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Highlights of the South African sweet potato breeding
programme: From cream to orange to purple-fleshed
cultivars

Compiled by Mmapaseka Malebana, Sunette Laurie, Yvonne Hadzhi, Tumelo
Ratlabala and Michael Bairu

The ARC-VIMP sweet potato breeding pro-
gramme is the pioneer and lead institute in
South Africa (SA) in the development and
evaluation of improved sweet potato culti-
vars. Formal breeding of sweet potato be-
gan in 1952 with the aim of developing vari-
eties with improved root quality and yield for
the local industry through conventional
breeding methods.

Specific objectives and varietal releases
The hybrid breeding method, which focuses
on crossing genetically different parents,
was used at the onset of the breeding pro-
gramme to produce sweet potato hybrids
between farmers' varieties and sweet potato
germplasm imported from the USA
(Louisiana and South Carolina). From 1952
until the 1980’s, 11 sweet potato cultivars
were released from the hybrid breeding
method, the first being Mafutha in 1959. All
the released cultivars were either white or
cream fleshed with good yield and adapta-
bility, but poor storage root quality and poor
adaptability to biotic and abiotic stresses.

To improve the crossing efficiency and in-
crease seed production, a polycross mating
method was introduced, in addition to the
hand crosses (Fig. 1). A polycross is a mat-
ing design for the cross-pollination of a
group of varieties or clones in an isolated
crossing block (Stuber, 1980; Nyquist &
Santini, 2007). In this design, pollination
occurs naturally without emasculation, only
the female parent of each family is known,
and the offspring are half-sibs. The greatest
success of the polycross method was the
development of the popular Blesbok variety,
which was released in 1989 and remains
the leading variety today. Blesbok (Fig. 2) is
a cream-fleshed cultivar with an attractive
purple skin, excellent root yields, early ma-
turity, long shelf life and good skin quality.
Negative traits are low dry mass content
and susceptibility to Fusarium wilt.

Figure 1. Polycross block planted in the field for
cross pollination and production of seeds.

Figure 2: ARC Cultivar Blesbok produced for the
commercial market in SA and other countries.

A demand-led approach has always served
as the foundation from which the objectives
of the sweet potato breeding programme
are derived. The goal is to improve the
South African sweet potato industry by
meeting the demands of farmers and con-
sumers. In 1995, the sweet potato breeding
programme focused on developing sweet
and dry textured cultivars for the informal
market. As a result, seven cream-fleshed
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sweet potato cultivars with a sweet taste and a drier texture
were released, including the most popular informal market
cultivars Ndou and Monate (Fig. 3).

The development of orange-fleshed, vitamin A-rich varieties
has been the primary focus since 2003. The aim was to align
the sweet potato breeding programme to address the global
challenge of food insecurity and nutritional deficiencies, par-
ticularly in children under five years of age (Woolfe, 1992).
Eight orange-fleshed cultivars enriched with B-carotene were
released between 2003 and 2013 to combat vitamin A defi-
ciency in South Africa and neighbouring countries. Bophelo
(meaning “life”) and Khumo (meaning “wealth”) are some of
the orange-fleshed varieties released and are also popular in
the informal market (Fig. 4).

Figure 3: Cream-fleshed cultivars Ndou and Monate popular in the
informal markets.

Figure 4: Orange- fleshed cultivars Bophelo and Khumo released to
combat vitamin A deficiency.

With a significant increase in the economic value of the crop
(DALRRD, 2021), breeding objectives had to be adjusted
accordingly to meet the requirements of local, export and
agro-processing markets. Recently, six varieties were re-
leased in 2023, mainly for excellent quality of storage roots,
better shelf life and processing quality. ARC-SP-2 and ARC-
SP-10 have the potential for export, agricultural processing
and local commercial markets, while ARC-SP-11 (Fig. 5) is a
Blesbok type with pale yellow flesh and moderate tolerance
to Fusarium wilt.

Current status of the breeding programme

Currently, 10 elite lines with varying flesh colour and quality
characteristics are evaluated in several environmental as-
sessment trials (Fig. 6), and another cream-colored line
(Blesbok-type) has been submitted for Plant Breeders Rights
(PBR) registration (ARC-SP-12). The breeding objectives
have expanded to focus more on Fusarium wilt and nema-
tode tolerance; drought and heat tolerance for the erratic cli-
matic conditions, not excluding previous objectives. Recently,
there has been a growing interest in purple-fleshed sweet
potatoes because they are rich in anthocyanins and offer
many health benefits (Tshilongo et al., 2024). The pro-
gramme has developed and identified promising, purple-

A

Figure 5: High yielding ARC cultivar ARC-SP-11 released in 2023
with moderate tolerance to Fusarium wilt.
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Figure 6: Field evaluation and selection of potential breeding lines for
possible cultivar release.

Figure 7: Purple fleshed breeding lines selected for further evalua-
tion.

fleshed lines with high anthocyanin contents in the prelimi-
nary evaluation phases and these will continue to intermedi-
ate and advanced breeding evaluation trials (Fig. 7).

Impact of the programme in the sweet potato industry

The sweet potato research programme has a rich history and
has made an excellent contribution to the sweet potato in-
dustry in South Africa. A total of 33 sweet potato cultivars
with high variation and improved traits were released for dif-
ferent markets (Laurie et al., 2023). However, changing envi-
ronmental conditions and consumer needs have led to some
of the cultivars being phased out, while others remain popu-



ARC-VIMP NEWSLETTER

No 22

Page 3

Table 1. List and traits of currently grown and available sweet potato cultivars released at ARC

IP type | Registration | Year of [Major traits
identifier release

Cream-pink skin, cream flesh, round shape, used in the Western
Cape for several years, some success on informal market,

Purple skin, cream flesh, uniform oblong shape, good root quality,
local and export market, medium-low dry mass (18%).

Purple skin, cream flesh, very high yield, low dry mass (16.6%),
excellent storability, susceptible to wilt, major commercial cultivar,

High yield, dry texture {24.6%), very good taste. Popular on informal

High yield, dry texture (23.9%), good taste, early maturing. Popular
on informal market. Moderate resistance to Fusarium wilt.

Pale orange flesh and skin, medium dry (21.7%), nice flavor. One of
the first OFSP released by ARC.

Good yield. Uniform. Medium PB-carotene, medium dry (22.5%).
Good taste. Popular on informal market.

Oblong-shaped, purple skin with orange flesh, high yields, early
maturing, excellent storability, medium to low dry mass (20.7%).

Very dark purple skin, pale orange flesh, early maturing; high to very
high yield, may have some veins, interesting lobed leaves with
purple abaxial veins, low dry mass (17.4%).

Medium-high yield; pleasant taste; slight higher B-carotene than
Bophelo and larger roots; Medium dry (23.2%). Popular on informal
market, especially in Venda.

Orange skin, dark orange flesh, average yield; uniform; attractive
appearance; high P-carotene, average storability (but better than
Bophelo and Khumo), medium dry (21.6%).

Dark orange flesh and red-copper skin, good yield; uniform;
attractive appearance; high B-carotene, better keeping ability than
Bophelo and Khumo, medium dry {21.7%).

Cream skin with pink tips, medium-high yield, uniform, attractive
round roots, dry-textured (25%) with starchy taste,

Bright purple red skin, dark orange flesh, high B-carotene, tolerance
to frost, average dry mass content {18%), earliness.

N/A  N/A 1978

N/A  N/A 1980

N/A  N/A 1989
export.

PBR  ZA 20042969 2004
market.

PBR  ZA 20042969 2004

N PBR  ZA 20083792 2008

PBR  ZA 20114877 2011

PBR  ZA20135390 2013

PBR  ZA 20166163 2016

PBR  ZA 20207182 2020

UPBR  ZA 20237910 2023

NPBR  ZA 20237911 2023

= PBR  ZA 20237913 2023

PBR  ZA 20238079 2023

" PBR  ZA 20238080 2023

Pale purple skin, dark cream flesh, medium-high yield, average dry
mass {18.5%),

lar in both the commercial and informal markets. Popular
cultivars released from the ARC breeding programme and
their respective traits are listed in Table 1. Released cultivars
offer a wide genetic variation which includes leaf shape, vine
colour, vine thickness, skin colour, flesh colour, nutritional
value and tolerance to biotic and abiotic factors.

Despite some important varieties from the USA, such as
Beauregard, cultivars released from the ARC-VIMP pro-
gramme continue to dominate both the informal and commer-
cial markets, including exports. The purple skin cultivar, Bles-
bok, was released in 1989, but still constitutes the major
commercial sweet potato produced in South Africa and other
countries due to its excellent quality and high yield potential.

Ndou, Monate, Bophelo and Khumo are popular in the infor-
mal market because of their creamy taste, sweetness and
dry texture.

Introduction of biotechnology tools

Biotechnological approaches such as genotyping, metabo-
lomics and proteomics were recently incorporated into the
programme for screening and selection to improve the breed-
ing efficiency. Most importantly, the sweet potato breeding
programme will continue to use the participatory variety se-
lection approach, which involves farmers, consumers and
agro-processors in the evaluation and selection of suitable
varieties, thereby increasing the adoption rate.
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Preliminary selection of coloured tomatoes germplasm for phenotypic traits

Compiled by Milcah Matjeke, Willem Jansen Van Rensburg, Salome Lebelo and Mariette Truter

The evaluation for phenotypic diversity within germplasm
collections plays a crucial role in preserving essential traits
and utilizing the germplasm in crop breeding programmes.
This process involves meticulous phenotypic characterization
to identify and select individuals expressing specific, targeted
traits. Typically, phenotypic data is evaluated through visual
scoring, allowing breeders to recognize genetic diversity and
estimate component traits, such as yield. The diverse yielding
potential, shape, flesh appearance and colours of the fruits
displayed by different germplasms could be used as a basic
selection index to determine which germplasm to advance.
Progress in tomato breeding depends on a variety of potential
gene resources available in the gene pool. Hence, the quality
of phenotypic data will directly contribute to the overall im-
provement in germplasm selection success. Therefore, the
purpose of this investigation was to assess selected pheno-
typic traits of coloured tomato and to identify potential
germplasm for the selected phenotypic traits.

Twelve coloured tomato germplasms were evaluated under
the bag hydroponics system in a monkey proof tunnel. This
hydroponics system allowed for trellising to ensure long-
season production of indeterminate varieties. Drip system
was used for fertigation to enable optimal growth of the toma-
to plants. Phenotypic data was collected, which included fruit
colour, shape, number and fruit cracks.

The preliminary results revealed variation amongst the 12
evaluated germplasms, regarding their leaf shape, fruit col-
our, shape, number of fruits, as well as the fruit cracks ob-
served during harvesting. The number of fruit and tendency
to crack are the most important, when aiming to select for
higher yield potential under hydroponic production. Three
germplasms (lldi, Indigo drop and purple russian) were partic-
ularly interesting, as they had higher fruit numbers, compared
to the other germplasms, however, the fruits of purple russian
were mostly cracked compared to the other two germplasms,
which gave an indication that Ildi and Indigo drop could be
potential parents for improvement of coloured tomatoes for
higher fruit yield. Further evaluations are required to allow for
identification and selection of potential parents to advance
into the tomato breeding programme.

Contact: Ms Milcah Matjeke at masemolab@arc.agric.za

™

Figure 1. Examples of variation in fruit colour and shape of coloured
tomatoes in the germplasm collections.
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Figure 2. Fruit number and fruit cracks of the tomato germplasms
evaluated.
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Taro ‘amadumbe’ breeding in South Africa

Compiled by Theresa Bapela, Olwethu Madzikane and Amelework Assefa

Taro (Colocasia esculenta (L.) Schott) is an ancient crop
widely grown for their edible corms and leaves. The taro
plant belongs to the genus Colocasia and the family Arace-
ae, which are known as aroids grown principally for their edi-
ble corms, petioles, and leaves (Netam et al., 2022). The
Araceae family is made up of up to 100 genera and more
than 1500 species (Patel and Singh et al., 2023). Taro is a
highly polymorphic species and has a basic chromosome
number of 14 and two cytotypes: diploid with 28 chromo-
somes and triploid with 42 chromosomes (Coates et al.,
1988). Diploid cultivars are fertile, while triploids are sterile.
Taro is a cross pollinated, highly heterozygous plant. It is
propagated vegetatively, and its propagation is affected
through planting of corms/cormels, cuttings from tubers, stem
cuttings and peels/skin (DAFF, 2010).

Figure 1. Taro propagation.

Taro is known by different names around the world including
Koko or Kokoo in parts of West Africa, Magimbi or Myugwa in
Swahili, Eddo/cocoyam in Nigeria, Arvi/Arbi, Kosu, and Koch
in India and Amadumbe in Zulu (South Africa). Taro consists
of 4 genera, namely, giant swamp taro, elephant ear
‘alocasia’, xanthosoma ‘tannia’ and Colocasia esculenta.

e The giant swamp taro is a wetland crop widely grown in
freshwater marshes/swamps and plains of tropical regions
characterized by bigger, hastate leaves and larger, coars-
er roots.

e The elephant ear ‘alocasia’ are composed of large, heart-
shaped leaves that are borne to thick stalks.

e Tannia ‘xanthosoma’ has a short stem and produces large
leaves at the top of the stem while the corm is produced
at the base of the plant.

e Colocasia esculenta is a top-shaped tubular root or corm,
mainly grown for subsistence in Southern Africa.

The global production of taro is approximately 17.7 million
tons (FAOSTAT, 2024). Nigeria ranks first as the top produc-
er of the crop in Africa, followed by China, Cameroon, Ghana
and Ethiopia and collectively they account for more than half
(67%) of the global production (FAOSTAT, 2024). In South

Africa, taro is produced in the Kwa-Zulu Natal (KZN), Eastern
Cape (EC) and Mpumalanga (MP) Provinces. The exact
quantity of taro produced in South Africa is not known. This is
because there is no commercial production of the crop in the
country.

Taro production in South Africa remains at a subsistence
level because it is often treated as a poor man’s alternative
for potato or it is associated with those of low socio-economic
status. Taro research has received little or no attention,
hence, currently there is no registered taro cultivar in the
country and only landraces are cultivated by farmers. This is
because most taro farmers use tubers/seeds saved from the
previous harvest/season to plant every year, resulting in poor
yield performance. The majority of taro landraces are scat-
tered in diverse environments, uncharacterized and not fully
documented for their genetic diversity status, conservation
and improvement. Two South African landraces, such as
upland and lowland taro, have been described based on dif-
ferences in water use and drought tolerance. The upland taro
(i.e. Umbumbulu landrace) has lower optimum crop water
requirements and yield potential. On the other hand, lowland
taro (i.e. KwaNgwanase landrace) has higher crop water
requirements, and is thus suited for growing in swamps,
marshes and wetlands (Kunz et al., 2024). Despite this, little
has been done to improve taro productivity, utilisation or mar-
ket acceptability as well as research in the country.

Based on the four genera mentioned earlier, taro can be
grown for food, medicinal and/or ornamental values. There-
fore, there are edible and non-edible taro. Aboveground and
underground parts are both important in the human diet. Taro
corms and cormels are the most important underground food
sources, while leaves, leaf stalks and petioles are the above-
ground parts used as a vegetable.

Changing consumer lifestyles prioritise convenience over
inconvenience that usually requires more effort and time be-
fore consumption. Normally, taro corms are consumed

Figure 2. Taro tuber colours and sizes (Photo’s by Olwethu Madzi-
kane).
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boiled, fried, stir-fried, roasted, baked or mashed to prepare
for a variety of dishes/recipes (Oyeyinko and Amonsou,
2020). The utilisation of taro is now shifting from direct con-
sumption to products such as fries, spices, canned products,
flour, biscuits, and ingredients in food formulations, juice,
industrial starch and flour. Taro juice is used for alopecia, as
an expectorant, stimulant, appetizer, and astringent. Nano
fermented products of taro are used as natural hair regrowth.
Very little research has been conducted in characterizing taro
accessions for their growth performance and tuber yield po-
tential (Gerrano et al., 2018; Muinat et al., 2017), nutritional
level (Gerrano et al. 2021), diet level ‘mineral content’ using
rats (Lewu et al., 2010), starch physiochemical properties
(Mawoyo et al., 2022), flour composition, pasting and thermal
properties (Oyeyinka and Amonsou, 2020), intercropping
potential (Mabhaudhi and Modi, 2014), and genetic diversity
using molecular markers (Nguluta et al., 2016).

Currently, the Agricultural Research Council-Vegetable, In-
dustrial and Medicinal Plants (ARC-VIMP) has collected
more than 50 accessions in five provinces, namely, KZN, EC,
MP, LP and GP and are currently being maintained for char-
acterization of traits such as tuber yield and quality, climate
resilience, starch content and flour physiochemical proper-
ties. Conservation of the germplasm collected is underway in
the form of a live genebank.
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Evaluation of potato tuber yield, starch and amylose content at the
ARC-VIMP

Fourie P', Maluleke HM', Steyn PJ', Labuschagne MT?, Laurie SM', Bairu MW'*, Mbuma N.W'?

Potato (Solanum tuberosum L) is a food crop that ranks 3™
after rice and wheat in terms of human consumption. In 2001,
potatoes were grown in 150 countries (FAOSTAT,2021). The
potato tubers are high in carbohydrates (26%), Vitamin B6
(10%), Vitamin B3 (7%), phosphorus (18%), iron (6%), potas-
sium (6%), magnesium (6%), calcium (2%), Zink (2), and fiber
(7%), which significantly contributes to food security, as well
as a cash crop in most producing countries (Anduglem et al.,
2024; Tolessa, 2018). Potato is not only used as a fresh prod-
uct but also as processed products like chips, French fries,
other frozen or dehydrated products such as dices, slices,
shreds, flakes, granules, flour, and starch (Saini et al., 2024).
In 2010, starch potatoes were grown on 250,000 hectares in
the Europe, producing 10 million tons of starch potatoes (Post
-market report, 2010). The potato starch is used in the food
industry, as well as the paper industry. The objectives of this
study were to determine the variation in potato breeding lines
for tuber yield, starch and amylose content, and to identify the
superior cultivars for the measured traits.

Thirty-seven cultivars were planted under irrigation at the
Roodeplaat (RDP) research farm in Northern Gauteng and at
the Cedara (CED) research farm in KwaZulu-Natal. Starch
content of tubers was calculated and was isolated from the
tubers. Amylose content of the 13 lines/cultivars with the
highest starch content or SG was determined.

Genotypic effect was highly significant (P < 0.001) for tuber
yield, except for starch and amylose content in both locations
indicating the existence of genotypic variation in the breeding
population and the possibility of genetic improvement of the

potato crop. The yields were much higher at RDP than at
CED. At RDP, line 2168 produced a yield of 100.1 t ha™
which was significantly higher than all other lines (Fig. 1).
Line 474 had the second highest yield, but did not differ sig-
nificantly from lines 4, 2029 and 2134 (1). At CED, line 474
had the highest yield at 44.6 t ha™", but it was not significantly

higher than 2029, 4, 2168, 3 and 2134 (Fig. 1).

Yield (¥ha)

' i

IR

L Tvan

Figure 1. Tuber yield of thirty-seven cultivars and breeding lines

planted at Cedara (CED) and Roodeplaat (RDP).

Breeding lines 2168, 2308, and 2308 had the highest tuber
yield, starch content, and amylose content at the RDP farm,
respectively (Figs 1, 2 and 3). Breeding lines 404, 916, and
2305 had the highest yield, amylose content, starch content,
and chips colour at the CED farm, respectively. The highest
starch contents were 17.7% (RDP) and 18.1% (CED) and the
lowest 12% (RDP) and 13.1% (CED). At RDP, line 2308 had
the highest amylose content, at 27.6% and at CED line 916,
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Flgure 2. Starch content of 37 cultivars and breeding lines planted at
Cedara (CED) and Roodeplaat (RDP).
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Figure 3. Amylose content of 13 cultivars and breeding lines planted
Cedara (CED) and Roodeplaat (RDP).

at 23.2%. The lowest amylose content was found in line 2304
at RDP, at 15%.

In conclusion, the results indicated that the breeding lines
perform differently in the tested environments, which sug-
gested the need for the advanced breeding lines to be evalu-
ated in multiple environments to test for adaptability and sta-

bility before varietal release and recommendation for com-
mercial production. Thus, the identified superior lines can be
further evaluated for biotic and abiotic stresses, as well as
adaptability and stability to major potato production regions
before recommendation for release and commercial produc-
tion.
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Entomopathogenic nematodes as potential biological control
agents against insect pests

Londeka Mbatha and Nozibusiso Maphumulo

Biology and importance of entomopathogenic nematodes
Entomopathogenic nematodes (EPNs) are soft bodied, non-
segmented roundworms that are parasitic to insects. They are
known to occur naturally in the soil and locate their hosts by
responding to vibration, carbon dioxide and other chemical
cues. Some species can be characterized by having symbiotic
relationships with other organisms like bacteria. EPNs have a
wide distribution range, however, the species differ based on
habitats as well as geographic localities. The life cycle of
EPNs comprises of three development stages, the egg stage,
the larval stage and the adult stage. It lasts for approximately
5 to 10 days during which the larva develops through four
stages. The duration of the life cycle is influenced by various
factors such as temperature, bacterial symbionts as well as
the ability to suppress the insect host immunity.

Steinernematidae and Heterorhabditidae

The Steinernematidae and Heterorhabditidae are the most
common nematode families in the class Chromadorea (order
Rhabditida). They have been widely studied for use as biologi-
cal control agents against insects, including agricultural pests.
They all follow a similar life cycle that includes a symbiotic

Figure 1. Steinernema species, "bursting” out from a potato tuber
moth pupa as infective juveniles. Magnification 40X (Photo: Nozi-
busiso Maphumulo).
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relationship with bacteria. Steinernema species (Fig. 1) are
associated with bacteria from the Xenorhabdis genus, where-
as the Heterorhabditis nematodes (Fig. 2) are associated with
bacteria from the Photorhabdis genus. The infective juveniles
(IJs) of the EPNSs utilise the natural openings of the larvae and
discharge their symbiotic bacteria once inside the hemocoel
of the insect, causing bacterial septicemia. The insect usually
dies within 24-48 hours after infection. The dead insect and
the bacteria then become a source of nutrients for the nema-
todes during their reproductive stage. When this necrotic
phase is over, due to nutrient deficiency, the last infectious
juvenile stage (L3) nematodes re-associate with the relevant
symbiotic bacteria and then exit the dead larvae as free-living
infective juveniles to look for a new insect host.

In South Africa, EPNs in these two genera have been studied
for their use as biopesticides against a wide range of insect
pests (Table 1). EPNs are valuable biological control agents
because they have fast lethal activity, are non-toxic to animals
and humans, compatible with insecticides (can be used to-
gether) and they are easy to produce. They can be applied
using standard pesticide equipment without the need to use
personal protective equipment. A major shortcoming of insec-
ticides, e.g. the development of resistance in insects, is un-
likely when using EPNs to control insect pests. However,
there are limitations in the application of the EPN-based bio
pesticides such as temperature, relative humidity and ultravio-
let radiation. To counter the negative effects of these limita-
tions, studies are being conducted in South Africa to improve
the application methods.

Mermithidae

Mermithidae is a family of nematodes within the class Eno-
plea (order Mermithida). These nematodes are known for their
parasitic relationships with various invertebrates, particularly
insects. They can therefore also be considered as EPNs.
They are, however, distinctively different from other EPNs due
to their much larger size. The post-parasitic juveniles' range
between 10—100 mm, but can grow much bigger in their adult
stages. They exhibit a life cycle that includes both a parasitic
juvenile stage and a free-living adult stage. Unlike EPNs in
other families, mermithid nematodes do not utilise symbiotic
bacteria to aid in their life cycle. Mermithid nematodes are
obligatory parasites - they cannot complete their life cycle
without an insect host. The infective juveniles enter the hemo-
coel of the host by direct penetration, or by the ingestion of
the eggs or encysted juveniles by the insect. The parasitic
juvenile moults once inside the host and then exits as a post-
parasitic juvenile. Before exiting, the mermithid nematode

Figure 2. Heterorhabditis species, infective juveniles "bursting" out
from potato tuber moth fourth instar larvae. Magnification 40X (Photo:
Nozibusiso Maphumulo).

induces water-seeking behaviour in their host as they need
moist environments or water to survive outside their host. It
usually kills the host at the time of exiting. Some species,
however, do not kill the host immediately after emergence;
sometimes the host may live for another day or two. Although
mermithid nematode species are highly host-specific, they
have been found to infect various insect groups, e.g. mosqui-
toes, caterpillars and grasshoppers and other invertebrates,
for examples, slugs. There is limited literature on the use of
mermithid nematodes in pest control. However, some studies
in Africa indicated that they may have potential as biological
control agents of important insects including agricultural
pests, e.g. in Kenya and Senegal studies have been conduct-
ed to evaluate the efficacy of Romanonermis culcivorax mer-
mithid nematodes against different mosquito species. In Togo,
they evaluated the efficacy of Ovomermis sinensis against fall
armyworm.

Conclusion

Entomopathogenic nematodes carry a huge potential as bio-
logical control agents against agricultural pests. However,
more research still needs to be conducted to explore their full
potential and to produce formulations in which they can act as
effective bio pesticides.

Contact: Ms Nozibusiso Maphumulo at
maphumulon@arc.agric.za

Table 1: Entomopathogenic nematode species in the Steinernema and Heterorhabditis genera that have been described from

South Africa with the potential as biological control agents

Genus Species

Steinernema

S. khoisanae Nguyen, Malan & Gozel, 2006

S. nguyeni Malan, Knoetze & Tiedt, 2016

S. yirgalemense Nguyen,Tesfamariam, Gozel, Gaugler & Adams, 2004
S. citrae Stokwe, Malan, Nguyen, Knoetze & Tiedt, 2011

S. innovation Cimen, Lee, Hatting, Hazir & Stock, 2014

S. jeffreyense Malan, Knoetze, Tiedt 2015

S. fabii Abate, Malan, Tiedt, Wingdfield, Slippers & Hurley, 2016

S. sacchari Ntengha, Knoetze, Berry & Tiedt, 2014

S. tophus Cimen, Lee, Hatting, Hazir & Stock, 2014

H. bacteriophora Poinar, 1976

Heterorhabditis H. zealandica Poinar, 1990

H. safricana Malan, Nguyen, De Waal & Tiedt, 2008
H. noenieputensis Malan, Knoetze & Tiedt, 2012
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Identification of Powdery Mildew on cultivated crops in South Africa

Compiled by Thobeka Mzimela, Juanita Engelbrecht and Elsie Cruywagen

Powdery mildews are a large group of obligate fungi that re-
quire living host plants to complete their life cycle. They pose
a significant challenge in agriculture and horticulture, causing
serious damage to economically important crops, including
cereals, vegetables, and ornamentals. They are characterised
by the presence of whitish to greyish spots on leaves that
later become coalesce and can eventually spread across the
entire leaf surface. The initial visible symptoms typically ap-
pear on the adaxial surface of the leaves, but they can also
spread to the abaxial surfaces, stems, petioles, flowers and
fruits. Infected leaves exhibit decreased photosynthetic activi-
ty leading to symptoms such as leaf curling, chlorosis, stunted
growth, and early senescence, ultimately resulting in reduced
yield and quality of harvested produce.

These pathogens thrive in moderate temperatures of 15-25°C
and humid conditions, making them particularly problematic in
areas with mild, moist climates. Powdery mildews are highly
host-specific, with some infecting only a single plant species
or closely related groups within the same host family. For
example, Podosphaera xanthii infects cucurbit crops, such as
cucumbers, pumpkins, melons, and squash, while Erysiphe
betae affects spinach, beetroot, sugar beet and other leafy
greens.

In South Africa, the rapid spread of powdery mildew in culti-
vated lands have heightened interest in studying these fungi.
However, challenges arise from their obligate nature, which
makes them unculturable on artificial media, complicating
laboratory analyses. With the support from the Department of
Agriculture (DoA), a new research initiative is now focusing
on identifying and characterising powdery mildew species on
various plant species. Samples from crops such as Swiss

Y -

Cucumber (left) and gem squash (right) infected with powdery mil-
dew.

chard, beetroot, cabbage, pumpkin, carrots, hemp, mint, cu-
cumber and gem squash have been collected and identified.
From these samples we have identified various Erysiphe,
Golovinomyces and Podosphaera spp. which cause signifi-
cant crop damage. Currently we have a MSc project under-
way to characterize Erysiphe species. Therefore, the ARC-
VIMP welcomes more samples. If anyone has observed pow-
dery mildew on fruit or leafy vegetables, please get in touch
with us.

Contact: Dr Elsie Cruywagen at
CruywagenEM@arc.agric.za or Dr Juanita Engelbrecht at
EngelbrechtJ@arc.agric.za

The Vision for Adapted Crops and Soils (VACS) - Flagshipping and highlight-
ing the ARC

Compiled by Prof Abe Shegro Gerrano

The United States (US) Department of State launched the
Vision for Adapted Crops and Soils (VACS) Movement with
the African Union and the United Union (UN) Food and Agri-
culture Organisation (FAO) to foster resilient agrifood sys-
tems across Africa. The initiative focused on boosting crop
productivity, improving nutrition through diverse, climate-
resilient cropping systems, building healthy soils, and
strengthening researcher capacities. Within this framework,
USAID partnered with the Maize and Wheat Improvement
Center (CIMMYT) to implement the VACS Capacity activity,
which aims to support African breeding programmes and
research professionals.

Prof Abe Shegro Gerrano was identified as a potential re-
search scientist of the Agricultural Research Council (ARC)
of South Africa, leading the underutilized crops breeding
research programmes. Additionally, he was also identified as
a visiting research scholar scientist of the Montana State
University in the USA by the CIMMYT Consultative Group for
International Agricultural Research (CGIAR), the US Depart-

ment of State office of the Special Envoy for Global Food
Security and the Johns Hopkins University’s School of Ad-
vanced International Studies as the Feed the Future Vision
VACS fellow. Prof Gerrano attended an important two-day
workshop during 10-11 October 2024 in Washington D.C.,
USA, where the breakout sessions on the future of opportuni-
ty crops (underutilized and under researched crops) and
World Café sessions provided the opportunity for the partici-
pants to identify critical research gaps in Africa and globally.
Opportunities for participants served as authors on an op-ed
that focused on the status of opportunity crops in sub-
Saharan Africa and ex ante impact assessments (modelling)
of the possible impacts that scaling opportunity crops among
smallholder farmers and in local food value chains could have
on environmental, welfare, and nutrition outcomes. The pres-
ence of Prof Gerrano as a research fellow of VACS at an
international level showcased the ARC and its expertise and
ability to conduct research and development at a global level
in the breeding of underutilized and forgotten crops in South
Africa and beyond. Moreover, the workshop was a platform
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Figure 1. Prof Gerrano (right) together with a representative of the
US Department of State, Office of Global Food Security.

for visibility, international recognition and showcasing the
ARC'’s achievements in breeding of underutilized legume and
leafy vegetables. Furthermore, there was also an exchange of
ideas, knowledge and experiences among the participatory
scientists towards improving the scientific status, identification
of future collaboration opportunities with different institutes
and universities. In addition to major presentations and dis-
cussions among the participants, various Round Table ses-
sions were conducted in between each of the presentations to
develop the strategy for the future utilisation of opportunity
crops globally. It was a good opportunity for the ARC to es-
tablish new research partnerships and collaborations with the
International Research Institutes, Industries, Private-public
companies and Universities around the world, including the
US Department of State, Office of Global Food Security US
Department of Agriculture, Agricultural Marketing Service,
FAO, World Bank, Michigan State University and the Sustain-
able Agrifood Systems Programme (SAS) of CIMMYT.

Figure 2. Prof Abe (right) together with a representative of the and
Agriculture Organisation (FAO).

Figure 3. VACS group discussion and strategic planning.

Contact Prof Abe Shegro Gerrano at
agerrano@arc.agric.za

Farmer training: on-farm propagation nursery management on root
and tuber crops in four provinces of South Africa

Compiled by AB Assefa, N Ngobeni, R Marx, Y Hadzhi, M Malebane, NW Mbuma, M Gumede, M Maluleke, T
Bapela, T Magadane, and N Motsa

Seed systems are an integral part of agricultural development
and efforts to achieve food and nutrition security. Developing
the seed sector is critical to improving food and nutrition se-
curity, resilience, and livelihoods of smallholder farmers in
South Africa. Access to quality seeds enhances agricultural
production and productivity through the development and
implementation of efficient and effective national seed laws
and regulations. The seed regulatory narratives focus primari-
ly on the role of the formal seed systems for major cereal
crops, while the importance of the informal seed systems for
a wide range of crops, especially for vegetatively propagated
crops (VPCs), is overlooked. This trend disregards the dis-
tinct biological characteristics of VPCs, limiting farmers’ ac-
cess to high quality planting material and increasing the risk

of pest and disease transmission. For many VPCs, the infor-
mal seed system, in which farmers produce their own seed
and maintain, exchange/share, purchase, and distribute, is
the dominant seed system in most developing countries.

The formal seed system value chain consists of variety de-
velopment, variety registration and release, seed production,
processing, marketing, and distribution of certified seed. In
South Africa, the Agricultural Research Council (ARC), uni-
versities, and private companies carry out crop variety devel-
opment. The Department of Agriculture (DoA) handles varie-
ty registration and release. Private seed companies have
undertaken most of the seed production and processing ac-
tivities, while the South African National Seed Organization
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(SANSOR) is in charge of marketing and distribution of certi-
fied seeds. However, the capacity of the formal seed system
is limited to satisfy the increasing demand for quality planting
material. Integrating the formal and informal seed systems
may improve the production of quality planting material, in-
crease farmers’ access to planting material of improved culti-
vars, reduce the risk of pest and disease transmission, and
improve the rural economy of smallholder farmers.

To this effect, the ARC in collaboration with the DoA initiated
a seed system project that involves farmers in developing on-
farm propagation nurseries to increase access and availabil-
ity of quality seed to growers. Training was organized to de-
velop the capacity of farmers, students, and technicians in
seed production and field nursery management. The objec-
tives of the training were to actively engage farmers in the
multiplication and distribution of quality seeds as a business
venture and to train farmers on the important aspects of qual-
ity seed production, nursery site selection, on-farm nursery
management practices, and enterprise development for
VPCs. Farmers were selected in consultation with the Provin-
cial Department of Agriculture. The selection criteria were
access to resources, such as land, irrigation, and agrochemi-
cals, and commitment to performing farm activities such as
weeding and crop management practices. Priority was given
to those with prior knowledge of the crops, to youth, women,
and those who participated in our previous projects to fast
track the process.

A total of 103 farmers and agricultural officers were trained in
four provinces, namely, Mpumalanga, KwaZulu-Natal, Limpo-
po, and North West. In all the provinces, farmers raised the
issue of a shortage of quality planting material, especially on
VPCs. Most of the VPCs are rarely found in seed-producing
companies, therefore, farmers struggle to obtain planting
material for growing these crops in gardens and fields. Most
farmers mentioned that they are forced to use the same
planting material year after year, posing a risk of harbouring
pests and diseases in their fields. In addition, farmers are
willing to grow cassava; however, they raised their concern
about the lack of processing companies and markets for the
crop. Cassava is not new to South Africa; elderly people re-
call that cassava was a staple crop during their childhood in
the mid-1900s. Through time, farmers abandoned the crop,
and it became obsolete. Farmers stated that there is no de-
mand for consumption in the community. In some places,
Mpumalanga and KwaZulu-Natal (KZN), farmers have

from 13-15 May 2024, and 12 farmers were involved.
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Figure 1. In Mpumalanga, the training was held from 6-8 May 2024 at Mbombela, in which 13 farmers participated, and in Komatipoort, it was held

been trying to process cassava, but they are challenged by a
lack of processing equipment.

Farmers that attended were familiar with all crops, but none
of them was growing potatoes. They are interested in farming
potatoes; however, they did not have access to improved
seeds. They grow cassava and sweet potato for the informal
market and own consumption. However, the market for cas-
sava was a big issue. Farmers mentioned the new cassava
processing plant/factory established at Mjejane and if it was
possible to link growers with the factory. Farmers requested
the ARC to conduct demonstration trials on all three crops
and organize more training on seed systems and product
development.

At KZN, farmers developed various cassava products, such
as tapioca with chill, tapioca with moringa and other products
like moringa tablets for the informal market. They want to tap
into the cassava starch market. However, they need a funder
who can help with the establishment of a factory in KZN and
requested the ARC and the DoA to assist with the funding.

Most of the farmers at Jozini grow sweet potatoes and pota-
toes for both the formal and informal markets, while farmers
at Richards Bay grow cassava and sweet potatoes. Farmers
that grow sweet potatoes are familiar with Blesbok and Ndou.
Access to quality planting material was raised as a big chal-
lenge. KZN is very far from the ARC-VIMP, thus, it is costly
and takes time to obtain planting material from the VIMP.
There is a need to establish a propagation nursery in
Hluhluwe. Farmers requested to get information on potato
seed generations and its effect on yields, where to get early
generations of potato, how to differentiate different varieties
and how to ensure the quality of the seed.

Farmers in Limpopo grow all three crops and they also men-
tioned that they have access to water for irrigation. Farmers
mentioned that there is a market for potato seed and the
price is very high. Mr Clive Khosa, one of the growers, stated
that he planted two hectares of cassava for starch and food.
He also indicated that harvesting of the cassava was going to
occur in July 2024 and he was looking for a suitable market.
They requested the ARC-VIMP to conduct a demonstration
trial on their farm to learn more about seed multiplication and
marketing.

In the North West, farmers have markets for sweet potatoes
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Figure 2. In KwaZulu-Natal, the training was conducted in Mkuzi from 20-21 May 2024 and 12 farmers participated. In Richards Bay, it was held

from 23-24 May 2024, and 18 farmers were involved in the training.

and potatoes, while cassava is a new crop and they do not
have a market yet. They mentioned that they have land and
water, however, they are not able to grow potatoes. The lack
of knowledge, lack of potato seed and funding are the most
important reasons that hinder them from growing potatoes.
Farmers requested the ARC to plant demonstration trials for
training purposes. They also mentioned the need for training
on how to access the available markets and funds.

Cassava growing is also a challenge in this area due to frost.
However, farmers are willing to grow cassava, and a few
farmers mentioned that they have invested in a shade net to
prevent frost damage. Mr Welmore Sithole is a farmer who
plants food cassava for his local market. In Johannesburg,
there is a big market for cassava roots and leaves for the
foreign international community. According to Mr Sithole, this
market still requires more suppliers of cassava roots and
leaves. He wishes to expand his cassava plantation by two
hectares or more. However, the challenge is getting planting
material. He encouraged other farmers to plant food cassava
for this market. As for starch cassava, the market/factory is
not available. Other farmers mentioned that they requested
for funding from the DALRRD to purchase shade nets, so that
they can produce cassava. The personnel at the DALRRD
confirmed that they will fund the initiative for individual farm-
ers, but they emphasised that the farmers should show com-
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mitment by planting the crop prior to funding.

Recommendations

. Strengthen seed production systems through the de-
velopment of a system to produce quality seeds for
VPCs.

o Enhance private and public sector partnerships to
develop a cassava crop value chain.

o Establish an effective working relationship among the

value chain actors to enhance the development of
quality seed production and assurance systems.

o The value chain should therefore involve smallholder
farmers by distributing better-quality planting material,
implementing intensive production and establishing
community-based primary processing systems.

° Integrate farmers in the seed multiplication enterprise
development to enhance economic participation and
to provide more support for farmers to increase their
agricultural output.

. Tailor made training should be given to farmers to
help them in product development, marketing and
distribution of their products.

Contact: Dr Amelework Assefa at assefaa@arc.agric.za
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Figure 3. In Limpopo, the training was held from 18-19 June 2024 20-21 June 2024 in Tzaneen and Thohoyandou, respectively. In both loca-

tions15 farmers participated.
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International Conference on Legume Genetics and Genomics

Compiled by Prof Abe Shegro Gerrano

The 11" International Conference on Legume Genetics and
Genomics was held from 30™ September to 3™ October 2024
at the Brisbane Convention and Exhibition Centre in Queens-
land, Australia. The delegates of the conference shared the
results of their latest work, providing new insights into the
amazing world of legume biology, while helping to chart a path
to legume improvement for food security without environmen-
tal harm. Advances in nutritional quality, breeding, structural
genomics and functional genomics of legume evolution, devel-
opment, beneficial symbioses, plant defence against patho-
gens and pests, plant tolerance to abiotic stress and plant
metabolism were presented. Furthermore, recent develop-
ments in pan-genomics have opened the door to greater ap-
preciation of the genetic diversity within and between species,
which was also highlighted at this conference.

More than 500 international scientists and experts represent-
ing different national and international institutions, universities,
research institutions, private companies, donors, etc., partici-
pated in the Congress. It was a good opportunity for plant
breeders, researchers, students, private companies, as well
as national agriculture policy makers to share their knowledge
and discuss their research findings and recent achievements.
Such interactions will help in preparing strategies and partner-
ships to tackle future challenges in R&D for the African conti-
nent and opens up opportunities for potential collaborative
actions. The event significantly contributed to the promotion of

Figure 1. Oral presentation by Prof Abe Gerrano.

international collaborations in basic, fundamental, applied and
strategic research areas, particularly in the field of legume
research and improvement, as well as production.

Prof Abe Gerrano attended and delivered an oral presentation
(Fig. 1) on underutilized legume crop research and develop-
ment. In addition, the ARC scientist networked with interna-
tional partners for potential future collaboration, especially in
germplasm exchange and writing of grant project proposals.
The Conference was a good opportunity for knowledge and
experience sharing with scientists from across the world. The
scientific presentation further showcased the ARC and its
expertise and ability to conduct research and development at
a global level in legume breeding programs. Moreover, the
conference was a platform for visibility, international recogni-
tion and showcasing the ARC’s achievements in legume and
leafy vegetables breeding. Prof Gerrano had intensive discus-
sions with Dr Yukiko Naruoka, Director of Pulse Research and
Seed Management (USA) (Fig. 2a) on the future collaboration
on pulses crop research with the African continent and partic-
ularly with South Africa. He also met Dr Jose Barrero
Sanchez, CSIRO (Australia) (Fig. 2b) who currently has re-
search collaboration in Ghana on cowpea breeding, for possi-
ble collaboration.

Contact Prof Abe Shegro Gerrano at
agerrano@arc.agric.za

Figure 2 (a) Dr Yukiko Naruoka, Director of Pulse Research and
Seed Management (USA) and Prof Abe Gerrano (ARC), (b) Prof
Gerrano (ARC) (left) and Dr Jose Barrero Sanchez, CSIRO
(Australia) (right).

Boost for South Africa’s Plant Breeding Skills

Compiled by Prof Abe Shegro Gerrano

Dr Mbali Gumede celebrated the accomplishment of her PhD and graduated on 17 September
2024. She worked on underutilized crop species of cowpea and investigated how to genetically
enhance the traits of the crop to improve yield, adaptability and nutritional quality for sustainable
food and nutritional security. Prof Abe Shegro Gerrano at the Agricultural Research Council
(ARC) and Prof T. Mabhaudhi from the University of KwaZulu Natal supervised Dr Mbali
Gumede. The title of her study was “Develop breeding populations of cowpea through targeted
crosses of genetically divergent, high yielding and nutritionally enhanced genotypes to determine
heterosis, general combining ability (GCA) and specific combining ability (SCA)”. This required
crosses with selected superior parents followed by progeny evaluations in at least two sites,
which were completed successfully. Currently, Dr Mbali Gumede is employed at the ARC-VIMP
campus as a researcher in the Leguminous, Leafy and Fruit Vegetables (LLFV) Division. She
published her findings, and some papers are under the review process by high impact journals.




