hand.

Germination results were calculated using a formula derived from ISTA (2016) with

modification and the ratio is then multiplied by 100:

Normal seeds germinated

100

Percentage normal seedling = Total number of seeds per replicate
Morphological characters evaluation of three species

The experiment was conducted in the greenhouse at University of Zimbabwe from 17
February to 7 March, 2017. A randomized complete block design with three blocks was used.
The pots were labelled and randomly arranged and filled to approximately 6 cm under the
rim. The soil was sterilised at 70 °C for 24 hours and allowed to cool. A mixture of soil and
pine bark at ratio 1:3 was made to reduce soil compaction and placed in pots. Proper levelling
of the growing media was done before approximately 1000 seeds were evenly distributed per
pot. The seeds were then covered with 1.5 cm thick layer of the growing media. Water as
needed was added to the pots. By 20 February, seeds from most pots with Amaranthus
hybridus and Bidens pilosa had emerged, but not those with Cleome gynandra seeds. On 7
March, seedling emergence was high for all pots expect for Cleome gynandra pots with seed
from Farmers 2 and 3 which showed very low germination. The presence of diseases on
seedlings was also recorded in the greenhouse (e.g. damping off). The seedlings were thinned
randomly from the pots which had high emergence. Later observations and recordings were

conducted on the plants without uprooting them.

The morphological evaluation was done on 7 March at seedling development stage. UPOV-
International Union for the Protection of New Varieties of Plants (2002) standard guides were
used for categorising the essential plant parts that can be used for morphological evaluation.

The essential plant parts subjected to evaluation differed at different plant developmental
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stages. For instance at seedling stage, hypocotyl, colour, and pubescence can be used for
morphological evaluation; when plants are full grown, the following characteristics can be
used: growth habit, crown shape, root characteristics (shape, surface, flesh colour, system,
leaf characteristics (e.g. blade, petiole, stipule), inflorescence, flower (e.g. calyx, sepal,
corolla, petal, stamen, pistil), fruit and seed or grain. The chronological order (order of
development) included seedling stage, vegetative phase, reproductive phase, pre-harvest and
postharvest. UPOV (2002) guideline shows that morphological qualitative and quantitative

characters of certain crop can be measured at seedling developmental stage.

The morphological characters for each species were validated using herbarium specimens in
the Zimbabwe National Herbarium and Botanic Garden Institute, descriptors of PROTA
(Grubben & Denton, 2004) and the International Plant Genetic Resources Institute and
descriptors listed by Wasonga et al. (2015). Only data for the seedling stage was assessed
using three replicates of each species. Since the plant species were not commercial varieties
like the improved maize varieties, these plant species tended to be heterogeneous (e.g.
germination and population characteristics tend to vary) we recorded the most frequently
occurring characteristics observed in the population. For example in the presence of
anthocyanin colouration on leaf base dominated in the population, then we would evaluate
that species on that basis. Similar criteria are used by ISTA, when a client submitted a mixed
seed sample without declaring the name. The observations on the most frequently occurring
characteristics covered seven qualitative characters - including the leaf shape, leaf size and
leaf colour, stem colour and near ground stem colour, the presence of anthocyanin
colouration on leaf base, presence of diseases, and one quantitative character: 1000-seed
weight measured before the seed was planted. Some of these qualitative morphological
characters have also been used by Blas et al. (2008) and listed by Wasonga et al. (2015) in

morphological characterisation of wild Arracacia species and Cleome gynandra, respectively.

Data Analysis

The analysis of variance (ANOVA) in GenStat 18" edition was performed on percentage
germination, abnormal seedling, fresh non-germinated seed, dead seed and 1000-seed
weights and also to test the significance of the differences among the seed sources per

species. All the results were transformed using LOG10 plus 1, except for 1000-seed weights

74



and purity of the seed. The transformation was done because some of the data sets had zero
values. All the statistical analyses for germination results were carried out on the transformed
data. Means of the treatments within each species, among seed sources by species were
separated by Duncan’s multiple range least significance difference at 5% (LSDo.05). The
independent variables included: age, source, versus percentage germination, abnormal
seedling, fresh non-germinated and dead, as dependent variables. For purity analysis results
were visually compared among the seed sources per species. For morphological analysis, only
the quantitative morphological character (1000-seed weight) data was subjected to ANOVA

and means separation.
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3.3 Results

The Seeds Rules and Regulations (1971) of Zimbabwe does not have guidelines for seed
certification for these plant species; they are only regarded as weeds (Seeds Act (1971)).
Hence, there were no prescribed standards for these plant species to compare with. Normal
standards are presented on Seeds [certification Scheme] Notice (2000), e.g. maize percentage
germination and purity is 90% and 99%, respectively. With the case of TLV seeds not covered,
but from the farmer’s perspective, seed with high germination is preferable. Seed samples
sourced from farmers and research organization were tested for germination in both
laboratory and field. The percentage germination and purity were compared among the seed
sources and the tests and results are presented in figure and table form. Generally, Cleome
gynandra germination was poor; the species had difficulties in germination and was
characterised by high occurrence of fresh non-germinated seed at the end of each

germination test.

Table 9 shows the percentage pure seed for traditional leafy vegetable species by farmer.
Highest percentage pure seed was observed on seed sourced from Farmer 4 for Amaranthus
hybridus. The lowest percentage pure seed for Cleome gynandra was observed for Farmer 1,
followed by Farmer 4 and highest for Farmer 3. For Bidens pilosa the highest percentage pure
seed was detected for Farmer 3 and least for Farmer 1. However, the differences among

farmers are very small for all three species.

Table 9 The percentage pure seed for traditional leafy vegetables from five farmers (in
parentheses the transformed values)

Source Amaranthus hybridus Cleome gynandra Bidens pilosa
Farmer 1 95.3 (1.98) 94.2 (1.97) 97.7 (1.99)
Farmer 2 89.3 (1.95) 99.8 (2.00) 99.6 (2.00)
Farmer 3 85.7 (1.93) 99.9 (2.00) 99.9 (2.00)
Farmer 4 99.6 (2.00) 96.4 (1.98) 99.6 (2.00)
Farmer 5 90.6 (1.96) 99.8 (2.00) 98.0 (1.99)
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Table 10 depicts the percentage mean dead seed for traditional leafy vegetable species by
farmer. There were no significance differences on dead seed percentage across all the seed

sources by species.

Table 10 The mean percentage dead seeds for traditional leafy vegetable from five farmers
(in parentheses the transformed values and the mean separation)

Source Amaranthus hybridus Cleome gynandra Bidens pilosa
Farmer 1 20 (1.06a) 17 (1.03a) 13 (1.08a)
Farmer 2 22 (1.14a) 19 (1.04a) 13 (1.08a)
Farmer 3 15 (0.96a) 20 (1.04a) 10 (0.94a)
Farmer 4 14 (0.97a) 16 (0.97a) 9 (0.94a)
Farmer 5 13 (0.89a) 12 (0.86a) 8(0.92a)
LSDsy 0.35 0.30 0.18

The mean separation indicates per species the differences among the five farmers

Table 11 shows the percentage mean fresh non-germinated seed for traditional leafy
vegetable species by farmer. The percentage fresh non-germinated seed differed among the
farmers but not for Cleome gynandra, which did not show any significant differences across
all the seed sources. For Amaranthus hybridus, Farmers 2, 3, 4, and 5 showed highest
percentage mean fresh non-germinated seed and did not significantly differ among
themselves. The lowest percentage fresh non-germinated seed was observed for Farmer 1,
but did not significantly differ from Farmer 5. The results for the percentage fresh non-
germinated seeds for Bidens pilosa also showed that Farmers 2, 3, 4, and 5 were not
significantly different and least. However, Farmers 1 and 2 did not differ significantly and

depicted highest percentages fresh non-germinated seed.
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Table 11 The mean percentage fresh non-germinated seeds for traditional leafy vegetables
from five farmers (in parentheses the transformed values and the mean separation)

Source Amaranthus hybridus Cleome gynandra Bidens pilosa
Farmer 1 4 (0.63a) 74 (1.68a) 11 (0.84b)
Farmer 2 26 (1.16b) 77 (1.71a) 6 (0.60ab)
Farmer 3 50 (1.31b) 77 (1.70a) 3(0.43a)
Farmer 4 24 (1.12b) 70 (1.66a) 2 (0.44a)
Farmer 5 23 (1.09ab) 68 (1.65a) 2 (0.36a)
LSDs% 0.46 0.47 0.34

The mean separation indicates per species the differences among the five farmers

Percentage germination for the traditional leafy vegetable species

The germination for the traditional leafy vegetable species by farmers were evaluated and
results are presented in Figure 1-3. For all species, the percentage germination refers to the
count of normal seedlings classified according to ISTA (2016), Seedling Evaluation Hand Book.
Seedlings are regarded as normal if they are defects free, and have the ability to grow into a
healthy plant under conducive environments. The percentage germination for all the
traditional leafy vegetable species increased at each time interval as storage duration
increased from August to November. In the case of each species, the percentage germination

varied among farmers. The details for each species are presented later.
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For Amaranthus hybridus Figure 2, seed sourced from Farmer 3 consistently showed the
lowest germination percentage across all time intervals, except for February. In comparison
among farmers, Farmers 2, 3, 4, and 5, had considerably very low percentage germination
during the first four months of storage. The highest percentage germination was observed for
Farmer 1. Interestingly, for Farmer 1, the percentage germination drastically went down,
whereas Farmers 3, 4 and 5 a sharp increase was realised on the seventh month during
storage. The standard deviation for each farmer are; Farmer 1 is 9, Farmer is 12, Farmer 3 is

35, Farmer 4 is 16 and Farmer 5 is 18.

Figure 2 The percentage germination for Amaranthus hybridus from five farmers
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Figure 3 depicts very low but variable percentages of germination for Cleome gynandra. The
highest percentage germination was consistently observed for Farmer 5, intermediate for
Farmer 4 and least for Farmers 2 and 3. There was a sharp increase in percentage germination
for Farmers 4 and 5 between November and February. The percentage germination for
Farmer 1 showed consistent trends, maintaining a slight increase by month, throughout the
tests. The standard deviations are presented by farmer with the following values; Farmer is

1, Farmers 2 and 3, is 0, Farmer 4 is 7 and Farmer 5 is 13.

Figure 3 The percentage germination for Cleome gynandra from five farmers
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For Bidens pilosa, Figure 4, percentages germination were higher across all the seed sources
compared to other species; the age effect did not show very consistent and distinctive trends,
especially not for Farmers 3, 4 and 5. However, distinctive trends were observed for Farmers
1 and 2. The standard deviation are presented in the figure by farmer and include the

following values; Farmer 1 is 13, Farmer 2 is 6, Farmer 3 has 4, Farmers 4 and 5 is1.

Figure 4 The percentage germination for Bidens pilosa from five farmers
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The two-way interactions between time and method on percentage germination (full results
see Annex 5 to Annex 7)

The results of a two-way ANOVA for Amaranthus hybridus (Annex 5) did not show a clear
trend on the percentage germination. However, pre-chilling + KNO3 and water in February
gave the highest percentage germination; these values were, however, not statistically
significant from those of October and November. The results obtained from the field were
significantly lower than the values from laboratory tests, but were not statistically significantly
different from the results obtained in August, September, October and November where pre-
chilling and KNOs were used. For Cleome gynandra (Annex 6), pre-soaking the seed for 24 and
48 hours before planting led to highest percentage germination in February. The ranking of
percentage germination using pre-chilling and KNO3 was consistent among the planting times,
but February gave highest percentage germination, least in August. The field results for
Cleome gynandra gave statistically significantly higher percentages germination over pre-
chilling and KNOs. The difference between methods and time on percentage germination for
Bidens pilosa (Annex 7) was statistically significant. The field tests gave significantly lower

results comparable to the results obtained in laboratory tests for August and September.

Qualitative and quantitative morphological characters evaluation of three species of
traditional leafy vegetables

The qualitative morphological characters of each traditional leafy vegetable species were
examined among the farmers presented (full results see Annex 4). We observed high
morphological character variations in Amaranthus hybridus seed. Only Amaranthus hybridus
seed for Farmer 2 had narrow, lanceolate leaves while the remaining four seed sources had
broad, ovate leaves. Farmer 3 had a majority of seedlings with red purple stem. The majority
of farmers had seedlings without anthocyanin colouration on leaf base except for Farmer 4
who had seed producing plants that had anthocyanin colouration on the leaf base. Damping
off was observed on Amaranthus hybridus and Cleome gynandra on seed from Farmer 4 only.
No morphological character differences were observed for seed from the five farmers on

Cleome gynandra and Bidens pilosa.
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The weights of 1000 randomly selected seeds per plant species by farmer are presented in
Table 12 and were used to determine the quantitative morphological characters by
performing Analysis of Variance and separation of means using Duncan’s multiple range

method in GenStat (LSDs).

There were significant differences among the mean weights of 1000 seeds of Amaranthus
hybridus, Cleome gynandra and Bidens pilosa for farmers (Figure 12). For both Amaranthus
hybridus and Cleome gynandra species, seeds from Farmer 1 had the lightest ones (0.24 g and

1.03 g, respectively). For Bidens pilosa Farmer 3 had the lightest weight of 1.33 g.

Table 12 Quantitative morphological characters of three species of traditional leafy
vegetables

Source Mean weight for 1000 seeds

Amaranthus hybridus

Farmer 1 0.24a
Farmer 2 0.38c
Farmer 3 0.35b
Farmer 4 0.38c
Farmer 5 0.37c

LSDss 0.01

Cleome gynandra

Farmer 1 1.03a
Farmer 2 1.18b
Farmer 3 1.16b
Farmer 4 1.17b
Farmer 5 1.17b

LSDsy 0.02

Bidens pilosa

Farmer 1 1.74d
Farmer 2 1.45b
Farmer 3 1.33a
Farmer 4 1.68c
Farmer 5 1.68c

LSDsy 0.04

For each factor, different letters indicate significant differences according to Duncan’s multiple range least
significant difference test (LSDs%) for each plant species.

Source: Author
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3.4 Discussion

Seed is the initial link in the food production chain (Shiva, 2016); good seed perpetuates to
more yield and yields better-quality products (Louwaars & Boef, 2012). Seed also symbolizes
food security attainment (Shiva, 2016). Good seed comprises of many different attributes that
add to the performance of the seed ranging from being of proper age, being able to give a
vigorous and uniform crop stand and producing vigorous plants that give an optimal yield,
being genetically pure to avoid an uneven crop stand and difficulties with harvest if crop
plants mature unevenly (Madamba, 2002; Dube & Mujaju, 2013), enabling farmers to meet
the requirements of the market (Karanja et al., 2012), e.g. regarding taste, market preference
and other quality aspects. In this study, the term seed quality refers to the physiological

characteristics, purity and the uniformity of the plants.

TLV seeds collected from five different farmers were compared for percentage germination
and purity, and qualitative and quantitative morphological characteristics. Exposure to
alternating temperatures of 20<=>30°C, exposure to light, treatment with KNOs and pre-
chilling are treatments that are predominantly used to improve the germination of many seed
crops. Such crops include Amaranthus hybridus and Cleome gynandra (ISTA, 2016) and we
therefore used those treatments in our research approach. Pre-soaking treatment can also
be used to start the process of germination (Ashraf & Abu Shakra, 1978) and was therefore
also used to improve the germination for Cleome gynandra seed. For Bidens pilosa we used
water to moisten filter papers and alternating temperatures of 20<=>30°C to enhance

germination.

The least percentage germination was observed for Cleome gynandra throughout the tests,
intermediate values were observed for Amaranthus hybridus and highest values for Bidens
pilosa seed. Throughout the tests, Cleome gynandra seed showed high levels of dormancy, a
feature which is potentially disastrous to farmers. However, the results for Bidens pilosa
described in this paper were within the range reported by Dube & Mujaju (2013). All results
showed that the germination percentage increased with age and varied with the test method

used when no dormancy was present.
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On average, using KNOs solution to moisten filter papers and pre-chilling Cleome gynandra
seed for seven days at 5-10°C gave lower results than the field test, pre-soaking seed for 24
and 48 hours. According to Kim et al. (2008), light induces the reduction of abscisic acid (ABA)
which in turn promotes germination in many plant species. For Cleome gynandra seed, it was
observed that such effect did not promote germination, rather induced dormancy. Similar
results were reported by Ochuodho & Modi (2007), who observed that the germination of
Cleome gynandra seed tested at 20°C was inhibited by light, and gave 0% germination.
According to Copeland & McDonald (1995), seeds that are sensitive to light are also sensitive
to KNOs. The seed from all farmers showed very low significant percentage germination.
Taken together, our results show that Cleome gynandra seed presents both KNOs and light
sensitivity throughout the tests. Furthermore, for Cleome gynandra, it was observed that pre-
chilling seed for seven days at 5-10°C would not improve percentage germination. According
to ISTA (2016), pre-chilling is a way of breaking the seed dormancy, thereby improve
percentage germination in many crop species including Cleome gynandra. There are reports
of pre-chilling sensitivity in seed of wild plant species, such as Withania somnifera (Kambizi et
al., 2006) and texasweed seed (Koger et al., 2004). Koger et al. (2004) found that pre-chilling
the texasweed seed for 1 day resulted in a decrease in germination to 17% compared to
higher percentage germination obtained without any pre-chilling. Pre-chilling Cleome
gynandra seed for seven days at 5-10°C and hydration for four hours significantly reduced the
germination (Ochuodho & Modi, 2005). In comparison between the tests, seed pre-soaked
for 24 or 48 hours in water, though relatively low, had significantly higher percentage
germination than observed in the KNOs treatment. Although our findings for the field tests
were very low compared to the results reported by Abukutsa-Onyango (2007), they were
significantly higher than in the laboratory tests where a combination of KNO3s, pre-chilling,
light and alternating temperatures of 20<=>30°C were used. The field results also significantly
differed among the seed sources. Abukutsa-Onyango (2007) reported 90% and 30%
germination of Cleome gynandra seed tested in the field and laboratory, respectively. Cleome
gynandra seeds from Farmers 5, 4, and 1, in that order, for instance showed significantly
higher percentages of germination for all tests, no significant variation on percentage fresh
non-germinated seed, showing that this phenomena cannot be merely attributed to species
but is also influenced by environmental effects. Our results can be partially explained by

findings by Ochuodho & Modi (2005) and de Barros et al. (2017): they confirmed that seed
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dormancy relates to different habitats from where the seeds were collected. Also there was
germination variation among seeds sown in the greenhouse for morphological analysis
(results not shown), confirming our results from the laboratory. Seed sourced from Farmers
2 and 3 had very low germination, hardly 20 plants per pot among all three replicates,

although approximately 1000 seeds were used per each pot.

For Amaranthus hybridus seed, moistening filter papers with water gave comparable results
with pre-chilling for seven days at 5-10°C with filter papers moistened by a solution of KNOs.
Germination percentages were significantly higher than in the field test. The average
percentage germination varied among farmers and test method used. The higher variations
in Amaranthus hybridus seed can be the result of environmental effects and genetic variation
as already shown for the morphological evaluations we conducted. The results for the
morphological evaluations showed a high diversity among the Amaranthus hybridus species.
The magnitude of morphological variations among the seed sources suggests that the
population must be heterogeneous, since we recorded the most frequently occurring
characteristics from the observation. This finding can partially explain the observed variation

in percentage germination as well.

For Bidens pilosa, laboratory tests gave significantly higher results than the field test.
Generally, Bidens pilosa seed germination is not problematic. The low percentage
germination observed in the field test could have been caused by excessive rains received just
after planting (over 100 mm down pour on that day). The average percentages germination
were statistically significant among farmers. Bidens pilosa seed germination depends on seed
origin (de Barros et al., 2017). The average percentage germination and purity of the seed
across all seed sources were higher than earlier reported by Dube & Mujaju (2013) for Bidens
pilosa. These authors reported the minimum germination and purity standards to be 88% and

99% respectively.

There were significant differences in the weight of 1000 seeds between farmers and between
species. For Cleome gynandra the weight for 1000 seeds ranged from 1.03 g (Farmer 1) to
1.18 g (Farmer 2) and weights statistically differed by farmer (p=0.05%). Seed weight for 1000

seeds of Amaranthus hybridus was statistically significant (p=0.05%) among all farmers,
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lowest weight observed was 0.24 g (Farmer 1) and heaviest was 0.38 g (Farmer 2). Also, 1000-
seed weight of Bidens pilosa was statistically significantly different (p=0.05%) among all
farmers, ranging from 1.33 g (Farmer 3) to 1.74 g (Farmer 1). The observed 1000-seed weights
for Cleome gynandra are within the range to those obtained from seed sourced in
communities in western Kenya (Abukutsa-Onyango, 2007). Bidens pilosa seed produced
under optimum conditions had heavier weights (de Barros et al., 2017). These 1000-seed
weight differences can be attributed to the different agro ecological conditions and other
environmental conditions prevailing during seed formation, but could also due to different
harvest dates, to genetic variability between the populations as already confirmed by the
qualitative morphological analysis and also varying seed moisture content. In our study, we
did not test for moisture content, though. For instance, Farmer 5, Amaranthus hybridus and
Bidens pilosa were planted early December, the flowering stage could have coincided with

low rainfall experienced starting from January onwards.

The classification of species according to stem colour has been reported to be very useful to
the farmers and consumers. The purple pigments on the stem is very useful and has been
reported to play a role in deterring pests (Schippers, 2000). The Cleome gynandra with purple
stem is less attractive to pests, drought tolerant and more medicinal than the green stemmed
varieties. The author further reported that the purple pigments provide quite a range of
health benefits to people, including much needed antioxidants. Other people preferred a
green stem because of its tenderness and less bitter taste compared to the purple stem which
is bitterer and takes more time to cook. Another important attribute concerning the green
stemmed type is that it regenerates better than the purple type, the latter has a problem of
drying up or decaying when the major shoots have been harvested only once or twice

(Schippers, 2000).
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3.5 Conclusions and recommendations

Cleome gynandra seeds germinated better after pre-soaking for 24 and 48 hours and in field
conditions. Hence, pre-soaking Cleome gynandra seeds can be important to kick start the
germination process and is one of the good standard procedures to test the quality of this
species. The method is relatively inexpensive and even used by resource-poor smallholder
farmers. For Bidens pilosa seeds, applying more water than required whether in the field or
in the germination trays in the laboratory poses risks of poor percentage germination.
However, water can be used to moisten the filter papers instead of KNOs treatment.
Amaranthus hybridus seeds had moderately high percentage germination, but better
germination can be obtained after prolonged storage. Likewise, water can be used to the filter
papers instead of KNO3 treatment and pre-chilling is required to improve germination. This
study hypothesizes that percentage germination varies among seed sources. For Cleome
gynandra and Bidens pilosa seeds, seeds sourced from Farmer 5 gave highest percentage
germination, showing that the seeds were of good quality. Amaranthus hybridus seeds from
Farmer 1 had highest percentage germination. The heterogeneous population observed for
Amaranthus hybridus seed indicates the rich genetic pool that can be used for breeding

purposes and improvement of the species through selection at farmers’ level.
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Annex

Annex 1 Average monthly weather data (temperature, rainfall, cloud cover, humidity and

bees activity

Weather

Temp (°C)
Rain (mm)

% Cloud cover
% Humidity
Bees activity

Planting

Temp (°C)
Rain (mm)

% Cloud cover
% Humidity
Bees activity

Planting

Temp (°C)
Rain (mm)

% Cloud cover
% Humidity
Bees activity

Planting

Temp (°C)
Rain (mm)

% Cloud cover
% Humidity
Bees activity

Planting

Temp (°C)
Rain (mm)

% Cloud cover
% Humidity
Bees activity

Planting

Source: Authors & world weather online.com

31
73
24
57

31
100

31
100

31
110

28.9
105.7
24
57

29
56
36
69

29
49
39
67

29
49
39
67

29
57
39
67

27.2
14.5
33
68

Feb March
Farmer 1
30 28
49 98
27 33
72 81
mod mod
Sole crop
Farmer 2
30 28
46 85
33 38
76 79
- mod

April

26
68.5
25
68
high

26
29.5
22
69
high

Intercropped with maize

Farmer 3
30 28
46 85
33 38
76 79
mod mod

26
29.5
22
69
high

Intercropped with maize

Farmer 4
30 28
63 29
33 38
76 79
mod mod
Sole crop
Farmer 5
284 26.7
16.7 24.8
30 36
67 77
Sole crop

26
15
22
69
high

29
70

May

23
11.2
17
61

Low

22
17
20
67

22
17
20
67

22
10
20
67

21
69

June

22
0.31

56

21
0.8
13
63

21
0.8
13
63

21
15
13
63

17
64
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The research organization is a government institute located in Mashonaland East province
and is under agro ecological region 2B (18° 11'6.97" S: 31° 33' 6.95" E) at an elevation of 1688
m above sea level. The mean annual rainfall for the area ranges from 850-900 mm. The mean
annual temperature ranges from 18-29 °C. During seed crop growth temperatures and rainfall
ranged (December 2015- March 2016) 28.9-26.7 °C and 105.7-24.8 mm, respectively (full
detail see annex 1). Shamva is in Mashonaland Central province and located under agro
ecological region 3 (17° 18' 56" S: 31° 34' 14" E) at an elevation of 953 m above sea level,
receiving the annual rainfall of the range 800-850 mm. The mean temperature for Shamva
ranges between 21-31 °C. During seed crop growth temperatures and rainfall ranged
(December 2015- June 2016) 31-21 °C and 110-1.5 mm, respectively (annex 1). Murehwa is
located in Mashonaland East province under agro ecological region 3 (17° 38' 35.59" S: 31°
47' 2.40" E) at an elevation of 1400 m above sea level. The mean annual rainfall ranges from
800-850 mm. The mean annual temperature ranges from 18-29 °C. During seed crop growth
temperatures and rainfall were: (December 2015- June 2016) 31-21 °C and 100-0.8 mm,
respectively (annex 1). Chinhoyi is located in Mashonaland West province under agro
ecological region 2B (17°22'00" S: 30°11'59"” E) at an elevation of 1153 m above sea level. The
mean annual rainfall and temperature ranges from 700-800 mm and 22-29 °C, respectively.
During seed crop growth temperatures and rainfall ranged (December 2015- June 2016) from
31-22 °C and 73-0.31 mm, respectively (Annex 1), (authors,

https://www.worldweatheronline.com Historical average weather 20/04/2017).
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Annex 2 Overview of TLV seed samples harvested and collected from farmers

Farmer/Organizati
on

February, 2016
March, 2016

May, 2016

May, 2016
May, 2016
June, 2016
June, 2016

June, 2016

Note: - no harvests were carried out

Research
organization
(Farmer 5)

Cleome gynandra

Bidens pilosa
Amaranthus

hybridus

Farmer 4

Bidens pilosa
Amaranthus
hybridus

Cleome gynandra

Farmer 1 Farmer 2 Farmer 3

Cleome gynandra - -

Amaranthus - Amaranthus
hybridus hybridus
Bidens pilosa - Bidens pilosa

- Cleome gynandra
Bidens pilosa -

Amaranthus -

hybridus

Cleome gynandra -

Annex 3 Seedling evaluation intervals (ISTA, 2016)

Seedling evaluation days after

planting
Three

Seven

Fourteen (final count)

Fourteen

Twenty one

Twenty eight (final)

Bidens pilosa

TLV species
Amaranthus hybridus Cleome gynandra
+ +
+ +
+ +
+ +

Note: + seedling evaluation day, - no seedling evaluation done
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Annex 4 Qualitative morphological characters of three species of traditional leafy

vegetables
Seed Colour of Colour of Anthocyanin colouration Leaf size Shape of leaf Colour of near Damping
source stem leaf on leaf base ground stem off
Amaranthus hybridus

Farmer1l  Green & Lightgreen Absent Broad Ovate Purple None
purple

Farmer2  Lightgreen Lightgreen Absent Narrow Lanceolate Green None

Farmer 3 Red purple Green &  Absent Broad Ovate Red purple None

purple

Farmer4  Green & Lightgreen Light purple Broad Ovate Purple Present
purple

Farmer 5 Green & Lightgreen Absent Broad Ovate Purple None
purple

Cleome gynandra

Farmer 1 Lightgreen Light Absent Broad Ovate Light green None

Farmer 2 Lightgreen Light Absent Broad Ovate Light green None

Farmer3  Lightgreen Light Absent Broad Ovate Light green None

Farmer 4 Lightgreen Light Absent Broad Ovate Light green Present

Farmer 5 Lightgreen Light Absent Broad Ovate Light green None

Bidens pilosa

Farmer1  Purple & Green Absent Intermediate  Oblanceolate  Red purple None
green

Farmer2  Purple & Green Absent Intermediate  Oblanceolate  Red purple None
green

Farmer 3 Purple & Green Absent Intermediate  Oblanceolate  Red purple None
green

Farmer 4 Purple & Green Absent Intermediate  Oblanceolate  Red purple None
green

Farmer5  Purple & Green Absent Intermediate  Oblanceolate  Red purple None
green
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Annex 5 The two-way interactions between media and time percentage germination of

Amaranthus hybridus
Media*Time
Prechill+KNOs August
Prechill+KNOs September
Prechill+KNOs October
Prechill+KNOs November
Prechill+KNOs February
Field December
Water February

LSD 5%

Annex 6 The two-way interactions

Cleome gynandra
Media*Time
Prechill+KNOs August
Prechill+KNO; October
Prechill+KNOs September
Prechill+KNO3s November
Prechill+KNOs February
Field December

Pre-soak24hr February

Pre-soak48hr February

LSD 5%

Mean

45 (1.52a)
51 (1.60a)
55 (1.67ab)
57 (1.72ab)
81(1.91b)
36 (1.60a)
80 (1.90b)

0.25

Mean
0 (0.00a)
1(0.24ab)
2 (0.31abc)
3(0.41bc)
11(0.66cd)
17 (0.95de)
23 (1.33ef)
24 (1.36f)
0.38

between media and time percentage germination of

Annex 7 The two-way interactions between media and time percentage germination of

Bidens pilosa

Media*Time
Field December
Water September
Water August
Water October
Water November
Water February

LSD 5%

Mean
76 (1.89a)
83 (1.92ab)
84 (1.93ab)
87 (1.94b)
89 (1.95b)
91 (1.96b)
0.04
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4 Determinants of household demand for traditional leafy vegetables in

Zimbabwe?

3 This chapter is based on the article: Dube, P., Ihle, R. & Heijman, W. J. M. (2018). Determinants of household
demand for traditional leafy vegetables in Zimbabwe. To be submitted to Outlook on Agriculture.
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Abstract

Traditional leafy vegetables have a significant role in the traditional diets of many people in
Zimbabwe, with over 75% of the population using them. For a targeted development of the
traditional leafy vegetable sector, detailed knowledge on consumption and expenditure
patterns for these vegetables is needed. We fill this gap by analysing a survey carried out in
four districts of Zimbabwe. We evaluate the influence of various socio-economic household
characteristics on the quantities they consume and the amounts they spent on traditional
leafy vegetables. Based on a multivariate linear regression model, we find that households
in poor districts consume and spend on average less on fresh traditional leafy vegetables
although they consume them more being conserved as dried. Four traditional leafy
vegetable species play a significant role in Zimbabwean diets but with varying regional
preferences. A number of socio-economic households’ characteristics such as years of
schooling, healthiness and geographical location are found to determine consumption and
expenditure. Seasonal availability is found to affect their prices and influences the frequency
and amount of consumption. We suggest that the public sector might stimulate the demand
for traditional leafy vegetables so that they are more incorporated into the daily menus of
Zimbabweans. Such a promotion might be an inexpensive way to ensure nutrition security
and support domestic farmers. This goal can be achieved through promotional campaigns
on the healthiness of these vegetables, developing year-round production and improving

the availability and quality of fresh and dried vegetables in retail markets.
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4.1 Introduction

Traditional leafy vegetables (TLVs) are plants which originate on the African continent and
have a long history of cultivation and domestication to African conditions and use (Ambrose-
Oji, 2009). Researchers are increasingly realising the importance of TLVs for improving food
and nutrition security for households in urban and rural communities (Schippers, 2000).
Notably, TLVs have been positively hypothesized to contribute significantly in the WHO global
initiative to increase the consumption of vegetables in African countries (Smith & Eyzaguirre,
2007). They are rich in minerals and micronutrients and have therefore a large potential for
alleviating hunger and malnutrition in Africa. High levels of anaemia in women was observed
on districts with higher calorie consumption (Benson, 2017), thereby showing limited
potential for energy based food in addressing micronutrient deficiencies. In comparison, TLVs
are more resilient to adverse weather conditions and unpredictable weather changes caused
by climate change than staple crops and industrially bred-exotic vegetables, e.g. cabbage. As
a result, TLVs can give important contributions during seasonal vegetable production gaps
and towards food and nutrition insecurity reduction. They can also provide a ‘safety net’

during periods of shortage of other foods caused by crop failures.

Despite their potential to improve food and nutrition security (Schippers, 2000), their intake
is relatively lower than the recommended dietary level in many African countries such as
Zimbabwe. A minimum of 400g per capita of fruits and vegetables per day is the dietary
guideline for good health (Ruel et al., 2005). The per capita consumption of vegetables is 30g
in Zimbabwe (FAO, 2015), which is far below the recommended threshold for good health.
Vegetable consumption, particularly TLVs, across Africa is influenced by many factors. These
factors include product-related, socio-demographic, socio-economic and other consumer-
related characteristics (Weinberger & Msuya, 2004; Ambrose-Qji, 2009; Odhav et al., 2007;
Banwat et al., 2012). For instance, people consume large quantities of fresh TLVs (Banwat et
al., 2012) compared to dried (Twine et al., 2003). Younger generations and households with
a high income consume less (Odhav et al., 2007). FAO et al. (2012) also confirmed that a lack
of information on the nutritional value of TLVs, the knowledge of how to prepare them and a

lack of time to prepare them are some of the factors affecting their consumption.
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Most research on the determinants of food demand (e.g. Ruel et al., 2005; Solomon, 2009;
Yen et al.,, 2011) leads to a better understanding of the reasons in favour of and against
vegetable consumption. Socio-demographics (including education, age, ethnicity, income and
location) were identified as predictors of vegetable consumption in Malaysia (Yen et al.,
2011). Similarly, a positive relationship between income, gender or location and the
consumption of vegetables was shown (Ruel et al., 2005). Attitudes towards food create
variation in food consumption and at the same time influence the shopping and buying habits
of consumers (Solomon, 2009). However, the determinants of household consumption of and

expenditure on TLVs are not well investigated in Zimbabwe.

Considerable attention has been given to household food expenditures on vegetables in
developed countries in particular and to a lesser extent on TLVs. For example, Oral & Love
(1983) investigated the determinants of household expenditure on fresh vegetables by US-
Americans, Blisard et al. (2004) analysed the low-income households’ expenditures on
vegetables in the United States of America and Smallwood & Blaylock (1984) explored the
household expenditures on vegetables by US-Americans. In a previous analysis, household
income, age and gender were found to have the highest influence on vegetable expenditure
by US-Americans (Oral & Love, 1983). Higher-income households spent more on healthy food
compared to their lower-income household counterparts (Oral & Love, 1983). Furthermore,
low-income households purchase lower quality vegetables (Blisard et al., 2004). Other factors,
like knowledge of nutrition, played a crucial role in determining household expenditure on
vegetables (Smallwood & Blaylock, 1984). This study is motivated by the need to gain a better
understanding of how location, socio-demographic characteristics and socio-economic
characteristics of the households and product-related characteristics affect household
monthly expenditure on TLVs. This study is valuable since the literature on household monthly

expenditure on TLVs is scanty.

This study relies on expenditure literature of other crops like exotic lettuce, spinach, cabbage,
broccoli and asparagus, which are relatively different in terms of consumption and
expenditure. Exotic crops already listed are relatively modernised, as they are regarded as
Western crops and are more expensive than TLVs. Therefore, depending on such literature

may give misleading impressions regarding household expenditure on TLVs to policy makers
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by overstating or understating the expected influence of these factors on expenditure.
However, the determinants of household demand for TLVs are barely studied for Southern
Africa. This study fills this gap by examining the determinants of household demand* for TLVs
using primary data from four districts of varying food security status in Zimbabwe. More

specifically, the study addresses the following three objectives:

a. Examine the influence of socio-demographic and socio-economic characteristics of
the households on the monthly household consumption of and expenditure on TLVs;

b. Explore the influence of product-related characteristics and location on the monthly
household consumption of and expenditure on TLVs. The product-related
characteristics are factors which include: healthiness, food supply constraints,
convenience supply, cultural heritage, local loyalty and dried or fresh;

c. Understanding the consumers’ preferences for TLVs.

The remaining sections of this paper is structured as follows: Section 2 presents the literature
review. In section 3, we describe the methodology of the study. Section 4 reports the results.
The final section discusses the findings and draws conclusions on the determinants of

household consumption of and expenditure on TLVs in Zimbabwe.

4 We follow Smallwood & Blaylock (1984) by measuring demand in terms of physical food consumption in
quantity term (in kilograms) as well as monetary value terms (as expenditures in USS).
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4.2 Literature Review

The focus of this analysis lies on the determinants of household consumption of and
expenditure on TLVs. Food consumption is often measured in terms of quantity (by weight in
kilograms) and money value (expenditure) in household surveys (Smallwood & Blaylock,
1984). A very relatively weak relationship (0.09) was observed between household monthly
consumption and expenditure; therefore, they were both included as dependent variables in

the two models.

Determinants of traditional leafy vegetable consumption

Weinberger & Msuya (2004) reported an inverse relationship between household income and
wealth and TLV consumption. Poor people regularly consume TLVs, implying that they are
probably regarded as food of inferior quality (Jansen Van Rensberg et al., 2007). In addition,
the elite urban dwellers and middle-income earners consume little of it in fear of risking their
health (World Vegetable Center, 2006). Preferences may vary per region. Mukwereza (2002),
for example, reported spider flower, pumpkin and cowpea leaves as the most preferred TLVs

in Zimbabwe.

In Zimbabwe, the production of TLVs is mainly during the rainy season. Consumption of dried
TLVs mitigates food insecurity and vegetable seasonal gaps, particularly during the dry
seasons. The processing of TLVs may slightly vary among the different consumer cultures
(Jansen van Rensburg et al., 2004). The processing itself reduces the nutrient composition of
TLVs (Mosha et al., 1997), which may in turn create the variations in consumption. Jansen van
Rensburg et al. (2004) and Croft et al. (2014) reported that consumption of TLV types is

influenced by location and cultural backgrounds.

This study hypothesizes that seasonality, product-related characteristics, socio-demographic
household characteristics and socio-economic household characteristics influence TLV
consumption. The socio-demographic and socio-economic household characteristics include
the following: female decision-maker, age, household size, household income, household
asset value, years of schooling, time to the preferred market and geographical location

(Harare, Makonde, Mbire and Binga). The considered product-related characteristics are
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healthiness, food supply constraints, convenience of TLV supply, intrinsic preference, cultural
heritage and local loyalty. Households with higher incomes regard TLVs as inferior food and a
poor man’s food (Jansen Van Rensberg et al., 2007) and tend to substitute the TLVs with exotic
vegetables like cauliflower, broccoli and cabbage (Weinberger & Msuya, 2004). A negative
income elasticity of demand is associated with TLVs since it is most likely the food of lower-
income groups. Availability of TLVs in supermarkets and greengroceries and promotional
campaigns on the health benefits associated with consuming TLVs (lrungu et al., 2008) are
expected to change the negative perceptions among high-income, highly educated and elite
households (Gido et al., 2017). Dunn et al. (2012) argued that more time to a preferred market
constrains access to vegetables, leading to a less frequent and thereby smaller consumption

of vegetables.

A female decision-maker is expected to lead to an increase in consumption of TLVs as females
have a high interest in vegetable consumption. Females have good nutritional knowledge
(Gido et al., 2017). Younger generations consume less TLVs because their consumption is
associated with traditional lifestyles and out of fashion (Abukutsa, 2010). Bigger households
need a larger quantity of food; as a result they consume cheap food like TLVs. A study by Gido
et al. (2017) reported that TLV acceptance is constrained by location. Households in Harare
have little interest in TLVs because they are modernized and urbanized and associate TLV
consumption with poverty. Makonde has both urban and rural areas. There, consumption
takes two sides. In rural areas, the consumption of TLVs can regarded as positive because
people are poor and regard TLVs as food. For urban dwellers, the view on their consumption
is opposite, i.e. negative. Mbire and Binga are typical rural and remote parts of the country;
households are mostly poor and consider TLVs as an important staple. A study by Smallwood
& Blaylock (1984) showed that households in predominantly rural areas that are poor tend to

regard vegetables as food.

Healthiness, food supply constraints, convenience of TLV supply, intrinsic preference, cultural
heritage and local loyalty are product-related variables and are not hypothesized in literature
(for full details see Annex Table Al). Healthiness is hypothesized to positively influence TLV
consumption. If the consumers appreciate the nutritional, health and medicinal benefits

associated with TLV consumption, they are expected to consume more. Food supply
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constraints is hypothesized to positively influence TLV consumption. People are expected to
consume more if TLVs are the only vegetables growing in the area and the only vegetables at
markets due to limited alternatives. With respect to convenience, if TLVs become readily
available and are sold everywhere, consumers are expected to consume more TLVs. Baker &
Wardle (2003) reported that convenience is a determinant that typically influences vegetable
consumption. Intrinsic preference is hypothesized to positively influence TLV consumption. If
TLVs become increasingly important for people, particularly for their taste, it is more likely
that more TLVs will be consumed. Cultural heritage positively influences TLV consumption. If
a consumer appreciates their cultural heritage, they are expected to consume more TLVs.
Local loyalty is hypothesized to positively influence TLV consumption. If TLVs are cheap and

locally produced, a higher consumption of TLVs is expected.

Determinants of traditional leafy vegetable expenditure

Food consumption can be quantified in monetary value terms (expenditure) in household
surveys (Smallwood & Blaylock, 1984). In this paper, we use both consumption and
expenditure. Literature on household expenditure on TLVs was difficult to come across;
therefore we used literature for other vegetables (cabbages, lettuce, carrots). Moreover, we
had challenges in getting literature on household expenditure on vegetables specifically for
Zimbabwe and even other African countries. Instead we relied on American literature.
Considering the fact that the two countries are totally different in terms of socio-demographic
and socio-economic characteristics of households, this decision gave rise to problems of
interpretation with regard to the literature’s hypotheses and results. A study by Oral & Love
(1983) showed that household income, age and gender influence vegetable expenditure in
the United States of America. We therefore hypothesize that household income, age and

gender positively influence expenditure on TLVs.

A female decision-maker is expected to spend more on TLVs as they are responsible for
shopping. Studies by Oral & Love (1983) as well as Smallwood & Blaylock (1984) showed that
expenditure levels generally increase with age. Since these authors used exotic crops in the
United States of America, these results can be interpreted differently with regard to TLVs.
TLVs are regarded as food for poor people (Jansen Van Rensberg et al., 2007). Smallwood &

Blaylock (1984) showed that bigger households buy cheap food. Blisard et al. (2004) on
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income elasticity of demand reported that an increase in vegetable expenditures are rapid as
income rises, but saturation levels are approached at relatively low levels of income. Persons
with more years of schooling regard TLVs as inferior food and will spend less on these
products. However, with an increased awareness of the health and nutritional benefits
associated with TLVs, people are more likely to change their negative perceptions towards
TLVs and thereby more likely to spend more. A study in Tanzania shows that during the rainy
season the lower-income households hardly buy TLVs since they collect them from the forest
or produce them in their own gardens (Weinberger & Msuya, 2004). Whereas, the higher-
income groups may prefer to buy their TLVs from supermarkets, which is more expensive.
Households taking more time and money to travel to vegetable markets constrains

expenditure. In other words, they would spend less on TLVs.

Differences in locations may lead to differences in purchasing power. Harare is a reference
category. It is the national capital, so people living in Harare are expected to spend more on
TLVs. This can be partly attributed to an increased awareness of the health and nutritional
benefits associated with TLVs and higher prices of TLVs in supermarkets resulting in greater
expenditure. Makonde is a nonmetropolitan area, such that the people in Makonde have a
lower purchasing power than those in Harare. Whereas Mbire and Binga are nonmetropolitan
areas and typical rural and remote parts of the country. Hence people in these areas also have
a lower purchasing power than those living in Harare. With regard to healthiness, if people
embrace nutrition and thereby the health benefits of TLVs, they are expected to spend more
on these products. If other food supplies are constrained, people are more likely to spend
more on TLVs. If TLVs are available locally, at supermarkets and sold everywhere, consumers
would spend more. If people would appreciate TLVs taste, easy to prepare and increasingly
recognize them important as food, are more likely to spend more. If people would embrace
traditionalism attached to TLV consumption, they are expected to spend more. If people
would appreciate that TLVs are fairly cheap compared to other vegetables and increasingly
important for their health, they are more likely to spend more. Smallwood & Blaylock (1984)

showed that there are lower expenditures on dried vegetables.

A deeper understanding of factors that influence their consumption and household

expenditure can enable the development of tools to increase their production and
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consumption as well as consequently improve food security for and the diet quality of the
Zimbabwean people. Also understanding locational difference, seasonality influence and
consumers’ preferences and attitudes helps policy makers and people involved in the TLV
supply chain be better positioned to timely target specific niches in the market. For example,
a TLV farmer can be better positioned for investing in a greenhouse in order to be able to
supply the fresh vegetables to markets throughout the year. Furthermore, such information
is useful to breeders in case they want to improve the quality of seed to be more
homogenous. They are also equipped with knowledge on which TLV species are suitable for a
certain area. Researchers can use this knowledge to improve the germination of these TLV
seeds in order to break the seasonality. Also, gathering detailed empirical information is a
pre-condition for the development of appropriate policy measures for stimulating production
and consumption of TLVs in Zimbabwe and across Sub-Saharan Africa in general. It is worth
noting that the consumption of TLVs is crucial for the Zimbabweans as these vegetables may
grow naturally and have high nutritional value. Furthermore, TLVs can serve as a means to
increase food and nutrition security for many households that experience financial difficulties,

which is a common situation in Zimbabwe.

Consumption of TLVs across age groups has a good potential to improve nutrition, thereby
addressing malnutrition problems faced by the country (UN, 2010). TLVs are mostly cooked
and consumed accompanying staples®. Maize is the staple food in Zimbabwe; however, it is
generally low in micronutrients. Micronutrient deficiencies are often referred to as hidden
hunger because they can occur within the context of adequate energy intake and pose a key
developmental challenge (FAO et al., 2012). Nevertheless, Zimbabwe has a high HIV/AIDS
rate, with the prevailing rate at 14.7% (UN, 2010). Consumption of TLVs can be therefore
important to alleviate malnutrition, improve nutrition and help alleviate HIV/AIDS (Yang &
Keding, 2009) as a medicinal supplement therapy for fighting HIV/AIDS (Friis, 2006). TLVs are
excellent sources of vitamins A and C, iron, protein, minerals as well as fibre (Oluoch et al.,
2009) and can therefore be important for people without access to meat or other sources of

protein (Schippers, 2000).

5 Staples is a thick porridge made by mixing boiling water with maize or sorghum or millet flour.

108



4.3 Methodology and Data Analysis

Study area and sampling strategy

Figure 5 shows the spatial distribution of food insecure rural populations among the districts
of Zimbabwe as well as the geographical location of the study areas. Most of the districts
show high levels of food insecurity; that is, 10 to 50 percent of the rural population is food
insecure. In the north of the country and around Harare the food situation is best. The largest
problems exist in Binga, Mbire, Chivi and Beitbridge. The south of the Makonde district is food

insecure, whereas its north, where we conducted the survey, is moderately food secure.

The survey was conducted in the districts of Binga, Mbire, Makonde and Harare. In the first
stage, the districts were purposively selected to represent areas that are either severely food
insecure or highly food secure (Figure 5). The Binga district is highly and perennially food
insecure, followed by the Mbire district, whereas Harare and the selected part of Makonde
are highly food secure. Binga is characterised by highly erratic and low rainfall (less than 450
mm/year) and poor soil. Mbire receives 450-650 mm of rainfall per year with frequent
seasonal droughts and severe dry spells during the rainy season. In Harare and Makonde,
rainfall ranges from 750 to 1000 mm/year and is very reliable. Soil in both districts are of good
quality and therefore suitable for intensive cropping and livestock production (Vincent and
Thomas, 1961). These districts are diverse in terms of the socio-demographic and socio-
economic characteristics of households and therefore offer interesting contrasting cases to
analyse and compare (for full details of the socio-demographic data of the districts surveyed

see Annex 3).
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Figure 5 Rural food insecurity in Zimbabwe and the surveyed areas
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PROPORTION OF FOOD INSECURE RURAL POPULATION -
January to March 2011
As per ZImVAC Rural Livelihoods Assessment, May 2010
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Source: FAO (2010).

The study was conducted in two phases. The first phase was conducted in August and
September 2015 during the ‘off-season” when only dried TLVs were available on the market.
The second phase was conducted in October 2015 to January 2016 during the ‘on-season’
when fresh TLVs were available on the market. The seasonality differences also offered
interesting contrasting cases to analyse and compare. In the second stage, the sample was
drawn using a multistage sampling procedure, stratified into rural and urbanized regions,
which later contain the national capital, Chinhoyi-Makonde and growth points and sectors in
the districts (for full details see Annex 5). Respondents were interviewed to obtain
information regarding the gender of the head of their household, the relationship of the head
of their household to the respondent, marital status, education level, occupation, income,
asset value, household size, purchasing habits, attitude, purchasing preferences, gender of
the decision-maker on the type of vegetables the household eats, preferred markets,
household monthly expenditure on TLVs, frequency of consumption and quantity per each
consumption. Solomon (2009) refers to an attitude in marketing terms; it is defined as a
general evaluation of a product or service formed over time. An attitude satisfies a personal
motive and at the same time affects the shopping and buying habits of the consumer. In this

study, the term attitude is used to capture factors that constrain the shopping and buying
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habits of respondents in relation to TLVs, for example “l buy TLVs if they are the only
vegetables on the market”. Other attitudes towards TLVs that were rated by respondents
included: healthiness, food supply constraints, convenience of supply, cultural heritage and

local loyalty (for complete details see Table Annex 1).

In total the survey had 1000 adult respondents. In each district 250 respondents were
interviewed, specifically 125 respondents on the first round (‘off-season’) and 125
respondents on the second round (‘on-season’). We conducted the surveys in August-
September 2015 and October 2015 to January 2016 for the first and second round,
respectively. Data was collected using a structured questionnaire pre-tested on both rural and
urban areas in March-June 2015. The questionnaire contained a section with 33 socio-
economic questions (ethnicity, household income, wealth, etc.) and another section asking
27 questions on TLV purchasing habits (for complete details see Annex Questionnaire for
Chapter 4). Most of the questions were closed, while some responses were coded using a
Likert scale from 1 to 5 with 1 for strongly decrease/very unimportant/completely

disagree/never and 5 strongly for increase/very important/completely agree/very frequently.

Empirical framework
This study incorporates socio-demographic, socio-economic and product-related aspects,

such that the consumption of TLVs can be explained by:

6
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The variable C denotes consumption (in kg/household per month). X,; is an independent
variable that describes the respondents’ demographic and socio-economic characteristics,
which includes the gender of the decision-maker regarding the type of vegetables the
household consumes, age, household size, household monthly income, household asset
value, approximate years of schooling and approximate time to the preferred market.
Xp; denotes the explanatory variable relating to the product characteristics, including

healthiness, food supply constraints, convenience supply, intrinsic preference, cultural



heritage and local loyalty. D; is a dummy variable that describes the female decision-maker
on the type of vegetable the household eats, location or season. Therefore, D;=1 if the female
is decision-maker variable and equals 0 otherwise. D,=1 if the season is off and equals 0O
otherwise. D3=1 if the location of the respondent is Makonde and equals 0 otherwise. Ds=1 if
the location of the respondent is Mbire and equals 0 otherwise. Ds=1 if the location of the
respondent is Binga and equals 0 otherwise. ¢; is the error term. Likewise, the consumption
of TLVs is influenced by the already stated variables expressing seasonality, i.e. off or on-

season.

Furthermore, this study measures and explains household expenditure. The amount spent
per household per month on TLVs based on the variables introduced in section 2 can be

expressed as:
6 6 5 6 6 4

E = Zﬁini + Z oG Xpi + Z 9;D; + Dz[z a; Xy + Z)’i Xpi + Z piDi]+e  (2)
i=1 i=1 i=1 i=1 =1 i=1

The variable E denotes expenditure (in USS/household per month). The following
independent qualitative and quantitative variables were included in the model: female
decision-maker on the type of vegetables the household consumes, age, household size,
household monthly income, household asset value, years of schooling, time to the preferred
market, healthiness, food supply constraints, convenience of TLV supply, intrinsic preference,
cultural heritage and local loyalty. Similar to the expression of consumption, the interactions
between each variable and the dummy denoting ‘off-season’ is included. The reasons of using

each of the explanatory variables in both models are presented in Table Annex 4.

To further explore the effect of consumer attitudes on TLV consumption and expenditure, 16
items, which were rated by consumers based on a Likert scale ranging from completely
disagree (1) to completely agree (5), were used. Thereafter the factor analysis of the 16 items
were resolved to six factors with Eigenvalues greater than 0.4. The items classified under
healthiness include medicinal properties, beneficial properties, nutritious, high quality food
and improve family health. The variable food supply constraints was defined by two items,

namely only vegetables growing in my area and only vegetables on the market. Also, the items



under convenience of TLV supply include sold everywhere and readily available, whereas
intrinsic preference includes like their taste, not exotic and easy to prepare. For cultural
heritage and local loyalty, these items were traditional and reminds me of rural areas as well

as cheap and locally produced, respectively (for full details see Table Annex 1).

One dummy variable was also included to indicate gender of the decision-maker on the type
of vegetable the household eats. Harare, Makonde, Mbire and Binga are the geographical
location. Three dummy variables were included to indicate the location, specifically,
Makonde, Mbire and Binga. We had one dummy variable to represent the season (off-season
or dried TLVs). Monthly household income was defined by nine categories: 100 USD, 199 USD,
350 USD, 450 USD, 495 USD, 800 USD, 1000 USD, and 1001 USD for above 1000 USD. We used
the upper limit of each category as the category’s title. The total household asset value was
calculated after getting the average price for each asset per ten Zimbabwean provinces. We
did not include prices within affluent suburbs in cities like Harare’s Borrowdale or the price of
expensive cars like Benz. As such our household asset price was calculated basing minimal

prices obtained from the ten provinces.
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4.4 Results

Sample characteristics

First, we carried a frequency analysis for the variables that we intended to include in the
analysis. The results are presented in table form (Table 13-Table 15). After deleting
incomplete questionnaires, 933 respondents were included in the analysis. They were
predominantly household heads (57.4%) and spouses (31.6%), with a mean age of 40.9 years
and a mean of 11.24 years of schooling, which is equivalent to a secondary school level. The
household heads and spouses were responsible for the decision making on shopping, the
amount spent on vegetables, the household diet and the type of vegetables the household
ate. For the gender of the decision-maker on the type of vegetable the household eats, 14.7%

were males and 85.3% were females.

Table 13 shows descriptive statistics of selected key variables depending on the season.
Averages for on- and off-season differ slightly. The average household monthly expenditure
on TLVs is 8.81 USD on-season and 10.51 USD off-season, and each household consumes on
average 4.14kg of fresh TLVs and 1.15kg of dried TLVs per month. Using an analysis of
variance to determine if the mean monthly consumption and expenditure differ between the
two seasons, we found a statistical significant difference in the mean monthly consumption
and expenditure between the two seasons, p=0.000 and p=0.006 (p<0.05) respectively. Mean
household monthly income is 388 USD and 405 USD for on-season and off-season,
respectively. Whereas, the overall mean household income is 397 USD, relatively lower than
the poverty line of 495 USD (July, 2015). The poverty line (PDL for July at 495 USD) represents
the cost of a given standard of living that must be attained if a person is deemed not to be

poor. The overall mean household size is 5 persons.

Table 13 Descriptive analysis of socio-economic characteristics of the sample by season

Variable On-season (N=469)  Off-season (N=464) Overall (N=933)
Mean monthly consumption (kg/hh) 4.14 1.15 2.65

Mean monthly expenditure on TLVs (USD) 8.81 10.51 9.66

Household size (number) 5.31 5.53 5.32

Household assets value (USD) 14324 15845 15084.5
Household income (USD) 388 405 396.5

Age (in years) 40.95 40.86 40.91

Number of years of schooling 11.18 11.30 11.24



Source: Authors.

Table 14 shows the mean monthly consumption and expenditure of TLVs per household by
district and season. The mean monthly consumption of TLVs per household is larger for fresh
than dried TLVs across all the districts. Regarding the consumption trends of dried TLVs in
kg/household by district, a strong difference between Harare and Makonde at the one side
and Mbire and Binga on the other becomes apparent. In the two poorest districts, Mbire and
Binga, people consumed more dried TLVs. Harare, by far, exhibits a higher amount spent on
TLVs for all seasons compared to the remaining three districts. Households in Makonde and
Mbire spent the least on fresh TLVs per month compared to Harare and Binga. Across all the

districts, people consumed and spent more than the median for both seasons.

Table 14 Mean monthly consumption of and expenditure on TLVs per household by district

and season
Variable Harare Makonde Mbire Binga
On Off On off On Off On Off

N 119 115 112 109 116 116 122 124
Mean monthly consumption (kg/hh) 4.81 0.78 4.26 0.79 3.58 1.50 3.89 1.46
Median 3.0 0.24 3.0 0.48 1.5 0.48 15 0.48
cv 101.29 217.31 99.93 185.32 136.31 191.33 127.58 174.25
Mean monthly expenditure on TLVs (USD) 14.05 13.66 5.95 10.48 6.12 10.47 8.89 7.65
Median 12.00 12.00 4.00 8.00 4.00 8.00 8.00 6.00
cv 64.33 74.75 81.45 112.87 89.39 81.60 125.41 106.12

Source: Authors.

Table 15 shows the descriptive analysis of socio-economic characteristics of the sample by
district. Mean monthly income per household and household asset value is largest in Harare
and lowest in Binga. Household respondents in Harare are younger with higher levels of
education. Binga is the poorest district with the least household size. The result also exhibits

the least number of years of schooling in Mbire and Binga.

Table 15 Descriptive analysis of socio-economic characteristics of the sample by district

Variable Harare Makonde Mbire Binga
N 234 221 232 246
Household size (number) 5.27 6.14 5.20 5.12

Household assets value (USD) 31083.28 16257.46 7831.41 5639.62

Household income (USD) 670.61 410.67 279.51 236.05
Age 39.02 42.44 43.25 39.11
Number of years of schooling 14.33 11.83 9.63 9.28
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Source: Authors.

Determinants of purchasing and consuming TLVs

To provide policy recommendations that promote the consumption of TLVs and to help
address micronutrient deficiency problems in Zimbabwe, it is imperative to have a clear
understanding of the determinants that have the most influence on or rather are the most

important factors regarding TLV purchasing and consumption by households.

Hence, consumers were asked to rate the TLVs characteristics based on their preferences for
both the TLV type and market to obtain TLVs. The rating was based on a Likert scale ranging
from completely disagree (1) to completely agree (5). The definition of the “most important
factor” was defined by the number of consumers responding to the top scale levels, i.e. agree

and strongly agree (4-5).

Table 16 shows the frequency of TLV consumption per household by district and season. It
also shows the preferences and preferred markets when purchasing TLVs. The top panel of
the table depicts the number of households sampled. Below, frequencies of TLV consumption
are shown. An analysis of variance shows that the frequency of consumption differs between
the two seasons and districts (p<0.001). Higher frequencies are observed on fresh TLVs across

all the districts. Only a few respondents did not consume TLVs.

The consumer preferences regarding the top four TLV species are presented on the third
panel of Table 16. Spider flower was the most preferred TLV in both seasons, followed by
pumpkin leaves. The table emphasizes the pronounced differences between TLV
consumption preferences across the regions of Zimbabwe as consumers in all surveyed
regions prefer different TLVs. A similar variability is observed concerning the marketing
channels most preferred by consumers (last panel of Table 16). In the capital, the Mbare
Musika farmers’ market is the most important source of TLVs, followed by supermarkets. In
Makonde, supermarkets and farmer markets are still important, although subsistence
production accounts for one third to a half of the respondents. In the remote rural regions,
three quarters of the TLVs consumed are produced by the households themselves. Mbare

Musika is one of the biggest markets in Harare.
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Similarly, to determine the most important preferred market channel to obtain TLVs,

consumers were given a list of existing market channels, including markets in their respective

areas, and asked to choose their most preferred market channel. The results are shown in the

last panel of Table 16. Growing TLVs in their fields is much more important during all seasons

for respondents living in the districts of Makonde, Mbire and Binga, where approximately half

of all households grow them. The households in Mbire and Binga hardly purchase TLVs from

the supermarkets. As could be expected, in Harare most respondents purchased the TLVs

from Mbare Musika and supermarkets.

Table 16 Frequency of consumption and consumer attitudes, preferences and preferred

markets when purchasing TLVs per household by district and season
Mbire

Variable

Season

At most twice per month

Less than once every day

At least once every day

Other (not consuming/less than once per

month)

Spider flower
Pumpkin leaves
Cowpea leaves
Okra

Other (25 species)

Mbare Musika farmer market and retail
Supermarket

Farmers’ market

Produced in own garden

Other (6 others)

Source: Authors.

Harare

On

119

Off

115

Makonde
On off
112 109

On

116

Off

116

Frequency of consumption (% respondents)

10
68
21
1

33
55
7
5

6
80
13
1

22
59
9

10

57
39

TLV preferences (% respondents)

31
33
14
15
7

Market preferences (% r

47
26
6
8
13

40
30
10
11
9

54
26
7
4
9

36
29
19
11
5

10
33
31
28

29 42
28 25
18 16
11 16
14 1
espondents)
2 0
7 10
25 6
49 72
17 12

29
45
20
6

34
37
19

77
20

Binga
On

122

24
73

51
24
13
12

71
28

Off

124

16
50
23
11

52
20

12

77
19

Overall
On
469

57
36

40
28
16
14

10

11
28
42

Overall
Off
464

25
52
15

39
29
14
10

12

52
18
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Determinants of TLVs household consumption

The study reports findings from 933 observations with R?=0.209 and an overall p-value<0.05
of the model. Econometric results (for coefficients and full details see Table Annex 2) show
that only household size significantly and positively influenced the average consumption of
TLVs per month. As expected, an increase in household size by one resulted in an increased
consumption of TLVs by 0.17 kg per month. However, female decision-maker and age have
no effect on TLV consumption. Years of schooling has a negative influence on TLV
consumption. As expected, the mean monthly consumption of TLVs per household is lower
by 0.21kg for every additional year of schooling of the respondent. However, the remaining
socio-economic variables (household monthly income, household asset value and

approximate time to the preferred market) have no influence on TLV consumption.

Against our expectations, all geographical locations, namely Makonde, Mbire and Binga, have
negative coefficients, but the coefficient is only significant for Mbire. For the respondents
who live in Mbire, the average monthly household TLV consumption is 1.44 kg and
significantly lower than those in Harare. All product-related variables are hypothesized to
positively influence TLV consumption. However, healthiness, convenience supply and intrinsic
preference have positive coefficients; the remainder have negative coefficients. If healthiness
increases by 1 unit, the mean TLV consumption per household increases by 0.40 kg. If the
food supply constraints increase by 1 unit, the mean consumption of TLVs per household
decreases by 0.50 kg, against expectations. The mean monthly household consumption of
TLVs decreases by 0.48 kg for every unit change in local loyalty. The coefficient shown in Table
Annex 2 is an estimate of the mean dried (off-season) TLV consumption in kg/hh, which is -
5.68 as expected. The mean monthly consumption per household for the reference category
is 6.33 kg, compared to off-season value of 5.68 kg. On average, each household consumes

smaller quantities of dried TLVs than fresh.

Interactions between off-season and all the variables are not hypothesized. However, the
interactions between age, years of schooling, Mbire, and food supply constraints and the off-
season dummy have positive and significant coefficients. The remaining interactions are not
significant, but they carry different coefficient signs. Age exhibits a positive interaction with

off-season, specifically the consumption of TLVs increases by 0.04 kg per month per
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household. Mean household monthly consumption of TLVs is 0.18 kg for years of schooling
interaction. During off-season, on average households in Mbire consume 1.81 kg TLVs per
month, relatively larger than Harare. The mean monthly consumption of TLVs per household
is increased by 0.68 kg if the TLVs are the only vegetables growing in the area and the only

ones available on the market.

Determinants of TLV household expenditure
For household monthly expenditure on TLVs, our study used 933 observations with statistical
calculations R?=0.200 and an overall p-value<0.05 of the model. The coefficients of the mean

household expenditure on TLVs can be seen in Table Annex 2 in full detail.

All socio-demographic variables have no significant influence on household monthly
expenditure on TLVs. Although, the female decision-maker is responsible for choosing the
type of vegetable consumed by the household and buying the vegetables; however, with a
coefficient of 0.36 USD the results show that the female decision-maker does not significantly
influence household expenditure on TLVs. The coefficient of the age of respondent is negative
and, against expectations, not significant. Bigger households are hypothesized to spend less

on TLVs.

Interestingly, all the socio-economic variables included in the analysis have positive and
significant influence on TLV expenditure. If the household monthly income increases by 100
USD, the mean monthly household expenditure increases by 0.40 USD. However, the effect
of household asset, though significant, is very minimal, <0.01 USD for every 1 USD increase.
For every additional year of schooling, the amount spent on TLVs increases by 0.22 USD.
Against expectations, time taken to the preferred market positively and significantly
influences the mean monthly expenditure. With a 60-minute change in time taken to the

preferred market, the mean monthly expenditure increases by 0.04 USD.

The coefficients for all locational variables are negative, as expected. However, only the
coefficients for Makonde and Mbire are significant. As a nonmetropolitan area, Makonde has
a lower purchasing power than Harare, from which it is approximately 150 km. Households in

Makonde spent US$6.82 lower on average per month than do their counterparts in Harare.
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Mbire is also a nonmetropolitan area and has, as is typical to the rural and remote parts of
the country, a lower purchasing power than Harare. Households in Mbire spent 4.60 USD
lower on average per month than do their counterparts in Harare. Although Binga spends
lower than Harare and the coefficient is 2.43 USD, the poor district is not significantly different

from the capital.

Smallwood & Blaylock (1984) have observed significantly lower expenditures on dried
vegetables. In this study, the results show a negative, although not significant, coefficient (-
4.23) on expenditure during off-season, as expected. For all product-related variables, only
convenience supply and intrinsic preference have positively and significantly influence
expenditure on TLVs. If the TLV convenience supply increases by 1 unit, the average monthly
household expenditure increases by 1.24 USD. Similarly, if intrinsic preference increases by 1

unit, the average household monthly expenditure on TLVs increases by 0.89 USD.

Similarly, the interactions between off-season and all the variables are not hypothesized. Of
all the interactions included in the model, only Makonde*off-season, Mbire*off-season and
healthiness*off-season are positive and significant. The interactions improve the purchasing
power on TLVs by, 5.70 USD, 5.88 USD and 1.30 USD, respectively. The interaction with female
decision-maker*off-season, age*off-season, years of schooling*off-season and Binga*off-
season is positive although not significant, and the remaining interactions have negative

coefficients, but are not significant.
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4.5 Discussion

The study was conducted in four districts that differ in terms of food security, socio-
demographic and socio-economic characteristics of households. Generally, we found that
households in districts with low household monthly income consume and spend less on TLVs
than those in districts with high household monthly income, e.g. Harare. We found that in
two poor districts (Mbire and Binga) food insecure households predominantly consume more
dried TLVs than their counterparts. The results also show that seasonal availability affects
their prices and influences the frequency and amount of consumption. TLV preferences

depend on location.

Determinants of TLV household consumption explanations

We predicted that female decision-makers on the type of vegetable the household consumes
have a positive influence on the average monthly household consumption of TLVs. Females
have a high interest in consuming vegetables because they have better nutritional knowledge.
Following this logic, it is surprising that consumption of TLVs is not influenced by the gender
of the household decision-maker, although the coefficient is positive. Previous studies by
Baker & Wardle (2003) clearly show that more women than men consume more vegetables
because women are informed about the health benefits attached to vegetables. Related
findings by Benson (2017) observed on average higher levels of malnutrition on districts
where women were often excluded from household decisions. The reason for this anomaly
can be related to promotional campaigns on the healthiness associated with consuming TLVs.
Due to these campaigns, male decision-makers gain knowledge on the importance of TLVs in
their household diets. Against expectation, the coefficient of age of the respondent is
negative (0.02 kg). The older the respondent, the more consumption of TLVs. Since older
people are custodians of knowledge, knowing recipes for TLVs results in a higher consumption
of TLVs. All socio-economic variables were hypothesized to negatively influence TLV
consumption, but only years of schooling is significant. Household monthly income has

negligible, negative impact on TLV consumption.

Average monthly consumption of TLVs for Mbire differs significantly from that in Harare, the

capital. Against expectations, TLV consumption is lower. Mbire is a typical rural and remote
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part of the country. There, households are poor and were predicted to consider TLVs as food.
The results are possibly due to differences in the availability of TLVs on markets. A higher
consumption of TLVs in Harare may be due to the availability of TLVs on urban markets,
particularly in affluent supermarkets, and campaign programs explaining widely known
nutritional benefits associated with TLV consumption. Irungu et al. (2008) found similar
results. They reported that the availability of TLVs in affluent markets such as supermarkets

increased their consumption in urban areas.

The consumers in western Kenya valued TLVs for their taste, nutritional and medicinal
benefits (Abukutsa-Onyango, 2007). In this study, we hypothesized that all product-related
characteristics would positively influence TLV consumption. Our results show that the
coefficient for healthiness is positive and statistically significant as predicted; however, the
coefficients for food supply constraints and local loyalty are negative and statistically
significant, against our expectations. This finding indicates that people have a great interest
in nutritious and healthy foods. This preference is also shown by the larger coefficients for all
significant product-related variables, namely healthiness, food supply constraints, local
loyalty and season, compared to socio-economic variables age and years of schooling. Our
finding regarding the negative effect of food supply constraints suggests that being the only
vegetables on the market as well as grown in the area does not mean people will consume

more; they may consume other foods such as meat or cabbages.

Determinants of TLV household expenditure explanations

Most noteworthy is that all the coefficients for the socio-economic variables included in the
model are positive and statistically significant in explaining the variations in household
expenditure on TLVs. Household monthly income had a significant, positive influence on
monthly expenditure on TLVs. Households with a higher-income spend more on TLVs than
lower-income households do. Probably, higher-income households obtain their TLVs from
supermarkets, greengroceries or organized markets. It is, therefore, not surprising that
monthly expenditures on TLVs are higher for higher-income households. Weinberger &
Msuya (2004) reported that the consumers purchasing TLVs in supermarkets are willing to
pay more as compared to consumers who purchase TLVs in local markets. We had

hypothesized that all the socio-economic variables would negatively affect household
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monthly expenditure on TLVs. Persons with more years of schooling spend more on TLVs than
those with less years of schooling do. Persons that have an increased awareness of the health

and nutritional benefits associated with TLVs spend more on TLVs.

Households in Makonde and Mbire spent less on TLVs than in Harare. These findings are
consistent with our hypotheses since these two districts are non-metropolitan areas. In other
words, they have a lower purchasing power than Harare, the national capital. Hence,
households in these two districts preferred to grow TLVs in their gardens, as shown in the last
panel of Table 16. On the other side, Binga is a non-metropolitan area and a typical rural and
remote part of the country, which has a lower purchasing power than Harare and has been
hypothesized to spend less than Harare. The degree of urbanization may affect expenditure
as the households located in rural areas may have opportunities for home gardens. On the
other hand, regional differences may show differences in the general availability of TLVs.
Household monthly expenditure on TLVs for people in Binga is not statistically significantly
different from that in Harare. This may be a function of higher prices in Binga. Hassan et al.
(2012) reported higher retail prices of vegetables in rural markets than in urban markets.
Binga is predominantly rural, characterised by highly erratic and low rainfalls (less than 450
mm/year) and poor soil. For that reason, people may not have enough irrigation water to
produce their own vegetables even though they wish to do so. Moreover, although we did
not ask the price of TLVs in Binga, we were surprised to see a head of cabbage cost 2 USD
when the same commodity is sold in Harare for 0.50 USD. Probably the price is higher for TLVs

in Binga than in other districts.

Convenience supply and intrinsic preference also positively influenced household monthly
expenditure on TLVs. Convenience supply in this study is explained by two items: availability
and being sold everywhere. They positively, significantly influenced the average monthly
household expenditure on TLVs by 1.24 USD. This finding is similar to the findings of Baker &
Wardle (2003). They reported convenience as an important determinant and typical barrier
of consumption and thereby expenditure on vegetables. The intrinsic preference, which is
explained by three items (taste, not exotic and easy to prepare), significantly and positively
influenced the average household monthly expenditure on TLVs. This confirms the findings

that people value TLVs for their taste (Abukutsa-Onyango, 2007). On the other hand, this
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study recognises differences in the preferences among the districts and seasons. For both
seasons, households in Binga, Harare and Makonde preferred spider flower, pumpkin leaves
and cowpea leaves, respectively. Overall, results show that the most preferred TLVs in
descending order are spider flower, pumpkin leaves, cowpea leaves and okra. Mukwereza
(2000) reported that spider flower, pumpkin leaves and cowpea leaves are the most preferred

TLVs in Zimbabwe, but did not consider locational variations.

Statistically significant interactions

The interactions between off-season and the variables age of respondent, approximate years
of schooling, Mbire and food supply constraints are positive and statistically significant on TLV
consumption. On the other hand, Makonde, Mbire and healthiness interactions with off-
season showed positive and statistically significant on household expenditure on TLVs. The
positive interactions with off-season suggest its influence in both household monthly
consumption of and expenditure on TLVs. Such interactions probably can improve household
monthly consumption of and expenditure on TLVs, which will be nutritionally beneficial for

the persons within those households.

Frequency, market preference and TLV type preference

Over 50% of the households in the three districts Makonde, Mbire and Binga collected the
TLVs from their gardens/fields, whilst 44% of the households in Harare bought TLVs from
Mbare Musika farmers’ market and 26% from supermarkets. Similar results have been
reported by Faber et al. (2010). They reported that most TLVs are not bought but collected
from the wild. According to Faber et al. (2010), urban people have limited space to produce

TLVs in their gardens
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4.6 Conclusions and Recommendations

Households in poor districts generally consume and spend less than in Harare. Consumption
of dried TLVs is relatively higher in households in poor dry areas, relate to how the TLVs can
be important for improvement of food security in these marginalized areas of Zimbabwe.
Also, it is worth noting that product-related characteristics like convenience supply and
intrinsic preferences exerted a significant impact on the expenditure on TLVs. For household
monthly expenditure on TLVs, all socio-economic variables included in this study gave a
positive influence. These findings suggest that TLVs are no longer regarded as food for the
poor. TLV preferences depend on location. People consume TLVs because of their
healthiness. The study suggests that further nutrition education programs may increase their
consumption, otherwise the production of TLVs may not improve and continue to support
the people who depend on them. As a general comment, the findings show very low

consumption of vegetables per capita in Zimbabwe.
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Annexes

Annex 1

Attitude is defined as an evaluation of the food items by consumers whether to purchase it
or not, can affect the purchasing, which ultimately influences consumption and expenditure.
In our study, the term attitude is used to capture factors that supports or constrains the
purchasing of TLVs by respondents e.g. ‘My household usually purchases TLVs because they
are regarded as healthy food’. Likert scale 1 to 5 denoting in the same order; Completely
disagree, Somewhat disagree, Indifferent, Somewhat agree and Completely agree was used
to capture respondents’ attitude when purchasing TLVs and were comprised of 16 items.
Factor analysis of the 16 items, that contribute the variable attitude were resolved to six
factors with Eigenvalues greater than 0.4 and are presented in Table Annex 1. Healthiness is
defined by five items which all relate to the importance of TLVs in improving the people’s
health.

Table Annex 1 Factor analysis of the 16 items

Factor Name (Variable) Items
Healthiness Medicinal properties
Beneficial properties
Nutritious
High quality food
Improve family health
Food supply constraints Only vegetables growing in my area
Only vegetables on the market
Convenience of TLV supply  Sold everywhere
Readily available
Intrinsic preference Like their taste
Not exotic
Easy to prepare
Cultural heritage Traditional
Reminds me of rural areas
Local loyalty Cheap

Locally produced

Source: Authors.

Influence of socio-demographic and socio-economic characteristics, location and product-

related characteristics are presented in Table Annex 2. Results are reported at p-value<0.05.
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Table Annex 2 Coefficient of the mean household consumption and expenditure using OLS

estimates

Variable name

Constant

Female decision-maker
Age of respondent

Household size

Household monthly income
Household asset value
Approx. years of schooling of respondent

Approx. time to preferred market

Makonde
Mbire
Binga

Off-season

Healthiness

Food supply constraints
Convenience supply
Intrinsic preference
Cultural heritage

Local loyalty

Female decision-maker*off-season
Age of respondent*off-season

Household size*off-season

Household monthly income*off-season

Household asset value*off-season

Approx. years of schooling of respondent*off-season

Approx. time to preferred market*off-season

Makonde*off-season
Mbire*off-season

Binga*off-season

Healthiness*off-season

Food supply constraints*off-season
Convenience supply*off-season
Intrinsic preference*off-season

Cultural heritage*off-season

Household monthly consumption

Coefficient p-value<0.05
6.329 0.000

Socio-demographic variables

0.611 0.200
-0.023 0.140
0.168* 0.029

Socio-economic variables

-1.230E-5 0.989
1.922E-5 0.075
-0.210* 0.000

0.004 0.547

Location variables

-0.499 0.348
-1.435* 0.017
-0.576 0.370

Product-related variables

-5.677* 0.000
0.399* 0.023
-0.501* 0.003
0.266 0.145
0.246 0.186
-0.128 0.504
-0.482* 0.010

Coefficient

5.518

0.358
-0.002
0.078

0.004*
6.589E-5*
0.216*
0.038*

-6.817*
-4.598*
-2.425

-4.231
-0.429
0.475
1.243*
0.894*
0.845
0.396

Household monthly expenditure

p-value<0.05
0.036

0.749
0.949
0.668

0.050
0.009
0.045
0.016

0.000
0.001
0.108

0.267
0.298
0.234
0.004
0.041
0.060
0.363

Interactions off-season (*all variables included in the model)

Socio-demographic variables

-0.329 0.637
0.044 0.045
-0.160 0.134

Socio-economic variables

-0.001 0.288
-1.177€-5 0.398
0.181* 0.010
-0.010 0.340

Location variables

0.375 0.627
1.811* 0.033
1.108 0.207

Product-related variables

-0.179 0.503
0.680* 0.007
-0.178 0.472
-0.297 0.232
0.092 0.738

1.614
0.026
-0.050

-0.005
-1.425E-5
0.278
-0.022

5.696*
5.884*
1.088

1.303*
-0.812
-0.525
-0.379
-0.044

0.324
0.618
0.843

0.113
0.663
0.089
0.352

0.002
0.003
0.597

0.038
0.170
0.368
0.516
0.946
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Local loyalty*off-season 0.485 0.061 -0.467 0.443

a. Note: * denotes significant at 5%.
b. Dependent variable: Consumption/hh/month/kilograms, age/years, household size/number of
persons, household monthly income/USD, household asset value/USD and approximate years

schooling/years.

c. Dependent variable: Expenditure/hh/month/USD, age/years, household size/number of persons,

household monthly income/USD, household asset value/USD and approximate years schooling/years.

Source: Authors.

Table Annex 3 shows the socio-demographic data of the districts surveyed. Harare is by far
the most densely populated while population density is much lower in the other three
districts. Since Harare is the capital city of Zimbabwe, people tend to migrate in search of
employment. Outside Harare the lowest incidence of household poverty is found in Makonde.
The geographical pattern of poverty and therefore food insecurity is partly explained by the
degree of rurality, proximity to major urban cities and influence of rainfall patterns. Table
Annex 3 suggests that poverty is far worse in sparsely populated districts which are mostly
rural. Binga has the highest poverty rate, followed by Mbire. The capital has the lowest
prevalence of poverty among the four districts of interest. Table Annex 3 also shows the
distribution of household sizes by district. Districts with larger household sizes tend to have a

higher prevalence of poverty.

Table Annex 3 Socio-economic data of the districts surveyed

Variable Harare Makonde Mbire Binga

Inhabitants 1468767 148 819 81908 138074

Average household size 4.0 4.6 4.5 4.4

Population density 2406/ km? 25/ km? 40/ km? 10/ km?

Area 960.9km? 8564.17km?  4695.87km? 15 000km?

Distance to Harare (tarred) - 157 km 283 km 852 km (via Bulawayo)
Average monthly income 475.25 USD 308.41 USD 271.56 USD 304.01 USD

Poverty rate 31.6% 73.5% 81.0% 88.3%

Major ethnic group Zezuru Korekore Korekore Tonga

Annual precipitation (per year)  750-1000 mm  750-1000 mm  450-600 mm  >450 mm
HIV/AIDS by province 13% 15% 14% 18%

Source: Zimbabwe National Statistics Agency (ZIMSTAT) and ICF International (2012); Poverty and Poverty
Datum Line Analysis (2011/12)
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Explanatory variable

Dummy female decision-maker

Age

Household size

Household income

Household asset value

Years of schooling

Time to preferred market

Dummy Off-season

Dummy Makonde

Dummy Mbire

Dummy Binga

Healthiness (Factor based on Likert scale 1 to 5)

Food supply constraints (Factor based on Likert scale 1 to
5)

Convenience of TLV supply (Factor based on Likert scale 1
to 5)

Intrinsic preference (Factor based on Likert scale 1 to 5)
Cultural heritage (Factor based on Likert scale 1 to 5)

Local loyalty (Factor based on Likert scale 1 to 5)

Note:

Table Annex 4 Reason for usage as a variable for explaining consumption/expenditure

Reason for usage as a variable for explaining
consumption/expenditure

Capture the influence of female decision-makers on household diet
Account for the effect of age variations

Account for the effect of household size heterogeneity

Account for the effect of income variation

Capture the influence of wealth accumulation

Account for the effect of more years of schooling

Account for the effect of travelling time to the preferred market
Account for seasonal influences

Account for the effect of geographical location

Capture the influence of location and food insecurity

Capture the influence of location and food insecurity

Capture the influence of healthiness factors

Account for the effect of production constraints

Capture the influence of convenience

Capture the influence product-related factors

Capture the influence of cultural heritage

Capture the influence of product-related factors

a. Factoris the variable attitude based on Eigenvalues greater than 0.4.

b. Likert scale 1 to 5 denotes with respect to the numbers in increasing order Completely disagree,

Somewhat disagree, Indifferent, Somewhat agree and Completely agree.

Source: Authors.

Annex 5

Chinhoyi-Makonde is a district city of Makonde. Growth points are settlements meant to
provide employment in rural areas and improve the local economy to curb rural-urban
migration. The sectors are a combination of resettlement areas which are more like rural
communities except for the fact that they own more assets than the people in rural areas and
commercial farming areas. In the third stage, purposive sampling was used to come up with
six wards for Mbire and Binga, seven places in Makonde and eight places in Harare. The wards
for each district (Mbire and Binga) are political demarcations and were selected based on the
following criteria: one of the six wards was a growth point; then out of the remaining five,
three were perennially food insecure and the remaining two were moderately food secure in

comparison within each district. The fourth stage for Makonde, Mbire and Binga involved
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simple random sampling of villages and households from the list obtained at Agritex offices.
Three villages were used for each ward across all districts except for Binga and Chinhoyi-
Makonde. Within those districts, two wards that had only one village and district city,
respectively, were used. The fifth stage involved the stratification of the two urban places
Harare and Chinhoyi-Makonde into farmers markets, affluent and middle-income
supermarkets and major places like bus terminuses. In Harare, respondents were interviewed
at supermarkets, farmers market and bus terminuses, whereas in Chinhoyi-Makonde
information was obtained by approaching people at supermarkets and one residential area.
In the remaining three districts, respondents were interviewed at randomly selected

households, supermarkets and growth points.
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5 The potential of traditional leafy vegetables for improving food security in

Africa®

6 This chapter has been published as: Dube, P., Heijman, W., lhle, R. & Ochieng, J. (2017). The potential of
traditional leafy vegetables for improving food security in Africa. Book chapter in: Establishing Food Security and

Alternatives to International Trade in Emerging Economies 220-243. DOI: 10.4018/978-1-5225-2733-6.ch011.
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Abstract

Feeding the quickly growing population in Africa remains a global challenge. As the demand
for food increases, climate change, on the other hand, poses more challenges to agricultural
productivity, implying that the provision of sufficient quantities and qualities of food is
threatened. Traditional leafy vegetables (TLVs) in Africa are resilient to adverse weather
conditions and are naturally rich in nutrients including vitamins A & C, iron, protein and other
micronutrients. The objective of this chapter is to assess the potential of TLVs improving food
security in Africa. TLVs represent a robust local source of food, their consumption is crucial in
complementing Africa's diet with micronutrients. TLVs have therefore the potential to play a
major role in improving food security and facilitating food sovereignty. Research on seeds,
developing seed systems, coupled by preparing and processing methods to TLV products like
cakes or flour is needed to increase their consumption, particularly among the young, elite

and urban dwellers.
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5.1 Introduction

Feeding the quickly growing population in Africa remains a worldwide challenge. Globally,
close to a billion people are hunger stricken (FAO, 2015) and approximately one third of them
live in Africa (Sasson, 2012). As the demand for food increases, climate change on the other
hand poses challenges to domestic food production in Africa, implying that the provision of
sufficient quantities of food of the necessary quality is threatened. A lack of sufficient
quantities of sufficiently diversified food compromises human health, resulting in an increase
in the risk of contracting diseases related to malnutrition, which affect one in every four
people (FAO, 2015). Figure 6 illustrates the prevalence of hunger and the distribution of the
undernourished population across Africa. The map reveals substantial differences between
African regions. Sub-Saharan Africa is the most severely affected by the prevalence of hunger
and undernourishment.

Figure 6 Hunger and undnorshent persistence in Africa in 2015
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Source: FAO (2015).
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In contrast, Northern Africa accounts for 1% of the undernourished population, as depicted

in Figure 7.

Figure 7 Prevalence percentage of undernourishment in Africa in 2014-2016
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1%

West Africa

9
Southern Africa 8%

1%
Middle Africa

13%

Prevalence % of undernourishment in Africa, 2014-16

Source: Authors based on FAO (2015).

The differences in undernourishment in Africa are attributed to price volatility, an exploding
population, droughts (FAO, 2015), poor governance (lhle et al., 2009) and political instability
(Veninga & lhle, in press). For instance, highly volatile food prices affect mainly the poor
people in urban and rural areas, since they spend a higher proportion of their limited incomes
on their food needs (Luckmann et al., 2014). They tend to consume smaller quantities less
frequently as well as cheaper and less nutritious foods that lack vitamins, minerals, and other
essential micronutrients, e.g. zinc or iron, both of which are required by the human body for
healthy growth. This leads to widespread undernourishment. Vegetables, particularly
traditional leafy vegetables (TLVs) might provide dietary elements often missing in other
staple foods, e.g. cereals and root foods, which are affordable also for the poor population.
They might be used as primary sources of minerals because they are naturally rich in nutrients
such as iron and other micronutrients that are important for a human’s well-being. They have
also the potential to balance diets and make them healthier as they also include vitamins A
and C, and proteins. The objective of this chapter is therefore to assess the potential of TLVs

for improving food security in Africa.
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5.2 Background

The current status of agriculture in Africa

Agriculture contributes significantly to Africa’s economy. It is responsible for a relatively large
share of the economy in terms of labour force. It accounts for 70% of jobs, contributes 33%
of the gross domestic product, and generates 40% of the total export earnings in Africa
(Otsuka et al., 2013). Africa faces the challenge of low food productivity due to a number of
factors, including poor uptake of modern technologies, and high incidences of poverty
culminating in the prevalence of an undernourished population among others. At the United
Nations Sustainable Development Summit on September 25, 2015, world leaders adopted the
Sustainable Development Goals (SDGs) to end poverty, fight inequality and injustice, and

tackle climate change by 2030 (United Nations Development Programme [UNDP], 2016).

The modern technologies have resulted in the replacement of TLVs with the conventional
vegetable varieties such as rape, cabbages etc. However, these exotic vegetables usually grow
in high-altitude areas with a cool climate and require modernized technologies, like irrigation
which is far beyond the reach of many smallholder farmers in Africa. In the humid lowland
areas of West Africa, the arid areas of Namibia and Botswana, in the blistering heart of
Kalahari, in hot dry regions in other parts of the continent, the exotic vegetables cannot grow
well, but TLVs can grow (Schippers, 2000) allowing for the effective use of non-productive

areas.

Traditional leafy vegetables in Africa

Traditional leafy vegetables are plants which originate from the African continent and have a
century-long history of cultivation and domestication subject to regional agro-climatic
conditions (Ambrose-0ji, 2009). They are often more resilient to adverse weather conditions
and withstand better unpredictable weather changes than varieties of staple crops and

vegetables bred in industrialized countries, fitting very well to bioregional foods.

Traditional leafy vegetables are naturally important to many people in Africa due to their

inherent nutrient content and vast range of phytochemicals (Yang & Keding, 2009). Generally,
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TLVs are more nutritious than commonly known exotic vegetables. Commonly consumed
vegetables across Africa include Amaranth (Amaranthus spp.), Okra (Abelmoschus
esculentus), Spider flower (Cleome gynandra), Pumpkin leaves (Cucurbita spp.), Cowpea
leaves (Vigna unguiculata), Black jack (Bidens pilosa), Sweet potato leaves ([pomoea batatas),
Nightshade (Solanum spp.), Moringa (Moringa oleifira), African eggplant (Solanum spp.),
Baobab leaves (Adonsonia digitata), Jute (Corchorus olitorius), and Cassava leaves (Manihot

esculentum).

Table 17 shows laboratory results on the nutritional contents of TLVs found by the World
Vegetable Center, TLVs have substantial amounts of micronutrients, vitamins and minerals
which are essential for a balanced and healthy diet. These vegetables often have higher
amounts of nutrients than vegetables which are traditionally grown on other continents such
as tomatoes and cabbage. For example, Moringa provides the highest quantity of
micronutrients among the most used TLVs. TLVs are generally rich in vitamins A, Cand E, zinc,
calcium, iron, and antioxidants (Yang & Keding, 2009). In comparison, TLVs have higher

nutrient amounts than other vegetables such as tomatoes and cabbages, Table 17.

Table 17 Micronutrient content of common TLVs

Vegetable type
Micronutrient Range Tomato Cabbage Moringa Amaranth Sweet potato
leaf

B- Carotene, mg 0.0-22 0.40 0.00 15.28 9.23 6.82
Vit C, mg 1.1-353 19 22 459 113 81
Vit E, mg 0.0-71 1.16 0.05 25.25 3.44 4.69
Iron, mg 0.2-26 0.54 0.30 10.09 5.54 1.88
Folates, mg 2.8-175 5 ND 93 78 39
Antioxidant

0.6 — 82,000 323 496 2,858 394 870
activity, TE

Note: ND = Not Done

Source: Ojiewo et al. (2010).

Some TLVs can be produced or collected from forests or fallow lands. In Eastern and Western
Africa, TLVs production is commercial in both urban and peri-urban areas (Weinberger &
Pichop, 2009). Most farmers producing TLVs sell about 50% of the produce through different

market channels, and the remainder is consumed within households. Table 18 shows that the
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total volume of TLVs produced by seven countries was 9,300 tons/year (Weinberger & Pichop,
2009). The quantity is relatively small given that it is produced by seven countries. The total
volume was largest in Eastern Africa, followed by Western Africa. The production of TLVs in
these three parts of Africa is driven by generating extra income and home consumption,
among others (Weinberger & Pichop, 2009). Given their nutritional potential, promotion
campaigns such as road and cook shows, nutritional awareness and educational programs in
hospitals, schools and markets have been used, for example in Tanzania to increase

consumption of traditional vegetables by rural and urban consumers (Ochieng et al., 2016).

Table 18 Total TLVs production by African regions in 2016

Region (countries) Total volume (tons)
Eastern Africa (Kenya, Tanzania, and Uganda) 6 900
Western Africa (Senegal, Benin, and Cote d’lvoire) 2 400
Southern Africa (South Africa) 27

Total volume 9327

Source: Authors based on IndigenoVeg survey data Weinberger & Pichop (2009).

The quantities consumed per day vary across the African regions. For instance, in Southern
Africa, 29-41 kg/year are consumed by South Africans/households depending on the location
(rural or urban dwellers, with the latter consuming less) (Yang & Keding, 2009). A study of the
TLVs consumption in seven countries of Africa showed that Figure 8 Tanzania consumed
largest quantities of TLVs/capita/day, while Senegal consumed the least, as shown in Figure
8. On average, Eastern African countries consumed larger quantities, indicating the

importance of nutrition awareness.

Figure 8 TLVs per capita per day (grams) by country
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Source: Authors based on IndigenoVeg consortium data Weinberger & Pichop (2009).
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Over the last two decades in the context of the realization of the limitations of the Green
Revolution, the national food programmes and strategies, and the effects of climate change,
researchers realized a need for a paradigm shift to look at underutilized plants such as TLVs.
These neglected species have begun to attract considerable interest due to their multiple
underexploited benefits in terms of nutritional value, food security, income generation,
medicinal value, and suitability for low input systems and for marginal environments
(Shackleton et al., 2009). The interest in the underutilized species for research and
development came during the late 1980s. For example, there was the establishment of the
International Centre for Underutilized Crops in 1988, the Plant Resources of Tropical Africa in
2000, the Global Facilitation Unit of Underutilized Species in 2002, Consultative Group on
International Agricultural Research in 2005 and the inclusion of indigenous vegetables for
biodiversity, healthy diet and marketing opportunities as one of the World Vegetables
Centre’s strategic programme directions in 2002 (Shackleton et al., 2009). All these strategies
aimed at increasing the use of the underutilized crop species such as TLVs to retard
biodiversity losses, increase community driven rural development, exploit the nutritional
value, food security, income generation and medicinal value and make marginal lands more

productive.

Recent milestones in TLVs production and consumption include a significant growth of
interest in re-activating traditional food and a reversal of an earlier decline in farming of
indigenous crops that this food is based upon. Scientists in Africa and elsewhere have been
engaged in research to develop TLVs in order to tap into their health benefits (Cernansky,
2015). These researches have created new opportunities for TLVs in many countries. A study
on TLVs production has shown that Kenyan farmers have increased the TLVs production area
by 25% between 2011 and 2013 (Cernansky, 2015). Also, the number of bunches sold in Kenya
have been increasing rapidly, estimated at 164%, as depicted in Figure 9. The TLVs have
gained a commercial status in large cities like Nairobi (Irungu et al., 2011). Some TLVs, e.g.
African nightshade, have gained 32% in the total Nairobi vegetable markets share (Irungu et
al., 2011) and 11% in Tanzania. The World Vegetable Center is currently budgeting annually
around $20 million on TLVs research (Cernansky, 2015).
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Figure 9 Supply trends of TLVs in Nairobi markets
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Source: Authors based on Irungu et al. (2011).

5.3 Main focus of the Chapter

Current status of traditional leafy vegetables in Africa

TLVs play significant roles in the livelihoods of people along the supply chain in Africa. They
contribute approximately 13%, 35%, and 30% of the smallholders’ income in Tanzania,
Malawi, and Mozambique, respectively (Weinberger & Msuya, 2004; Chagomoka et al., 2014),
29% to 76% in Uganda, Cote d’lvoire, Kenya, Tanzania, Senegal, South Africa, and Benin
(Weinberger & Pichop, 2009). Figure 10 depicts the share TLVs farmer receive of the
consumer selling price. The data shows substantial differences between African countries.
Higher shares are realized in South Africa and Benin. The differences in shares can be partially
explained by prices. For example, a farmer in South Africa realizes better shares due to the
price difference per kilogram of cowpea leaves selling at 3.20 USD for South Africa compared

to 0.22 USD for Tanzania (Weinberger & Pichop, 2009).
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Figure 10 TLVs farmers’ percentage share in consumer selling price
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Source: Authors based on Weinberger & Msuya (2004); Weinberger & Pichop (2009); Chagomoka et al. (2014).

A market study conducted in seven countries within Africa in 2009 shows the total volume
and total turnover for the three most important TLVs traded at retail levels, as depicted in
Figure 11. This study established that TLVs are relatively high value crops generating a total
turnover of 5.5 million USD (Weinberger & Pichop, 2009). Assuming the same turnover being
produced by 53 African countries, calculated, would yield approximately 50 million USD

generated by TLV supply chain markets.

Kenya shows the highest volume traded for the three most important TLVs, almost thrice the
volume traded in Senegal yet with the total turnover lower than that of Senegal. South Africa
exhibits the least total volume traded, but its total turnover is higher than that of Cote
d’lvoire. For the rest of the countries included in this data, only Senegal and South Africa have
a total turnover higher than the total volume traded. These differences can be partially
explained by the difference in selling prices (USD/kg) at retailers between these countries. For
example, cowpea leaves selling per kilogram at 3.64 USD and 3.20 USD in Senegal and South
Africa, respectively, compared to 0.30 USD, 0.45 USD, 0.30 USD, 0.22 USD for Benin, Kenya,

Uganda, and Tanzania, respectively (Weinberger & Pichop, 2009).
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Figure 11 Total volume and total turnover for TLVs traded at retail/ country
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Source: Authors based on IndigenoVeg survey data Weinberger & Pichop (2009).

For TLVs, the trader and retailer share contribution at consumer selling point is the lowest in
Benin at 24% and in South Africa at 30%. It is the highest in Uganda (71%), Cote d’lvoire (62%),
and Tanzania (around 55%) (Weinberger & Pichop, 2009). These differences can be partly
explained by the share that is allocated to the farmers, e.g. the share received by farmers is

relatively higher in Benin and South Africa, as shown in Figure 11.

Supply chains of traditional leafy vegetables

The authors assessed the role of TLVs in small-scale farmers’ diets and incomes, the survey
was conducted in five provinces of Zimbabwe (Mashonaland East, West and Central, Harare,
Manicaland). The respondents were chosen using the snow ball technique, starting with the
seed production and supply segment upstream to traders, gathering data from five key
informants within each segment. The authors developed question guides to help consistent
data collection and interview technique at each segment. The information collected included
crop management, marketing of the produce and information, among others. The content of

this chapter is partly based on the results obtained from the survey.

The TLV supply chain is very short, due to high perishability. During the harvesting process,
farmers normally place TLVs under the shade and at times sprinkle water on the vegetables.

In Zimbabwe, farmers or intermediates pack TLVs in jute bags, and then transport the product
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to the markets. Some bags are packed in big lorries or placed on top of the commuter buses
and tied by a rope to avoid falling. Transportation is done during the evening when
temperatures are low. Unfortunately, there is no appropriate storage during transportation
and at the market places, which can result in reduced shelf life of vegetables. To avoid losses
through spoilages, the producers and traders are forced to bring or buy the TLVs in small

enough quantities such that they can be sold within a day or two.

The producers minimize the transactional costs and losses due to high perishability by taking
the TLVs directly to the markets. In such cases, it may be worthwhile for the producers to
have market information before taking the TLVs to the markets. Alternatively, the producers
sell their TLVs to intermediates moving around their farm gates and sourcing the vegetables.
In that way, the producers would reduce transport costs and other costs that can be incurred,
i.e. high market fees. For example, in Harare, the farmer is charged 10 USD per day, which
means that if the farmer has unsold TLVs, the farmer either has to pay another 10 USD for the
following day, is forced to dump the remaining product or give it away for free. Figure 12
depicts an example of the movement of TLV seed and vegetables from the areas of production
to markets. The TLV seed are primarily produced, sold and exchanged locally, with many
people deriving their incomes and livelihoods through various activities carried along the
supply chain, thus having the potential for facilitating the attainment of the current
imperative to foster food and seed sovereignty and strengthen several of their components.
Since their production is local, farmers have control over seeds and the resulting vegetables
can then be quickly supplied to consumers, supporting domestic marketing structures in
developing countries. This chain supports the flow of purchasing power from more affluent

urban regions to rural areas, as depicted in Figure 12.
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Figure 12 TLVs seed production regions and markets in Zimbabwe
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The highly perishable nature of TLVs make them unsuitable for long-distance transport. This
statement is true across Africa. These vegetables are sold to neighbouring urban areas and
locals and in small quantities in processed form are exported to neighbouring countries. For
example for Zimbabwe, Botswana and South Africa are importers. Most of the production
areas are near urban areas, while there exist others that are located more than 100 km away
from the urban areas. In Zimbabwe, locations where the authors collected data are around
100 km away from the major markets, translating to an average of three to four hours to
reach the market using public transport. In Kenya, the TLV production areas are near Nairobi,
whereas others are more than 100 km away and other retailers had to walk 15 km daily for
fresh TLVs (Nekesa & Meso, 1997). In Zambia, Lusaka supermarkets source their TLVs from
local farmers in the peri-urban areas. In Uganda, the average distance travelled and time used
to travel in order to sell the TLVs is not large. It rarely takes more than an hour and the
travelling distance is around 14 km (Weinberger & Pichop, 2009). TLVs are very perishable

and there is a need to produce them near or at the point of use.

In the community, the TLVs are sold at various market outlets, including at farm gates, on the
side of the road and door-to-door. In this scenario, the traders are producers as well, as they

sell their TLVs directly to consumers and to some intermediaries. Some of the intermediaries
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visit various farm gates, purchase the TLVs, transport them to the markets and eventually sell
them to the consumers. It is mainly men who do the purchasing. In case the TLVs are not
bought, in the case of Zimbabwe, the producers would process them and sell them later, some

would be consumed in their households.

Women play significant roles in the TLV supply chain as producers, processors, and marketers
(Weinberger & Pichop, 2009). In Uganda, men mainly act as intermediaries, as they move
around to buy TLVs from producers (mostly women) and transport them to markets. In the
markets, women buy them from the intermediaries and then sell these vegetables to the
public. Women are, therefore, economically empowered as they are able to pay fees for their

children and provide food their households.

Vegetable varieties, seed production and farming characteristics

Many TLV types are produced within homesteads, sold in local markets, exchanged as seeds
or sold in the local markets, fostering localized developments. Despite their high potential in
offering better opportunities for gender oriented developments, transforming the rural
livelihoods through localized markets and addressing food insecurity problems, there are
many challenges persisting along the supply chain. The availability of seed and undeveloped
seed systems, depriving farmers’ access to high quality seed of preferred varieties. More so,
with the supplies of vegetables now getting into big cities (increased demand for vegetables),

this translates to increased demand for seed as well.

In Eastern Africa, mostly, TLV seed is produced by farmers. Seed stockists buy this seed and
then sell it to many emerging TLV farmers. These seed producers are registered with
renowned companies and are able to produce certified seed, giving the seed a commercial
market value. They are capable of producing high quality seed with the supervision of big seed
companies. More so, the TLV seed markets are organized well, enabling seed producers to
realize profits and incentivize. The farmers are assured of the ready markets and they know
well before planting the types of TLVs preferred by their targeted markets. Unlike in Eastern
Africa, Southern Africa, Western Africa and Central Africa, the production of TLV seed has not
been formalized. There, no commercial seed company has shown interest in venturing into

the seed production and marketing sector. One example where this has happened is
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Cameroon. Various international organizations funded the training and production of TLV
seed, aiming at improving seed availability to farmers through the involvement of local seed
companies in Eastern Africa and a few in Southern Africa. The top five selected for increased
production, consumption and marketing include cowpea, amaranth, nightshade, spider

flower, and African eggplant.

In Zimbabwe, TLV seed is produced by a government institute under the Department of
Research and Specialist Services (Horticultural Research Centre) and by farmers dotted
around the country. The most common TLV seed produced include spider flower, cowpea,
amaranth, black jack, okra, tsunga, and pumpkin, with the most traded being spider flower
and pumpkin seed. Similarly, findings by Chagomoka et al. (2014) revealed that TLV seed
produced in Malawi included Ethiopian mustard, okra, pumpkin, and African eggplant. In
Mozambique, the same authors found that most TLV farmers use returned seed, with some
of the seed imported from Tanzania. The seed is usually packed in a plastic bag or plastic
coated paper. In Zimbabwe, three main sections of TLV seed production were found, notably,
the low section (subsistence farmer without knowledge of seed production), middle section
(commercialized farmer with relative basic knowledge of seed production) or high section
(commercialized seed producing company i.e. Horticultural Research Centre). The seed from
the high section was more expensive than other seed sections, costing 50 USD per kilogram.
The seed is marketed to different channels: to neighbours, at agricultural shows, and to

various organizations promoting the use of TLVs for nutrition and health benefits.

The farmers generally measure out the seed in table spoonfuls or pet coke cola lids. A table
spoonful is estimated to weigh approximately 15 grams and a pet coke cola lead is
approximately 2 grams, marketed at 2 USD and 0.50 USD respectively or 50 USD per kilogram
in Zimbabwe markets and 1.80 USD per 25g of amaranth seed in Kenya markets (Mumbi et
al., 2006). When these seed weights and prices were calculated and estimated per hectare of
spider flower and amaranth for one season, the gross income presented in Table 19 are
derived. In comparison, spider flower seed’s gross margin is higher than that of amaranth
seed, valued at 6 500 USD/hectare. The gross margin for farmers in the production of TLVs
vegetables varies due to the TLV type. The least gross margin is obtained from cowpeas with

2 426 USD. Nevertheless, in Zimbabwe, the TLV seed is rarely packaged, labelled and traded
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directly to the public without hiring the chain of people or companies to market the seed.
Seed produced is sold locally to neighbours, friends and relatives or nearby urban areas. The

transactions are mostly based on the cash market.

Table 19 Seasonal and annual gross margin analysis for TLV seed and TLVs (USD)

Category TLV grown Country Production cost  Gross income  Gross margins
Seed (per ha and season) Spider flower ~ Zimbabwe 1000 7 500 6 500
Seed (per ha and season) Amaranth Kenya 185 3145 2 960
Vegetables (0.1 per ha/year) ~ Amaranth Kenya 1142 5714 4571
Vegetables (0.1 per ha/year) Cowpea Kenya 1306 3733 2426
Vegetables (0.1 per ha/year)  Nightshade Kenya 1633 4666 3033

Source: Authors and Mumbi et al. (2006).

Production of traditional leafy vegetables

Similar to countries in Eastern and Western Africa, the production of TLVs can be
commercialized in Zimbabwe, in particular areas close to major cities. For example, a
Zimbabwean farmer who produces and sells the TLVs throughout the year as opposed to
seasonally gets better prices when the market supplies are low, while also taking advantage
of the fast moving of the TLVs when incoming supplies dwindle. The spider flower fetches the
highest price and sells fastest. TLVs winter production is mainly carried along major rivers in
some parts of Zimbabwe (Mpala et al., 2013), concentrated in irrigation schemes during the
dry seasons and in rural areas during the summer season. Most of the TLVs produced are
consumed domestically, either by households or through local markets in nearby urban areas.
Similarly, the production and marketing of TLVs has been increasing and becoming
increasingly commercialized in Kenya, particularly within Nairobi and the peri-urban areas
(Irungu et al., 2011). Women participation in the TLVs supply chain is constantly high in Kenya,
Benin and South Africa (Table 20). Female participation in TLV production tends to be lowest
to other levels of the supply chain. Table 20 shows that it is especially low in Céte d’lvoire and

Senegal.

However, production of TLVs is hindered by unavailability of certified or high quality seed

coupled with the underdeveloped seed systems. The underdeveloped seed systems limit the

seed movement, subsequently limits the farmers’ variety of choices.
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Table 20 Share of women along the TLVs supply chain across countries (%)

Country
Category
Benin Cote d’lvoire Senegal Kenya Tanzania Uganda South Africa
Farmers 40 16 14 59 34 37 65
Intermediaries 78 100 26 95 75 69 unknown
Retailers 100 100 58 86 58 68 86

Source: Weinberger & Pichop (2009).

Processing of traditional leafy vegetables

Processing and packaging is a way of minimizing spoilage of TLVs due to their high
perishability. During the periods when the TLVs are abundant in the markets and in gardens,
TLVs are partly processed for future use in the dry season or for distant marketing (Mpala et
al., 2013). In Zimbabwe, 97% of the TLV farmers process parts of the vegetables harvested
(Mpala et al., 2013), in Uganda 1.2%, in Cote d’lvoire 9.3%, in Kenya 2.1%, in Senegal 0.8%,
and in South Africa 10.3% (Weinberger & Pichop, 2009). Similarly, Chagomoka et al. (2014)
notes that TLVs are processed prior to selling as a way of minimizing quantity and quality
losses. Only 12% of retailers in Malawi and 6% of retailers in Mozambique process the TLVs
prior to selling. About 50% of the households in South Africa preserve vegetables for both

selling and own consumption.

There are various methods of processing, including; sun-drying without any pre-treatment,
blanching and sun-drying and blanching then freezing (Bioversity International, n.d.). Sun-
drying without any pre-treatment method is the most preferred among the commonly
preserving methods (Mpala et al., 2013). In Zimbabwe, cowpea tender leaves are harvested,
boiled, and dried in direct sunlight. They are twisted by rolling them between the pumps. The
processing varies across the nations, regions and cultures. For example, in Malawi cowpea
leaves are processed by sun-drying and/or blanching (Chagomoka et al., 2014), but not
twisting. The pumpkin leaves are sold fresh across Africa. Except in some countries in
Southern African, including Zimbabwe, they are traded in their dried form. They are dried

without cooking and normally their flowers are added.

In Zimbabwe, drying is generally done in a semi-closed cabinet that protects the processed
vegetables from fine dust particles that may settle on it in order to avoid making them gritty.

Quality attributes such as twisted and dried for cowpea, absence of pathogens, i.e. dried
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without visible molds, and neatly packaged with the labels showing shelf life, net weight and
processors’ details are mandatory. The concerns arise especially if the quality attributes are
not met. This can result in negative perceptions among some urban dwellers and educated
elite in response to their fear for their health. The worries related to the health risks were
highlighted in the World Vegetable Center (2006) report on determination knowledge and
use of TLVs by the elite urban dwellers. The average to middle-income earners consumed

little in fear of risking their health.

Marketing channels of traditional leafy vegetables

Trading TLVs in Kenya dates back to the 1960s (Irungu et al., 2011). The trade of TLVs is highly
specialized, as is the consumption. Nairobi has ten large markets, which sell TLVs in larger
amounts. These markets are located in residential places and serve the surrounding
consumers. Supermarkets and green grocery stores serve the affluent minority who have
limited time to visit some of the city council markets, such as Harare and Nairobi City Council
markets. In addition, there are several evening traders along the streets who target the

people coming from work.

Similarities in trading of TLVs can be found across African regions. In Zimbabwe, the authors
noted that three quarters of traders interviewed purchased the TLVs from farmers moving
around the market looking to sell to traders they know. While supermarkets in both Kenya
and Zimbabwe buy directly from individuals, groups or processors. In comparison,
Zimbabwean supermarkets mainly sell dried TLVs with the exception of pumpkin, spider

plant, and amaranth leaves, while Kenyan supermarkets sell fresh TLVs.

The traders purchase a bundle of TLVs or two cups of dried TLVs for 0.50 USD. A standard cup
consists of around 60 g. The traders split the bundle into two and each is sold to consumers
at 0.50 USD. In Zimbabwe, a sachet weighing approximately 80 g sells for 2 USD in the green
grocery, while a range of 2 USD to 2.35 USD, depending on the TLVs type, for 60 g is sold in
supermarkets. Similarly, in Kenya the wholesaler buys a bundle of TLVs for KES2 (0.04 USD),
splits the bundle into two and sells each for KES2 to the retailer. In turn, the retailer further
splits the bundle before selling it to the consumer (Nekesa & Meso, 1997). In Zambia, a bundle

of TLVs weighing 500 g is sold between 500 and 800 Zambian Kwacha (0.25 USD -0.30 USD).

152



The profit made on TLV sales is over 100% in Zimbabwe (Mpala et al., 2013), 33% in Tanzania,
and over 75% in Kenya (Nekesa & Meso, 1997).

The major TLV dominate marketing channels across Africa, including city council markets,
supermarkets, green-groceries, open markets and roadside, as reported by Irungu et al.
(2011) and Schippers (2000). Table 21 shows some of the most popular TLVs consumed and
found most tradeable in African regions. The types of TLVs popularly consumed and found
most tradeable vary substantially by region, except for amaranth. Amaranth is sold fresh in
all cities (Maundu et al., 2009). Contrary, spider flower is sold in the fresh or dried form in the
Southern Africa region. These variations can be explained by different attributes, including
cultural backgrounds, geographical location, and diversity. In comparison, in Western Africa
baobab leaves are some of the most popular TLVs consumed, whereas black jack is the most
commonly consumed TLVs in the Southern African region. Northern Africa, due its climate

conditions, a few types of TLVs exist in the region.

Table 21 Some of the most popular TLVs consumed and traded in Africa

Region Popular TLVs Tradeable TLVs
Southern Amaranth, Okra, Spider flower, Pumpkin leaves, Spider flower, amaranth, black jack, cowpeas and pumpkin
Africa Cowpea leaves, Black jack, Sweet potato leaves leaves, okra, African eggplant, amaranth, jute mallow, Ethiopian

mustard, and wild cucumber

Eastern Amaranth, Cowpea vegetables, Pumpkin vegetables, African nightshade, amaranth, Spider flower cowpea leaves,

Africa Corchorus, Nightshade, Spider flower, Sweet potato crotalaria, okra, Ethiopian kales, Ethiopian mustard, sweet
leaves, Moringa potato leaves, cassava leaves

Western Amaranth, African eggplant, Corchorus, Okra, Sweet Sweet potato leaves, African nightshade, cassava leaves,

Africa potato leaves, Cowpea leaves, Baobab leaves, Spider ~ pumpkin leaves, jute, Amaranth

flower, Moringa,
Central Amaranth, Pumpkin leaves, Sweet potato leaves, Moringa, jute, hibiscus, okra, amaranth, cowpea leaves

Africa Okra, Jute, Spider flower, Cassava leaves

Source: Authors; Nekesa & Meso (1997); Maundu et al. (2009); Irungu et al. (2011); Chagomoka et al. (2014).

Challenges in realizing the economic potential of traditional leafy vegetables

TLVs have for decades not been recognized as potential contributor to food and nutrition
security by policy makers (Schippers, 2000). Only recently, TLVs have become important food
crops and have attracted international spotlight because of their potential for human
nutrition by providing essential micronutrients, photochemicals, and antioxidants for

achieving a balanced diet. The realization of their potential is subject to a number of
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challenges persisting along the TLV supply chain. Major challenges include the unavailability
of quality-certified seed to enhance productivity, undeveloped seed systems depriving
farmers’ choices of varieties, limited preservation methods given their high perishability,

resulting in poor quality, processed products, and negative perceptions among some of the
young generation, educated elite, and urban dwellers.

Results from a study conducted by Weinberger & Pichop (2009) in three regions of Africa
(Eastern, Southern, and Western), show that the median and inter-quartile range for urban

areas dedicated to vegetable production is larger in Nairobi and Kisumu, for peri-urban areas

of Cotonou, Durban, Lokossa and Shoshangwe, reflecting increased demand of TLVs in the
urban areas in Kenya (Figure 13 and Figure 14).

Figure 13 Cultivated areas in urban and peri urban for six cities
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Figure 14 Vegetable production in urban and peri-urban areas of six major African cities
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If the quality of TLV seed would be improved and become more homogenous, farmers might
additionally benefit by having less expenditures for the seed and eventually get higher yields.
However, this potential of increased earnings depends on the structure of the value chain,
number of actors and their market power, and the value added at its various value chain
nodes. The more diverse and immediate the marketing possibilities of the farmers are, the
higher their benefits can be. The potential socio-economic and societal benefits from
investing in the improvement of TLV seed quality by eventually incorporating TLV seed into
the formal seed market crucially depends on the potential contributions which these
indigenous food products can have towards the income of the stakeholders in the value chain
on the one hand and the benefits for food security and the healthy nutrition of the consumers
on the other. Most commercial seed companies consider the TLV seed production as
uneconomic. Across Africa, TLV seed is marketed informally, with less than 10% of seed
planted being purchased from the formal markets. Few seed companies have committed
themselves to the TLV seed production, for example in Kenya and Tanzania farmers have
benefited from the involvement of big seed companies with many of them changing from
using own farm saved seed to certified seed. Switching from own saved to certified seed
increased the farmers market gross value by 213% between the period of 2001 and 2006
(Irungu et al., 2011).
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During the period of vegetable shortages, particularly during the dry seasons throughout the
year, dried and processed TLVs become very important in household food security. Their
abundance normally coincides with the peak of rain season, making it difficult to preserve
them well and for larger quantities to be marketed throughout the relish gap. TLVs, like some
of the modernized horticultural crops, are highly perishable. They are produced by resource-
poor rural sectors, who cannot afford the modernized preservation methods like
refrigerating. The production of TLVs is relatively low especially during the dry seasons,
meaning that the TLV market niche during this period can only be filled by the farmers using
an irrigation mechanism. However, the quality of the processed TLVs is poor in some cases,

can result in negative perceptions by the young generation, elite, and urban dwellers.

If the quality of the processed TLVs improves through preserving and turning them into
products like cakes or flour, such products could increase the TLVs consumption by the young,
elite, and urban dwellers. Also, the creation of awareness for the preparation or cooking of
TLVs through cooking recipes can effectively and positively increase their consumption,
particularly among the young, elite, and urban dwellers. Although the TLVs have the potential
to facilitate the current imperative to foster food sovereignty and strengthen several of its

components, this potential is not realized because they are classified as minor crops.
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5.4 Solutions and Recommendations

The availability of certified quality seeds coupled with the developed seed systems will
enhance the production of TLVs. For example, Asfaw et al. (2012) reported better incomes
were realized by smallholder farmers who adopted improved or certified seed varieties. The
authors recommend the international organization such as the World Vegetable Center,
already working in Eastern Africa to extend working with other countries in Southern and

Western Africa to ensure quality seed production and develop TLV seed systems.

Different recipes and preparation methods that are passed through generations have also
been promoted in Tanzania and should be scaled out in other countries in the continent to
create awareness among the elite, young, and urban dwellers. For example, the World
Vegetable Center is promoting consumption of TLVs and processing them into other products
such as cakes and flour (Ochieng et al., 2016). The authors recommend increase in production
and processing of traditional leafy vegetables to enhance their consumption by the elite

groups and children.

The potential of traditional leafy vegetables to improve food and nutrition security

TLVs contribute significantly to food security in the dry regions of Zimbabwe, as they are
consumed by more than 60% of the households in these regions (Mpala et al., 2013); about
21% and 30% of the produced indigenous vegetables are consumed at home in Malawi and
Mozambique (Chagomoka et al., 2014). TLVs account for about 80% of the total food use
during winter in South Africa. Another key important issue regarding food security: the cash
obtained from selling TLVs contributes significantly to food security at the household level, as
it can be used to buy other food related items. In Zimbabwe, the rural poor people rely on
TLVs for a period of nine months (five months of the rainy season and four of the dry months).
They are prime sources of minerals and are naturally rich in nutrients, i.e. iron, protein,
vitamins, and other micronutrients needed by the human body for healthy growth. They have

the potential to help address micronutrient deficiency problems in many African countries.

Some TLVs have relatively high levels of nutrients, e.g. cleome and cowpea leaves contain

more than 4 g (4.5 g and 4.4 g, respectively) of protein and 275 mg and 186 mg of calcium,
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respectively, while sweet potato and cleome have 3.9 mg and 2.2 mg of iron, respectively,
and cowpea leaves and cleome have 75 mg and 113 mg of Vitamin C, respectively per 100g
edible portion (Yang & Keding, 2009). If incorporated in the daily diets of people in Africa, this
new diet can be a key step in reducing malnutrition and food security problems faced by the
continent. Most of the nutrients found in TLVs are very important, especially for the poor
population who consumes mostly staples and tubers with little or no meat. Khoury et al.
(2014) reported a global change in the dietary patterns, people are consuming calories,
protein and fat, relying increasingly on wheat, maize and soybeans, along with meat and dairy
products, showing increasingly shift towards monotonous and homogenous diets. TLVs can
serve both purposes, as vegetables and as a supplement to starchy foods, as some TLVs, such
as sweet potato and cassava roots, provide much needed energy as well, break the

increasingly relying on monotonous diets.

TLVs are produced locally; farmers have control over seed and they can be quickly supplied
to consumers, which ultimately supports domestic marketing structures in developing
countries. Their marketing supports the flow of purchasing power from more affluent urban
regions to rural areas. The development of TLV markets within African cities and other major
urban centers could be considered a milestone in the re-introduction of underutilized local
food crops for food security, food sovereignty, on-farm biodiversity conservation as well as
halting biodiversity losses alluded to in SDG 15. Precious genetic variability of these
domesticated plants, traditional foods and farming customs in developing countries can be
preserved. From an agronomic perspective, TLVs might yield general beneficial effects for the

cropping pattern and for fighting crop diseases.

Potential socio-economic benefits for national food supply chains

TLVs do not have high needs in terms of farming practices, production inputs, and weather
conditions as they produce seed under the tropical condition unlike the exotic vegetables.
This opens up the potential for farmers to easily expand TLVs production and obtain higher
incomes through increased marketing of TLV seed and of TLVs. TLVs therefore possess a
substantial potential for sustainably improving the livelihoods of the poor rural population

and provision of food for the poor urban dwellers.
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The contribution of TLVs to household incomes have been reported to be higher than 20% in
Malawi and Mozambique (Chagomoka et al., 2014). Besides income benefits, the production
and trading of TLVs has been associated with women. In Zimbabwe and Kenya, the majority
of the TLV traders and producers were women (60% and 65% of the sample, respectively).
This proportion confirms the trend shown in other reports. Mpala et al. (2013) reported that
most TLV traders are women. Women are predominant in the production and marketing of
TLVs, accounting for 57% and 95%, respectively. Meaning that the women are empowered
and therefore financially independent, consequently reducing their vulnerability. The
incomes earned is very important, as it can be used for buying food for their families, provide

housing and secure health care for the families among others (Schippers, 2000).

Potential socio-economic benefits for rural areas

Only in the late 1990s health institutions increased awareness designed to reduce the
diseases of the affluent (i.e. diabetes, high blood pressure, and ulcers, among others) (Irungu
et al., 2011). These ailments were predominantly associated with people dwelling in urban
areas because of their unhealthy food consumption pattern. Whereas for their counterparts
in rural areas, many diseases caused by food insecurity (such as malnutrition) have been
associated with an unbalanced diet. But note that other patients who suffer from HIV/AIDS

could benefit from TLVs, as they are said to mitigate this type of ailment (Irungu et al., 2011).

For years, the rural people valued the TLVs for food security as well as medicinal, social,
cultural, and income generating item (Mpala et al., 2013). TLVs are important sources of
essential macro- and micro-nutrients, hence their potential to reduce diseases of the affluent
and diseases resulting from food insecurity. They are also important dietary components
which are used to prepare sauces and relishes that accompany carbohydrate staples. Beyond
their fundamental subsistence use, TLVs have the potential to address some of the
Sustainable Development Goals (SDGs) that pertain to poverty, health, food and nutrition

security in Africa.

Moreover, TLVs represent an inexpensive food of high and beneficial nutrient content
(Schippers, 2000). With TLVs, a one-sided nutrition, especially for the poorer parts of the

population, can be avoided by boosting this kind of crop production. In urban markets, TLVs
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command relatively better prices than the exotic vegetables and can be effectively produced

by rural resource-limited farmers, hence the potential to foster rural development.

The potential of traditional leafy vegetables to contribute to the Sustainable Development
Goals

Recent food price volatility has resulted in poverty and food insecurity in many developing
countries, in particular Africa. The leaders from various countries created the MDGs to
address some of the challenges, including poverty reduction and food insecurity problems.
Several countries managed to reduce the number of the population deemed poor by half.
Following the successful implementation of the MDGs, the leaders of various countries
created a new set of goals “Sustainable Development Goals”, aimed to end poverty and

hunger by 2030.

TLVs have high nutritional values that can overcome malnutrition problems faced by Africa
that still persist due to the lack of diversified diets. The consumption of TLVs has potential
health benefits because they are rich in naturally inherent nutrients. TLVs can therefore
contribute to the SDG 3 aimed at maintaining good health. These vegetables are resilient to
adverse conditions prevailing in Africa. They can therefore provide food for many people

across the continent, a trait making them excellent contributors to SDGs 1 and 2.

TLVs help smallholder farmers to diversify their limited income sources and provide an
important source of employment in rural areas. TLVs command relatively high prices on the
markets, giving them the potential to relieve rural poverty, in particular, for the vulnerable
group, females. In most parts of Africa, TLVs are regarded as women crops, therefore,
supporting their production and use can go a long way in the economic empowering of
women, which in turn reduces the vulnerability of women and addresses gender inequality,
as enshrined in SDG 5. Traditionally, African women are responsible for household food
availability, preparation, and preservation. Women’s involvement in the TLVs marketing is
significantly high. Indigenoveg survey in Weinberger & Pichop (2009) reported that women
play a central role in the production, peddling and marketing of TLVs. They therefore offer a
convenient pillar for lifting the women higher. Women dominate 100% in the retail markets

and middle actors in Cote d’lvoire, 68% in Uganda, 90% in Kenya, 65% in Tanzania, and 80%
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in South Africa (Indigenoveg in Weinberger and Pichop (2009)). These vegetables, therefore,
form a crucial part of the female existence. TLVs have the potential to transform Africa’s
economy due to the high turnover and its effect on the income of women, as they play

significant roles in the production and marketing of TLVs across Africa.

Currently some countries are supplementing the vegetable demand shortfalls through
importing vegetables from neighbouring countries. For example, it is worth mentioning that
Botswana and Zimbabwe have an import/export relationship. The local broadcasting
company in Zimbabwe reported that Zimbabwe has spent more than 15 million USD in
importing vegetables and citrus commodities in the first two months of 2016. Similarly,
vegetables in Botswana are mostly imported from the neighbouring South Africa. Thus,
limited foreign exchange is used to purchase products which could be supplied locally. The
promotion of production, marketing and consumption of TLVs enhances local markets,
curbing the externalization of much needed foreign currency. It would also reduce

enrichment of the richer nations enshrined in SDG number 10.

Nevertheless, TLVs can contribute to the environment through the reduction of biodiversity
loss, enshrined in SDG 15. Some of the TLVs types, like the cowpea, can easily adapt to poor
soils, making them useful staple crops for marginalized areas. They can be incorporated in the
production of crops by farmers living in areas marked by water scarcity and prone to hot
temperatures caused by climatic change. In addition, some TLVs are deep rooted, hence they
help to stabilize the soils. They also grow faster and provide canopy cover to the soil, reducing

soil erosions and loss of soil moisture.

TLVs, therefore, have the potential to contribute to the Sustainable Development Goals 1, 2,
3,5,10, 12,13, and 15 (UNDP, 2016). Biodiversity loss reduction, good health maintenance,
and the reduction of poverty and hunger can be strongly achieved through activities and
policies promoting the production and use of TLVs. They are traded locally, supporting
purchasing power from more affluent urban regions to rural areas and involve women
command in the supply chain. Many people derive their income through various activities
along the supply chain. They are sources of micronutrients required by the human body, food

sources during crop failures. African national food and health policies should spearhead the
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production as well as promote their consumption to help address food insecurity and
micronutrient deficiency problems in Africa. The national programmes are key in the
implementation of such policies. A good example is the Malawi agricultural input programme,
from which the country succeeded in feeding its people in a short period of time. The Green
Revolution in India also transformed the agriculture; the country produced surplus and ended

up exporting food.
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5.5 Future research directions

The outcome of our chapter noted that relatively few countries in Africa have soundly
developed TLV seed systems and supply chains, which incentivize the actors along the TLV
chains, resulting in the limited investment towards research. If the quality of TLV seed and
distribution would be improved, then actors might benefit, realizing that more profits can also
attract investors and researchers. Such successes can only be realized if Africa regions work
collectively to improve the seed systems and supply chains. In particular, countries which
already have seed policies in place should collaborate with the ones lagging behind, in order
to improve the quality and accessibility of good quality seed by TLVs farmers. More research
on determining the quality of TLV seed would contribute to availability of high quality seed
on the markets. Equally important, researches aimed at understanding how the TLV supply
chains are organized, improved seed distribution channels considering TLVs are increasingly
marketed in cities across Africa. Such researches could provide the basis of improved TLVs

supplies across Africa.

There is still a lack of knowledge about the methods of preserving and drying TLVs. The
presence of contaminants, like molds or gritty-due fine sands, make TLVs at times
unpalatable, due to abnormal smells. Much more attention needs to be given to improving
the drying, preserving and processing of the TLVs into products. Some TLV products such as
cakes or flour may attract the elite and urban dwellers to consume them. Besides, more effort
needs to be channeled towards how to prepare or cook these vegetables. Most of the elite
and urban dwellers lack the knowledge on how to prepare TLVs. Preparation or cooking of
TLVs awareness creation through cooking recipes may effectively and positively increase their
consumption, especially by the elite and urban dwellers. Research on post-harvest practices

is needed.
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5.6 Conclusions

This chapter demonstrates the potential importance of TLVs in transforming the consumers’
health and increasing farmers’ incomes, particularly women as well as contributing to food
security and the economies of African countries. TLVs have increasingly become crops of
economic importance and their production cannot only feed an increasing and
undernourished population, but also make people living in the marginalized areas more
productive, given that TLVs grow well even in such stressful environments. Besides offering a
greater opportunity to utilize the marginal areas, these vegetables help in diversification of
the food basket and breaks the monotonous diets, which is commonly missing in the daily

diets of many households in Africa.

There is minimal attention channeled towards these vegetables, yet they could quickly
contribute reduction of the environmental biodiversity losses as well as contributing to a
better food and nutrition security. In addition, relative to other field crops like maize, a
conventional bred exotic vegetable, TLVs have received little attention in terms of research
and funding from governments and international organizations. Just a few countries have put

in place policies on TLV seed production, marketing and distribution.

Nevertheless, TLVs are now getting into the cities, showing an increase in demand for both
vegetables and seed. The TLV seed systems in Africa are undeveloped, depriving the farmers
of a variety of vegetables, as seed cannot be moved from one region to another. Commercial
seed companies also shun the multiplication of TLV seed because they are considered to be

less economically viable.

The seasonality and high perishability of these vegetables reduce their potential to be an
important tool for addressing food and nutrition insecurity in Africa. In some countries, the
urban dwellers and elite consumers still have negative perceptions of TLVs, considering them
as food for poor people. Researchers need to prepare tasty and appetizing TLV dishes that
can entice the young generation to consume them as well as promote consumer awareness

campaigns concerning the nutritional benefits of eating TLVs.
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The supply chains of TLVs is not organized in many countries with exception of Kenya and
Tanzania where farmers are benefiting from organized markets. In these countries, TLVs
production and marketing has been transformed to be commercial and small-scale business
entities and changing the livelihoods of many households. For example, in Kenya seed farmers
under contract jointly produce seed of various TLV type with a total gross income of half a

million USD with farmers earning on average almost 5,000 USD.

The women involvement in all activities along the TLV supply chain reduces women
vulnerability and increases the women empowerment potential. TLVs have the potential to
contribute to a number of SDGs, as they are traded locally, their consumption supports
purchasing power from more affluent urban regions to rural areas, their market involves
women command in the supply chain, their production, marketing and selling involve many
people deriving their income through various activities along the supply chain, they are
resources of micronutrients required by human body, they can considered as an option for
food during crop failures and their increase in production and consumption will reduce

biodiversity.

Smallholder farmers particularly, women who engage in production and marketing TLV,
would be more financially empowered. However, the upscaling of these national successes to
the entire Africa will be challenging because of the different national perceptions among

policy makers.
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Agriculture Organisation of the United Nations, Regional Office for Asia and the

Pacific.

Key terms and definitions

Gross Margin Analysis: An analysis conducted between the revenue and the cost of
producing TLVs, in our case per hectare per season.

Marketing Channels: A set of activities that necessitate the movement of the
produced TLVs to the end user, i.e. the consumer.

Processors: Dehydrating the fresh vegetables from a perishable form into one that
encourages a long shelf-life and thereby allows later usage.

Supply Chain: A sequential process involved in the TLVs production to the distribution
of the produce. The supply chain for TLVs is relatively short because of the high perishability
of the vegetables.

Sustainable Development Goals: Goals that aim at transforming our world through
ending poverty and hunger, thereby achieving food security and improving nutrition and
promoting sustainable agriculture.

Traders: Persons who engage in the buying and selling TLVs.
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Traditional Leafy Vegetables: Plants which originate on the African continent and
have a century-long history of cultivation and domestication subject to regional agro-climatic
conditions.

Traditional Leafy Vegetables Producers: Farmers that grow the TLVs.
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6 General Discussion and Conclusions

This chapter discusses the whole thesis and it consist of four sub-chapters which are
elaborated below. The first sub-chapter gives a brief summary of all the core chapters of the
thesis. The second sub-chapter integrates the findings from each chapter, discusses how they
relate to each other, their implications and articulates how, in light of the findings from each
chapter, the supply chain could be organised differently. The third sub-chapter discusses
modes of data collection used as well as their influence on the data, limitations and
recommendations for future research. The last sub-chapter gives brief insights into the

potential options for future research.

6.1 Research Objectives and Summary of Major Findings

This PhD thesis analyses the supply chain of TLVs in Zimbabwe, and involves evaluating the
quality of seeds, exploring the determinants of household consumption of and expenditure
for TLVs in Zimbabwe and assessing the potential of TLVs for food security in Africa. The thesis

is composed of four separate papers, presented in Chapters 2 through 5.

Chapter 2 aims at identifying the seed-borne pathogens of TLV seeds from five sources and
establishing the relationship between seed infection and pathogen development in plants in
the field. Laboratory and greenhouse experiments are used. Combining laboratory and
greenhouse experiments enables further detection of the observed seed-borne pathogens
and their pathogenicity to TLV species. This chapter shows the presence of seed-borne
pathogens in both the seed and plants, ultimately confirming that the seed quality is poor.
The quality strongly depends on the seed source. Training the farmers in seed production can
significantly increase the production of quality seeds. Also, farmers may benefit by using
recommended seed rates, get desired plant populations per unit area, as well as produce
quality vegetables for the markets. The detection and identification of the seed-borne
pathogens of TLV seeds in Zimbabwe enables the provision of quality seeds to farmers and
reduces the spread of infections to new places. The literature lists observed seed-borne
pathogens such as Alternaria spp., Xanthomonas campestris (Sharma et al., 1980; Bradbury,
1986; Grubben & Denton, 2004) as important seed-borne pathogens of many plant species,
including TLVs.
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Chapter 3 evaluates the germination of TLV seeds and determines the morphological
characteristics of the seedlings from five sources. The five seed sources entail: Chinhoyi
(Farmer 1), Murehwa (two sources: Farmer 2 and Farmer 3), Shamva (Farmer 4) and research
organization (Farmer 5). They are located in three different agro-ecological regions of
Zimbabwe (Mashonaland Central, Mashonaland West and Mashonaland East). Results show
that Cleome gynandra seeds have the lowest percentage germination throughout the test
intervals. Highest percentage germination was obtained for Bidens pilosa seeds. Similar
results were reported by Ochuodho & Modi (2007), who observed difficulties in seed
germination of Cleome gynandra seeds. Similar to the seed testing methodology used in this
study, the Cleome gynandra seeds were tested using International Seed Testing Association
standards but had very low germination throughout the test intervals. These authors tested
Cleome gynandra seeds at 20°C and germination was inhibited by light, resulting in 0%
germination. However, it was found that pre-soaking Cleome gynandra seeds in water results
in significantly higher percentage germination than observed in the potassium nitrate (KNO3s)
treatment, which can be beneficial to farmers as they cannot afford the latter treatment.
Bidens pilosa seeds have been found to show highest percentage germination confirming the
findings of existing literature, e.g. Dube and Mujaju (2013). These authors reported the
minimum germination standards to be 88%. Across all the species, the percentage
germination differed among the seed sources. The present results can be partially explained
by the findings of Ochuodho & Modi (2005) and de Barros et al. (2017), who confirmed that
seed germination relates to the different habitats from which the seeds were collected.
Amaranthus hybridus seeds have comparably moderate percentage germination with large
variations among the seed sources, but higher percentage germination is obtained after
longer storage periods. The low percentage germination obtained of Cleome gynandra seeds
show very low productivity and farmers may face high production costs, as they have to
purchase more seeds than required per unit area or face challenges in weeding as weeds will

out-compete the sparsely populated crops.

Chapter 4 explores the determinants of household consumption of and expenditure for TLVs
in Zimbabwe. The analysis is based on a survey collecting primary data in four districts and

involves the use of linear regression models. The four districts are Harare, Makonde, Mbire
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and Binga. Several socio-economic characteristics of households, seasonal availability of and
preferences for certain TLV types determine TLVs consumption and expenditure in Zimbabwe.
The existing literature (e.g. Baker & Wardle, 2003; Gido et al., 2017) shows that women
consume more vegetables than men because women are more likely informed about the
health benefits attached to vegetables. Spider flower (Cleome gynandra) is the TLV species
most preferred in all regions and in both seasons, confirming Mukwereza’s (2002) report that
spider flower is one of the most preferred TLV species in Zimbabwe. The present findings
show that the seasonality of supply starkly influences consumption and expenditure, beyond
what other authors have investigated. People consume more fresh TLVs than dried ones,
though dried TLVs play a significant role in the two poorest districts (Mbire and Binga), as

depicted by larger quantities consumed during the dry seasons in these areas.

Ruel et al. (2005) reports that an enormous gap exists between the mean consumption of
vegetables and WHO/FAO recommendations, clearly showing the need to address the
consumption and production of vegetables in Africa. The lowest consumption of vegetables
per capita is reported in the poorest communities (Ngugi et al., 2007), as they tend to
consume more staples, tubers and little or no meat (Schippers, 2000). Households in
Zimbabwe consume inadequate amounts of vegetables, with a daily intake of 30 g per capita,
relatively far below the recommended levels for good health (FAO, 2015). The findings in
Chapter 4 support the results of FAO (2015), showing very low consumption of vegetables per
capita in Zimbabwe. This has exacerbated national health problems such as malnutrition and

hunger.

Chapter 5 assesses the potential of TLVs in improving food security in Africa by combining
insights from the literature and insights from the data analysis of Chapter 4. With higher
margins and lower production costs, TLV production may be attractive to farmers. It shows
that TLVs have the potential to play a major role in improving food security and facilitating
food sovereignty across Africa. The production of TLVs across Africa is hindered by the
unavailability of quality seeds while undeveloped seed systems limit farmers’ choices.
Moreover, the supply chain for TLVs in Zimbabwe is not organized, particularly seed
production and markets, because TLV seeds are regarded as weeds in seed by-laws (Seeds

Act, 1971). As a result, no quality standards for TLV seeds have been described. Moreover,
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the TLV seed markets have not been documented in Zimbabwe (Chisenga, [2016] personal
communication). Unlike in Kenya and Tanzania, which have organized markets, the results
show that the Zimbabwean TLV farmers are short-changed by the non-organized markets, as

they remain restricted by the seasonality of their supply, among other constraints.

Chapter 5 also shows that TLV seeds distribution is localised, thereby denying the farmers
new varieties of seed, cleaner and higher-quality seeds. However, localised distributions are
advantageous to smallholder farmers as they support local developments, increase the
accessibility of cheap seeds and ensure the timely availability of seeds. Although the quality
of the seeds traded among the farmers is rarely known or documented, the gross margin
analysis presented in Chapter 5 shows that TLV seeds and vegetables can be a lucrative
business. The gross margin calculations have been based on farmers’ perception of the costs
required for production, which can be a realistic way of convincing them to use high quality
seeds, or improved varieties they can achieve better income returns from their produce.
Some TLV species, e.g. spider flower (Cleome gynandra), have relatively high market prices,

providing smallholder farmers relatively high earnings.

The supply chain of TLV shows that all the seeds are shared, or exchanged amongst farmers
before quality checks, risking disease build-up, low productivity and poor quality vegetables
on the markets, suggesting that this supply chain needs to be organised differently. If
improvements in the TLV seed system (e.g. realized by producing increasingly drought
resistant varieties of the most popular TLVs) succeed in increasing the time span during which
fresh TLVs are being marketed, then demand for fresh TLVs can be much better servedso that
food and nutrition insecurity experienced in Zimbabwe may be effectively reduced. As
consumption patterns in urban areas, where stakeholders are innovating TLV food chains,
strongly differ from the ones in rural areas, the broadening of TLVs’ marketing portfolio seems
most promising which would also enable of benefitting from the higher urban purchasing
power. This, in the end, might lead to the growth of the importance of the TLV supply chain

in the domestic economy.

Very little attention has been paid to improving levels of production by innovative techniques

at the input stages, like determining the quality of seeds before they are sold and pest control.
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By providing tested seeds with known quality to farmers, there will be significant increase in
yield, reductions in storage losses of the vegetables, which, in turn, will benefit farmers and
marketers, as well as consumers by means of increased returns and decrease in prices
respectively. The findings from Chapter 4 shows that the most preferred mode of consuming
TLVs is when they are fresh, indicating the necessity of including research, i.e. breeding
programmes, in the supply chain. Breeding programmes working with actors on different
segments of the supply chain may enhance the quality of TLVs and increase consumption.
This could benefit the health of many and make the supply chain more robust and

competitive, which may support the future growth of TLV markets in Zimbabwe.

From the gross margin analysis (Chapter 5), it can be concluded that selling seeds with known
quality, improving the packaging of seeds (which were sold by the tablespoon, in pet coke
lids, without packaging), packaging the dried vegetables (which were sold measured in cups,
without proper packaging) results in higher prices on the market and therefore better returns
to the farmers than selling those from unknown seed quality or unpackaged products.
Considering agriculture is the backbone of the economies of many poor countries like
Zimbabwe, growth in agriculture via the improved productivity of TLVs through research will
go a long way in improving the national economies and contribute to poverty reduction. For
example, a 10% increase in crop productivity leads to a reduction of 6-10% in people living on

less than 1 USD per day (Irz et al., 2001).

This study shows it is beneficial to bring seed science and economics together in an
interdisciplinary way to addressing the problems of TLVs. It is expected that farmers will find
the use of saved seeds more attractive because they are considered cheaper than certified
seeds, despite low yields (due to low plant population) and higher production costs (as at
times they are compelled to use more seeds than required) compared to certified seeds
(Chapters 2 and 3). At times farmers also do not have access to certified seeds. In spite of the
benefits associated with cheaper saved seeds, the use of saved seeds may result in less
income than that use of certified seeds. The gross margin calculations (Chapter 5) have been
based on production costs reported by farmers, which are consistent with the farmers’
economic model. In essence, if these farmers would have gone the extra mile by testing their

seeds and improving packaging, they would be more likely to increase their incomes. For
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example, switching from their own saved seeds to certified seeds has been shown to increase

farmers’ market gross value by 213% during the period of 2001-2006 (Irungu et al., 2011).

Production of TLVs is increasingly being viewed as an important part of addressing food and
nutrition insecurity and of improving the livelihoods of many poor people along the TLV
supply chain in Zimbabwe. Chapter 4 shows that consumption of TLVs is no longer associated
with the poor, and increased consumption by the elite and educated, young generations
provides a significant opportunity for TLV producers to generate better revenue through
commercial production. The demand for TLVs has increased, with consumers preferring fresh
TLVs over dried. Based on the analytical framework, it is possible that before the seeds are
distributed, exchanged or shared amongst the farmers, they could be tested; there is need to
improve productivity through breeding or proper selection methods during harvesting,
scouting and removing diseased plants during crop growth, thereby reducing disease build-
up. Apart from improving production, this framework helped in this research to come up with
a general assessment of TLV production and the problems associated with their production,
their potential use in addressing food and nutrition insecurity and how to improve the
livelihoods of people along the supply chain. The greater involvement of poor people in the
TLV supply chain has an impact on incomes: better incomes can be realised through value
addition and identification of alternative markets for products, i.e. exporting them. For
example, in Chapter 5, the packaged dried TLVs in supermarkets were selling for more than 2
USD per 60 g, compared to 0.50 USD for the same amount in local informal markets. There
are several benefits to including the analytical framework. First, it is clear that the production
constraints faced by farmers can be regarded a two-sided coin: on one side the use of poor
quality seed, and the other side limited information on consumer preferences. Both reduce

their chances of improved livelihoods through TLVs.

176



6.2 Conclusions and implications in traditional leafy vegetable supply chains

Although the findings of this thesis (Chapters 2 and 3) show that TLV farmers use poor-quality
seeds, the results of the gross margin analysis show the potential of TLV seed and vegetable
markets. Even though the quality of TLV seeds on markets is in general not known and farmers
risk problems in germination and seed degeneration which are all detrimental to crop
production, there is a niche market for TLVs in Zimbabwe. In comparison, the results (Chapter
5) also show that prices for TLVs are higher than other vegetables, e.g. 60 g of dried spider
flower goes for more than 2 USD in local supermarkets compared to a head of cabbage
(around 1 kg) selling for less than 1 USD. Synthesizing the findings from all chapters helps to
understand the areas that need immediate attention towards increase consumption of TLVs
in Zimbabwe, which can potentially be applicable to other regions of Sub-Saharan Africa as

well.

The results for Chapters 2 and 3 show the seeds used by TLV farmers are of poor quality, due
to the presence of seed-borne pathogens and low percentage germination. Across Sub-
Saharan Africa, not only in Zimbabwe, only one-tenth of seed is of good quality, which is only
available to farmers through formal seed markets; the remainder is made up by the farmers
themselves from saved seeds or those obtained through exchange (Ngwerume & Mvere,
2003; Adebooye et al., 2005). These latter seeds are of poor quality in most cases,
characterized by low germination rates (Cernansky, 2015) and problems with purity (Karanja
et al., 2012), among other quality attributes. This may also affect crop yields and the quality
of their vegetables on the market (Biemond et al., 2012; Mancini & Romanazzi, 2013; Ayana
et al.,, 2014), reduce shelf life and product acceptance by consumers, and subsequently,
reduce profits for farmers and the availability of the vegetables on the markets and,
ultimately, reduce consumption as well. Seed-borne pathogens can prevent germination and
cause serious threats to seedling establishment (Valkonen & Koponen, 1990; Walcott, 2003)
and plant vigour (Anjorin & Mohammed, 2014), thereby reducing the yields and the quality
of the product on the markets. Chapter 2 reports that farmers planting the seeds before
testing them for seed-borne pathogens might be faced with seed degeneration across seed

generations.
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The seasonal availability and supply can be a resultant of non-availability of seeds that give
rapid germination and desired plant populations in the fields. Chapter 2 shows Cleome
gynandra seeds carry many seed-borne pathogens that reduce plant health thus depressing
the yields, shortening shelf life and reducing quality of the vegetables to the point that they
become less acceptable to consumers. Also, the results obtained in Chapter 3 show that
Amaranthus hybridus and Cleome gynandra seeds give better germination after prolonged
storage, which become a challenge to smallholder farmers and can influence seasonality of
the supply of these species on the market. Also, great challenges caused by low germination
of Cleome gynandra seeds are encountered, posing again a major challenge to its producers.
Taking into account the fact that spider flower has been reported to be one of the most
popularly consumed TLVs in Zimbabwe (Chapter 4) and across Africa (Chapter 5), a
considerable problem in germination can further decrease its consumption as well.
Considering that the government of Zimbabwe has provided a major policy boost through the
‘National Nutrition Strategy’ (Tshuma, 2015) that seeks to address the national problems of
food and nutrition, the production and consumption of TLVs can significantly contribute to
attaining its goals. Seed quality is a key determinant of germination, plant vigour, even crop

stand, and subsequently, yield and food security.

The use of poor-quality seeds by TLV farmers depresses yield and the quality of the product.
For instance, some bacterial infections may cause blemishes (e.g. bacterial spots on harvested
leaves) on the product which may not be acceptable to consumers. The shelf life of products
may be reduced as well. Moreover, seed production is mostly at a small-scale level, with no
seed certification attached, hence its economic value remains unknown. Seed certification
facilitates seed trading nationally, regionally and internationally and also contributes to food
and nutrition security as well as seed sovereignty. Farmers see very low profits as they fail to
fetch premium prices on both vegetables and seed markets (Cromwell et al., 1992), because
their seeds have not gone through any certification process and the resulting produce may be
of poor quality. Furthermore, seed markets remain localised as the seeds do not have quality
declaration documentation, i.e. seed testing or phytosanitary certificates, a normal
requirement for international and regional seed trade. Keatinge et al. (2009) show that many
smallholder farmers are actually willing to pay substantial amounts for good-quality seed. On

the other hand, obtaining more expensive seed will be a challenge for poor, vulnerable
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farmers without adequate income, but their production costs could be compensated by high
yields. Moreover, given the fact that TLVs are open pollinated species, they can subsequently
reproduce the higher quality seed themselves. The study finds that all smallholder farmers
are selling their seeds in local or Harare markets (Chapter 5). In both cases, the quality of all
seeds remains unknown, risking poor crop stands in the fields, disease build-up or transfer of

diseases to new places.

This thesis reports very low germination on Cleome gynandra seeds (Chapter 3). The results
show, besides the environmental effects, the high occurrence of seed-borne pathogens on
Cleome gynandra seed may have influenced the germination, partially confirming the reports
of Broadbent et al. (1977); Agarwal & Sinclair (1996); and Rude et al. (1999). They found that
many seed-borne pathogens including Bacillus spp. and Alternaria spp. greatly reduce
germination and seedling growth. Other studies have shown that some plant diseases affect
plants in the field during crop growth and may also affect the harvested produce during
storage as well as in the supply chain (Bhat et al., 2010; Ngadze, 2014), which may further
influence the availability and quality of vegetables on the market. Notably, Gogo et al. (2017)
reported losses of over 50% due to pests and diseases on TLVs. If these losses can be
minimised, this may result in additional benefits to people’s health and improve food security

in Zimbabwe.

The Seeds Regulations and Seeds Acts of Zimbabwe apparently recognize TLV seed as weeds;
as a result, less financial support is given to research to improve their productivity. The
incorporation of TLVs in seed policies (e.g. coming up with seed certification standards for TLV
seed) gives assurance to the farmers that seeds on the market are of adequate quality and
improves the productivity of TLVs. Such developments ignite further research on seed quality
and on the development of standard seed rates that enable TLV farmers to produce efficiently
and effectively. They will then be able to meet desired plant populations per unit area and
produce blemish-free products that can have extended shelf life. Economically, it is important
to know the seed rate per unit area, as it reduces the unnecessary use of more seeds than
required. Furthermore, knowing the quality of seed before sowing is crucial for the farmers
as they would be able to treat the seeds before sowing. For example, a farmer may dress the

seeds with a recommended fungicide before planting the crop, thereby reducing subsequent
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infections on plants and pressure on the environment. Already Zimbabwe is one of the
countries in Africa with a well organised seed system; unfortunately, TLV seeds are left out of

this seed system.

Chapter 4 shows that besides several socio-economic characteristics of households, seasonal
availability and supply influence the consumption of and expenditure for TLVs in Zimbabwe.
Households consume more fresh TLVs than dried ones. The problem with dried TLVs is that
the nutritional quality decreases, drying methods differ and at times the quality becomes
unacceptable to consumers (Mosha et al., 1997; Jansen van Rensburg et al., 2004). Chapter 5
reports the post-harvest challenges faced by smallholder farmers of TLVs, as the height of the
production period coincides with the rainy season making it difficult to dry them. TLVs are
highly perishable and seasonal, and during glut season a lot of vegetables are wasted due to
lack of processing knowledge among smallholder farmers to make them available during the
off-season. Relatively high humidity and overcast weather worsen the situation during the
production peak because most dried TLVs tend to be mouldy and become less palatable and
less suitable for human consumption (Mushonga, [2016] personal communication). Some
dried TLVs become gritty after drying in open air; tiny dust particles settle on vegetables
during the drying process, causing them to become less palatable (Mushonga, [2016] personal
communication). Furthermore, food processing according to Mosha et al. (1997) reduces the
nutrient content of TLVs. However, the results in Chapter 4 show the potential of dried TLVs
for food and nutrition security in the two poorest dry districts of Zimbabwe (Mbire and Binga).
Higher rates of consumption of dried TLVs have been observed in these districts. The higher
values obtained in the two poorest dry districts show how important these vegetables are in
these poor and dry communities. The findings support the findings of Vorster et al. (2007),
who report that dried TLVs are major sources of food in the rural areas, especially during the
winter season. Finding ways to improve seed germination and create rapid germination soon
after harvest is necessary in order to increase the supply of fresh TLVs on the market;
subsequently this may increase consumption. Also, preserving the nutritional quality after

drying TLVs may increase their consumption.

The commercialisation of TLVs remains a challenge as it suffers from under-developed

markets for both vegetables and seeds (Chapter 5). The smallholder farmers sell or exchange
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their seeds within their communities. Another routine practice is taking seeds to Harare and
selling them in the public in the streets or at the Mbare-Musika farmers’ market. Chapter 5
shows that the gross margins for various TLV seeds and vegetables are comparatively high,
particularly considering that most of the seeds have not undergone any certification

processes.

The underdeveloped markets for both vegetables and seeds pose the most substantial
challenge (Chapter 5). The marketing of both vegetables and seeds varies across Sub-Saharan
Africa. For example, the Seeds Rules and Regulations (1971) of Zimbabwe does not have
guidelines for seed certification for these plant species, as they are only regarded as weeds
(Seeds Act (1971)). On the contrary, in Zambia and Kenya there are seed companies already
producing and marketing seeds of some TLV species, e.g. Cleome spp. (K’ Opondo et al., 2005).
But generally, in most Sub-Saharan African countries, the TLV seed markets are undeveloped,
thereby limiting the movement of seeds within nations, regions and internationally,
consequently limiting smallholder farmers’ choices, access to new varieties and qualities of
seed that they produce themselves. As a result, smallholder farmers get very low yields per
unit area. The unavailability of phytosanitary measures for these crops impedes the
movement of seeds. Testing the seeds before marketing can result in competitive prices for

their seeds and enables the movement of seeds to other places.

Linking up seed production and TLVs, Chapter 4, results show that the most preferred TLV
types across all the districts in the study is spider flower (Cleome gynandra), with consumers
preferring fresh to dried. Although Cleome gynandra has a comparative advantage over other
species, the farmers may face the challenge of very low productivity due to low crop stands
in their fields. Notably, the very poor percentage germination observed in Chapter 3, together
with the high occurrence of seed-borne pathogens reported in Chapter 2, implies a significant
impediment to the commercialisation of spider flower. Cleome gynandra genotypes existing
in Zimbabwe exhibit low germination and are not suitable for the commercial promotion of
traditional leafy vegetable production, implying that farmers have to use more seed than
required to compensate for low germination. Such developments are very uneconomic to the
farmers, considering they are relatively poorly resourced smallholder farmers. Also

considering the gradual germination of Cleome gynandra seed with age retards the consistent
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production, hence its marketing, creating seasonal supply. Farmers need seeds that
germinate vigorously for them to achieve their desired plant population in the fields. With the
low germination observed for Cleome gynandra seeds, farmers are faced with the challenge
of covering the production gaps when seeds are dormant. Amaranthus hybridus seeds have
significantly lower occurrence of seed-borne pathogens and show comparably moderate
percentages of germination, which is good for the commercial promotion of their production.
However, the morphological characteristics of the most frequently occurring observations
vary, implying that the seeds may consist of admixtures, posing a risk of a tedious selective
harvest by smallholder farmers. Such developments may lead to smallholder farmers
incurring high labour costs for harvesting and sorting, or else they fail to meet consumer
preferences and demands. Training seed producers in cultural maintenance of the crops, i.e.
removing all off-types and diseased plants during crop growth, may reduce diseases and

admixtures.

The high gross margins observed in Chapter 5 implies potentially competitive business for
smallholder farmers producing TLVs and seeds. Considering that TLVs can be produced with
minimum resources, if given the same opportunity as the Brassica species, TLVs can be equally
important in addressing economic challenges, food and nutrition security in Zimbabwe. The
monthly household expenditure on TLVs ranges from 6 USD to 14 USD per household. Also
local programmes, including the National AIDS Council, Ministry of Health (with focus on
pregnant and lactating mothers) and Zimbabwe Prisons Services are promoting the
consumption of TLVs for health issues (Muusha, [2016] personal communication).
Promotional campaigns addressing the consumption of TLVs across all the nation may result

in greatly increased TLV consumption.

There are various actors along the TLV supply chain in Zimbabwe, including seed producers
and marketers, and vegetable producers, marketers and processors. The main reason to
include all the mentioned segments is that this thesis focuses on the supply chain of TLVs,
particularly including research on seed quality. This research is chosen keeping in mind that
production must be increased in order to meet demand. Various research projects have been
done to increase consumption of TLVs, but if the seed quality is not evaluated and

documented, there are likely to be extinctions due to over-harvesting. In Zimbabwe, TLVs are

182



normally grown, then very tender leaves are harvested or young plants are uprooted. Such

tendencies, if not carefully guarded, might result in the extinction of certain species.
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6.3 Limitations and recommendations for future research

This section identifies the limitations encountered during the research. Also,

recommendations for future research are put forward.

The sample sizes for Chapters 2 and 3 are very small, given that only five farmers from three
provinces of Zimbabwe are used, which may not be representative. Conducting research
which has representative results for Zimbabwe as a whole, taking as many samples as possible
from each province can make a big difference. It is also worthwhile to note that these three
provinces are located in different agro-ecological regions (with varying temperatures and
rainfall patterns), which might result in different sources of variation for the obtained results.
Furthermore, the seed crops were grown, harvested and managed differently, which again
might be a source of variation. However, the consistent trends observed among test intervals
allows drawing the conclusion that the quality of seeds is partly influenced by its source.
Future research replicating sites with one management system might give robust and
reputable results. Such tests can be conducted at the research and development level.
Validation of International Seed Testing Association (ISTA) guidelines on breaking dormancy
in Cleome gynandra might enhance its germination capacity. Some authors argued that seeds
sensitive to light are sensitive to KNOs as well, but ISTA recommends the use of both light and
KNOs to break the dormancy in Cleome gynandra. The economic losses caused by pathogens
on TLVs is hardly researched and documented. Reduced production and reduced shelf life
(post-harvest losses) can be quantified. Post-harvest losses in three areas in Kenya were
estimated by analysing responses to a survey from 45 TLV farmers from each location (Gogo
et al., 2017). These authors observed that TLV farmers experienced losses ranging from 10%
to over 50% on average, depending on location and supply stage. The losses can be further
quantified and categorized accordingly, i.e. per hectare, yield losses, discarded vegetables,

cost of pesticides, increased labour and decreased market value of the product.

A limitation of Chapter 4 is that the data used for the analysis is obtained during two seasons

(on-season and off-season), using different households for each season, making it impossible

to make significant comparison between seasons per household. There is a possibility that
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each household has its own preference depending on each season, which cannot be explained

well by this research.

One main limitation for Chapter 5 is again the sample size, collected data from 22 key
informants using the snowball sampling technique. The method is ideal for the Zimbabwean
situation, where seed production and distribution is strictly controlled by the government.
Unlike other crop seed like maize, wheat, TLV seed production is not documented, leaving the
authors with no option but to use the snowball method to reach the unknown TLV seed
growers and marketers. With other seed crops, the list of growers per year can be accessed
at Zimbabwean Seed Services, which is the certifying authority and relevant arm of the
government, custodian of all seed policies and regulation. In this case, the authors relied on
the information on seed growers received from vegetable marketers or processors. Three
provinces of Zimbabwe may not be representative of the ten total provinces constituting
Zimbabwe. Instead, the data is collected on four segments of the supply chain, using at least

five people per segment.

Methodology

Although less than 400 seeds (as per ISTA seed testing standards) are used for the tests
(Chapters 2 and 3), repetitive tests and testing seeds using different media improved the
efficiency and effectiveness of the methodology. The snowball sampling technique is used to
solicit some of the data in Chapter 5. The chapter also combines insights from the literature
and insights from the data analysis of Chapter 4. A characteristic of the TLV supply chain is
that some actors are administratively invisible, e.g. seed producers and marketers are not
documented (Chisenga, [2016] personal communication) and are difficult to find. The use of
snowball sampling as a tool to gather data is found to be ideal for this survey. The authors’
personal communication with one of the Registrar Officers at Seed Services noted that TLV
seeds are regarded as weeds, hence their production and marketing are not documented.
The data for the fourth chapter was collected through surveys administered by Agritex
officers in respective areas, where a trust relationship had already been established with
Agritex, thereby reducing the likelihood of people giving different answers, or at times lying.

Initial pre-tests conducted on all study areas helped us to identify how the questions were
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likely to be interpreted. The pre-test surveys were conducted together with Agritex officers
in respective areas. Also, the Agritex officers in respective areas were trained, reducing the
chances of receiving different answers for a given question. Apart from all the above-listed
techniques aimed at reducing inconsistences among enumerators, the data was collected
using a structured questionnaire with most of the questions being closed, while some
responses used codes; a Likert scale from 1 to 5, with 1 for strongly decrease/very
unimportant/completely  disagree/never and 5 for  strongly increase/very
important/completely agree/very frequently. Other studies have reported little dispute over
the use of scales (e.g. Adams & Cox, 2008). Snowball sampling contradicts other conventional
sampling methods, because of the selection bias which in turn limits its usage in carrying out
scientific research (Atkinson & Flint, 2001; Baltar & Brunet, 2012). This thesis is the first that
studies a number of segments in the TLV supply chain and uses snowball sampling technique
as an instrument for collecting data (Chapter 5’s results are derived from this), which, for that
matter, represents a great challenge in this research, due to bias. Therefore, data is collected

on four different segments of the supply chain.

6.4 Potential options for future research

The reason for conducting repetitive research on different agro-ecological regions is that
environmental conditions, which in turn may cause variation, may be explained. For example,
trends of results per area can enable to safely draw certain conclusions. One of the ways of
dealing with a limited sample size is conducting as many tests as possible; by gathering ample
data, trends can offer better insights. TLVs could be included in the Zimbabwean Seed laws
as insisted by Dube and Mujaju (2013). This could be achieved after conducting repetitive
research, then deriving standards for each species by the assessing the trends of the results.
Already in Zimbabwe, there are a number of programmes targeting certain groups of people,
e.g. The National AIDS Programme, for the promotion of TLV consumption. If such
promotional programmes aim at all people in the country, the consumption of TLVs may

increase and nutritional challenges may be addressed.
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Summary
TLVs are very important as sources of cheap nutrition for many people in Zimbabwe. Their

cultivation and use are crucial for food and nutrition security across the country, as they
provide health and lean nutrition for both poor and rich people. This thesis analyses the
supply chain of TLVs in Zimbabwe using an interdisciplinary approach. The supply chain of
TLVs, particularly seed production and markets, is not as well organised as other seed types
which follow the formal seed system. In the formal seed system, the production and
marketing of seeds are controlled by the government (Seed Services) under two Acts of the

Parliament (Seeds and Plant Breeders Rights Acts).

The production potential of TLVs can be increased by providing smallholder farmers with
adequate high-quality seed, especially those free from seed-borne pathogens. Seed-borne
pathogens are detrimental and an impediment to agriculture, particularly to those plant
species that are neglected by regulations, i.e. TLVs. They have received little attention as far
as seed health issues are concerned, risking tremendous seed degeneration over time. Unlike
grains, seeds are shared within communities, regions and at times find their way into
international markets, posing the risk of spreading pathogens to new places. Seed-borne
pathogens are also responsible for weakening the seedlings, thereby reducing plant vigour,
hence crop stand. Good crop stand is key to the commercialization of TLVs. Seed-borne
pathogens also affect germination and the quality of products on the market. Taken
altogether, checking the quality of the seeds before the seeds are sown is important for
determining the economic and planting value and achieving the desired plant population per
unit area. Although the findings do not directly show the economic and planting value of TLV
seeds, the results (Chapter 5) indicate that farmers can potentially benefit from high-quality

seed. This can be also be used to reward the farmers that have high-quality seed accordingly.

Seed-borne pathogen detection, seed germination evaluation, and two surveys on seed
markets and household consumption of and expenditure for TLVs were carried out to answer
four specific research objectives. Each specific research objective is a chapter. Chapter 2
assesses the quality of TLV seed. All the seeds shared or traded amongst farmers are infected
by various pathogens, but the infestations vary in magnitude. High pathogen infestations

were observed on Cleome gynandra seeds and specific seed sources (Farmers 1, 2, 3 and 4).
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Xanthomonas campestris, Fusarium oxysporum, Alternaria alternata and Bacillus spp. isolates
are pathogenic to Amaranthus hybridus, Cleome gynandra and Bidens pilosa plants, as
confirmed by pathogenicity tests. All bacteria isolates give a positive response on all three
TLV plant species and with varied magnitudes, ranking as either highly, moderately or weakly
virulent pathogens, based on host responses. None of the plant species were found to possess
high resistance to the present bacteria pathogens observed in the study. Furthermore, the
occurrence of seed-borne pathogens on both the seeds and plants of Farmers 1, 2, 3 and 4

clearly showed how poor the quality of the seed was.

Chapter 3 deals with the second objective, ‘Evaluation of the germination of traditional leafy
vegetable seeds and determination of the morphological characters of the seedling from five
sources’. This chapter evaluates the germination of traditional leafy vegetable seeds and
determined the morphological characteristics of seedlings from five sources. Although the
evaluation of germination in a variety of TLV seeds have been studied before, this study uses
international seed testing standards, with tests conducted at regular intervals on five seed
sources. The results showed variable germination capacities, with Cleome gynandra seeds
depicting very low germination rates throughout the tests. Results showed that Cleome
gynandra seeds germinated better after pre-soaking for 24 and 48 hours and in field
conditions. Cleome gynandra and Amaranthus hybridus seeds showed better germination
after prolonged storage, a phenomenon which may be disastrous for farmers who want to
continuously produce TLVs. Farmers need seeds with rapid germination and vigorous plants
in order to satisfy market demands. The heterogeneous population observed from
Amaranthus hybridus seed indicated the rich genetic pool that can be used for breeding

purposes and improvement of the species through selection at the farmers’ level.

Chapter 4 examines the determinants of household demand for TLVs using primary data
from four districts of differing food security statuses in Zimbabwe. Based on a multivariate
linear regression model, it was found that households in poor districts consume and spend
on average less on fresh TLVs, although they consume them more often in dried form.
Seasonal availability and supply affect TLV prices and influence the frequency and amount
of consumption. Consumers prefer fresh TLVs over dried. The results showed that besides

seasonal availability and supply, there are other factors that influenced TLV consumption.
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These include socio-economic characteristics of households such as years of schooling,
general health and geographical location. Moreover, this research compared the
preferences amongst the four districts. The results showed that four TLV species play a
significant role in Zimbabwean diets, with varying regional preferences. Spider flower

(Cleome gynandra) emerged as the one of the most preferred TLV types overall.

Chapter 5 assesses the potential of TLV in improving food security in Africa by combining
insights from the literature and insights from the data analysis of Chapter 4. Based on the
gross analysis, survey results and literature, it was found that TLVs have the potential to
improve food security of the farmers, as they can be produced and sold cheaply, the money
received can be used to buy other food stuffs and meet family needs, whilst some vegetables

can be consumed within households.

The study developed an analytical framework. This framework helped in this research to
come up with a general assessment of TLV production and the problems associated with
their production, their potential use in addressing food and nutrition insecurity, and how to

improve the livelihoods of people along the supply chain.
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Annex Questionnaire for Chapter 4

Annex 1

RESPONDENT NUMBER  .nrirnnnnnnnnnes

QUESTIONNAIRES FOR PURCHASING AND EATING HABITS OF TLVs IN HOUSEHOLDS

| am a PhD student with Wageningen Social Sciences (WASS), Chair Group Agricultural
Economics and Rural Policy (AEP), the Netherlands. | am conducting a research on the Supply
Chain of traditional leafy vegetables (TLVs) in several districts. In this questionnaire, | am
particularly interested in the purchasing and eating habits of TLVs in your households. An
essential component of my scientific research is finding out if the TLVs can improve food
security in your region. For this purpose, | have developed this questionnaire and would kindly
ask you to cooperate in answering questions. | would be grateful for your support and for

your participation in the survey.

The information | would like to gather from you is going to be used for academic purposes
only. | am not interested in your identity. It will remain confidential and may be published in
scientific journals or presented at professional meetings, but only group patterns would be
described and your identity would not be revealed. The question usually takes about 40 to 60

minutes.

TO BE FILLED BEFORE THE INTERVIEW

Name of the enumerator e
Location/Area e
Location/District s
Date of interview reeee] e e
Start time of interview cered e

End time of interview e e
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SECTION 1 Socio-demographic data
1.1 Respondent information

1. Areyou living in a female headed/ male headed household

2. What is your relationship to the head of household

1.1 Relationship of respondent to the head of the household, Adopted from the

Income, consumption and Expenditure survey questionnaire, 2001 (Central Statistical

Office), Choose one

e

Head

Spouse

Son/daughter

Brother/sister

Nephew/niece/cousin

Grand child

Parent

Other relative (Specify)

O © NI D U] A WN

Not related

3. What is your marital status Married--Single--Widow/widower--Separated--Divorced

4. How old are you years

5. What is the gender of the respondent Male/Female

6. Have you ever attended school Yes/No
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7. What is your highest level and grade of education completed (1.2, Education

completed categories, Choose one)

1.2 Education completed categories, Adopted from the Census 2012, ZimStat

Level 9 =9 (Not known)

Level 8 = 8 (None completed)

Level 0 = 1-3 (Early education)

Level 1 =1-7 (Primary)

Level 2 = 1-6 (Secondary)

Level 3 = (Tertiary)

1 Certificate/Diploma after primary

2 Certificate/Diploma after secondary

3 Graduate/Postgraduate
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8. What is your current occupation (1.3, Choose one)

1.3, Occupational classification (grouped), Adopted from the Census 2012, ZimStat

Tick one

Government and Senior officials

Directors/ Managers and Company Secretaries

Natural Sciences

Business and Finance

Engineers and Technicians

Education

Health

Law and Security

Information

Social Sciences

Artists

Religion

Machine operators

Administration

Clerks and Secretaries

Transport

Services

Agriculture

Mining and Construction

Mechanics

Manufacturing

Others (SPECIFY)

9. What is the name of your province of birth

10. What is the name of the place where you grew up

11. In which province does your household currently live

12. For how long have been staying in this place years

13. In which province do you mostly earn your living

14. What is your religion(1.4, Choose one)
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1.4, Religion classification

Traditional

Roman catholic

Protestant

Pentecostal

Apostolic Sect

Other Christian

Muslim

None

Other (specify)
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1.2 Household information

15. Is the head of the household you live in ----Female/ Male?

16. What is the occupation of the head of your household (1.5, Choose one)

1.5, Occupational classification (grouped) Adopted from the Census 2012, ZimStat

Tick one

Government and Senior officials

Directors/ Managers and Company Secretaries

Natural Sciences

Business and Finance

Engineers and Technicians

Education

Health

Law and Security

Information

Social Sciences

Artists

Religion

Machine operators

Administration

Clerks and Secretaries

Transport

Services

Agriculture

Mining and Construction

Mechanics

Manufacturing

Others (SPECIFY)

17. What is the marital status of the head of the household Married--Single--

Widow/widower--Separated—Divorced

18. How many people live in your household in each of the following age category (1.6,

write the number)

1.6, Composition of people leaving in a household by age group and sex, Adopted from

the Census 2012, ZimStat
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Age group

Males

Females

0-14 years

15 —49 years

50 — 64 years

65 years *

Total

19. What is the average total monthly household income(1.7, Tick right answer)

1.7 Household monthly income range in USS, Adopted from ZIMSTAT, Poverty Income

Consumption and Expenditure Survey 2011/12 Report

Income range in US$

Average total monthly household income (Tick)

Less than 100

100-199

200-350

351-450

451-495

495-600

601-800

801-1000

Over 1000
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20. Which of the following assets does your household own (1.8, Tick if Yes, column 2)

21. How many of following assets does your household own (1.8, Write the quantity,

column 3)

1.8 Assets ownership

Asset Oown Quantity

1. None

2. Garden

3. Simple phone

4.  Bicycle

5. Smart phone

6.  Scotch Cart

7.  Goats and sheep (Total sum)

8. Cattle

9.  Sewing machine

10. Bankaccount

11. House in the rural area

12. Owncar

13. House in other towns other than Harare

14. Residential stand in Harare

15. House in Harare

22. Who usually does the shopping of food in your household

23. Who usually decides on the household diet

24. Who usually decides on the type of vegetables to eat
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25. If your household could afford to spend more income on food, how would this

influence your purchases for TLVs?

Strong decrease

Decrease

unchanged

increase

Strong increase

26. IF DECREASE OR STRONG DECREASE (otherwise skip): On what would your household

spend this extra income?
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SECTION 2: Ethnic background

(Write correct corresponding number on each of the ethnic question, specify other

when relevant)

| Zezuru 1 ‘ Manyika 2 ‘ Karanga 3 ‘ Ndebele 4 | Korekore 5 | Tonga 6 ‘ Other......... |

27. Your ethnic group

28. Your spouse’s ethnic group

29. What is the ethnic group of the majority of population living in the region where you

usually live

30. The ethnic of the father of the person who decides in your household about the diet

31. The ethnic of the mother of the person who decides in your household about the diet

32. Does your spouse prefer different AlVs than you Yes/No if Yes go to the next question,

if No skip

33. Why is this so? (Choose one)

Tick

Does not know them

Does not like the taste (Provide a name)

Lack of knowledge on how to prepare the ones not familiar with

Prefers the ones common in the area

Other (SPECIFY)
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Section 3: TLV purchasing habits
34. With which of the following TLVs are you familiar? (Third column of 3.1, tick)

35. Which of these TLVs does your household (hh) NOT like (Fourth column of 3.1, tick)

36. Which of these TLVs does your hh usually eat (Sixth column of 3.1, tick

37. Which of these TLVs does your hh usually buy (Fifth column of 3.1, tick)

38. Which of these TLVs does your hh usually grow (Seventh column of 3.1, tick)

39. Which of these TLVs does your hh prefer to eat (Eighth column of 3.1, tick)
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40. In which market place does your household usually obtain TLVs (Second column of

3.2,you may choose more than one)

41. Which of the markets does your household prefer (Third column of 3.2, choose the
most preferred one)

3.2 Market channels to obtain TLVs

Market place Usually obtain | Preferred place
Mbare-Musika Farmers Market

Mbare-Musika retail- stalls

Central Business District — stalls

Streets

Supermarkets

Road side market

Farmers markets

Door to Door

My hh does not buy but grows in own garden/field

Buy from neighbour’s garden

My hh does not buy but gets it from neighbour’s garden for free

My hh does not buy but gets it from neighbour’s garden in exchange for labour or other food
My hh does not buy but collects from the forest- grows naturally in forest

Other markets (SPECIFY)

42. What is the reasons for choosing the particular markets (3.3)

3.3 Reasons for choosing the particular markets

Very unimportant | Somewhat unimportant | Indifferent | Somewhat important | Very important

Close

Cheap

High quality

Broad choice

Reliable

Credit arrangements

Bulky/many

Others (SPECIFY)
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43. What is the main reason of your household purchasing TLVs, (3.4)

3.4 Main reason for purchasing TLVs

My household usually purchases TLVs because;

Completely
disagree

Somewhat
disagree

Indifferent

Somewhat
agree

Completely
agree

they are cheap

they are locally produced

| like their taste

They improve the health of my family

| prefer them to exotic vegetables

they are easy to prepare

my family considers them traditionally

they are sold everywhere

they are readily available

they have medical properties

they have beneficial properties

they are nutritious

they are high quality food

they reminds us of the old days when we
were in rural areas

only vegetables that can grow in my area

Only vegetables available on the market

Other (SPECIFY)
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44. Under which conditions would your household purchase more TLVs, 3.6, (Tick)

3.6 Conditions for purchasing more TLVs

Conditions of purchasing more TLVs

Completely
disagree

Somewhat
disagree

Indifferent

Somewhat
agree

Completely
agree

If they were freshly harvested from neighbour’s
garden

If they were fresher

If they were more tender, without flowers

If they were produced under organic agriculture

If my hh would be aware of their nutritional value

If my hh would be advised to consume them for
health reasons

If my hh cannot afford meat

If they were the only available vegetables on the
market

If they were of better quality (e.g. a mixed
bundles has green and purple stemmed bunched
together)

If they would be the vegetables which could only
be grown in my area

If my hh would like them more

If they were more nicely prepared for sale

If they were more nicely packaged
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45, Please rate the following characteristics to show their importance to your household

for buying food, 3.7, (Tick)

3.7 The most important food characteristic is its

Factors

Completely
disagree

Somewhat
disagree

Indifferent

Sor

agree

Price

Freshness/look

Taste

Nutrition

Health

Safety

Knowledge on how to prepare

them

Time of preparing them

46. On average how much does your household spend on TLVs per week during off season

uss

47. On average how much does your household spend on TLVs per week during on season

uss

48. If your hh would have enough income and if the quality of the TLVs offered in your

preferred market place would completely match your expectations, how much would

your household like to spend on TLVs per week US$S

49. In your opinion, did the availability of TLVs in the markets change since the melting

down of the economy of Zimbabwe (2008) (3.9, Choose one)

3.9 Availability of TLVs

Season

strongly decrease

decrease

No difference

Increase

strongly increase

Off Season

On Season
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50. During off-season when fresh TLVs are unavailable, what substitutes does your

household prefer most (Table 3.10)

3.10 Household substitution

Never | Sometimes | Regularly | Frequently | Very frequently

Dried TLVs

Boiled and dried TLVs

Rape

Covo

Tsunga

Cabbage

Other (SPECIFY)

51. How far from your living place is the market place located that you prefer visiting for

purchasing TLVs? km

52. How much time approximately takes it to travel from your living place to the preferred

market place? minutes (one way)

53. How far from your living place is the closest TLV market place located? km

54. How often does your household eat TLVs (4.2, Choose one only in each column)

4.2 Eating rates

Off season | On season

Less than once per month

At most 2 times per month

At most once per week (=At most 4 times per month)
Every second day

Once every day

Twice every day

Three times every day
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55. IF less than once per month (otherwise skip): What are the reasons of your household

not eating TLVs (3.5)

3.5, Main reason for not eating TLVs

My household does not eat TLVs because;

Completely
disagree

Somewhat
disagree

Indifferent

Somewhat
agree

Completely
agree

they are not available in the local
markets

doesn’t like the taste

doesn’t know them

not interested, felt it's for poor
people

not interested because is of poor
quality

doesn’t know where to get them

doesn’t know how to prepare them

lacks time to prepare them

prefers exotic vegetables

Other (SPECIFY)

56. Are TLVs mainly served as main dish or side dish in your household?

Off season

On season

Mainly served as main dish

Mainly served as side dish

Other (SPECIFY)
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57. How important does your household regard eating of TLVs in the daily diet? (4.3,

second row, Choose one only)

58. Do you think the eating of TLVs is important for all age groups in your household? (4.3,

row 3 to 6, Choose one only)

4.3 TLVs importance in the daily diet and on stated age groups

very Somewhat Neither important nor | Somewhat very
unimportant unimportant unimportant important important
Daily diet
0-17 years
18 -65
years
65 years *

59. How do you rate the eating of TLVs in your household since the melting down of the

economy of Zimbabwe (2008)? (4.4, Choose one only)

4.4 Rating of the eating during the previous 7 years

Season strongly decrease | decrease | No difference | increase | strongly increase

Off season

On season

60. Can you estimate the quantity of TLVs eaten by your household per each time of

eating? (a standard bundle-100grams, a standard cup-60grams) (4.5, Tick one only)

4.5 Estimates of the quantities of TLVs consumed per each time

Quantities 1 2 3 4 5

A standard bundle

A standard cup

Thank you
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