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Abstract

Tomato production in Africa has increased due to increased population, rising
consumer demands for nutritious and healthy food and potential use of improved
technologies. Demand-led’ plant breeding puts producers and consumers at the heart
of research and development involving stakeholders even before the research starts.
These ‘stakeholders’ are not only farmers but key actors along the tomato value chain.
They influence how the tomato is traded as: fresh food and processing product. This
chapter focuses on different approaches to fast-track tomato breeding so as to con-
tribute to the transformation of African agriculture by enabling small scale farmers
to compete in local and regional markets, by increasing the availability and adoption
of high performing tomato varieties that meet market demands. It further outlines
development of varieties that meet farmer needs, consumer preferences, and market
demand in Africa. These new varieties are designed to meet client needs by con-
necting plant breeders with crop value chains, seed distribution organizations, and
encouraging enterprise and entrepreneurship in transforming agriculture in Africa.
Lastly, it outlines the prospects and challenges associated with demand-led breeding
of tomato and offers suggestions to increase food security in Africa.

Keywords: demand-led, tomato, breeding, emerging markets, consumers, producers

1. Introduction

The production and utilization of tomato has increased over the years in Africa [1].
However, demand for the crop exceeds supply owing to its economic importance and
increasing popularity as a result of processing, value addition and consumption [2].
According to ref. [3], open field cultivation dominates production of tomato in Africa
hence exposes the crop to biotic and abiotic stresses, resulting in yield reduction and
poor fruit quality [4, 5]. Increasing population, reduced natural resources as well as
extreme climate change has further worsened the glitches of food security. The focus
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of most plant breeding programmes is to develop and make available to end-users,
crop varieties that meet their needs and capable of solving their everyday problems.
Therefore, to facilitate the adoption and utilization of the end product, there is the
need to take into consideration the expectations or demands of the prevailing market.
Plant breeding approaches that consider active participation of farmers in the identi-
fication of their challenges, mitigation approaches and preferences in new varieties is
crucial in the adoption of the resultant varieties [6].

Conventional methods of crop improvement require longer period, are time-con-
suming, costly, and restrict supply of genetic diversity. These challenges are exacer-
bated by the growth of human population (7.8 billion) in 2020, projected to nearly 10
billion by 2050 [7]. The need for strategies to increase the genetic advance in foods
crops including tomatoes [8] for achieving food and nutrition security especially in
Africa cannot be overemphasized. Speed breeding (SB) provides an opportunity to
fast-track the breeding cycle, a key component of breeder’s equation [9]. In diverse
and marginal environments like Africa [10], appropriate plant breeding strategies
should be developed to enhance the adoption and utilization of new varieties by
farmers, consumers and industry.

The demand-led breeding approach will not only increase development of new
tomato varieties but meet the needs of changing market preferences. Demand-led
breeding combines the best practices in market led new variety design with innova-
tive plant breeding methods and integrates both of these with the best practices in
business as a new way of breeding crops to deliver benefits. The approach puts stake-
holders especially producers and consumers at the heart of research and development
by involving stakeholders even before the research starts. These ‘stakeholders’ are not
only farmers but include other actors along the tomato value chain. They influence
how the tomato is traded either as fresh food or processed product. According to ref.
[11], demand-led breeding takes an integrated approach to new variety development
and requires a comprehensive analysis that takes into consideration the target clients,
their needs and how these may change.

This chapter focuses on different approaches to fast-track demand-led tomato
breeding so as to contribute to the transformation of African agriculture, by empow-
ering small-scale farmers to better compete in local and regional markets. It stresses
on demand-led breeding and strategies to hasten breeding of tomato varieties that
will be appropriate for consumers as well as other relevant stakeholders. It further
discusses seed system in the sub-Sahara Africa and projects seed security as para-
mount in food security. It outlines the development of varieties that meet farmer
needs, consumer preferences, and market demand in Africa. Finally, it outlines the
challenges and prospects associated with demand-led breeding of tomato and offers
suggestions to enhance food security in Africa.

2. Tomato breeding objectives in Africa

Tomato production in Africa has increased [1], but demand for the vegetable crop
continues to surpass supply due to its economic relevance and growing popularity
as aresult of processing, value addition, and consumption [2, 5]. In Africa, less than
5% of areas dedicated to vegetable crop production including tomato are subjected to
protected or controlled environments such as greenhouses [12]. Open field cultivation
is paramount in tomato production in Africa [3, 13], exposing the crop to numerous
biotic and abiotic stresses, causing reduction in yield and fruit quality [4, 5, 14].
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Approaches to improve tomato resilience as well as productivity include breeding for
resistance/tolerance to biotic and abiotic stresses and improvement of fruit quality to
meet consumer/industry preferences.

2.1 Breeding for resistance/tolerance to biotic stresses

In Africa, one of the limiting factors impeding tomato production is biotic stress.
This is induced by the living components of the environment [15] such as weeds,
insect pests and diseases [2, 16-18]. In an attempt to address this situation, the indis-
criminate use of chemicals such as pesticides which is harmful to human health [19]
and the environment [18, 20] has made the demand-led breeding approach environ-
mentally safe. Plant breeding is one of the most cost-effective and environmentally
friendly methods of controlling biotic stresses in tomato production. In Africa, a
number of breeding programmes have been undertaken to enable breeders develop
tomato cultivars that are resistant to diseases and insect-pests [21]. In the tropics,
major diseases affecting tomato production include bacterial wilt caused by Ralstonia
solanacearums, late blight caused by Phytophthora infestans, Stemphyllium spp and
Fusarium wilt caused by Fusarium oxysporum [22, 23]. Major pests of tomato include
nematodes, thrips, aphid, cotton bollworm and mites [24]. Outbreaks of the tomato
leaf miner (Tuta absoluta) have caused substantial damages in some West African
countries [25, 26].

The pests and pathogens causing the above-mentioned diseases are genetically
diverse with vast potential to generate new forms and hence difficult to control [16].
In view of this, conventional breeding together with marker-assisted selection (MAS)
[21, 23], Quantitative Trait Loci analysis, and Hybridization [27] have been adopted
for improving tomato resistance to biotic stresses. For instance, in recent decades
extensive breeding programmes via the use of a series of in-region trials and collec-
tion of germplasm have been used to screen and develop varieties that are commer-
cially acceptable and resistant to diseases [24]. Currently, the Crops Research Institute
under the Council for Scientific and Industrial Research (CSIR), Ghana and West
African Centre for Crop Improvement (WACCI), University of Ghana have released
tomato varieties that have shown reasonable tolerance to late blight, Fusarium wilt
and nematodes [28, 29].

2.2 Breeding for tolerance to abiotic stress

Similarly, abiotic factors tend to cause a myriad of considerable qualitative and
quantitative crop losses to tomato production, especially in open field production.
Due to threats posed as a result of climate change, tomato-producing environments
are bedevilled with abiotic stresses such as heat, drought, water logging and salinity
[24, 30]. Water deficit [31] and heat stress [32] are the most predominant abiotic
factors that threaten tomato production in sub-Saharan Africa. Abiotic stresses can
cause up to 70% yield losses [33]. Though considerable efforts have been made to
ameliorate the continental menace through the use of agronomic approaches such as
increased irrigation and temperature regulation, some of these efforts have proven
futile over recent decades. An alternative promising approach to address these stresses
is the development of tolerant tomato cultivars/lines through breeding [30]. One of
the major constraints affecting tomato production is heat stress [34]. This is due to the
increasing day and night temperatures as a result of climate change [35]. Breeding for
heat tolerance has become one of the primary objectives of breeding programmes in
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Africa [5]. In Ghana, Nkansah, King 5, DV2962 have been identified as heat-tolerant
tomato cultivars [21, 32]. Currently, the CSIR-Crops Research Institute is develop-
ing heat tolerant tomato varieties with funding from the Korea government through
Korea Africa Food and Agriculture Co-operation Initiative (KAFACI).

Most farmers in Africa grow tomatoes under open field conditions and as such
rely solely on rainfall. Under such conditions, drought stress which is one of major
constraints in open field tomato production [36] occurs due to erratic rainfall pattern.
This consequently affects plant growth and development, resulting from reduced
nutrient uptake [37] leading to increase in flower abscission, low percentage of fruit
set, reduction in yield as well as fruit quality [38, 39]. There is therefore the need to
breed and develop improved drought-tolerant varieties [38]. However, developing
tomato cultivars tolerant to drought stress has been a neglected objective in many
tomatoes breeding programmes [40], since the breeding objectives tend to focus
much more on biotic stresses, prolonging shelf life, and determination of genetic vari-
ability among continental accessions. Although advances in molecular research and
plant breeding have resulted in the introduction of drought-tolerant tomato cultivars
in most developed countries, breeding efforts in sub-Saharan Africa (SSA) have
focused on yield as the primary selection criteria, with little attention for drought tol-
erance [5, 40]. Nonetheless, a few screening trials have been conducted in countries
such as Kenya to evaluate the susceptibility and tolerance of tropical cultivars derived
from the AVDRC-The World Vegetable Center and the National Gene Bank of Kenya
to drought stress [31].

2.3 Breeding to improve tomato fruit quality to meet consumer/industry
preferences

Breeding for fruit quality is one of the major objectives of the tomato breeding
programmes in Africa [41]. Due to the economic and nutritional importance of this
perishable crop, breeders over the decades have put in great efforts to prolong its
shelf life and organoleptic quality. Extensive studies have been reported on fruit
quality traits such as the size, shape, total soluble solids, pH, colour, firmness, ripen-
ing, nutritional content, and flavour [42-44]. Therefore, tomato breeding initiatives
have focused on boosting fruit quality and understanding its genetic and molecular
diversity [44]. Recently, fruit colour is becoming increasingly important in the fresh
market due to the awareness of the health benefits of carotenoids in the tomato fruit.
Regarding processing of the tomato fruit in the industries, content of total soluble
solids has also received lot of attention [44]. For instance, technologies such as pure
line selection, hybridization, irradiation-induced mutation, and the crossing of local
cultivars with exotic ones are ongoing breeding schemes in African countries such
as Ghana to improve the fruit quality and shelf life of tomato [5, 14]. In addition,

[45] reported studies on the utilization of single nucleotide polymorphism (SNPs) to
evaluate the shelf life and fruit quality of F1 tomato progenies.

3. Demand-led tomato breeding

3.1 Overview of demand-led breeding

To facilitate the adoption and utilization of the end product, there is the need
to take into consideration the expectations or demands of the prevailing market.
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According to [6, 46, 47] plant breeding approaches that consider active participation
of farmers in the identification of their challenges, mitigation approaches and prefer-
ences in new varieties is crucial in the adoption of the resultant varieties. The concept
of demand-led breeding encompasses the approach whereby the situation in the pre-
vailing market for new crop varieties considers the type of traits to incorporate into
new varieties that will meet the expectations and satisfy the consumer or end-user
needs. Whereas, participatory plant breeding or variety selection considers farmers
involvement at different stages of the breeding programme, demand-led breeding
encompasses various considerations from different actors such as processors, aggrega-
tors, marketers and consumers [48].

3.2 Demand-led principles and approaches for tomato breeding

Unlike participatory breeding that is more localized with limited scope,
demand-led breeding involves more global focus. It takes into consideration a broader
range of tools such as market research, value addition and modern product promotion
strategies. It focuses more on the demands of the market rather than adoption for
cultivation thereby producing a product that would be in high demand once released
for cultivation. Demand-led approaches focus on the use of market information and
intelligence to develop indices that are used to rank traits based on the monetary value
and preferences from all potential end-users of the final product [49]. According
to [50] demand-led variety design is based on six core principles; client needs and
preferences, value chain analysis, market research, market trends and drivers, public
and private sector linkages and multidisciplinary teams.

Demand-led or client-oriented breeding should consider client needs and prefer-
ences. This is crucial in considering the breeding objectives whether for industrial
processing or home consumption. In Ghana, tomato production is either for
processing into paste or direct consumption by consumers who purchase from the
open market [51]. A demand-led programme should consider value chain analysis
and innovation systems that involve all the actors in the value chain of the crop.

For instance, in the value chain, common actors include farmers, aggregators or
middlemen, transporters, traders, processors and consumers. Another consideration
for demand-led breeding is market research. This allows the breeder to define the
standard and priority for the traits or client preferences and validate the key assump-
tions at every stage of the breeding process. As a result, the breeder is kept abreast
with the demands of the market in order to provide a product which will be readily
adopted by the producers, marketers and consumers alike.

Demand-led breeding is also based on market trends and drivers which normally
influence farmers’ choices of crop varieties to adopt for cultivation. Prevailing cir-
cumstances and future occurrences such as climate change, national policies regard-
ing certain commodities can all influence the kind of varieties that would be needed
for cultivation [50]. For instance, a government initiative on tomato production or
establishment of tomato processing factory may change the focus of variety design
towards home consumption to varieties with good processing attributes. Another
key principle guiding demand-led breeding is integration or linkage between private
and public sector. It focuses on fostering cordial relationships between breeders and
other actors in the value chain such as seed producers and distributors as well as
other actors in the value chain. All these actors are involved in the identification and
priority setting of client needs that result from the market research. Through this
approach, breeders know what to breed for, the farmers also know what to cultivate
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to meet the market requirements. Farmers are also linked to ready market. This
approach promotes synergies between the various actors and culminates in benefits
that far exceed what can be achieved with the different actors acting independently
[51]. Demand-led breeding relies on multidisciplinary teams to achieve its objective.
Demand-led breeding follows an innovative approach that utilizes a broad range of
expertise and competencies of different actors with specific roles towards the design
and development of the proposed variety. It is expected that the different experts

will contribute to the development of the ideal product profile which possesses all the
desired attributes and is responsive to the needs of the target group irrespective of the
gender [52].

3.3 New variety design and product profile for tomato breeding: Ghana as a case

study

To facilitate large scale adoption and commercialization of a new crop variety,
such variety must meet the needs and expectations of the intended end-users [53].
Therefore, product profiles are developed for such a desired variety. A product
profile encompasses a number of traits in a new variety that farmers would prefer
compared to the variety they are already cultivating [54]. Product profiles are
developed based on the array of clients that are targeted by the breeding programme
following market research or broadscale stakeholder consultation. Several factors
may influence the choice of crops to cultivate or the variety of a particular crop a
farmer may cultivate and these have implications on the overall product design. A
study by ref. [55, 56] revealed that the number of attributes or traits preferred by
tomato farmers in the Wenchi municipal was positively influenced by the gender,
education level, access to credit, household size, level of education, contact with
extension staff, membership of farmer-based organization, farm size and off-farm
income. This implies that different varieties are likely to be adopted by farmers in the
different categories. As a result, these factors need to be considered by breeders and
breeding programmes in designing and developing product profiles of new tomato
varieties to meet the needs of the different clientele. For this reason, a particular
breeding programme can have several product profiles that will define the type of
varieties that would be developed [48].

Another survey carried out in seven regions of Ghana (Bono, Ahafo, Bono East,
Ashanti, Greater Accra, Eastern and Upper East regions) involving 12 tomato grow-
ing communities found that tomato farmers in these areas prefer tomato varieties
with large fruit size, high rounded shaped and red in colour [51]. A similar study by
ref. [55, 56], indicated that majority of the farmers interviewed prefer firmness and
extended shelf-life in their new tomato varieties. Though past plant breeding efforts
in tomato have focused on morphological and molecular diversity studies, screening
against biotic and abiotic stresses [5], breeding objectives must target other traits that
may be of benefits to a wide array of end-users. Current efforts have targeted breed-
ing for extended shelf-life through incorporation of genes from wild relatives [21, 45,
55, 56]. Development of an early maturing tomato varieties was achieved through
hybridization of cherry tomato and Pectomech, a popular commercial variety [27].

In order to meet the current market demands and changing climate, there is
the need to design and develop new tomato varieties that meet the requirements of
different clients. As must-have traits, all new tomato varieties must be resistant to
common pests and diseases such as whiteflies (Bemisia tabaci), tomato leaf miner
(Tuta absoluta), bacterial wilt, Fusarium wilt as well as resilient to the prevailing

6



Perspective Chapter: Accelerating Demand-Led Tomato Breeding for Emerging Markets in Africa
DOI: http://dx.doi.org/10.5772/intechopen.106737

environmental conditions such as heat and drought. For home consumption, the new
tomato varieties must be rounded in shape with large fruit sizes and red in colour. In
order to meet the industrial market, there is the need to develop new varieties with
high pulp content and/or brix for good paste production. To facilitate rapid adoption
by farmers, the new varieties need to be resistant to most biotic stresses that prevail in
most of the growing ecologies.

4. Fast track/speed breeding for demand-led tomato varieties

Speed Breeding involves manipulation of light, temperature, plant population and
application of single seed descent method to identify major traits [57, 58]. Various
methods which have been used to improve the cycle of turnover and are extensively
classified as speed breeding (SB). SB is exploited in several tomato breeding pro-
grammes involving population generation, pyramiding traits, phenotyping, assess-
ment of agronomic traits, genomic selection and genomic editing [58, 59]. Majority
of the SB approaches target improvement in the tomatoes for fruit quality, fruit yield,
and tolerant to stresses. Tomato is a model crop of the Solanaceae family that supports
SB due to it short maturity period, diploid genome, convenience of Agrobacterium-
mediated transformation thus supporting mutation breeding, CRISPR-Cas9 applica-
tion [60, 61]. SB strategies used in developing demand-led tomato varieties such as
Flavr Savr in America as the first engineered tomato by biotechnology method [62].
SB strategies such as marker-assisted selection, participatory plant breeding, muta-
tion, and clustered regularly interspaced short palindromic repeat (CRISPR-/Cas9)
system could be used by Africans in developing demand-led tomatoes. There is little
information as to a tomato variety developed in Africa via the SB strategies. This
implies that African tomato breeders must take advantage of current breeding tools.

4.1 Marker assisted breeding

Marker-assisted selection (MAS) and marker assisted breeding (MAB) progresses
the effectiveness of crop improvement via accurate transfer of genomic sections of
significance and hasten the recovery of the recurrent parent genome. The application
of MAS and MAB support genomic selection which rely on molecular markers in
assisting crop breeding. MAS in tomato improvement is traced around the 1930s [63].
MAS have been used to improve the traits that are related to disease, morphological,
and physiological in most crops [59]. Specifically, in tomatoes, integration of SB into
MAS results into transfer of beneficial alleles. For instance, SB and genomic led to
purify tomato hybrids [64]; identify heat tolerant tomatoes [20, 65, 66].

The achievement of MAS is highly dependent on several critical issues including
the number of target genes to be transferred, the distance between the target gene
and the flanking markers, number of genotypes selected in each breeding generation,
the nature of germplasm and the technical options available at the marker level. The
power and efficacy of genotyping are anticipated to develop with the advent of mark-
ers like single nucleotide polymorphisms (SNP).

4.2 Participatory plant breeding

When farmers and other actors are involved in a breeding programme to either to
participate or collaborate with scientists in every stage of the breeding programme is
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termed as a participatory plant breeding (PPB) [67]. PPB is recommended as a one
of the breeding approaches that enhance crop improvement, empower and promote
farmers right, and increases the acceptance rate when new varieties and or technolo-
gies are introduced to farmers [68-70].

Tomato is an essential crop to Africans, hence there is continual increase in
demand. Therefore, PPB serves to intensify farmers access and openness to breeding
of new tomatoes in Africa. Thus, PPB will aid in rapid improvement and delivery
of farmers and customers preferred tomato variety [71]. In Africa, the smallholder
farmers serve as the foundation for the food system [72] PPB is observed to be useful
to the smallholder farmers, especially in Africa. Application of PPB strategies in
Tanzania assisted in evaluating and releasing a tomato variety resistant to late blight
resistant [73] PPB has the potential to improve farmers preferred tomato but it has not
been fully utilized. Hence, the various actors in the tomato breeding must take full
advantage of PPB.

4.3 Mutation

Mutation is among the efficient approaches for enhancing crop traits without
changing the well-optimized genomic background of the crop. Mutation is used to
study variation and traits of interest for improving fruit quality, male fertility and
disease resistance [74, 75].

For instance, tomato variety M82 through mutation developed mutant line with
avariant of eIF4E 1 showed resistance to the potyvirus strains [76]. Tomato fruits
are known to be influenced by rin (ripening inhibitor) and PL gene that relates to
fruit softening. Mutating of 7in and silencing of PL gene results in delaying ripening.
However, rin reduced nutritional components, flavour and colour of the fruits but
PL gene had recorded otherwise [77, 78]. Tomato mutant iaa9-3 line is capable of
developing parthenocarpic variety that would be seedless and of high quality [79].
Mutation resulted in generating heat-tolerant tomatoes which exhibited high pollen
fertility and fruit set [80, 81]. These are evidence which support the contribution
of mutation breeding to the tomato industry around the globe. Tomato breeding in
Africa has not witnessed the anticipated progress hence breeders should be encour-
aged to use mutation.

4.4 Clustered regularly interspaced short palindromic repeat (CRISPR-/Cas9)
system

Gene editing technologies (zinc finger nuclease—ZFN; transcription activator-
like effector nucleases—TALENS; and clustered regularly interspaced short palin-
dromic repeat—CRISPR/Cas) applications have witnessed some successes in some
crops within the Solanaceae family [82]. These technologies aim at modifying genome
by generating novel desirable alleles that will foster the improvement and subsequent
release of a new varieties and/or augmenting the genetic pool of desired alleles.

The CRISPR/cas9 is the desired technology due to its high specificity and low cost
[83]. Gene editing in tomatoes has been successful due the availability of its genome
sequence (https://solgenomics.net/organism) and its annotation [84]. Thus, resulting
in several research relating to improvement to stresses (biotic & abiotic), fruit quality
(nutritional value, shelf life, & colour), and plant architecture [85].

CRSPR-Cas9 was first used in tomatoes in generating the first needle-leaf
mutant in 2014 by knocking out Argonaute 7 [86]. Most products produced by
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gene editing have no commercial value [87, 88] but tomato is an exception [61].
Application of gene editing in tomato by Mlol mutant showed resistance to pow-
dery mildew. Then again, through selfing at TO, a mutant of mlol T-DNA was
achieved [89]. Tomato is more sensitive to fusarium wilt disease by knocking out
Solyc08g075770 by CRISPR-Cas9 [90]. Similarly, tomato bzrl mutant via CRISPR
reduced the production of hydrogen peroxide (H,0,) which improved heat toler-
ance in tomato [91]. Tomato plant’s response to drought has been improved through
gene editing technologies by manipulating CBF1 (C-repeat binding factor 1) and
MAPK3 [92, 93]. CRISPR-Cas9 application have resulted in obtaining herbicide-
resistant tomatoes plants. A study by ref. [94] resulted in over 70% edited tomatoes
plants exhibiting resistant to the pesticide chlorsulfuron. Similarly, CRISPR-Cas9
mutated carotenoid dioxygenase 8 (CCD8) and more Axillary Growthl (MAX1)
involved in the promotion of strigolactone synthesis, a key component required
for the germination of Phelipanche aegyptiaca seeds thereby resulting in produc-
ing Podalivius aegyptiaca-resistant tomato plants [95, 96]. Fruit set in tomatoes is
influenced by pollination and fertilization, a CRISPR/Cas9 via mutation developed
parthenocarpic tomato which is attractive to farmers as it reduces labour cost of
fruit setting [97].

There is numerous evidence that support that, CRISPR-/Cas9 system has the
potential to facilitate SB in tomatoes. However, there is little evidence that show it
application in Africa. Other researchers confirm that, agricultural production is low
in Africa compared to other continents [98]. A study by ref. [14] recommended that
Africa should embrace technologies such as CRISPER to develop novel crops such as
tomato genotypes to sustain its production. It is time that Africa embrace modern
breeding technologies that support SB for tomato industry to be sustained due to
increase demand.

5. Tomato seed system in sub-Saharan Africa

Achieving food security is dependent on seed security as well as timely availability
of quality seed in adequate quantity at the right price and time. This is very funda-
mental in increasing production and productivity. Population increase, depleted
natural resources and extreme climate variability has worsened the problems of food
security to help mitigate this problem, a functional seed system is needed. Seed sys-
tems include interrelated institutions that develop new cultivar, produce, test, certify
and market the seed. An effective seed system has the potential to increase productiv-
ity in a marginal way as good quality seed alone has the potential of increasing yield
of crop by up to 20-30% [99]. Tomato is a food security and high value crop that
improves the livelihood and income among smallholder farmers in the sub-Saharan
Africa. Farmer’s access to high quality tomato seeds is the surest way to ensure a
resilient tomato industry in Africa.

5.1 Types of tomato seed system

In Africa, farmers have different ways of obtaining their quantity and quality of
seed which they need for production. Tomato seed system varies greatly depending
on the locality, market availability and farmers knowledge on seed system and supply
and can be basically grouped into formal, informal or the combination of the formal
and the informal.
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5.1.1 Formal seed system

Formal seed system in Africa is usually government supported with the active
involvement of the public institutions (Figure 1). It is a holistic approach involving
evaluations of genetic resources, breeding and the development of new materials,
certification and distribution of the planting materials to farmers. The tomato seed
system is not formalized in most parts of Africa but a form of semi-formal seed
system where seed companies are involved in the distribution of imported tomato
seed to farmers. In sub-Saharan Africa tomato seed is still imported from outside
the continent, while local companies continue to produce seed of open-pollinated
varieties. Countries like South Africa and Tanzania have a formal tomato seed system
where both the government and the private sector (Seed companies) are involved in

Research Institutions | > Breeder Seed

Universities

" Foundation Seeds
Sead il
Companies l
Seed Companies | Reglstared # Cartifled Sead
saed producers
Seed Companles ! Registered p Quality Daclared Seeds

seed producers

Agro Dealers | Farmers

* Farmers Seed

Figure 1.
Schematic distribution of the formal seed system.
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the development and distribution of tomato varieties [100]. The first private seed
company in Tanzania (Alpha seed) was established almost three decades ago. It was
into the sale of open-pollinated tomato varieties developed by the World Vegetable
Centre [100].

Currently, Tanzania can boast of about 25 vegetable seed companies involved
in tomato seed production and is expected to grow from 25 million USD in 2018 to
65 million USD by 2023 [101]. In most African countries for example., Ghana and
Nigeria, seed companies are involved in on-farm trials of breeding and participatory
cultivar selection, seed- related research, seed multiplication, seed conditioning and
quality assurance, repackaging of the seeds, storage and distribution to final end users
in this case farmers [102]. Currently, in Ghana, a formal tomato seed system is about
springing up due to the release of the first official tomato varieties by CSIR-Crops
Research Institute, Kumasi, Ghana and West Africa Centre for Crop Improvement
(WACCI) at the University of Ghana.

5.1.2 Informal tomato seed systems

The informal tomato seed system, otherwise termed as “local or farmers saved-seed
system” account for about 80% of the seed stock [103] supply to the farmers. It is
an unorganized system that includes identification, seed saving, seed exchange,
production and distribution by the farmer according to his/her knowledge of the
plant and it is highly localized (Figure 2). The informal tomato seed system in Africa
apart from being farmer or community-based practices; also includes different local
level seed production initiatives organized by either farmer group, non-governmen-
tal organization or both, working outside the formal regime of the organized seed
sector. Other characteristics of the informal tomato seed sector within the sub-region
includes the non-law regulatory system, farmer to farmer seed exchange and this
deals with individual community with small seed quantities usually demanded by
farmers [104].

In Africa, countries like Tanzania, Ethiopia, Mali, Burkina Faso, Nigeria, Kenya,
and South Africa although have some kind of formal seed system for some vegetables
but the tomato seed system is largely informal [24]. Farmers within these countries
purchase the imported hybrid or open pollinated tomato seed from agro-dealers
and seed companies to produce their own tomato seed. These seeds once they are
produced are easily marketed and exchanged from farmer to farmer by irregular
means for many seed generations. On the other hand, farmers after acquiring some
seed production skills from the extension officers often develop their own seeds from
hybrid tomatoes i.e., they advance it to the F, themselves for local marketing. This is
usually as a result of high cost of the F1 hybrids [104].

5.2 Tomato seed value chain

A seed value chain is a series of actors or stakeholders. The value chain involves
input suppliers, producers and processors, to exporters and buyers engaged in
the activities required to bring an agricultural product from production to end
consumer through various actors as shown in Figure 3. A value chain, therefore,
incorporates productive transformation and value addition at each stage of any
value chain. At each stage in the tomato value chain, the product changes hands
through chain actors, transportation costs are incurred, and generally, some form
of value is added. Tomato value chain results from diverse activities including input
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Seeds from seed
companies, community
seed distributers,

colleague farmers,
farmers own saved seeds

Individual Tomato Farmers

Farmers Own Saved
Seed

Retailing to Smallholder
Farmers

Smallholder Tomato Farmers

Figure 2.
Schematic distribution of the informal tomato seed system.

supply, production, transportation, marketing, processing, distributions, retailing,
and consumption.

5.2.1 Input suppliers

Input suppliers are the producers of agricultural inputs such as seeds, pesticides,
fertilizers, mulching sheets, etc. needed for the production of tomatoes. Through
company owned, and other company dealers they sell their products to the farmers.
Moreover, they also provide technical guidance on inputs usage and timely supply of
inputs to the tomato farmers. They do maintain good relationships with the farmers
and act as one of the informal sources of finance. Regarding the delivery of inputs like
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Figure 3.

Linkages and flow of tomato value chain in Africa.

=— Transportation / Processing

improved seed, herbicides and pesticides, and credit among others, public and private
extension services provide extension services to the farmers.

5.2.2 Producers

They are the initial link in tomato value chain. Producers decide what to produce,
how much to produce when to grow and sell. Three types of the production system
can be observed viz., subsistence production, small-scale commercial production,
and largescale commercial production. Subsistence production is carried out for
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household consumption and produced in small quantities. The produce from the first
category of farmers generally does not enter the market or enters in a very limited
quantity especially in the local marketplace. Small- and large-scale commercial
farmers sell most of their products to various market intermediaries. The producers
generally deal with traders and wholesalers. In most cases, farmers depend on village
level traders for price information.

5.2.3 Marketing

The main aggregators usually buy the initial tomato from the main farmers to a
special location within the village where traders buy them and transport to desired
markets. Such collection and transporting activities are carried out either by the local
trader, or an outside trader regularly visiting the location.

5.2.4 Wholesalers

They usually depend on the various intermediate sized loads and put the toma-
toes into large uniform units. These activities all contribute to price determination
Wholesalers are market participants who buy large quantities of tomato and resell to
other traders. Wholesalers often buy the tomatoes at the farm gate and other road site.

5.2.5 Processors

Processors are the secondary processing industries. The tomato processed prod-
ucts manufactured by the sample processors include tomato paste, sauce and ketchup.
They usually collect fresh tomatoes from wholesalers and other sellers in major
tomato production areas during peak season and glut in the market at cheaper prices.

5.2.6 Distributors

The distributors normally buy processed tomato products from processors and
supply to small grocery stores and supermarkets. They generally sell products of dif-
ferent companies in different formats of retailers.

5.2.7 Retailers

They are the middlemen that include the supermarket and another large-scale
retailer who divide large shipments of produce and sell it to consumers in small units.
The basic function they provide is bulk breaking. Retailers are the sellers of tomatoes to
the ultimate consumers through multiple channels such as small grocery stores, exclu-
sive fruits and vegetable shops, supermarkets and exporters. They normally buy from
wholesalers and sell both fresh tomatoes and other tomato processed products in smaller
quantities with a higher profit margin. The retailers are the final connection that deliver
tomato to consumers. They are many as compared to others and their function is selling
tomato to consumers in small volumes after receiving large volumes from producers.

5.2.8 Consumers

It is the last link in the tomato market value chain. The consumers always make
production meaningful and they usually set the pace for production. From the
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consumers’ perspective, the shorter the value chain the more likely the retail price
going to be cheaper and affordable. The consumers are mostly classified into indi-
vidual/household consumers and larger consumers like the restaurants, hotels and
local food joints [105].

5.3 Constraints in tomato seed production

In Africa, the production and supply of most agricultural commodities is seasonal
and tomato is not an exception [106] This has contributed to the price adjustment
of tomatoes based on the trend of supply [107] which follows the normal curve of
demand and supply, as the demand increase the supply decreases and the reverse is
true. In Ghana, Nigeria and most African countries where tomatoes production is
considered as the game changer in both nutritional and in the economic sense, but yet
cannot meet their production demand has for the past decades seen fluctuation in the
rural wholesale price by a marginable percentage [108, 109].

This trend in price fluctuation of tomatoes in Africa has not only affected the
quantity and quality of the tomatoes [110] but also affected the tomato seed produc-
tion. The following are some of the challenges faced by tomatoes producers in the
sub-region;

* Inadequate government support

Lack of quality germplasm for fresh and processing markets

Insufficient numbers of trained tomato breeders and seed producers

Absence of seed laws and enabling environment

Underdeveloped private sector and seed system

Biotic and abiotic challenges to productivity: tomato yellow leaf curl, viruses,
nematodes, heat and drought stress among others

6. Challenges and prospects of demand-led tomato breeding

The demand-led breeding approach will not only increase development of new
tomato varieties but rather meet the needs of changing market preferences. Below are
few highlighted prospects and challenges of demand-led tomato breeding methods in
Africa.

6.1 Challenges

The major challenge for demand-led tomato breeding is lack of adequate funding
covering aspects of research, training of researchers and technical officers, establish-
ment of tomato breeding infrastructures, etc. [111]. Researchers, governments and
private investors should partner to strategize and examine the potential benefits,
implementation and how to sustain demand-led tomato breeding.

In addition, there is inadequate genetic resources to meet demand-led tomato
breeding programmes in Africa [112]. To improve future tomato breeding
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programmes, countries in Africa should prioritize the collection and conservation of
local landraces which possess useful agronomic genes to sustain future breeding pro-
grammes [113]. Overreliance of improved exotic tomato lines/cultivar in most African
countries, however, makes demand-led tomato breeding programmes unsustainable.
This is because, the imported tomato variety may not meet the actual needs of the
actors in the tomato value chain.

Last but not least, well- resourced laboratories to explore modern techniques in
crop improvement are lacking in Africa. Most African countries are lagging behind
regarding the utilization of basic to advanced biotechnology techniques such as
marker assisted selection, genetic engineering and genome editing to facilitate
plant breeding programmes [14]. Demand-led tomato breeding programmes would
require most of these above-mentioned techniques to reduce the time for variety
development.

6.2 Prospects

Tomato breeding based on demand has the potential to gather and understand
information about tomato value chain actors’ preferences for single or multiple traits.
In order to accomplish this, more comprehensive quantitative research methodolo-
gies will be required to identify well-informed preferred traits by tomato value chain
actors. To develop excellent demand-driven tomato breeding, scouting for traits
insights along the value chain is a key [49]. Furthermore, using market intelligence, a
comprehensive quantitative breeding index to rank the preferred traits for demand-
led tomato breeding schemes can be developed. The “monetary values, preferences
from all potential breeding clients, from the farm to the consumer’ table” [49] may
be the basis for trait ranking. As a result, this analysis will aid in determining trait
improvement priorities and maximizing not only genetic gains, but also actual variety
adoption, while ensuring that released varieties have traits that are preferred by all
key value chain actors and stakeholders. This strategy will hasten the adoption of new
tomato varieties.

Demand-driven tomato breeding can facilitate and harness the adoption of a
customer- and data-driven approach that adds value to released tomato variety,
whiles meeting the actual needs of a diverse range of customers and breeding clients
[114]. Thus, involving various actors along the value chain especially in the early
breeding process will promote early adoption, acceptance and consumption of newly
released tomato varieties. As such, this breeding method will contribute enormously
in achieving broader societal goals including increased food and nutrition securities
concomitant with improved health, poverty reduction, climate resilience and envi-
ronmental conservation.

Again, demand-led tomato breeding can help increase the economic value for
targeted tomato traits. Since, traits of significant importance to various actors in
the tomato value chain are known and ranked, economic value for specific or highly
ranked traits could be improved. For instance, a change in dietary preferences and
requirements has caused a shift for tomato fruits with improved quality such as fruits
with high lycopene content [115] and sugar level [116]. A situation where consumers’
preferred traits are successfully introgressed into a newly released tomato varieties,
they will be willing to pay premium prices for these tomato fruits. Thus, the market
value can be increased and then improve the livelihoods of various actors in the
tomato value chain.
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7. Conclusion

Tomato breeding programmes have focused on breeding for resistance to biotic
and abiotic constraints which cause severe yield reduction. In addition to yield,
tomato varieties are also bred for quality traits such as colour, firmness, flavour and
extended shelf-life to meet consumer or industry preferences. Demand-led breed-
ing which targets consumer and market preferences is based on six core principles
which need to be considered in designing new tomato varieties Attributes desired
by Ghanaian and tomato producers from other African countries considered in new
variety designs include pests and diseases resistance, tolerance to environmental
conditions as well as for quality traits and attributes such as shape, colour, and high
pulp content.

Various fast-track breeding approaches are employed for rapid progress in tomato
breeding. Speed breeding techniques reduce the long breeding cycle compared to
conventional tomato breeding. Examples of such approaches include marker assisted
breeding (MAB), participatory plant breeding (PPB), mutation breeding and clus-
tered regularly interspaced short palindromic repeat (CRISPR-/Cas9) system which
have been used to accelerate the breeding process in tomato. Two key seed systems are
common in the tomato seed value chain. These are the formal system which is regu-
lated, and the informal system which mainly operates in the rural areas. The tomato
seed system is faced with challenges such as: inadequate government support, absence
of seed laws and enabling environment, under-developed private sector among
others. Challenges facing demand-led tomato breeding include lack of involvement
of all stakeholders in the tomato value chain. Inadequate research infrastructure, few
trained personnel and inadequate genetic resources. These have limited to scope of
most tomato breeding programmes to meet consumer needs.

Finally, demand-led tomato breeding has the potential to gather relevant infor-
mation on the preferences of tomato value chain actors to inform breeders on what
product profile to develop. Comprehensive quantitative research methodologies
will help identify the requisite traits that would be preferred by current and future
markets. Demand-driven tomato breeding can help breeders to design products that
have the potential of satisfy consumer needs and facilitate rapid adoption by farmers
and other end-users. Adequate funding, governmental support and active collabora-
tion between researchers, private investors and farmers, and education on the poten-
tial benefits demand-led breeding are needed to implement and sustain demand-led
tomato breeding.

17



Tomato - From Cultivation to Processing Technology

Author details

Hans Adu-Dapaah™, Michael Kwabena Osei’, Joseph Adjebeng-Danquah’,

Stella Owusu Nketia*, Augustine Antwi-Boasiako?, Osuman Alimatu Sadia?,

Peter Ofori Amoako* and Richard Agyare’

1 CCST-CSIR College of Science and Technology, Kumasi, Ghana

2 CSIR-Crops Research Institute, Kumasi, Ghana

3 CSIR-Savannah Agricultural Research Institute, Nyankpala, Ghana

4 College of Basic and Applied Sciences (CBAS), University of Ghana, Legon, Ghana

"Address all correspondence to: hadapaah@yahoo.com

IntechOpen

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

18



Perspective Chapter: Accelerating Demand-Led Tomato Breeding for Emerging Markets in Africa

DOI: http://dx.doi.org/10.5772/intechopen.106737

References

[1] Ochilo WN, Nyamasyo GN,

Kilalo D, Otieno W, Otipa M, Chege F,

et al. Characteristics and production
constraints of smallholder tomato
production in Kenya. Scientific African.
2019;2:e00014. DOI: 10.1016/j.sciaf.2018.
e00014

[2] Arah IK, Kumah EK, Anku EK,
Amaglo H. An overview of post-harvest
losses in tomato production in Africa:
Causes and possible prevention

strategies. Journal of Biology, Agriculture
and Healthcare. 2015;5(16):78-88

[3] Nordey T, Basset-Mens C, De Bon H,
Martin T, Déletré E, Simon S, et al.
Protected cultivation of vegetable crops
in sub-Saharan Africa: Limits and
prospects for smallholders. A review.
Agronomy for sustainable development.
2017;37(6):1-20. DOI: 10.1007/
s13593-017-0460-8

[4] Osei MK, Bonsu KO, Agyeman A,
Choi HS. Genetic diversity of

tomato germplasm in Ghana using
morphological characters. International
Journal of Plant. 2014:220-231. DOI:
10.9734/1JPSS/2014/6466

[5] Melomey LD, Danquah A, Offei SK,
Ofori K, Danquah E, Osei M. Review

on tomato (Solanum lycopersicum, L.)
improvement programmes in Ghana.
Recent Advances in Tomato Breeding and
Production. 2019:49-67. DOI: 10.5772/
intechopen.75843

[6] Adjebeng-Danquah J, Martey E,
Manu-Aduening J, Gracen V, Asante IK,
Offei SK. Farmers’ perception on drought
constraints and mitigation strategies in
cassava cultivation in northern Ghana:
Implications for cassava breeding.
Sustainable Futures. 2020;2:100041.

DOI: 10.1016/j.sftr.2020.100041

19

[7] IISD. World Population to Reach

9.9 Billion by 2050. 2022. Available

from: https://sdg.iisd.org/news/world-
population-to-reach-9-9-billion-by-2050/
[Accessed: February 3, 2022]

[8] Lin Z, Cogan NOI, Pembleton LW,
Spangenberg GC, Forster JW, Hayes B],
etal. Genetic gain and inbreeding from
genomic selection in a simulated
commercial breeding program for perennial
ryegrass. Plant Genome. 2016;9:1-12

[9] Moose SP, Mumm RH. Molecular
plant breeding as the foundation for
21st century crop improvement. Plant
Physiology. 2008;147(3):969-977.
DOI: 10.1104/pp.108.118232

[10] Kosmowski F, Abebe A, Ozkan D.
Challenges and lessons for measuring soil

metrics in household surveys. Geoderma.
2020;375:114500

[11] Persley GJ, Anthony VM. The
Business of Plant Breeding Market-
led Approaches to New Variety
Design in Africa. Wallingford, UK:
CABI International. 2017. pp 1-25.
DOI: 10.1079/9781786393814.0001

[12] Ponce P, Molina A, Cepeda P, Lugo E,
MacCleery B. Greenhouse Design and
Control. Boca Raton, FL, USA: CRC
Press; 2014

[13] Ajayi AM, Hassan GF. Response
of selected tomato (Solanum
lycopersicum L.) cultivars to on-field
biotic stress. Journal of agricultural
and crop. Research. 2019;7(3):38-46.
DOI: 10.33495/jacr_v7i3.19.110

[14] Dube ], DDamulira G, Maphosa M.
Tomato breeding in Sub-Saharan Africa-
challenges and opportunities: A

review. African Crop Science Journal.
2020;28(1):131-140



Tomato - From Cultivation to Processing Technology

[15] Olufolaji DB, Ajayi AM. Management
of Plant Biotic Stress with botanicals and
antagonistic fungi in the tropics. In: Plant
Health under Biotic Stress. Singapore:
Springer; 2019. pp. 59-72

[16] Hussain B. Modernization in plant
breeding approaches for improving biotic
stress resistance in crop plants. Turkish
Journal of Agriculture and Forestry.
2015;39(4):515-530. DOI: 10.1105/
tpc.6.3.361

[17] Swarnapriya R. Breeding approaches
for biotic stress resistance in vegetables.
In: Plant Breeding-Current and Future
Views. London: IntechOpen; 2021.

DOI: 10.5772/intechopen.94983

[18] Surni SU, Saediman HA,

Waulandari FI, Zani MU, Yunus LU,
Taridala SA. Profitability and constraints
of small-scale tomato production

in Baubau municipality of

Southeast Sulawesi. WSEAS
Transactions on Environment and
Development. 2020;16:219-225.

DOI: 10.37394/232015.2020.16.22

[19] Asante BO, Osei MK, Dankyi AA,
Berchie JN, Mochiah MB, Lamptey JN,
et al. Producer characteristics and
determinants of technical efficiency
of tomato-based production systems
in Ghana. Journal of Development
and Agricultural Economics.

2013;5(3):92-103

[20] Mulugeta T, Muhinyuza JB,
Gouws-Meyer R, Matsaunyane L,
Andreasson E, Alexandersson E.
Botanicals and plant strengtheners for
potato and tomato cultivation in Africa.
Journal of Integrative Agriculture.
2020;19(2):406-427. DOI: 10.1016/
S2095-3119(19)62703-6

[21] Osei MK, Danquah A, Blay E,
Danquah E, Adu-Dapaah H. Stakeholders
perception and preferences of

20

post-harvest quality traits of tomato

in Ghana. Sustainable agriculture
Research. 2018;7(526-2020-487):93-1009.
DOI: 10.22004/ag.econ.301832

[22] Hanson P, Lu SF, Wang JF, Chen W,
Kenyon L, Tan CW, et al. Conventional
and molecular marker-assisted selection
and pyramiding of genes for multiple
disease resistance in tomato. Scientia
Horticulturae. 2016;201:346-354.

DOI: 10.1016/j.scienta.2016.02.020

[23] Lee JM, Oh CS, Yeam I. Molecular
markers for selecting diverse disease
resistances in tomato breeding programs.
Plant Breed. Biotech. 2015;3(4):308-322.
DOI: 10.9787/PBB.2015.3.4.308

[24] Perez K, Froikin-Gordon JS,
Abdourhamane IK, LevasseurV,

Alfari AA, Mensah A, et al. Connecting
smallholder tomato producers to
improved seed in West Africa.
Agriculture & Food Security.
2017;6(1):1-4. DOI: 10.1186/
s40066-017-0118-4

[25] Brévault T, Bernadas G, Sylla S,
Diatte M, Diarra K. Tuta absoluta
Meyrick (Lepidoptera: Gelechiidae):
A new threat to tomato production
in sub-Saharan Africas. African
Entomology. 2014;22(2):441-444.
DOI: 10.4001/003.022.0202

[26] Pfeiffer DG, Muniappan R, Sall D,
Diatta P, Diongue A, Dieng EO. First
record of Tuta absoluta (lepidoptera:
Gelechiidae) in Senegal. Florida
Entomologist. 2013;96(2):661-662.
DOI: 10.1653/024.096.0241

[27] Effah Z, Osei MK, Akromah R,
Frimpong M. Hybridisation between
cherry tomato (small fry) and petomech
for shortened fruit maturation, size and
earliness. African Crop Science Journal.
2017;25(1):25-32. DOI: 10.4314/acs;j.
v25il.2



Perspective Chapter: Accelerating Demand-Led Tomato Breeding for Emerging Markets in Africa

DOI: http://dx.doi.org/10.5772/intechopen.106737

[28] CSIR—Crops Research Institute.
First Open Pollinated Tomato Varieties
Released in Ghana. CSIR-CRI Technical
Report 2021. pp. 1-41

[29] World Vegetable Centre — West and
Central Africa. The First Tomato Hybrids
“made in West Africa”—World Vegetable
Center. 2022. Available from: https://
avrdc.org/the-first-tomato-hybrids-made-
in-west-africa/ [Accessed: May 11, 2022]

[30] Chaudhary J, Khatri P, Singla P,
Kumawat S, Kumari A, Vikram A, et al.
Advances in omics approaches for
abiotic stress tolerance in tomato.
Biology. 2019;8(4):90. DOI: 10.3390/
biology8040090

[31] Tembe KO, Chemining’wa GN,
Ambuko J, Owino W. Effect of water
stress on yield and physiological traits
among selected African tomato (Solanum
lycopersicum) land races. International
Journal of Agronomy and Agricultural
Research. 2017;10(1):73-77

[32] Kugblenu YO, Oppong

Danso E, Ofori K, Andersen MN,
Abenney-Mickson S, Sabi EB, et al.
Screeningtomatogenotypesforadaptation
to high temperature in West Africa.

Acta Agriculturae Scandinavica,

Section B-Soil & Plant Science.
2013;63(6):516-522

[33] Krishna R, Karkute SG, Ansari WA,
Jaiswal DK, Verma JP, Singh M.
Transgenic tomatoes for abiotic stress
tolerance: Status and way ahead. 3.
Biotech. 2019;9(4):1-4. DOI: 10.1007/
s13205-019-1665-0

[34] Zhou R, Yu X, Ottosen CO,
Rosenqvist E, Zhao L, Wang Y, et al.
Drought stress had a predominant effect
over heat stress on three tomato cultivars
subjected to combined stress. BMC Plant
Biology. 2017;17(1):1-3. DOI: 10.1186/
s12870-017-0974-x

21

[35] Bita E. Heat Stress Tolerance
Responses in Developing Tomato
Anthers. Wageningen: Wageningen
University; 2016. p. 109.

DOI: 10.18174/377692

[36] Benabderrazik K. Operationalizing
resilience in the face of climate change.
The case of tomato producers in Morocco
and Ghana (Doctoral dissertation,

ETH Zurich). 2021. DOI: 10.3929/
ethz-b-000477538

[37] Sardans J, Penuelas J, Ogaya R.
Drought’s impact on Ca, Fe, Mg, Mo
and S concentration and accumulation
patterns in the plants and soil of a
Mediterranean evergreen Quercus ilex
forest. Biogeochemistry. 2008;87(1):
49-69. DOI: 10.1007/s10533-007-9167-2

[38] Buhroy S, Arumugam T,
ManivannanN,VethamoniPI,JeyakumarP.
Correlation and path analysis of drought
tolerance traits on fruit yield in

tomato (Solanum lycopersicum L.)

under drought stress condition.

Chemical Science Review and Letters.

2017;6(23):1670-1676

[39] Ors S, Ekinci M, Yildirim E,

Sahin U, Turan M, Dursun A. Interactive
effects of salinity and drought stress

on photosynthetic characteristics and
physiology of tomato (Lycopersicon
esculentum L.) seedlings. South African
Journal of Botany. 2021;137:335-339.
DOI: 10.1016/j.sajb.2020.10.031

[40] Kamanga RM, Mbega E,
Ndakidemi P. Drought tolerance
mechanisms in plants: Physiological
responses associated with water deficit
stress in Solanum lycopersicum.
Advances in Crop Science and
Technology. 2018;6(3):1-8.

DOI: 10.4172/2329-8863.1000362

[41] Fufa F, Hanson P, Dagnoko S,
Dhaliwal M. AVRDC-the world vegetable



Tomato - From Cultivation to Processing Technology

center tomato breeding in sub-Saharan
Africa: Lessons from the past, present

work, and future prospects. I All Africa
Horticultural Congress. 2009;911:87-98

[42] Saliba-Colombani V, Causse M,
Langlois D, Philouze J, Buret M. Genetic
analysis of organoleptic quality in fresh
market tomato. 1. Mapping QTLs for
physical and chemical traits. Theoretical
and Applied Genetics. 2001;102(2):259-
272. DOI: 10.1007/s001220051643

[43] Casals ], Rivera A, Sabaté J, Romero
del Castillo R, Simé J. Cherry and

fresh market tomatoes: Differences in
chemical, morphological, and sensory
traits and their implications for consumer
acceptance. Agronomy. 2018;9(1):9. DOI:
10.3390/agronomy9010009

[44] Melomey LD. Development of
High Yielding Tomato (Solanum
Lycopersicum L.) Lines with Resistance
to Tomato Yellow Leaf Curl Disease
(TYLCD) (Doctoral dissertation,
University of Ghana). 2018

[45] Osei MK, Danquah A, DanquahE,
Blay E, Adu-Dapaah H. Gene action of
shelf-life and other fruit quality traits
in a cross between a regular cultivar
and Alc mutant of tomato. Agricultural

and Food Science Journal of Ghana.
2020;13:1224-1236

[46] Manu-Aduening JA, Lamboll RI,
Ampong Mensah G, Lamptey JN,

Moses E, Dankyi AA, et al. Development
of superior cassava cultivars in Ghana

by farmers and scientists: The process
adopted, outcomes and contributions
and changed roles of different
stakeholders. Euphytica. 2006;150(1):
47-61. DOI: 10.1007/s10681-006-9091-x

[47] Efisue A, Tongoona P, Derera ],
Langyintuo A, Laing M, Ubi B. Farmers’
perceptions on rice varieties in Sikasso
region of Mali and their implications

22

for rice breeding. Journal of Agronomy
and Crop Science. 2008;194(5):393-400.
DOI: 10.1111/j.1439-037X.2008.00324.x

[48] Ceccarelli S, Grando S. Return to
agrobiodiversity: Participatory plant
breeding. Diversity. 2022;14(2):126.
DOI: 10.3390/d14020126

[49] Okello JJ, Swanckaert J,
Martin-Collado D, Santos B, Yada B,
Mwanga RO, et al. Market intelligence
and incentive-based trait ranking for
plant breeding: A Sweetpotato pilot

in Uganda. Frontiers in Plant Science.
2022;13:196-207. DOI: 10.3389/
fpls.2022.808597

[50] Kimani PM. Principles of Demand-
Led Plant Variety Design. Wallingford,
UK: CABI International. 2017:1-25

[51] Melomey LD, Ayenan MA,

Marechera G, Abu P, Danquah A, Tarus D,
etal. Pre-and post-harvest practices and
varietal preferences of tomato in Ghana.
Sustainability. 2022;14(3):1436. DOL:
10.3390/su14031436

[52] Polar V, Teeken B, Mwende J,
Marimo P, Tufan HA, Ashby JA, et al.
Building demand-led and gender-
responsive breeding programs.

In: Root, Tuber and Banana

Food System Innovations. Cham:
Springer; 2022. pp. 483-509.

DOI: 10.1007/978-3-030-92022-7

[53] Qazi HA, Rao PS, Kashikar A,
Suprasanna P, Bhargava S. Alterations
in stem sugar content and metabolism
in sorghum genotypes subjected to

drought stress. Functional Plant Biology.
2014;41(9):954-962. DOI: 10.1071/FP13299

[54] Cobb JN, Juma RU, Biswas PS,
Arbelaez JD, Rutkoski ], Atlin G, et al.
Enhancing the rate of genetic gain in
public-sector plant breeding programs:
Lessons from the breeder’s equation.



Perspective Chapter: Accelerating Demand-Led Tomato Breeding for Emerging Markets in Africa

DOI: http://dx.doi.org/10.5772/intechopen.106737

Theoretical and Applied Genetics.
2019;132(3):627-645. DOI: 10.1007/
s00122-019-03317-0

[55] Asante BO, Osei-Adu J, Bonsu KO,
Osei MK, Adabah R, Ayeh §J, et al.
Farmers’ perceptions and preferences
for improved varietal traits

in the Wenchi and Offinso

north municipalities of Ghana.
UL L EED
2020;32(2):81-91. DOI: 10.12719/
KSIA.2020.32.2.81

[56] Osei MK, Danquah E, Danquah A,
Massoudi M, Maxwell D, Adu-Dapaah H,
etal. Validation of SNP marker linked

to alc gene for long shelf life of

tomato. Journal of Crop Improvement.
2019;33(5):669-682

[57] Alahmad S, Dinglasan E, Leung KM,
Riaz A, Derbal N, Voss-Fels KP, et al.
Speed breeding for multiple quantitative
traits in durum wheat. Plant Methods.
2018;14(1):1-5. DOI: 10.1186/
s13007-018-0302-y

[58] Watson A, Ghosh S, Williams MJ,
Cuddy WS, Simmonds J, Rey MD, et al.
Speed breeding is a powerful tool to
accelerate crop research and breeding.
Nature Plants. 2018;4(1):23-29. DOI:
10.1038/s41477-017-0083-8

[59] Varshney RK, Bohra A, Yu]J,
Graner A, Zhang Q, Sorrells ME.
Designing future crops: Genomics-

assisted breeding comes of age. Trends in
Plant Science. 2021;26:631-649

[60] Just D, Garcia V, Fernandez L,

Bres C, Mauxion JP, Petit ], et al. Micro-
tom mutants for functional analysis

of target genes and discovery of new
alleles in tomato. Plant Biotechnology.
2013;30(3):225-231. DOI: 10.5511/
plantbiotechnology.13.0622a

[61] Wan L, Wang Z, Tang M, Hong D,
SunY, Ren]J, et al. CRISPR-Cas9 gene

23

editing for fruit and vegetable crops:
Strategies and prospects. Horticulturae.
2021;7(7):193. DOI: 10.3390/
horticulturae7070193

[62] Bruening G, Lyons J. The case of
the FLAVR SAVR tomato. California
Agriculture. 2000;54(4):6-7.

DOI: 10.3733/cav054n04p6

[63] Hamilton JP, Sim SC, Stoffel K,

Van Deynze A, Buell CR, Francis DM.
Single nucleotide polymorphism
discovery in cultivated tomato via
sequencing by synthesis. The Plant
Genome. 2012;5(1):17-30. DOI: 10.3835/
plantgenome2011.12.0033

[64] Boopathi NM. Marker-assisted
selection. In: Genetic Mapping
and Marker Assisted Selection.
India: Springer; 2013. pp. 173-186.
DOI: 10.1007/978-81-322-0958-4

[65] Paupiere MJ, van Haperen P,

Rieul, Visser RG, Tikunov YM, Bovy AG.
Screening for pollen tolerance to high
temperatures in tomato. Euphytica.
2017;213(6):1-8. DOI: 10.1007/
s10681-017-1927-z

[66] Bineau E, Diouf I, Carretero,
Duboscq R, Bitton F, Djari A, etal.
Genetic diversity of tomato response

to heat stress at the QTL and
transcriptome levels. The Plant Journal.
2021;107(4):1213-1227. DOI: 10.1111/
tpj.15379

[67] Ceccarelli S, Grando S. From
participatory to evolutionary plant

breeding. In: Farmers and Plant Breeding.
Routledge; 2019. pp. 231-244

[68] Witcombe JR, Joshi KD, Gyawali S,
Musa AM, Johansen C, Virk DS, et al.
Participatory plant breeding is better
described as highly client-oriented
plant breeding. I. Four indicators of
client-orientation in plant breeding.



Tomato - From Cultivation to Processing Technology

Experimental Agriculture. 2005;41(3):
299-319. DOI: 10.1017/S0014 479705002656

[69] Halewood M, Deupmann P,

Sthapit BR, Vernoy R, Ceccarelli S.
Participatory plant breeding to promote
Farmer’s rights. Bioversity International.
2007. http://siteresourcesworldbank.org/
INTWDR2008/Resources/ WDR_00_
book.pdf

[70] Ceccarelli S. Efficiency of plant
breeding. Crop Science. 2015;55(1):87-97.
DOI: 10.2135/cropsci2014.02.0158

[71] Almekinders CJ, Elings A.
Collaboration of farmers and breeders:
Participatory crop improvement in
perspective. Euphytica. 2001;122(3):
425-438. DOI: 10.1023/A:1017968717875

[72] FAO.FAOSTAT Crop Production
[Online]. 2020. Available from: http://
www.fao.org/faostat/en/#home

[73] Ojiewo CO, Swai IS, Oluoch MO,
Situé D, Nono-Womdim R, Hanson P,
et al. Participatory cultivar evaluation,
selection, and release of late blight
resistant tomato cultivars in Tanzania.
Acta Horticulturae. 2011;911:199.
DOI: 10.17660/ActaHortic.2011.911.19

[74] Hammond-Kosack KE,

Jones DA, Jones JD. Identification

of two genes required in tomato for
full Cf-9-dependent resistance to
Cladosporium fulvum. The Plant Cell.
1994;6(3):361-374

[75] Watanabe S, Mizoguchi T,

Aoki K, Kubo'Y, Mori H, Imanishi S,

etal. Ethylmethanesulfonate (EMS)
mutagenesis of Solanum lycopersicum cv.
Micro-tom for large-scale mutant screens.
Plant Biotechnology. 2007;24(1):33-38

[76] Piron F, Nicolai M, Minoia S,
Piednoir E, Moretti A, Salgues A, et al.

24

An induced mutation in tomato eIF4E
leads to immunity to two potyviruses.
PLoS One. 2010;5(6):e11313.

DOI: 10.1371/journal.pone.0011313

[77]1 Uluisik S, Chapman NH,

Smith R, Poole M, Adams G, Gillis RB,
et al. Genetic improvement of tomato
by targeted control of fruit softening.
Nature Biotechnology. 2016;34(9):
950-952. DOI: 10.1038/nbt.3602

[78] Yang L, Huang W, Xiong F, Xian Z,
SuD, Ren M, et al. Silencing of SI PL,
which encodes a pectate lyase in tomato,
confers enhanced fruit firmness,
prolonged shelf-life and reduced
susceptibility to grey mould. Plant
Biotechnology Journal. 2017;15(12):
1544-1555. DOI: 10.1111/pbi.12737

[79] Tran LT, Nguyen AT, Nguyen MH,
Nguyen LT, Nguyen MT, Trinh LT,
et al. Developing new parthenocarpic
tomato breeding lines carrying iaa9-3
mutation. Euphytica. 2021;217(7):1-3.
DOI: 10.1007/s10681-021-02853-5

[80] Shinozaki Y, Ezura K, Hu J,

OkabeY, Bénard C, Prodhomme D, et al.
Identification and functional study of a
mild allele of SIDELLA gene conferring
the potential for improved yield in
tomato. Scientific Reports. 2018;8(1):1-5.
DOI: 10.1038/s41598-018-30502-w

[81] Pham D, Hoshikawa K, Fujita S,
Fukumoto S, Hirai T, ShinozakiV, et

al. A tomato heat-tolerant mutant
shows improved pollen fertility and
fruit-setting under long-term ambient
high temperature. Environmental and
Experimental Botany. 2020;178:104150.
DOI: 10.1016/j.envexpbot.2020.104150

[82] Van Eck J. Genome editing and plant
transformation of solanaceous food
crops. Current Opinion in Biotechnology.
2018;49:35-41. DOI: 10.1016/j.
copbio.2017.07.012



Perspective Chapter: Accelerating Demand-Led Tomato Breeding for Emerging Markets in Africa

DOI: http://dx.doi.org/10.5772/intechopen.106737

[83] Xiong ]S, Ding ], Li Y. Genome-
editing technologies and their potential
application in horticultural crop

breeding. Horticulture Research.
2015;2:1-10. DOI: 10.1038/hortres.2015.19

[84] Tomato Genome Consortium X.
The tomato genome sequence provides
insights into fleshy fruit evolution.
Nature. 2012;485(7400):635.

DOI: 10.1038/nature11119

[85] Kulus D. Genetic resources and
selected conservation methods of
tomato. Journal of Applied Botany
and Food Quality. 2018;91:135-144.
DOI: 10.5073/JABFQ.2018.091.019

[86] Brooks C, Nekrasov V, Lippman ZB,
Van EckJ. Efficient gene editing in tomato
in the first generation using the clustered
regularly interspaced short palindromic
repeats/CRISPR-associated9 system.
Plant Physiology. 2014;166(3):1292-1297.
DOI: 10.1104/pp.114.247577

[87] Tian S, Jiang L, Gao Q,

Zhang J, Zong M, Zhang H, etal.
Efficient CRISPR/Cas9-based gene
knockout in watermelon. Plant
Cell Reports. 2017;36(3):399-406.
DOI: 10.1007/s00299-016-2089-5

[88] Ma C, LiuM, LiQ, SiJ, Ren X,
Song H. Efficient BoPDS gene editing
in cabbage by the CRISPR/Cas9
system. Horticultural Plant Journal.
2019;5(4):164-169. DOI: 10.1016/j.
hpj.2019.04.001

[89] De Toledo TDP, Brail Q, Dahlbeck D,
Staskawicz BJ. CRISPR-Cas9 mediated
mutagenesis of a DMR6 ortholog

in tomato confers broad-spectrum

disease resistance. Macmillan. 2016:1-3.
DOI:10.1101/064824

[90] Prihatna C, Barbetti M]J,
Barker SJ. A novel tomato fusarium

25

wilt tolerance gene. Frontiers in
Microbiology. 2018;9:1226. DOI: 10.3389/
fmicb.2018.01226

[91] Yin Y, Qin K, Song X, Zhang Q,
ZhouY, Xia X, et al. BZR1 transcription
factor regulates heat stress tolerance
through FERONIA receptor-like kinase-
mediated reactive oxygen species
signaling in tomato. Plant and Cell
Physiology. 2018;59(11):2239-2254.
DOI: 10.1093/pcp/pcyl46

[92] Wang L, Chen L, Li R, Zhao R,
Yang M, Sheng J, et al. Reduced drought
tolerance by CRISPR/Cas9-mediated
SIMAPK3 mutagenesis in tomato plants.
Journal of Agricultural and Food
Chemistry. 2017;65(39):8674-8682.
DOI: 10.1021/acs jafc.7b02745

[93] Li R, Zhang L, Wang L, Chen L,
Zhao R, Sheng J, et al. Reduction of
tomato-plant chilling tolerance by
CRISPR-Cas9-mediated SICBF1
mutagenesis. Journal of Agricultural and
Food Chemistry. 2018;66(34):9042-9051.
DOI: 10.1021/acs jafc.8b02177

[94] Butler NM, Atkins PA, Voytas DF,
Douches DS. Generation and inheritance
of targeted mutations in potato (Solanum
tuberosum L.) using the CRISPR/Cas
system. PLoS One. 2015;10(12):e0144591.
DOI: 10.1371/journal.pone.0144591

[95] Bari VK, Nassar JA, Kheredin SM,
Gal-On A, Ron M, Britt A, etal. CRISPR/
Cas9-mediated mutagenesis of
CAROTENOID CLEAVAGE
DIOXYGENASE 8 in tomato provides
resistance against the parasitic weed
Phelipanche aegyptiaca. Scientific
Reports. 2019;9(1):1-2. DOI: 10.1038/
s41598-019-47893-z

[96] Bari VK, Nassar JA, Aly R. CRISPR/
Cas9 mediated mutagenesis of MORE
AXILLARY GROWTH 1 in tomato

confers resistance to root parasitic weed



Tomato - From Cultivation to Processing Technology

Phelipanche aegyptiaca. Scientific
Reports. 2021;11(1):1-1. DOI: 10.1038/
s41598-021-82897-8

[97] Ueta R, Abe C, Watanabe T,
Sugano SS, Ishihara R, Ezura H, et al.

Rapid breeding of parthenocarpic tomato

plants using CRISPR/Cas9. Scientific
Reports. 2017;7(1):1-8. DOI: 10.1038/
s41598-017-00501-4

[98] Giller KE, Delaune T, Silva JV,
Descheemaeker K, van de Ven G,
Schut AG, et al. The future of farming:
Who will produce our food? Food
Security. 2021;13(5):1073-1099.

DOI: 10.1007/s12571-021-01184-6

[99] Mula MG, Sameer Kumar CV,
Mula RP. Seed System: The Key for

a Sustainable Pulse Agriculture for
Smallholder Farmers in the Dryland
Tropics. In: 23rd PHILARM National
Convention; 2013:1-9

[100] Schreinemachers P, Howard ],
Turner M, Groot SN, Dubey B,
Mwadzingeni L, et al. Africa’s evolving
vegetable seed sector: Status, policy
options and lessons from Asia.

Food Security. 2021;13(3):511-523.
DOI:10.1007/s12571-021-01146-y

[101] Guijt ], Reuver R. Seed Companies
and the Tanzanian Horticulture Sector.
Wageningen: Centre for Development
Innovation2019. DOI: 10.18174/475373

[102] Tusiime SM, Nonneck GR,

Jensen HH. Tomato seed value chain
analysis and seed conditioning among
seed companies in Uganda. International
Food and Agribusiness Management
Review. 2020;23(10302020-1767):501-
514. DOI: 10.22004/ag.econ.307600

[103] Almekinders CJ, Louwaars NP.
Farmers’ seed production. London:

Intermediate Technology Publications.
1999;291. ISBN: 9781853394669

26

[104] Binalfew T. Vegetable seed Systems
of Ethiopia. International Journal of

Research in Agricultural Sciences.
2018;5(6):2348-3997

[105] Sharma PK, Ali MH. Value chain
analysis of tomato: A case study

in Jessore District of Bangladesh.
International Journal of Science

and Research. 2019;8(2):924-932.
DOI: 10.21275/ART20194747

[106] Issahaku H. An analysis of the
constraints in the tomato value chain.

International Journal of Business and
Management Tomorrow. 2012;2(10):1-8

[107] Parrott N, Wilson N, Murdoch J.
Spatializing quality: Regional protection
and the alternative geography

of food. European Urban and

Regional Studies. 2002;9(3):241-261.
DOI: 10.1177/096977640200900304

[108] ISSER. The State of the Ghanaian
Economy in. The Institute of Statistical,
Social and Economic Research. Legon:
University of Ghana; 2010. p. 2019

[109] Ugonna CU, Jolaoso MA,

Onwualu AP. Tomato value chain

in Nigeria: Issues, challenges and
strategies. Journal of Scientific Research
and Reports. 2015;7(7):501-515.

DOI: 10.9734/JSRR/2015/16921

[110] Amikuzuno J, Ihle R. Seasonal
asymmetric price transmission in
Ghanaian tomato markets. Adapting
Johansen’s Estimation Method. Research
Papers in Economics. 2010:1-23

[111] Lenné JM, Pink DA, Njuki J,
Wanyonyi C, Spence NJ. Opportunities
and Constraints for Future Economic
Development of Sustainable Vegetable
Seed Businesses in Eastern and Southern
Africa. Aylesford: Natural Resources
International; 2005



Perspective Chapter: Accelerating Demand-Led Tomato Breeding for Emerging Markets in Africa
DOI: http://dx.doi.org/10.5772/intechopen.106737

[112] Golam F, Phorhan ZH,
Nezhadahmani A, Rahman M. Heat
tolerance in tomato. Life Sciences
Journal. 2012;9:4

[113] Mungai GW, Owino W, Ambuko J,
Giovannoni JJ, Nyende AB, Michuki G.
Genetic diversity within African tomato
using next generation sequencing. Plant
Genetic Resources. 2018;16(4):296-305.
DOI: 10.1017/51479262117000314

[114] Custodio MC, Demont M,
Laborte A, Ynion J. Improving food
security in Asia through consumer-
focused rice breeding. Global Food
Security. 2016;9:19-28

[115] Islam MZ, Ho-Min KA. Iron, iodine
and selenium effects on quality, shelf life
and microbial activity of cherry tomatoes.
Notulae Botanicae Horti Agrobotanici
Cluj-Napoca. 2018;46(2):388-392. DOI:
10.15835/nbha46211012

[116] Kawaguchi K, Takei-Hoshi R,
Yoshikawa I, Nishida K, Kobayashi M,
Kusano M, et al. Functional disruption
of cell wall invertase inhibitor by genome
editing increases sugar content of tomato
fruit without decrease fruit weight.
Scientific Reports. 2021;11(1):1-2.

DOI: 10.1038/541598-021-00966-4

27



