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The role of climate-resilient indigenous food 

crops on gut microbiota 
 

Compiled by Nqubeko Nxumalo, Lodama Kafua, Ntotozo Dladla, Halalisani 

Mbatha Madimetja Kekana, Mariette Truter and Beverly Mampholo  

Food insecurity is a complex issue that de-

mands multifaced solutions that must ad-

dress both the daily calorie requirements, as 

well as the nutritional requirements. There-

fore, efforts are being made to promote food 

security across the continent to address 

persistent poverty, malnutrition, and in-

creased prevalence of diet-related chronic 

diseases, particularly among rural communi-

ties. Indigenous food crops are increasingly 

being identified as an important part of the 

recommended diverse food basket as these 

crops are generally climate-resilient and 

nutrient dense. Indigenous food crops are 

important sources of essential micronutri-

ents with protective health benefits for hu-

man nutrition security and potentially con-

tributing to healthy gut microbiota.  

 

The agronomy team of the Leguminous, 

Leafy and Fruit Vegetable Division of the 

Agricultural Research Council-Vegetable, 

Industrial and Medicinal Plants (ARC-VIMP) 

is part of the consortium for the “Food and 

Microbiota in Africa” (FAMA) project led by 

the French Agricultural Research Centre for 

International Development (CIRAD), which 

aims to coordinate interventions on the role 

of indigenous food crops and traditional Afri-

can foods for their benefit in improving gut 

microbiota and ensuring that nutrient dense 

food is accessible to the broader society in 

sub-Saharan Africa. The ARC-VIMP focus-

ses on indigenous crop production, while 

other consortium members focus on the 

effect of indigenous food crops on the gut 

micribiota and comparing the gut microbiota 

between two communities, each in the Kwa-

Zulu-Natal and Eastern Cape Provinces.  

 

The ARC-VIMP team conducted fieldwork in 

Obanjeni, KwaZulu-Natal Province, and 

Madiba, Eastern Cape Province, during Feb-

ruary and March 2025. The team sampled 

farmers and farming communities to explore 

the traditional African foods they consume 

and indigenous crops they grow in their re-

spective regions, as well as the challenges 

associated with producing such crops. The 

participants were selected based on their 

background knowledge on the production 

and consumption of traditional African foods.  

 

The project is ongoing and to encourage the 

use of indigenous crops, the team continues 
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to work with farmers in the KwaZulu-Natal and the Eastern 

Cape Provinces to collect and analyse data. Following the 

selection of farmers in both provinces, the project's next 

phase involves field verification, training farmers in the pro-

duction, handling, and agro-processing of indigenous crops, 

The potential of Moringa oleifera in combating food and feed  
insecurity 

 

Compiled by Nonkululeko Mkhize, Ebrahiema Arendse, Patrick Nyambo, Nqobile Masondo and Stephen 

Amoo  

Moringa oleifera, once an overlooked backyard plant com-

monly used as a fence, a windbreak or as traditional medi-

cine in some regions, has emerged as a powerhouse in the 

food and feed industry. The remarkable nutritional and me-

dicinal benefits of moringa have captured the attention of 

researchers, policymakers, farmers, and health-conscious 

consumers as a potential solution to combat food and feed 

insecurity, malnutrition, and agricultural challenges exacer-

bated by population growth, climate change, and limited graz-

ing land for livestock. 

 

Various parts of the moringa tree, including the leaves, 

seeds, stems, and flowers, can be used as edible, nutritious 

sources (Fig.1) (Hamza et al., 2017). They are rich in essen-

tial minerals, proteins, and vitamins, along with beneficial 

bioactive compounds. For instance, leaves which are the 

storehouse of nutrients are mostly used as food, commonly 

cooked like spinach, and it can also be processed into pow-

der that can be added as a dietary supplement into soups 

and sauces (Gloveramengor and Mensah, 2012; Liu et al., 

2018). The immature pods are eaten raw, and the mature 

ones are cooked as a substitute for beans (Liu et al., 2018). 

Beyond human consumption, moringa has gained significant 

recognition in livestock nutrition. Studies show that when 

ruminants consume moringa leaves, stems and pods, there is 

a notable increase in weight gain, milk yield, and milk quality 

(Mendieta-Araica et al., 2011). 

 

Recognizing the potential of this multipurpose tree, the Agri-

cultural Research Council (ARC) and other institutions are 

conducting extensive research on moringa crop production 

Dr Lodama Kafua (left) from the 

ARC-VIMP and Dr Arlené Alpha 

(middle back) co-ordinator from 

CIRAD, together with farmers 

during a farm visit in Obanjeni, 

KwaZulu-Natal Province.  

Figure 1. Moringa plant parts:(A) leaves, (B) stems, (C) flowers, and 

(D) seeds. 

and linking them to reliable local markets, thus improving 

household income and food availability. 

 

Contact: Dr Mariette Truter at TruterM@arc.agric.za or  

Dr Lodama Kafua at Lodamakm@arc.agric.za 
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and agro-processing to address malnutrition, food security, 

and climate-resilient agriculture. Through funding from the 

Water Research Commission, the ARC has investigated 

moringa's water use efficiency, and water productivity under 

different crop management practices (Araya et al., 2024). 

Additionally, a review by Mashamaite et al. (2021) highlights 

the growing interest in moringa research within South Africa, 

involving contributions from farmers, researchers, and gov-

ernment agencies. 

 

Agro-processing initiatives at the ARC-Vegetable, Industrial 

and Medicinal Plants (VIMP) campus have further boosted 

moringa’s value chain by developing various value-added 

products such as tea bags, moringa-infused iced tea, and 

moringa-based supplements (Fig. 2). These products are 

backed by rigorous research on cultivation practices, chemi-

cal composition, and their potential applications in the food 

and health industries. Moringa is proving to be an invaluable 

resource in addressing food and feed security concerns, par-

ticularly in climate-vulnerable regions. With continued re-

search and investment, this versatile plant holds the potential 

to improve nutrition, support sustainable agriculture, and en-

hance livestock production. 
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Figure 2. Value-added moringa products from the Agricultural Research Council-Vegetable, Industrial and Medicinal Plants: (A) moringa tea 

bags, (B) moringa iced tea, and (C) moringa capsules.  

Knowledge sharing of DIVAGRI technologies with farmers in Kwa-
Ndaba, KwaZulu-Natal 

 

Compiled by Hunadi Chaba, Samuel Molikoe, Abram Nkuna, Mariette Truter and Hintsa Araya  

The ARC forms part of a consortium of 21 European and 

African research and development organizations that are 

driving revenue diversification pathways in Africa through bio-

based, circular Agricultural Innovations (DIVAGRI) projects. 

This project aims to adapt biotechnologies to African condi-

tions, optimizing local resources, converting waste into usa-

ble products, and enhancing the viability and productivity of 

smallholders by creating business opportunities. The project 

has initiated seven bio-based technologies at 11 pilot sites 

and, subsequently, provided them to farmers at 15 demon-

stration sites across five African countries, including Namibia, 

South Africa, Botswana, Ghana, and Mozambique.  

The DIVAGRI project implementation consists of different 

phases, with the first phase focusing on implementing the 

technologies at the pilot sites and the second phase involving 

rolling out the technologies to farmers' sites. The ARC-VIMP 

was selected as the pilot site to establish DIVAGRI technolo-

gies, with a farmer field demonstration site located at Kwa-

Ndaba in the northern part of the KwaZulu-Natal (KZN) Prov-

ince, South Africa. To facilitate the adoption of the technolo-

gies, the team organized an information dissemination and 

stakeholder engagement day that took place on the 25th and 

26th March 2025. The event was attended by 72 participants 
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over two days, including women, youth, elderly individuals, 

and high school students, at Kwa-Ndaba. It focused on the 

SLECI irrigation system, intercropping, biochar, mushrooms, 

biogas, and the black soldier fly, resulting in positive buy-in of 

the DIVAGRI technologies by the community (Fig. 1).  

2020). Selecting and optimizing pyrolysis conditions are cru-

cial for producing customized biochar products that meet the 

needs of both agriculture and industry. Some of the ad-

vantages of biochar include decreasing soil acidity, retaining 

water and nutrients, removing unwanted contaminants, 

providing a habitat for beneficial soil organisms to thrive in, 

contributing to carbon sequestration, assisting in the remedi-

ation of contaminated soils and water, and improving soil 

structure. 

 

Additionally, information was shared on the black soldier flies 

(BSF). These insects efficiently break down organic waste 

into nutrient-rich larvae, which are used as livestock feed, 

while minimizing methane emissions and reducing the 

amount of waste sent to landfills, offering an appealing, envi-

ronmentally friendly alternative to traditional methods. Meal-

worms, common houseflies, and BSF are currently some of 

the most extensively studied insects in organic waste conver-

sion and could serve as alternative protein sources for animal 

feed (Van Huis et al., 2020). The larvae of these insects, par-

ticularly BSF, are voracious eaters of decaying organic mat-

ter, hence they have been successfully used to reduce waste 

streams, including livestock (chicken, cow, swine, etc.) ma-

nure, human excreta, poultry slaughterhouse waste, mill by-

products, food waste, fruit and vegetable waste, as well as 

palm oil industry waste. 

 

Farmers’ days are essential for fostering good engagement 

between agricultural officials and smallholder farmers, as 

At the demonstration site, maize was intercropped with litchi 

fruit trees using two different irrigation systems: standard drip 

irrigation and the SLECI irrigation system (Figs. 2 & 3). The 

“SLECI” technology (Self-regulating, Low Energy, Clay-based 

Irrigation) is an innovative clay-based micro-irrigation system 

that shows significant potential in providing plant roots with 

an efficient water supply, increasing crop production while 

saving water and energy by utilizing the actual suction force 

of the surrounding soil to regulate the water release of the 

system (Malchev et al., 2022). The SLECI irrigation ensures: 

the timely operation of field activities, increased crop produc-

tivity, energy and labour savings, cost savings on irrigation 

infrastructure, the establishment of healthy and resilient farm-

ing systems, diversified incomes, significant water (80%) and 

time (20%) savings, financial gains and commercial opportu-

nities for small-scale farmers and avails business opportuni-

ties for SLECI production and marketing. 

Figure 1. Training session with farmers underway in Kwa-Ndaba, 

KwaZulu-Natal.  

Figure 2. Demonstration site farmer participating in installing the 

SLECI, drip irrigation system, and pre-planting organic fertilizer appli-

cations. 

Figure 3. Intercropping of maize and litchi fruit trees at the demon-

stration-site (Kwa-Ndaba), using drip irrigation and the SLECI irriga-

tion system. 

Figure 4. Farmers and high school pupils were shown how to burn 

and use the biochar for soil enhancement. 

During training, participants were informed on how to prepare 

and utilize biochar. Biochar is a processed form of plant mat-

ter that is rich in carbon and resembles charcoal. It is pro-

duced by burning biomass in a low-oxygen environment 

through a process known as pyrolysis (Fig. 4). Biochar is 

used in soil to enhance crop growth and can help mitigate 

climate change by safely storing carbon (Lustosa et al., 
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they receive valuable information that will help them grow in 

the farming sector. The engagement was successful, as 

farmers were pleased to see the benefits of DIVAGRI tech-

nologies and the role they can play in enhancing their liveli-

Overview of the onion industry 

Onion (Allium cepa L.) is one of the most widely cultivated 

vegetables in the world, with a total annual production of 

111.3 million tons of dry bulbs produced on six million hec-

tares (FAOSTAT, 2024). It is a valuable culinary vegetable 

grown for its pungent bulbs and flavorful leaves. Onion is a 

key ingredient in many African sauces and provide important 

nutrients such as vitamins, minerals and proteins. Additional-

ly, onions can be used for medicinal purposes as they are 

rich in phytochemicals that have therapeutic properties such 

as flavonoids and polyphenols. 

 

In South Africa, onion is the third largest cultivated vegetable 

following potato and tomato, with an annual production of 737 

million tons in 2023 (DALRRD, 2024). The value of the indus-

try is estimated to exceed R2.5 billion (DALRRD, 2021). The 

production of onion is highly influenced by environmental 

factors such as temperature and photoperiod. Onion varieties 

are classified into three groups, viz., short-day, intermediate-

day, and long-day, based on the photoperiodic (day-length) 

requirements. In South Africa, onion production is limited to 

short-day and intermediate-day cultivars, divided by the lati-

tude of 28°28’45.35” S (around Kimberley). The most suitable 

areas for their production are the Western Cape (at Ceres), 

the Northern Cape, the North West, Limpopo, and the Free 

State Provinces. The onion bulb exports are primarily des-

tined for African countries, including Mozambique, Angola, 

Botswana, Zambia, Eswatini, Namibia, Lesotho, and other 

countries such as the United Kingdom and the Netherlands 

(DALRRD, 2021). 

 

Onion seed production  

As a biennial crop, onions grow over two seasons to produce 

seeds. In the first season, onion plants form bulbs, and the 

season ends when the leaves senesce, and the bulbs enter a 

dormancy phase (Fig. 1). Bulb formation and subsequent 

growth are influenced by temperature and photoperiod, with 

day-lengths of 10-12 hours and high temperatures of 25-27 °

C promoting bulb development. 

 

Figure 5. Farmers being trained on black soldier flies and their 

importance. 

Historical view on onion breeding in South Africa and scope to ad-
dress the needs of smallholder farmers 

 

Compiled by Mantshiuwa Lephuthing, Amelework Assefa, Sunette Laurie and Karabo Khiba 

Figure 1. Season one entails the production of bulbs from seeds. 

hoods, including increased yields, water savings, waste re-

cycling, improved soil quality, and better water retention. 
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In the second season, the bulbs end their dormancy, and the 

roots and leaves start to regrow. At this phase, the vegetative 

plants or bulbs require exposure to low temperatures (5-13 °

C) to initiate flowering. Flowers are pollinated by insects to 

produce seeds (Fig. 2). Onion is a highly cross-pollinated 

vegetable, and the pollinators include honeybees, flies, 

wasps, etc. However, honeybees are considered the primary 

pollinators due to their abundance and efficiency, foraging 

consistency behaviour and their ability to be managed in 

large agricultural systems, and thus, they are used in com-

mercial seed production (Khalifa et al., 2021). 

 

History of onion breeding and variety development 

(Period: 1947 – 1999) 

Onion varieties were mainly open pollinated (i.e., plants natu-

rally pollinated by birds, insects or wind) until 1925 when cy-

toplasmic male sterility (CMS) was discovered in the Italian 

Red variety. The open pollinated varieties provided little ge-

netic and market protection for seed companies because the 

growers could save the seeds for future use, or another seed 

company could sell them under a different variety name 

(Cramer, 2001). To protect the seed companies, the discov-

ery of CMS resulted in the development of F1 hybrid varieties, 

which could not be reproduced without the original inbred 

parents. 

 

Onion breeding at the Agricultural Research Council-

Vegetable, Industrial and Medicinal Plants (ARC-VIMP) start-

ed in 1947, with the aim to develop well adapted, improved 

open pollinated short-day onion varieties in the former Trans-

vaal. The targeted traits were early maturity, low percentage 

of bolters and split bulbs, uniformity in size, shape and col-

our, resistance to diseases and good yielding capacity. In the 

early 1950s, the seed of an improved strain of Texas Grano, 

which had been selected at Roodeplaat, was made available 

to the seed trade (Joubert, 1956). The first open pollinated 

short-day onion varieties (Pyramid, Sphinx and Bon Accord) 

with high quality and yield were released in South Africa in 

1968. Pyramid became the most important short-day variety 

in the summer rainfall region. In 1970, a white onion variety, 

Alba (bred from Sphinx), with a high dry matter content and 

suitable for dehydration, was released. Another white onion 

variety, Atjar, bred for pickling and for use in the production of 

chutney was released in 1971 (ARC-VIMP, 2013). 

 

Similarly, a breeding programme for intermediate-day onions 

was running at Elsenburg since 1972. The programme re-

leased the intermediate-day variety Roël in 1988. In 1992, 

varieties Rion-1, Rion-2, Rion-3 and Rion-4 were released, 

with good keeping quality, resistance to handling, bulb quality 

and uniformity. During the 1970s, the short-day varieties 

available in South Africa produced poor quality bulbs with 

poor storage shelf life. Thus, better quality short-day onion 

varieties were needed to compete with the intermediate day 

onion industry and for possible export. The short-day and 

intermediate-day lines were crossed; selections were done at 

Roodeplaat for short-day adaptability (no bolting and split-

ting). As a result, the open pollinated short-day variety Radi-

um was released in 1987. Radium was a large improvement 

on the other short-day cultivars due to bulb firmness, uni-

formity and multiple bulb scales (ARC-VIMP, 2013). The vari-

ety played an important role at that time until it was displaced 

by F1 hybrid varieties. Open-pollinated lines are developed 

through recurrent selection. This entails subsequent cycles 

each consisting of a generation of selection and inbreeding, 

followed by a generation of outbreeding until the desired 

product is obtained. 

 

Breeding of male-sterile and maintainer lines for both day 

lengths was initiated during the early 1980s, with the objec-

tive of selecting against bolting and splitting, as well as the 

introgression of disease resistance genes. At Roodeplaat, 

male sterile and the corresponding maintainer lines from 

short-day by intermediate day crosses were developed with 

multiple bulb scales, high bulb firmness and uniformity with 

adaptation to local conditions, with parentage such as Aus-

tralian Brown, a Beltsville line, Roël and Caledon Globe. Like-

wise, short-day male sterile lines were developed from Radi-

um, Pyramid and Hojem parentage. The male sterile lines 

were made available to the commercial seed companies on 

contract for F1 hybrid production from 1992 in the hope to 

produce better adapted short day F1 hybrids with a good stor-

age life that can be made available to the seed trade in South 

Africa, since at that time many of the imported F1 hybrids 

were expensive, had a short shelf life and were often poorly 

adapted. The hybrid seed production in onions uses three-

line systems (A, B, and C) to develop male sterile lines (A-

line). The A-line is a male sterile line, used as a female par-

ent. The B-line is a maintainer line, used to maintain the A-

line’s male sterility, and the C-line is a male fertile line, used 

for pollination with the A-line to produce hybrid seeds. A male 

sterile line (A-line) is crossed with a pollen producing line (C-

line) to produce an F1 hybrid. The F1 hybrid seeds are har-

vested from the female parent, the male sterile line (A-line). 

Many different F1 hybrids can be made by combining a single 

male sterile line with different pollen parents. Both male ster-

ile- and maintainer-lines (B-line) have the same nuclear 

genes, designated msms to denote the homozygous reces-

siveness that causes sterility in combination with a cytoplas-

mic factor designated S. The A-line has the factor for sterility 

S in its cytoplasm, while the B-line has the factor N for fertili-

ty. 

 

New developments (Period: 2000 – 2024) 

In the early 2000s, South African commercial breeding pro-

grammes started to improve the quality of bulbs (globe 

shape, number of scales, and firmness), adaptability and 

yield for the South African market through the introduction of 

Cavalier varieties from Australia. The ultimate development 

of early-, mid- and late short-day varieties made it possible 

Figure 2. Season two involves the production of seeds from bulbs. 
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for growers in the northern region of South Africa to plant 

from as early as February through to May. So far, many vari-

eties, for example Cristalina, Copperhead, Camilla, Early 

Gold, Hanna, Chelsea, have been released throughout the 

years by different companies in South Africa, with improve-

ments ranging from early maturation to bulb sizes, to disease 

resistance, good bolting tolerance, and adaptability.  

 

At Roodeplaat, the program focused on the maintenance of 

the male sterile lines for marketing to commercial companies, 

as well as the development of test F1 hybrids. By 2007, 11 

test hybrids were being evaluated by four commercial seed 

companies. However, some of these were found to have too 

long maturity periods compared to imported F1 hybrid varie-

ties. The intermediate-day programme at Elsenburg was sus-

pended by 2000 due to a lack of funding. 

 

Molecular marker-assisted breeding was incorporated in at 

the ARC programme in 2014 to facilitate the identification of 

male sterility and maintainer genotypes in onion parental 

lines, and to accelerate the recovery of male sterile-

maintainer parental lines. At that time, the only way to ensure 

that maintainer-line plants were true-to-type was by test 

crossing. A minimum of 10 B-line plants were crossed with 10 

male sterile plants that have been identified as such during 

flowering. The seed was harvested from each plant separate-

ly. Then bulbs had to be produced, stored until they were 

planted for seed production and finally identify which crosses 

produce 100% male sterile progeny at flowering time. This 

modern breeding strategy was successful in reducing the 

time to identify the male sterile and maintainer genotypes 

from two years to one month (Gazendam et al., 2018). 

 

Challenges faced by smallholder farmers in South Africa 

For centuries, smallholder farmers (SHF) in South Africa 

have been growing indigenous crops in their homesteads 

under rainfed conditions. Moreover, farmers face various 

challenges posed by erratic weather patterns such as heat 

waves, recurrent droughts, poor soil fertility and emergence 

of destructive crop pests and diseases. Hence, crop yields 

are generally very low compared to their known potential. In 

addition to natural calamities, the lack of affordable technolo-

gies that would have improved soil fertility, pest and disease 

control, weed management, and a lack of drought tolerant 

varieties, lead to low productivity. As a result, most SHF have 

been trapped within subsistence agriculture, with no or mini-

mal orientation towards the market. The onion industry in 

South Africa contributes significantly to the economy through 

both domestic and international trade. Therefore, for the SHF 

sector to play an important role in the economy, the agricul-

tural sector needs to give emphasis to high market value 

crops, such as commercial vegetables, including onions. 

These vegetables are mainly grown for their cash value in 

domestic and export markets. 

 

Over 80% of the onions consumed in most of Sub-Saharan 

Africa are grown from imported seed. Almost all the onion 

breeding activities have been conducted by private seed 

companies and the majority of the varieties on the market are 

hybrids, most of which are imported. Due to the high seed 

price and input requirements of the hybrid varieties, SHF are 

not profiting from the available technologies. Smallholder 

farmers are further not able to afford purchasing seed of im-

proved F1 hybrid cultivars. Converting the ARC onion breed-

ing programme to focus on the development of open-

pollinated varieties (OPV) will be of great value to local small-

holder farmers. 

 

Advantages of open pollinated varieties  

The development of OPV is more prevalent in developing 

countries due to efforts to reduce the high reliance on hybrid 

varieties. The OPV seeds are more cost-effective than hybrid 

seeds, making them more accessible for low-income farmers. 

The farmer can keep part of the crop (bulbs) and plant them 

in the next season for seed production. They require less 

inputs such as fertilizers and pesticides. The OPV have a 

wider genetic diversity and may flower at different times. This 

may result in longer flowering periods that will allow OPV to 

pollinate during short periods of high stress (for example 

moisture stress, temperature, etc), and the variation of OPV 

may sometimes produce more stable yields than hybrids that 

flower more uniformly. In addition, OPVs naturally have more 

genetic diversity than F1 hybrids, which are bred for specific 

traits. This variation can help plants adapt to changing envi-

ronmental conditions and resist diseases (Cramer, 2001). 

Reducing dependency on imported hybrid seeds and devel-

oping OPV seeds adapted to the local environment offers 

opportunities to alleviate poverty in disadvantaged regions. 

 

A new direction for the ARC onion breeding programme 

Efforts geared towards improving and promoting production 

must be integrated into the overall development of the onion 

value chain. Through a DoA funded project, the ARC-VIMP 

plans to play a role in promoting SHF vegetable production 

by developing improved open-pollinated onion varieties with 

minimal input requirements, while providing training and tech-

nical assistance. The overall aims of this project are to im-

prove food and nutrition security, income levels and liveli-

hoods of SHF through the development of onion varieties 

(new high-yielding hybrids and adapted open pollinated varie-

ties) with the desired market traits. This will be realized by 

designing a productive and sustainable onion breeding pro-

gramme through evaluation, conservation and utilization of 

germplasm using plant breeding approaches. 
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Underutilized crops and medicinal plants play a significant 

role in food security and providing income for smallholder 

farmers. Smallholder farmers obtain most of their seeds from 

their neighbours or informal seed markets. These seeds are 

mostly of poor quality and are rarely tested for seedborne 

pathogens. Seed health testing is important to detect the 

presence of seed-borne pathogens. Protocols for seed health 

testing of underutilized crops have not been developed for 

bacterial pathogens.  

 

The study aimed at testing different surface disinfection 

methods for the purpose of detecting seedborne bacterial 

pathogens. Amaranth (Amaranthus spp.), Corchorus 

(Corchorus olitorius), cleome (Cleome gynandra), Bambara 

groundnut (Vigna subterranea), cowpea (Vigna unguiculata), 

and hemp (Cannabis sativa) seeds were sampled from an 

informal market in Marabastad, Pretoria and the ARC-VIMP 

(ongoing research projects). Nine different surface disinfec-

tion treatments of the seed were evaluated, namely: 1) 70% 

ethanol for 5 min and rinsed twice with sterilized distilled wa-

ter; 2) 1% sodium hypochlorite for 5 min and rinsed twice with 

sterilized distilled water; 3) 70% ethanol for 2 min, rinsed 

once with sterilized distilled water, followed by 1% sodium 

hypochlorite for 2 min and rinsed twice with sterilized distilled 

water; 4) 70% ethanol for 5 min, rinsed once with sterilized 

distilled water, followed by 1% sodium hypochlorite for 5 min 

and rinsed twice with sterilized distilled water; 5) 70% ethanol 

for 10 min and rinsed twice with sterilized distilled water; 6) 

1% sodium hypochlorite for 10 min and rinsed twice with ster-

ilized distilled water; 7) 5% hydrogen peroxide for 2 min and 

rinsed twice with sterilized distilled water; 8) 5% hydrogen 

peroxide for 5 min and rinsed twice with sterilized distilled 

water; and 9) 5% hydrogen peroxide for 10 min and rinsed 

twice with sterilized distilled water. After rinsing, the seeds 

were ground with a mortar and pestle, diluted in a dilution 

series and plated on nutrient agar (Fig.1). To determine the 

efficacy of the sterilization, whole seeds were directly placed 

onto nutrient agar and checked for bacterial growth (Figs. 2 

and 3). 

 

The resulting bacterial isolates obtained from surface-

disinfected, contamination-free seeds were purified. DNA 

was extracted and the 16S rRNA gene was amplified and 

sequenced. For cleome and cowpea seeds, the best surface 

Developing a screening technique for detection of bacterial seed-
borne pathogens in underutilized crops and medicinal plants 

 

Compiled by Sherly Mabena and René Sutherland  

Figure 1: Seeds were placed in a crucible and transferred from one 

container to the following container for sterilization and washing 

steps (A), grinding the seed with a mortar and pestle (B). 

disinfection techniques were identified as treatments 5 and 6 

(70% ethanol or 1% bleach for 10 min followed by rinsing the 

seed with sterilized distilled water). In the case for amaranth, 

Bambara groundnut and hemp, surface disinfection was 

achieved by treatment 6 (1% bleach for 10 min followed rins-

ing the seed with sterilized distilled water). Although no bac-

terial pathogens were detected, endophytic bacterial genera, 

including Priestia sp., Sphingomonas sp., and Terribacillus 

sp. were identified in amaranth and hemp seed samples. It is 

important that seeds of underutilized crops are regulated 

through a certification scheme for disease risk management.  

 

Contact: Dr René Sutherland at  

SutherlandR@arc.agric.za 

Figure 2. Nutrient agar plates from different sterilization treatments 

of hemp seed. 

Figure 3. Nutrient agar plates from different sterilization treatments 

for Bambara groundnut seed. 
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Contact: Hunadi Chaba at chabah@arc.agric.za 

Disseminating the bag system to the Giyani communities as an  
alternative vegetable production system 

 

Compiled by Hunadi Chaba, Ndivhuwo Mulaudzi, Samuel Molikoe, Abram Nkuna, Hintsa Araya and  

Mariette Truter  

Figure 1. Communities in Giyani, Limpopo Province, adopted the bag system.  
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Breeding is a dynamic science that involves different meth-

ods, tools, and practices. The methods, tools, and practices 

have advanced over time, and researchers need to have 

practical knowledge of the new developments to undertake 

quality and problem-solving research. Training on genomics 

and plant breeding was hosted by the Genetic, Biotechnolo-

gy, and Seed Science (GBioS) Research and Innovation 

Center, Faculty of Agronomic Sciences, University of 

Abomey-Calavi, Republic of Benin, in collaboration with Wa-

geningen University and Research (WUR), the International 

Institute of Tropical Agriculture (IITA),the  West and Central 

Network for Plant Genetic Resources (GECAN-PGR), the 

World Vegetable Center, the Biosystematics Groups and 

other partners. The training was held in Benin from 16-22 

November 2024. Participants were breeders and researchers 

engaged in active plant breeding programs, teaching, and 

supervision of postgraduate students. 

 

The training is designed to train breeders on the most recent 

developments in the principles and applications of molecular 

breeding, marker-assisted selection, and statistical data anal-

ysis. Dr Assefa and Dr Mbuma, breeders from the cassava 

and potato breeding programmes in the Roots, Tubers and 

Bulbous Crop Division of the ARC-VIMP, attended the course 

and will use the information to improve the research system 

and transfer the knowledge to other researchers and gradu-

ate students.  

 

This training was designed to equip professionals with ad-

vanced breeding and genomics techniques, and analytical 

skills for crop improvement research. Its goal was to address 

critical challenges such as food and nutrition security and the 

impacts of climate change. Involving instructors from the Uni-

versity of Abomey-Calavi, the National Taiwan University, 

Wageningen University and Research, the World Vegetable 

Center, Rothamsted Research, the United Kingdom, and Rijk 

Zwaan, this training offered tailored modules and hands-on 

sessions. For this first session, 17 participants from African 

universities and research institutes in Benin, Côte d'Ivoire, 

and South Africa participated.  The launching ceremony took 

place on 18 November 2024 at the Genetics, Biotechnology 

and Seed Science Unit, University of Abomey-Calavi. In the 

opening remarks delivered by Prof. Aliou Saidou, Deputy 

Vice-Chancellor in charge of Scientific Research, he stressed 

that this training is an important step in strengthening our 

capacity to face the challenges of food security and climate 

change. He encouraged all participants to embrace this op-

portunity to deepen their knowledge and contribute to the 

advancement of plant breeding and genomics research. 

 

Genome sequencing has transformed our understanding of 

biology, agriculture, and medicine by decoding the DNA of 

living organisms. Genome sequencing involves determining 

the complete DNA sequence of an organism and uncovering 

the genetic instructions that shape life. Today, over 798 plant 

species have been sequenced with publicly available ge-

nome assemblies. These efforts not only improve agricultural 

traits like yield and disease resistance but also contribute to 

biodiversity conservation and innovative healthcare solutions.  

 

In the training, the fundamental concepts and applications of 

bioinformatics, which combines biology, mathematics, and 

computer science was introduced. Participants learned how 

to harness digital tools to analyse complex datasets, such as 

genome sequences and gene expression profiles. These 

include genome-wide association studies (GWAS), genomic 

selection (GS), and landscape genomics (LG). The applica-

tion of these tools enhances crop resilience against environ-

mental stress, unlocks the untapped potential of wild relatives 

and landraces to improve modern crops, fosters healthier 

diets, sustainable farming, and resilient ecosystems by com-

bining genetics with environmental science.  

 

The course was packaged with case studies and experience 

was gained as part of the capacity-building scheme from the 

training on the different aspects of genomics, genetics, and 

plant breeding. Crop varieties with high yield potential, better 

nutritional quality, and better adaptability to climate change 

are critical to feed the alarmingly growing population. To this 

effect, implementing genomic tools to accelerate plant breed-

ing is imperative. Dr Assefa and Dr Mbuma have acquired 

new insights to incorporate genomics tools in the breeding 

programs at the ARC-VIMP. The training created a conducive 

environment for future collaborations in joint research pro-

jects whenever calls for joint proposals and funding are avail-

able. This training course has put the ARC in contact with 

ARC plant breeders attended training in Genomics and Plant 

Breeding in Benin 
 

Compiled by Dr Amelework Assefa and Dr Ntombokulunga Mbuma  
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researchers leading various crop breeding programs at Wa-

geningen University and Research, the Netherlands, the Na-

tional University of Taiwan, Taiwan, and the World Vegetable 

Center. This is, therefore, an opportunity for ARC research-

ers to form collaboration networks with various research insti-

tutes and programs.  

 

Contact: Dr Amelework Assefa at assefaa@arc.agric.za 

cal sessions, where participants practised using their own 

datasets. This combination of theory and practice helped the 

participants not only understand the principles of phylogenet-

ics but also build confidence to conduct analyses inde-

pendently. 

 

Beyond technical skills, the workshop fostered team building 

and collaborations. Participants asked thoughtful questions, 

supported each other and this fostered a positive learning 

environment. One of the research technicians stated that the 

training helped her better understand the genetic diversity of 

plant pathogens, while a student mentioned that the course 

gave her new confidence in using molecular data in her re-

search project. These reflections offer a glimpse into the im-

pact of the course. By investing in emerging researchers ear-

ly on in their careers, the organization is laying a solid foun-

dation for future scientific progress. These individuals will 

help carry forward the ARC’s mission of advancing agricul-

ture through science. With more initiatives like this, the ARC-

VIMP is not just growing, improving, and protecting crops – it 

is growing future scientists.  

Dr Mbuma and Dr Assefa were awarded certificates of participation.  

Building skills, growing futures: ARC-VIMP employees attend the 

Inqaba Biotechnological Industries Introductory Phylogenetics 

Workshop 
 

Compiled by Mulanga Munzhelele, Sinethemba Nkosi and Alison Moody  

A group of research technicians, research assistants and 

students from the Crop Protection unit of the VIMP-LLFV 

attended a one-week introductory phylogenetics workshop 

held at Inqaba Biotech headquarters in Hatfield, Pretoria. The 

workshop was facilitated by the renowned phylogeneticist Dr 

Jane Wright. Two groups participated in the workshop: the 

first group attended from 3-7 February 2025, and the second 

group from 10 to 14 February 2025. The workshop aimed to 

equip participants with both theoretical knowledge and practi-

cal skills required for phylogenetic analysis - an essential skill 

in modern research, particularly in plant disease diagnostics 

and microbial diversity. For many, this was their first expo-

sure to phylogenetics. The initiative highlights the organiza-

tion’s commitment to invest in the growth of its staff. 

 

The course covered a wide range of topics, including DNA 

sequence analysis techniques, BLAST searches, multiple 

sequence alignment, model selection and tree construction 

methods (such as Maximum Likelihood, Parsimony and Dis-

tance-Based methods). Participants were also introduced to 

essential software tools such as MEGA, Chromas-Lite and 

Bio Edit. A highlight of the workshop was the hands-on practi-

First group of participants who attended the training from 3 - 7 Febru-

ary 2025. Back row, left to right: Mukondeleli Khethani, Preamrose 

Muthevhuli, Nosihle sithole, Thobeka Mzimela and Alison Moody. 

Front row, left to right: Sherly Mabena and workshop facilitator, Dr 

Jane Wright. 

Second group of participants who attended the workshop from 10 - 

14 February 2025. From left to right: Nombuso Hadebe, Lesedi 

Chepape, Anza Muthabi, Sinethemba Nkosi, Mulanga Munzhelele, 

Lethabo Matlou and Setho Sebitsang.  
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The NRF “C2” rating was awarded to Prof Abe Shegro Gerra-

no and Dr Mariette Truter from the Agricultural Research 

Council-Vegetable, Industrial and Medicinal Plants in recogni-

tion of their outstanding contributions to the field of Agricul-

ture (Plant Sciences). The award recognises them as estab-

lished researchers with a consistent record of high-quality 

research output, highly recognized by their peers as having a 

significant impact within the field of plant sciences, with a 

level of national and international recognition; essentially 

indicating a strong track record of research excellence. Prof 

Abe Shegro Gerrano, a Senior Researcher in Plant Breeding 

PhD degree awarded 

Dr Bogaleng Milcah Matjeke was conferred a PhD degree majoring 

in Plant Breeding at a graduation ceremony of the University of Free-

State in Bloemfontein on 10 April 2025. She also received a depart-

mental and divisional prize for the best PhD student at the awards 

ceremony held at the UFS, Bloemfontein campus on 9 April 2025. 

Without the guidance and support of her supervisors, Dr. Ntomboku-

lunga Mbuma, Prof. Maryke Labuschagne, Prof. Abe Gerrano, and 

Prof. Adre Minnaar-Ontong, she would not have been able to com-

plete this degree. Dr Matjeke’s research study focused on combining 

the ability in selected cowpea for grain yield and nutritional character-

istics to understand the genetic potential of parental lines when 

crossed, which directly informs decisions about hybrid development 

and cultivar improvement. Through her research she identified three 

superior parents for breeding for grain yield, selection of parent com-

binations that produce high-performing progenies for grain yield and 

targeted nutritional characteristics and dissected the nature of gene 

actions controlling grain yield and targeted nutritional characteristics 

to help in guiding further cowpea breeding strategies. The thesis 

compiled resulted in three scientific publications with more papers 

being anticipated.  

NRF ratings awarded 

of indigenous legumes and fruit crops, has also been award-

ed the ARC’s Employee Excellence Award and Peer-to-Peer 

Nominees in the ARC, of which the NRF assured the recogni-

tion of his capacity in research and development in showcas-

ing the ARC at national and international levels. Dr Mariette 

Truter, Research Team Manager of the Leguminous, Leafy 

and Fruit Vegetable Division, is mainly involved in the re-

search on pest and disease control and seed science of veg-

etables, industrial crops and medicinal plants, but also to a 

lesser extent in the breeding and agronomy of leguminous, 

leafy and fruit vegetables.  

Prof Abe Shegro Gerrano, Senior Researcher Dr Mariette Truter, Research Team Manager 


