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Abstract: Indigenous cattle breeds are the most important livestock species in the Southern African
Development Community (SADC) region owing to their role in human food, nutrition, income, and
social security. Despite the role of these breeds in the household and national economies, they are
currently underutilised, their productivity remains low, and populations are faced with extinction.
In addition, there are insufficient measures taken to secure their present and future value. The current
review highlights strategies for sustainable use of indigenous cattle genetic resources in the region,
including the use of novel production and marketing practices, women and youth empowerment,
and development of the appropriate capacity building, legislative, and policy structures. At present,
the lack of coordination among the different stakeholders still poses a challenge to the implementation
of these strategies. To this end, partnerships, collaboration, and stakeholders’ participation are
recommended to effectively implement strategies for sustainable use of indigenous cattle breeds.
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1. Introduction

The Southern African Development Community (SADC) is a Regional Economic Community
comprising 16 Member States; Angola, Botswana, Comoros, Democratic Republic of Congo, Eswatini,
Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South Africa, Tanzania,
Zambia, and Zimbabwe. The SADC region is home to over 64 million cattle, of which about 75%
are raised on rangelands in extensive production systems [1]. Indigenous cattle breeds, Bos taurus
africanus (e.g., Nguni, Tuli and Tswana) and Bos indicus (e.g., Malawi Zebu and Angoni) [2] are the most
important as they are capable of meeting the food, income, and cultural needs of the poverty-stricken
smallholder farmers in the region. Through centuries of natural selection, the indigenous cattle have
adapted to the local environment as evidenced by their tolerance to heat stress, resistance to endemic
diseases and parasites, and ability to thrive during long periods of feed and water shortages [3–5].
They are also resilient to the socioeconomic crises experienced in the region. Indigenous cattle breeds
produce high quality products under smallholder farming systems, including meat and milk with
unique organoleptic qualities [3,6,7], long, thick, and beautifully shaped horns, multi-coloured skins,
and their good-looking and durable by-products, such as Nguni hides [8], Nguni-derived ottoman [9],
Ankole horn tumblers [10], and Ankole horn-bracelets [11].

Indigenous cattle breeds are currently underutilised in the commercial sector largely due to their
slow growth rates and low carcass yields [1,12]. However, these are adaptive traits that help them
survive harsh climatic conditions, such as feed and water scarcity. Such adaptive traits should be
considered in order to ensure equitable and sustainable sharing of benefits derived from the cattle,
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and also when developing strategies to respond to climate change as well as future policy and regulatory
measures. Sustainable use of indigenous breeds adapted to the harsh local environmental (i.e., feed
and water scarcity and extreme temperatures) and socioeconomic conditions are unlikely to be optimal
without addressing non-genetic factors affecting the cattle industry, including market changes and
movements of germplasm frequently involving the importation of exotic breeds [5]. Knowledge of
population structure and genetic diversity among indigenous cattle breeds is also important for genetic
improvement, and their subsequent conservation and sustainable use [7,13]. The current paper reviews
the genetic diversity of indigenous cattle in the SADC region, and provides strategies for long-term
sustainable use of indigenous cattle genetic resources.

2. Genetic Diversity of Cattle Breeds in Southern Africa

In the SADC region, the indigenous cattle breeds are classified as either Zebu (B. indicus) or
Sanga (B. taurus africanus, an admixture of B. indicus and B. taurus). The Zebu are phenotypically
distinguishable by their thoracic humps compared to the Sanga, which are characterised by their
cervico-thoracic humps [2,4,14]. There is also a new cattle type called “Zenga”, which is a cross
between the Zebu and Sanga (e.g., Bovines of Tete, Blukwa, Sukuma) [3,14,15]. Nyamushamba et al. [7]
argued that genetic distinctiveness between indigenous cattle breeds in the SADC is largely unknown,
with some populations aptly referred to as ecotypes. Overall, there are about 40 breeds and/or ecotypes
of indigenous cattle in the SADC region [14]. Table 1 lists some of the indigenous breeds/ecotypes
found in the SADC region. Often, one breed may be known by different names and equally, two breeds
may be known by the same name depending on the geographical locations [16,17]. For example,
the ‘Landim’ in Mozambique is an ecotype of the Nguni type of cattle found in Swaziland and South
Africa [18]. Similarly, in South Africa, the Bartlow, Makhathini, Pedi, Shangaan, and Venda are ecotypes
within the Nguni breed [17]. There is scant information on the genetic diversity of indigenous cattle
populations within the SADC region, especially on the extent to which their descendent gene pools
have been perturbed by introgression and migration [19]. There are, however, limited studies, which
have been conducted on the genetic diversity of indigenous cattle breeds in the region. South Africa
leads in this field owing to advanced sustainable programmes of recording for genetic improvement of
cattle breeds [15,17,20–22]. Few studies have been conducted in Zimbabwe [23], Mozambique [18,19],
and Tanzania [16].

The genetic diversity among South African indigenous cattle breeds has been assessed using DNA
markers (i.e., microsatellites and single nucleotide polymorphism) [24]. Makina et al. [20] reported that
the average genetic distance was lowest among indigenous (i.e., Afrikaner, Nguni, and Drakensberger)
and locally developed (i.e., Bonsmara) breeds, and greatest between indigenous and exotic cattle
breeds (i.e., Angus and Holstein). Sanarana et al. [17] observed a closer relationship in terms of
the genetic distances between Makhathini, Pedi, and Shangaan ecotypes followed by Shangaan and
Venda ecotypes of the Nguni breed. The observed small genetic differentiation (FST = 4.8%) is a clear
indication of admixture among these ecotypes with clear separation where a Nguni population was
subjected to selection linked to the geographic area and specific ethnic groups [17]. In Zimbabwe,
Gororo et al. [23], using microsatellite markers, observed significant variation between the Mashona,
Nkone, and Tuli and concluded that they are distinct breeds. Kotze et al. [18] and Bessa et al. [19]
showed that the Bovines of Tete, Angone, and Landim of Mozambique are genetically related with
the former being an admixture between the latter two. Bessa et al. [19] further hypothesised that
the Bovines of Tete could be a result of crossbreeding between the Angone and Mashona due to the
close geographic proximity between the parental breeds. Similar findings were reported by Gwakisa,
Kemp, and Teale [16] among the Tanzanian indigenous breeds (i.e., Boran, Mpwapwa, and Tanganyika
Short-horned Zebu).

Genetic diversity forms the core for future cattle farming and is the foundation of adaptive traits
of cattle in their own production environments [25]. It is also important for assigning cattle to their
population of origin [15]. Furthermore, the diversity among cattle acts as a reservoir for genetic



Diversity 2019, 11, 214 3 of 14

variation to ensure that future market demands are met through selection [21]. Humans have decreased
the populations of indigenous cattle and have also caused serious loss of their genetic diversity [26,27].
The purity, productivity and population sizes of indigenous cattle in Africa have been under threat over
the past four centuries, with 20% of the breeds already extinct, 32% in danger of extinction, and many
at risk of extinction [3,14]. In South Africa, for example, pure Nguni cattle numbers declined from
about 1.8 million in 1992 to 0.1 million in 2003 [28]. Some indigenous breeds or ecotypes in South
Africa such as Nkone, Pedi, and Shangaan that have population sizes of less than 1000 animals and are
critically endangered [7]. These low numbers are a cause for concern as their effective population is far
below a threshold that would ensure sustainable use of these breeds [29].

Table 1. Indigenous cattle breeds found in the SADC region.

Country Breeds

Angola Barra do Cuanzo, Barotse, Humbi, Ovambo, Porto-Amboim, Ankole
Botswana Tswana
Comoros ND 1

Democratic Republic of Congo Alur (Nioka, Blukwa), Bahima, Bashi, Lagune, N’Dama, Ruzizi,
Ankole-Watusi

Eswatini (Swaziland) Nguni, Drakensberger
Lesotho Basotho

Madagascar Baria, Madagascar Zebu, Manjan’i Boina, Rana (Omby Rana),
Renitllo

Malawi Malawi Zebu
Mauritius ND 1

Mozambique Angonia (Angone), Bovines of Tete, Ladim
Namibia Caprivi, Damara (Herero), Kaokoveld, Okavango, Ovambo

Seychelles ND 1

South Africa Afrikaner, Bonsmara, Drakensberger, Nguni, Pedi, Shangan

Tanzania

Mkalama Dun, Mpwapwa, Pare, Sukuma (Tinde), Renitllo,
Tanganyika Short-horned Zebu (Iringa red, Masai grey, Singida

white, Mbullu, dwarf Chagga), Tarime (Shashi), Ugogo Grey,
Ankole-Watusi, Zanzibar Zebu

Zambia Angoni, Barotse, Tonga
Zimbabwe Mashona, Nkone, Tonga, Tuli

Adapted from Gwakisa, Kemp, and Teale [16] and Rege [14]. 1 ND—No data. SADC—Southern African
Development Community.

The prevailing loss of genetic resources concerns not only the extinction of indigenous cattle
breeds, but also the loss of genetic diversity within breeds [29]. Social and economic pressures have
exposed at least 1000 livestock breeds to the risk of extinction [30], with cattle having the highest
number of extinct breeds [27]. The main causes of genetic erosion of indigenous cattle breeds is
their marginalisation in favour of elite exotic cattle breeding lines and the subsequent unstructured
crossbreeding [14,31,32]. Although crossbreeding programmes between exotic and indigenous breeds
were intended to improve biological and economic efficiency [33], their unstructured nature has
produced non-descript crossbred cattle that are currently dominant in most smallholder farming areas
in Southern Africa [7,33]. In South Africa, non-descript crossbred cattle now constitute more than
two thirds of the smallholder herd [34]. Crossbreeding programmes have neglected climate change in
their objectives. Therefore, to cope with climate change, selection based on productivity will lead to
animals and populations that are not only effective in using the natural resources optimally but are
adapted to survive in punitive environments. This will favour the indigenous breeds, thereby assisting
in increasing productivity in these environments [35].

Genetic diversity losses are aggravated by focusing on specialised production systems, failure to
evaluate local breeds, and by inappropriate breed replacement, especially in post-disaster rehabilitation
programmes [27], involving the introduction of breeds which are not adapted to local production
environments. For example, most breeding programmes are implemented in isolation without a built-in



Diversity 2019, 11, 214 4 of 14

and continued consideration for the smallholder farmers’ objectives [36]. Such programmes cover the
initial costs, yet the long-term risks and consequences are borne by the farmers [33]. Other contributory
factors include a shift to profit-oriented farming, shrinkage of grazing lands and development of
irrelevant policies with a bias towards the commercial production system. Lack of active involvement
of key stakeholders and/or the poor coordination among them [27,37,38], and the lack of socioeconomic
valuation of cattle genetic resources [33], climate change, and diversifying market demands [32] all
contribute to loss of cattle genetic resources.

The continuous dilution and loss of indigenous cattle germplasm in Southern Africa is a cause
for concern as cattle are an integral contributor of food, nutrition, and income in the region [37].
Despite the fact that exotic and non-descript breeds are popular and can be preferred, the adaptation,
cultural benefits, and traditional knowledge systems related to keeping indigenous breeds cannot
be easily replaced [32]. High genetic diversity among indigenous cattle enables farmers to select
stock or develop new breeds in response to changing climates, new or resurgent disease threats, new
knowledge of human nutritional requirements, and changing market conditions, social, and cultural
needs. The benefits would be permanently lost in the case of extinction of the indigenous breeds.
It is, therefore, imperative to catalogue and take conservation measures to avoid an irremediable
loss to this reservoir for genetic diversity and allow sustainable use of cattle breeds in their local
environments [20,21].

3. Conservation of Cattle Genetic Resources in Southern Africa

Conservation of indigenous cattle breeds is critical for reversing the unprecedented loss of
diversity and ensuring security of cattle genetic resources for economic, ecological, and social benefits
in the region. For the past two decades, Southern African countries have initiated programs to
sustainably conserve cattle genetic resources but have often been limited at the policy level [27]. Cattle
genetic resources have been conserved in situ (i.e., as live populations in their adaptive environments),
ex situ in vivo (i.e., as live populations away from the habitat), and ex situ in vitro (i.e., storage of
germplasm in the form of semen, ova, embryos, or tissues) [7,39]. Overall, in the SADC region, farmers,
breeders, breed societies, government research institutes, and universities have been involved in in situ
conservation of cattle genetic resources. According to Nyamushamba et al. [7] and Gororo et al. [23],
the cattle populations of Mashona, Nkone, and Tuli breeds are kept at various research institutes in
Zimbabwe (i.e., Henderson, Matopos, Makoholi, and Grasslands). In Malawi and Mozambique, the
Malawi Zebu and the Landim are reared at Chitedze Agricultural Research Station and the Institute
of Animal Production, respectively [7,18]. Regionally, South Africa seems to be leading the pack in
terms of in situ conservation. For example, pure herds of Bonsmara, Afrikaner, and Nguni are kept at
government research centres (e.g., Mara Research Institute and Agricultural Research Council-Animal
Production Institute), University farms (e.g., University of Fort Hare Honeydale farm), and many
South African stud farms [17,20,40]. For most of the SADC countries, there is limited, if any, public
data on the ex situ conservation programmes as it is cost-intensive [27,33]. More work still needs to be
done in terms of ex situ conservation as some breeds are critically endangered with others on the brink
of extinction [27].

Despite efforts put in place to characterise and conserve indigenous cattle in the SADC region [3,7],
the owners of these breeds have not been deriving optimum benefits and livelihoods from these genetic
resources [7,41]. It is important to document key strategies for sustainable use of indigenous cattle
genetic resources adapted to the challenges that are inherent in the marginal areas where the majority
of resource-limited cattle owners reside. Sustainable use of animal genetic resources is defined as the
use of components of animal diversity in a way and at a rate that does not lead to its decline in the
long-term, thereby maintaining its potential to meet the needs and aspirations of present and future
generations [42].
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4. Strategies for Sustainable Use of Cattle Genetic Resources in Southern Africa

4.1. Cattle Breeding and Reproduction Strategies

The first step toward sustainable use of cattle genetic resources in the region is to control
the continuous dilution of indigenous breeds through the establishment of structured breeding
programmes [3]. Innovative breeding programmes, including community-based breeding programmes
(CBBP), should be considered for smallholder cattle farmers [43]. The success of CBBP has been
hindered by the centralisation of the schemes by governments or research institutes without the farmers’
active participation [38,43,44]. Stakeholders’ participatory approaches to CBBP policy formulation
addressing local needs are key to success [36,44]. To avoid further introduction of exotic germplasm into
communities, indigenous sires must be selected at the community level for use in these programmes
and all unselected bulls should be castrated or sold [45]. To reduce inbreeding within the herds, rotation
of bulls between communities could be practised [37]. Such in situ conservation with sustainable use
of indigenous cattle should allow them to continuously evolve and reproduce, and produce while
adapting to the changing environment [46]. Given the multiple roles of cattle and multiple objectives
of smallholder farmers [7], it is important to develop multiple trait selection indices for simultaneous
improvement of traits of economic importance.

The identification of breeding objectives in smallholder areas should consider market and
non-market interests of farmers. To improve production through crossing with exotic breeds, careful
selection and judicious crossbreeding of indigenous breeds with unique traits in combination with
relevant biotechnologies may improve sustainable use of cattle genetic resources in the region [46].
Terminal offspring should not be used in the breeding programme but sold for economic benefits to
the farmers. Alternatively, if they are required for draught power, the bulls must be castrated to avoid
inbreeding. The exploitation of indigenous breeds, in terms of hardiness and disease tolerance, while
upgrading productivity from the superior, yet more fragile and disease susceptible improved breeds
can renew interest in indigenous breeds in the participating communities. There is also potential for
multiplier effects [39].

Despite the long-term progress made through conventional breeding, the use of modern assisted
reproductive technologies (i.e., artificial insemination, multiple ovulation and embryo transfer,
cryopreservation, and cloning), by which the productive exotic breeds have expanded, may also
contribute to the conservation of local breeds [12]. Gene editing is not ethically accepted by many
countries today [47], but offers a faster, cheaper, healthier, more-efficient, and sustainable animal
production opportunity compared to conventional breeding programs [48,49]. The technology holds
potential for cattle production in future, but researchers must be aware of its challenges when applying
it at a large-scale and integration in breeding schemes [47,48,50]. The success and future application of
this novel technology will be largely influenced by decisions around the regulatory framework and
governance of genome editing for food animals [49].

To avoid extinction of indigenous breeds, the SADC region should also establish regional ex
situ gene banks for preservation and use of cattle genetic resources [27]. The use of gene banks
could be done at the regional level since the majority of the individual countries have neither the
resources nor the capacity to start such an initiative. Some countries in the region have well developed
public and private institutions, which can be used for in situ conservation herds [51]. Leroy et al. [52]
recommended that the success of a breeding scheme should be compatible with the breeding objective
of the farming system. It was further suggested that there should be greater collaboration with
smallholder farmers complemented with market incentives and institutional support services [53].
Sustainable use of the indigenous breeds may lower external inputs like feeding and health care,
and thus improve the profits gained by smallholder producers. This will consequently contribute
towards achieving sustainable food and nutrition security for the SADC region. Raising awareness
among cattle farmers and policy-makers about the uniqueness of the indigenous breeds, importance of
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maintaining purity of the breeds, and potential roles of the breeds in climate change adaptation could
further promote utilisation of indigenous animal genetic resources [54,55].

4.2. Cattle Feeding Strategies

The majority of indigenous cattle owned by smallholder farmers are raised entirely on communal
rangelands. The productivity of communal rangelands is challenged by climate change and degradation
due to uncontrolled grazing, encroachment of indigenous woody plants, and the spread of invasive
alien plants [56]. In that context, it is important to develop and implement innovative community-based
rangeland management and forage conservation technologies [57]. Inclusion of indigenous woody
and alien invasive plant seed, pod, and/or leaf meal in home-based formulation of beef cattle diets
should also be considered. Alien invasive plants such as the Acacia species have been introduced in
some SADC countries for the provision of timber and tannin extracts [58], but have encroached into
rangelands in the smallholder areas [56]. Vachellia karroo and Vachellia polyacantha indigenous invasive
species have been incorporated as protein supplements in beef diets and improved growth performance
and carcass quality of indigenous cattle [59,60]. Such locally based strategies can increase the rangeland
productivity and adaptive capacity for the owners of indigenous cattle genetic resources [57]. Initiatives
such as the cattle custom feeding programme implemented by the National Agricultural Marketing
Council (NAMC) of South Africa [61] can also result in sustainable use of cattle genetic resources.
Under the NAMC programme, producers voluntarily send their cattle to a communal custom feeding
centre, where they are managed and fed a finisher diet for four months prior to marketing.

Cattle on rangelands or custom feedlots can be supplemented with novel and alternative feeds,
including locally available plant residues and by-products (PBP) from agro-industrial processes [62–64].
Compared to grazing exotic cattle breeds, indigenous breeds are a significant source of anthropogenic
greenhouse gas emissions (i.e., CH4 and NO2) because of their low performance based on beef and milk
yield traits [65,66]. In that context, selection of high-performing indigenous breeds [67] combined with
use of bioactive-rich PBP may improve their biological and economic efficiencies, and consequently
lower greenhouse emissions. Bioactive-rich PBP are capable of manipulating microbial ecosystems
and fermentation kinetics of ruminants [68,69]. This subsequently improves rumen fermentation,
reduces loss of feed energy, and enhances animal health and production, shelf-life, and fatty profile of
beef [62,70]. Although the adaptation to climate change is necessary to safeguard food and nutrition
security, whilst ensuring sustainable livelihoods of rural farmers, mitigation of enteric greenhouse
gas emissions can lessen the extent of climate change and future needs for adaptation [71]. Further
research is warranted to provide more evidence to justify development of feed innovations and policy
intervention strategies that will promote wide adoption of PBP for sustainable beef production from
the indigenous cattle breeds. Provision of balanced diets does not only unlock the genetic potential of
indigenous cattle breeds but can also improve their health status.

4.3. Cattle Health Management Strategies

Despite indigenous cattle adaptation to local climatic and socio-economic environments, diseases
and parasites still cause irremediable socio-economic impacts on productivity in the smallholder
sector because of inbreeding, loss of indigenous knowledge (IK) among herbalists and the elderly, and
limited nutrition [7,72]. The situation is aggravated by the lack of extension and veterinary services,
inadequate infrastructure for storage of vaccines and medicine, poor road conditions, with some
transport operators either refusing to drive on these roads or charging high prices [73]. As is the case
for Malawi, rural artisanal groups such as village farmer technicians, para-veterinary practitioners,
lead farmers, and farmer extension workers have been trained to provide animal healthcare and
extension services [74].

Government and civic society organisations should provide support for the development of
community-based healthcare services such as mobile cost recovery drug boxes [46,74] to complement
farmer efforts. This could make significant contributions to the sustainable use of cattle genetic
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resources in the region by reducing health related losses and costs. Randolph et al. [75] suggested
that partnership between community animal health workers and professionals could be successful
in affording the much needed basic health and veterinary services to cattle in marginalised and
remote communities. Ethno-veterinary medicines should also be evaluated and IK strengthened to
complement the conventional control methods [37,76]. Bioprospecting of indigenous multipurpose
trees as ethno-medicine, feed supplements, and meat biopreservatives can simultaneously curb
animal health and nutrition challenges as well as meat spoilage problems experienced by smallholder
farmers [62].

4.4. Marketing Strategies for Cattle Products

Sustainable use of indigenous cattle genetic resources is an important component in meeting the
current and future demand for cattle products. Overall, smallholder farmers operate under dismal
market conditions, and are faced with high transactional costs. This significantly reduces their incentive
for market participation [77,78]. The marketing of products from indigenous cattle remains fragmented
as the smallholder sector is insufficiently structured. Poor road conditions and inadequate marketing
infrastructure further impedes access to markets by smallholder cattle producers [74,78]. This shortfall
in terms of the delivery of infrastructure services is attributable to, among others, biased and flawed
priorities, poor management, and resource scarcity [79]. Exploring new markets, expanding existing
ones, and improving market access by smallholder farmers may contribute towards sustainable
use of the local breeds. In addition, introducing community-based microfinance (i.e., micro-credit,
micro-savings, and micro-insurance) co-operatives, which would enable smallholder farmers to lend
and/or invest money in groups, gain some bargaining power, and enjoy the benefits of economies of
scale, could be of importance for sustainable use of indigenous cattle breeds [80,81].

Overall, indigenous cattle breeds are ideally suited to being marketed off rangelands [1]. In that regard,
development of new indigenous breed-specific product valuation systems (e.g., carcass classification
system), niche products (e.g., free-range, grass-fed, organic), and value-added products (e.g., biltong,
snapsticks, and droëwors) can sustainably transform their utility [1,54]. For example, beef from a
rangeland-based production system, which has been successfully promoted for its unique humane and
sustainable qualities under the “free-range” and/or “grass-fed” brands (http://www.grassfedsa.org/) [82]
in South Africa, can be further associated with a specific indigenous breed. Similarly, PBP-fed beef from
specific indigenous breeds can be marketed based on their distinctive ecological benefits, nutritional,
and organoleptic attributes [62]. To this end, information on credence (e.g., breed and production
system) and experience (e.g., flavour and texture) attributes of beef should occupy prominent positions
in the labelling, as they play important roles at the moment of choice [83]. The unique product
attributes of indigenous cattle, including multi-coloured hides and organic beef raised with little or
no acaricides, anthelmintics, growth enhancers, and inorganic feed supplements, offer opportunities
for niche marketing and sustainable food production in smallholder areas. Niche production may
experience advancements in the future, and certain customer segments would be willing to pay a
premium for such products [84].

Commercialisation of indigenous breeds is likely to lead to more advanced production systems,
which are based on comparative advantage [85]. The advantages of commercialising indigenous cattle
include provision of non-market, credence goods and services of cattle (i.e., draught power, cultural
heritage, bio-recycling, ecotourism, and education). Increasing the profitability of beef production by
enhancing the value of market, non-market, credence goods and services, especially if accompanied by
suitable quantification and valuation frameworks of the non-market and credence goods and services
could sustainably improve the use of indigenous cattle [32].

4.5. Women and Youth Empowerment Strategies

In the SADC, cattle farming labour force is dominated by women and youth [76,86]. Yet, women
do not generally own cattle, and face cultural and institutional barriers to access and control the benefits

http://www.grassfedsa.org/
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of cattle farming [87]. In addition, decision making about revenue and benefits of cattle farming
are dominated by elderly men [88]. Worse still, women and youth are disproportionally affected by
hunger and malnourishment [86]. Women and youth empowerment is one strategy which has been
shown to improve household food and nutrition security [88,89]. This is because women spend more
of their income earnings on the household food and nutrition compared to men [88]. In that regard,
an engendered approach that takes note of local circumstances, existing adaptive IK, and resilient
technologies for use as a bulwark for adaptation against the effects of a changing and increasingly
variable climate [90] could result in sustainable use of indigenous cattle. The youth generally lack
interest in cattle farming as they consider it dirty, laborious, and unrewarding [91]. This could indicate
the absence of dedicated and motivated heirs to advance sustainable use of cattle genetic resources
in the future [92]. In that regard, it is important to empower and integrate women and youth into
existing and future projects on sustainable utilisation of cattle genetic resources. For example, in
the current NAMC custom feeding and Nguni projects in South Africa, women and youth can be
organised into co-operatives, and given cattle, access to and control over cattle farming benefits, and
other productive resources such as land, training, education, extension, and financial services and
technology, particularly information and communications technologies [81]. The use of information
and communication technology has greatly transformed the way agricultural extension operates,
especially in Africa, where the road infrastructure tends to limit the link between the farmer and service
providers (i.e., extension officers) [93].

Integration of youth can also be done by fusing of the IK on cattle farming held by the elderly
men with the innovation skills of the youth as a way of adapting indigenous cattle breeds to new
challenges and keeping them in line with new innovations and changes in time. Thus, IK should be
integrated into strategic plans for sustainable use of indigenous cattle genetic resources if communities
are to build climate resilient, sustainable food and income secure livelihoods. Capacitating women and
youth through community-based training programs can provide significant impetus to the sustainable
use of cattle genetic resources. For example, training programs for rural artisanal groups could be
dedicated to the women and youth as a form of gender and youth empowerment. This could act as a
safety net for food security in the face of severe climate fluctuations, especially among the women- and
youth-headed households, which are considered highly vulnerable to changes in climate.

4.6. Institutional Support Strategies

Legislation and policy interventions are necessary to enhance the functioning of input and output
markets, improve service provision and development of infrastructure so that the goal of structural
transformation can be achieved smoothly [85]. In addition, planned training and capacity building
initiatives at the community level, and from primary to tertiary education levels, are important in
ensuring sustainable use of animal genetic resources [94]. Such training and capacity-building activities
enhance suitable corporative-building, leadership and skills that would create and support an enabling
environment for sustainable use of animal genetic resources. If the level of education among smallholder
farmers is improved, this could promote effective management with regards to their farming operations.
Mapiye et al. [81] argues that the level of farmers’ education influences their perceptions, and hence
understanding of various challenges of the cattle enterprise. To effectively implement the suggested
strategies for sustainable use of indigenous cattle breeds, partnerships and collaboration among
stakeholders (Figure 1) in the preparation and implementation of a strategic long-term plan is essential.
Stakeholder participation is important because cattle genetic resources are commonly managed as
a common good involving private and public interests [52]. Stakeholder involvement includes
participation in animal-, marketing-, and policy-level activities. Such stakeholders include farmers and
farmer organisations, breeders and breed societies, associations or cooperatives, community-based
organisations, commercial companies (i.e., input suppliers, abattoir operators, meat processors, and
retailers), public or private research institutions, public services (government, policymakers, veterinary,
and extension services), civil society organisations, and international donors (Figure 1). There might be
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resistance from key stakeholders such as producers and breed societies whose livelihoods are based on
non-indigenous breeds. However, the two systems should complement each other by using indigenous
breeds in commercial crossbreeding programs. For example, Sanga cattle have been used as dam
lines in crossbreeding programs in order to meet the requirements of the commercial sector [34]. All
stakeholders should work together to achieve a common goal, but with the producer objectives at
the core of the system (Figure 1). The institutions and resulting collaborations and networks form
avenues to reduce high transaction costs involved in the smallholder sector. Overall, it is important
to ensure that all the stakeholders and necessary production technologies (e.g., breeding, feeding,
and healthcare technologies) are appropriately coordinated and linked to improved infrastructure
and institutional arrangements for marketing, input supply, and financial supply [95,96]. A systems
approach to these issues, with proper funding by the stakeholders, may lead to sustainable utilisation
of cattle genetic resources.
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