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Prefix

Target groups

The manual is designed to serve as a field guide for stakeholders involved in the 
production and protection of traditional leafy vegetables under nature-positive 
and agroecological agricultural practices. It is intended for smallholder farmers 
and kitchen garden growers, extension officers and community trainers, 
agricultural researchers and students and development practitioners, 
farmer-based organisations, and non-governmental organisations.

Aim and Objective

The manual provides farmers, trainers, and agricultural stakeholders with 
reliable, practical, and locally relevant knowledge on nature-positive agricultural 
methods and practices for identifying and managing major pests and diseases 
affecting traditional leafy vegetables and spice crops. It specifically aims to raise 
awareness of pests and diseases that impact common traditional leafy 
vegetables and spice crops, along with their symptoms. It encourages 
sustainable management practices by emphasising effective nature-positive 
approaches, including cultural, biological, and biopesticide (home-made 
botanicals) control methods that are affordable and eco-friendly. Finally, the 
manual supports the transfer of knowledge for use by extension officers, 
trainers, and community facilitators in farmers' training on eco-friendly pest 
management strategies adaptable to local farming practices.

Content

The manual offers an overview of specific pests and diseases affecting 
traditional leafy vegetables and spice crops grown in Western Kenya, 
particularly in Kisumu County. It includes details on their identification, 
symptoms, and potential damage. The manual discusses targeted management 
strategies, highlighting and exemplifying scientifically validated, nature-positive 
agricultural and agroecological practices, such as cultural, biological, and 
chemical methods (biopesticides) used to control major pests. It concludes with 
illustrations of all plants containing pesticidal components, which can be 
utilised to produce homemade botanical preparations. 

Scope

The manual focuses on smallholder farmers, community trainers, extension 
officers, and institutions involved in the production of traditional leafy 
vegetables and spice crops under nature-positive agricultural management. It 
emphasizes environmentally friendly, accessible, and low-cost solutions that 
utilize locally available resources and practices, promoting sustainable pest and 
disease management to ensure food and nutritional security. The pest 
management experiences are drawn from a wide range of research conducted 
globally. Readers should see the manual as a collection of ideas and options for 
selection and adaptation in pest management for vegetable production. We 
hope the guide will encourage all stakeholders to test and adapt these pest 
management options to their local conditions, leading to the development of 
new, region-specific approaches and technologies that can be shared. 
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Chapter 1: Introduction -Nature-positive agricultural and 
agroecological approaches for managing cropping systems

Chapter 2: Traditional vegetable and spice crops

Chapters 3–8: Pests, diseases, and management strategies for 
traditional vegetables

Chapters 9–12: Pests, diseases, and management strategies 
for spice crops

Organization

For ease of use, the manual is organised in the following sections:

1.

2.

3.

4.
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It integrates scientific knowledge, technology, and traditional practices to create food systems that are 
productive, resilient, and environmentally friendly.

Agroecology is an approach to farming that applies ecological principles to the design and management 
of sustainable food systems. It integrates science, farming practices, and social equity to enhance 
nutrient cycling, soil health, biodiversity, resource efficiency, and resilience (Gliessman, 2015). 
Agroecology emphasizes working with natural processes such as nutrient cycling, biological pest control, 
and ecosystem diversity rather than relying heavily on external chemical inputs (FAO, 2018. It also 
promotes farmer knowledge, local innovation, and fair food systems. 

Key practices include:

Chapter 1.  Nature-positive and agroecological 
approaches for managing cropping systems

The need for the production system to meet the demands of a growing population and rising population, 
while also addressing the necessity of restoring the environment, rebuilding ecological processes, 
enhancing ecosystem services like nutrient cycling, improving and restoring soil health, and managing land, 
water, and other natural resources effectively, calls for the use of nature-positive agriculture and 
agroecological practices in crop production. 

Nature-positive agriculture. An approach to farming that works with nature rather than against it. Its 
objective is to produce food while preserving biodiversity, ecosystems, and natural resources. To put it 
simply, it refers to farming practices that:
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• Enhances biodiversity (plants, animals, and microorganisms)
Biodiversity conservation: Protect farm biodiversity, plants, animals, and microorganisms,
through landscape-level conservation, community seed banks, and seed-saving practices.

• Uses resources sustainably (soil, water, nutrients)
• Reduces negative impacts like pollution, habitat destruction, and greenhouse gas emissions
• Builds resilience to climate change and other shocks
• Supports ecosystem services such as pollination, soil fertility, and water regulation

Soil health and nutrient cycling: This includes composting, using organic fertilizers, applying 
biochar to improve soil carbon and nutrient retention, incorporating green manures and cover 
crops, and adopting conservation or reduced tillage. 

Diversification of production: Diversify through crop rotations, intercropping, agroforestry, tree 
integration on farms, mixed farming systems, and crop-livestock integration. 

Water management: Techniques include mulching to preserve soil moisture, small-scale 
rainwater harvesting and storage, efficient irrigation (such as drip systems), wetland 
restoration, and maintaining natural water flows. 

Ecological pest and disease management: Use botanical pesticides, biocontrol agents, habitat 
management to support natural enemies, and integrated pest management (IPM). 

Circular and resource-efficient systems: Close nutrient loops by integrating crops and livestock 
and recycle nutrients through manure management and composting. 

Social and cultural dimensions: Strengthen local innovations and farmer knowledge, encourage 
collaborative research and problem-solving, and promote community-based markets and short 
value chains.



Integrating the above practices into farming systems can reduce reliance on agrochemicals, manage 
pests and diseases, and build resilient, productive, and sustainable farms that safeguard nutrition and 
farmer livelihoods. For example, intercropping leafy vegetables with pest-repellent species, conserving 
natural enemies, and using organic soil amendments help reduce infestations while improving soil 
fertility and biodiversity (Salim et al., 2022). Crop rotation with different plant families breaks pest 
cycles, while proper spacing improves airflow and limits disease spread. Companion planting deters 
pests, and conserving habitats supports natural enemies such as predators and parasitoids which feed 
on pests. Biopesticides, biorational sprays made from plant extracts, are also used for pest suppression.
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The global recognition of Traditional Leafy Vegetables (TLVs) and spice crops has increased significantly, 
highlighting their vital roles in food security, nutrition, and rural economies (Bokelmann et al., 2022). 
Traditional leafy vegetables (TLVs) are plant species native to Africa, historically eaten by local 
communities and deeply embedded in indigenous food systems (Shackleton et al., 2009). These crops 
are ecologically resilient due to a long history of cultivation and domestication shaped by regional 
climate and soil conditions (Ambrose-Oji, 2009; Shackleton et al., 2009). Along with spice crops, they have 
important nutritional, ecological, and socio-economic value in many regions, especially in Africa and Asia, 
where they improve dietary diversity, food security, and smallholder livelihoods (Dube et al., 2017; 
Bokelmann et al., 2022; Ngidi, 2023). For smallholder farmers, particularly women, cultivating and selling 
TLVs and spice crops provides a reliable and substantial economic pathway for poverty alleviation 
(Onyango, 2015). TLVs are a rich source of micronutrients essential for fighting "hidden hunger," the 
deficiency of vitamins and minerals that are common in diets based mainly on staples (Lugumira et al., 
2025; Borrelli & Ndakidemi, 2020). Spice crops also provide vital micronutrients and powerful 
phytochemicals with health benefits (Almodaifer et al., 2017). Spice crops are important for flavor and 
aroma, often grown alongside TLVs in smallholder farms (Peter, 2012). 

Despite the resilience and adaptability of TLV and spic3 crops to local agro-ecological conditions, they 
face grave threats from pests and diseases, which jeopardize both yields and quality.  Common pests, 
such as aphids, caterpillars, whiteflies, and leaf miners, as well as fungal, bacterial, and viral pathogens, 
frequently attack TLVs and spice crops at various growth stages. Since these crops are highly perishable, 
even brief infestations can lead to rapid deterioration, compromising both marketability and nutritional 
value. The economic impact of pest and disease pressures on TLVs and spice crops is substantial. Losses 
occur at both the farm and market levels: reduced yields, postharvest spoilage, and downgraded quality 
directly affect farmer incomes, while fluctuating supply leads to unstable prices for consumers. 
Smallholder farmers, who often lack access to affordable pesticides or suitable protective technologies, 
are disproportionately affected. At the same time, a heavy reliance on synthetic pesticides, when 
available, not only increases production costs but may also pose risks of chemical residues, resistance 
development, and environmental degradation, thereby undermining both human health and ecosystem 
stability (Zhou et al., 2025).

Chapters 3 to 8 of the manual cover the nature-positive and agrocological in managing pests and 
diseases in traditional leafy vegetable cropping systems. Chapters 9 to 12 cover the management of 
pests and diseases in spice cropping systems.

Chapter 2. Traditional Vegetable and Spice 
crops
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Figure 1.  Aphid spp, Beet webworm and Amaranth stem weevils (photo: Envato) 

Chapter 3. Amaranth (Amaranthus spp)
3.1 Overview

Amaranthus is a diverse genus of fast-growing leafy and grain crops valued for their nutritional density, 
ecological adaptability, and cultural importance. Amaranthus belongs to the family Amaranthaceae and 
is native to tropical America and Africa. Three major species, Amaranthus hypochondriacus, Amaranthus 
cruentus, and Amaranthus caudatus are cultivated broadly as edible amaranths sp. These species are 
being grown for their edible grains, hence they are also called grain amaranths. Amaranthus tricolor, 
Amaranthus lividus, Amaranthus blitum, and Amaranthus dubius are cultivated as vegetable species for 
their leaves. The grain amaranths are rich in protein, essential amino acids, minerals, and antioxidants, 
while vegetable amaranths contribute substantially to micronutrient intake. Amaranthus species exhibit 
high water-use efficiency and tolerance to heat and marginal soils, making them important crops for 
climate-resilient food systems. Recent research highlights their roles in nutrition security, agroecological 
diversification, and sustainable intensification in smallholder systems (Teutonico & Knorr, 1985; Achigan-
Dako et al., 2014; Rastogi & Shukla, 2013).  This chapter discusses Nature-Positive Agricultural and 
Agroecological practices for managing pests and diseases in the Amaranth cropping system.

Amarath plant (photo: Freepik)

3.2 Major Pests and Diseases

Major pests: 

Aphid species such as Myzus persicae Sulzer: Sap-sucking insects which, through their feeding, cause leaf 
curling, yellowing, and can transmit viral diseases such as Potato leaf roll virus (PLRV), Potato virus Y 
(PVY), Cucumber mosaic virus (CMV), and Pepper veinal mottle virus (PVMV. Beet webworm/ leaf webbers 
e.g. Spoladea recurvalis Fabricius. The larval stage of the moth causes damage by creating webs on the
leaves while feeding within them.  Amaranth stem weevils, Hypolixus sp. The weevils bore into stems,
causing wilting and lodging, which can severely impact plant health.
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Figure 2.  Damping off, Blight and Bacterial leaf spot (photo: Freepik) 

3.3 Management Strategies
A. Cultural practices:

For aphids, beet webworm and leaf webbers, intercrop amaranth with basil (Ocimum gratissimum L. and 
Ocimum basilicum L.).  In all the above, pets destroy infested plant parts and remove weeds from the 
field. Ploughing and handpicking also expose and kill the pupae and caterpillars of the Beet webworm 
and leaf webbers.

B. Biological control:

For aphids conserve natural enemies and parasitoids like lady beetles, lace wings, syrphid/hover flies, 
and parasitic wasps. Beet webworm and leaf webbers are managed by conserving parasitoids such as 
Apanteles, Bracon, Campoletis, and Trichogramma.  For stem weevils, use biologically active Bacillus 
thuringiensis and entomopathogenic fungus like Metarhizium anisopliae.

C. Chemical (biopesticide):

Aphids, Beet webworm, leaf webbers, and Amaranth stem weevil can be managed using plant extracts 
prepared from chilli, Mexican marigold, neem leaf and seed extracts and bark ash bioassays. Other 
biopesticides used include African soapberry, Tithonia leaves, stem and flower, cloves, onion or garlic, 
lemon grass, and tobacco extracts. See Annex 1 for details.

A summary of cultural, biological and biopesticides management strategies are as shown in Table 1. 

Major Diseases

Amaranthus is commonly affected by damping off, choanephora blight, and leaf spot. Damping off is a 
soil-borne fungal disease that affects the seeds and seedlings, making them decay in the soil before 
emergence or wilt and die after germination. Choanephora blight is a fungal disease that manifests as 
water-soaked lesions on the affected part before turning brown or black and becoming soft and 
mushy.  Leaf spot is a leaf discolouring fungal, bacterial, or viral disease that causes the development 
of spots characterised by cell necrosis (death) at the centre.
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Table 1. Summary of pests and diseases of Amaranthus and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Aphids

Beetworm

Leaf 
webbers

Stem 
weevils

Wilting or 
breaking 
stems; swelling 
or lesions on 
the stem; grubs 
found feeding 
inside.

Seedlings 
collapse with a 
shriveled stem 
near soil line; 
seeds rot 
before 
emerging.

Small, circular 
to angular spots 
on leaves, often 
dark with a 
lighter center; 
spots may 
merge.

Large, irregular 
dark lesions on 
leaves and 
stems; rapid 
browning and 
dieback of 
foliage; entire 
plant may 
collapse.

Crop Rotation; Use 
Disease-Free Seed; 
Avoid Overhead 
Watering; Remove 
infected plant 
debris; Ensure 
good air circulation.

Crop Rotation (3-4 
years); Use 
Resistant Varieties 
(if available); 
Improve 
Drainage; Space 
Plants widely;
Sanitize Tools 
frequently 

Antagonistic Fungi 
and Bacteria applied 
as bioprotectants.

Neem Oil for 
some fungal 
controls.

Fungi like 
Trichoderma (applied 
to soil/foliage) to 
compete with 
pathogens.

Extracts of Neem 
or Garlic.

Use Certified 
Disease-Free Seeds; 
Avoid Over-watering; 
Plant on Raised Beds; 
Solarize Soil before 
planting; Avoid 
Dense Planting.

Antagonistic Fungi 
(like Trichoderma 
species); Beneficial 
Bacteria (e.g., 
Bacillus subtilis).

Moringa leaf 
extracts; Garlic and 
Mexican Marigold 
extracts.

Damping 
off

Leaf spot

Blight

Intercrop with 
Basil. 
Destroy 
Infested plant 
parts. Remove 
weeds.

Curled, yellow 
leaves; sticky 
honeydew; 
small, soft 
insects visible 
on stems/leaves.

Leaves spun 
together with 
silk webbing; 
caterpillars 
chew large 
holes in leaves.

Leaves spun 
together with 
silk webbing; 
caterpillars 
chew large holes 
in leaves

Destroy and 
remove infested 
plant parts. 
Ploughing 
and hand picking

Same as above

Same as above

Conserving 
parasitoids

Conserving 
parasitoids. 
Metarhizium 
anisopliae

Bacillus 
thuringiensis
Metarhizium 
anisopliae

Neem leaf & bark, 
tick-weed, spider 
plant extracts,

Neem leaf & bark, 
tick-weed, spider 
plant extracts, 

Neem leaf and bark, 
lemon grass, cloves, 
onion, tobacco & 
ginger extracts

Use natural 
enemies like lady 
beetles, lacewings, 
and parasitic wasps

Mexican flower, 
chilli, papaw leaf 
extracts
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Chapter 4.  Black Nightshade (Solanum nigrum)

4.1 Overview

Black nightshade (Solanum nigrum complex) is a highly valued, intensely bitter traditional leafy green. 
The species complex is broad and includes several variants crucial to African diets. Common cultivated 
species include Solanum scabrum and Solanum villosum. However, production is often limited by a 
variety of pests and diseases. It holds significant importance in East and Southern Africa, where it is 
commonly known as “Managu” in Kenya. Nutritionally, the leaves are potent, being rich in Vitamins A and 
C, calcium, iron, and protein. However, traditional preparation is critical due to the presence of solanine 
and other glycoalkaloids. To manage bitterness and ensure palatability, the leaves are traditionally 
prepared by boiling them multiple times or by mixing them with milk or other, less bitter leafy greens. 
Once prepared, it serves as a staple relish consumed alongside primary starches such as ugali or any 
accompaniment. This chapter discusses Nature-Positive Agricultural and Agroecological practices for 
managing pests and diseases in the Black Nightshade cropping system.

4.2 Major Pests and Diseases

Major pests: 

These include aphids, spider mites, flea beetles, and chilli thrips. Aphids damage crops by sucking sap 
from plant tissues, leading to leaf curling, yellowing, and stunted growth. Spider mites feed on the 
undersides of leaves, causing stippling, yellowing, and potential leaf drop. Severe infestations can 
reduce photosynthesis and overall plant vigor. Flea beetles damage plants by chewing on leaves, stems, 
and flowers. Heavy infestations can stress crops, resulting in stunted growth and, ultimately, plant 
death. Chilli thrips cause curled leaves, discoloured fruits, and stunted growth.

Figure 3.  Cotton (melon)  aphid, Red spider mite, Flea beetle and Chilli thrips (photo: Freepik 
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 Figure 4.  Bacterial wilt, and Early blight (photo: Freepik) 

4.3 Management Strategies

A. Cultural practices:

To control aphids and spider mites, use pest-tolerant plant species. Plant the crop at a spacing of 30 cm × 
30 cm and apply organic cattle manure to enhance crop vigor . Intercrop with cowpea as a border crop  
and increase potassium application to boost plant tolerance .   Flea beetles can be managed through 
handpicking and destroying the pests, intercropping with cowpea and groundnuts, crop rotation, and 
sprinkling wood ash on the leaves . Additional strategies include reduced tillage, wider spacing, and 
planting fava beans, onions, eggplant, barley, and wild mustard as border crops . 
Thrips are managed by ploughing and harrowing the field before planting to reduce subsequent attacks 
and by destroying pupae in the soil.

B. Biological control:

Aphids are managed by conserving natural enemies such as lady beetles, lacewings, and parasitic wasps . 
Spider mites are controlled using entomopathogenic fungi like Beauveria bassiana and Metarhizium 
anisopliae.
Flea beetles and thrips are managed with entomopathogenic nematodes from the families 
Steinernematidae and Heterorhabditidae, as well as entomopathogenic fungi like Metarhizium. Predatory 
spiders and ground beetles are also effective.

C. Chemical (biopesticides) control:

Aphids are managed using pyrethrum. Aphids and spider mites can also be controlled with extracts from 
onion leaves, flowers, and roots (mixed with a small amount of vegetable oil or liquid detergent), neem 
seed kernel, and pawpaw extract (See Annex 1 for details). Flea beetles are managed with neem seed 
kernel and tobacco extracts . Thrips are controlled using neem powder and neem seed kernel extract . 
Additionally, solar-treated urine and neem have been recommended. 
A summary of cultural, biological and biopesticides management strategies are as shown in Table 2. 

Major diseases: 

These include bacterial wilt and early blight.
Bacterial wilt is a soil-borne bacterium that infects the plant’s vascular system, causing wilting, 
yellowing, and eventual plant death. It poses a significant threat to nightshade cultivation in Kenya. Early 
blight, a fungal disease affecting Solanaceae crops, causes dark lesions on leaves and stems, leading to 
defoliation and reduced yield.
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Table 2. Summary of pests, and diseases of Black nightshade  and their control 

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Aphids

Flea 
Beetles

Spider 
Mites

Thrips

Bacterial 
wilt

Early 
bright

Seedling 
severed 
at soil line

Wood ash, 
flood irrigation

Predatory beetles, 
parasitic nematodes

Tobacco, wild 
marigold, neem

Leaf curling, 
yellowing

Shothole 
damage 
on leaves

Stippling, 
webbing 
on leaves

Leaf 
silvering 
and 
curling

Root galls, 
wilting

Solarisation, 
marigold 
intercrop

Pochonia 
chlamydosporia, 
Pasteuria spp.

Neem cake, 
ginger, sesame 
extract

Hand picking, 
crop rotation, 
intercrop with 
legume, and 
ash application

Adequate watering, 
intercropping

Tillage

Beauveria bassiana, 
Metarhizium 
anisopliae

Hirsutella 
thompsonii

Metarhizium 
anisopliae

Neem seed, wild 
marigold, tobacco 
extracts

Aloe, neem oil

Neem powder, 
seed extracts, 
Urine and neem.

Use pest-tolerant 
varieties in cultivation 
Plant at a spacing of 
30 cm × 30 cm. 
Border crop with 
cowpea

Use natural 
enemies like lady 
beetles, lacewings, 
and parasitic wasps

Garlic, onion, neem, 
chilli extract
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Figure 5.  Aphids, Flea beetles and Spider mites (photo: Envato)               

Chapter 5. Spider plant (Cleome gynandra)
5.1 Overview

The Spider Plant (Cleome gynandra) is one of the most important indigenous African vegetables 
(Merchant et al., 2023), locally known as Sagaa in parts of Kenya. Its resilience to drought and high 
market demand makes it an important crop for smallholder farmers. However, production is often 
limited by a variety of pests and diseases. From a nutritional standpoint, it is exceptionally valuable, 
being highly nutritious and particularly rich in Vitamin C, beta-carotene, and iron (Wakhanu et al., 2019; 
Tumwet et al., 2014), often showing superior micronutrient content compared to common introduced 
vegetables. Due to its strong taste, its preparation, similar to nightshade, requires prolonged boiling or 
mixing with ingredients like cream or milk to reduce its bitterness.

5.2 Major Pests and Diseases

Pests: 

Aphids (e.g., Myzus persicae): Sap-sucking insects that cause leaf curling, yellowing, and stunted growth. 
Also transmit viral diseases. - Flea Beetles (e.g., Phyllotreta spp.): Create small, round holes (shot holing) 
in leaves, reducing photosynthetic capacity. - Spider Mites (Tetranychus urticae): Cause stippling, 
yellowing, and webbing on leaves; thrive in dry conditions. - Thrips (e.g., Scirtothrips dorsalis): Damage 
includes silvering of leaves and distortion of plant growth. - Root-Knot Nematodes (Meloidogyne spp.): 
Cause root galls, poor nutrient uptake, and wilting. - Cutworms (Agrotis spp.): Cut young seedlings at 
the base, leading to plant death.
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  Figure 6.  Thrips, Root-knot nematodes and Cutworms (photo: Envato)   

Diseases: 

Root Rot: Triggered by waterlogging, leading to yellowing and decay of roots. Symptoms include 
yellowing leaves that turn brown and mushy, and wilting foliage. Leaf Spot Diseases: Caused by fungal 
or bacterial pathogens; visible as brown or black necrotic lesions on leaves.

5.3 Management Strategies

A. Cultural Practices

Intercrop with pest-repelling species like African basil and garlic. Ploughing and sanitation to reduce soil 
pest load. - Apply wood ash around the base of plants to deter cutworms. Maintain field hygiene and 
remove infected plant parts.  Implement crop rotation with non-host species to reduce nematode 
buildup. In addition to adequate watering during the dry period to wash spider mites from leaves.  Thrips 
is managed through mulching. 

B. Biological Control

Conserve natural enemies such as lady beetles, lacewings, and parasitoid wasps (e.g., Aphidius colemani) 
to manage aphids and cutworms. Spider mites can be controlled using entomopathogenic 
microorganisms like Bacillus spp. and Clostridium spp. Thrips, aphids, and flea beetles are managed with 
entomopathogenic fungi such as Beauveria bassiana and Metarhizium anisopliae. For root-knot 
nematodes, apply nematode-trapping fungi such as Pochonia chlamydosporia. 

C. Biopesticides

Use neem-based sprays and botanical extracts (e.g., chilli, garlic, ginger). - Prepare home-made botanical 
formulations from wild marigold, tobacco, and Mexican sunflower (See Annexe 1 for details).

A summary of cultural, biological and biopesticides management strategies are as shown in Table 3. 
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Table 3. Summary of pests and diseases of the Spider plant and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Aphids

Flea 
Beetles

Spider 
Mites

Thrips

Root-Knot 
Nematodes

Cutworms Seedling 
severed 
at soil line

Wood ash, 
flood irrigation

Predatory beetles, 
parasitic nematodes

Tobacco, wild 
marigold, neem

Leaf curling, 
yellowing

Shothole 
damage 
on leaves

Stippling, 
webbing 
on leaves

Leaf 
silvering 
and 
curling

Root galls, 
wilting

Solarisation, 
marigold intercrop

Pochonia 
chlamydosporia, 
Pasteuria spp.

Neem cake, ginger, 
sesame extract

Crop rotation, 
ash application

Adequate 
watering, 
intercropping

Mulching, 
plant part 
removal

Beauveria bassiana, 
Metarhizium 
anisopliae

Hirsutella 
thompsonii

Metarhizium 
anisopliae

Neem, wild 
marigold extract

Aloe, neem oil

Lemon grass, 
marjoram 
extract

Basil intercrop, 
clean cultivation

Aphidius 
spp., lady 
beetles

Garlic, neem, chilli 
extract
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Figure 7.  Aphids, Whiteflies, Cutworms and Cucumber beetle (photo: Freepik) 

Chapter 6. Okra (Abelmoschus esculentus)
6.1 Overview

Okra (Abelmoschus esculentus) is an economically important vegetable utilized across West Africa and 
the Horn of Africa. Diverse cultivars are grown, often categorized by the color, pod length, and whether 
the pods are ridged or smooth. It is prized specifically for its edible green seed pods and its unique 
mucilaginous (slimy) texture, which acts as a natural thickener in traditional soups and stews. Okra is 
rich in dietary fiber, Vitamin C, and K. The characteristic mucilage is crucial in binding ingredients and 
providing viscosity in iconic dishes like okra soup or gumbo. Furthermore, studies suggest that okra 
preparations can bind bile acids, potentially offering cholesterol-lowering benefits. The pods can be 
consumed fresh, or they can be dried and powdered for later use. While local okra landraces show 
resilience to drought, pest pressure significantly limits productivity. This chapter discusses 
Nature-Positive Agricultural and Agroecological practices for managing pests and diseases in the Okra 
cropping system.

6.2 Major Pests and Diseases

Major pests: 

The major pests affecting okra include aphids, armyworms, corn earworms, cucumber beetles, loopers, 
root-knot nematodes, and spider mites. Aphids (Myzus persicae, Macrosiphum euphorbiae) cause leaf 
distortion, yellowing, necrotic spots, stunted shoots, and promote sooty mold through honeydew 
secretion. Armyworms (Spodoptera exigua, S. praefica) skeletonize young leaves, create irregular holes, 
and leave cottony egg clusters and fruit wounds. Corn earworm (Helicoverpa zea) damages buds, 
flowers, leaves, and pods. Cucumber beetles (Acalymma vittata, Diabrotica spp.) feed on foliage and 
stems, stunt seedlings, transmit bacterial wilt, and scar fruits. Loopers (Trichoplusia ni) cause extensive 
leaf perforation. Thrips (melon thrips) lead to leaf distortion, silvery stippling, and black specks. Root-
knot nematodes (Meloidogyne spp.) form root galls, reducing vigor and causing yellowing and wilting. 
Spider mites (Tetranychus urticae) produce yellow stippling, bronzing, and webbing on leaves).
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Figure 8.  Cabbage looper, Thrips , Root knot nematode,Spider mites and Bollworm (photo: Freepik) 

Major diseases: 

Powdery mildew, Southern blight, White mold, Enation leaf curl disease, and Yellow vein mosaic are the 
major diseases of okra. Powdery mildew produces a white powdery growth on leaves that eventually 
covers the plant, causing leaf rolling and a scorched appearance, and thrives in warm, dry conditions 
with cool, dewy nights. Southern blight a soil-borne disease, leads to sudden wilting, yellowing foliage, 
stem browning, and fan-like mycelial mats under high temperature, humidity, and acidic soils. White 
mold also soil-borne, forms white fungal growth on flowers and cottony patches on water-soaked lesions 
of leaves, pods, and branches, which enlarge and become slimy, often killing branches or entire plants; it 
spreads through wind, contaminated irrigation water, or infected seed. Enation leaf curl disease (Okra 
enation leaf curl virus, OELCV), transmitted by whiteflies, causes small enations on leaf undersides that 
become rough and warty, reducing leaf size and twisting stems, branches, and petioles, resulting in thick, 
curled leaves and deformed fruits. Yellow vein mosaic disease (Bhendi yellow vein virus, BYVMV), also 
spread by whiteflies, produces alternating green and yellow patches, chlorotic veins that thicken over 
time, distorted stems and petioles, and small yellow-green fruits 

Figure 9                         : . Charcoal rot, Fusarium wilt, Powdery mildew, Southern blight, White, OELCV, BYVMV (photo: Freepik) 
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6.3   Management Strategies

A. Cultural practices:

To manage aphids, armyworms, and fruit borers, avoid planting okra near infested fields, maintain 
proper spacing, and control weeds. Handpick armyworm caterpillars and eggs and use shallow 
ploughing to expose caterpillars and pupae to predators. Plant maize or sorghum as borders or 
intercrops to act as trap crops and reduce entry of armyworms, whiteflies, beetles, and spider mites. 
Other intercrops such as cluster bean, ginger, marigold, sunflower, black gram, cowpea, red amaranth, 
Indian spinach, onion, garlic, mint, coriander, common bean, lettuce, and squash also help manage 
spider mites. Control cutworms by sprinkling wood ash around plants, deep ploughing to expose larvae, 
and using flood irrigation. Ploughing also helps reduce thrips. Manage root-knot nematodes by planting 
clean materials, practicing crop rotation and intercropping, and cleaning farm tools.

B. Biological control:

Aphids, cutworms, whiteflies, and cabbage loopers are managed by conserving parasitic wasps and 
predators such as flies, lacewings, ladybird beetles, flower flies, syrphid larvae, and hoverflies. 
Armyworms shoot and fruit borers are controlled using parasitoids like Trichogramma chilonis. Thrips 
are managed with Bacillus thuringiensis and Metarhizium anisopliae. Root-knot nematodes are 
controlled with fungi culture such as Trichoderma spp., Penicillium chrysogenum, Fusarium solani, and 
Fusarium oxysporum. Spider mites are managed with entomopathogenic microbes like Bacillus spp. and 
Clostridium spp.

C. Chemical (biopesticides):

Aphids can be managed with plant-based extracts such as neem, garlic, lemongrass, chili, tobacco, 
marigold, and pawpaw, combined with detergent solutions or sun-fermented cattle urine. Armyworms, 
fruit borers, cutworms, whiteflies, and beetles can be controlled using neem-based products and 
extracts from turmeric, tobacco leaves, garlic, bitter apple, sour orange, onion, lemon eucalyptus, ginger, 
and neem. Thrips are managed with solar-treated animal urine and neem. Root-knot nematodes are 
controlled using sesame seed cake, castor bean, velvet bean, crotalaria, and neem extracts. Spider mites 
are managed with neem oil and neem seed kernel extract. A summary of cultural, biological and 
biopesticides management strategies are as shown in Table 4. 

 Table 4. Summary of pests and diseases of the Spider plant and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Aphids

Armyworms
& Fruit 
Borers

Cutworms, 
Whiteflies 
& Beetles

Leaf curling, 
yellowing,
stunted 
growth

Leaf damage, 
holes in 
leaves and 
fruits

Seedling 
cutting, leaf 
yellowing, 
feeding 
damage

-

-

-

-

Neem-based 
products; turmeric, 
tobacco leaf, garlic, 
bitter apple, sour 
orange, onion, lemon 
eucalyptus, ginger, 
and neem extracts

Neem-based botanicals 
and similar plant 
extracts as used for 
fruit borers

Use of 
sun-fermented 
cattle urine; 
detergent 
solution sprays

- Extracts from neem, 
garlic, lemongrass, 
chili, tobacco, 
asafoetida, marigold, 
and pawpaw
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Thrips

Root-knot 
Nematodes

Spider Mites

Silvering of 
leaves, leaf 
distortion

Root galling, 
stunted 
growth, 
poor vigour

Leaf stippling, 
bronzing, 
webbing

Use of organic soil 
amendments such 
as sesame seed 
cake, castor bean, 
velvet bean, 
crotalaria

-

-

-

Neem extracts

Neem oil; neem seed 
kernel ex

Solar-
treated 
animal urine

- Neem extracts
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Kale (Brassica oleracea var. acephala) was introduced to East Africa but is now widely grown and 
considered a traditional food. Kales have become one of the most important leafy staples because they 
are hardy, fast-growing, and provide consistent yields, making them reliable for smallholder farming. 
They are an excellent source of Vitamins A, C, and K. Kale has high market demand and is a major 
source of income for small-holder farmers. They are a drought- and heat-tolerant crop, although they 
are vulnerable to major pests. This chapter discusses Nature-Positive Agricultural and Agroecological 
practices for managing pests and diseases in the Kales cropping system.

Chapter 7. Kales (Brassica oleracea)
7.1 Overview

7.2 Major pests and diseases

Major pests: 

These include beet armyworm, cabbage aphid, cabbage looper, cutworm, diamondback moth, flea 
beetles, thrips, and root-knot nematode.
Beet armyworm creates irregular holes in leaves; young larvae feed heavily, leaving foliage skeletonized, 
and cause shallow, dry wounds on fruits. Their eggs appear as whitish, cotton-like clusters on leaves. 
Cabbage aphids stunt growth and can kill plants when infestations are severe. They are small, 
gray-green, soft-bodied insects with a white waxy coating, often hiding deep within shoots.
Cabbage loopers chew large holes in leaves, leading to significant leaf loss.
Cutworms attack seedlings and young transplants at night by cutting stems at the soil line and later 
making irregular holes in fruits.
Diamondback moth larvae initially feed between leaf surfaces, leaving small exit holes; older larvae 
create larger, irregular holes on leaf undersides. When disturbed, they drop on silk threads.
Flea beetles produce small pits and shot holes in young leaves, slowing growth and sometimes killing 
seedlings.
Large cabbage white and cross-striped cabbageworm larvae make ragged holes in leaves and leave 
green-brown droppings; they move more slowly than other caterpillars.
Thrips distort leaves, causing coarse stippling and a silvery appearance, leaving black fecal spots and 
transmitting plant viruses.
Root-knot nematodes cause stunted, uneven growth, swollen root galls, and wilting during hot, dry 
periods.
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Figur                        e 10.  Beet armyworm larvae, Cabbage aphid, Cabbage looper, Cutworms, Flea beetles, Cross-striped 
cabbageworm, Thrips and Root-knot nematode  (photo: Freepik) 

Major diseases: 

Alternaria leaf spot (Black spot, Gray spot): Causes small dark spots on leaves that turn brown or gray. 
Spots may be round or angular with dark edges, forming rings that later crack. Dark streaks can 
appear on stems and leaf stalks.
Anthracnose: Develops in warm, wet conditions. Starts as small gray or straw-colored spots that merge 
into large dead patches, causing yellowing and wilting. Spot centers may crack.
Damping-off: Kills seedlings soon after sprouting. Stems turn brown or black, become thin and twisted, 
and seedlings eventually collapse.
Downy mildew: Produces irregular yellow patches on leaves that turn light brown. A fluffy gray growth 
appears on the underside.
Black rot: Causes V-shaped brown spots on leaf edges, darkens stems, and may cause stem parts to 
fall off.

    Figure 11  .  Alternaria leaf spot, Anthracnose, Damping off     , Downy milde w and Black rot   

7.3   Management Strategies

A. Cultural practices:

Cabbage aphids, green peach aphids, and cabbage looper are managed by improving soil organic 
matter to attract natural predators (ants, earwigs, beetles, spiders), removing weeds, using peel or 
straw mulches, intercropping with herbs (coriander, green onion, parsley, basil), crop rotation, early 
planting, healthy seedlings, trap crops, and integrating marigold–mustard in a push–pull system. 
Cabbage webworms, cutworms, and flea beetles are controlled through intercropping with citronella 
grass and basil, combined with natural sprays such as Bt and neem.
Leaf miner is managed through early ploughing, removing damaged leaves, pest-free seedlings, weed 
control, and crop rotation. Thrips are controlled by mulching with plant residues, removing infested 
leaves, and ploughing or harrowing seedbeds before transplanting to kill pupae.
Root-knot nematodes are managed through strict sanitation, cleaning tools, healthy seedlings, proper 
irrigation, uprooting infected roots and exposing them to sunlight, weed control, and adjusting planting 
time. Incorporate neem, sunn hemp, or brassicas as green manure.
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Whiteflies are controlled by intercropping kales with coriander or marigold, rotating crops with onions, 
removing infested leaves, washing plants with water, and using row covers to prevent egg laying.

B. Biological control:

Biological control of major Kale pests involves a combination of entomopathogenic fungi, beneficial 
bacteria, and natural enemies.
 Aphids (cabbage and green peach) & cabbage looper are controlled using Trichoderma asperellum 
combined with Bacillus thuringiensis or Metarhizium anisopliae, while conserving predators such as 
spiders, ladybugs, lacewings, syrphid fly larvae, and predatory bugs. Cabbage webworm: Managed with 
Bacillus thuringiensis plus pest-repellent intercrops like citronella grass and basil species. Beet 
armyworm is managed with Bacillus thuringiensis and entomopathogenic fungi. Diamondback moths, 
flea beetles, leaf miners are controlled by fungi (Trichoderma asperellum, Metarhizium anisopliae) and 
bacteria (Bacillus subtilis, Bacillus thuringiensis). Thrips is managed through predatory bugs, mites, and 
pathogens such as arbuscular mycorrhizal fungi, rhizobia, and Metarhizium anisopliae. Whiteflies are 
controlled by parasitoids (e.g., parasitic wasps), predators (ladybird beetles, lacewings, spiders), and 
fungi (Metarhizium anisopliae, Beauveria bassiana) alongside Bacillus thuringiensis. Root-knot 
nematodes are suppressed with nematode-trapping fungi like Arthrobotrys spp and Monocrosporium 
spp as well as compost prepared with neem seed and neem cake.

C. Chemical (Biopesticides control):

Kale pests are managed primarily with plant-based extracts:
Cabbage aphids: Garlic, chili, lantana, and neem extracts.
Green peach aphids: Tobacco, neem, river gum, and mahogany extracts.
Cabbage looper: Trichoderma asperellum combined with neem extract for young larvae and severe 
infestations.
Cutworms: Neem extract with pest-repellent intercrops such as citronella grass, sweet basil, and sacred 
basil.
Diamondback moth: Garlic, hot pepper, lantana, and neem extracts, plus Siam weed, node weed, wild 
chili, tobacco, African senna, poison nut, castor bean, and castor oil plant.
Cabbage webworm (including large white cabbage, cross-striped cabbage worm, beet armyworm): Garlic, 
chili, lantana, and neem extracts with intercrops of citronella grass and basils.
Flea beetles: Bacillus thuringiensis (Bt) and neem extract with pest-repellent intercrops.
Leaf miner: Neem-based products such as Nimbecidine, Achook, and Neemrok.
Whiteflies: Treat seedling roots with Trichoderma asperellum mycelia before transplanting, followed by 
neem extract sprays. 
Root-knot nematodes: (See previous management strategies). 
A summary of cultural, biological and biopesticides management strategies are as shown in Table 1. 

Table 5. Summary of pests and diseases of Kales and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Cabbage 
aphids

Cutworm

Curled, yellow 
leaves; sticky 
honeydew; 
small, soft 
insects visible.

Seedlings cut 
off at the base 
near the soil 
line; damage 
at night.

Neem extract 
Intercropping 
Crop rotation. 
Straw mulching 
Intercropping -
Effective weed 

- Neem extract

Conserving natural 
predators Effective 
weed control. 
Early planting

Extracts from 
neem, garlic, 
lemongrass, chili, 
tobacco, asafoetida, 
marigold, and 
pawpaw 

Plant extract, Spray 
Trichoderma 
asperellum combined 
with Bacillus 
thuringiensis or 
Metarhizium anisopliae 
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Thrips Silvery streaks 
or patches on 
leaves; tiny 
black specks of 
excrement; 
distorted 
growth

Curled, yellow 
leaves; sticky 
honeydew; 
small, soft 
insects visible.

control. 
Ploughing 
Predatory bugs, 
mites

Metarhizium 
anisopliae

Green 
peach 
aphids

Intercropping Parasitoids (parasitic 
wasps), Predators lady 
beetles, lacewings, and 
syrphid fly larvae, 
fungal diseases 
(Entomophthora) 
group).

Plant extract (see note) 
Trichoderma 
asperellum

Cabbage 
looper

Holes in leaves/
fruit; Frass 
(droppings); 
Feeding 
damage on 
foliage/stems.

-Conserving 
natural 
enemies 

Trichoderma 
asperellum

Neem-extract , 
Trichoderma 
asperellum Bacillus 
thuringiensis or 
Metarhizium 
anisopliae

Beet 
armyworm

Bacillus 
thuringiensis and 
entomopathogenic 
fungi

Similar to those 
attacks of 
caterpillar on 
leaves and buds

Flea beetles Trichoderma 
asperellum, 
Metarhizium 
anisopliae

Tiny, irregular 
feeding holes 
("shot holes") 
in leaves; 
jumping 
behavior when 
disturbed.

intercropping 
Neem extracts

Root-knot 
Nematodes

Nematode-Trapping; 
Arthrobotrys Parasitic 
Fungi; Paecilomyces 
(or Pochonia) and 
Verticillium. Parasitic 
Bacteria: Pasteuria 
penetrans. Plant Growth 
Promoting 
Rhizobacteria (PGPR): 
Bacteria; Pseudomonas 
and Bacillus species

Galls/Knots or 
swellings on 
roots; stunted, 
yellowed 
plants; wilting 
despite water.

See other 
treatments

Arthrobotrys spp and 
Monocrosporium spp

-Leaf miner Winding, pale 
tunnels or 
"mines" visible
 within the leaf 
tissue.

Ploughing
Effective 
weeding

Trichoderma 
asperellum, 
Metarhizium 
anisopliae

White flies Yellowing 
leaves; Sooty 
Mold on sticky 
residue; small, 
white insects 
cluster on leaf 
undersides.

-Intercropping
Predators

Parasitoids Plant extract (see note) 
Metarhizium anisopliae 
Bacillus thuringiensis
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Figur                          e 12.  Bean fly            , Aphids (A. fabae), Thrips, Cutworm and Bean leaf beetle  (photo: Envato) 

Chapter 8. Legumes (Vigna spp)
8.1 Overview

Cowpea (Vigna unguiculata) is an important indigenous African legume valued for its drought tolerance 
and nitrogen-fixing ability, making it vital for soil health and food security in the dry savannas of 
Sub-Saharan Africa. Its dried grains provide plant protein and B vitamins, while its tender leaves are 
widely used in traditional dishes. Similarly, French bean (Phaseolus vulgaris) is a major legume grown for 
fresh pods and dried seeds, serving as both a staple food and an export crop. Despite its adaptability 
and role in improving livelihoods in Eastern and Southern Africa, French bean production faces 
significant pest and disease challenges that require targeted management strategie. This chapter 
discusses Nature-Positive Agricultural and Agroecological practices for managing pests and diseases in 
the legume cropping system.

8.2 Major Pests and Diseases

Major pests: 

Major pests include bean fly, aphids, bean leaf beetle and cutworm.
Bean fly: The larvae bore into seedlings, roots, and stems, causing patchy emergence, stunting, wilting, 
and ultimately plant death. Infestation is often linked to plant residues or heavy manure applications. 
Aphids: These small insects suck sap, leading to stunted growth and are critical agents for transmitting 
viral diseases.
Bean leaf beetle: Adults chew holes in leaves and pods, resulting in defoliation and reduced yield. 
Cutworm: The larval stages sever young seedlings at the base of the plant, causing immediate losses of 
crop.

Production of Traditional Leafy Vegetables and Spice Crops Under Nature-Positive and Agroecological Practices in Kenya | Page 28 of 56CGIAR



Major diseases: 

Bean rust, angular leaf spot, common bacterial blight and root rot.
Bean rust: Manifests as reddish-brown pustules on the leaves, ultimately leading to significant 
defoliation (leaf loss).
Angular leaf spot: Results in distinct angular, water-soaked lesions on the leaves, which causes the leaves 
to drop prematurely.
Common bacterial blight: Characterized by water-soaked spots that appear on both the leaves and 
pods, which then develop into necrotic (dead, dry) tissue.
Anthracnose: Forms characteristic dark, sunken lesions on the stems, leaves, and, most notably, the 
pods.
Root rot: It attacks the plant from below, leading to yellowing of the leaves, wilting, and decay of the 
roots, severely reducing the overall plant vigor.

Figure 13.  Bean rust, Angular leaf spot, Anthracnose, Bacterial blight  and  Root rot (Fusarium sp.)  (photo: Envato) 

8.3 Major Pests and Diseases

A. Cultural practices

Field Enhancement: Ridging, hilling soil (earthing up), and applying fertilizer are used to boost plant 
vigor against the bean fly.  Planting Strategy: Intercropping with cereals (like maize) or other plants (like 
eggplant/leeks), adjusting density and spacing, and early sowing are employed to deter bean fly, thrips, 
and aphids. Hygiene and Removal: Removing weeds, crop residues, and infected plants is crucial for 
controlling aphids, cutworms, thrips, and bean leaf beetle. Tillage helps manage cutworms. Direct 
Control: The bean leaf beetle is managed by handpicking, and damaged fields require 
reseeding/replanting after a cutworm attack.

B. Biological control

Bean Fly: Control is achieved using natural parasitic wasps that attack the pupal stage. Management 
also involves coating seeds with beneficial fungi and integrating the method with better soil fertility 
management. Aphids: This pest is managed primarily using various natural enemies. These include 
beneficial fungi, ladybird beetles (a type of beetle predator), and several types of parasitic wasps that 
target the aphids. Bean Leaf Beetle: Management utilizes extracts made from specific plants, such as 
smartweed, Lettuce-Leaf Blumea, and fish poison bean. Cutworms: Control involves a wide range of 
natural agents.
Microorganisms: Using specific types of beneficial bacteria, fungi, and nematodes that are antagonistic 
to the pest. Predators and Parasitoids: Control relies on various parasitic wasps, numerous types of 
predatory beetles (ground and rove beetles), ants, rodents, and spiders. Thrips: This pest is managed 
using a specific type of minute predatory bug as a natural enemy.
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C. Chemical (biopesticide) control:

Aphids are controlled using mixtures of neem seed kernel, aloe, the crown flower, and other leaf 
extracts. In addition to cultivated tobacco, neem, garlic, eucalyptus, and mahogany. Bean leaf beetles 
are specifically managed using a simple aqueous extract from neem seeds. Thrips are managed with a 
mixture of neem, hot pepper, garlic, lantana, and wild marigold. 
Bean fly and cutworms can be controlled using a 60-day biowash (liquid fertilizer) made from earthworm 
compost and plant extracts such as custard apple, devil’s trumpet, Jatropha, neem, Parthenium, and 
Pongamia. The bean fly is also managed by applying dried leaves of fever nut or grey nickerbean. 
Complex mixtures involving custard apple, red chilli, thorn apple, wormwood, and sweet basil are also 
used. Cutworms are managed using crude extracts from leaves and peels of ripe pomegranate fruits, or 
aqueous extracts from the leaves, roots, and fruits of the fever nut plant.
A summary of cultural, biological and biopesticides management strategies are as shown in Table 6. 

 Table 6. Summary of pests and diseases of Legumes and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Bean Fly Destroys 
seedlings 
(stunting, 
death).

Aphids 
& Thrips

Cutworms

Bean 
Leaf 
Beetle

Ridging/Hilling soil, 
early sowing, 
fertilizer use, 
intercropping 
(leeks/eggplant), 
mulching, 
removing infected 
plants.

Intercropping 
(maize), adjusting 
spacing, 
removing weeds/
residues, cereal 
borders.

Sapsucking, 
disease 
spread, flower/
pod 
deformities.

Cuts seedlings 
at base 
(crop loss).

Tillage, weed 
removal, 
reseeding / 
replanting.

Handpicking, 
removing weeds, 
companion 
planting.

Holes in 
leaves/pods 
(defoliation).

Ladybird 
beetles, 
beneficial fungi, 
various parasitic 
wasps, and 
predatory bugs.
Predatory beetles /
ants/spiders, 
parasitic wasps, 
beneficial bacteria, 
fungi, and 
nematodes.

Predatory bug.

Extracts from neem, 
garlic, chilli/hot 
pepper, tobacco, and 
various plant mixtures.

Earthworm 
biowash, extracts 
from pomegranate 
and fever nut.

Aqueous neem seed 
extract, or extracts 
from smartweed, 
fish poison bean, etc.

Parasitic wasps 
and beneficial 
fungi 
(seed coating).

Earthworm biowash 
(custard apple, 
neem), fever nut or 
grey nickerbean 
leaves.
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Chapter 9. Pepper (Capsicum annuum)
9.1 Overview

Both sweet bell peppers (Capsicum annuum) and hot chili peppers (Capsicum frutescens) are essential 
components of African cuisine. The genus Capsicum contributes varieties spanning the heat spectrum, 
including the fiercely hot pilipili (African Bird's Eye Chili) and the pungent Scotch Bonnet. Peppers are 
used in fresh, dried, or processed forms to impart intense heat and flavor. Studies confirm the significant 
nutritional and antioxidant potential of various African pepper varieties. Sweet bell peppers are typically 
incorporated into vegetable medleys. Peppers (Capsicum annuum and C. frutescens) are in constant 
high market demand as they are indispensable for imparting intense heat and flavor (e.g. Scotch Bonnet) 
and for use in vegetable medleys. While widely grown, open-field production is highly susceptible to a 
range of pests, diseases, and disorders, which can severely limit yield and quality, necessitating effective 
control measures throughout the growing cycle. This chapter discusses Nature-Positive Agricultural and 
Agroecological practices for managing pests and diseases in the pepper cropping system.

9.2 Major pests and diseases

Major pests: 

These are aphids, thrips, fruit borers, white flies, spider mites, and Root-knot nematodes
Aphids damage plants by sucking sap, producing honeydew that coats plant surfaces, and transmitting 
viral diseases. They commonly infest young stems and flower buds.
Thrips feed on young leaves, flowers, and fruits, causing silvery leaf patches, dark faecal spots, leaf 
curling, wrinkling, and drying. Heavy infestation leads to distorted stems and fruits, stunted growth, and 
can transmit viruses such as tomato spotted wilt virus in peppers.
Fruit borers feed on flowers and fruits, causing flower bud abortion. Their larvae bore into fruits, 
creating entry points for secondary infections and accelerating fruit decay. 
Whiteflies damage plants by sucking sap, causing chlorotic leaf spots, and excreting honeydew that 
promotes black sooty mould and reduces photosynthesis. They also transmit viral diseases such as chilli 
leaf curl.
Spider mites feed on plant sap, mainly from the underside of leaves. Severe infestations can spread 
across the entire plant, leading to leaf damage and defoliation.
Root-knot nematodes cause swollen, knotted roots that restrict water and nutrient uptake, leading to 
wilting. Severely infested roots rot, and plants may eventually die.
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 Figure 14.  Thrips, Aphids, Fruit borer                       , Whiteflies, Spider mite and Root knot nematodes    (photo: Envato) 

Major diseases: 

The major diseases are damping off, powdery mildew, and bacterial wilt. Damping-off and root rot cause 
seedlings to fail to emerge, collapse after emergence, or become stunted. Nursery beds show irregular 
patches. The soil-borne fungi involved vary by temperature: Pythium favours cooler conditions, while 
Rhizoctonia solani and Fusarium spp. thrive in warmer conditions.
Powdery mildew: White to grey powdery spots develop on upper leaf surfaces, spreading from older to 
younger leaves and causing leaf drop. It thrives in warm, humid, and dry conditions.
Bacterial wilt: Affected plants wilt suddenly without yellowing, appearing singly or in clusters. The 
disease spreads under warm, wet conditions.

   Figure 15.  Damping off/root r             ot, Powdery mildew and Bacterial wilt  (photo: Envato) 

A. Cultural practices:

Aphids can be managed by using resistant varieties, separating fields from infected crops, raising 
seedlings in protected environments, applying straw mulch, removing weeds, and using intercrops or 
barrier crops such as cassava, maize, sorghum, banana, sunflower, millet, legumes, and African 
marigold to limit aphid movement. 
Spider mites can be controlled by keeping plants well-watered, washing mites off leaves, removing 
infested parts, ploughing, and intercropping with onion or garlic.
Fruit borers can be managed through resistant varieties, early planting, crop rotation, field sanitation, 
removal of nearby host plants (e.g., potato, tomato, eggplant), covering nursery beds with shade nets, 
removing infected shoots and fruits early, intercropping with coriander, and installing barriers to block 
moth movement.
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Whiteflies: Managed through early planting, intercropping with rosemary, drip irrigation, organic 
mulching (compost, straw, bark, wood chips), spraying sour buttermilk or fermented cow milk, and 
foliar sprays of cow dung/urine.
Root-knot nematodes: Controlled by crop rotation, companion cropping with African marigold (Tagetes 
spp.), maintaining high soil organic matter, mulching with clove buds, and intercropping with cowpea.

B. Biological control:

Aphids are controlled using parasitoids, pathogens, and predators such as ladybird beetles, lacewings, 
and mirid bugs. Spider mites are controlled using pathogenic bacteria, fungi, and predators (see 
preceding chapters for details). Fruit borers are managed with Bacillus thuringiensis (Bt) bio-products, 
and Trichogramma chilonis (See preceding chapters for details on bio-products). Whiteflies and  Root 
knot nematodes (see preceding chapters).

C. Chemical control:

Aphids (plant extract, see details in preceding chapters). Spider mites managed using Nimbecidine and 
plant extracts as described above. Fruit borers can be managed with extracts from turmeric rhizomes, 
tobacco leaves, garlic bulbs, bitter apple fruits and leaves, sour orange peels and seeds, onion bulbs, 
lemon eucalyptus leaves and seeds, ginger rhizomes, and neem leaves and seeds. Whiteflies are 
managed using mixtures of cow dung and urine with wood ash, soap, and water, plus foliar sprays of 
marigold, chilli, turmeric, neem formulations, milkweed, and garlic extracts. Root-knot nematodes are 
managed using plant extracts from pot marigold, neem, sweet wormwood, and castor seeds.
A summary of cultural, biological and biopesticides management strategies are as shown in table 7. 

Table 7. Summary of pests and diseases of the pepper and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options
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Aphids

Spider 
Mites

Curled, yellow 
leaves; sticky 
honeydew; 
small, soft 
insects visible.

Fine Webbing; 
tiny yellow/
white dots 
(stippling) on 
leaves; bronzing.

Ensure Adequate 
Watering; Rinse 
Mites off leaves; 
Plow fields; 
Intercrop with 
Garlic & Rosemary.

Predatory Mites 
(Amblyseius, Neoseiulus 
species); Predatory 
Beetles; Pathogenic 
Bacteria/Fungi 
(Beauvaria, 
Lecanicillium, 
Metarhizium species).

Use Resistant 
Varieties; Separate 
from infected crops; 
Remove Weeds; Use 
Rice Mulch; 
Intercrop with 
Marigold, Cassava, 
Grains, Vegetables.

Ladybird Beetles, 
Lacewings, Predatory 
Bugs; Various Parasitic 
Wasps ; Predatory Flies.

Aqueous extracts of 
Garlic, Hyptis Leaves, 
Neem Seed.

Fruit 
Borers

Holes/Tunnels 
in fruit/
shoots; Frass 
(droppings); 
fruit decay.

Resistant 
Varieties; Early 
Planting; 
Sanitation 
(remove host 
plants); Use 
Physical Barriers 
(shade nets, 
erection); 
Intercrop with 
Coriander.

Bacillus thuringiensis 
(Bt) bio-products; 
Various Parasitic 
Wasps 
(Trichogramma 
chilonis, Chelonus sp. 
species).

Extracts from Neem, 
Garlic, Turmeric, 
Tobacco, Papaya 
Leaves, Bitter Apple, 
Ginger; Use Wood Ash.

Neem Bio-products 
(oil, seed extracts); 
Extracts from Rough 
Cocklebur, Chamomile, 
Rosary Pea Seeds, 
Common Sage.
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Whiteflies Yellowing leaves; 
Sooty Mold 
on sticky 
residue; 
small, white 
insects cluster 
under leaves.

Early Planting; Use 
Drip Irrigation; 
Apply Organic 
Mulches; Intercrop 
with Rosemary.

Parasitic Wasps 
(Encarsia, Eretmocerus 
species); Coccinelid 
Beetles, Lacewings, 
Predatory Mites; 
Entomopathogenic 
Fungi (Beauveria 
bassiana).

Root 
Knot 
Nema-
todes

Galls/Knots on 
roots; stunted, 
yellowed 
plants despite 
adequate care.

Crop Rotation; High 
Soil Organic Matter; 
Use Clove Bud 
Mulch;Companion 
plant with African 
Marigold & Cowpea.

Beneficial Soil Bacteria 
(Pseudomonas, Bacillus 
species) and Fungi 
(Trichoderma, 
Paecliomyces species) 
(often PGPR).

Extracts from Pot 
Marigold, Neem, 
Red Chilli, Ginger, 
Sweet 
Wormwood, 
Brassica species.

Homemade sprays 
(Cow Dung/Urine/
Ash, Soap); Foliar 
sprays of Marigold, 
Chilli, Turmeric Roots, 
Milkweed, Neem/
Garlic extracts.



Chapter 10. Shallot (Allium cepa)
10.1 Overview

Shallot (Allium cepa var. aggregatum) is a popular, aromatic, and milder alternative to the common bulb 
onion across Africa. The term “shallot” often includes multiplier onions and small, pungent local onion 
landraces valued for their multiple, well-storing bulbs. It is a key ingredient in many African dishes, 
forming the base of traditional flavors. High demand persists due to its role as a reliable seasoning crop. 
Shallots are hardy and marketable because they produce small, storable bulbs. Pest and disease issues 
are similar to those of common onions, requiring control of soil-borne pathogens and onion thrips. This 
chapter discusses Nature-Positive Agricultural and Agroecological practices for managing pests and 
diseases in the Shallot cropping system.

    Figure 16. Onion Thrips (Thrips tabaci), Cutworms (Agrotic spp.) and Onion Maggot (Delia antiqua)  (photo: Envato) 

Major diseases:

Downy mildew, purple blotch, fusarium basal rot and neck rot
Downy mildew is a fungal disease that causes a purple-gray mold on the leaves, leading to wilting and 
eventual bulb rot. Purple blotch causes brown or purple lesions on the leaves, which reduces the plant's 
ability to photosynthesize. Fusarium basal rot is a fungal infection that leads to the yellowing of leaves 

10.2 Major pests and diseases

Major pests:

Onion thrips, cutworms and onion maggot
Onion crops are threatened by several pests: onion thrips suck sap from leaves, resulting in silver 
streaks and curling that reduce photosynthesis and stunt growth; while both cutworms and onion 
maggots attack the base of young seedlings, causing them to be cut off and leading to plant loss.
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Figure 17. Cutworms (Agrotis spp.), Purple blotch, Fusarium basal rot, Onion smut and Neck rot. (photo: Envato)

10.3   Management Strategies

A. Cultural practices

To control the onion maggot and cutworms, preventative soil and field cleaning are key: this involves early 
tillage and removing all weeds before planting, and practicing crop rotation and removing previous crop 
residues to disrupt the pests' environment. For onion maggots, it is also crucial to destroy affected plants 
and isolate new seedlings from older fields, often by delaying planting.
Managing onion thrips primarily relies on manipulating the plant environment. This is achieved through 
intercropping the onions with certain flowering and vegetable plants that act as traps (like carrots, 
cucumber, and carnation flowers). Other techniques include staggering planting times, using straw mulch, 
direct seed planting, and selecting resistant materials. Water and nutrition management is also important, 
requiring farmers to increase irrigation during dry periods and carefully adjust fertilizer application (either 
increasing nitrogen or reducing nitrogen and phosphorus, depending on the specific approach used). 
Finally, intercropping with pungent spices like dill, black pepper, red pepper, and ginger is an effective 
practice specifically used against the onion maggot.

B. Biological control

Onion thrips are managed by numerous natural predators, including various species of predatory mites, 
minute pirate bugs, and flower bugs, along with multiple types of predatory beetles, such as ladybird 
beetles and lacewing larvae. The larvae are also attacked by specialized parasitic wasps. Furthermore, the 
thrips are susceptible to control by numerous beneficial fungi that target all life stages, larvae, pupae, and 
adults. For cutworms, management combines microorganisms and larger predators. Control utilizes 
beneficial nematodes (microscopic worms) and various fungi that cause disease in the cutworms. 
Specialized bacteria are also applied. Natural enemies include different types of parasitic wasps and 
predators such as ants and various predatory beetles. Finally, the onion maggots are managed using 
beneficial nematodes, several types of specialized fungi, and predatory insects like ground beetles and 
rove beetles.

and the destructive rotting of onion bulbs. Onion smut results in dark streaks on the leaves and bulb 
deformation, which ultimately decreases the market value of the crop. Finally, neck rot is a fungal 
disease responsible for the rotting of onion bulbs specifically during storage.
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C. Chemical (biopesticide)

For onion thrips, management relies on the application of plant extracts from sources such as basil, 
neem, chilli, garlic, lemongrass, pyrethrum, and parthenium weed. Extracts from the violet tree, African 
soapberry, and tree tobacco are also utilized, alongside general neem-based bio-products. Cutworms 
are managed using a diverse array of plant extracts, often from herbs and aromatic plants. These 
include extracts from basil, garlic, mint, cumin, parsley, cucumber, lemon grass, and caraway. Further 
control is achieved using extracts from Egyptian horseweed, Persian lilac, Madagascar periwinkle, and 
wild mint. The onion maggot is managed using extracts from specific plants including neem, various 
types of custard apple (like African custard apple and soursop),  and Jatropha. 
A summary of cultural, biological and biopesticides management strategies are as shown in Table 8. 

 Table 8. Summary of pests and diseases of the shallot plant and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Onion 
Thrips

Cutworms

Onion 
Maggots

Intercropping (with 
flowers/vegetables), 
staggering planting, 
and straw mulch

Suck sap, 
causing silver 
streaks, leaf 
curling, and s 
tunted growth.

Cut seedlings at 
the base, 
causing total 
plant loss.

Early tillage, weed 
removal, and 
planting resistant 
varieties

Crop rotation, 
delaying planting, 
removing residues, 
and intercropping 
with pungent 
spices (dill, ginger).

Cut seedlings 
at the base, 
causing total 
plant loss.

Predatory beetles/
spiders, parasitic 
wasps, and beneficial 
nematodes/fungi
/bacteria.

Predatory ground 
beetles, beneficial 
nematodes, and 
specialized fungi.

Extracts from 
basil, garlic, mint, 
cumin, and 
pomegranate.

Extracts from 
neem, custard 
apple, and Jatropha.

Predatory 
mites, ladybird 
beetles, 
parasitic wasps, 
and beneficial 
fungi.

Extracts from 
neem, basil, chilli, 
garlic, and 
lemongrass.
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Chapter 11. Ginger (Zingiber officinale)
11.1 Overview

Ginger (Zingiber officinale) is a widely grown spice and medicinal crop valued for its aromatic, pungent 
rhizome. It is used fresh, dried, or powdered in cooking, in beverages, and in traditional remedies for 
ailments such as coughs and colds. Ginger thrives in tropical, high-rainfall areas and is resilient but 
vulnerable to rhizome rot and nematodes, requiring good drainage and phytosanitary practices. Demand 
remains high due to its culinary and medicinal importance. This chapter discusses Nature-Positive 
Agricultural and Agroecological practices for managing pests and diseases in the ginger cropping system.

     Figure 18. Root knot nematode and Burrowing nematode (photo: Envato) 

Major diseases: 

Bacterial wilt and rhizome rot
Bacterial wilt causes leaves to roll, curl ("green wilt"), yellow, and die, leading to stunted plants. Rhizome 
rot also causes leaf yellowing and stunting, but is specifically defined by the water-soaked internal 
decay of rhizomes and the discharge of discolored water with four distinct smells from the plant's 
conducting tissues.

11.2 Major pests and diseases

Major pests: 

Root knot nematode and burrowing nematode 
Root knot nematode: The leaves of the infected plant turn yellow, then, as the pathogen progresses, the 
plant wilts in hot weather. The roots of the plant show water-soaked lesions on roots. Burrowing 
nematode on the other hand, plant leaves turn yellow, with fewer shoots, and the rhizomes exhibit 
water-soaked lesions that turn brown as the disease progresses. This lesion merges and leads to rotting. 
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Figure 19. Bacterial wilt and Rhizome rot (photo: Envato) 

11.3 Management Strategies

A. Cultural practices

To manage root knot and burrowing nematodes, growers must prioritize strict hygiene and field 
rotation to stop the pests from spreading and to reduce their populations in the soil. Key preventive 
steps include planting only pest-free rhizomes, immediately uprooting and destroying any plants 
showing signs of infection, ensuring all farm tools are thoroughly cleaned after use, and applying only 
clean irrigation water. For effective soil treatment, farmers should implement crop rotation using crops 
that nematodes do not favor, such as cabbage, onion, maize, and sorghum. Finally, reducing nematode 
populations can be achieved by solarizing the field (heating the soil through ploughing and covering) 
and by applying green manure or mulching with materials such as Gliricidia leaves, Velvet bean, and 
Mexican sunflower.

B. Biological control

Root-knot and burrowing nematode management is achieved biologically through several beneficial 
microorganisms. These include various types of beneficial fungi and beneficial bacteria (See details for 
other sections above).

C. Chemical (biopesticide)

The management of root knot and burrowing nematodes involves applying botanical extracts to the 
root zone. This is achieved by drenching the area with neem plant extracts or a neem-based product, 
and by applying basil leaf extracts. A summary of cultural, biological and biopesticides management 
strategies are as shown in Table 9. 

Table 9. Summary of pests and diseases of the ginger plant and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Root Knot 
& 
Burrowing 
Nematodes

Plant pest-free 
rhizomes, uproot 
and destroy 
plants, crop 
rotation, clean 
tools/water, 
solarize field, and 
use green 
manuring/mulch.

Root galls, 
stunted growth, 
and poor vigour.

Use of beneficial fungi 
and beneficial bacteria.

Drenching the root 
zone with neem plant 
extracts or a 
neem-based product, 
and applying basil leaf 
extracts.
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Chapter 12. Basil (Ocimum basilicum)
12.1 Overview

African Basil (Ocimum basilicum) is the most common type, widely used for cooking, traditional 
medicine, and cultural rituals. It has insect-repellent properties and growing market demand due to its 
short growth cycle (25–30 days). The crop is drought-sensitive and prone to fungal diseases and root rot 
if drainage is poor, requiring consistent moisture and good management. This chapter discusses 
Nature-Positive Agricultural and Agroecological practices for managing pests and diseases in the Basil 
cropping system.

Figure 20. Aphids, Looper , Cutworm and Flea beetle (photo: Envato) 

Major diseases: 

Cercospora leaf spot, downy mildew, fusarium wilt
These three diseases primarily target the leaves, leading to wilting and plant death. Cercospora leaf spot 
is visible as dark, circular spots on the leaves that have lighter centers. Downy mildew causes the leaves 
to turn yellow, often starting from the center vein, and can be confirmed by the presence of gray, fuzzy 
growth on the underside, resulting in brown to black, angular patches. Finally, Fusarium wilt is the most 
severe, characterized by leaves that turn yellow and wilt, often showing brown streaks underneath, 
which ultimately leads to stunted growth and the death of the entire plant.

12.2 Major pests and diseases

Major pests:  

Aphids, cutworms and loopers, flea beetle
These pests primarily cause two types of damage: stunted growth and direct tissue loss. Aphids stunt 
plants and leave a sticky honeydew that fosters molds, hindering the plant's ability to use sunlight. 
Cutworms cause immediate plant death by cutting seedlings near the base. Other larvae, like loopers, 
strip the leaves, while the flea beetle creates a distinctive "shothole" appearance by chewing small 
holes in the foliage.
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    Figure 21. Cercospora leaf spot, Do               wny mildew and Fusarium wilt (photo: Envato) 

12.3  Management Strategies

A. Cultural practices

Controlling aphids and the flea beetle involves maintaining a clean field environment. This is achieved 
through crop rotation, removing weeds (especially cruciferous weeds for aphids), and promptly 
destroying crop residues after harvest. For flea beetles, adequate tillage is used to expose their eggs, 
while covering young plants with fine mesh netting offers protection from aphids. Specific measures 
target the larval pests. Cutworms are managed by avoiding planting crops in areas with known 
outbreaks, regularly ploughing the field, and selecting resistant varieties. Loopers require active control 
measures like hand-picking and destroying the caterpillars, removing alternate host plants and infested 
plant parts, and using mass-trapping or sex pheromone traps to disrupt male moth mating. Planting 
mexican marigold can also be used as a trap crop for loopers.
Management focuses on field hygiene and strategic planting. For all pests, crop rotation and prompt 
destruction of crop residues are essential. Aphids and flea beetles are controlled by weed removal and 
can be physically excluded by covering young plants with mesh netting. Cutworms are managed by 
regular ploughing and planting resistant varieties in safe areas. Loopers require active removal by hand-
picking caterpillars, removing infested parts, and using pheromone traps.

B. Biological control

Aphids are controlled by numerous agents. Key control relies on general predators such as ladybird 
beetles, lacewings, and various species of nabid and mirid bugs. Specific control is provided by a variety 
of parasitic wasps that attack the aphids. Control is also achieved using pathogens that cause disease in 
the pests. Cutworms are managed primarily with beneficial nematodes (microscopic worms) and larger 
predators. The most effective control involves using different groups of nematodes. Natural enemies 
also include various predatory beetles, wasps, and ant species. For loopers, control focuses on targeted 
parasitism and microbial agents. Management includes using wasps that parasitize the pest's eggs and 
larvae, as well as applying biopesticides based on bacteria known to cause disease in the larvae. Flea 
beetle is managed using a diverse mix of agents. Control relies on two main types of beneficial 
nematodes and various beneficial fungi that cause disease in the beetles. Also used are specialized 
parasitic wasps and general predators like spiders and ground beetles.

C. Chemical (biopesticide) control

A wide range of plant extracts is used, often derived from potent sources. Pungent and aromatic extracts 
like garlic, chilli/hot pepper, and cultivated tobacco are effective against all four pests. Bitter extracts 
from aloes, neem, mugwort, red bitter apple, and Chinaberry tree are key against aphids, cutworms, and 
loopers. Additionally, wild and Mexican marigold extracts are frequently used alone or in combination 
against aphids, cutworms, and loopers.
A summary of cultural, biological and biopesticides management strategies are as shown in Table 10. 
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Table 10. Summary of pests and diseases of the basil plant and their control

Pest/
Disease

Symptoms Cultural Control Biological Control Biopesticide Options

Aphids

Cutworms

Loopers

Flea 
Beetle

Stunted growth, 
honeydew 
production, and 
sooty mold 
(hinders 
photosynthesis).

Cut seedlings 
at the base, 
resulting in 
heavy plant 
loss.

Early stages 
feed on 
terminal 
clusters; 
later stages 
skeletonize 
leaves.

Feeding causes 
small holes in 
leaves, giving a 
characteristic 
"shothole" 
appearance.

Avoid high-infestation 
areas, regular 
ploughing, and 
planting resistant 
varieties.

Hand-picking 
caterpillars, 
removing host 
plants, crop rotation, 
and pheromone 
traps.

Crop rotation, clean 
cultivation (weed 
removal), tillage to 
expose eggs, and 
residue destruction.

Predatory beetles
/ants, parasitic 
wasps, and beneficial 
nematodes, fungi, 
and bacteria.

Wasp 
parasitoids (egg 
and larval) and 
bacterial 
biopesticides.

Beneficial nematodes, 
specialized fungi, 
parasitic wasps, and 
spiders/ground 
beetles.

Extracts from 
rosary pea, onion, 
chilli, tobacco, 
aloes, and 
mugwort.

Extracts from rosary 
pea, chilli, tobacco, 
Peruvian pepper, and 
Mexican marigold.

Extracts from 
alligator pepper, 
garlic, chilli, neem, 
tobacco, and ginger.

Crop rotation, 
weed removal, 
residue 
destruction, and 
covering young 
plants with mesh.

Ladybird beetles, 
lacewings, 
predatory bugs, and 
parasitic wasps.

Extracts from garlic, 
chilli, tobacco, aloes, 
mugwort, and 
marigold.
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Young okra plant at farm field (photo: freepik)



Pest infected cabbage plant (photo: freepik)
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