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Abstract

The South African agricultural sector is vital to the food and nutrition security of the population that is expected to
increase from 54.4 million in 2019 to about 65.5 million by the year 2050. This increase in population emphasizes the
need for a collaborative effort by all players in the agricultural value chain to ensure that natural resources are
appropriately managed. Plant-parasitic nematodes are pests that threaten crop production worldwide, and root-knot
nematodes (Meloidogyne species) are rated number-one due to their global occurrence, broad host range, and the
damages inflicted in vegetable crops. The parasitism by Meloidogyne species delays crop maturity and reduces yield,
which, together with poor quality of produce lead to escalating production costs, substantial income losses to farmers,
and abandonment of community gardens. With the ban on synthetic fumigants, particularly methyl bromide, attention
on management of this pest has generally shifted to the use of some ecologically-friendly approaches. The challenges of
sufficiency and sustainability in vegetable production has become more intense with the rise in food demand of the
increasing population, climate change, as well as biodiversity of complex pests associated with vegetable production.
This review discusses vegetable production and its economic potentials in South Africa, damages to vegetable crops by
the root-knot nematodes and their management, the outlook of smallholder farmers as well as identifies probable
solutions toward the containment of nematode pest for food sufficiency and security in vegetable production in South
Africa.
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1. Introduction

1.1. Vegetable production and economic potentials in South Africa

Vegetable offers a unique market for South African farmers due to its nutritional importance as an essential requirement
in a human’s diet. South Africa is self-sufficient concerning vegetable production. About eighty-eight per cent of the
output is sold through direct sales and also consumed by the smallholder farmers. Ten per cent is processed, while the
remaining two per cent are exported [1]. Vegetable production is largely driven by a supply chain comprising of
smallholder farmers to other multipliers in the value chain. The vegetable supply chain facilitates the expansion of
domestic markets and is vital for job creation and food security. Vegetable production has been placed in the quadrant
of having high growth potential in South African’s economy [2]. The ranking of vegetables in the order of benefits accrue
to the economy from their exporting potentials include butternut (43%), carrots (19%), potatoes (14%), pumpkins
(13%) and onions (11%) [3].

1.2. Major indigenous vegetable crops of South Africa

Indigenous vegetables are underutilized plants that have traditional uses and cultural links with the rural people and
are sources of a great diversity of food, medicines, and other products. The vegetables are wrongly assumed to be food
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eaten by local people of ‘indigenous’ cultures and so not associated with the diet of Europeans, Asians, Americans. The
stimuli for production, marketing, and consumption of these crops are the high costs of conventional exotic vegetables.
The recent food and nutrition education has singled out indigenous vegetables for exceptional high nutritional quality
and whose widespread consumption can prevent most non-communicable diseases. Unfortunately, the local and export
markets are flooded by exotic crops, making it difficult for the introduction of indigenous crops, which remain largely a
crop of small producers, mainly consumed in the areas of production [4]. The following are the most important
indigenous vegetable in South Africa.

1.2.1. Cleome

(Cleome gynandra) (African cabbage, bangala or cleome) is grown mainly in KwaZulu-Natal, Free State, Northern Cape,
Limpopo, and North-West Provinces. The tender leaves or young shoots, and often the flowers, are boiled in a stew or
as a side dish. The leaves are somewhat bitter, and for this reason, are cooked with other leafy vegetables such as
cowpea, amaranth and black nightshade [5].

1.2.2. Amaranth

(Amaranthus spp) (Amaranths, thepe, vowa, umfino) has the potential to improve nutrition, boost food security, foster
rural development and support sustainable land care [6]. The main growing areas in South Africa are Limpopo, North
West, Mpumalanga and KwaZulu-Natal [5]. The leaves are used as a vegetable in soups and stews; the grain contains
12-17% protein and is high in lysine, an amino acid deficient in other grain crops. The ground grain is used in bread,
noodles, pancakes, cereals, granola, cookies and other flour-based products [4].

1.2.3. Jews mallow

(Corchorus olitorius L.) (Wild jute, thelele, delele, gushe) is used as a leafy vegetable. The immature fruit is dried and
ground into a powder to prepare the sauce; dried leaves can be used as a thickener in soups. A tea is made from the
dried leaves. It grows in the wild or at homesteads in the KwaZulu-Natal, Limpopo, Eastern Cape, and Mpumalanga
provinces.

1.2.4. Wild Watermelon

(Citrullus lanatus) (Makataan, Karkoer, T’sama, Lerotse) are edible wild melons that tend to grow efficiently in large dry
areas. Wild watermelon is majorly cultivated in Kgalagadi region of Northern Cape, Mpumalanga, Limpopo, KwaZulu-
Natal, Free State provinces [5]. The tender young leaves and fruit can be cooked and consumed like any other green
vegetable. The seeds can also be dried, roasted and eaten or be ground into flour and cooked as porridge or baked into
bread. Makataan seeds are extremely rich in antioxidant, vitamin C, minerals, fat, starch and riboflavin. The melon is
used for jam, pickles, and preservatives.

1.2.5. Blackjack

(Bidens spinosa) (Gewane, Umhlabangubo, Ugadolo, Mushiji, Mokolonyane) widely harvested as a weed and cultivated
in homestead gardens in the KwaZulu-Natal and Limpopo provinces [7]. Blackjack tender leaves and young stems are
used as a leaf vegetable. The root, leaves and stem are reported to possess antiseptic and anti-inflammatory properties.
Decoctions of powdered leaves are reported to be helpful in the treatment of arthritis, abdominal pains, headache,
diarrhoea [8].

1.3. Other vegetables of economic importance

Several exotic plants have become so adapted and widely grown to satisfy the dietary needs of Europeans, Asians, and
Americans. These are not indigenous plants because they do not have African origin and cannot be easily linked with
wild species or close relatives.

1.3.1. Tomato

(Lycopersicon esculentus) is the second-largest traded vegetable on the five sizeable fresh produce markets in South
Africa, after potatoes [9] constituting about 19% gross value of the total vegetable production [10]. Limpopo is the major
production area and followed by Mpumalanga, the Eastern Cape, and KwaZulu-Natal. Tomato contains a wide array of
beneficial nutrients and antioxidants. It is also a source of vitamin C and choline, an essential nutrient that helps with
sleep, muscle movement, learning and memory [10].
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1.3.2. Cabbage

(Brassica oleracea) is one of the most cultivated brassica crops in South Africa, especially in the Eastern Cape Province
[11]. Cabbage is 90% water and an excellent source of minerals, Vitamin A, and C and the B vitamins. It is used raw in
salads, such as coleslaw, as a cooked vegetable, or preserved in pickles or sauerkraut [12].

1.3.3. Beetroot

(Beta vulgaris), commonly known as beet, is a biennial plant widely grown for its storage root in homesteads,
commercial farms, and community gardens. The main production areas are situated in North-West, Gauteng,
Mpumalanga, KwaZulu-Natal, and Western Cape provinces. Beetroot is a rich source of carbohydrates and protein and
has high levels of essential vitamins, minerals, and micronutrients. The roots are eaten grilled, boiled, or roasted as a
cooked vegetable or cold as a salad after cooking and adding oil and vinegar.

1.3.4. Carrot

(Daucus carota) is the fifth-largest traded vegetable on the five sizeable fresh produce markets [13] and one of the
significant vegetables consumed in South Africa. Carrots can be eaten raw, whole, chopped, grated or added to salads
for colour or texture. Carrot seed oil is used as a massage oil in creams and lotions. The entire plant can also be used as
a fodder for cattle and horses.

1.3.5. Cucurbits

Cucurbits comprise several plant species commonly known as sweet melon, watermelon, baby marrow, pumpkin,
squash, and cucumber.

Watermelon

Watermelon is one of the essential cucurbits widely grown throughout the world, and varieties that are frequently
cultivated in South Africa are Charleston Grey, Sweet Princess, Crimson Sweet, and Congo. It has been used as a source
of water, and for animal feed. Locally watermelon is planted in most warm areas of the country, Mpumalanga Lowveld,
Limpopo, North West, and in some parts of the Eastern Cape.

Pumpkin

Pumpkin called pampoen by the Afrikaans; litsanga by SiSwati, ithanga by the isiZulu and thuri by the Tshivenda of
South Africa. Pumpkins are produced on a larger scale in the Mpumalanga Highveld and Lowveld, Vryburg in North
West, Western Cape, and Vereeniging in Gauteng. Squash is mainly grown in the Mpumalanga Highveld, Mpumalanga
Lowveld, and Gauteng (in the Vaal region). It is the most commonly and regularly grown among the cucurbits because
itis a rich source of vitamin A, phosphorus and calcium. The young and tender shoots make tasty vegetable salads.

Cucumbers

Cucumbers are produced in almost all the provinces of South Africa but more concentrated in Western Cape, Eastern
Cape, Free State, and KwaZulu Natal Provinces. In the recent past, the uptick in consumption of cucumber has
significantly increased its production [2]. Cucumbers are high in potassium and fibre with moderate amounts of
vitamins A and C, as well as folic acid, phosphorus, and magnesium.

1.3.6. Onions

(Allium cepa) are the third most important vegetable crop in South Africa, after potatoes and tomatoes [13]. They are
mostly grown in the North-West, Limpopo, the Western Cape, and Northern Cape provinces. They are good sources of
vitamin C and are essential for efficient uptake of iron. Onions are most often used to enhance flavour in a wide range
of recipes, such as casseroles, pizzas, soups, and stews.

1.3.7. Potato

(Solanum tuberosum) is an important vegetable crop in South Africa, and the world’s recognized staple food consumed
by many people [14]. The bulk of potatoes is grown in Limpopo, the Western Free State, the Sandveld (Western Cape),
and the Eastern Free State. Potatoes are fat and cholesterol-free and high in fibre. Potato starch is used as a thickener,
binder of soups and sauces; elsewhere as an adhesive and for the manufacturing of papers and boards. In addition to
being eaten as a vegetable by humans, potatoes can be used as feed for livestock.
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2. Root-knot nematode pests of vegetables in South Africa

Vegetables are indispensable in human diets for the nutritional benefits, and their production on smallholder and
commercial farms improves the farmers’ livelihoods [15]. Many crops grown as vegetables are susceptible to plant-
parasitic nematodes, particularly tomato, aubergine, cucumber, melon, carrot, gourds, lettuce, and peppers. In South
Africa, the estimated 14% annual loss in agricultural and horticultural crops due to plant-parasitic nematodes had a
value of over R1.9 billion [16]. The most important group of these nematodes, root-knot nematodes (Meloidogyne
species) is also reported to be the dangerous pests of many vegetable crops, particularly in South African subsistence
farming systems [17]. Out of the 22 identified species of Meloidogyne species in Africa, four most important and
predominant root-knot nematodes posing a threat to crop production in South Africa are M. javanica, M. hapla, M.
incognita and M. arenaria are regarded as [18, 19]. Other reported important species include M. enterolobii, M. exigua
and M. paranaensis [20], M. acronea, M. ethiopica, M. graminicola, M. hispanica, M. kikuyensis, M. partityla and M.
vandervegtei [18, 21] and M. chitwoodi, M. fallax and M. naasi [20].

3. Root-knot damage on vegetables

The ability of root-knot nematodes to produce high numbers of offspring, particularly in warmer areas where they go
through several life cycles in one season, is a major contributing factor to the high crop losses caused by these parasitic
organisms [22]. The infective second-stage juveniles (J2) readily invade and rapidly multiply in the potato field at the
onset of tuber initiation. Observable symptoms of root-knot infected potato plants are stunted growth, yellow foliage,
premature wilting and die-back [23]. In tomato fields, the symptoms on above-ground infected plants usually include
stunting, chlorosis and wilting. Feeding in the roots by root knots nematode often results in the formation of galls, also
known as knots, which hinder nutrients and water uptake by the roots. Yield losses of 20-40% [24] and over 50% [25]
caused by the infection of Meloidogyne spp have been reported on tomato. In cases of severe root-knot nematode
infections, the whole root systems appear visible as thickened structures due to excessive galling [23]. Symptoms of
root-knot damage on beetroot appear as galled areas on the tap and secondary roots, and at incidences of high infection
levels, tubers appear deformed [23]. Although, research on the effects of root-knot nematodes on South African
indigenous vegetables such as amaranth (Amaranthus spp.), spider flower (Cleome spp.), blackjack (Bidens spp) and
nightshade (Solanum spp) is limited. Species of Solanum (S. retroflexum (wonder berry) and Amaranthus accessions,
such as Arusha, Joseph’s Coat, Bosbok Thepe, ex Botswana, and Applebosch, were reported highly susceptible to M.
incognita and M. javanica [26].

4. Management strategies

The root-knot nematode management among farmers consists of chemical, cultural and biological control methods
applied singly or in combination to achieve the desired results.

4.1. Chemical control

South Africa (SA) is one of the four largest importers of pesticides in sub-Saharan Africa, with more than 500 registered
pesticides [27]. The smallholdings farmers are still prevalent in the rural areas of SA. Without the necessary awareness
and training on pest management, farming households predominantly rely on the use of synthetic pesticides [28]. The
use of nematicides to limit the build-up of nematode pest population densities below a damage threshold is, in general,
effective. Still, the adverse environmental and human health effects cannot be ignored. The largest market for
nematicides in South Africa is hinged on potato production. The market exists because of the extended period of
invasion in potato roots and tubers, which necessitate nematicides application as pre-planting, planting, or post-
planting measures. In tomato, the efficacy of both pre- and post-plant fenamiphos (a.s. 400 g/1) treatments in reducing
a mixed population of M. javaniva and M. incognita has been documented by Daiber [29]. In the pea field, evaluation of
dichloropropene, ethylene bromide, and fenamiphos at reduced rates against Meloidogyne sp and Pratylenchus
penetrans infecting pea resulted in an increased in the growth of the plant as well as a 100% yield [23]. The nematicides
currently registered for use in pea are ethoprophos and fenamiphos [30]. For the management of root-knot nematode
in beetroot, no nematicide has been registered in South Africa [30]. On pepper also, the only registered nematicide is
Furfural [30].

4.2. Cultural control

Cultural control is one of the oldest and most economical methods with a principle based on the manipulation of the soil
environment to reduce root-knot nematodes population. These practices include:
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4.2.1. Resistant cultivars

The use of resistant vegetable cultivar is one of the most feasible environmental friendly options for managing plant-
parasitic nematodes [31]. Resistance is species-specific; hence, the success of this method largely depends on target
species of vegetables and nematodes. There have been documented reports of identified resistance of some genotypes
of Amaranthus spp., beetroot, cabbage, dry bean [32], chilli, carrot, cowpea [33], green bean, pumpkin, maize [34],
spinach and tomato [6, 33, 35] to M. incognita and M. javanica.

4.2.2. Organic amendment

An organic amendment is any material of plant or animal origin that is added to the soil to improve its physical
properties, including water retention, permeability, water infiltration, drainage, aeration, and structure. Incorporation
of organic matter into the soil not only improves soil structure and moisture retention, but it also encourages biological
control of the nematodes, in a cooperative research effort conducted in some parts of South Africa on the use of organic
amendments for nematode management [17, 36, 37]. They investigated the effect of animal manures, compost and
marigold amendments, as well as solarization on root-knot nematode population densities. Reductions in the
population densities of root-knot nematodes at varying degrees were recorded among all the amended treatments.

4.3. Biological control

Biological control involves the use of living organisms either alive or inactive form against root-knot nematodes in
plants. Paecilomyces lilacinus an egg parasitic fungi has been proven to control root-knot nematodes successfully, M.
javanica and M. incognita on tomato, eggplant and other vegetable crops [38, 39]. Goswami and Tiwari [40] reported
that three Aspergillus species showed high toxicity against M. incognita juveniles. Trichoderma viride was similarly
reported to reduce egg hatching [38]. Rhizosphere microorganisms such as Arbuscular mycorrhizal fungi (AMF) have
also been reported to provide a front line defense for root pathogen attack [41]. These rhizosphere microorganisms
have also been shown to reduce root-knot nematode population densities on tomato and other crops [42]. The two most
studied parasitic bacteria are Pasteuria penetrans and Pseudomonas fluorescens. Amer-Zareen et al. [43] reported that
Pasteuria penetrans effectively parasitized M. incognita in rotations. However, its efficacy depended on cropping
techniques and soil conditions. Pseudomonas fluorescens was also reported to provide effective control of root-knot
nematodes on vegetable crops [44].

4.4. Botanical pesticides

Higher plant species possess phytochemical compounds antagonistic to root-knot nematodes. These phytochemical
compounds consisting alkaloids, alkamides, carbohydrates, cyanogenic glycosides, fatty acids, glucosinolates,
nonprotein amino acids, phenolic compounds, polyacetylenes, polyketides, terpenoids, thiophenes, and waxes are
reported to possess a broad spectrum mode of action [45, 46, and 47]. These plant species not only control nematodes
but also improve soil health for optimal crop yield. The different botanical products and their application include:

4.4.1. Botanical applied as extracts

The nematicidal effects of extracts from tobacco (Nicotiana tabacum L), neem (Azadirachta indica), clove (Syzygium
aromaticum L), Sunn hemp (Crotalaria spp.) and sweet flag (Acorus calamus L) have been reported on root-knot
nematodes [48, 49]. Aqueous extract from leaves of Datura stramonium has been reported to inhibit juvenile survival
and hatching of M. incognita [50]. Shoot extracts of Euphorbia helioscopia, Descurainia sophia, Gypsophila pilosa, Eruca
sativa and Plantago lanceolata are reported to suppress root galls in tomato and also increased the fruit yield [51].
Extracts obtained from nematode-antagonistic plants like marigolds (Tagetes spp.), rattlepod (Crotalaria spectabilis),
chrysanthemums (Chrysanthemum spp.), castor bean (Ricinus communis), margosa (Azadirachta indica), velvet bean
(Mucuna deeringiana), Jack-bean (Canavalia ensiformis) and Abruzzi rye (Secale cereale) using a wide range of solvent
polarities have been reported to possess a remarkable capacity to either paralyze or to kill nematodes inside plant tissue
and in the surrounding soil, thus reducing population density [52, 53]. The paring of suckers and subsequent dipping in
red acalypha (Acalypha wilkesiana) plant extracts have been reported to have the potential for nematode control and
promote a healthy rooting system for better plant development and crop yield [54]. In another trial, aqueous seed
extracts of Canavalia ensiformis (L.) (Fabaceae), Crotalaria juncea (L.) (Fabacea), Crotalaria paulina (L.) (Fabaceae),
Crotalaria spectabilis (L.) (Fabaceae), Tagetes minuta (L.) (Asteraceae), and Mucuna pruriens (L.) (Fabaceae) were
screened for molecules active toward the infective stage (J2) of M. incognita. The aqueous crude extract of Canavalia
ensiformis was reported with the highest nematicidal activity against M. incognita [55].

172



World Journal of Advanced Research and Reviews, 2020, 07(02), 168-177

4.4.2. Botanical applied as oil

Oil-based formulations from plants have been reported to be effective against M. incognita in vegetables. Nafiesh Katooli
et al. [56] reported that Chinaberry and Castor bean oil immobilized the juveniles of M. incognita, reduced nematode
population in the soil, and also increased the longitudinal growth of cucumber plants. Also, essential oils and other
secondary metabolites extracts from Asteraceae plant species have been reported to have direct effects on root-knot
nematode egg hatchability and juvenile stage development [57, 58]. Clove oil has demonstrated toxicity to plant-
parasitic nematodes [59]. In an experiment to evaluate the effect of the essential oil on mortality and egg hatching of
second-stage juveniles of root-knot nematode in vitro studies and to resolve the effects of essential oil as root dip
treatment in the management of M. incognita infecting tomato. Five commercially available essential oils used for the
study included Citronella (Cymbopogon nardus), Eucalyptus (Eucalyptus globulus), Lemongrass (Cymbopogon citratus),
Palmarosa (Cymbopogon martini) and Patchouli (Pogostemon cablin). Among the tested essential oils, C. citratus was the
most effective, followed by C. martini and C. nardus [60].

4.4.3. Botanical applied as a soil amendment

The milled parts of these plants applied as amendments were also reported to reduce root galling and total population
of nematodes in the soil [61]. Dry neem leaves incorporated into the soil reduced root-knot nematode, and significantly
enhanced the weight of fruits in eggplants (Khan et al. 2012a). Studies using Canavalia ensiformis seed powder as a soil
additive have been reported to a dramatically reduced number of eggs of M. incognita and M. javanica [63]. In a trial on
the evaluation of the synergistic effect of neem and poultry manure on root-knot nematode (Meloidogyne spp.) infecting
rice. Auwal et al. [64] reported that the combination of neem and poultry manure suppressed root-knot nematode
population in the soil and that reduction in nematodes population was concomitant to increase in rice growth and yield
parameters. A toxic effect of bitter leaf powder (Vernonia amygdalina) was evaluated against root-knot nematode
(Meloidogyne incognita) infecting tomato (Solanum lycopersicum). It was reported that V. amygdalina leaves
incorporated into the root-knot endemic soil suppressed population build-up of nematode, reduced root gall index and
improved growth and yield of tomato [65].

5. Smallholder farmers’ outlook

Smallholder farmers play an essential role in modern economies. In South Africa, the population of smallholder farmers
is reported as 250,000 [66]. As smallholder producers, these farmers ensure that food supply is available within
households, thereby stifling the effect of food prices on these households while improving food security. Smallholding
farming is a sure way out of poverty and environmental hazards. It ensures that many people are engaged, and there is
a less negative impact on the environment. However, smallholder farmers contend with other large value-chain
participants in an ever-growing and increasingly complex environment. Documented challenges being faced by these
smallholder farmers in South Africa include inadequate access to productive resources, prices of inputs such as
fertilizers and pesticides, climate variability, information about markets and affordable transportation [67]. Vegetables
attract a wide range of pests and diseases and as such, require intensive management. M. incognita was reported as a
severe problem among the vegetable farming communities of South Africa [17, 68]. Even though this nematode could
be efficiently controlled, the majority of the smallholder farmers were not aware of its pestiferous potentials [17, 22].
The community gardens were often abandoned because the farmers lacked sufficient financial power to purchase
chemicals.

6. Conclusion

It has been shown that higher economic growth will be achieved in South Africa when the smallholder farmers are
allowed space in the mainstream agricultural economy. Empowering smallholder farmers with agrarian skills to
manage their natural resource base sustainably will resolve both economic and human development challenges
bedevilling the country. Apart from problems associated with the integration of smallholder farmers into the
mainstream, there are considerable challenges in the way these farmers react to pest problems on their farms. Pests
and disease problems, exacerbated by farmers’ poor perception of pest status, often result in reduced crop yields, and
abandonment of gardens with consequences of threats to household and national food security. Therefore, increased
accessibility to knowledge about these pests and diseases, particularly root-knot nematodes and their attendant
negative implications are especially important. Efforts made to pass information to farmers on information days, field
and farmers’ days, farm field school, all add up to make productive contributions to the agricultural economy. However,
one of the critical issues that need more attention is that these farming communities do not have sufficient financial
resources. The economic power is required to access inputs such as high-yielding, domesticated or commercial crop
varieties, ecologically safe solutions for resilience to nematode pest amongst others. From a general perspective, several
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stages of interconnected integration, pieces of training and financial support would play a significant role in the
containment of nematode pest for food sufficiency and security in vegetable production in South Africa. However, the
future lies in investing in the generation of knowledge and technologies that will provide policymakers with necessary
insights for better planning and policy development aimed at sustainable agricultural production.
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