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Preface 

In the era of population boom and climate change in Sub Saharan Africa in general, in Ethiopian in 

particular, irrigation is becoming vital to produce acceptable quality and quantity of crops. However, 

irrigation agriculture requires a thorough understanding of the appropriate agronomic management 

of the crop and integrated pest management practices by irrigation water users. In irrigated 

agriculture the incidence of pests is increasing that could significantly reduce the productivity of the 

crops. This requires an efficient and integrated pest management that provides much closer 

prevention and control than ever before. The importance of irrigated crops is becoming extremely 

vital to the Ethiopian agriculture, particularly for producing high value, market-oriented crop and 

livestock products. Improved management of pests requires using the best information and 

techniques that current technology and knowhow could provide in the planning, design, evaluation, 

and management of irrigation systems.  

 

This manual is to provide best-bet approaches of pest management to woreda experts and kebele 

agriculture development agents directly working with farmers in the Ethiopian rural setting. The 

manual is prepared with an easily and understandable way by users. The manual is the fourth part of 

irrigation agronomy training participant books and contains three modules in it. 

 

The main emphasis in the first module/unit is on pest identification for IPM, the second is on pest 

monitoring and IPM implementation tool, and the third deals mainly on Application Strategies of 

IPM, Pesticides and their Management.  

 

In addition, the gender box is included at the beginning of this training module for the consideration 

of gender responsiveness in all the activities of the training program.  
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Gender Box 

 

What are the issues of gender inequity? 

Women are interested in crops that they can use to feed their families and bring in high income.  

This is why women farmers are engaged in irrigation agriculture, investing much of their time all year 

around on their farms, starting from land preparation and nursery management.  Nursery 

management involves having the knowledge and skills to ensure viable seed germination and 

seedling establishment.  Several factors may make seedlings weak and prone to diseases and pests. 

Spending so much time on the farm allows women to easily recognize the changes affecting their 

crops.  However, they may not understand the implications for these changes, whether they are 

harmful, and what to do about them.  If women have access to extension which is not based in their 

practical day-to-day experience of managing their crops, they may not always grasp the messages.  

Low literacy levels prevent them from understanding the theory and concepts of irrigation 

agronomy.  Thus, they may not understand the relevance of extension messages for their farm 

situation, family nutrition, and market value.     

How can the gender issues be addressed? 

Extension services should address the needs of both women and men, since both of them play active 

roles in irrigated agriculture.  Women should be trained to identify major crop diseases and pests, 

and know what to do to mitigate their effects.  During training, the indigenous knowledge of both 

men and women should be taken into account within an experiential learning context that features 

demonstrations. The training content and messages should be easy to understand and apply.  

Explain step by step how to carry out methods to keep seedlings and crops healthy.  Provide 

opportunities for women farmers to share and discuss further among themselves.   

What will be the benefits when gender issues are addressed? 

Both men’s and women’s needs are addressed by acknowledging women’s contribution to irrigated 

agriculture.  If women know what to do, diseases and pests will be recognized early and controlled 

to minimize losses in production. If women and men select crops and invest together, household 

nutrition and income will improve.   
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1. PEST IDENTIFICATION FOR IPM 

1.1. Introduction to IPM 

The irrigation agronomy thematic area deals on on-farm water management, integrated soil fertility 

management, agronomic practices and pest management of irrigated crops as sub-thematic areas. 

Hence, integrated pest management (IPM) approach is one component of the integrated crop 

management of irrigated agricultural crops. 

1.1.1. Definition of IPM 

IPM is a broad interdisciplinary approach that uses scientific principles of crop protection to combine 

a variety of pest management strategies and tactics into a single cropping system to reduce pest 

populations. 

Pests are organisms, which cause economic or aesthetic losses when they create inconvenience, 

annoyance, or health problems. All farmers experience pest problems from time to time, and pest 

management can be a real challenge. The types of pests include weeds (annual, biannual and 

perennial, grass and legumes, broad leaved and narrow leaved, parasitic and non- parasitic), 

invertebrates (insects, mites, ticks, spiders, snails, and slugs), pathogens (bacteria, viruses, fungi, 

nematodes) and vertebrates (birds, rodents, apes, monkeys, reptiles and amphibians). It is broadly 

defined to include pests affecting food, fiber, and shelter; pests of public health importance; and 

nuisance pests. 

Management implies a process by which information is collected and used to make good 

management decisions to reduce pest populations in a planned, coordinated way. IPM requires a 

more tolerant management approach than traditional pesticide-based programs. This approach 

allows for the conservation of natural control factors and the establishment of a pest refuge for 

resistance management. 

Strategies are the general approaches used to implement coordinated systems of multiple tactics. 

Examples are containment, preventive, corrective or remedial, and eradication. 

 

Tactics are the specific methods used to achieve pest control. These include cultural, biological, 

physical, genetic, chemical, and regulatory procedures. 

 

IPM is a systematic and integrated approach to pest management that focuses first on pest 

problems. It involves monitoring pest populations, identifying pests and choosing a combination of 

interventions to keep pest populations at an acceptable level. Tactics may include cultural, 
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mechanical, biological and chemical methods of pest management. IPM stresses giving priority to 

the least toxic methods first.  

IPM is not implemented in isolation from other management activities; rather, it is one component 

of the total crop production system of physical, biological, and management functions all interacting 

to determine the yield of a cultivated crop. Thus, IPM, like nutrient management and OFWM, is a 

component of integrated crop management (ICM). 

 

Why IPM is needed? IPM is needed because: 

 It keeps a balanced ecosystem while managing pests and diseases 

 Pesticides can be costly, ineffective or unavailable 

 It saves farmers money because it reduces cost of production  

 Promotes a healthy environment 

 IPM is not difficult to practice 

 It maintains a good public image; and is defined as following.  

1.1.2. Six Tactics of IPM 

The goal of using multiple tactics or "many small hammers" is to effectively suppress pests below 

injurious levels and avoiding outbreaks. Many tactics keep pest populations off-balance and avoids 

development of resistance to pesticides. Least-toxic effective methods are used before more toxic 

ones whenever possible. What are the categories of tactics and specific actions included in each? 

(http://extension.psu.edu/pests/ipm/schools-childcare/schools/educators/curriculum/contents/sixtactics) 

 

1. Cultural Methods 

Suppress pest problems by minimizing the conditions they need to live (water, shelter, and food). 

This includes planting plants that are adapted to your growing conditions, planting them in the right 

place, giving proper attention to their water and nutritional needs and the like. Strong plants resist 

diseases, outgrow weeds and are less likely to succumb to insects. 

 

2. Physical Methods 

Prevent pest access to the host or area, or, if the pests are already present, physically removing 

them by some means. For example, this could mean using barriers, traps, vacuuming, mowing or 

tillage, depending upon the pest and situation. 

 

 

 

http://extension.psu.edu/pests/ipm/schools
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3. Genetic Methods 

Use pest-resistant plant varieties, with proven performance in your area or similar environments. 

Recently, this category has been expanded to include genetically engineered pest resistance, such as 

Bt corn or potatoes.  

 

4. Biological Methods 

Use predators, parasites and diseases of pests in a targeted way to suppress pest populations. Uses 

of microbial diseases of pests have become part of the chemical pesticide registration process. Uses 

of predators and parasites as bio-control for pests are handled in one or more of 3 ways: 

i. conservation and encouragement of naturally occurring bio-control organisms by cultural 

techniques or at least avoidance of harming them 

ii. augmentation of naturally occurring species by purchasing and releasing more of the same 

iii. "classical" biological control in which new bio-control species specific to pests are sought 

and introduced 

 

5. Chemical Methods 

There are many "chemicals" that are used in pest management situations, but not all chemicals are 

alike from the standpoint of their range of action, toxicity, or persistence in the environment. 

 

"Bio-rational" 

Bio-rational chemicals are those that are less universally toxic and target a specific aspect of pest 

biology. An example might be diatomaceous earth used to scratch the surface of insects to 

dehydrate them, or microbial pesticides that affect only a specific group of insects. 

 

"Conventional" 

Conventional pesticides currently refer to synthetically produced compounds that act as direct 

toxins (nerve poisons, stomach poisons, etc.) There are many new classes of chemicals being added 

to the older conventional pesticides 

 

6. Regulatory 

Regulatory control refers to the role played by government agencies in trying to stop the entry or 

spread of pests into an area or into the country via inspection, quarantine, destruction of infested 

material, and other methods. 
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1.1.3. IPM Principles 

The key underlying Principles of IPM are: 

 The management unit is the agro ecosystem and any management action may produce 

unexpected and undesirable effects – this notion forms the basis of the systems or holistic 

approach to IPM. 

 Any pest exists at some tolerable level – this notion forms the basis of the economic injury 

level concept. 

 Natural control factors regulate pest populations and are maximized in IPM as the primary 

means of management; if this strategy fails to maintain pests below economic levels, then 

pesticides in combination with other tactics are used as a last resort. 

 Less than 100% control is desirable to leave a permanent pest residue for natural enemies 

and as a refuge for susceptible pests to reduce the chances of resistance development. 

1.1.4. Processes of IPM Implementation 

The main steps in IPM are: 

1. Correct pest identification: The first step in any IPM program is to correctly identify the pest. It 

may be that the pest made its way into the farmer’s field by accident, and control measures are 

unnecessary. On the other hand, it may be that chemical control measures are necessary but 

that they should be supplemented with structural modifications to ensure long-term 

effectiveness. 

After identifying the pest, understanding the pest’s biology and habits will help determine which 

control measures are appropriate. 

2. Understanding of pest and crop dynamics: must have enough information about the biology of 

the pest encountered to assess the potential risk that the pest poses and determine the best 

possible management strategy. 

3. Planning preventive strategies: this is the preferred management strategy in IPM; a careful 

examination of field history and all aspects of the crop production system should be made to 

determine if the crop can be grown or treated to prevent pest populations from exceeding 

economic levels. 

4. Monitoring: involves periodic assessment of pests; natural control factors; crop characteristics; 

and environmental factors that need to be controlled, and the effectiveness of any management 

action. Different methods and sampling frequencies are used, depending on the type of pest and 

monitoring objective. Monitoring involves direct and indirect means: field scouting to make 

visual counts, assessment of damage, and the use of trapping devices (pheromone traps, light 

traps). 
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5. Decision making: involves an evaluation of the monitoring information to assess the relevant 

economic benefits versus the risks of pest management actions. What will the farmer lose if he 

does nothing? What will s/he gain? 

6. Selection of optimal pest control tactics: to manage the problem while minimizing economic, 

health and environmental risks. 

7. Implementation: once the management options are selected, they should be deployed on a 

timely manner with precision and completeness.  

Remember!  

For chemical control: proper timing and placement is often more important than the rate of 

pesticide application. 
 

8.  Evaluation: time should be taken for follow-up and to evaluate pest control actions to 

determine if the investment was worth it. Review what went wrong but more importantly what 

went right. 

 

1.2. Identification of Major Pests on Major Vegetable Crops  

1.2.1. Identification of Major Pests on Tomato 

Tomato crop is highly affected by several insect pests and diseases. Commonly occurring important 

diseases of tomato in Ethiopia include: 

 damping off 

 late blight 

 early blight 

 powdery mildew 

 septoria leaf spot 

 viruses and nematodes 

Similarly, regularly occurring important insect and mite pests of tomato in Ethiopia include: 

 Fruit worms [(African bollworm (Helicoverpa armigera) potato tuber moth (Phthorimaea 

operculella) tomato leaf miner/fruit borer (Tuta absoluta)].  

 Whiteflies and spider mites. 

 

Tuta absoluta and Phthorimaea operculella are closely related and their damage symptoms and 

management options are similar. Hence only description for T. absoluta is presented in this book. 

Some of the key insect pests, diseases and nematodes are described below. 
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i) African bollworm (Fruit borer), Helicoverpa armigera, 

Fruit borer is a major pest on developing fruits and is responsible for major yield loss in tomato 

(Figure 49). Economic injury level for fruit borer has been worked out to be one egg/one larva/one 

damaged fruit/plant. 

 

Recognition 

Larvae of the African bollworm (ABW) feed on leaves, flowers and fruit of tomato. Caterpillars prefer 

green fruit and seldom enter ripe fruit. They usually bore from the stem end, causing extensive fruit 

damage and promoting decay caused by secondary infections.  

 

The adult of the ABW is a stout moth, about 6-18 mm long with a wingspan of 16-18 mm. Color 

varies from dull yellow to brown, with little distinctive marking on the wing. Eggs are tiny, round, 

and yellowish which darken before the larvae hatch. Female moths are attracted to tomato plants in 

the flowering and fruiting stages. Eggs are normally laid near or on flowers or small fruits. The fully-

grown larvae are about 40 mm long. They vary in color from almost black, brown or green to pale 

yellow or pink and they are characterized by lengthwise alternating light and dark colored stripes, 

with a typical light stripe along each side of their bodies. The fully-grown larvae drop from the plant 

and burrow into the soil to pupate. The pupa is light brown in color. Adults emerge in 1-2 weeks, 

mate and can begin to lay eggs 48 hours after emergence.  

 

 

 

Figure 1: African Bollworm (fruit borer), Helicoverpa Armigera Damaged Tomato (left); Larva and 
Adult (center); Decaying Tomato due to Secondary Infection following ABW Damage (right) 
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ii) Tomato leaf miner, Tuta absoluta 

It is a neotropical oligophagous moth from the family Gelechiidae (Lepidoptera), which is associated 

with solanaceous crops. Tuta absoluta is a micro lepidopteron moth with high reproductive 

potential. There are about 10–12 generations per year. Total life cycle is completed within 30 – 35 

days. Adults are nocturnal and hide b/n leaves during the day time. Tuta absoluta reduced yield and 

fruit quality of tomato grown in green house and open field. Severely attacked tomato fruits lose 

their commercial value. It is a recent pest in Ethiopia, which created a huge product quality loss and 

costed farmers hugely in the last few years. Tuta absoluta infestation occurs throughout the entire 

crop cycle (seedling to maturity). Feeding damage is caused by all larval instars and throughout the 

whole plant. Larvae feed on the mesophyll tissue, forming irregular leaf mines which may later 

become necrotic. Larvae can form extensive galleries in the stems which affect the development of 

the plants. Fruit are also attacked by the larvae, and the entry-ways are used by secondary 

pathogens, leading to fruit rot. Though extent of infestation is partly dependent on the variety, 

Potential yield loss in tomatoes (quantity and quality) is significant and can reach up to 100% if the 

pest is not managed. 

 

 

Figure 2: Tuta Absoluta Damage and Symptoms at Various Stages of Tomato 

 
iii) White fly, Bemesia tebaci 

Both nymphs and adults suck the sap from the leaves. Its economic threshold level has been worked 

out to be 4 adults /leaf. It also transmits leaf curl disease (Figure 51). 

 

Recognition  

Whiteflies are leaf-sucking pests that remove plant nutrients and weaken the plants. Because of 

feeding by whiteflies yellowing of infested leaves resulted. The main damage caused by whiteflies to 

tomatoes is indirect as they are the vectors of viruses. It is an efficient vector of the Tomato Yellow 

Leaf Curl Virus (TYLCV). Whitefly adults resemble very small moths. They have a coating of white, 

powdery wax on the body and wings. Eggs are elliptical, about 0.2-0.3 mm long, attached vertically 

to the leaf surface by a short stalk, which is inserted into the leaf tissue. They are normally laid in an 

arc or circle comprising 20-40 eggs on the underside of young leaves. The first juvenile stage crawls 
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on the leaf surface for some time before settling and fixes itself on the lower surface 1-2 days after 

hatching. It then starts sucking and excretes tiny wax filaments from the edge of its body. During the 

period of larval development, the tomato plant continues to grow and thus the juvenile stages are 

found on the lower leaves. The 'puparium' (scale-like final juvenile stage) is flat and whitish to 

yellowish in color. The life cycle in warm weather takes 3 – 4 weeks to complete. 

 

 

 

Figure 3: Whitefly, Bemesia Tebaci Adult (left), Nymph (centre), Infestation on Tomato Leaf (right) 

 
iv) Leaf minor, Liriomyza bryoniae; agromyzidae 

Tomato leaf miner larvae feed on leaves and fruits, from seedlings to mature tomato plants. 

Infestation is often followed by infections by secondary pathogens rendering infested crops 

unmarketable. 

 

V) Damping off 

Damping off is a major problem at the early stage of vegetable seedlings on the seedbed. The 

disease can be caused by a complex of fungal pathogens (Phytophtora sp., Fusarium sp., Pythium sp. 

and Rhizoctonia sp.), which attack tomato seeds, tender stems, and roots. All pathogens causing 

damping off are known to be soil borne and stay for longer time in the soil. Although fungi live in the 

soil and water, spores spread through the air and can move quickly from one seed tray (or garden 

row), to another. Tomatoes are most affected in humid conditions, especially if the soil is cold and 

wet. The disease can cause post and pre emergence seedling mortality. Apart from seedling 

infection, some of the important diseases can be transferred from the seedbed to the production 

field during transplanting. Affected plants appear as if they have been cut off at the base. The 

disease can attack all vegetable crops like tomato, pepper, onion beans etc. Therefore, maximum 

care should be taken during seed selection and production of seedlings. This is because once 

damping off is introduced along with the seedlings in production fields it requires expensive cost and 

times to manage it. 
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Symptoms  

Germinating seedlings may be killed before or soon after they emerge from the soil. Affected 

seedlings show water soaked lesion around the soil level. Latter seedlings show wilting symptom and 

die within short time. If infected seedlings are transplanted to the field, the disease can be 

transferred to the main production field and cause severe crop damage. 

 

 

 

Figure 4: Symptoms of Damping-Off on Pepper (left) Tomato (right) 

 
VI) Powdery mildew  

Powdery mildew (Leveillula taurica L.) is a common disease of tomato and pepper in warm arid and 

semi-arid regions of the country. Yield reduction of tomato due to powdery mildew ranges between 

10-90%. The devastating nature of this disease is heavy leaf defoliation followed by exposing the 

fruits to sun light, which causes sun scorching effect. Scorched tomato fruits do not have market 

value. 

 

Symptoms  

The most common symptoms are bright yellow lesion on the upper side of the leaf. Necrotic spots 

with concentric rings may develop in the center. A light white powdery covering will be observed on 

the lower surface of the leaf. During favorable weather condition, leaves may defoliate and fruits 

exposed to sunlight and become sun scorched.  

 



MODULE ONE: Pest identification for IPM 

Irrigation Agronomy Training Modules on IPM   10 

 

  
Figure 5: Symptom of Powdery Mildew (Leveillula Taurica) on Tomato 

 
VII) Early blight 

Tomato blight, in its different forms, is a disease that attacks a plant’s foliage, stems, and even fruit 

(Figure 54). Early blight (one form of tomato blight) is caused by a fungus, Alternaria solani, which 

over-winters in the soil and infected plants. Affected plants are under produce. Leaves may drop, 

leaving fruit open to sun scald. The disease occurs in humid climates in semiarid climates where 

frequent dews provide sufficient moisture to permit disease development. It causes severe yield and 

quality reduction of tomatoes in different parts of the world. 

 

Symptoms 

Early blight occurs on the foliage, stem and fruit of the tomato plant. The disease can cause severe 

damage during all developmental stages of tomato. It is first observed as small brownish black lesion 

on older leaves. Infected leaf tissue surrounding a spot may become yellow. Under favourable 

conditions, infected plants may become defoliated, exposing the fruits to sunscald. Stem lesions on 

seedlings are small, dark and slightly sunken. They enlarge to form circular or elongated lesions with 

concentric rings. 

 

    
Figure 6: Damage Symptoms of Early Blight 
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VIII) Late blight 

Late blight is a plant disease that mainly attacks potatoes and tomatoes, although it can sometimes 

be found on other crops, weeds and ornamentals in the same botanical family (Solanaceae). Late 

blight was a factor in the Irish potato famine in the 1850’s, during which millions of people in Ireland 

starved or they were forced to emigrate. Entire potato crops rotted in the field or in storage because 

of late blight infection. Late blight is caused by an oomycete pathogen that survives from one season 

to the next in infected potato tubers (Figure 55). This organism is well known for its ability to 

produce millions of spores from infected plants under the wet weather conditions that favor the 

disease. 

 

Symptoms  

Late blight of tomato can appear at any stage of the crop starting from seedling to fruit maturity 

stage. Infected seedlings on the seedbed show black discoloration near to the soil level. Latter 

seedlings become wilted and die. Under field condition, infected plants showed blight symptom at 

the edge of the leaves. On the underside of the leaves, often white fungal growth (mycelium) can be 

observed especially in the morning. During favorable weather conditions and severe infection, total 

crop loss is quite common.  

 

 

  
Figure 7: Damage Symptoms of Late Blight on Tomatoes 

 
IX) Viruses attacking tomato 

A number of viruses are attacking tomato in many parts of the world. Different viruses are also 

registered as major production problem of tomato in Ethiopia. Among others, tomato mosaic virus 

(ToMV), tobacco mosaic virus (TMV), tomato yellow leaf curl virus (TYLCV) are the most important 

ones. Depending on the kind of virus and severity of infection, viruses can cause complete crop 

failure on tomato and pepper. 
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Symptoms 

Since a complex of viruses is associated with the tomato plant, symptoms are also varied 

accordingly. Viruses can attack tomato at all developmental stages. Early infection (before 19 

flowering) can cause total crop loss. The major visible symptoms due to virus infection on tomato 

include:  

 Stunting or dwarfing of plants  

 Yellowing of leaves  

 Curling or rolling of leaves  

 Malformed/deformed leaves  

 

Tomato leaf curl virus: Curling tomato leaves may be a sign of a viral infection. Normally this virus is 

transmitted by Tomato yellow leaf curl virus through whiteflies or through infected transplants. 

Though it can take up to three weeks before any symptoms develop, the most common indicator of 

the disease is the yellowing and upward curling of the leaves, which may also appear crumply. Plant 

growth soon becomes stunted and may even take on a bush-like growth habit. Flowers usually will 

not develop and those that do simply drop off. In addition, fruit production will be significantly 

reduced. 

 

 

  
Figure 8: Symptoms of Tomato Yellow Leaf Curl Virus (TYLCV) 

 
X) Root-knot nematode 

Several species of root-knot nematodes cause a stunting and wilting of many vegetables and 

ornamentals, including tomato, potato, eggplant, sweet potato, radish, geranium, and peony. The 

disease typically appears in roughly circular patches in a field or garden, but may become more 

uniformly distributed when susceptible plants such as tomato are continuously planted in an area. 

Diseased tomato plants are stunted and have pale green leaves. 
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Symptoms  

Severe infestation results in stunted plant growth and induce high root-shoot ratio. The normal 

transfer of nutrients and water could be blocked due to the excessive gall formation on root system 

this results in stunting growth, wilting and nutrient deficiency symptoms.  

 

  
Figure 9: Invasion and Damage Symptoms of Root-Knot Nematode on Tomato Roots; (left) 
Invasion of the Root System; (right) Formation of Root Galls 

 

1.2.2. Identification of Major Pests on Potato 

Potato crops are affected by several insect pests and diseases. It shares most of the same diseases as 

tomato as they belong to the same solanceous family. Some of the key insect pests, diseases and 

nematodes are described below: 

 

i) Aphids Myzus persicae 

Aphids are common pests attacking crops by sucking plant saps but also acting a carrier of some 

viruses. It could be found throughout the year in one or other parts of the country. Myzus persicae is 

the vector for potato virus Y and potato leaf roll virus. Most of the winged forms are present in the 

early stages of the crop while the unwinged aphids are found later in the season in the lower 

surface. Aphids suck the sap and growth is retarded. The economy threshold level for aphids is 250 

aphids /plant. 

 

ii) Potato tuber moth, Phthorimea operculella 

Potato tuber moth affects foliage and tubers in the fields and in storage also it affects tubers. Young 

larvae mine the leaves. Leaves produce silver blotches. Then it bores in to the tubers. From field it is 

carried to storage. PTM survives in the field throughout the year and 10 – 12 generations are 

observed in one year. The economic threshold level for potato tuber moth is 15 – 20 moths /trap 

consecutive for three years. 
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iii) Late blight 

Late blight spreads fast in cloudy warm weather. First small patches appear on lower leaves. Whitish 

fungal growth is also seen on under surface of leaves. Disease starts from lower leaves and finally 

covers the whole plant.  

 

    

Figure 10: Damage Symptoms of Potato Late Blight 

 
iv) Potato leaf roll virus 

Net necrosis of potato is the result of infection by potato leaf roll virus (PLRV). This symptom is 

caused by the selective death and damage to cells in the vascular tissues of the tuber. Infection by 

the virus may directly cause the damage to and death of the vascular tissues or the presence of the 

virus may make these sensitive tissues more susceptible to damage from other stresses. There is a 

strong resemblance between PLRV net necrosis and another tuber defect known as stem end 

discoloration (SED). Unlike PLRV, SED is believed to be a physiological disorder. 

 

v) Common scab 

Common scab may be caused by several soils dwelling plant pathogenic bacterial species in this 

genus. These include S. scabies and S. turgidiscabies. In particular, S. scabies has been well 

documented as causing scab lesions (Figure 59 and 60). Streptomyces scabies infects a number of 

root-grown crops including radish (Raphanus sativus), parsnip (Pastinaca sativa), beet (Beta 

vulgaris), carrot (Daucus carota), as well as potato (Solanum tuberosum). The disease occurs 

worldwide wherever potatoes are grown. Although scab does not usually affect total yields, since 

the marketplace for potatoes is quality driven, the presence of scab lesions, especially those which 

are pitted, significantly lessens the marketability for both table stock and processing varieties. 
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Figure 11: Potato Tubers Exhibiting Different Types of the “Surface Scab” Lesion caused by 
Common Scab Infection 
 

  
Figure 12: Potato Tuber Exhibiting the “Pitted Scab” and Cross-Section of a Potato with “Pitted 
Lesion caused by Common Scab Infection” 

 
Streptomyces scabies is an efficient saprophyte that can overwinter either in the soil or on the 

surface of tubers and crop residues. Movement of this pathogen commonly occurs via water, wind, 

seed tubers, or anything that moves soil.  

 

Infection begins when tubers are initially being formed. Optimum temperature for infection is 20 to 

22.2°C, but the pathogen can attack tubers within a range of soil temperatures from 10 to 31°C. 

Common scab is most severe in soils with pH above 5.5; however, there is a less common form that 

occurs in soils below pH 5.5. 

 

1.2.3. Identification of Major Pests on Bulb Vegetables (Onion, shallot & 
Garlic) 

Bulb crops are affected highly on several insect pests and diseases. Some of the key insect pests and 

diseases causing damage on bulb crops are thrips, Thrips tebaci and Purple blotch/ leaf blight, 

Alternaria porii. Thrips lacerate the leaves and suck the sap. In case of severe infestation plant wilts. 
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Eggs are laid in notches in epidermis of leaves. Several generations are completed in one year. 

Purple blotch sometimes cause loss to the extent of 80 – 90% and poor bulb is recorded. 

 

i) Onion Thrips 

Recognition 

Thrips (Thrips tabaci) are very small insects, just barely visible to the naked eye. They are about the 

size of a flea. Immatures are either yellow or white. Older individuals are yellowish-brown and move 

quickly. They feed by rasping the epidermis of the leaves and sucking the sap that exude. They often 

congregate along the leaf veins. Thrips damaged onion leaves are silvery or have tiny brownish 

marks or spots. They may be wilted or distorted. Outer leaves are brown at the tips. In cases of 

severe injury, leaves drop and bulbs are small and misshapen. Yield loss can be more than 50% if 

control measures are not taken. Eggs are inserted within leaf tissues. They are white, and take 4-10 

days to hatch. Nymphs moult twice in about five days; they are white or yellow. Pupation occurs in 

the soil and takes 4-7 days. One generation can take place in about three weeks.  

 
 

  
Figure 13: Tiny Immature Thrips in the Leaf Sheath (left), Silvery Leaf Spots (center-right) Five Thrips (right)  

 

ii) Purple blotch 

Purple blotch (Alternaria porri) is the major production constraint of onion wherever the crop is 

grown. The disease is favored by frequent rainfall and high humidity during the active growth stages 

of the crop. Yield losses caused by purple blotch can reach 30-40% around the central rift valley 

area. The disease attacks the foliage and consequently affects the quality and productivity of the 

crop. 

 

Symptoms 

Initial symptom of purple blotch is white spots on the leaves. During favorable weather conditions 

these spot enlarged and become purplish or brown in color. At the latter stage of crop infection, all 

leaves may dry and collapse. Severe infection causes smaller bulb size and not fit to the market.  
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Figure 14: Symptom of Purple Blotch (Alternaria Porri) of Onion 

 
iii) Downy mildew 

Downy mildew (Peronospora destructor) of onion is a major and widespread problem of onion in 

areas with high and frequent rainfall. Apart from onion, the disease attack shallot in the highland 

areas characterized with high rainfall and relative humidity. The disease spreads rapidly during cool 

and wet weather. Some varieties of onion have the fungus during winter also in storage. Dew 

collects on the plant at night by which the spores germinate and enter the onion leaf. 

 

Symptoms  

At the beginning of infection, symptoms appear as gray masses of fungal growth. When the disease 

progresses infected parts turn to brown to purplish color. During severe infection, leaves get dry and 

bulb size reduced.  

 

 

     
Figure 15: Early Damage Symptom of Downy Mildew (Peronospors Destructor) on Onion 

 
iv) Bulb rot  

Bulb rot caused by a fungus Sclerotium cepivorum is the most destructive disease of Onion and 

related species. The disease is highly pronounced in areas with high rainfall, humidity and excessive 

soil moisture. The pathogen can survive in the soil for longer period. Currently, this disease is 

widespread in onion production areas of north and north-west part of Ethiopia. 
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Symptoms  

The disease attacks onion, garlic, shallot and leek. Plants may be infected at any stage of growth 

provided environmental conditions are favorable. Infection of seedlings occasionally occurs; 

however, the first infections are normally detected in plants bearing three to five leaves. Initial 

stages of infection are confined to the host root system and base plate. The first above-ground 

symptoms of infection include a yellowing of leaves beginning at the tips and progressing downward. 

A gradual decline in the plant continues for some days or weeks and in the case of young plants may 

constitute a rapid wilt and collapse of aerial parts. Ultimately the entire plant is killed. On 

underground parts the fungus itself is visible as superficial, fluffy white mycelium. The roots are 

gradually destroyed and the fungus causes a soft, watery decay of the bulb commencing at the base 

plate. Black spherical sclerotia, normally 200-500 μm diameter, are formed on the bulb base and 

within decaying root and stem tissue.  

 

Above-ground symptoms are not normally evident until the pathogen has colonized and partially 

rotted the stem and leaf sheaths. Roots frequently extend horizontally, providing a direct path for 

mycelial growth to nearby plants.  

 

 

 

Figure 16: Symptom of Bulb Rot (Sclerotium Cepivorum) on Onion 

 

1.2.4. Identification of Major Pests on Pepper 

All major diseases of tomato (damping off, late blight and powdery mildew) are also attack pepper 

(hot Pepper) (Capsicum annum). Therefore, the type of symptoms they cause and all the 

management practices mentioned on tomato are also applied for hot pepper too.  
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i) Fusarium wilt 

Fusarium wilt (Fusarium oxysporum) is a very common problem of pepper and tomato throughout 

the year both in irrigated and rain fed agriculture. Many of the small holder farmers are not growing 

pepper due to fear of this diseases. Fusarium wilt of pepper is commonly found in the major pepper 

growing areas of the central rift valley areas like Wonji, Melkassa, Meki, Ziway, Alaba, Mareko areas. 

The epidemic of fusarium wilt is pronounced with high rainfall, excessive irrigation and poor water 

drainage system.  

 

Symptoms  

Disease symptoms on tomato and pepper are characterized by an initial slight yellowing of the 

foliage and wilting of the upper leaves. The vascular systems of the plants discolored particularly 

lower stem and root systems. High temperature and wet soil conditions favor disease development. 

The disease is most likely occurring in poorly drained areas of the field. On tomato one sided wilting 

is common.  

 

 

   
Figure 17: Symptoms of Fusarium wilt (Fusarium Oxysporum) on Pepper and Tomato 

 
ii) African bollworm 

Recognition  

African bollworm (ABW), Helicoverpa armigera Hubner can be recognized as a small darkened 

partially healed hole at the base of the fruit pedicle is the damage symptom on pepper. The inside of 

the fruit has a cavity that contains frass and decay. Damaged fruits ripen early, but these are not 

usually marketable. Look at the base of the fruit pedicle. If you find a darkened hole, remove the 

fruit and cut it open, inside you will see tunneling caused by the insect. Often the caterpillar is 

present. Caterpillars often move from one fruit to the next destroying only small portion of each 
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fruit. Pupation occurs in soil near the base of the plant. For the pest biology, refer the section under 

tomato.  

 

 

 

Figure 18: African Bollworm on Pepper Pod (left), Damage Symptoms on the Pod (right) 

 

1.2.5. Identification of Major Pests on Cruciferous Vegetables (Cabbage and 
cauliflower) 

Insects cause serious damage on early, late or off season cabbage and cauliflower when temperature 

and humidity is generally high i.e. in rainy season. Though, there is no in depth studies in Ethiopia 

the major insect pests and diseases are: insect pests such as Diamond back moth (Plutella xylostella), 

Aphids and Cabbage Semi – looper; diseases such as black rot and soft rot; and root knot nematode. 

 

i) Black rot 

Black rot (Xanthomonas campestris) is the most important disease in all cabbage growing areas of 

the world. The disease is favored by excess moisture and high relative humidity. The disease is 

known to be seed borne/transmitted. All cabbage growing areas in Ethiopia are severely affected by 

the disease.  

 

Symptoms  

An initial symptom of cabbage black rot appears as 'V' shaped necrosis at the edge of the leaves. 

During favorable weather conditions the leaves get symptoms of water soaked lesions and finally the 

plant rot. Rotted cabbage has got unpleasant odor.  
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Figure 19: Symptom of Black Rot (Xanthomonas Campestris) on Cabbage 
 
ii) Diamondback moth 

Recognition  

Feeding of Diamondback moth (DBM), Plutella xylostella is recognized by larvae damage where it 

causes damage to leaves. Newly hatched larvae feed on the underside of the leaf, penetrating the 

epidermis and mining through it. Later instars also feed on the underside of the leaf, except that 

they either cut round holes through it (making the leaf appear 'windowed') or they scratch off the 

tissue, leaving the epidermis of one side untouched so that attacked leaves appear skeletonised. 

 

 

Figure 20: Cabbage Leaf Windowed due to Diamondback Moth 

 
The adult is a small grayish-brown moth, about 8 mm in length, with a wingspan of about 15 mm. It 

has a characteristic diamond pattern on its back, which can be seen when its wings are closed at 

rest, hence its common name. The incubation period is 3 to 8 days depending on the environment 

(e.g. temperature). Larvae are pale green, and widest in the middle part of the body and measure 12 

mm when fully grown. Larvae are active, and when disturbed wiggle violently and drop to the 

ground, remaining suspended only by a silken thread. The total larval period varies from 14-28 days. 

There are four larval instars. Pupation takes place inside a silken gauze-like cocoon that measures 
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about 9 mm long, which is stuck to the underside of the leaf. The pupa is greenish at first and 

changes to a brown colour as the moth develops. It remains visible to the naked eye within the 

cocoon. The pupal period lasts 5-10 days. The adult lifespan is 16-17 days.  

 

 
Figure 21: Life Cycle of Diamondback Moth on Cabbage 

 

iii) Cabbage Aphids 

Cabbage aphids (Brevicoryne brassicae) cause damage on brassicas by direct feeding and by virus 

transmission. Direct feeding by aphid colonies causes leaf curl, discoloration, stunted growth and 

even death of the infested plants. In heavy infestations, copious amounts of honeydew are produced 

on which sooty mold fungus grows. This reduces the quality of the crop. Adults of the mealy cabbage 

aphid measure 1.6-2.8 mm in length. They are greyish-green or dull mid-green in colour and are 

covered with a fine waxy grey mealy powder. Adult lifespan varies from 8 days at 30 OC to 28 days at 

10 OC. 

 

Figure 22: Cabbage Aphid (left), Damaged Cabbage Leaf (right) 
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2. Pest Monitoring and IPM Implementation Tool 

2.1. Introduction 

Pest monitoring is one of the key steps in the implementation of IPM. In module one pest 

identification is dealt and could be considered as a basis for pest monitoring because the skill and 

knowledge of pest identification was considered very helpful for pest monitoring in particular and 

IPM implementation in general. As indicated below pest identification is the 1st step in IPM 

implementation. Pest monitoring is another crucial step of IPM implementation which requires 

dealing with the recurrent condition and periodic assessment with the involvement/participation of 

user farmers. For the full involvement of the farmers “farmers’ field school” (FFS) is one of the 

important tools for IPM implementation. The skill and knowledge of this tool is found to be very 

important to start working with farmers on IPM and is included in this training module. After dealing 

with this module it is assumed that there would be clear understanding of IPM steps at least up to 

step 5 of the following descriptions.  

 

The key steps or components in the implementation of IPM are: 

1. Correct pest Identification -The first step in any IPM program is to correctly identify the pest. It 

may be that the pest made its way into the house by accident and that control measures are 

unnecessary. On the other hand, it may be that chemical control measures are necessary but that 

they should be supplemented with structural modifications to ensure long-term effectiveness. 

 

After you have identified the pest, understanding the pest’s biology and habits will help you 

determine which control measures are appropriate. 

 

2. Understanding of pest and crop dynamics - must have enough information about the biology of 

the pest encountered to assess the potential risk that the pest poses and determine the best 

possible management strategy. 

*When does the pest inflict feeding injury? 

*How much injury is tolerable? 

*What are the expected losses of the pest if controls are not used? 

*What is the most vulnerable stage for management? 

*Two concepts of importance: window of vulnerability and treatment window: that is, 

considerations of the risk of damage on the crop and the use of best control measures are the 
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important aspects to look when we try to understand the dynamics of the pest and the crop under 

consideration.  

 

3. Planning Preventive Strategies as the preferred management strategy in IPM; a careful 

examination of field history and all aspects of the crop production system should be made to 

determine if the crop can be grown or treated to prevent pest populations from exceeding economic 

levels. 

*Can any cropping practice, such as time of planting, crop rotation, or tillage, be manipulated to 

reduce pest attack? 

*Are the chances of economic pest losses great enough to justify a preventive pesticide strategy? 

*What are the benefits and risks of soil insecticides? 

*What are the existing natural control agents that can be augmented or conserved? 

 

4. Monitoring- involves periodic assessment of pests, natural control factors, crop characteristics, 

and environmental factors to the need for control and the effectiveness of any management action. 

Different methods and sampling frequencies are used, depending on the type of pest and 

monitoring objective. Involves direct and indirect means: field scouting to make visual counts or 

assessment of damage, use of trapping devices (pheromone traps, light traps). 

 

5. Decision making- involves an evaluation of the monitoring information to assess the relevant 

economic benefits versus the risks of pest management actions. What will I lose if I do nothing? 

What will I gain? 

 

*Is there enough natural control agents present to reduce the pest population below economic 

levels? 

*Is the damage potential of the pest more costly than the control? 

 

Estimates of pest population size are compared to "economic thresholds" or "action thresholds" 

which serve as references for loss potential at particular crop growth stages or sets of crop 

conditions. 

 

6. Selection of Optimal Pest Control Tactics to manage the problem while minimizing economic, 

health and environmental risks. 
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*Are there opportunities to integrate nonchemical tactics? 

*How well will the control option fit into the total management system? 

*How well will the tactic control the pest? What effects will this action have on the user, society as a 

whole, and the environment? 

*Will this action impact, either positively or negatively, the other insect pest species or natural 

enemies present in my crop? 

 

For chemical controls, important questions at this step are:  

*What is the best insecticide for the target pest?  

*What is the optimal rate? Is it legal? What are the safety requirements and use restrictions? 

 

7. Implementation -once the management options are selected, they should be deployed on a 

timely manner with precision and completeness. Concept to remember for chemical control: Proper 

timing and placement is often more important than the rate. 

 

*What can be done to improve effectiveness of the management tactics? 

*Is the pesticide application equipment calibrated properly and in good working condition? 

*If pesticides are used, what is the appropriate chemical and rate for the target pest? 

*Can the pesticide be applied in a manner that will be least disruptive on natural enemies while still 

provide effective control? 

*In certain situations, it may be desirable to leave small non-treated areas to evaluate control 

effectiveness. 

 

8. Evaluation- Always you take time for follow-up and to evaluate pest control actions to determine 

if you got your money's worth. Review what went wrong but more importantly what went right. 

 

*Was the choice of control action appropriate? 

*Was the management action implemented on time and according to recommendations? 

*What changes to the management tactics can be made to improve control if the same pest 

problem occurs in the future? 

*What future changes in the production system can be made to achieve more permanent 

suppression of the pest problem? 
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2.2. Monitoring of major pests on major irrigated crops 

Insect sampling is also sometimes referred to as scouting or monitoring. Why is sampling for pest 

and beneficial insects so important? Because it is of utmost importance for farmers and pest 

managers to understand insect activity in their crops and fields before they can make cost-effective 

and environmentally sound pest management decisions. Remember the underlying concept of 

Integrated Pest Management (IPM) is that no action is taken against a pest unless the pest is present 

and poses a threat to the crop. Thus, the main objectives of insect sampling (pest and beneficial) are 

to: 

 Detect species that are present 

 Determine their population density 

 Determine how they are distributed in the field 

Monitoring or sampling the environment for pest population 

In order to be able to apply the right control method at the most appropriate time we have to get 

sufficient information: 

a) on crop & its developmental stage (which might be susceptible or resistant towards a given 

pest), 

b) on development of pest (life cycle) & its progress in field in time & space,  

c) Information from the environment (valuable in decision making) which influences both crop 

and pest.  

To capture these information there are collection tools which include: different sampling techniques, 

surveys, monitoring and surveillance. 

Surveys 

Surveying is a term mostly used for an organized evaluation of pest infestation, either at a certain 

moment or even an extended period of time at district, regional or national level. 

• The objective of survey is the detection of pest infestation, mapping of pest distribution or 

crop loss assessment.  

• Surveys are often just record presence/absence of a pest, sometimes also pest intensities, & 

damage they cause.  

• Information obtained by Surveys may lead to strategic control measures.  
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• Whilst surveillance/monitoring activities could lead to immediate (tactical) actions. 

Surveillance  

It is a complete observation system on pests in the field and includes regular monitoring 

(observations) of pest appearances and of the damage they cause; as well as additional information 

on the crop and other important data necessary for decision making.  

The objective of surveillance is warning the farmer on time (= early warning) on a given pest 

situation in the field. Monitoring for decision making comprises:  

a) Quantification of pests and factors which exert a certain influence on their development  

b) The registration of qualitative and quantitative changes in time and space 

Pests can be counted directly on plants or in the environment, or their effects can be assessed 

indirectly on plants/crops as injury or damage. 

The principal methods for monitoring pest infestation can be classified into:  

1. direct counts of pests (e.g. population densities), 

2. Indirect counts of effects caused by pests, and 

3. Ratings of infestation or injury. 

Direct count on plants and environment 

a. Direct counts on plants provide information about absolute densities of insect pests. 

b. Direct counts of insect pests in the environment, for example through a suction trap (e.g. 

light traps), provide relative densities as an estimate of the absolute population.  

Direct counting on plants (absolute population) is visual observation per unit of habitat: the number 

of insect pests/plant part or per area/volume of soil. The following pictures show how to count the 

pest population in different plant parts, for different pest types and in different way.  

    

Figure 23 Cutting open fruits, seeds, stems, pods etc 
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Figure 24: Crushing/ imprinting on 
glass/ninhydrin paper: for aphids & mite 

 

 Figure 25: X-rays: of seeds for midges, of 
stem borers, of gall of mites 

 

  

 

Figure 26: Beating: of branches on a sheet or umbrella. 

 

 

Figure 27: brushing onto a sticky surface, by hand or machine, for small insects or mites 
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Figure 28 Washing: for small insects or mites, using a detergent, solvent etc. (= measurement of pests by 
volume) 

   
 

 Figure 29: Knockdown: spraying plants with non-
persistent chemical such as pyrethrum or 
dichlorophos and shaking insects onto a sheet 

 

Figure 30: Suction: collection of all 
insects on a plant with a vacuum cleaner 

 

 

Direct counting in the environment could also be done in the following ways. 

 Soil and debris sampling: a standard volume of sample is taken and insects are separated by 

dry or wet methods. 

 Emergence traps: used to measure the emergence of insects from the soil 

 Sampling from the air: through suction traps, used for a broad variety of insects. 

 Mark-recapture method: populations of mobile insect pests in a limited environment can be 

estimated by marking, releasing and recapturing them.  
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Figure 31: Soil and debris sampling 

    

 

Figure 32: Emergence traps 

 

Figure 33 Sampling from the air 
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Figure 34: Mark-recapture method 

For estimation of relative population densities for monitoring purposes, a number of techniques are 

available.  
 Visual search per unit of time: Fixed time collection is a relative method that used visual 

searches carried out for a certain time. Eg. The pests on a particular host plant are counted 

for ten minutes. 

 Catching  (use of sweep net) 

 Trapping to make estimates of insect populations. The trapping methods such as use of bait, 

light, shelter and pheromones are figuratively expressed as following.  
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bait light shelter 

   

Figure 35: sex pheromones wirelessly transmit information and  trapping methods for estimation 

of insect pest populations 

 

Universal Insect Monitor Cards is also used for estimation of population for White Flies, Aphids, 

Fungus Gnats, Thrips & Leaf Miners. 

 

 

Figure 36 Universal Insect Monitor Cards 
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Indirect methods of assessment of insect populations 

Indirect methods of assessment of insect populations could done on the whole plant or parts of the 

plant body. 

The whole plant: number or percentage of plants missing or attacked (incidence). 

Leaves: area damaged (holes, lesions etc.) estimated using a dot matrix grid, photography, light 

measurement, electronic scanning or by comparison with (standard diagrams).  

Stems: The numbers of dead hearts, exit holes, length of tunnels or nodes or internodes attacked by 

borers are assessed. 

Fruit and seeds: holes & lesions in fruit, damaged ears, cobs/ seeds of cereals, coffee berries or 

cotton bolls, etc.  

Roots: length, dry weight /volume of fibrous roots attacked by soil insect pests   

Amount of by-product: the quantity of excreta (stem borers) honeydew (aphids, brown plant 

hoppers) produced 

2.3. Farmers’ Field School (FFS) as one of the major implementation tools  

2.3.1. Description of FFS 

The Farmers’ Field School (FFS) is a learning process for groups of farmers during which they 

discover the ecological relationship between pests, natural enemies and other factors affecting the 

health of their crop, thus enabling them to make more efficient and healthier crop management 

decisions. The basics are:  

 FFS is field-based and lasts for a full cropping season  

 FFS educational methods are experiential, participatory, and learner-centered  

 Each FFS includes at least three activities: the agro-ecosystem analysis, a ‘special topic’, and a 

group dynamics activity  

 In every FFS participants conduct a study comparing IPM with non-IPM treated plots  

 Between 25 and 30 farmers participate in a FFS; participants learn together in small groups of 

five to maximize participation  
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 Preparation meetings precede a FFS to determine local needs, and concluding meetings 

organize ‘follow-up’ activities  

Farmers trained in Community IPM grow healthier crops and minimize constraints, such as those 

imposed by pests, through a better understanding of how their management decisions affect the 

ecology of their fields. Armed with this knowledge, IPM farmers become better managers and:  

 Reduce their dependence on agro-chemicals  

 Reduce costs of production and increase their incomes  

 Stabilize their yields  

 Safeguard their health  

 Protect the environment  

2.3.2. Principles of Farmer Field Schools 

In the field school, emphasis is laid on growing crops or raising livestock with the least disruption on 

the agro-ecosystem.  

 

The training methodology is based on learning by doing, through discovery, comparison and a 

nonhierarchical relationship among the learners and trainers and is carried out almost entirely in the 

field. 

The four major principles within the FFS process are: 

a) Grow a healthy crop 

b) Observe fields regularly 

c) Conserve natural enemies of crop pests 

d) Farmers understand ecology and become experts in their own field 

2.3.3. Characteristics of the Farmer Field School Approach 

Farmers as Experts: Farmers ‘learn-by-doing’ i.e. they carry out for themselves the various activities 

related to the particular farming/forestry practice they want to study and learn about. The key thing 

is that farmers conduct their own field studies.  

The Field is the Learning Place: All learning is based in the field. The maize field, banana plantation, 

or grazing area is where farmers learn. Working in small subgroups they collect data in the field, 

analyze the data, make action decisions based on the analyses of the data, and present their 

decisions to the other farmers in the field school for discussion, questioning and refinement. 
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Extension Workers as Facilitators Not Teachers: The role of the extension worker is very much that 

of a facilitator rather than a conventional teacher. Once the farmers know what it is they have to do, 

and what it is that they can observe in the field, the extension worker takes a back seat role, only 

offering help and guidance when asked to do so. The extension worker may take part in the 

subsequent discussion sessions but as a contributor, rather than leaders, in arriving at an agreed 

consensus on what action needs to be taken at that time. 

 

Scientists/Subject Matter Specialists Work with Rather than Lecture Farmers: The role of scientists 

and subject matter specialists is to provide backstopping support to the members of the FFS and in 

so doing to learn to work in a consultative capacity with farmers. Instead of lecturing farmers their 

role is that of colleagues and advisers who can be consulted for advice on solving specific problems, 

and who can serve as a source of new ideas and/or information on locally unknown technologies. 

 

The Curriculum is integrated: The curriculum is integrated. Crop husbandry, animal husbandry, 

horticulture, land husbandry are considered together with ecology, economics, sociology and 

education to form a holistic approach. Problems confronted in the field are the integrating principle. 

 

Training Follows the Seasonal Cycle: Training is related to the seasonal cycle of the practice being 

investigated. For annual crops this would extend from land preparation to harvesting. For fodder 

production would include the dry season to evaluate the quantity and quality at a time of year when 

livestock feeds are commonly in short supply. For tree production, and conservation measures such 

as hedgerows and grass strips, training would need to continue over several years for farmers to see 

for themselves the full range of costs and benefits. 

 

Regular Group Meetings: Farmers meet at agreed regular intervals. For annual crops such meetings 

may be every 1 or 2 weeks during the cropping season. For other farm/forestry management 

practices the time between each meeting would depend on what specific activities need to be done, 

or be related to critical periods of the year when there are key issues to observe and discuss in the 

field. 

 

Learning Materials are Learner Generated: Farmers generate their own learning materials, from 

drawings of what they observe, to the field trials themselves. These materials are always consistent 

with local conditions, are less expensive to develop, are controlled by the learners and can thus be 
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discussed by the learners with others. Learners know the meaning of the materials because they 

have created the materials. 

 

Group Dynamics/Team Building: Training includes communication skills building, problem solving, 

leadership, and discussion methods. Farmers require these skills. Successful activities at the 

community level require that farmers can apply effective leadership skills and have the ability to 

communicate their findings to others. 

 

Farmer Field Schools are conducted for the purpose of creating a learning environment in which 

farmers can master and apply specific land management skills. The emphasis is on empowering 

farmers to implement their own decisions in their own fields. 

2.3.4. Key concepts and techniques used in FFS 

Ecosystem entails both living and non-living things found in an area and the environment they are in. 

Components of an ecosystem 

• Living 

• Non-living and the 

• Physical environment 

i) Field activity: In this activity we will practice identifying the functions of the organisms found in 

the ecosystem and how they interact with each other. 

 

Learning Objectives of Farmers field school (FFS) 

 To build awareness of the relationships that exists between so many of the living and non-

living things that are found in our environment  

 To appreciate that if one thing in this network of interaction is changed, it can influence all 

of the components of the ecosystem.  

 To become more aware of the things and interactions that make up the ecosystem of our 

fields the“ Agro-Ecosystem” 

 To start to use our understanding and observations of the Agro-ecosystem as a basis for 

decision making about crop/livestock management. 
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Farmer field school Steps 

1. Go to the field, making sure that you have a note book and pen. Each group will 

 Look around as far as the eye can see, and as close as the eye can see 

 List all the living and non-living things they can see 

 Discuss how they are connected or how they affect each other. 

2. After 20 minutes of observation, discussion and note taking return to the session hall 

3. Each group to make a picture showing all the things that they observed and draw lines to show 

which things are connected or affect each other. 

4. Each group to make a presentation in which they explain what they have drawn to the big group. 

 

Example of output of field activity 

Living things 

• Grasses 

• Crops (maize, coffee, kales, onions, napier) 

• Weeds 

• Insects (grasshopper, moths, spider, wasps) 

• Birds 

• Ornamentals 

• Human beings 

• Tress 

Non-living things 

• Soil 

• Sun 

• Buildings 

• Clothes 

• Dead leaves and 

• Dead branches 

2.3.5. Agro- ecosystem analysis (AESA) - making a group management 
decision 

It is establishment by observation of the interaction between a crop/livestock and other biotic and 

abiotic factors co-existing in the field. This involves regular observations of the crop/livestock. 
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It is a way of assembling what we are studying and placing into a process useful for decision making 

based on many factors. 

 

Purpose of AESA 

• Promotes learning by discovery and learners towards their own analysis. 

• It guides farmers to critically analyze and make better decisions on their own fields. 

Why AESA? 

• To improve decision-making skills, through a field situation analysis by observing, drawing 

and discussing. 

• To improve decision-making skills by presenting small group decisions for critique in the 

large group. 

How to conduct AESA 

AESA is an approach which can be gainfully employed by extension functionaries and farmers to 

analyze field situations with regards to pests, Natural enemies, soil conditions, plant health, the 

influence of climatic factors and their interrelationship for growing healthy crop. Such a critical 

analysis of the field situations will help in taking appropriate decisions on management practices. 

The basic components of AESA are: - 

• Plant health at different stages 

• Built in compensation abilities of the plants 

• Pest and natural populations’ dynamics 

• Soil conditions 

• Climatic factors 

• Farmers past experience 

• The Methodology of AESA is as under: - 

 

A) Field Observations 

a) Enter the field at least 5ft away from the edge. Select a site with a dimension of 1 sq. Mt. 

randomly. 

b) Record the visual observation in the following sequence 
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• Flying insects (both pests & natural enemies) 

• Close observation on pests and natural enemies that remain on the plants 

• Observe pests and natural enemies by scrapping the soil surface around the plants 

• Record disease and its intensity 

• Record insect damage and disease incidence in percentage 

c) Record parameters like number of leaves, plant height, reproductive parts of the selected plants 

and other agronomic parameters those are important for decision making for making observation 

in the following weeks. 

d) Record the types of weeds, their size and population density in relation to crop plant 

e) Record soil conditions 

f) Record the climatic factors viz sunny, partially sunny, cloudy, rainy etc for the preceding week. 

 

B) Drawing 

First draw the plant at the Centre on a chart. Then draw pests on the left side and natural enemies 

on the right side. Indicate the soil condition, weed population etc. Give natural colours to all the 

drawings, for instance, draw healthy plants with green colour, diseased plant/leaves with yellow 

colour. While drawing the pests and the natural enemies on the chart, care should be taken to draw 

them at appropriate part of the plant, where they are seen at the time of observation. The common 

name of pest should also be indicated alongside the diagram. The weather factor should be reflected 

in the chart by drawing the diagram of sun just above the plant if the attribute is sunny. If cloudy, 

the clouds may be drawn in place of sun. 

 

 

 

C) Group discussions and decision making 

The observations recorded in the previous and current charts should be discussed among the 

farmers by raising questions relating to change in pest and natural enemies population in relation to 

crop stages, soil condition, weather factors such as rainy, cloudy or sunny etc. Based on these 

discussions the group takes judicious decision for specific pest management practices. 

2.3. 6. Farmers field school Exercise on Fruit fly damage assessment 
 

Introduction: 
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The damage from fruit flies normally starts when the female fruit fly punctures the fruit with its long 

and sharp ovipositor. The fruit skin is breached, bacteria enter, and the fruit starts to decay. The 

larvae that hatched from the eggs feed on the decaying fruit tissue, and on the yeasts and bacteria 

that multiply in it. It is believed that fruit fly females carry bacteria with them that they inject into 

the fruit at oviposition so that the fruit decays, making it more nutritious for the larvae. 

 

The most common problems associated with fruit fly infestations can be described, as follows: 

 Fruit fly stings cause blemishes and rot and at early stage of fruit development may results 

into premature fruit drops; 

 Stung fruit is unsuitable for storage or for sale; 

 Most fruits and vegetables have very low tolerance for fruit fly damage; 

 Fruit damage can range from 40% to 100% in unprotected orchards; 

 Fruit flies exist in high populations in many habitats: in native forests, fruit orchards, home 

gardens, housing estates, and urban areas; and 

 Even one gravid (full of eggs) female fly is a threat. 

The assessment should not only be done on the number or percentage of infestation, but also on the 

“history of treatment” of the orchard. By understanding the percentage of infestation in the orchard 

and relating this with the other conditions and “treatment history” of the orchard, the farmers’ 

group can develop ideas for better management to reduce fruit fly population and build a healthier 

orchard. 

 

When this exercise is most appropriate? 

• In FFS and TOT sessions, after the exercise on ‘Life Cycles and Damage Characteristics of Fruit 

Flies; and 

• Before the various management strategies are introduced to the farmers’ group to provide 

them with tools to assess damage by fruit flies. 

How long will this exercise take? 

• Thirty minutes for field walks, observations, sampling, interaction with farmers; 

• Thirty minutes for processing the information; 
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• Thirty minutes for brainstorming session; 

• Thirty minutes for large group presentation on findings and arriving at consensus and 

conclusions. 

Learning objectives 

Farmers / FFS groups can: 

• Understand and become capable in carrying out assessment of Fruit Fly infestation in their 

field 

• Understand the infestation of Fruit Fly in their orchard 

• Develop ideas for better management to reduce fruit fly population and build a healthier 

orchard 

 

Materials 

• Bags (made of paper or plastic) for collecting samples 

• Knife 

• Flipchart, marker and tapes (for discussion) 

 

Procedures: 

After discussing the background and objective of the session, farmers divide themselves into small 

groups to do three main activities: 

 

Activity 1: Collecting Information about the Fruit Fly and the Orchard Condition and “Treatment 

History” 

Each small group prepares a set of questions related to fruit fly in the orchard. 

Example: 

• Do you know about fruit fly? (It will be better if the orchard owner can show the fly). 

• What is the pattern of fruit fly population in this orchard? 

• What is the pattern of fruiting season in the orchard and surrounding area? 

• What control measures are usually done? What are the results? 
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• How much do you earn? How much do you spend on control measures? Can this be 

improved? 

• What is the environmental and health impact of the control measures that are used? 

• The group then asks questions to the owner of the orchard and makes important notes from 

the discussion. 

 

Activity 2: Assessment of Fruit Fly Infestation 

1. Each small group goes to the orchard and collects 100 fresh ripe fruits randomly. The fruit 

sample may be taken directly from the tree or from the fresh fallen fruits on the ground. 

2. Observe the 100 samples for any external symptom of FF infestation and separate fruits into 

two categories: possibly infested (indicated by the presence of puncture mark or other relevant 

signs) and not infested. 

3. The groups’ record: “how many are possibly infested; how many are not infested” 

4. Each sample from the category of “possibly infested” fruits will then be dissected as to confirm 

the presence of FF larvae inside 

5. The group’s record: from the “possibly infested” category, how many fruits are confirmed to 

have? 

 FF larvae inside the fruit; and then account the percentage of confirmed infested fruits (number 

of confirmed infested fruits / 100 samples x 100%) 

 

Activity 3: Analysis and Discussion 

1. Each group analyzes the relationship between result of the assessment and the information from 

the owner of orchard (plus their own observation on the condition of the orchard) 

2. Each group presents on the results of their work 

3. All groups make conclusion about: 

• Status of infestation of fruit fly in the orchard 

• Relationship between the infestation and the condition and treatment 

• History of the orchard 

• Ideas for management of fruit fly population and growing a healthy orchard. 
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3. Application Strategies of IPM, Pesticides and their 
Management 

3.1. Introduction  

The protection of plants by combatting the negative effects of pests and diseases on crop production 

is of major importance for food security in developing countries. This is particularly true for regions 

where increased productivity and production is needed to reach the goal of food security. However, 

the aim of plant protection is not to ensure maximum production but to ensure optimum production 

in an economical and sustainable sense (IAC, 2000). Pesticides form an important means to control 

pests and diseases. However, despite their widespread use, pest damage still causes significant yield 

loss in agricultural systems. According to FAO, pre-harvest crop losses caused by pests and diseases 

are in the order of 30-35% worldwide. With the rapid growth of pesticide resistance in insects, 

pathogens and weeds, these losses are likely to increase. Thus, it is important to integrate various 

control measures and not rely on chemical controls alone. A judicious use of pesticides is moreover 

justified by the increasing awareness of the environment, the need to implement sustainable 

agricultural production methods and the occurrence of accidents with pesticides.  A range of 

techniques that may be used by farmers is already available. These include the use of various 

cultural practices such as crop rotation, multiple cropping, timing of planting, further habitat 

management that enhances natural enemy populations, biological control agents, direct trapping of 

insects, and use of careful thresholds and timely use of pesticides. The whole concept, utilizing all 

possible pest control measures in an environmentally sound and, for the farmer, economically viable 

program, is called Integrated Pest Management (IPM). 

3. 2. Key steps in the Implementation of IPM 

Though the expressions of key Components or Steps in the Implementation of IPM are described in 

module one, the lists are presented in this module for memorization. 

1. Correct pest Identification -The first step in any IPM program is to correctly identify the pest.  

2. Understanding of pest and crop dynamics  

3. Planning Preventive Strategies as the preferred management strategy in IPM;  

4. Monitoring 



MODULE THREE: Application Strategies of IPM, Pesticides and Pesticide Management 

Irrigation Agronomy Training Modules on IPM   46 

5. Decision making  

6. Selection of Optimal Pest Control Tactics to manage the problem while minimizing 

economic, health and environmental risks. 

7. Implementation  

8. Evaluation  

3.3. Control Strategies of IPM 

While growing a crop, the IPM decision making procedure a choice has to be made whether or not 

to control pests1. If the answer is affirmative the next questions will arise: when and how to control. 

The farmer has to take a decision from a complexity of multiple choices. There are many different 

methods for controlling pests; often these methods interact with each other. Effects of various 

cultural practices such as crop sequence, tillage, soil amendments, fertilisation, and rate and date of 

sowing have often effects on each other, while they have an influence on chemical and genetic 

methods of control as well. Some control methods are applicable to a wide range of pests, but most 

methods are effective only against a small range of pests, of ten determined by similar methods of 

survival or dispersal between host plants.  

 

Obviously practising of pest control is as old as agriculture. For many millennia human beings have 

incorporated, consciously or unconsciously, pest control measures into their production system. 

These traditional control methods were developed empirically by trial and error through centuries, 

natural selection and close crop observation. Through the influence of 'modern' agriculture 

indigenous knowledge of control methods tends to disappear fast.  

 

In different handbooks classifications on control methods may be made according to the following 

lines:  

 non-chemical methods versus chemical methods, or  

 preventive versus curative control methods, or  

 preventive versus intervention versus regulation, or 

 reduction of initial amounts of inoculum / number of pest individuals versus reducing rates 

                                                           
1 In the following the word 'pest' will be used in its widest sense as a word indicating any harmful agent of biotic nature, 

including weeds, viruses, bacteria, fungi, nematodes, insects and other arthropods, and so on. 
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of pest development, or  

 direct control methods versus measures reducing the probability of damage 

 

In the following the last mentioned classification is used, following partly the general textbook of 

Heitefuss, R. (1989) Crop and plant protection: the practical foundations. This classification follows 

roughly the following lines: 

 Control measures to reduce the risk of damage; 

 Direct control measures; and 

 Other control measures. 

3.3.1 Control measures to reduce the risk of damage 

Crop protection measures are discussed as an aspect of good crop husbandry, leading to avoidance 

and risk reduction or prevention of pests. Basically, preventing the occurrence of pest problems 

before they can cause economic damage is by far the most preferred approach in IPM. The starting 

point to prevention is crop health. The first rule of IPM is often cited as "grow a healthy crop". Pest 

problems in agricultural crops are often linked to inadequate plant health and can be avoided 

through good farming practices. Pests prefer sick, weak, or injured plants, and good crop health is 

therefore related to a lower incidence of pest problems. Preventative measures in IPM often address 

pest problems indirectly by improving crop health.  

 

Some preventative measures directly inhibit pest problems. They are proactive and are implemented 

before there are any pest problems. Some of these direct preventative measures target specific 

pests while others reduce the chance of pest outbreaks generally. Many preventative measures act 

by strengthening the natural control capacity of the agro-ecosystem for a particular pest, resulting in 

increased natural enemy populations. A key and very effective preventative method is to increase 

the bio-diversity of the agro-ecosystem. 

3.3.1.1. Bio-diversity 

Increasing the bio-diversity of the agro-ecosystem will increase system stability and reduce pest 

outbreaks. By encouraging many different species to co-exist in an agro-ecosystem, the farmer can 

reduce the risk that any one of them will become a major pest problem, although in some specific 

cases it may increase the risk of a pest outbreak. 
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Bio-diversity can be encouraged in many different ways. Increasing soil organic matter, mulching 

exposed soils, and reducing unnecessary cultivation can increase soil bio-diversity. Encouraging 

hedgerows, inter-planting crops, using living mulches, and planting trees can increase plant bio-

diversity. Integrating livestock into the agro-ecosystem, protecting natural enemy habitat, adding 

ponds, and increasing plant species diversity can increase animal bio-diversity. Finally, crop genetic 

diversity can be increased by (i) planting different varieties of a single crop, or (ii) multiline varieties, 

or (iii) using older varieties and landraces. See further the chapter on “Genetic diversity of the crop”. 

3.3.1.2. Cultural methods  

The various cultural practices of crop production can prevent pest problems because they encourage 

good crop health and bolster crop resistance to pests. Crops should be grown in the appropriate 

climate and in the appropriate season. Crops grown out of season, outside their ideal range or 

planted too close together are often stressed and therefore more prone to pests. Practices such as 

soil preparation, sowing date, fertilisation, cultivation methods of the growing crop, etc. can have a 

large influence on the incidence and severity of pest injury and damage. Cultural controls can affect 

pest populations in various ways. They can make:-  

 the crop plant or agro-ecosystem unacceptable to the pest and the pest will avoid the crop, or 

hinder spread of pests through the crop; 

 the crop plant in time or space, causing it to be unavailable to the pest during the period when it 

normally feeds;  

 the agro-ecosystem a dangerous place for the pest by increasing beneficial populations; and 

  increased resistance of the plants to pests.  

However, cultural control aimed against one pest may well improve the conditions for another, thus 

enhancing other pests.  

3.3.1.2.1. Location  

The choice of location for the cultivation of a specific crop may influence the damage caused by 

pests, as e.g. the topographic conditions modify the microclimate of a crop. The choice of location 

for a crop may be considered at farm level, but also at a national or international level, where 

unfavourable climatic conditions for the pest or the absence of the pest are mostly the major 

reasons for such choice. The latter is the case under the heading disease avoidance, which means 

that the crop is deliberately grown in areas known to be tree of the pests. This applies in particular 

for the production of disease tree seed in relation to seed-borne pathogens.  
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3.3.1.2.2. Spatial methods 

The way that crops are arranged on a farm can affect their susceptibility to pest outbreaks. Several 

methods that can prevent pest problems are listed in the following.  

 Cropping Pattern 

 Plant Spacing  

 Intercropping  

 Strip cropping 

 Crop isolation  

 Border crops  

 Trap crops.  

 Demolition of Secondary hosts   

3.3.1.2.3. Sequence methods 

Previous crops can have an effect on pest problems in the present crop. Planting crops in a particular 

sequence can reduce pest problems in general and soil-borne pest problems in particular. Several 

sequence-related planting methods that can prevent pest problems are listed in the following. 

 Crop rotation  

 Multiple Cropping  

 Over seeding and under sowing: Over seeding and under sowing are farming techniques 

where one crop is sown into another. Other terms for this operation include relay 

intercropping, and inter-planting. Planting or seeding a second crop into an established crop 

can reduce pest problems. 

3.3.1.2.4. Soil tillage  

The purpose of soil tillage is to keep the soil in an optimum condition for the crops and to maintain 

the soil's long term production capacity. The physical characteristics of the soil, such as soil 

temperature, structure and humidity influence survival rate of soil inhabiting organisms, including 

pests. The timing and the method of soil tillage influence the physical characteristics of the soil.  
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Minimum or no-tillage systems may have positive as well as negative effects on survival rates of 

pests. It is obvious that weeds increase under such systems. In such cases an additional shallow 

tillage may overcome a problem. Ploughing and deep ploughing mostly lowers the damage of pests. 

However, pathogens with a great saprophytic competitiveness and a higher survival potential are 

buried with the first ploughing but can be brought to the surf ace by next year's ploughing while they 

are still infective.  

3.3.1.2.5. Organic manuring  

Manuring with organic matter affects the yield of crops mainly through its effect on soil fertility. 

Rapid, healthy plant growth can reduce pest damage in four ways:  

 quick growth shortens any susceptible stage;  

 it may lead to the maximum expression of same resistance factors;  

 it allows maximum compensation for damage by the plant; and 

 It can promote uniformity and density of crop stand, which can discourage same pests.  

 

In the latter case other pests may be promoted as the nutritious plants may favour them. Excessive 

manured crops may receive a good nitrogen fertilisation often resulting in an increased susceptibility 

to pests. On the other hand manuring with potassium and phosphate tends to reduce the incidence 

of same pests and are often associated with greater resistance to root and vascular pathogens.  

 

Further, the effect organic manuring bas on the increase of microbial activity of the soil is crucial for 

its effect on the probability of damage. The effects of soil amendments may have reducing or 

increasing effects on diseases. As regards nematodes, addition of organic matter to the soil increases 

the population of fungi antagonistic to nematodes and apparently also that of predacious 

nematodes and of internal parasites of nematodes. In some instances negative effects on 

nematodes were observed.  

3.3.1.2.6. Mineral fertiliser  

The most well-known effect of mineral fertilisers is the above mentioned effect of nitrogen on the 

stimulation of various pests. Excessive nitrogen may result in luxuriant growth and succulent tissues 

predisposing plants to mildews and other foliar diseases. A well-balanced application of mineral 

fertilisers may have a positive effect on the plant growth and therefore reduce the damage of pests 

as described under the previous paragraph.  
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The following rules of the thumb may be given for the most important mineral fertilisers:  

 Excessive nitrogen applications increase the plant's susceptibility to pests;  

 the susceptibility of the plants is reduced by a correct dosage of potassium in combination with 

other elements; 

 to a lesser extent the same applies for phosphate; and 

 Several pest problems have been managed using a disproportion of specific trace elements, such 

as silicon or zinc. 

3.3.1.2.7. Pasturage 

Grazing animals in a crop field before, during or after harvest can reduce pest problems. Grazing 

animals can be thought of as another 'crop' in crop rotation or multi-cropping scheme. Domestic 

cattle, buffalo, pigs, ducks, poultry, and fish can drastically change the nature of a crop field through 

their grazing activities. 

 

Grazers can reduce pest populations in a crop field. Poultry dig and scratch soil with their feet, 

overturning and consuming insects and weed seeds. Ducks consume small weeds and mollusks, and 

are particularly useful for controlling rice-field pests. Larger animals crop weeds, till the soil with 

their hooves, and leave behind manure. 

3.3.1.2.8. Sowing and transplanting date  

Among the agricultural reasons for choice of sowing date, probability of damage caused by pests is 

considered as well. By early or late sowing it may be possible to avoid the egg-laying period of an 

insect pest. Timing can also be used so that the vulnerable stage in plant growth has passed by the 

time the insect pest reaches the damage threshold for the normal sowing date. The sowing or 

transplanting date may as well coincide with favourable or unfavourable climatic conditions for the 

development of the pest.  

 

Synchronised sowing or transplanting dates prevent the continuous pest development on the 

otherwise consecutive growing crops.  

3.3.1.2.9. Efficient harvest and storage 

An efficient harvest can break pest cycles and result in clean product. Properly managing storage 

pests maintains value of the stored crop and prevents it from becoming a pest vector for future 
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crops. The harvesting date of a crop is often determined by the state of maturity or moisture 

content of the crop. The weather can be a crucial factor for the optimal harvest date. A clean, well-

timed harvest can prevent pest problems in the harvested and future crops. Proper sanitation 

measures should be followed, and crop materials that can harbour pests until the next season 

should be removed. Crops should be harvested at the proper growth stage. Harvesting early or late 

can cause pest problems in storage. However, early harvesting, sometimes even before the 

maximum yield is reached, may prevent considerable yield loss by same pests as the crop escapes 

attack. Harvesting during dry conditions helps to avoid grain damage by mould and fruit rots. Early 

maturing cultivars may escape the damage threshold, as the pest does not have the time to reach 

that level.  

Crops should be properly handled before storage. Drying, curing, and other primary processing 

activities should be planned and carried out with IPM in mind. If a crop is going to be machine dried, 

for example, part of the drying cycle could be at a high enough temperature to kill any potential 

storage pests. In most crops it is not possible to affect ripening by special measures. In potato 

growing, however, the premature defoliation or haulm killing by mechanical or chemical means 

represents an important tool to reduce the occurrence of viruses and late blight rot in the tubers. 

These methods accelerate the ripening of the tubers and eliminate leaves as a source of inoculum. 

  

Managing pests in stored crops is a challenge for most IPM practitioners. Pests can rapidly multiply 

and damage large portions of a stored crop but they are often hard to detect. Stored crop is often 

neglected until it is time to eat or sell it - this is too late to apply appropriate interventions! 

Stored crop IPM follows the same procedures as field IPM. First, store the crop in a way that 

prevents pest problems in the first place. Second, monitor for pests, identify any found, determine 

whether they will cause economic damage, and intervene if necessary. 

3.3.1.2.10. Closed season  

The enforcement of a closed season helps to break the food cycle of especially monophagous insect 

pests and specialised pathogens. When combined with sanitation method of the destruction as old 

plants and crop debris at a certain date it reduces even further the pest organism population.  

3.3.1.2.11. Water and humidity management  

Irrigation 

Over watering and drought can stress crop plants. Water management in agro-ecosystems can also 

have large effects on pest habitat and populations. Carefully managed irrigation can be an excellent 

way to manage pests.  
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First: applying an optimum amount of water to a crop results in quick-growing, healthy, and pest-

resistant plants. Over watering can cause plants to become lush and prone to fungal diseases and 

insect such as thirds and aphids. Plants stressed from under watering will be less able to withstand 

pest attacks.  

 

Second: water can be used directly on pests. Strong jets of water can physically knock pests off of 

plants, while Small insect pests are easily washed off plants by overhead irrigation and flooding a 

field can drown non-aquatic pests, eliminates mainly soil-borne insect pests that occur normally in 

non-flooded fields. Newly-irrigated soil particles may swell enough to crush soil-dwelling pests.  

 

Third: water can be used indirectly to control pests. Flooded rice-paddies attract fish, frogs, and 

other aquatic predators to prey on pests. Raising and lowering water levels in a flooded field can 

augment predation of above-water pests by aquatic predators. Adjusting irrigation can speed or 

slow crop maturity, preventing a crop from ripening at the same time as a pest population peak. 

 

On the other hand pathogens which can be spread by water, and which need moisture for infection, 

are promoted by overhead irrigation.  

 

In arid and semi-arid regions, where irrigation is essential for crop growth, irrigated crops may act as 

a magnet for certain actively moving pests while it may promote damage caused by termites. It has 

been shown that irrigation may as well enable a pest/natural enemy complex to persist and reduce 

consequently the pest damage.  

 

To retain moisture in the soil and to avoid erosion mulching can be practised (see as well under the 

paragraph on mulching). Mostly plant debris is used, while increasingly relatively cheap plastic foils 

are utilised for mulching valuable crops. Again mulching may have beneficial and negative effects on 

pest problems. The mulch may harbour potential pests for the crop while on the other hand it may 

enhance the development of the natural control components of the pest. Mostly it reduces the 

weeds.  

 

Improved drainage decreases the risks of diseases caused by water logging, e.g. damping offs or 

Phytophthora diseases.  
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Humidity management 

Pruning in tree crops may influence the humidity in the crop, therefore influencing outbreaks of 

foliar diseases. The humidity and other microclimatological factors are influenced by the spacing 

between the plants, thus affecting the development of pests. The silhouette of the plant against the 

soil often influences migrating insects. Densely planted crops prevent the forming of such 

silhouettes, causing them to be less attractive for e.g. flying aphids. On the other hand such densely 

planted crop may have weaker plants, being prone to pest attack.  

3.3.1.2.12. Sanitation  

Sanitation aims to prevent the introduction of pests into field, farm or community and it aims to 

reduce or eliminate inoculum from infected fields. Phytosanitary methods that destroy sources of 

inoculum or reduce numbers of harmful insects are considered effective agricultural methods.  

 

To prevent the introduction of pests, an attempt must be made to identify all the means by which a 

given pest causing organism can be carried from one field to another field or one region to another 

region. This includes seeds and other propagating material, water, animals, plant debris, compost, 

farm yard manure, poles for supporting plants, implements, wheeled farm equipment and vehicles, 

packing material in recurrent use and last but not least man. The prevailing direction of winds may 

also have to be taken into account. Once the potential means of introduction have been identified, 

its prevention becomes a matter of common sense, experience, and economic considerations.  

 

Sanitation can take several forms, such as:  

 Removal and destruction of plant debris reduces hiding and breeding sites and the quantity of 

inoculum; 

 Removal and destruction of diseased plants or plant parts may control adequately many slowly 

spreading pests. It is often practised for root diseases of perennial and fruits infested by fruit 

flies; and  

 Removal of fruits to break the development cycle is practised by the actual removal of the fruits 

or by bagging the fruits for the protection from e.g. oviposition.  

 

Although the mechanical removal of the actual pest is mostly considered a direct control method, it 

is sometimes mentioned under phytosanitary control methods. Most phytosanitary measures are 

rather simple to apply; they are labour intensive and thus may he expensive. Therefore it is 



MODULE THREE: Application Strategies of IPM, Pesticides and Pesticide Management 

Irrigation Agronomy Training Modules on IPM   55 

necessary to find out whether these efforts are worthwhile to promote the health of the present 

and/or furore crop.  

3.3.1.3. Genetic diversity of the crop 

Crop varieties with different host-plant resistances can be intercropped in ways that augment these 

characters. High crop genetic diversity is a traditional way of ensuring an adequate harvest. 

Historically, farmers altered the genetic makeup of crop plants by selecting propagating plants with 

desirable characteristics. As scientists began to understand how crop genetics worked and became 

more adept at manipulating the genetics of a crop, the genetic diversity of major crop varieties were 

reduced in order to produce uniform high yields. This trend towards reduced crop genetic diversity 

has continued with the advent of biotechnology techniques such as marker-aided selection and 

genetic engineering. 

Reducing crop genetic diversity may lead to a uniform crop with desirable characteristics, but it also 

leaves crops vulnerable to pests and adverse environmental conditions. Often, as in the case of 

hybrids, the crop is restricted to a single genome. The consequences of massive plantings of single-

genome hybrids can be severe, as was the case in the United States in 1970-71 when southern corn 

leaf blight destroyed 15% of the US corn crop due to broad plantings of a susceptible hybrid. 

Similarly, massive plantings of pest-resistant rice varieties in Asia have led to widely-distributed 

resistant pests after a few seasons, and subsequent pest problems as pests develop 'resistance to 

the resistance'. 

There are several ways in which crop genetic diversity can be increased and genetic vulnerability 

decreased.  

 Promotion of traditional varieties. Traditional varieties that are mass selected tend to have 

high degrees of genetic diversity. Although these varieties tend to be lower-yielding than 

modern, high-yielding varieties, they are more dependable and stable under fluctuating pest 

regimes.  

 Intercropping multiple varieties. Intercropping multiple varieties of a single crop can 

increase crop resistance to pests, especially when the varieties are resistant to different 

pests. For example, the intercropping of a blight-resistant rice cultivar with a blight-

susceptible cultivar of rice allowed the blight-susceptible cultivar to be grown successfully in 

an infested area.  

 On-site selection and seed saving. By selecting and propagating crop varieties on farm, 

farmers can adapt a variety to their local conditions while maintaining crop genetic diversity. 
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3.3.1.4. Plant Appropriate Crops and Cultivars  

Most crops and cultivars are adapted or bred to perform best under particular environmental 

conditions. Crops grown outside of this optimum location are often subject to increased stress and 

reduced health, and are prone to pest problems. Growing the right crop in the right location and 

season is a sensible pest prevention method. For example, the grape (Vitis vinifera) is a temperate to 

sub-tropical crop that is also cultivated in the tropics. In Thailand, commercial grape vines may be 

treated 2 or 3 times per week with copper and sulphur fungicides in order to control various fungal 

diseases. While temperate grape crops are also often heavily sprayed, this excessive requirement for 

fungicides can be considered the result of growing a crop well outside of its optimum range. 

 

Wheat is another example of a crop that is limited to certain environmental conditions. While it can 

physiologically survive in hot, humid conditions, diseases and pests are encouraged by such 

conditions and effectively limit its cultivation in the tropics. Wheat consumption is increasing rapidly 

in many tropical countries, but breeders have been unable to develop wheat strains which are 

suitable for tropical conditions. Growing wheat in the tropics therefore requires heavy use of 

pesticides, and an IPM-oriented farmer is probably better off choosing another crop. 

 

Tomatoes are a widely grown cash-crop throughout the world. In the tropics, they are grown mainly 

in the dry season, partially because tomato plants need temperatures below 30 degrees Celsius in 

order to set fruit, and partially because of pest pressure. Fresh tomatoes can be sold at a premium in 

the wet season, however, and many farmers attempt to grow them during this more difficult 'off-

season'. Special cultivars have been developed for this purpose, and these should be chosen over 

the 'regular' varieties for wet season growing. By growing cultivars adapted to each season, an IPM 

farmer can effectively reduce potential pest problems. Tomatoes are a good example of a crop 

where different cultivars are more appropriate for different seasons in the tropics. 

3.3.1.5. Host plant resistance  

3.3.1.5.1. Introduction  

Host plant resistance is attractive to IPM workers because it is perceived as being highly specific, 

precisely controllable, and limited only by the imagination and creativity of scientists. Genetic 

interventions can be packaged, propagated and delivered in a form that is readily acceptable and 

easy to use - seeds or other planting materials. They are self-perpetuating, do not pollute the 

environment through spray drift or run-off, and are affordable. The technical success of the Green 

Revolution was dependent on host-plant resistance bred into key crops, and many advocates of 

genetic engineering envision a second Green Revolution based on the latest molecular advances.  
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The following criteria are usually considered when choosing a cultivar of a certain crop:  

 adapted to the environmental conditions of the region;  

 a good potential for yield and quality; and  

 resistant against abiotic and biotic damage causing factors.  

 

The latter point will be partly discussed in the following paragraphs.  

3.3.1.5.2. Classification of host plant resistance  

There are many ways in which pest resistance can be classified as it varies considerably in the way it 

operates, the method of its inheritance and how it behaves under field conditions. A differentiation 

can be made between morphological and biochemical resistance mechanisms. Classification 

according to inheritance of the resistance: major gene resistance and polygenic resistance. The 

behaviour of resistance can be differentiated into vertical and horizontal resistance.  

3.3.1.5.3. Terminology  

The terminology in relation to host plant resistance against pests may result into confusion when 

these terms are incorrectly used. The terms refer to the characteristics of the host plant or to the 

characteristics of the pest. Within these two categories the terms may be ascribed to the way the 

pests colonize a crop, multiply, or develop symptoms of injury.  

 

Resistance  

The capacity of a plant to avoid or repel attack by pests  

Susceptibility  

The plant is not able to resist infection by a pest, resulting in visible or non-visible symptoms. These 

terms are complements to each of the other and they are on a sliding scale, meaning that a plant can 

be more or less susceptible and less or more resistant. A plant with a high level of resistance to a 

specific pest is less susceptible to that pest. Resistance hinders often the development and the 

activity of the pest, resulting in a reduced multiplication and or dispersal of the pest.  

Immunity  

This term can be explained in two ways. The first is an absolute or extreme form of resistance, based 

on the same active interaction mechanism between pest and host plant, effective at its maximum. 

The second constitutes a complete different phenomenon. The immunity is a result of the non-

existing interaction between pest and host plant, being a passive form of resistance.  
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Tolerance  

The plant is able to endure infestation or infection by a particular pest without showing severe 

symptoms or damage. In the above terminology it means that tolerance refers to an interaction 

between the pest and plant host. The pest has also an influence on the development of symptoms of 

injury in the host: aggressiveness and virulence.  

Aggressiveness  

The pathogen is able to attack many genotypes of host plants. It expresses itself best in host- pest 

relation systems based on the gene-for-gene system.  

Virulence  

This term refers to the ability of a pest to cause injury in a host plant.  

Non-preference 

The crop plants are avoided by the pest because they do not ‘like’ the plants. 

Antibiosis 

Plants cause a reduction in the biological performance of the pest. 

3.3.1.5.4. Morphological and apparent resistance  

Apparent resistance is based on the fact that the plant's susceptible stage does not coincide with the 

pest or its injury causing stage. Another term is pest (or disease) escape. The pest escape is 

depending for a large degree on the environmental conditions, especially the weather, and, of 

course, by the sowing date. It may be caused by a toughened stem of an early maturing cultivar, not 

allowing a pest to penetrate in time into the sterns. This is a morphological characteristic.  

Other morphological resistance characteristics are e.g. the waxiness of the cuticle, the silica content 

of the epidermis, the presence of hairs on the epidermis, tightness of floral bracts, and thickness of 

cell walls.  

These resistance mechanisms are not induced by the pest; they are always present and operational 

in the plant. The induced or true resistance mechanisms are made operational by the presence of 

the pest. Thus, induced resistance is a reaction to the presence of the pest.  

3.3.1.5.5. Induced resistance  

As explained above this resistance based on the plant's specific defence mechanisms that operate as 

a result of an infection. This mechanism is in most instances very specific, i.e. it is only activated by 

certain races of pests on certain host plants.  
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3.3.1.6. Biological control  

3.3.1.6.1. Introduction  

The term biological control was applied to include virtually all pest control measures except the 

application of chemical pesticides. Nowadays it is generally agreed that the term should be reserved 

to the use of living organisms as pest control agents. Heitefuss (1989) gives the following definition 

in which a broad view is expressed:  

 

Biological plant protection is the man-directed utilization of organisms (including viruses) and their 

performance or products to protect plants against stresses caused by biotic and abiotic factors.  

 

It is implied as for all other discussed control methods, that biological control does not strive for 

complete eradication of pests, but aims for the reduction or limitation of their population density in 

order to keep it below the damage threshold.  

 

Modem biological control depends upon the use of specific natural enemies of the target pest 

carefully selected and screened to eliminate species that could pose a threat to other useful 

organisms. Further it includes the conservation and enhancement of indigenous natural enemies by 

cultural measures that manipulate the populations of natural enemies.  

3.3.1.6.2. Advantages and disadvantages of biological control  

The general advantages and disadvantages of biological control are described shortly below. 

Disadvantages of biological control are that it:  

 acts slowly;  

 works not as an exterminator, which applies to control systems intended to keep itself 

going, as low levels of pest have to remain present to keep the biological control agent alive;  

 may be unpredictable as in most instances the farmer has relatively little influence over the 

control system; and 

 limits the subsequent use of pesticides (this one may considered to be an advantage as well) 

Advantages of biological control are that it is:  

 rather selective, hardly with side effects;  

 relatively cheap, provided that in the comparison with pesticides all the development and 

environmental / health costs are taken into account;  
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 often self-propagating and self-perpetuating, except in the (seasonal) inundation system; 

and 

 Unlikely that resistance of pests to this type of control will develop.  

3.3.1.7. Healthy seed and propagation material  

Many pests are transmitted along with seeds and other planting materials. Seed or vegetative 

propagation materials such as tubers, cuttings, etc. are of basic importance in the production of 

healthy crops. It is the quality of the planting material that determines the potential of the crop; the 

realisation of the potential depends largely on cultural practices and environmental conditions. Bad 

planting material cannot be improved by good field husbandry techniques.  

 

In order to guarantee the quality of seed and plant propagation material, a series of measures have 

been laid down by the legislators in a number of countries. Certification of propagation material can 

he organized at a national level. Certified seed is often more expensive than locally available seed 

but the extra cost should be balanced against the potential risks of using uncertified seed. 

Vegetatively propagated crops are often grown in tissue culture to obtain disease-free strains. 

 

Some planting materials can be sterilized by the farmer himself. INIBAP has outlined a method for 

preventing banana disease by using a hot water bath on planting stock. Insect pests can be removed 

from seed stock by dry heating in an oven. Sunlight, carbon dioxide, steam, and bleach solutions are 

other low-tech ways to reduce transmission of pest problems through planting stock.  

 

At an international level the prevention of spread of pests over the world resulted in an International 

collaboration which led to the 'International Plant Protection Convention' of 1953.  

3.3.1.8. International (and domestic) regulatory control measures  

3.3.1.8.1. Introduction  

Pests have evolved to their fullest extent in the centres of origin of specific crop plants. Many pests 

are, therefore, localised in specific areas. It is in the interest of agriculture generally that their 

distribution should not be extended. Often crop species have been extended to new areas, initially 

without spreading many of their pests. Under the absence of pests these crops produce well in the 

new areas. Much of this advantage is slowly lost as pests tend to follow the crop sooner or later. 

 

Regulatory and legislative approaches to IPM operate at an organizational level that is larger than a 

field or farm. They manage pests on a regional or national level. Many types of pests, such as 
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migratory pests or those that have been accidentally introduced can be controlled effectively 

through regulatory interventions. Many cropping regions enjoy comparative advantages over other 

regions due to successful quarantine and eradication programmes against major crop pests.  

 

Regional or national programs to manage pests rely on cooperation by (and enforcement of) 

individual farmers, and in many countries effective regulatory interventions are difficult or 

impossible to achieve. As international trade of crops and crop products increases, so does the 

potential that new pests will be introduced into previously pest-free areas. Sometimes, regulatory 

interventions have little to do with practical pest management, but are used to protect domestic 

producers from competition with cheaper imports. Some regulatory interventions are listed below.  

 Quarantine. Preventing the introduction of known or unknown crop pests by excluding 

infected materials and vectors from a particular region.  

 Eradication. Regional campaigns that aim to completely eliminate a particular pest.  

 Control districts. Areas where particular plants or other organisms are prohibited due to 

their status as alternate hosts for major crops.  

 Crop-free periods. Attempts to eliminate pests that move from old crops to younger crops by 

cutting off their food supply for a designated period.  

 Planting time restrictions. By enforcing a planting time for a particular crop, pests that 

emerge on predictable environmental cues can be managed.  

 Enforced growing of particular cultivars. In areas where pest problems are endemic, 

enforced growing of resistant cultivars can reduce populations permanently.  

 Compulsory sanitation measures. Strict sanitation measures, such as burning of residues or 

burying diseased animals can prevent the spread of persistent pests.  

 Regional diversification. By promoting and coordinating crop diversification on a regional 

scale, area managers can reduce the pest problems that are associated with a dominant 

mono-crop.  

 Isolation. Growing valuable crops in an area that is physically isolated from important pests 

can, along with quarantine, result in sustainable, efficient production.  
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Legislation can be a very effective tool in the promotion of IPM on a large scale. Perhaps one of the 

most famous IPM programmes in the world, the Indonesian Rice IPM Programme, was based on 

legislation, in the sense that after IPM-friendly legislation was implemented, the programme started 

to move. 

3.3.1.8.2. International phytosanitary measures and plant quarantine  

Most countries have compiled a list of important pests which are supposedly absent from the crops. 

The countries may have legislation forbidding or restricting the importation of particular plants from 

infected areas. Generally these laws only permit the importation of plants carrying pest causing 

agents. Some plants, especially those likely to carry dangerous pests, are completely prohibited. 

Other plants are permitted entry in a country only after rigorous inspection to ensure that they are 

pest free.  

 

Many countries are grouped according to common interests, enforcing common phytosanitary 

regulations. Phytosanitation is practised in geographical zones, each having a regional organization 

that coordinates phytosanitation. A unified system of fundamental rules for plant import and export 

was set up under the FAO's Plant Protection Convention of 1953. An international Phytosanitary 

Certificate is usually required for the import of plant material. The exporting country is requested to 

certify the freedom from certain pests and/ or to specify that certain treatments, such as fumigation 

or seed dressing have been carried out. It is obvious that the receiving country judges the validity of 

the issued certificate on the basis of previous experiences with the certificate issuing organization.  

 

Plant quarantine starts to play its role on occasions when plant material that cannot be certified as 

healthy must be imported. Sometimes material certified disease free by a I suspicious or doubtful' 

quarantine organization must he checked on the presence of pests before the material can be 

released.  

3.3.2. Direct control measures  

3.3.2.1 Physical measures  

Direct control methods by physical means have limited importance nowadays. Exceptions to this are 

soil sterilization by steaming and hot water treatments for the elimination of viruses in sugar cane.  

3.3.2.1.1. Mechanical measures  

These measures are aimed at the direct destruction of the pest, as well as its removal from 

cultivated plants. The latter method is applied in a couple of cases in the tropics, often by children. 

The mechanical eradication of soil pest is practised by the use of rotating equipment, heavy rolling, 
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ploughing or other means of soil tillage. Mechanical weeding is still an effective way of weed control, 

although it is often replaced by chemical weed control. The mechanical elimination of infection foci, 

although it is as well as sanitation method, plays an important role as a sanitation method in 

potatoes and fruit crops.  

3.3.2.1.2. Heat treatments  

The use of heat to manage pests includes soil sterilization, burning, flaming of weeds, and for 

example hot water treatments of planting material. For example soil-borne pests can he eliminated 

with the help of steaming the soil. Burning of plant residues can also be considered under this 

category.  

 

Selective use of high temperatures on plants is possible if the cultivated plants, or their parts that 

need treatment, react to these temperatures less sensitively than the pests do. The technique is 

limited as the thermal death point of many pests is close to the temperatures which damage the 

plant organ. Temperatures used are usually about 50°C with duration of approximately one hour. 

Temperature/time regimes have been worked out for some host/ pathogen combinations.  

3.3.2.2. Biological control, (seasonal) inundation  

Seasonal inundation is the use of biological control as a biological pesticide. Large numbers of the 

natural enemy are reared in the laboratory and released in the crop. The aim is to create an 

outrageously high ratio of biological control agents to the pests, so that the pest is exterminated in a 

short period of time. Consequently the biological control agent itself dies out due to lack of food, 

and pesticides can then safely be applied. Classical biological control is described under the various 

methods of biological control. 

 

Inundation is effective against pests that only experience a single generation per season or that 

occur in rare outbreaks. For example, Trichogramma (a parasitoid) is mass-released against cotton 

bollworm in parts of the United States where only a single generation of bollworm threatens the 

cotton crop. 

Inundation is most often used with pathogens. Pathogens are generally small or micro-organisms, 

and therefore raising millions or billions of them to release at the same time is logistically feasible. 

3.3.2.3. Chemical control measures 

Chemical interventions introduce organic and inorganic substances into the agro-ecosystem to 

manage pest problems. They can be man-made (synthetic), collected and derived from organisms 

(bio-pesticides, pheromones, allele-chemicals, and insect growth regulators) or collected from other 
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natural sources (inorganics). Chemical interventions can be applied in a variety of ways. They may be 

diluted in water or oil for spraying, left dry for application as dusts or granules, or added to baits or 

traps. Spraying, dusting, fogging, smoking, and other techniques can be used to apply chemical 

interventions to crops. The details are described under the chapter of pesticides and pesticide 

management below.  

3.3.3. Other control methods  

The problems of the continued widespread use of pesticides, and particularly the common 

understanding of the environmental pollution, have caused scientists to look seriously at any ideas 

for pest control that do not involve traditional insecticides. In this short overview of pest control 

methods it is not possible to go into details of all the other possible pest control methods and the 

details of above pest control approaches. One should read the available handbooks. A number of 

these measures are characterized by Heitefuss (1989) under 'biotechnical measures', which are 

defined as: procedures of pest control in which the natural reactions of pests to specific physical and 

chemical stimuli are used, diverted from their natural significance for the organism.  

 

Chapter 8 of van Emden's Pest Control (1989) provides a short overview. Such control measures 

include the following: repellents, attractants, antifeedants, radiation sterilization, chemosterilants, 

hybrid sterility, competitive displacement, and others.  

3.4. IPM Application on Selected Major Vegetable Crops  

The detailed description, signs and symptoms of major pests of selected vegetable crops are 

presented in the participant book of module one with the representations of images. Here the pest 

management of selected vegetable crops will be dealt and for further details module one can be 

referred.  

3.4.1. IPM application on major pests of Tomato 

Tomato crop is highly affected by several insect pests and diseases. Commonly occurring important 

diseases of tomato in Ethiopia include dampingoff, late blight, early blight, powdery mildew, septoria 

leaf spot, viruses and nematode. Similarly regularly occurring important insect and mite pests of 

tomato in Ethiopia include fruit worms [(African bollworm (Helicoverpa armigera), potato tuber 

moth (Phthorimaea operculella) and tomato leaf miner/fruit borer (Tuta absoluta)], whiteflies and 

spider mites. Tuta absoluta and Phthorimaea operculella are closely related and their damage 

symptoms and management options are similar. Hence only description for T. absoluta is presented 
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in this manual. The management of some of the key insect pests, diseases and nematodes are 

described below.  

i) Management measures of Fruit borer (African bollworm), Helicoverpa armigera, 

PREVENTION  

 Tilling and plowing old tomato fields expose pupae which are killed through exposure to the 

sun and natural enemies.  

 Using trap crops; Maize and sorghum have been recommended as trap crops to divert the 

African bollworm from cotton elsewhere and pepper in Ethiopia.  

  Destruction of weeds which may harbour developing larvae is important for preventing fruit 

worm infestations.  

 Use of ABW resistant varieties of tomato such as "Melka salsa' and 'Melka shola'  

 

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Early detection of the eggs or the caterpillars before they bore into the fruits is important.  

 Hand picking and destruction of eggs is feasible at low infestations.  

 Use of aqueous extracts of neem seed (30 kg per ha) at flowering and fruiting periods  

 the microbial insecticide (Bacillus thuringiensis) at 1 kg per ha applied at flowering and 

fruiting periods  

 

CHEMICAL CONTROL  

Applications of insecticides for the control of African bollworm on tomato should be made at 

flowering and fruiting stages  

 Agro-Lambacin Super 315 EC (Profenofos 30% + Lambda cyhalothrin 1.5% EC) registered for 

ABW control on other plants.  

 Dimethoate 40% EC (Agro-Thoate 40% EC) registered for ABW control on other plants.  

 Highway 50 EC (Lambda-cyhalothrin) registered for ABW control on other plants  

 Check for other registered insecticides from list of registered pesticides in Ethiopia (Available 

from Animal and Plant health regulatory directorate of the Ministry of agriculture).  
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ii) Tomato leaf miner, Tuta absoluta, M 

IPM options of T. absoluta 

a. Cultural practices 

Good Agricultural Practices includes rotation with non-solanaceous crops, ploughing, adequate 

fertilization, irrigation, destruction of infested plants & post-harvest plant debris. At any time of the 

growing cycle is detected or fruit stalks damaged by larvae of Tuta, there will be an overhaul of the 

whole plot, the process of withdrawal and destroyed securely to prevent the pest completes its cycle 

and continue to spread. 

b. Pheromone traps 

The use of pheromone traps is a reliable method to detect the presence of Tuta absoluta. 

Pheromone trap data give early warning of the infestation and also will alert the user to low level of 

populations before they become serious. Lure and Kill is a very promising approach to control the 

male adults of Tuta absoluta with minimum amount of insecticide application. This will reduce the 

mating incidence and therefore reducing the number of viable eggs. Based on sustained release 

matrix, Lure and kill product can release the pheromone over a long period normally over 6-8 weeks. 

Lure and Kill technique normally is a single application provides safe yet constant control over a long 

period of time. 

c. Natural enemies 

The following bio-agents have reported to control Tuta absoluta through parasitization such as 

Trichogramma pertiosum, Trichogramma achaeae, Macrolophus pygmaeus, Nesidiocoris tenuis and 

Nabis pseudoferus. 

d. Microbial control 

Bacillus thuringiensis var. kurstaki have exhibited satisfactory efficacy against Tuta absoluta larval 

infestations in Spanish outbreaks. Delayed application of Bacillus thuringiensis may cause higher 

insect mortality if the insects become more susceptible to the pathogen after a longer period of 

feeding on the resistant crop. It is reported that in a combine application of mass release of 

Trichogramma pertiosum and Bacillus thuringiensis resulted fruit damage only 2 % in South America 

(Medeiros, et al., 2006). Entomopathogenic fungus Metarhizium anisopliae could be caused female’s 
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mortality up to 37.14%. Laboratory studies indicated Beauveria bassiana could cause 68% larval 

mortality. 

e. Botanical Insecticides 

Neem seed extract, Azadirachtin acts as contact and systemic insecticide against Tuta absoluta. A 

soil application 48.9-100% larval mortality was recorded. Application of neem oil in adaxial surface of 

the foliage causes 57-100% larval mortality. However, it reported that application directly on larvae 

caused 52.4-95% mortality (Goncalves- Gervasio and Vendramin, 2008). 

f. Chemical control 

Chemical control has been the main control measure used against Tuta absoluta since it was 

reported in South America. In Brazil tomato glowers carried out up to 36 insecticide applications to 

control Tuta absoluta within one cropping season. Frequent intense application of insecticide leads 

to develop insecticide resistance. Reduce efficiency and control failure of the insecticides used 

against Tuta absoluta have been reported in South America. Deltamethrin, lambda-cyhalothrin, 

Imidacloprid, Indoxacarb and spinosad, etc… 

g. IPM strategy of T.absuluta 

IPM strategies are being developed in South America to control T. absoluta. Various active 

substances can be applied in combination with bio-rational control tactics. The integrated control 

method recommended employs, in order,  

(1) Massive trapping before planting,  

(2) Clearing the soil of crop residues,  

(3) Application of imidacloprid in the irrigation water 8-10 days after planting,  

(4) Application of either spinosad or Indoxacarb if occasional individuals of T. absoluta are observed, 

and 

(5) Elimination of the remnants of the crop immediately after the last fruits has been harvested. 

iii) Management measures of White fly, Bemesia tebaci 

PREVENTION  

 Time of sowing and transplanting can be an effective cultural approach for disease 

management. Avoid the season when whiteflies are more likely to occur.  
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 Weeds play an important role in harboring whiteflies between crop plantings. They also 

often harbour whitefly-transmitted viruses. Therefore, attention should be paid to removing 

weeds in advance of planting tomatoes. Tomato fields should also be kept weed-free.  

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Use of aqueous extracts of neem seed (30 kg per ha) at flowering and fruiting periods  

CHEMICAL CONTROL  

 Actara 25 WG (Thiamethoxam 250 g/kg) registered for other plants\  

 Confidor SL 200 (Imidacloprid 200 g/L) registered for other plants  

 Cybolt 2.5 ULV (Flucythrinate 2.5% ULV registered for other plants  

 Fastac 100 g/L EC (Alphacypermethrin) registered for other plants  

 Effective insecticides elsewhere include amitraz (e.g. Mitac®), burpofezin (e.g. Applaud®), 

imidacloprid (e.g. Confidor® Gaucho®) and pymetrozine (e.g. Endeavour®, Fulfill®).  

 

iV) Control measures of Damping off 

 Use of raised seedbed (this practice will not allow excess water to remain on the seedbed)  

 Use of disease free or certified seeds  

 Soil solarization using polythene sheets  

 Burning of fire wood or stalks of sorghum/maize on the seedbed  

 Seed treatment using seed dressing fungicides (Apron star, Thiram)  

  Fungicide spray (Ridomil Gold, Agrolaxyl)  

V) Control measure of Powdery mildew  

All commercial varieties of tomato are susceptible to powdery mildew. This disease is more 

problematic during the off season on irrigated tomatoes. Application of locally registered 

fungicide is recommended. Bayleton is one of the locally registered and widely used fungicide 

against powdery mildews. 
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Vi) Control measures of Early blight 

 Crop rotation using non solanaceous crop species  

 Use of tolerant/resistant varieties  

 Use of pathogen free seed  

 Seed treatment using seed dressing fungicides (Apron star)  

 Application of registered fungicides (such as Ridomil Gold, Agrolaxyl)  

Vii) Control measures of Late blight 

 Transplanting of healthy seedlings  

  Crop rotation with non solanaceous crops  

 Avoidance of alternate hosts such as solanaceous weeds  

 Use of resistant/tolerant varieties  

  Application of registered fungicides (Ridomil Gold, Agrolaxyl, Mancozeb). Research 

result in centeral rift valley shows that Metalaxyl 4% +Mancozeb 64%(Ridomil Gold 68 

WP) 350g/100liter, fungomil 250 gm/100 liter and Mancozeb+Metalaxyl (mancozeb72 

%) 250g/100 liter were found effective in controlling late blight on tomato.  

Viii) Control measures of Viruses attacking tomato 

No chemical treatment is available for the control of plant viruses. The pest management options 

are:-  

 Use of healthy seedlings  

 Discourage tobacco smokers during seedling raising and cultivation  

 Rouging of virus infected plants  

 Crop rotation  

 Avoidance of volunteer solanaceous crops and weeds  

  Application of insecticide against insect vectors (virus transmitters)  
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iX) Control measure of Root-knot nematode  

Since root-knot nematode is soil invader pathogen it is recommended to use crop rotation with non-

host plant such as cereals and other grass species. Fallowing is also play a role in reducing nematode 

population. Soil fumigants or non-volatile registered nematicides are also proved to reduce 

nematode population. 

IPM in Tomato 

1. Use of resistance varieties: tomato varieties tolerance to various insects and diseases damage 

varies. For instance, studies reported in India, Roma AC and Punjab Keasri are the relatively tolerant 

varieties to fruit borer. 

2. Cultural control: 

i) Deep ploughing during dry season helps in exposing resting stages of the insect pest, diseases and 

nematodes. 

ii) Adopting raising nursery beds for good drainage thereby avoid damping off in nurseries by 

preventing Pythium, etc.  

iii) Soil solarization using transparent polythene sheets on nursery beds for 2 -3 weeks, which helps 

in killing nematodes, weeds seeds and resting stages of insect pests and diseases. 

iv) Use of nylon nets in nursery beds to avoid entry of white fly etc. as diseased seedlings or other 

pests may be carried to main crop. 

3. Mechanical control: 

i) Regular destruction of damaged fruits 

ii) Setup Yellow sticky traps for white fly@10/ha. Locally available empty tins can be painted yellow 

on outer surface and may be used as yellow sticky traps. 

iii) Pheromones traps@5/ha can be installed in the field for monitoring and trapping of adults. 

Trapped moths should be collected daily and killed. ETL for fruit borer is 8 to 10 moths/day/ trap. 

Lures should be changed after every 15 days. 

iv) Sowing a row of marigold after every 14 rows of tomato. Marigold nursery should be 15 days 

older than tomato plants. Maximum egg laying is observed on marigold flowers and movement of 

larvae from marigold to tomato is not significant. Flowers can be removed (Srinivasan, 1993). 

v) Rouging of leaf curl disease affected plants. 

4. Biological control: 

i) Conservation of natural enemies by avoiding unnecessary sprays 
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ii) Seed treatments with Trichodermaviridi @2gm/100gm of seed in nursery to prevent soil borne 

infection of fungal diseases. 

iii) Release of Trichogramachilonis @1000/ha six times from flower initiation stage at weekly 

intervals brings about significant reduction in fruit borer damage (Krishanamoorty, 1993). 

iv) Spray of @1.5 kg BT/Ha has been found to be effective against H. armigera 

5. Chemical control: 

i) Spray of 5% NSKE has been found to be effective against fruit borer and leaf miner. 

ii) Spray of endosulfan @650gm a.i./ha against H. armigera has been found to be effective 

iii) If nematode is sevee in the area, apply carbofuran3G@1.0kga.i./ha 

iv) Seed treatment with carbendazin@2gm/100gm, seed against Pythium etc. 

v) Spray of 0.02% mancozeb/captan@1.25 - 1.5kga.i./ha in 700 liters of water for the control of 

early and late blight. 

3.4.2. IPM application on major pests of Potato  

Potato crop is affected highly on several insect pests and diseases. Some of the key insect pests, 

diseases and nematodes are listed below; 

i) Aphids, Myzus persicae 

ii) Potato tuber moth, Phthorimea operculella 

iii) Late blight 

iv) Potato leaf roll virus 

v) Common scab 

vi) Potato cyst nematode 

Vii) Potato bacterial wilt 

 

Management strategies of potato bacterial blight 

Obtained disease free seed tubers from disease free areas should be used for planting. Application 

of stable bleaching powder (12kg/ha) mixed with fertilizer in furrows while planting reduces wilt 

incidence by 80%. Practicing crop rotation for 2-3 years with crops like maize, finger millet, cereals, 

garlic, lupin, and onion cabbage can reduce the disease inoculum. 

 

IPM in Potato 

1. Host plant resistance 

Growing of resistance varieties for late blight, potato leaf roll and others are very important. 

Currently, the recently released varieties like guassa tolerate late blight. 

mailto:carbofuran3G@1.0kga.i./ha
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2. Cultural control 

i) Deep ploughing during dry season exposes the resting insect pests and diseases 

ii) Use of disease free seeds 

iii) Adjustment of planting and harvesting time for avoidance of insect pests and diseases. 

iv) Recommended use of fertilizers and irrigations 

v) Maintaining of crops weed free 

vi) Covering of exposed tubers 

3. Mechanical control 

i) Rouging of diseased plants 

ii) Use of sticky traps@10/ha for attracting aphids etc. 

iii) Use of sex pheromone traps for PTM helps in reduction of pest population and monitoring there 

population. Apply 20 traps/ ha for mass rearing. 

iv) Apply forewarning system to warn the farmers 2-3 weeks in advance for aphids and late blight 

4. Biological control 

i) Conservation of natural enemies like ladybird beetle 

5. Chemical control 

i) To control late blight copper oxy chloride 50%WP or Mancozeb 75%WP @ 2.5kg/ha is used  

ii) Two sprays of monocrotophos @ 1.2l/ha or dimethoate @ 1.5l/ha in 1000 liters of water for PTM 

and aphids may be sprayed. 

3.4.3 IPM application on Major pests of bulb vegetables (Onion, shallot & 
Garlic) 

Bulb crops are affected highly on several insect pests and diseases. Some of the key insect pests and 

diseasescausing damage on bulb crops are thrips, Thrips tebaci and Purple blotch/ leaf blight, 

Alternaria porii. Thrips lacerate the leaves and suck the sap. In case of severe infestation plant wilts. 

Eggs are laid in notches in epidermis of leaves. Several generations are completed in one year. 

Purple blotch sometimes cause loss to the extent of 80 – 90% and poor bulb is recorded. 

ii) Management measures of Onion Thrips 

PREVENTION  

 Destruction of crop residues and Plowing fields after harvesting to eliminate resting sites for the 

pest.  

 Avoid planting onion crops in succession  
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 Prepare the soil well before transplanting onion  

 Intercropping onion with carrot or cabbage  

 Removal of weeds that may harbour thrips  

 

NON-CHEMICAL DIRECT CONTROL MEASURES 32  

 Mulching with straw may provide shelter for thrips predators, thereby reducing thrips 

populations.  

 Use sprinkler irrigation to reduce thrips population if possible  

 Use yellow sticky traps  

 Use neem seed preparations (30 kg per ha)  

 

CHEMICAL DIRECT CONTROL MEASURES  

 Nimbicidine (Neem); apply at one ml per L of water  

 Radiant (Tracer); apply at 130 ml per ha  

 Check for other insecticides registered for use against Tuta absoluta in Ethiopia (List is 

available from the animal and plant health regulatory directorate of the Ministry of 

Agriculture)  

iii) Purple blotch Control measures  

 Use of disease free seeds  

  Crop rotation  

 Seed treatment (Apron star)  

 Application of registered fungicide (Ridomil Gold, Mancozeb). Research result at Melkassa 

indicate Mancozeb 50% WP at 3 kg/ha as protective and Ridomil Gold MZ 68 % WP at 2.5 

kg/ha as curative reduced severity of Purple blotch.  

iv) Downy mildew Control measures  

 Crop rotation  
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 Use of disease free seedlings  

 Application of registered fungicides (Ridomil Gold, Agrolaxyl, Dithane, Stamina)  

 i. Grow resistant varieties. ii. Spray Zineb, about 6-10 application at an interval of 6 to 8 days. 

iii. Remove diseased plants and burn them.  

 

v)  Bulb rot Control measures  

Chemical Control  

Fungicides are among the more effective short-term solutions to Allium white rot, but cannot be 

relied upon in the long term due to problems such as development of resistance by the pathogen, 

build-up in the soil of fungicide-degrading microorganisms, and withdrawal of chemicals from the 

market on safety grounds. Chemically treated produce may contain residues and is less marketable 

in many parts of the world.  

Host resistance  

Use of resistant/tolerant varieties of onion is the most effective and economical way of controlling 

onion bulb rot.  

Crop rotation  

The pathogen causing bulb rot (Sclerotium cepivorum) is a soil borne fungi that can survive in the soil 

for a long time. Hence, rotation of non-allium crops for 2-3 years is important to reduce pathogen 

build up. 

Summary of IPM measures of bulbs 

1. Mechanical control 

i) The sprinkling of water through jet nozzles to prevent thrips multiplication 

ii) Crops should be maintained weed free by timely hoeing etc. 

iii) Yellow sticky traps for thrips etc. 

2. Biological control 

i) Conservation of Natural enemies 

3. Chemical control 

i) Spray of NSKE 0.5%during vegetative growth 

ii) Spray endosulfan @650gm a.i./ ha to control thrips 

iii) Spray mancozeb @ 2 – 1.5kg a.i./ha for leaf blight 
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3.4.4. IPM application on major pests of Pepper  

All major diseases of tomato (damping off, late blight and powdery mildew) are also attack pepper 

(hot Pepper) (Capsicum annum). Therefore, the type of symptoms they cause and all the 

management practices mentioned on tomato are also applied for hot pepper too.  

iii) Fusarium wilt Control measures  

1. Since the pathogen is soil borne, crop rotation for 2-3 years using non solanaceous crops is 

important  

2. Proper cultural practice (drainage of excessive water, leveling of fields, optimum irrigation water, 

timely weeding, avoidance of alternate solanaceous weeds) are important practices to reduce 

pathogen build up.  

3. Use of resistant/tolerant varieties 

iv)  Pest management of African bollworm  

PREVENTION  

 Removal of crop residues and Plowing fields after harvesting to eliminate resting sites for the 

pest. 

 Deep plowing immediately after the last harvest in off-season to expose pupae for sun light or 

Post-harvest cultivation to reduce diapausing population in the dry season  

 Use Trap crops like lupin, pigeonpea, bean, and sunflower attract and divert significantly high 

African bollworm populations  

  Use pest free seedlings  

 Destroy cultivated hosts (eg., Tomato, eggplant) and wild hosts (eg. Datura and solanum)  

 

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Selective removal and destruction of infested plant material  

 Removal and destruction of infested fruit. Infested fruit sorted out as unmarketable should 

not be left around the farm.  

CHEMICAL CONTROL  

 Thionex 25 % ULV, Thionex 35 % ULV, Thionex 25 % EC/ULV(endosulfan) Apply at 1-2 lit per ha  

 Helerat 5%Ec(Lambda Cyhlothrin) Apply at 1-2 lit per ha  
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 Highway 50% EC (Lambda Cyhlothrin) Apply at 1-2 lit per ha  

3.4.5. IPM application on major pests of Cruciferous vegetables (Cabbage and 
cauliflower)  

Insects cause serious damage on early, late or off season cabbage and cauliflower when temperature 

and humidity is generally high i.e. in rainy season. Though, there is no in depth studies the major 

insect pests and diseases are insect pests such as Diamond back moth (Plutella xylostella), Aphids 

and Cabbage Semi – looper; diseases such as black rot and soft rot; and root knot nematode. 

iv) Black rot Control measures  

 Crop rotation with non-host  

 Use of resistant varieties  

 Seed treatment  

 Application of registered fungicides (Copper fungicides)  

v)  Pest management of Diamondback moth  

PREVENTION  

 Intercropping brassicas with repellent plants such as tomato (Plant cabbage 30 days after 

tomato)  

 Use of sprinkler irrigation (application at dusk interferes with adult activities and oviposition)  

 remove and burn or compost crop residues immediately after harvest,  

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Use of aqueous extracts of neem seed (30 kg per ha)  

 the microbial insecticide (Bacillus thuingiensis) at 1 kg per ha.  

 Use of parasitoids such as Diadegma semiclausum in highland cabbage production  

 

CHEMICAL CONTROL  

 Rimon 10% EC (Novaluron) registered for the control of other pests on other plants (Apply at 

0.5 L per ha)  
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iii) Management of Cabbage aphids  

PREVENTION  

 Destruction and removal of crop residues immediately after harvesting minimizes the spread 

of aphids to adjacent crops.  

 Intercropping brassicas with other crops such as beans  

NON-CHEMICAL DIRECT CONTROL MEASURES  

 Neem seed extracts (15 to 30 kg /ha) have given effective control of the pest with minimal 

effect  

 Aphids are naturally controlled by parasitic wasps such as the braconid Diaeretiella rapae; 

and predators (ladybird beetles, hoverflies, lacewings etc.).  

CHEMICAL CONTROL  

 Ethiodemethrin 2.5% EC (Deltamethrin 25 g/L)  

 Other insecticides registered for control of aphids on other plants in Ethiopia include 

Agrothoate 40% EC (Dimethoate), Gain 20 SL (Imidacloprid), Profit 72% EC (Profenofos).  

 Check for other registered for the control of aphids on cabbage and other plants in Ethiopia.  

Summary of IPM measures on Cabbage and cauliflower 

1. Cultural control 

i) Deep ploughing during dry season helps in exposing resting stages of insect pests, diseases and 

Nematodes 

ii) Adopt raised nursery beds for good drainage thereby avoid black rot in nurseries by preventing 

pythium, etc 

iii) Soil Solarization using transparent polythene sheets in nursery beds for 2- 3 weeks, which helps in 

killing weed seeds and resting stages of insect pests, diseases and nematodes 

v) Use of nylon net in nursery beds to avoid entry of white fly, aphids etc. as diseased seedlings 

or other pests may be carried to main crop. 
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2. Mechanical control 

i) Growing two rows of mustard after every 25 rows of cabbage traps DMB, leaf webber, aphids etc. 

These can be removed or sprayed with dichlorovos .1%. One row of mustard is sown 15 days 

before cabbage planting and second 25 days after planting of cabbage. 

3. Biological control 

i) Conservation of natural enemies by avoiding unnecessary sprays 

ii) Seed treatment with Trichoderma viridi @2g/100gof seed in nursery to prevent infection of soil 

borne/seed fungal diseases 

iii) Inundative releases of Trichogramma chilonis@1 -1.5 thousand eggs/ha at weekly interval 

iv) Cotesia plutella has been found to parasites larvae of DMB up to 50%. So this holds promise and 

can be mass multiplied and released in the filed 

4. Chemical control 

i) Seed treatment with carbendazin @2g/100g of seed in nursery to control soil borne disease  

ii) Spray of NSKE 1% at 10 -15 days interval starting at head initiation stage (Srinivasan, 1993) 

3.5 Pesticides and their management 

3.5.1 Pesticides  

3.5.1.1 Introduction 

Chemicals are important inputs in agriculture, health, mining, energy production, manufacture, 

services & home. But harmful to workers, consumers, environment & society; accidental release may 

permanently damage soil, water and air. Ethiopia imports chemicals and their products. But there 

has been limited ability to assess/monitor risks associated with trade in chemicals. . Hence, the 

concern is that chemicals no longer allowed in industrialized countries might be imported. There is 

also possibility of importing none registered pesticides. Examples of these conditions are described 

in the following graph. The registered lists of pesticides in Ethiopia as of August 2016 are indicated in 

annex 6.1.  
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Figure 37: Examples pesticide use as compared with EU approval and registration 

The increase in volume of chemical use in agriculture & industry (fertilizers & pesticides) and vector 

control would have been associated with population increasing. 

3.5.1.2 Pesticide groups 

Chemical insecticides could be grouped as follows based on their sources of ingredients.  

 Organochlorines: Under this group insecticides such as DDT, aldrin, dieldrin, endosulfan and 

gamma-HCH or gamma-BHC are included. 

 Organophosphates: Malathion, Parathion, diazinon, fenthion, dichlorvos, chlorpyrifos are 

included in this group. 

 Carbamates: they are short to medium persistence; includes aldicarb, carbaryl, carbofuran, 

methomyl, pirimicarp and propoxur. 

 Pyrethroids: the pyrethroids are synthetic analogues of pyrethrine and include 

cypermethrin, permethrin, fenvalerate and deltamethrin. 

Chemical pesticides could also be grouped based on their mode of action and type of products as 

systemic products (Eradicative methods, Eradicative methods, Protective measures, and Curative 

methods), inorganic products, Botanical pesticides Semio-chemicals and Hormone. 
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Synthetic products  

It is difficult to imagine highly specialized farming systems with mono-crops without the use of 

synthetic pesticides. These include some of the most notorious and also useful plant protection 

products. Synthetic pesticides are made from carbon-containing compounds and are widely used 

and available throughout most of the world. Synthetic pesticides are often classified according to 

their chemical makeup, their intended target pests (insecticides, fungicides, etc.), or their mode of 

action. Synthetic pesticides have advantages and disadvantages that must be considered before they 

are used in an IPM program. Synthetic pesticides can be very effective in the short term, but often 

cause problems such as pesticide resistance, pest resurgence, or pest replacement in the long term. 

In addition, social, health, economic, and political costs must always be considered. 

 

Many IPM programs are based largely on the use of synthetic pesticides. IPM practitioners need to 

calculate economic injury levels and make recommendations, and using synthetic pesticides is often 

simpler and more predictable than other IPM interventions. However, every effort should be made 

to integrate other interventions into IPM programs in order to reduce potential harmful effects from 

synthetic pesticide use. A program which makes limited, intelligent use of synthetic pesticides is 

often more effective than one that relies entirely on synthetic pesticides for crop protection, or 

abandons synthetic pesticides suddenly and completely. 

 

Synthetic pesticides can be used effectively to complement other IPM methods, such as biological 

control. Using a synthetic pesticide that selectively kills pests will increase the proportion of 

beneficial organisms to pests, possibly increasing the efficiency of biological control. Understanding 

the biology and lifecycles of both pests and beneficial organisms is crucial to using synthetic 

pesticides effectively in IPM. 

 

Eradicative, protective and curative methods represent the differentiation according to the effect, 

although an exact delineation cannot always be made.  

 

Eradicative methods: Pesticides are applied to destroy pests, either at the host plants or outside 

them. Treatments of seed stock to eliminate pathogens adhering to the seed surf ace or the 

application of herbicides for weed control or the control of swarming insects.  
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Protective measures: The plant is protected by a surface covered with pesticide, which prevents the 

attack by the pest causing organism. Systemic pesticides may have the same effect, causing a rapid 

kill of the pest after penetration in the plant.  

 

Curative methods: The applied pesticides cure the plants affected by pests. The active ingredients of 

such agents must be capable of penetrating into the plant. This can be either limited to certain 

depth of action, or systemic sub stances can he distributed within the entire plant. Agents with a 

curative action are still successful even if protective treatments were neglected or not effective.  

Inorganic products 

Inorganic pesticides are substances derived or refined from non-living natural sources. They are 

termed 'inorganic' because they do not contain carbon compounds. Chemicals such as sulphur, 

chemical mixtures such as Bordeaux mixture, and mineral products such as diatomaceous earth are 

included in this category. Many of them contain heavy metals which are persistent and toxic to 

humans. Inorganic pesticides that were used in the past but are seldom used today contain arsenic, 

cyanide, and mercury. In general, inorganic compounds are little used in modern agriculture. The 

exceptions to this rule are copper and sulphur-based compounds which are used as fungicides. 

Sulphur is a widely used and safe way to control fungal diseases and mites. Bordeaux mixture, a 

combination of sulphur, copper, and lime, is an important fungicide used in orchards. 

Botanical pesticides  

The use of synthetic pesticides as plant protection measures has been rather wide spread during the 

last half century, which led to a number of well-known problems. Some of these are contamination 

of food with toxic residues, side effects on non-target insects and other organisms, increase of the 

number of pests species resistant to pesticides, pest resurgence, and general contamination of the 

environment. Due to the undesirable side effects of a number of the synthetic pesticides awareness 

was created that led to a steadily increasing movement towards a more environment-oriented, 

sustainable agriculture with low or no input of toxic synthetic pesticides in an attempt to preserve 

and protect the environment.  

 

The above described negative effects of synthetic pesticides led to a move to try to control pests 

through integrated pest management approaches. Further a search was encouraged for products 

from the plant kingdom that could act as pest control agents. These plant products with pesticide 

properties are the botanical pesticides, often called botanicals. Approximately 700 plant species 

have reportedly been used in different parts of the world for pest control, regardless of efficacy. 
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Some of the botanicals have highly sophisticated modes of action. It should be realised that 

numerous plant ingredients are highly toxic to a wide spectrum of organisms, including man, but 

others are less toxic or non-toxic to mammals, and other members of the animal kingdom.  

 

Pesticides of plant origin is nothing new, as pyrethrum, obtained from the flower heads of 

Chrysanthemum cinerariaefolium, was already known around 500 B. C., while the last centuries 

nicotine and derris were used as weIl. Neem (Azadirchta indica) has been used traditionally by 

farmers for pest control in the Indian sub-continent for centuries.  

 

The most well-known botanical pesticides are extracts or products derived from the following plants: 

chilli, derris, neem, papaya, pyrethrum, quassia, and tobacco. The active ingredients of derris and 

tobacco, respectively rotenone and nicotine are toxic to fish, while nicotine is one of the most toxic 

organic poisons. On the other hand it is reported that in general neem extracts and products have a 

very low toxicity to non-target organisms (e.g. mammals, fish, pollinators and parasitoids), while 

these are effective against a wide range of pests. The compounds isolated from the neem plant 

manifest their effects on the target organisms in many ways, e.g. as anti-feedants, growth 

regulators, repellents, toxicants and chemosterilants.  

  

A major problem associated with large-scale adoption of botanical pesticides is the lack of 

confidence in such products due to inconsistency of results. Botanicals require some degree of 

standardisation for biological efficacy. The content of the active substances can vary with location 

and season, while some of them are photodegradable, e.g. neem. Another problem relates to 

farmers' perceptions. Although many farmers in Asia are aware of the beneficial effects of neem, 

amongst the more affluent and 'enlighted' farmers, the use of neem is still seen as a 'backward 

practice'.  

Semio-chemicals 

Semio-chemicals are chemicals produced by organisms that modify the behaviour of animals. The 

most important types of semio-chemicals for IPM are pheromones and allomones. Pheromones are 

emitted by members of a species to modify the behaviour of other members of that species. 

Allomones are like pheromones, except they are emitted by one species in order to modify the 

behaviour of another species. 

 

The most commonly used pheromones in agriculture are sex attractants. These chemicals are 

produced by females to attract males for mating and are used by IPM practitioners to attract males 
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into traps. Pheromone traps are often used to determine population density by sampling the 

number of males caught in a trap in a certain amount of time. Alarm pheromones can be used to 

repel certain species from crops. A traditional practice in Mexico takes advantage of the alarm 

pheromones released by burning beetles. Placing burned beetle pests in bean fields overnight 

effectively repels living beetle pests by the next morning. 

 

Allomones are produced by many plants to repel herbivores and prevent them from feeding. Many 

secondary-products of plants, such as tannins, cyaninis, etc. - are in fact anti-herbivore allomones. 

Some act by repelling, others directly effecting the growth and development of the pest organism. 

Allomones have not been used very much as an applied intervention, but they are often the basis for 

companion planting and other cultural interventions. 

Hormone 

Hormones are chemicals produced in one part of a pest's body that effect the growth and behaviour 

of other parts of the body. The most successful hormones used in IPM are insect growth regulators. 

These hormones affect the development of juvenile insects, either causing death or abnormality in 

newly hatched insects, or preventing sexual maturity. Insect growth regulators are usually synthetic 

versions of naturally-occurring hormones. They are highly selective and have extremely low toxicity 

to other organisms (including humans). However they are expensive, difficult to apply and use; and 

their extreme specificity limit their distribution and usefulness, especially in the developing world. 

3.5.2 Pesticide management  

Pesticides have great impact in environmental pollution including harmful effect on human health 

and biodiversity. Poor usage (under dose and frequent application) could also develop pest 

resistance. Therefore pesticides should be properly managed starting from its import or production 

up to monitoring of residual effect after use.  

     

Figure 38: Environmental and human health costs of pesticides 
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When using pesticides the following point should be recognized.  

 Safe handling of pesticides  

 Safe storage  

 Safety during application including calibrating a sprayer and spray volume 

 Use & availability of protective equipment  

 Safe disposal of pesticides  

 Safe disposal of containers  

 

However the existing conditions in our working area are by far different from the above mentioned 

safty measures. Some of the problems are shown below. 

 

Poor handling 

Exposure of workers to be poison is high as limited use of PPEs (PPEs = Pesticide Protection 

Equipment) 

 

Figure 39: Poor handling 

Storage conditions 

 Accumulation of obsolete pesticides 

 Inappropriate storage conditions (in office, home, kitchen) 

 Absence of decontamination of old stores 

 Several contaminated sites 
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Figure 40: Poor storage 

Use of empty pesticide containers 

 Inappropriate disposal and reuse 

o For storage of different products (flour) 

o Storing water 

o Sold without decontamination (endup at Merkato) 

 

  

Figure 41: improper uses of empty pesticide containers 

 

 



MODULE THREE: Application Strategies of IPM, Pesticides and Pesticide Management 

Irrigation Agronomy Training Modules on IPM   86 

How to Reduce Insect Resistance to Insecticides? 

The recommended management options include:-  

1. Seek advice on spray recommendations 

2. minimize insecticide use by using early-maturing or pest-tolerant crops 

3. use non-chemical techniques first (eg. Biological sprays, crop rotation, etc.) 

4. select insecticides and management tools which preserve natural enemies 

5. use products at their full, recommended doses 

6. use well-maintained equipment to achieve full and proper coverage 

7. target younger, more susceptible insect stages 

Calibrating a sprayer and spray volume 

Calibrating a sprayer and spray volume is very important while preparing for a pesticide application. 

The consideration and calculation during calibration are described as follows. 

 first determine the flow rate of application equipment; flow rate can be affected by a 

number of factors such as nozzle aperture size and hydraulic pressure; 

 Volume of liquid applied per unit area will depend on flow rate of the sprayer, on the swath 

width and speed of allocation. E.g. the faster the speed of application the lower the volume 

applied per unit area. 

 The volume output from a knapsack sprayer can be determined by collecting the spray liquid 

in a measuring cylinder over a period of one minute, to give the output in l min-1. The rate of 

application per unit area can then be calculated knowing the walking speed of the operator 

and the swath width of the sprayer. An operator needs to practice walking at a constant 

speed whilst pumping a hydraulic sprayer, the speed at which he walks will influence the 

coverage of the crop. For instance, with a swath width of 1 m and a flow rate of 0.5 l min -1, 

then for a walking speed of 0.4 m s-1 
the application rate will be:

 

  

0.5 l min -1 

1 m x 24 m min -1 

 = 0.02 l m-2 x 10,000 = 200 l ha-1 
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Whereas if the walking speed is 1 m s-1 

 

The calibration of tractor or bullock mounted sprayers follows the same principle as that of knapsack 

sprayers. Here, the number of nozzles and the width of the boom must be taken into account. If 15 

nozzles are spaced at 60cm intervals and the swath of each nozzle is 1m then the total swath width 

would be:   

  

The time taken to spray one hectare can be calculated by: 

 

With tractor the volume applied per hectare can then be determined by keeping the tractor 

stationary and operating the pump for the time needed to spray a hectare. If the level of water in 

the tank is marked at the start, the volume applied can then be calculated by measuring the amount 

of water required to refill the tank to the original mark. 

Now the application rate is known, the amount of commercial insecticide required to spray the 

whole area can be calculated. This is done in one or two ways depending on the form in which the 

recommended rate is presented on the instructions. 

Recommended rate as active ingredient (a.i.): 

 

Amount required to spray area   =                        recommended rate x area x 100  

                                                                                     

 %  a.i. in the formulation 

                            1                                                               =   time (min) 

     

Swath width (m) x speed (m min-1) 

15 x 0.6m            =   9.0 m                                                        

                              

        1 

 

                           0.5 l min –1                          =   0.0083 l m-2   =   83 l ha-1 

                      1 m x 60 m min -1 
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For example:  

Recommended application rate   =  0.7 kg a.i. ha -1 

% a.i. in commercial formulation  =  35 

Area to be covered    =  0.5 ha 

Then:   

 

Recommended rate in terms of commercial formulation: 

Amount required to spray area = recommended rate as formulation x area covered  

For example:  

Recommended rate e.g. emulsifiable concentrate formulation (EC) = 2.0 l of 35 EC ha-1 

Area to be covered = 0.5 ha. 

Then: 

 Amount of commercial formulation required = 2.0 x 0.5 = 1.0 k.g. 

The next step is to determine the number of sprayer loads for the area to be covered. 

 

 

For example:  

 Application rate  =  200 l ha -1 

 Area to be covered =  0.5 ha 

 Capacity of sprayer  =  15 l 

Then:  

  

Following on from this quantity of commercial formulation that must be added to each sprayer load 

has to be 

Number of sprayer loads                 200 x 0.5     

=                        = 6.66 or 7 loads              

       15                                    

The amount of commercial                   0.7 x 0.5 x 100 

 Formulation required      =                                 35 

Number of sprayer loads    application rate/ha x area to be covered  
    =                              Capacity of sprayer (l) 
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calculated:

 

 For example 

 Total amount of formulation  =  1.0 kg 

 Total number of spray   =  7 

Then:  

Amount of commercial formulation per spray load = 1/7 = 0.14 kg 

The farmer then only has to weigh out the required amount of commercial formulation and add it to 

each spray load. 

The Do’s and Don’ts in relation to pesticide application: 

• Do wear protective clothing and equipment at all times. 

• Don’t apply pesticides when it is windy. 

• Don’t spray when is anticipated. 

• Don’t eat, drink or smoke when applying pesticides. 

• Do wash hand before and after using the bathroom. 

• Do keep people and domestic animals away from the field while spraying. 

• Do take regular breaks to rest. 

• Don’t spray during the extreme heat of the day, 

• Do concentrate while spraying. Mistakes can be dangerous. 

• Don’t spray overhead. There will be a high risk of drift and pesticide contact.  

 

Amount of commercial                           amount required for total area 

Formulation per spray load     =                   

Total number of spray loads 
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