[bookmark: _Toc365013554][image: ]Session 8: Advanced Gardening – Integrated Pest Management
Session Rationale 
This session will, first, reinforce and deepen participants’ understanding of a home garden as an agro-ecosystem. They will appreciate that it is an interconnected community of organisms, both plants and animals, that interact with their physical environment while being managed by people to produce food, fiber, fuel, and other products for consumption, processing, and income generation. This essential ecological foundation is the basis for participants to employ and share with others an environmentally-sensitive garden management approach to pest management. Integrated pest management (IPM) ensures the health, productivity, and sustainability of home gardening.
[image: ] Time 3 hours, 30 minutes plus daily application   [image: ] Audience Peace Corps trainees during PST
Terminal Learning Objective	
1. Using information from a specific site, participants will create a locally appropriate garden plan.
2. Through caring for a garden plot, participants will demonstrate the skills and commitment necessary to create and maintain a healthy garden, including double digging, use of organic fertilizers and soil amendments, direct seeding and transplanting, watering techniques, and integrated pest management.
Session Learning Objectives 
After a presentation on common garden pests, participants will correctly locate and identify at least six real or potential pests, which should include at least one insect, one mite, and one weed.
After a presentation on integrated pest management, including the use of chemical methods, participants will make and correctly apply one bio-rational repellent and one bio-rational insecticide. 
[bookmark: _GoBack]After making field observations of a garden agro-ecosystem and discussing findings, participants will give two examples of how connections between living organisms and non-living components of an agro-ecosystem might become unbalanced and demonstrate at least four practical measures that can be taken to maintain or bring the system back into balance.  
Session Knowledge, Skills, and Attitudes (KSAs)
1. Define an ecosystem. (K)
1. Describe the similarities and differences between an ecosystem and an agro-ecosystem. (K)
1. Define a pest. (K)
1. Name at least four homemade bio-rational repellents and four bio-rational insecticides. (K)
1. Define integrated pest management. (K)
1. Describe two advantages and two disadvantages of conventional pest management (CPM) and of integrated pest management. (K)
1. Name the four layers of an integrated pest management strategy. (K)
1. Demonstrate one technique from each of the four layers of an IPM strategy. (S)
1. Demonstrate preparation and application of one bio-rational repellent and one bio-rational insecticide. (S)
1. Correctly identify at least nine common garden pests, including five different insects, one mite, one weed, one nematode-infested plant, and one virus-infected plant. 
Prerequisites 	
Gardening Sessions 1, 2, 3, and 4; Dimensions of Food Security Training Package
Sector:		Agriculture
Competency:		Intensify the value and volume of agriculture
Training Package:		Gardening
Version:		Jan-2015
Trainer Expertise:		Experience with gardening in the different agro-ecological contexts of the host country. Knowledge of bio-intensive, climate-smart, and sustainable agriculture techniques and practices.

[bookmark: _Toc365013556]Contributing Posts: PC/Senegal, PC/Burkina Faso
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Session: Advanced Gardening – Integrated Pest Management
Date: [posts add date]
Time: [posts add xx minutes]
Trainer(s): [posts add names]
Trainer preparation:
At least one week before this session, participants should be provided with the pre-assigned reading found in Handout 1: Integrated Pest Management (IPM). To process the guiding questions included in the handout, there are three options. Either the presenter can ask the guiding questions at the beginning of the Information section and have participants respond, or there can be small group presentations. Before the session, each small group is assigned to present on a specific question. Another option is to have the participants hand in the guiding questions and then follow up individually or in a future session with participants to correct any wrong answers. 
At least one day before the practice activity, materials for the preparation of a bio-rational pest repellent and a bio-rational insecticide will need to be gathered and stored.
At least three days before the Practice activity, trainers will need to sample the garden practicum beds to be sure that each of the common pests, including plants with nematodes and virus infections, are available. If these pests are not present in the garden, trainers will need to find other gardens that participants may visit to identify the desired pests. 
[bookmark: _Toc236737427] Materials:
Equipment
Pans for mixing and heating bio-repellents and bio-pesticides
Wooden ladles for stirring
Cheesecloth or sieve for straining
Small (4-6 ounce) spray bottles or locally made broom for spraying
Flip chart paper and markers
Projector and laptop
Handouts
Handout 1: Integrated Pest Management (IPM)
Handout 2: Pest Identification
Handout 3: IPM Notes—Homemade Repellents and Pesticides
Handout 4: IPM Notes—Good Gardening Practices
Handout 5: Garden Life—Habits and Habitats
Trainer Materials
Trainer Material 1: PowerPoint—Garden Session 5: IPM
Trainer Material 2: Interactions in a Garden Agro-ecosystem
Trainer Material 3: Pre-assigned Reading, Answer Key
Trainer Material 4: Pest Prevention & Treatment Procedures


[bookmark: _Toc359853530][bookmark: _Toc235768739][bookmark: _Toc236737428][bookmark: _Toc364750611][bookmark: _Toc365013557][bookmark: _Toc405733419] Motivation	[image: ] 30 min
[bookmark: _Toc405733420]Making the Connections— The Home Garden as an Agro-ecosystem 
This activity will encourage participants to look more closely at their garden as a whole system composed of diverse living organisms and non-living things that are all, in some way, connected and that function together as an agro-ecosystem. By developing good observation, recording, analysis, assessment and interpretation skills, participants will discover and be able to understand important ecological principles that underlie successful and sustainable garden production and management, including integrated pest management (IPM). This activity is modeled after a foundational learning activity used in the Farmer Field School (FFS) extension approach that teaches farmers about ecosystems and the relationships and dynamics within agro-ecosystems, particularly those that can be managed sustainably. This activity, therefore, also allows participants to gain experience with an extension approach (i.e., FFS) that they can employ later in their service to transfer the same knowledge, skills, and attitudes to project beneficiaries.
[bookmark: _Toc365013558]Initiate this activity by writing the definition for a home garden that was provided in Gardening Session 1 at the top of a sheet of flip chart paper:
“A home garden is a farming system that combines physical, social, and economic functions on the area of land around the family home.” 
Below the definition, write the word “SUN” and draw a circle around it. 
Now ask participants to name a few categories of living things that they might observe in or around a home garden (e.g., plants, trees, birds, insects, reptiles, grass, small mammals). List each of the categories randomly on the sheet of flip chart paper, around the SUN. 
Then, ask participants to name a few categories of non-living things that they might observe that are part of the physical environment of a home garden (e.g., soil, water, air, stones, dead organic matter). List these, also, randomly around the SUN. 
Now ask participants if they believe there are any connections or interactions between any of the living organisms listed or between any of the living organisms and the non-living components of the physical environment, including the SUN. If so, have participants explain what they believe to be real (or perceived) connections or interactions. Draw arrows in the direction of each of the connections or interactions described. 
 Note: Examples: A connection can be made between the sun and trees with an arrow from the sun to the trees, representing light energy for photosynthesis; another connection could be made between birds and insects, with an arrow from the birds to the insects representing predation (i.e., food); or, a connection can be made between stones and reptiles, with an arrow from the stones to the reptiles representing both habitat and a heat source for temperature regulation, etc.
See Trainer Material 2 for an example of what the results of this activity might look like.
When all of the living and non-living things have at least one connection to something else on the flip chart, tell the participants that they should now begin to see a pattern. There are probably many more connections and interactions that exist but this should be enough to illustrate the following point. A home garden includes a diversity of plants (both annuals and perennials, cultivated and wild), animals (microorganisms, insects, reptiles, small animals, large animals) and other living organisms, as well as all of the non-living components of the physical environment (e.g., soil, water, air, sun). All of these are interconnected and function together as a whole system. This is the definition of an ecosystem.
Write the following definition at the bottom of the flip chart paper:
“An ecosystem is a system that includes all living organisms (biotic factors) in an area, as well as its physical environment (abiotic factors), functioning together as a unit.”
[image: ] Note: Source: Biology Online (http://www.biology-online.org/dictionary/Ecosystem)
Let participants know that an ecosystem can be any size, but usually encompasses a limited and specific space. A home garden includes all the area around a home that is used by a family for food production, livelihood, recreation, socializing, etc. and, therefore, everything living and non-living found within this space is an important part of this ecosystem.
Because the garden plants, field crops, perennials, multi-purpose trees, small animals, etc. of a home garden are typically managed by people for specific purposes (e.g., production of food, fiber, fodder, fuel, medicine), these types of human-influenced ecosystems are more appropriately referred to as agro-ecosystems. 
 Now tell participants that they will have 10 minutes to walk around the area used for their garden practicum to note, observe, and familiarize themselves with some of the obvious living (biotic) and non-living (abiotic) factors functioning within this agro-ecosystem. 
[image: ] Post Adaptation: The timing allowed for this activity will depend on the proximity of the garden to your training location. You might have to allow more time if people have to travel farther to the garden area. 
· For this part of the activity each participant will need a blank sheet of paper, preferably one in a notebook, that they will keep for the duration of their gardening practicum and a pencil for both writing notes and drawing the living organisms they observe. If any participants have a digital camera, they should be encouraged to use it to photo-document their observations, now and in the future. 
· Have participants, individually or in pairs, slowly walk around the defined garden area, make observations, and draw and make notes of as many of the living organisms and non-living components of the physical environment as they are able. 
 Note: During this activity, participants are very likely to discover things, particularly living organisms that they may be unfamiliar with. Facilitators should encourage participants not to touch or move these organisms, but to spend a few minutes observing, drawing, and/or taking photos and making notes of what they observe, including any behaviors they see. Participants may want to know the name of each organism, but identification at this point is less important than paying close attention to the organism’s behaviors and observing its relationships and interactions with other living organisms and the non-living components of the ecosystem. Ideally, through close observation, participants will be able to discover relationships that are beneficial, neutral, or less than beneficial to both or for one or the other (i.e., symbiosis, mutualism, commensalism, and parasitism). Understanding these relationships is key to managing and maintaining a balanced agro-ecosystem (i.e., if the influence of one or more of the living or non-living factors is allowed to increase or decrease with no mitigating actions, the system can become unbalanced and unsustainable).
· When time is up, have participants come to a common area and with a marker transfer their observations onto a large sheet of butcher paper that is attached to a wall. 
· First have participants write randomly on the paper all of the different types of living organisms that they observed. If something is already listed, participants should add a mark next to it so that it will be possible to have an idea of frequency of observation. Continue this until all observed living organisms have been listed and the frequencies marked.
· Next have participants write randomly on the paper all of the different non-living things that they observed. Frequency of observation is less important, so if something is already listed there’s no need to note its observation again. 
· Once all of the living and non-living things observed have been added, one at a time, ask participants to identify and draw arrows showing the directions of any real or perceived interactions between components. Remind participants that interactions can be between living organisms, between living and non-living things, or between non-living things. Also, let them know that these interactions can be in a single direction, benefitting only one component, or in both directions, benefitting both.
· After all the connections have been found, ask participants to take a look at the final result and respond to the following questions: 
· Did anyone’s appreciation for the garden space change as a result of this activity? How? (Example: Participants may be more aware of possible pests that exist or of the various beneficial organisms).
· What categories of living organisms were most obvious to the largest number of participants (i.e., highest frequency of observation)?
· Which were least obvious (i.e., lowest frequency of observation)?
· What might this mean; are any organisms less important than others? (Not really, every organism is important; some are simply easier to find and observe under a specific set of conditions than others.) 
· Individually, after comparing their own observations with that of the entire group, did each participant feel he or she did a good job of observing what is happening in the garden? (Probably not.)
· Accurate and consistent observation is a key to successfully managing a sustainable agro-ecosystem. Specifically, participants want to closely observe and monitor:
· Growth and development of each of the crops they have planted.
· Presence, behaviors, and interactions of the living organisms in and around their garden plot, which ones are beneficial or, at least neutral, and which ones appear not to be beneficial? 
· Conditions of the physical environment that positively or negatively impact the living organisms, particularly the crops. 
· Additionally, it is important that observations are recorded so that, in the future, lessons can be learned and references can be made. 
[image: ] Note: From the initiation of the gardening training and practicum, participants should be using standard record-keeping tools to properly record and make reference to the various garden activities they carry out, as well as for their observations and, if needed, any management decisions they may carry out based on those observations. Refer to Garden Session 4: Practical Gardening Part 2.
· Tell participants that in a healthy, stable ecosystem there is an overall balance between the living organisms (e.g., producers, consumers and decomposers; predator and prey) and between the living organisms and the non-living physical environment. 
· An ecosystem can become unbalanced when there are significant changes to the makeup of the populations of living organisms, availability of the non-living components (e.g., lack of sunlight, water, nutrients), or changes in the interactions between any of these. 
· This happens each time a new garden is initiated, when soil nutrients become depleted, when the rains are delayed, or when other conditions that favor diseases or pests are allowed to take over.
· By knowing and regularly observing the composition and interactions within a garden agro-ecosystem, the health and productivity of the garden can be monitored. It should be possible, then, to know when something isn’t right (i.e., the ecosystem is out of balance) and respond accordingly. 
· Because agro-ecosystems, such as a garden, are manipulated by humans for specific results, care must be taken to prevent imbalances and ensure sustainability. Gardens must be planned thoughtfully and attentively managed. Through consistent observation and thorough analysis, informed, appropriate, and timely management decisions can be made that favor crop and associated livestock production while maintaining the balance of the ecosystem as a whole. 
[image: ] Post Adaptation: Agro-ecosystems and sustainable agriculture 
The trainer may want to provide some additional reading materials to enhance the participants’ understanding of agro-ecology and sustainable agriculture. One recommendation is titled, “Agro-ecology, Principles and Strategies for Designing Sustainable Farming Systems” by Miguel A. Altieri, University of California, Berkeley.
The trainer may want to provide an example of a key that shows the relationship of some common inhabitants of a home garden agro-ecosystem (Handout 5). This key was developed by PC/Senegal and gives some good examples of the organism, its role in the garden, diet and habitat, and how the gardener can either attract or deter the organism’s presence within the garden. This example could be adapted to reflect specific organisms found in the local environment.


[bookmark: _Toc364750613][bookmark: _Toc365013566][bookmark: _Toc405733421]Information	[image: ] 90 min
[bookmark: _Toc405733422]Maintaining Good Plant Health and Growth 
In this section, participants will learn that even in the presence of pests and plant diseases, garden plants will grow and produce well if they are given proper care and a healthy environment. When undesirable plants or pest organisms do become a threat, appropriate and practical measures can be taken that do not have negative impacts on the gardener, the crop consumer, or the environment. Participants will be introduced to integrated pest management (IPM), including specific practices they may need to implement in their garden plots during the course of the garden practicum. 
[image: ] Note: At least one week before delivering this information, participants should be given Handout 1: Integrated Pest Management as a pre-reading assignment that covers the basic information, and asked to complete the guiding questions in the handout. 
1. Start by checking the knowledge acquired by participants from the pre-assigned reading, Handout 1: Integrated Pest Management. Either the presenter can ask the guiding questions, or there can be small group presentations in which each small group is assigned to present on a specific question. Another option is to have the participants hand in the guiding questions and then follow up individually or in a future session, with participants to correct any wrong answers. 
[image: ] Post Adaptation: Integrated pest management
The foundational information presented in this section can be presented as a lecture or as a small group presentation after participants have read the pre-assigned handout. This information should, then, be supported by demonstrating specific methods used in IPM, preferably conducted in a garden setting by an experienced training facilitator. If the timing is not appropriate, the entirety of this information can be presented to a large group using the PowerPoint presentation: “Gardening Session 5, Integrated Pest Management.” 
Review the pests presented in Trainer Material 1: IPM PowerPoint and Handout 2  Pest Identification, and adapt it to reflect the most common pests in your agro-ecological zones. 
The gardening practices presented below should be applied as needed by each participant during the course of his or her gardening practicum. In addition to the cultural practices that should be applied regularly during the course of a 9-10 week gardening practicum, it is desirable and should be possible to employ at least two of the biological/natural IPM practices and make and employ at least two bio-rational chemical pesticides (i.e., homemade organic pesticides). 
If the season and/or timing of a gardening training doesn’t allow for adequate plant growth, then the trainer should ensure that there are vegetables propagated in advance of the practicum to allow each participant the opportunity to practice each of the desired skills.
1. [image: ] [SLIDE 1]: Ask: What types of pests might impact garden production? How might a pest impact crop production? 
Humans or other mammals, birds, reptiles, invertebrates, fungi, bacteria, viruses, and other undesirable plants (i.e., weeds) all have the potential to negatively impact garden crops, though usually only a small number of these organisms actually will have a negative impact on garden production.
Impacts could include destroying or rendering crops inedible or unmarketable. 
1. Ask: What is the conventional approach to pest management strategies for horticulture and field crop production? What is the goal of this approach? What are some advantages and disadvantages of this approach? 
[image: ] [SLIDE 2]: Conventional pest management (CPM) relies heavily on the use of chemical pesticides to rid all pests from a garden or field.
· Goal: to rid all pests from a garden or field.
· Some advantages: quick and better short-term results, less labor and time required.
· Some disadvantages: not as effective long term, chemicals can be expensive, can kill beneficial organisms, health risks for humans and environment, risk of improper application.
1. Ask: What is integrated pest management (IPM)? What is the goal? 
[image: ] [SLIDE 3]: Goal of IPM: to manage pests in ways that their numbers never increase to a destructive level while minimizing negative effects to the agro-ecological system.
1. What type of a management approach does IPM use?
[image: ] [SLIDE 4]: IPM is an ecosystem-based approach. 
[image: ] [SLIDE 5]: IPM establishes a hierarchy of pest management practices, the foundation of which is organic and behavior-related, with chemical control used as an absolute last resort.
1. [image: ] [SLIDE 6]: What are the advantages and disadvantages of this approach?
· Some advantages: encourages biodiversity, usually less expensive and more effective long term, tends to be a more targeted response.
· Some disadvantages: results may not be immediately observed, more labor intensive, and can require more time.
1. [image: ] [SLIDE 7]: What should be the preferred approach for smallholder home gardening practitioners?
Because the use of chemical pesticides can have undesired, negative impacts on humans and other animals, and on the environment in general, and create a perceived dependence on availability of costly inputs, the use of such chemicals should be considered as a measure of last resort for smallholder farmers. Use of IPM is, therefore, considered the preferred practice.
1. What are the four layers of IPM? Give at least two examples of practices used with each layer.
[image: ] [SLIDE 8]: Cultural Methods: Pest problems are suppressed by minimizing conditions that the pests need to live, while growing plants that are well adapted to local 
conditions and are well cared for (i.e., strong healthy plants survive better than unhealthy plants).
[image: ] [SLIDE 9]: List of best garden management practices.
· Practical Garden Solutions: 1) Proper sanitation, clean and dry tools regularly after use; 2) Use proper watering techniques; water roots, not leaves; water deeply and regularly. 
[image: ] [SLIDE 10]: Biological/Natural Methods: Natural predators, parasites, or diseases of pests are used in a targeted way to suppress the pests’ population. This also includes use of companion planting with plants that are natural repellents or attractants to pests, development of new pest-resistant varieties, and the introduction of genetically modified individuals within a targeted pest population.
[image: ] Post Adaptation: An excellent automated slide presentation about natural predators, titled “Biological Control in Gardens and Landscapes,” has been developed by the University of California and is accessible at: http://stream.ucanr.org/biocontrol_final/index.htm
[image: ] [SLIDE 11]: List of common practices.
[image: ] [SLIDE 12]: List of garden plants that are natural insect repellents.
· Practical Garden Solutions: 1) conserving and encouraging beneficial organisms (e.g., allowing perennial plants, shrubs, and/or trees to continue to grow in proximity that provide habitat for predators [i.e., refugia] or making/improving habitat for lizards and birds that are known to eat insect pests); 2) augmentation of naturally occurring species (e.g., beekeeping in proximity to garden); 3) growing natural pest repellents like African Marigolds, garlic or hot peppers; and, 4) increasing biodiversity by planting several different crops at the same time or in succession (e.g., crop rotation). 
[image: ] [SLIDE 13]: Physical Methods: Preventing pests’ access to the host or area where host is located, or if already present in the area, physically removing.
Example of four ways to physically deter pests.
· Practical Garden Solutions: 1) Using physical barriers or traps (e.g., fencing for larger animals, live traps for rodents); 2) tilling soil (e.g., mechanically removing weeds that provide cover and/or habitat for pests) or pulling weeds by hand.
[image: ] [SLIDE 14]: Chemical Methods: Includes bio-rational pesticides that are made from plants (botanicals), microbes (microbial), minerals, and some synthetic materials and are relatively friendly to the environment, mostly organic, often commercially produced (though not always), are less universally toxic, and target a specific aspect of a pest’s biology; and, conventional pesticides that are synthetic chemical compounds that act as direct toxins.
[image: ] [SLIDE 15]: List of common ingredients used in homemade pesticides.
· [image: ] [SLIDE 16]: Types of chemical pesticides.
· Practical Garden Solutions: 1) Make and use botanical pesticides from available materials like vegetable oil, neem leaves, hot peppers, etc. at early stages of infestation; 2) make and use mineral-based pesticides from local materials like soap or wood ash; 3) purchase and use an appropriate microbial pesticide (e.g., Bacillus thuringiensis) for a specific pest and life stage when a critically-damaging threshold is reached and, 4) remember to use conventional chemical pesticides only as a last resort.
1. What are the six steps of IPM?
[image: ] [SLIDE 17]: Prevent pest problems before they get started.
Use appropriate and proper cultural practices that ensure healthy crops and avoid or minimize pest problems.
[image: ] [SLIDE 18]: Properly identify the pest and understand its biology.
Specific actions are, generally, designed to be effective for a specific life stage of a specific organism. 
[image: ] [SLIDE 19]: Monitor the environment to determine pest levels.
Actions can be taken in a timely manner if and when pest levels are observed to reach a critical threshold level.
Determine an action threshold level.
The presence of specific pests may be tolerable up to a certain level, at which point something must be done to prevent the population from transitioning from an insignificant presence to having a significant, negative impact.
Choose tactics, integrate management methods, and use all tools available.
For any pest situation, there should be several options that can be used (e.g., cultural, biological/natural, physical, and, as a last resort, chemical).
Finally, evaluate the results.
Were the desired results obtained? If not, why not? If so, was there anything of value learned for the future? Were there any undesirable outcomes? How might these be avoided in the future?
1. [image: ] [SLIDE 20]: Ask the group to name some types of common garden pests and problems. Click to reveal a list and see if there are any pests on the list that weren’t mentioned. Provide an introduction to commonly observed garden pests: 
[image: ] [SLIDE 21]: Spider Mites
Belong to Arachnid class, related to spiders and ticks (i.e., not an insect) 
Among the most common pests found in gardens; often found on fruits, vines, berries, vegetables, and ornamental plants
Very small individuals, live in colonies under leaf surfaces, often identified by the presence of a silk webbing
[image: ] [SLIDE 22]: White Flies
Tiny sap sucking insects often found on vegetable and ornamental plants
Feed by sucking tissues on the undersides of leaves, also secrete a sticky honeydew that causes a yellowing or death of leaves 
Known to carry and spread viral diseases from plant to plant, causing one of the most serious crop protection problems in the tropics and subtropics 
[image: ] [SLIDE 23]: Caterpillars
Larval or juvenile stage of moths or butterflies
After hatching from eggs, feed in groups, but as they grow, feed individually
Voracious feeders that chew on stems, leaves, and/or fruits and can do significant crop damage
[image: ] [SLIDE 24]: Aphids
Small, soft-bodied insects with long, slender mouthparts used to pierce and suck sap from leaves, stems, and buds of virtually any type of garden plant 
Often responsible for transmitting viruses like mosaic
Presence may be indicated by curled and yellowed plant leaves
[image: ] [SLIDE 25]: Nematodes
Microscopic roundworms that live in the soil
Attack a wide range of plants, including common vegetables, fruit trees, and ornamentals
Difficult to control, spread easily from garden to garden in soil on tools, or on boots, or by introducing other infested plants
[image: ] [SLIDE 26]: Grasshoppers
Relatively large insects with enlarged back legs
Will chew almost any plant parts but prefers young leaf shoots
Can be difficult to manage as they are highly mobile
[image: ] [SLIDE 27]: Leaf Hoppers
One of largest families of plant-feeding insects
Have piercing, sucking mouthparts for sucking sap from many different fruits, vegetables, and flowering and woody ornamental plants
Known to carry and transmit plant viruses
[image: ] [SLIDE 28]: Mosaic Virus
Virus hosts include tomato, pepper, potato, eggplant, cucumber, melons, squashes, and other cucurbits, beans, and cassava
Affects all growth phases, specifically the leaves and fruits
Symptoms include alternating spots of yellowish and light or dark green mottling on leaves, mottled areas appear thicker and somewhat elevated, giving leaves a blistered appearance, curling and yellowing of leaves, and stunted growth 
[image: ] [SLIDE 29]: Weeds
Plants with undesirable qualities that are adapted to spread out
They are strong competitors for space, nutrients, etc., and, given opportunity, tend to dominate
Their presence contaminates and interferes with harvests, they serve as hosts for crop diseases and provide habitat for pests, and some produce chemical substances toxic to other plants.
[image: ] Post Adaptation: The National Center for Appropriate Technology and ATTRA (Appropriate Technology Transfer for Rural Areas) have produced an excellent publication on bio-intensive integrated pest management. It can be downloaded at: http://www.attra.ncat.org/attra-pub/ipm.html
[bookmark: _Toc364750615][bookmark: _Toc365013575][bookmark: _Toc405733423]Practice	[image: ] 90 min
[bookmark: _Toc405733424]Keeping the Garden Growing
Participants will practice employing specific gardening techniques and practices that will help ensure the overall health of their garden production. This Practice activity has two parts. In the first activity, participants will look for and make close observations of the most common garden pests affecting garden plants. In the second activity, participants will make a bio-rational pest repellent and insecticide, both from locally available materials. 
1. [bookmark: _Toc365013576]For the first activity, have participants work in pairs or in groups of three to seek out, make observations of, and draw or photograph the pests or examples of diseases listed below. 
· Spider Mites – one photo of the spider mites (many cameras will not be able to do this), one photo of the damage
· White Flies – one photo of the insects, one photo of the damage
· Caterpillars – one photo of a caterpillar, one photo of damage
· Aphids – one photo of the insects, one photo of the damage
· Nematodes – one photo of nematode damage
· Grasshoppers – one photo of the insects, one photo of the damage
· Leaf Hoppers – one photo of the insects, one photo of the damage
· Mosaic Virus – one photo of a plant infected with mosaic virus
· Weeds – one photo of weeds that are outcompeting crops
· Unlisted (possible) pest – one photo with notes on destructive behavior(s)
1. Provide each participant with a copy of Handout 2: Pest Identification or a local pest identification manual for use as a reference. Tell them that they are expected to locate and draw or photograph as many of the pests as they can. They should also note where and at what time the pest was observed.
1. Finish the instructions by telling participants that when they have found all of the pests and completed all of their drawings or pictures, they are to show the drawings/photos to a tech trainer for confirmation of the identity. 
[bookmark: _Toc365013577][image: ] Note: Trainers may wish to copy the pictures taken during this activity for future training, identification, and/or reference purposes. 
[image: ] Post Adaptation: It is possible that not all of these pests will be present in the practicum gardens. If this is the case, the groups might be asked to look further in their CBT communities or to talk to local gardeners and farmers to locate any of these. In these cases, more time could be allotted for this activity.
1. For the second activity, have participants continue to work in pairs or groups of three. Provide them with Handout 3: IPM Notes—Homemade Repellents/Pesticides and explain that they now have an opportunity to make their own insect repellent and insecticide that can be used preventatively or in reaction to many of the garden pests observed in the previous activity.
1. Refer participants to the bio-rational repellent and insecticide recipes in Handout 4 and provide them with the appropriate ingredients. Tell them that they will need to choose one natural insect repellent and one natural insecticide from the following:
· hot pepper repellent spray (requires hot peppers and water; used for caterpillars or aphids)
· onion repellent spray (requires onions and water; used for caterpillars or aphids)
· garlic repellent spray (requires garlic cloves and water; used for caterpillars or aphids)
· insecticidal soap spray (requires a vegetable oil-based bar soap and water; used for mites, whiteflies, caterpillars, aphids, grasshoppers, leaf hoppers)
· Neem leaf insecticide spray (requires dried neem leaves and water; used for whiteflies, caterpillars, aphids, grasshoppers, leaf hoppers)
Tell participants that once they have made their repellent and insecticide, they are expected to know what pests can be controlled with it and to apply the repellent to one plant in the demonstration garden that does not appear to be infested with pests and to apply the insecticide to one plant that that does appear to be infested. 
Over the next week, have participants monitor the treated plants to ensure that the treatment they provided did have the desired results (i.e., a healthy plant).
Learning Objectives 1 and 2 are assessed during the pest identification activity and the homemade bio-rational repellent and insecticide activity.
[bookmark: _Toc364750617][bookmark: _Toc365013584][bookmark: _Toc405733425]Application	[image: ] 30 min (daily)
[bookmark: _Toc405733426]Ensuring the Best Results
Participants will apply the skills they have acquired to their practicum garden and, if possible, their homestay family garden. Successful management of a healthy and productive practicum garden requires participants to demonstrate the skills of observation, record keeping, and critical analysis of available information in order to make timely and appropriate management decisions. To track their decisions, in this case the application of techniques and practices that are part of an integrated pest management plan, participants must use the appropriate reporting tools provided in Session 4 to record their daily observations and to note applications and results of each technique or practice used to ensure the health and productivity of their crops.
1. [bookmark: _Toc365013585]Provide each participant with Handout 4: IPM Notes—Good Gardening Practices. Tell them that this handout is a reminder of some best gardening practices for cultural, biological, natural, and physical pest management. Any or all of these techniques or practices are considered appropriate for ensuring the health of their garden crops.
1. Remind participants that as part of the daily care they provide for their garden crops during the practicum, they should be closely observing what is happening in their garden, particularly with regards to the health of each of the individual plants. Each time a potential pest problem is noted, they should record what they observe in their practicum journal. If the problem continues, based on their observations, what they know (or find out) about the pest organism and an analysis of risks and concerns, they will need to make an appropriate and timely management decision. These decisions and the resulting actions will need to be recorded on Practicum Garden Forms 3a and 4 provided in Session 4 so that the results can later be analyzed and future precautions can be taken so the same situation does not occur.
1. Finally, tell participants that over the course of the next week, during their time with their individual garden, they are each expected to demonstrate to a tech trainer at least one technique from those listed with each of the four IPM practices (below) and explain why they used it and what will be the expected outcome.
· Cultural practices: soil fertility management (apply manure tea or compost extract to a crop), proper sanitation (clean and dry tools properly, wash hands after touching each crop or weeds, destroy a pest as soon as it is observed), reduce plant stress (use proper watering technique, properly transplant a new crop).
· Biological/natural practices: introduce a beneficial organism, create a habitat for a beneficial organism, plant a pesticidal crop, plant an indigenous variety of crop, plant a repellent plant.
· Physical practices: manually remove weeds or infected fruits or plants, wipe down leaves of a crop, physically remove pests from a crop, create a physical barrier for a crop (put mosquito net over a nursery or crop bed, or plant or make a living or non-living fence), place traps around garden bed (plant one trap crop, use a lethal and non-lethal trap to remove a pest, use a sticky trap to remove pests).
· Chemical practices: prepare and use one bio-rational repellent or one bio-rational insecticide.
[bookmark: _Toc365013586] Note: It is important that participants apply as many of the appropriate pest management measures as needed to control pest populations in the practicum garden. It will be the responsibility of trainers to observe that this is being done daily and to provide appropriate and timely feedback to each participant. Use of chemical pesticides of whatever nature should always be looked at as a measure of last resort. However, if non-lethal measures do not seem to be having the desired effects on a particular pest population and the numbers continue to head toward a critical threshold, then participants should be able to consider incorporating more directly responsive chemical measures, preferably those that are considered bio-rational. 
[bookmark: _Toc365013589][image: ] Post Adaptation: Posts may develop specific IPM procedures for preventing and treating commonly occurring pest infestations. This information can be put together for training participants in the form of a guidance sheet. During the Application, activity participants could be asked to follow specific procedures for treating specific pest infestations that they observe. Training Material 4 is an example of a guidance sheet developed by PC/Burkina Faso. 
This training session has included information about bio-rational pest repellents and insecticides as a form of chemical pest management. Post programming staff members may determine, based on the work that their Volunteers are being asked to do, that it is necessary to train on the use of commercially produced chemical pesticides. An additional training session in the Staple Crops Training Package will cover this specific aspect of pest management.  
Learning Objective 3 is assessed as part of the garden practicum.
[bookmark: _Toc359853534][bookmark: _Toc235768743][bookmark: _Toc236737436][bookmark: _Toc364750619][bookmark: _Toc365013593][bookmark: _Toc405733427]Assessment
Learning Objectives 1 and 2 are assessed in the Practice section with the pest identification activity and the homemade bio-rational repellent and insecticide activity.
Learning Objective 3 is assessed in the Application section as part of the garden practicum.
[bookmark: _Toc359853535][bookmark: _Toc235768744][bookmark: _Toc236737437][bookmark: _Toc364750620][bookmark: _Toc365013594][bookmark: _Toc405733428] Trainer Notes for Future Improvement	
Date & Trainer Name: [What went well? What would you do differently? Did you need more/less time for certain activities?]

[bookmark: _Toc405733429]Resources
“Biological Control in Gardens and Landscapes” by the University of California Agriculture and Natural Resources, accessible at: http://stream.ucanr.org/biocontrol_final/index.htm

Bio-intensive Integrated Pest Management by The National Center for Appropriate Technology and ATTRA (Appropriate Technology Transfer for Rural Areas). This publication can be downloaded at: http://www.attra.ncat.org/attra-pub/ipm.html

“Organic Gardening, Pest Control Methods” by Online Information Service for Non-chemical Pest Management in the Tropics (OISAT) PAN Germany, accessible at: http://www.oisat.org/controlmap.htm

“Implementation of IPM, Module 4” by CropLife Asia, accessible at AgLearn.net http://www.aglearn.net/introIPMModule4.html


[bookmark: ht1][bookmark: _Toc405733430]Handout 1: Integrated Pest Management (IPM)
In garden or field crop production, a pest is any organism that is detrimental to crops, either by destroying them or rendering them inedible or unmarketable. A list of possible pests includes insects, mammals, birds, reptiles, invertebrates, fungi, bacteria, viruses, and other undesirable plants (i.e., weeds). Only a small minority of organisms present in an agricultural space are actually pests so it is extremely important to observe what organisms are present in a garden or field at any time and to become familiar with their habits in order to determine if they are friends or foes.

Through the millennia of agricultural evolution, farmers and gardeners around the world have faced the threat of crop loss due to pests and have created and tested endless techniques to counter these threats. From something as rudimentary as pinching caterpillars, to the global corporate infrastructure that makes chemical pesticides possible, modern agriculture has thousands of pest control methods at its fingertips, and yet the threat of crop loss due to pests is ever present. Within subsistence agricultural economies, crop loss may mean the difference between feeding one’s family, and not. With the understanding that it’s important to protect one’s crops from pests, how does one determine which methods are appropriate for which pests, under what circumstances, at what time? 

For garden or field crop production there are, basically, two pest control strategies that are considered:
· Conventional Pest Management (CPM)
· Integrated Pest Management (IPM)
With CPM, chemical pesticides are employed to rid all pests from a garden or field. With IPM, a variety of methods are employed together to minimize pests in a garden or field. 

	CPM
	IPM 

	Advantages

	· Quicker results
	· Encourages biodiversity

	· Better results—short term
	· Often less expensive

	· Usually less labor intensive
	· More effective—long term

	· Usually less time consuming
	· Kills fewer or no beneficial organisms (depending on method)

	Disadvantages

	· Not as effective—long term
	· Results are not immediate

	· Often more expensive
	· More labor intensive

	· Chemicals can kill beneficial organisms (e.g., earthworms)
	· Takes more time

	· Chemicals can have negative health effects on humans
	

	· Chemicals can pollute the environment; alter local ecology
	

	· A risk that the wrong (toxic) chemicals are applied or the right chemicals are applied incorrectly, thus magnifying negative effects
	

	
	


What is Integrated Pest Management (IPM)?
Unlike CPM, the goal of IPM is not to eradicate all pests from existence, but rather to manage them in ways that their numbers never increase to a destructive level. Within a healthy agricultural space, there will always be pests present. IPM focuses on keeping pest populations in check while minimizing any negative effects to agro-ecological systems. IPM is an ecosystem-based pest management approach that establishes a hierarchy of practices with organic, behavioral practices as the foundation and chemical control as the absolute last resort.
[image: IPM chart]
The layers of IPM
The hierarchy of practices the IPM approach uses can best be thought of as a pyramid. Cultural and biological/natural methods comprise the foundation. Cultural practices tend to be preventative rather than reactionary, and if implemented properly, will reduce labor and monetary inputs required for pest control. Biological/natural and physical pest management practices can be either preventative or reactionary, and are generally low input, narrow spectrum, and have little to no long-term impact on the agro-ecological system in which they are applied. Many of these techniques can be used in tandem with cultural pest management. At the top of the pyramid sits chemical pest management. With very few exceptions, chemical pest management should only be used as an extreme last resort, after all other management techniques have been exhausted, and only if total crop loss is assured without chemical intervention. Chemical control tends to be broad spectrum and has the greatest risk of negative impact to agro-ecological systems.

Six Steps of IPM 
1. Prevent Pest Problems Before They Get Started
Pest problems can be avoided or minimized by selecting appropriate sites for growing specific crops, properly preparing the soil, including use of weed and disease-free soil amendments and compost, by using resistant crop varieties and by keeping the plants healthy with proper watering, mulching, providing support, and supplemental fertilization. 
2. Properly identify the pest and have an understanding of its biology. (What is it and what’s its life cycle? What food does it eat? Etc.)
It’s critical that an exact identification of the pest be made before any action is taken. A specific action may only be suited for a specific pest or a life stage of the pest. Cases of mistaken identity may result in ineffective actions. If plant damage due to over-watering is mistaken for a fungal infection, a spray may be used needlessly and the plant will still die. At the time a pest is observed, it may already be too late to do much about it except maybe spray with a pesticide. Oftentimes, there is another stage of the life cycle that is susceptible to preventative actions. If the needs of that life stage are understood, the favorable conditions can be eliminated in advance. For example, weed seeds remaining dormant in the soil of last season’s garden bed can be prevented from growing by covering newly prepared beds with mulch.



3. Monitor environment to determine pest levels. (How many are here?)
Preventative actions must be taken at the correct time if they are to be effective. For this reason, once a pest is correctly identified, its numbers should be monitored BEFORE it becomes a problem. For example, in school cafeterias where roaches may be expected to appear, sticky traps are set out before school starts. Traps are checked at regular intervals and the increasing presence of these pests can be noted right away and something done before they get out of hand. In monitoring pest populations, the following should be noted:
a. Is the pest present or absent? 
b. If present, what is its distribution – In one or more beds? In what plants? Is/are they located over the entire plant or only in certain spots? 
c. If present, are the numbers increasing or decreasing over successive days?
4. Determine an action threshold. (How many are too many?)
In some cases, a certain number of pests can be tolerated. Soybeans are quite tolerant of defoliation. If there are only a few caterpillars in the field and their population is not increasing dramatically, there is no need to do anything. Conversely, there is a point at which SOMETHING must be done. For the farmer, that point is the one at which the cost of damage by the pest is MORE than the cost of control. This is an economic threshold. Tolerance of pests varies also by whether or not they are a health hazard (low tolerance) or merely a cosmetic damage (high tolerance in a non-commercial situation). Personal tolerances also vary—many people dislike any insect, some people cannot tolerate dandelions in their yards. 
5. Choose tactics, integrate management methods and use all tools available.
For any pest situation, there will be several options to consider (see “Tactics” listed below).
6. Evaluate results. (How did it work?) 
Did the actions taken have the desired effect? Was the pest prevented or managed satisfactorily? Was the method itself satisfactory? Were there any unintended side effects? What will or could be done in the future for this pest situation?

Four Tactics of IPM 
The goal of using multiple tactics or "many small hammers" is to effectively suppress pests below injurious levels and to avoid outbreaks. Use of multiple tactics keeps pest populations off-balance and avoids development of resistance to any one specific measure (e.g., pesticides). Whenever possible, least-toxic methods are used before more toxic ones. 

1. Cultural methods: Suppress pest problems by minimizing the conditions that the pests need to live (i.e., water, shelter, food) while planting plants that are well adapted to the local growing conditions, are cultivated in the right place with proper attention given to their water and nutritional needs, etc. Strong, healthy plants resist diseases, outgrow weeds, and are less likely to succumb to insects. Specific cultural practices include:
· Constant Observation and Timely Response
· Detailed Understanding of Garden Organisms
· Timely Planting
· Composting
· Mulching
· Crop Rotation
· Field Sanitation
· Avoiding Soil Compaction
· Proper Watering
· Weed Control
· Planting Resistant Varieties
· Crop Diversification
· Reluctant Use of Chemical Fertilizers and Pesticides
2. Biological/Natural methods: Use companion planting (e.g., diverse varieties, trap crops, creation of refugia for beneficial organisms, etc.), natural predators, parasites, or diseases of pests in a targeted way to suppress pest populations. These methods also include growing plants that produce naturally occurring substances that repel or control pests, such as lemongrass, garlic or African marigolds; use of microorganisms that control pests (microbial pesticides) and pesticidal substances produced by plants containing added genetic material (plant-incorporated protectants) or PIPs. Also included are new pest-resistant varieties developed using classical plant breeding, pest resistance varieties such as B.t. (Bacillus thurengiensis) corn or potatoes that have been genetically engineered, as well as organisms that have been genetically modified, such as “sterile” males. Use of predators and parasites as bio-controls for pests are handled in one or more of three ways: 
a) Conservation and encouragement of naturally occurring bio-control organisms by cultural techniques or at least avoidance of harming them.
b) Augmentation of naturally occurring species by purchasing and releasing more of the same.
c) "Classical" biological control in which new bio-control species specific to pests are sought and introduced.
3. Physical methods: Prevent pests’ access to the host or area, or, if the pests are already present, physically remove them by some means. For example, use physical barriers or traps; vacuuming, mowing, or tilling the soil depending upon the pest and situation.
4. 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 chemicals are those that are less universally toxic and target a specific aspect of pest biology. Examples are diatomaceous earth, which scratches the surface of insects, causing them to dehydrate, or microbial pesticides that affect only a specific group of insects. There are some bio-rational chemical tactics that are hard to classify by toxicity. These would include many of the homemade pesticides that are currently approved for organic home gardening. These natural pesticide concoctions are made from common ingredients, such as vegetable-based soaps, neem leaves and seeds, onions, garlic, hot peppers, mint, and even from crushed individuals of the targeted insect pest. Some naturally-produced, non-toxic bio-chemical insect attractants are used together in innovative ways with other tactics. An example of this would be insect pheromones, chemicals secreted by insects to attract the opposite sex, used together with sticky traps. The chemicals can be used in large amounts to "confuse" the mating process or to attract insects to a trap.
· Conventional pesticides currently refer to synthetically-produced chemical 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.


Guiding Questions:
What are three examples of pests that might impact garden production? How might a pest impact crop production? 

What is the conventional approach to pest management? What are some advantages and disadvantages of this approach? 

Advantages:
Disadvantages:

What is “integrated pest management (IPM)”? What is the goal? What management approach is used? What are some advantages and disadvantages of this approach?

		
Advantages:
Disadvantages:

What would be an appropriate pest management approach for smallholder home gardening practitioners? Why?



What are the four layers of IPM? Give at least two examples of practices used with each layer.
1.
Example:
Example:



2.
Example:
Example:

3.

Example:
Example:

4.
Example:
Example:


What are the six steps of IPM?
1.

2.

3.

4.

5.

6.

[bookmark: _Toc405733431][bookmark: ht2]Handout 2: Pest Identification
In general, pests that attack plants, either crops or trees, are numerous, belong to several different orders and families within orders, and come in many shapes and sizes. Many pests are selective in the type of plant and the part of the plant they attack. In general, the five main orders of pests that gardeners might encounter are:

Large animals: Because of their size, hungry rodents, rabbits, goats, pigs, and cattle can quickly ruin a field crop, garden, or tree plantation. Chickens and some birds can also be harmful by eating newly sewed seeds and seedlings or plant leaves and fruit. 

Insects: 
These are small animal pests (Arthropods) with segmented bodies in three distinct parts: head, thorax, and abdomen. Adults usually have six legs and a hard outer skin (exoskeleton). Insects can be winged or wingless. 

Insects are the most abundant type of arthropods with several hundred thousand different species that are identified and known around the world. There are basically two types of insects. The first type is those with a life cycle that goes through three stages with the young or nymph stage, looking much like the parent though it can’t fly. These insects include praying mantids, grasshoppers, dragonflies, leaf hoppers, thrips, and the “true” bugs (Order Hemiptera). The second type has a life cycle that goes through four stages: egg, larvae, nymph, and adult, with the shape changing from one stage to another. These insects include butterflies and moths, and beetles and flies. 

[image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\caterpillar.gif][image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\grasshopper.gif]Insects often have specialized structures, adapted for attacking specific parts of a plant. There are basically four groups: those that chew, those that suck, those that bore, and those that sting. Insects that cause damage by chewing include grasshoppers, cutworms, slugs, caterpillars, leaf cutting ants, beetles, borers, and locusts. Many of these feed only during the night, making them difficult or impossible to identify. Most chewers feed on the leaves, making this group easier to manage, while others feed on the stems or roots. Grasshoppers and the closely related locusts will feed on just about any plant, but prefer young shoots. Caterpillars are the larvae or immature form of moths and butterflies. Many types chew leaves, stems, and fruits. 
				

Caterpillar ID
· Larval form of moth or butterfly
· Soft-bodied with three pairs of legs in front and four pairs of “false legs” in back
Grasshopper ID
· Relatively large insects with robust bodies, enlarged hind legs, and relatively short antennae
· Most are winged and good flyers



										



Sucking insect pests include aphids, leaf hoppers, white flies, thrips, and mealybugs. To find any of these, look at the undersides of leaves. This group has piercing mouthparts that are used to penetrate plant cells in leaves and to suck out contents, causing dehydration. Their sucking causes the leaves to curl backwards or causes a silvering of the leaves. They also carry and spread bacteria and/or viruses that can also cause plant diseases. 
[image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\whitefly.gif][image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\leafhopper.gif][image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\aphid.gif]




                                               
Leaf Hopper ID
· Adults slender, wedge-shaped, about one-fourth-inch long
· Varying shades of mottled yellow, green, or brown, though some are very colorful
· Active insects, crawl rapidly sideways or readily jump when disturbed

White Fly ID
· Tiny, sap sucking insects frequently found on vegetable and ornamental plants
· Usually occur in large groups on undersides of leaves
· Adults have yellowish bodies and whitish wings
Aphid ID
· Small, soft, pear-shaped bodies with long legs and antennae
· May be green, yellow, brown, red, or black
· Most species have a pair of cornicles projecting backward, out of the abdomen.








 






Boring insects make holes in stems, roots, and fruits and do their damage from the inside. Fly larvae (maggots), adult beetles, grubs, and caterpillars are among the most common boring insects. There are many species of fruit flies (Dacus spp. and Ceratitis spp.) that together cause damage to a variety of host crops, including mangoes, citrus, guavas, cucurbits, etc.

Insects in the stinging group inject poisons into plants. This group includes melon flies, stink bugs and squash bugs. 


Mites: 
These are common pests in landscapes and gardens that feed mainly by sucking sap from the leaves or fruits of many fruit trees, vines, vegetable, or ornamental plants. Although related to insects, mites aren’t insects but are members of the arachnid class, along with spiders and ticks. Spider mites, also called web spinning mites, are the most common mite pests and among the most ubiquitous of all pests in the garden and on the farm. To the naked eye, spider mites look like tiny, moving dots; however, you can see them easily with a 10X hand lens. Adult females, the largest forms, are less than 1/20-inch long. Spider mites live in colonies, mostly on the undersurfaces of leaves; a single colony may contain hundreds of individuals. The names “spider mite” and “web spinning mite” come from the silk webbing most species produce on infested leaves. The presence of webbing is an easy way to distinguish them from all other types of mites and small insects, such as aphids and thrips, which can also infest leaf undersides. 
[image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\spider mite.gif]Spider Mite ID
· Live in colonies of hundreds, mainly on undersides of leaves
· Look like tiny moving dots
· Produce a silky webbing on infested leaves
· Adults have eight legs and oval bodies with two red eye spots near the front of the body





Nematodes: These are roundworms, of which there are several thousand species. Most live freely in the soil and feed on microscopic plants and animal. Several hundred species feed on plants and cause disease. Some are widespread and serious pests of many field and garden plants. Most nematodes that attack plants are microscopic and live below ground where they feed on roots, although some feed on flowers, seeds, and leaves. Nematodes also spread viral diseases and interact with some disease-causing fungi and bacteria, making damage to the plants greater than the sum of each separately. Identification of particular species requires microscopic examination by trained observers. Nematode problems can often be identified by gardeners, too, who can then take some simple actions to control them (e.g., crop rotation, leaving fields or gardens fallow, burning crop residues, mounding, etc.)   

[image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\root knot nematodes.png][image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\nematode.jpg]                                              Nematode ID
· Microscopic, eel-like roundworm
· Those that live and feed on or in roots are most troublesome
· Cause tissue abnormalities, such as root knots and large galls
· Presence indicated by yellow leaves and stunted growth


This is an illustration of Root knot nematode 


Viruses: These are pathogenic particles that can only reproduce by invading and taking over cells of other organisms. In plants, viruses are spread mainly by infected seeds, cuttings, grafts, and by piercing-sucking insects or people touching infected plants and then touching uninfected plants. Viruses cannot live without a host, nor can they lie dormant in fallow soil. Viruses harm their host plants by diverting the resources and processes of those cells into the production of more viruses. In plants, there are viral diseases that affect only specific crops and others with a wide range of hosts. Often viral symptoms in plants are most obvious as deformities, dieback, and discoloration in areas of new growth. Most importantly, plant diseases caused by viruses are almost always systemic. Infected plants should be removed and disposed of properly. Insects responsible for transporting viruses should, also, be targeted.


[image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\leaf curl virus.png]
Leaf Curl virus




Illustration by Margaret Senior.
This is an illustration of Leaf curl Taphrina deformans.



















[image: \\dcna_cifs.peacecorps.gov\users\gmengel\My Documents\My Pictures\Pests\tomato mosaic virus.png]

Mosaic virus




Host: Prunus persica
Order reference: dar52423

This is an illustration of Tobacco mosaic virus .
Host: Lycopersicon esculentum
Order reference: dar52396



Bacteria: These simple, one-celled organisms are the most abundant organisms in the world. Bacteria are very small (0.001-0.003 millimeter). Some of them are beneficial, for example, helping to decompose organic matter in the soil and making nutrients more available to crops. There are some, however, that harm the growth and productivity of plants. Some of these bacteria live only as parasites in plants. In warm, moist environments, bacteria can multiply extremely rapidly and are easily spread by insects, people, and water. Bacterial diseases often appear first on lower stems, trunks, fruit, and older leaves near the soil surface. On leaves, they show up as specks or spots that are water-soaked, dark green, or brown. Lesions may look like a target, having alternating dark and light concentric circles, or may have a furry, moldy appearance. The fruit may feel like a bag of water, look rotten and moldy, or have a scab-like wound, depending on the disease. Bacterial disease can spread rapidly and the only solution is to destroy and properly dispose of infected plants. Crop rotation should be used to avoid re-infestation.     

Fungi (the singular is fungus) are non-photosynthesizing organisms that obtain their food through the decomposition of organic matter or from other living orgasms. Some fungi are very important and beneficial for plants, by decomposing organic matter, attacking and devouring nematodes, and providing nutrients. Some fungi, however, are parasites that attack crops and trees, causing diseases. Fungal diseases can affect plant leaves, stems, flowers, and fruits. Fungal pathogens can be spread by water, wind, and by contact from insects and other vectors. Generally, fungal growth is encouraged by shady, warm, and moist conditions, which in dry lands occur near the soil surface. Correct spacing is the best measure to avoid fungal infestations.  

Because of the high number and diversity of pests, diagnosing pest and disease problems is not easy. The key is careful observation that should lead to an understanding of the current conditions and how the host plant is reacting. What was the situation of the plant yesterday? What does the situation of the plant look like today? Look at all of the crops in the field or garden as a whole. Is the number of pests increasing, decreasing, or remaining the same? Check for patterns among plants that are not doing well. Look for pests or eggs of pests on the undersides of leaves, on the stalks or stems, in the soil, or on the mulch around the plants. Because of the very small size of some pests, a hand lens or a magnifying glass are very helpful tools. It’s also helpful to know where to locate identification keys, reference books, or visual aids with color pictures that can be used to identify or learn about an unknown pest. Where possible, contact a local entomologists or plant pathologists who can help.



[bookmark: _Toc405733432][bookmark: ht3]Handout 3: IPM Notes—Homemade Repellents/Pesticides
Hot Pepper Solution
A general repellent, it is effective for caterpillars, cabbage worms, ants, aphids, beetles, and cutworms. 
Recipe: Finely chop 15 peppers and add 1 liter of water. Steep for 24 hours, strain and apply.

Onion Brew
Onion brew repels a variety of insects, including ants, aphids, army worms, and especially borer insects like caterpillars. 
Recipe: Finely chop 4 cups of onion and add to 2 liters of water. Steep for 24 hours, strain and apply. Best used when fermented.

Garlic Brew
This brew works to repel many insects, including ants, aphids and caterpillars, as well as nematodes.  
Recipe: Finely chop  one-half cup of garlic and add to three-fourths liter of water. Soak for 24 hours, strain and apply to plant and surrounding soil.

Mint - Mentha spp.
Mint is relatively easy to grow, if given a lot of water, and once established can be hard to stop. It can be grown alone or interplanted among other vegetables, though it should be kept away from cucumbers. It can be used as a repellent against aphids, cabbage pests, and flea beetles, as well as against bacterial diseases.
Recipe: Cut fresh mint leaves and citrus (orange or lemon) peels to make a repellant. Place the pieces in a small pan covered with water and bring to a boil. Soak overnight and apply during the evening watering. 

Tomato-Leaf Spray
This is a particularly effective repellent for aphids and caterpillars, but should not be used on tomatoes, eggplants, peppers, or potatoes.
Recipe: Pack 1 quart of tomato leaves in a sturdy, heat-resistant bucket. Pour 1 quart of boiling water over the leaves and let the mixture steep for one hour. Next, strain the mixture through a cloth, squeezing the leave dregs to remove as much liquid as possible. Dilute the mixture with water before using.

Wood Ash
Sprinkling a layer of wood ash around the base of plants a couple of times each week will repel some surface feeding insects, slugs, and snails by causing dehydration. Wood ash is very fine and gritty so it works well to deter chewing insects when dusted over certain crops. Once ash gets wet, however, it loses its deterring properties. Continuous use of ash may increase the soil pH or accumulate salts to levels harmful to plants.

Neem – Azadirachta indica
Neem trees are abundant in many regions and can be used as a very potent natural bio-insecticide. Neem’s extracts have an effect on nearly 400 species of insects, including major pests (moths, weevils, beetles, and leaf miners). The most effective insecticide comes from the seed, but the leaves can also be used. These extracts do not kill insects directly, but effectively prevent their reproduction.
Recipe: Dry leaves in shade as UV rays from the sun break down azadirachtin, the principal chemical compound. When leaves are dry, pound and mix a generous handful of the powder with 10 liters of water. Let steep for 12 to 24 hours. Strain and apply during the evening watering.

Gliricidia – Gliricidia sepium
Gliricidia is a wonderful tree for soil amelioration due to its ability to fix nitrogen. Its leaves can also provide an effective insecticide that is effective on both chewing and boring insects. 
Recipe: There are two ways to use Gliricidia. First, pick leaves and place near plants to be protected. When they become dry, remove or leave as mulch and reapply fresh ones. Second, pound a generous amount of leaves, add a small amount of water, and soak for 24 hours. Strain and apply during the evening watering. 

Tobacco – Nicotiana tabacum
Tobacco contains nicotine, which can be used as a potent insecticide (BE CAREFUL as nicotine is a poison and high concentrations can be lethal). Target organisms include aphids, cabbage worms, caterpillars, flea beetles, grain weevils, leaf miners, mites, stem borers, thrips, rust, some fungi, and leaf curl virus. NOTE: Do not use on tomatoes, eggplants, peppers, or potatoes.
Recipe: First, dry and pound the leaves. Add 20 grams of tobacco to 1 liter of water, soak overnight and apply during the evening watering. 

Soap Solution
Certain brands of hand soap, particularly the local homemade varieties that are plant-based, and some liquid dish detergents can be used in solution as a contact insecticide (dry dish soaps or clothes washing detergents should not be used). To be effective, a soap spray must be applied directly and thoroughly cover the insect. Most soft-bodied insects and mites are susceptible to soap sprays, including aphids, caterpillars, lace bugs, leaf hoppers, mealy bugs, mites, liver worms, saw flies, scale crawlers, spit bugs, spring tales, thrips, and white flies. Soap solutions can be harmful to certain plants so caution must be used. If in doubt, test a small area on the plant and wait 24 hours to see if there is an effect. To be safe, always rinse the area treated with water a few hours after application of soap spray. 
Recipe: Use 2 tablespoons of grated soap per 11/2 liter of water. Apply directly with watering can or homemade broom.

Bug Juice Spray
These are used as effective sprays by gardeners to control pests. Pests of the same species will not feed on the plants if members of their colony are found dead on those plants. The smell serves as a repellent and as a warning for the other incoming pests.This is an especially effective insecticide for small garden plots or nursery spaces, but not practical for large-scale operations. 
Recipe: Liquefy one-half cup of the targeted beetles, bugs, caterpillars or slugs in 2 cups of lukewarm water by grinding and straining (it’s easiest to make this concoction by mashing the bugs and slowly adding in the water). Dilute  one-fourth cup of the bug juice with 1½ cups of water and spray all plant surfaces thoroughly. 

Hill Billy Breath
This homemade insecticide can be used as a catch all as it deters many different types of insect pests.
Recipe: Mix together in water some chopped mint, ash, garlic, tobacco, and no more than 1 tablespoon of soap. Steep the concoction for 24 hours, strain, and apply the solution with a watering can or with a homemade broom.

Beer 
Beer attracts slugs. Place a saucer or cup just below the soil surface and fill it with beer. Slugs finding their way into the container will not be able to get out and will drown.

Standard procedures for the preparation and application of homemade extracts 
1. Use utensils for the extract preparation that are not used for food preparation, for drinking, or as cooking water containers. Clean all the utensils thoroughly after using them. 
2. Do not have direct contact with the crude extract while in the process of preparation or during application. 
3. Make sure to place the extract out of the reach of children and house pets when leaving it overnight. 
4. Harvest all of the mature and ripe fruits from any plant before extract application. 
5. Always test the extract formulation on a few infected plants before going into large-scale spraying. 
6. Wear protective clothing while applying the extract.
7. Wash hands after handling the extract.
(Source: “Online Information Service for Non-chemical Pest Management in the Tropics (OISAT),” PAN Germany, http://www.oisat.org/controlmap.htm)
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Cultural Pest Management
· Routine Observation
· Know your garden! Know your pests! Know your beneficial organisms!
· Soil Fertility Management
· Healthy Soil = Healthy Plants = High Yields
· Sanitation
· Clean and dry tools regularly. Dirty tools spread soil-born pests and diseases, especially nematodes.
· Wash hands regularly. It is very easy to spread aphids and spider mites to healthy plants by handling them after you have been handling infected plants.
· Only use healthy transplants. When buying transplants be sure to look for signs of nematode damage on the roots, and mosaic or leaf curl virus on the leaves.
· Destroy pests, disease, and weed vectors as soon as they appear. Burn plants that show signs of nematode damage or signs of viruses. Pull weeds before they go to seed.
· Don’t become a vector. When you visit gardeners with pest problems you become a vector of pest and disease to other gardens.
· Plant Stress Reduction
· Use proper watering methods.
· Water plants regularly, deeply, and before they show signs of water stress.
· Use proper transplanting techniques.
· Plant resistant varieties and trap crops
· Encourage biodiversity (mix of plants, including annuals, perennials, aromatic, flowering, non-flowering, live fencing + leguminous shrubs + multiple use trees + ….) 

Biological Pest Management
· Introduction of beneficial insects and other creatures______________________
· 
· Wasps
· Spiders
· Frogs
· Chameleons
· Praying Mantids
· Lizards
· Birds
· Cats
· Lady Bug Beetles
· Butterflies
· Honeybees
· 
· Creation of beneficial habitat (for the above)_____________________________
· 
· Interspersed tree species
· Live fencing
· Alley cropping
· Flowering species
· Rock piles for lizards
· Shallow, fresh water containers/pond
· Wasp houses and beehives

· Planting pesticidal crops
· Marigolds – nematodes
· Use of resistant crop varieties
· Plant indigenous, heirloom varieties

Natural Pest Management
· Plant Pest Repellents____________________________________________________________
· 
· Garlic 
· Hot Peppers 
· Mint 
· Basil
· Onion 
· Lemon Grass 
· Ginger 
· Rosemary 
· Dill 
· Wood Ash 
· 
Physical Pest Management
· Manual removal
· Pulling weeds by hand or tilling soil to remove them mechanically
· Defoliation (removal of infected leaves)
· Removing infected fruits or plants 
· Washing/wiping down leaves
· Discouragement and/or physical removal of detrimental organisms and/or their habitats
· 
· Aphids
· White Flies
· Caterpillars
· Grasshoppers
· Spider Mites
· Leaf Hoppers
· Lizards
· Birds
· Honeybees

· Physical barriers
· Mosquito netting over nurseries (do not use treated netting!)
· Live and non-living fencing
· Alley cropping
· Walls
· Traps
· Plant trap crops (for nematodes)
· Lethal and live traps (for rodents)
· Sticky traps 
· Yellow to control white flies
· Blue sticky traps to control fruit flies
· 4 per 100 m2
· Soil Solarization
· Moisten and work soil, make sure there are no large clods, cover with clear plastic (not white or black)
· 4-6 weeks will kill pests, including nematodes, to a depth of 10 – 15 cm

(Adapted from PC Senegal – Gardening Manual)
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Reading Assignment: Integrated Pest Management (Handout 1)
Guiding Questions:
What are three examples of pests that might impact garden production? How might a pest impact crop production? 
· Humans or other mammals, birds, reptiles, invertebrates, fungi, bacteria, viruses, and other undesirable plants (i.e., weeds) all have potential to negatively impact garden crops, though usually only a small number of these organisms actually will have a negative impact on garden production.
· Impacts could include destroying or rendering crops inedible or unmarketable. 
What is the conventional approach to pest management? What are some advantages and disadvantages of this approach? 
· Conventional pest management (CPM) – relies heavily on the use of chemical pesticides to rid all pests from a garden or field.
Advantages: Quick and better short-term results, less labor and time required.
Disadvantages: Not as effective long term, chemicals can be expensive, can kill beneficial organisms, health risks for humans and environment, risk of improper application.
What is “integrated pest management (IPM)”? What is the goal? What management approach is used? What are the advantages and disadvantages of this approach?
· Integrated pest management (IPM) – relies on integrating a variety of methods to minimize pests establishing themselves in significant numbers in a garden or field. 
· The goal is to manage pests in a way that their numbers never increase to a destructive level while any negative effects to the environment are minimized.
· IPM is an ecosystem-based approach that establishes a hierarchy of pest management practices whose foundation are organic and behavior-related practices, with chemical control used as an absolute last resort.
Advantages: Encourages biodiversity, usually less expensive and more effective long term, tends to be a more targeted response.
Disadvantages: Results may not be immediately observed, more labor intensive, and can require more time.
What would be an appropriate pest management approach for smallholder home gardening practitioners?
Because the use of chemical pesticides can have undesired, negative impacts on humans and other animals, and on the environment in general, and create a perceived dependence on availability of costly inputs, as a gardening practice for smallholder farmers, chemical use should be considered a measure of last resort. Use of IPM is, therefore, considered the preferred practice.
What are the four layers of IPM? Give at least two examples of practices used with each layer.
1. Cultural Methods: Pest problems are suppressed by minimizing conditions that the pests need to live, while growing plants that are well adapted to the local conditions and are well cared for (i.e., strong healthy plants survive better than unhealthy plants).
	Examples: 
· Proper sanitation, clean and dry tools regularly after use 
· Use proper watering techniques, water roots (not leaves), water deeply and regularly 
2. Biological/Natural Methods: Use of natural predators, parasites, or diseases of pests in a targeted way to suppress the pest’s population, as well as use of companion planting with plants that are natural repellents or attractants to pests, development of new pest-resistant varieties, and the introduction of genetically modified individuals within a targeted pest population.
	Examples:
· Conserving and encouraging beneficial organisms (e.g., allowing perennial plants, shrubs and/or trees to continue to grow in proximity that provide habitat for predators [i.e., refugia] or making/improving habitat for lizards and birds that are known to eat insect pests)
· Augmentation of naturally occurring species (e.g., beekeeping in proximity to garden) 
· Growing natural pest repellents like African Marigolds, garlic or hot peppers 
· Increasing biodiversity by planting several different crops at the same time or in succession (e.g., crop rotation)
3. Physical Methods: Preventing pests’ access to the host or area where host is located, or if already present in the area, physically removing.
Examples:
· Using physical barriers or traps (e.g., fencing for larger animals, live traps for rodents) 
· Tilling soil (e.g., mechanically removing weeds that provide cover and/or habitat for pests) or pulling weeds by hand
4. Chemical Methods: Includes bio-rational pesticides that are made from plants (botanicals), microbes (microbial), minerals, and some synthetic materials and are relatively friendly to the environment; mostly organic; often commercially produced, though not always; are less universally toxic and target a specific aspect of a pest’s biology; and, conventional pesticides, which are synthetic chemical compounds that act as direct toxins.
	Examples:
· Make and use botanical pesticides from available materials like vegetable oil, neem leaves, hot peppers, etc. at early stages of infestation 
· Make and use mineral-based pesticides from local materials like soap or wood ash 
· Purchase and use an appropriate microbial pesticide (e.g., Bacillus thuringiensis) for a specific pest and life stage when a critically damaging threshold is reached 
· Remember to use conventional chemical pesticides only as a last resort
What are the six steps of IPM?
1) Prevent pest problems before they get started.
· Use appropriate and proper cultural practices that ensure healthy crops and avoid or minimize pest problems.
2) Properly identify the pest and understand its biology.
· Specific actions are, generally, designed to be effective for a specific life stage of a specific organism. 
3) Monitor the environment to determine pest levels.
· Actions can be taken in a timely manner if and when pest levels are observed to reach a critical threshold level.
4) Determine an action threshold level.
· The presence of specific pests may be tolerable up to a certain level, at which point something must be done to prevent the population from transitioning from an insignificant presence to having a significant, negative impact.
5) Choose tactics, integrate management methods, and use all tools available.
· For any pest situation, there should be several options that can be used (e.g., cultural, biological/natural, physical, and, as a last resort, chemical).
6) Evaluate the results.
· Were the desired results obtained? If not, why not? If so, was there anything of value learned that can be used in the future? Were there any undesirable outcomes? How might these be avoided in the future?

[bookmark: tm5][bookmark: _Toc405733437]Trainer Material 4: Pest Prevention & Treatment Procedures	
Pest Name: APHID
Warning Signs: Aphids suck sap from the leaves, stems, and buds of virtually every type of garden plant. They often transmit viral diseases such as mosaic and secrete “honeydew,” a sugary substance that encourages the growth of black, sooty mold and attracts ants. Leaves may curl and yellow; buds may be misshapen. Ants may cluster in the sooty mildew or cottony-looking masses may appear on twigs.
Prevention: Good garden cleanup is one of the best ways to halt annual aphid infestations. Get rid of all garden debris where eggs can survive and cultivate the soil 6 to 8 inches deep. Two weeks later, cultivate again, this time 2 inches deep. Cultivate twice before planting, each time about 2 inches deep.
Natural Controls: Any one of the following natural sprays applied every two or three days will control aphid activity: bug juice, garlic, hot pepper, lime juice and water, and tomato-leaf extract. Also encourage ladybugs to join the battle against the aphids by cultivating plants such as marigolds and butterfly weed. These orange and black beetles will happily devour aphids. Finally, traps, barriers, and handpicking are other methods for controlling aphid populations. Make sticky traps by coating several 10-by-10-inch panels with yellow paint topped with motor oil or another sticky substance. Place traps adjacent to vulnerable plants.

Pest Name: BEAN BEETLE
Warning Signs: The larva does its damage underground, feeding on roots and generally weakening the plant. Feeding from the underside of leaves, the adult beetle creates holes that give the leaves a shot-riddled appearance. Eventually, the beetle reduces the leaves to skeletons.
Prevention: Good garden sanitation can help reduce beetle populations in succeeding years. Clean up plant debris after harvest, add it into the heated compost, and thereby deprive the beetles of a home for overwintering. 
Natural Controls: For small garden, handpicking is a tedious but effective solution.

Pest Name: CABBAGE LOOPER
Warning Signs: The cabbage looper eats ragged holes in the leaves of plants in the cabbage family. It also feeds on bean, lettuce, spinach, and tomato plants. Late in the growing season, the looper bores into the developing heads of cabbage crops.
Prevention: To prevent the adult moths from laying eggs on cabbage plants, grow plants under cover of nylon netting (think mosquito nets) or other fine screening. Be sure to cover the plants as soon as they are transplanted and seal all edges of the cover to the ground.
Natural Controls: In a small garden patch, handpicking the small light green caterpillar or the small greenish/white eggs should keep things under control. Or try bug juice or hot pepper.



Pest Name: CABBAGE MAGGOT
Warning Signs: Plants yellow and wilt. Slimy brown tunnels can often be seen in plants such as broccoli, cabbage, cauliflower, collards, peas, and radishes.
Prevention: Use a barrier to prevent the adult fly from laying eggs. Effective barriers include a netting cover for the whole plant OR a cardboard collar for the stem.
Natural Controls: A highly alkaline soil seems to discourage these maggots. Mix wood ashes or powdered limestone in the soil to raise the pH.

Pest Name: CUTWORM
Warning Signs: Most cutworms feed near the surface of the soil where they sever the stems of tomato, bean, cabbage, and other vegetable seedlings; the plants look as if they have been cut by a lawn mower. Some varieties of cutworms climb stems to feed.
Prevention: One way to halt a cutworm invasion is to sprinkle cornmeal in the area surrounding each plant. Cutworm will eat the meal and die! Another prevention method is to place a 3-inch collar made from stiff paper or plastic around the base of each plant. Also, clean up garden debris between gardening seasons and cultivate the soil well.
Natural Controls: Cutworms can be handpicked at night. Look around the bases of plants and under the soil. Pour a few spoons full of honey around each plant at dusk. When the cutworms emerge from the soil chambers to feed, they will get caught in the sticky substance and will harden and die.

Pest Name: FLEA BEETLE
Warning Signs: The work of these beetles is obvious as plant leaves become riddled with holes chewed from the undersides. What’s even more destructive, the beetles transmit viral and bacterial diseases, such as early blight to potatoes and bacterial wilt to corn.
Prevention: Cover vulnerable plants with fine nylon netting to prevent beetles from laying their eggs near the plants. Encourage birds around the garden space, birds help with the prevention and control of most beetles by eating the grub larva.
Natural Controls: Garlic or hot-pepper spray will discourage these pests.

Pest Name: LEAFHOPPER/GRASSHOPPER
Warning Signs: Both the nymphs and adults pierce leaf tissue from the underside and suck the sap and chlorophyll from the leaves’ cells. The leaves may be covered with white or yellow mottling and “honeydew” (see APHIDS above). If enough honeydew covers the leaves, they may appear glazed; or they may look black as sooty mold covers the honeydew. Leaves may drop from the plants and plants may become infected with a tomato virus.
Prevention: Use mosquito nylon netting to cover the plants.
Natural Controls: Mix a tablespoon of alcohol to 1 quart of soapy water and spray the mixture evenly every two to three days for two weeks. 


Pest Name: NEMATODE
Warning Signs: Bad nematodes cause tissue abnormalities in plants that block the flow of nutrients through the plant, resulting in yellowed leaves, stunted growth, and low yields. Roots of infected plants are misshapen with large galls and root knots. 
Prevention: Crop rotation.
Natural Controls: Avoid infested plants, disinfect tools, rotate crops with immune or resistant crops, and let land lie fallow for a season or two to enhance biological control by fungi, predators, and parasites.

Pest Name: SQUASH BUG 
Warning Signs: These ugly-looking bugs feed by piercing the upper surface of leaves and sucking out plant juices. The leaves wilt, dry up, and turn black.
Prevention: Try mosquito nets to cover and protect the plants. Another preventative step: During fall cleanup, place all spent squash vines and other garden debris in a large plastic bag. Seal the bag and leave it in the sun for a couple of weeks (this process is called solarization). The intense heat from this process will destroy squash bugs and stop them from proliferating to a second generation.  
Natural Controls: For small numbers, handpick the bugs and drop them in a bucket of lamp oil to die. 
image3.png




image4.png
O




image6.png




image7.png




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png
Chemical

Physical

Biological/Natural




image14.gif




image15.gif




image16.gif




image17.gif




image18.gif




image19.gif




image20.png




image21.jpeg




image22.png
© NSW Department. of%'lary Indu;

~<

s’m‘f!s - ,,'! 4





image23.png




image24.emf

image25.emf

image26.emf

image27.emf

image28.emf

image29.emf

image30.png
Living things
Grasses Soil

Crops Sun

Weeds Dead leaves (organic matter)
Insects (grasshopper, moths, spider, Dead branches

wasps )

Birds

Ornamentals (flowers, shrubs)

Human beings

Trees

Interactions

¢

DEAD LEAVES AND.
BRANCHES

"o




image31.png




image2.jpeg




image5.png




