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            How to Use This Book

         

         Whether its spots on the tomatoes, hostas that mysteriously wilt and die, or worm-eaten apples, damage from pests and disease organisms is never welcome. How to manage these problems is a top concern of gardeners everywhere. This newly revised edition of a classic reference on organic solutions to pest and disease problems has been fully updated, and its quick-reference format will help you find the most up-to-date information for a wide range of common insect and disease problems.

         HOW TO FIND IT

         One look at the contents will illustrate that The Organic Gardeners Handbook of Natural Pest and Disease Control is really four books in one. Once youve paged through it to familiarize yourself with the format, flipping to the section you need will become second nature. And for quick and easy access to information, dont forget the index. Heres a rundown of what is included.
         

         Part 1, Your Healthy Garden, is an overview of the basic practices of organic gardening to help you prevent problems before they ever get started. By learning how to build organically active soil, choose plants that are well adapted to conditions, and effectively tend your crops and ornamental plantings throughout the season, youll create a balanced system in which problems are regulated naturally and there are few outbreaks of pests and diseases. This section is especially important for new gardeners and gardeners who have just switched to organic methods.
         

         Part 2, Symptoms and Solutions, contains a plant encyclopedia with symptoms and solutions for the major problems suffered by popular plantsincluding fruits, vegetables, annuals, bulbs, perennials, and trees and shrubs. It also contains preventive information and general entries on the major plant groups.
         

         Part 3, Identifying Pests and Diseases, features a photographic guide to garden pests and their natural enemies, and symptoms of diseases and disorders. It includes descriptions, life cycle information, and summaries of control options. With more than 225 color photographs, this section is an excellent starting point for diagnosing problems and deciding what to do about them.
         

         Part 4, Organic Pest and Disease Management, is a thorough guide to nonchemical options for stopping insects in their tracks or curbing diseases before they overtake your yard. It begins with low-impact techniques that prevent problems by keeping pests and diseases from reaching your plants. There is a thorough discussion of biological controls, including naturally occurring biocontrols and commercial biocontrol products. To conclude, theres a rundown of homemade and commercial sprays and dusts that home gardeners can use to repel or kill pests and to prevent or lessen disease problems. Some of these products are offered as a last resort onlyfor the exceptional cases when the natural balance has been disturbed and pest problems threaten to ruin the harvest or kill your plants.
         

         REMEMBERING THE BIG PICTURE

         As you use this book, its important that you not lose sight of the big picture of gardening organically. One of the principles at the heart of organic gardening is eliminating the need to use sprays and dusts at all. This may seem like a difficulteven unrealisticgoal to strive for, but organic gardeners everywhere will attest to the fact that it makes gardening more enjoyableand saferthan ever. Youll be much more successful if you emphasize practices that promote garden health and management strategies that rely on nontoxic intervention methods.
         

         So where do you start? Logically enough, at the beginning. Part 1 will set you on the path to creating the kind of garden environment that helps plants stay healthy naturally. Youll also find that the individual plant entries in Part 2 contain lots of helpful growing tips. Read and follow these to avoid many common garden problems.

         While the individual plant, pest, and disease entries in Parts 2 and 3 do list some preventive measures, they are primarily designed to help you decide what to do once youve encountered specific problems in your garden. But keep in mind that preventive measures are the keys to successful organic gardening. To get the most out of this bookand to develop an effective management system for your gardenmake sure youve implemented as many of the preventive methods discussed in Part 1 as possible.

         When you do encounter a problem, then Part 4 will be your resource for making a plan to solve the problem.

         Youll find that this revised edition is an invaluable reference for finding solutions to garden problems, with fully updated information throughout. When you follow a recommendation for controlling a specific insect or disease, always use the least-invasive method available.

         Since some botanical poisons and copper and sulfur sprays are allowed for use (with restrictions) according to the National Organic Program regulations, we have included them in our recommendations throughout this book. (See Organic and Natural on page 3 for more information on the National Organic Program.) Thus, in total, the book includes hundreds of listings of pyrethrins, neem, sulfur, and copper as management options for specific pests or diseases. This does not mean we endorse widespread use of these substances. In your individual garden, you should opt to use one of these sprays or dusts only in exceptional cases.
         

         If you do decide to use a botanical poison or a sulfur or copper product, remember that they can be dangerous to people as well as to plant pests and diseases. Never use them casually or carelessly. Whenever you use commercial products, always read and follow label directions.

         In the big picture, we hope you gain a greater appreciation for just how well plants can keep themselves healthy, given the opportunity. Even in the middle of summer, when pest problems are more severe, bear in mind that the crisis will pass and your plants will get another chance with each new season. Plants have been making use of these second chancesdevising their own self-defense trickssince time began. Learning and using natural pest and disease management strategies gets you involved in these adventures, which are part of the fun and fascination of gardening.
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            PART 1
            
 
            YOUR HEALTHY GARDEN

         
 
         Everything you do in your garden to encourage healthy plant growth helps to prevent pest and disease problems. Its common sensebacked up by scientific researchthat healthy plants are less likely to be attacked by insects or infected by disease. Promoting plant health is an integral part of organic gardening. From the moment you sketch out a planting scheme, prepare a bed for planting, or buy a pack of veggie seeds or a potted perennial, pest prevention should become a part of your gardening practices.

      

      




    
          
         
            Preventing Problems by 
 Promoting Plant Health
            

         
 
         Prevention starts when youre paging through seed and plant catalogs: Look for cultivars that are described as pest tolerant or disease resistant. How and when you plant, how you water and fertilize, and ultimately, even how you clean up your gardens in fall can play a role in keeping plants healthy.
 
         START WITH THE SOIL
 
         Cultivating healthy soil is at the foundation of growing healthy plants. Good soil helps plants nurture themselves. Roots flourish in healthy soil. Theyre able to find and use nutrients as needed, which helps the plant grow strong and resilient.
 
         When grown in poor, compacted soil that is low in nutrients, plants will grow weakly and be stressed by nutrient deficiencies. As a result, theyll be easy targets for insects and diseases. In contrast, soil that is fertile, well drained, and teeming with communities of diverse microbes greatly increases a plants chance at a healthy, productive life. Also, since many pest and disease organisms spend part or all of their lives belowground, having a diverse community of organisms to keep them in check is important.
 
         Healthy soil is an intricate mix of tiny rock particles, organic matter, water, air, microorganisms, and other animals. Living things abound in a robust, organically active soilplant roots, animals, insects, bacteria, fungi, and other organisms. The more organic matter you provide, the livelier the life forms within your soil are likely to be. And, the livelier the soil life becomes, the more heated the competition becomes between beneficial soil microorganisms and plant pathogens.
 
         All-Important Organic Matter
 
         The single most important thing you can do to build soil health is to add organic matter. Over time, adding organic matter improves soil structure, which in turn improves the soils ability to absorb and release both water and air. Obviously, without water plants cannot thrive, but too much water and too little air can also sabotage plant health. When soil becomes saturated, and water pools around plant roots, the roots may lose their ability to take up nutrients. Tiny root hairs may begin rotting away, followed by entire root branches. As organisms that cause root rot flourish, the plant may weaken. Aboveground, the plant may be simultaneously attacked by molds and mildews encouraged by damp conditions. In this way, plants can easily die from too much water.
 
         There is tremendous variation in how much water plants can use, and here the question of natural resistance comes into play. Plants that are naturally adapted to wet conditions are resistant to many of the pathogens present in chronically wet soil; but plants that grow naturally in dry or very well-drained settings are easy prey to those same pathogens.
 
         Local soil conditions have an important bearing on which plants are best for your garden. Soil pH affects the availability of certain nutrients to a plant, affecting its overall vigor, thus directly affecting its ability to maintain good health. Where soil tends to be very acidic, plants that like a low pH, such as blueberries and rhododendrons, will be much happier than plants such as asparagus and clematis, which are adapted to growing in soil that is close to a neutral pH. Although soil pH is easy to manipulate using organic matter, mineral fertilizers, and mulches, its wise to consider the natural pH of your soil when choosing long-lived plants.
         
 
         
            Organic and Natural
 
            When it comes to gardening and farming, what does the word organic mean? And what is natural pest control? The answer depends on who you ask.
            
 
            Organic gardening and farming date back to the late 1800s and early 1900s as scientists began studying the life in the soil and some farmers developed a view of the farm as a living system that required recycling of organic wastes. These growers believed that the use of chemical fertilizers and pesticides (a relatively new innovation in farming at the time) would be harmful to the environment. Organic gardeners also adopted this viewpoint, and J. I. Rodale launched Organic Farming and Gardening magazine in 1942 to promote the organic method.
            
 
            As interest in and demand for organic food increased in the late 20th century, the U.S. government adopted legislation called the Organic Foods Production Act (OFPA) to regulate organic farming. As a result, the USDA created the National Organic Program (NOP), which wrote extensive regulations that include detailed guidelines on which fertilizers and pest and disease control substances are allowed, prohibited, or allowed with restrictions for use by certified organic farmers. A nonprofit organization called the Organic Materials Review Institute (OMRI) reviews applications from manufacturers of pest and disease control products to determine whether a product meets NOP standards. If it does, the manufacturer can include the OMRI logo on the product label to indicate that the product is suitable for use in organic production.
 
            Certified organic farmers must write a detailed business plan that shows how their farm and growing practices conform to the NOP standards, and their farms must be periodically inspected by representatives of certification agencies.
 
            As a home gardener, you dont have to abide by NOP standards, but you may find them helpful in making choices. The standards will help educate you about some of the complex choices to be made when using commercial pest and disease control products. These are also discussed in Part 4 of this book.
 
            At a simpler level, organic gardening is simply a method of gardening that uses our understanding of nature as a guide for growing plants without using synthetic chemical pesticides or synthetic fertilizers. Natural pest and disease control, it follows, is a method of managing pest and disease problems without the use of chemical pesticides and with an understanding that pests and disease are part of a living system that has an innate balance.

         
 
         To help ensure that your soil is healthy and balanced, take the time to learn about its characteristics and fertility levels. If youre concerned that your soil is out of balance, have it tested by the Cooperative Extension Service or by a private laboratory (see listings on page 397). Use the results as a guide to bring your soil into balance by adding lime, compost, or organic soil amendments and fertilizers as needed. Maintain soil balance by growing green manure crops and adding organic matter each season.
         
 
         Making and Using Compost
 
         Adding high-quality compost to your soil is a simple way to build soil quality overall and also to help prevent problems with a variety of soil-dwelling pests. By improving the structure, moisture-holding capacity, and nutrient content of the soil, compost encourages healthy, balanced populations of soil organisms.
 
         Compost piles are like end-of-the-week soupthey contain a little bit of everything. This also applies to the organisms that inhabit the compost community. Rarely is any one species or group predominant, because the type and number of organisms present change as materials decompose.
 
         The microbial organisms, insects, spiders, earthworms, and related decomposers tend to work together to produce finished compost. Along the way, however, friends quickly become foes and food for one another. In addition, researchers have discovered that many beneficial microorganisms can outcompete pathogenic fungi. Still other microorganisms may produce toxic substances that inhibit or kill the pathogens surrounding them. In a successful compost pile, the resulting compost contains a balance of organisms, large and small, beneficial and pathogenic, so that no one organism occurs in sufficient quantities to cause damage.
 
         This dynamic interplay among soil microbes is a fascinating area of ongoing research, and the more that is learned, the more evident it becomes that a biologically diverse soil is the best prescription for healthy plants. Some commercial biocontrol products contain beneficial microbes, and growers can help prevent diseases such as damping-off by applying these products to the soil.
 
         Foliar sprays made by soaking mature compost in water (sometimes with extra aeration involved) promote plant health by introducing a broad range of beneficial microorganisms to leaf surfaces when applied as a spray, and to the soil when applied as a drench. And compost tea can act as a natural fungicide against the early stages of leaf blights, powdery mildew, and similar diseases by introducing competitive, beneficial microorganisms to infected plants.
 
         Sources of Compost
 
         Compost is available for sale in bags or bulk at most garden centers. Many municipalities make compost and offer it to residents for free or for a low fee. You may find a commercial producer of compost in your area who will deliver it in bulk to your garden. Ask fellow gardeners or a knowledgeable nursery owner for sources of high-quality compost in your local area.
 
         Although it can be hard to make enough compost to satisfy all your gardening needs, its a great idea to make compost on-site in your garden, both for convenience and economy. Youll find its easy to make a simple compost pile, even if youre new to gardening. You can find directions for making compost from a wide variety of sources, including many books on organic gardening or the Organic Gardening magazine Web site (www.organicgardening.com).
         
 
          
         Applying Compost
 
         Whether you buy it or make your own, make a habit of adding compost to your soil often. Heres how.
 
              
            	Before planting, incorporate compost into the top inch or two of your veggie garden beds and places where you grow annual flowers.
     
            	Use compost as mulch or a side-dressing in all your garden beds during the garden season.
     
            	Spread compost as a mulch over the root zone area of established trees and shrubs.
     
            	Spread a - to -inch layer of fine compost over your lawn after aerating it.
 
         
 
         Making Hot Compost
 
         If youve already got a compost pile, chances are youre producing good-quality compost, whether you turn and tend it frequently or leave it alone to allow slow decomposition of materials. An advanced step in home composting that can add to your overall efforts to prevent pest and disease problems is to create a hot compost pile, one where the microbial populations expand so fast and furiously that they generate enough heat to kill many pathogens and pests.
 
         As microbial activity increases, temperatures inside a compost pile increase until decomposition is complete. A pile is hottest at its center. Your goal should be to maintain the central pile temperature at between 130˚F and 140˚F for about a week. It may take a few days for temperatures to reach this range, and temperatures may exceed 140˚F at times. If it rises above 150˚F, you can add more carbon-rich materials to cool it down.
 
         Follow these steps to create a hot compost pile.
 
              
            	Collect materials. Good raw materials for compost include garden wastes, grass clippings, kitchen scraps, newspapers, and sawdust. Avoid meat scraps and oils, both of which will attract foraging animals and will slow decomposition. Save the materials in a separate pile outdoors, or combine them indoors in a 5-gallon bucket with a tight-fitting lid; sprinkle sawdust or other absorbent material between layers of kitchen waste to control odors. Manure is a good material for starting a hot compost pile, but you must be sure that you know how to handle manure safely. Obtain it from a local organic farm if possible. Dont use manure from dogs, cats, or household petsit can carry organisms that cause disease in humans. Wear gloves when youre working with manure and wash your hands and clothes thoroughly afterward. Dont leave manure piles sitting in spots where water will run off after rainfall.
            
     
            	Shred or chop large pieces. Shredding or chopping woody pruning debris, tree bark, and newspapers creates more surface area, which allows greater access by decomposer organisms.
            
     
            	Combine the materials. When youve collected enough wastes to fill a space measuring approximately 4 feet on each side, begin combining the materials. Your goal is to create a ratio of approximately 30 parts carbonaceous materials (dry, yellow or brown, plant-based) to 1 part nitrogenous materials (wet, green, or animal-based). This is achieved with roughly equal volumes of dry materials such as leaves, straw, sawdust, or paper, and wet materials, such as fresh grass clippings or manure.
            
     
            	Add a compost starter. While you build the pile, add several shovelfuls of soil or finished compostthis serves to inoculate the pile with decomposer organisms naturally present in the soil. If no healthy soil or compost is available, a commercial compost starter can supply the necessary microorganisms. Keep the mixture damp but not soggy, sprinkling materials with water, as necessary. When finished, cover the pile to maintain the proper moisture level.
            
     
            	Turn the pile. Every few days, turn the pile with a garden fork, fluffing the materials as you go. If the pile seems dry, sprinkle with a little more water. Turning the pile works oxygen into the mix, which hastens decomposition. As microbial activity increases, the temperature will rise. Use a soil or compost thermometer to monitor your composts progress. Frequent turning helps maintain the proper temperature. Hot compost can reach 170F, but try to keep your pile below 150F. Higher temperatures tend to kill the organisms important for continuing decomposition, while lower temperatures allow insect pests and disease organisms to survive the composting process.
            
 
         
 
         Youll know your compost is finished when the temperature returns to normal and original ingredients are no longer recognizable. This can take as little as 2 weeks, if you turn the pile regularly and if adequate nitrogen is supplied. Hot composting is necessary to kill pests, and only does so when the pile is actively heating. If your piles are built slowly and remain on the cool to warm side, refrain from adding pest-ridden garden wastes, since temperatures wont be high enough to control the pests and the resulting compost might reintroduce pests and diseases to your garden.
 
         Compost Tea
 
         Old-fashioned compost tea is easy to make, and it offers lots of benefits for your garden. Some gardeners take the extra step of making aerated compost tea. And some landscape maintenance companies that have converted to organic methods brew aerated compost tea by the tankful for applying to athletic fields or large lawns. Before you begin making and using compost tea, however, be sure to educate yourself about proper brewing methods. Some studies show that compost tea brewed from compost with other added substances, such as molasses or humic acids, have the potential to contain Escherichia coli bacteria, which could be harmful to human health.
         
 
         To make a traditional compost tea, also called compost extract, place 5 gallons of well-aged compost and 5 gallons of water in a small trash can or barrel. Put it in a place with steady temperature away from cold or heat. Stir it daily for at least 5 days. Filter the mixture through a screen or cloth, such as burlap or cheesecloth, and return the trapped solids to the compost pile or the garden. Apply the tea immediately to your garden. If the tea is bubbling or producing an unpleasant odor, do not use it.
 
         You can also make or purchase aerated compost teas, which have air continuously bubbled through as they brew, to maintain aerobic conditions. Aerated teas are reputed to have even greater beneficial effects than regular compost tea. Garden suppliers offer brewing kits for making compost tea; follow the directions precisely and keep the container covered while the tea is brewing.
 
         Apply aerated compost tea as a soil drench or as a foliar spray for ornamentals or lawns. For food crops, as a rule of thumb, allow at least 3 months between applying tea and harvesting tree fruits or other food crops that dont come in contact with soil; 4 months for crops that do contact soil (potatoes, beets, and other root crops). Do not spray leafy greens (kale, etc) or salad greens with compost tea.
         
 
         Grow Cover Crops
 
         Planting a cover crop is an excellent way to promote soil and plant health. A cover crop is one grown specifically to benefit the soil. Youll let the crop grow, then cut it and allow all the foliage and roots to be digested by earthworms and soil microorganisms. Buckwheat, white clover, and oats are three common cover crops that are easy for home gardeners to work with, but there are many other choices too.
 
         Sowing a cover crop is simple. Start with an area prepared as you would for sowing vegetables or annual flowers. If possible, sow the seed just before its supposed to rain. Use a small hand-operated seeder or broadcast the seed by hand. Check with seed suppliers for the proper sowing rate for the crop youre planting.
 
         If youre sowing less than 1 pound of seed per 1,000 square feet, combine the seed with sand or finely screened soil first.
 
         After you sow the seed, tamp the soil with the back of a rake or walk gently across the soil surface. Cover the area with (weed-free) grass clippings if you can, to help retain some surface moisture. The seed should come up well on its own after rain (if the rain doesnt materialize, set up a sprinkler to provide the necessary moisture).
 
         
            Plant Health Tonics
 
            Like compost tea, applying seaweed sprays and kelp meal can help make plants more pest resistant by improving their overall health. Often described as growth enhancers, these products provide an extensive menu of nutrients such as iron and boron that plants need, in very small amounts, for proper growth and development. Plants can absorb these micronutrients through their leaves. Those products made with seaweed or kelp can also be categorized as growth regulators, since they contain amino acids and enzymes that promote stronger growth and increase plant yields.
 
            If you know from experience that certain plants will face challenges from insects and diseases, you can apply seaweed spray to strengthen those plants and make them better able to defend themselves. Using seaweed spray, however, is not a substitute for good soil or nutrients taken up by plant roots.
 
            If you have access to fresh seaweed, rinse it to remove the salt, then apply it to the garden as a mulch, or compost it.
 
            Gardeners who dont have access to fresh seaweed can buy liquid seaweed extract. Before spraying it on your plants, dilute this concentrated product according to the directions on the label. Spray plants every 2 to 4 weeks, depending on the label directions. Remember: A little is good for your plants, but too much can be toxic, so dont be tempted to spray more frequently or use stronger solutions. Dried seaweed, sold as kelp meal, is a good long-term soil conditioner; apply 1 to 2 pounds per 100 square feet of soil.

         
 
         Once the crop reaches the right stage of growthjust before flowering, in many casesuse a string trimmer, lawnmower, or other tool to cut the crop to ground level. You can let the cut crop break down in place, or you can lightly turn it into the top few inches of soil. In general, allow 3 to 4 weeks after cutting before you plant something new in the enriched bed.
         
 
         Soil Tillage
 
         Its not surprising that some pests raise their families in garden soil. When the larvae hatch from eggs or adults emerge from pupal cases, theyre already seated at the dinner table. Sometimes, digging or tilling to expose these pests to heat and predators can break their life cycle and prevent problems. However, tilling can also be harmful to beneficial soil organisms.
 
         Tilling or digging the soil is a traditional practice for combating soil-dwelling pests, but its important to weigh the pros and cons before you act. The scale of disruption and, therefore, the level of pest control, depends on how deeply you work the soil and the equipment you use. Rotary tilling is the most destructive method. Using hand tools creates much less disturbance.
 
         Tillage Tips
 
         If you decide to till your soil, choose a day when the soil is fairly dry and crumbly. Maintaining soil structure is more important than tilling for pest control, so dont cultivate when the soil is too wet or too dry. Working the soil at these times can have disastrous effects on soil structure. When you till will depend on your local climate. If your area has lots of wet, overcast weather in fall, put off tilling until spring.
 
         Review the following tilling tips and heed those that will help control pests that have been a problem in your garden.
 
              
            	Before planting, till to control weeds that may harbor armyworms, cutworms, and tarnished plant bugs, and to disturb corn root aphids.
     
            	Leave a tilled, dry strip of soil around your garden to discourage entry by slugs and snails.
     
            	After harvest, till to control pea weevils, root maggots, and tomato hornworms and pinworms. Fall cultivation also destroys plant debris that can shelter overwintering European corn borers, flea beetles, squash bugs, and other pests.
 
         
 
         As tillage decreases, most soil organisms, including insect pests, are favored. Organic matter and nutrients become concentrated at a shallow depth, providing more food and cover. Animal life cycles remain undisturbed. Pests of seedlings tend to increase in numbers, as do slugs and snails, but populations of natural enemies, such as predaceous ground beetles and spiders, increase as well.
 
         CHOOSE PLANTS THAT FIGHT BACK
 
         Some plants are naturally prone to diseases; others are like sparkling beacons to hungry insects. You can eliminate many problems in your garden by avoiding pest- or disease-prone plants. Instead, fill your property with dependable plants that can fend for themselves. In any climate, there are hundreds to choose from. With a solid collection of easy-to-grow plants in place, you can limit your pest-control activities to plants you consider indispensable. Tomatoes are prone to pest problems, but most gardeners agree that vine-ripened tomatoes are well worth the time and trouble it takes to create ideal soil conditions, research the best varieties, and patrol the tomato plot regularly for insect and disease activity.
 
         Many diseases and even insects can be controlled by growing resistant or tolerant cultivars or species. By emphasizing disease resistance in your choice of cultivars, you can completely avoid some common pest problems. For example, some newer cultivars of shell pea, including Maestro, are resistant to mosaic virus as well as powdery mildew and Fusarium wilt. Similarly, Slicemaster cucumber resists both downy mildew and powdery mildew, plus leaf spot, anthracnose, and mosaic virus.
         
 
         For almost any popular type of landscape or food plant you can think of, plant breeders have developed select varieties that show resistance to damage caused by insects, diseases, and nematodes. Choosing resistant species and cultivars is a basic strategy for limiting pest problems. For example, instead of growing disease-prone hybrid tea roses, you can select from among the easier-to-satisfy cultivars of shrub roses, which require little care beyond occasional pruning. Keep in mind that, in general, plants native to your area may have more natural pest resistance than exotic species.
 
         Disease resistance also varies among species within the same genus. Dogwood is a good example of this variability. Flowering dogwood (Cornus florida) is a favorite landscape tree in many areas, but its highly subject to dogwood anthracnose and a syndrome known as dogwood decline, which causes foliage to turn yellow and become sparse. Branches may die and the trees become stunted. Kousa dogwood (C. kousa) suffers little from either of these problems. Whenever possible, get information (from extension agents, local nurseries, or fellow gardeners) about common pest and disease problems that occur in your area; use this knowledge to select plants that resist such problems.
         
 
         Fit Plant to Place
 
         Youll find many suggestions for disease- and insect-resistant cultivars throughout Part 2, beginning on page 23. Remember, though, even when you choose resistant plants, proper site selection and preparation are essential. For example, when azaleas or rhododendrons are grown in partial shade and acidic soil and are kept continuously mulched, they are more pest-resistant than when grown in full sun surrounded by moisture-grabbing grass. Take time to learn about the light, soil, and other site requirements of plants, especially nonnative plants, and try to find the best match of plant and site on your property.
 
         Host Plant Resistance
 
         Some plants have true resistance, which means they have an active physiological or mechanical means of fending off pests. Plants with physiological resistance produce antibiotics or other toxic compounds to inhibit pests. Plants with mechanical resistance have physical features that make pest attack difficult. Their defense may be a thick outer coating that resists penetration by a disease organism or a coat of long and stiff hairs that deters insect feeding. For example, shell beans and peas that have tough pods are more difficult for curculios to penetrate; corn that produces a husk that reaches past the tip of the ear is less likely to be bothered by corn earworms and birds.
         
 
         Plants with apparent resistance can withstand attack by pests by growing rapidly, maturing early, or being very vigorous. Others are merely tolerant of invasionthey continue growing even when besieged by the enemy, as long as other conditions remain favorable. Some tolerate more damage than others. These types of disease-resistant plants may eventually show symptoms of the disease, but much later than susceptible crops will. For example, even when Straight Eight cucumber (susceptible) develops downy mildew symptoms, a resistant variety such as Poinsett 76 growing nearby may not show any symptoms until several weeks later.
         
 
          
         
            Grafting to Sidestep Disease
 
            Developing resistant cultivars can be a lengthy process, but one shortcut that some commercial tomato growers are using is grafting tomato transplants onto resistant rootstocks, just as is done with many fruit trees. The growers choose a rootstock that is resistant or tolerant of soilborne pathogens and nematodes. Onto that rootstock, they graft a susceptible tomato variety that has other desirable traits. For example, this technique is being used to produce good crops of heirloom tomatoes that are susceptible to Fusarium wilt, southern blight, and root-knot nematodes.
 
            The grafted plants require pampering until the graft takes hold (growers use special healing chambers for this purpose). If you want to try grafting tomatoes, be sure you clean your work area and tools with alcohol before starting. Keep the grafted plants in a warm, humid place without light for the first several days, then gradually introduce light. If possible, move the plants into a greenhouse, and then transplant them to your garden. Be sure to keep the graft union above the soil line.

         
 
         Resistance in the Garden
 
         To maximize the benefit that pest and disease resistance can offer, keep these points in mind.
 
              
            	When skimming through seed catalogs, select cultivars with resistance to the pests common in your garden. Seed suppliers indicate a cultivars resistant characteristics with a series of abbreviated codes. Look for a key to the codes in each catalog for help in deciphering listings.
     
            	When saving seed from your garden plants, collect seed only from the healthiest and most vigorous specimens. Select plants that seemed to naturally resist or tolerate pest attack, and those that were unattractive to your key pests.
     
            	Keep records of the cultivars that were most successful in your garden. In subsequent seasons, include the same cultivars in your rotation for as long as they remain trouble free.
     
            	Try new cultivars. Just as plants are constantly changing, so are the pests. Plants that were formerly resistant may become vulnerable to pests that have adapted in order to feed on them.
     
            	Sample heirloom cultivars for resistance. Heirloom plants that have been carefully selected and cultivated for many generations also may contain high levels of pest resistance. Some heirloom tomato cultivars, for example, have been screened and selected by gardeners for such a long time that they are naturally resistant to diseases such as Verticillium and Fusarium wilts.
     
            	Check with your local Cooperative Extension office for cultivar recommendations. Resistance for particular plants works better in some locations than in others. 
 
         
 
         PLANT SMART TO PREVENT PROBLEMS 
 
         When you plant and how you plant can actually help prevent pest and disease problems. For example, you can avoid certain pest problems by planting when the pest isnt around. Some pests, such as carrot rust flies, lay eggs only at a certain time in spring. By delaying planting, you reduce the chance that your crop will be infested by that pest.
         
 
         Changing the planting site of crops from one year to the next in your vegetable gardena technique known as crop rotationcan prevent pest populations from building up by denying them a food source from season to season. When practiced thoughtfully, crop rotation can help keep the populations of certain pests and diseases from reaching damaging thresholds. Possibilities include onion and cabbage root maggots, black rot of broccoli, and some diseases caused by soilborne bacteria.
 
         Companion plantingplanting two or more types of plants in close proximityis a popular gardening technique that can reduce pest problems in a variety of ways. Some good companion plants, such as dill, fennel, and Queen Annes lace, will attract beneficial insects. Other types of companion plants repel pests or confuse and confound insects or disease organisms in search of their preferred host plants.
 
         
            Buying Healthy Plants
 
            Sometimes you just wont manage to find a resistant variety for a plant or crop you want to grow. In that case, starting out with healthy plants is especially critical. But even when you are buying resistant varieties, always inspect potential purchases at nurseries and garden centers to make sure theyre healthy. Otherwise, youll be planting problems along with your new plants.
 
                 
               	Look for a sales display where the plants are well cared for. Plants left out on hot, sunny sidewalks where they end up wilting frequently, are never a bargain, no matter how cheap.
     
               	Look at the entire group of plants being offered for sale. If some of the plants seem to be in poor health, shop somewhere else. Those that look healthy today may be diseased tomorrow.
     
               	Shop early in the season, when selection is good and plants are young.
     
               	Examine the roots. Gently shake a plant out of its container. Roots should be plentiful, but not wrapped into a tight spiral. With bareroot plants, look for fungi, lesions, and broken tissue; prune them off before planting.
     
               	Consider plant color. Pale overall color indicates a need for nutrients, which is easy to correct. However, distinct yellow streaks or brown leaf spots often are symptoms of disease.
     
               	Buy perennials, trees, and deciduous shrubs when they are dormant or just beginning to bud out. Leaf emergence above ground is accompanied by rapid root growth below. Get plants situated before this growth spurt occurs.
     
               	If bedding plants are already in flower, pinch off the blossoms when you set them out. Pinching will help direct the plants energy into growing roots, so it will be better able to support more flowers and fruit later in the season.
 
            

         
 
         Pay Attention to Timing
 
         Adjusting the time that you plant or harvest a crop can be very effective in helping to prevent problems. Simply by planting (or harvesting) a crop earlier or later than usual, you can avoid the most damaging life stages of some common pests.
         
 
         In earlier times, local gardeners passed on information from one generation to the next about which crops would benefit from timed planting. Nowadays, you can often find recommendations about timing of planting from your local extension agent or online. If youre gardening in a new area, or if you havent tried timing your growing schedule before, try the approaches described below.
 
         Planting by Degree Days
 
         To a large extent, temperature regulates pest development. Scientists use units of measurement called degree days to track heat accumulation over time and predict the local appearance of various pests. The degree day formula assigns a value to each days maximum and minimum temperature and compares that valuethe degree day or heat unitto the temperature at which a particular pest begins to develop. Units accumulate daily, starting from a known or readily determined point in the pests life cycle. If the pest is a caterpillar, for example, degree day units might be calculated from the first day its adult stage (moth) appears.
 
         Using this formula, entomologists predict when each pest will emerge from hibernation and begin laying eggs on your plants. If temperatures are lower than normal, degree days accumulate more slowly and pests develop later. If temperatures are higher than normal, pests develop more quickly and you can expect to see them earlier than usual. Your Cooperative Extension office or state forest department may be able to provide you with local pest emergence predictions for some pests. Use such information to schedule planting, harvesting, and preventive treatments.
 
         Phenological Signals
 
         Another way to tell time in the garden is by keeping track of local plant signals. Some gardeners can predict when a certain pest will emerge by watching the growth of flowering trees and shrubs and relating their development to that of the pest. This study of the timing of biological events and their relationship to one another is known as phenology. For example, you may observe that flea beetles appear when local lilacs begin to bloom. If you study and record these relationships over time, you may be able to use your observations to time plantings of crops to avoid pest attack.
 
         Pheromone traps that mimic pests own signals are useful tools for monitoring insect appearances. They can help you determine when the first pests arrive and when the population dwindles. The directions supplied with specific commercial traps explain how to interpret the population fluctuations. See Pheromone Traps on page 361 for details on using these traps.
 
         Experiment for Success
 
         To time planting dates accurately, begin collecting your own garden notes. Each season, review your notes to detect patterns, then adjust your garden schedule accordingly. Keep track of the first date on which a particular pest appears, the coinciding botanical signals, and the last date you see it. It also helps to note the relative abundance of a pest, and which life stage of the pest you saw on a particular date.
 
         Experiment with successive plantings. Try several sowings of carrots, for example, to see which planting date is most effective for avoiding carrot rust fly infestation. Many gardeners find that delayed planting works best to control this pest. Growers of sweet corn often find that corn planted early escapes attack by corn earworms or European corn borers.
         
 
         When arranging your planting and harvesting schedule, include cultivars thatmature earlier or later than your usual crop selections. Pests arrive to find their favorite plant hosts have already been harvested or are not mature enough to produce the fruit on which they feed. Either way, damage to your garden is reduced or eliminated and pest populations dwindle in the absence of the appropriate hosts.
 
         In areas where nematodes are common in the soil, plant susceptible crops extra early or extra late to take advantage of lower soil temperatures. Most nematodes cant penetrate plant roots when soil temperatures are below 64F.
 
         Here are some other examples of crops and pests for which timed planting is effective.
 
              
            	Peas. Cool, wet weather conditions encourage the development of many fungal diseases. In areas with cool, wet fall weather, plant peas only in spring. And if damping-off and root rot trouble your springtime seedlings, delay next springs planting by a few weeks.
            
     
            	Tomatoes. If your plants tend to succumb to late blight near the end of the season, choose cultivars that mature early.
            
     
            	Cabbage family crops. In the North, plant radishes, broccoli, and other cabbage family crops early, to avoid cabbage maggot damage to roots. If cabbage maggots persist, grow these crops for fall harvest to avoid the pest.
            
     
            	Onions. Plant them early to reduce damage caused by onion maggots. The first generation of adult flies usually appears as dandelions begin blooming. Onions that are already nearing maturity when pests arrive have greater resistance to injury than tiny seedlings do.
            
 
         
 
         
            The Transplant Solution
 
            Sometimes, avoiding problems can be as simple as planting transplants instead of seeds. Seedlings that have just sprouted are particularly susceptible to attack by pests. So by growing plants indoors in a pest-free environment for the first several weeks of life (or by purchasing transplants), you can sidestep potentially lethal attacks by pests such as striped cucumber beetles, slugs, and earwigs. These pests may still feed on transplants, but theyre less likely to do serious harm, and youre more likely to be able to spot and take action against the pests when theyre feeding on larger plants.
 
            One instance when transplanting is not the best choice is when volunteer seedlings turn up in your vegetable garden. For example, you may discover potatoes sprouting where you grew potatoes last year and missed a tuber while harvesting. And tomato seedlings tend to pop up in former tomato beds where fruits fell to the ground and left seeds in place.
 
            These volunteer plants may carry diseases that could spread to the rest of your crop, so dont transplant them. Instead, uproot and dispose of them.

         
 
         Companion Planting
 
         The theory of companion planting is that growing a diverse group of plants side-by-side will help reduce the pest problems of one or more of the plants. Mixed planting mimics a natural ecosystem. Your garden is like a miniature forest in which hundreds of organisms interact among the trees, usually out of sight. While plants remain stationary, insects and microbial organisms are moving in and out of the forest daily. By planting a diversity of crops in your garden forest, you can tip the scale in favor of vigorous growth and minimum damage by selectively attracting certain organisms and repelling others.
         
 
         Repellent Crops
 
         Some plants make good companions because of the company they discourage. While these relationships remain more a part of gardening folklore than scientific fact, many gardeners are convinced of their usefulness. Both catnip and tansy, for example, reportedly repel green peach aphids and squash bugs from susceptible garden crops. Wormwood (Artemisia absinthium), southernwood (A. abrotanum), and tomatoes are said to repel flea beetles from cabbage family plants. Plant radishes amid hills of cucumbers and squash to repel cucumber beetles, and thereby limit the diseases spread by these pests.
         
 
         Good Neighbors
 
         Certain plant combinations succeed because of differences in nutritional needs, space requirements, or harvest times. These associations may not directly retard pest damage, but they do promote plant health.
 
         Interplanting certain crops fills precious garden space efficiently without creating competition for light or nutrients. Corn and lettuce, for example, have different nutritional needs, rooting patterns, and pests. Lettuce fills the empty space between corn plants and is protected from the full glare of the summer sun by the towering corn stalks.
 
         Other plants harmonize because they mature at different times. Radish and carrot seeds are often sown together; the larger radish seeds mark the row as you plant, and the quick-emerging radish seedlings hold the soil against rain for the slowergrowing carrots. Youll harvest the radishes long before the carrots need the space to fatten.
 
         Legumes such as alfalfa, clover, and vetch work with beneficial bacteria to convert atmospheric nitrogen gas into a form usable by plants, some of which is available to plants grown around them or after they are harvested. While often viewed as a weed in lawns, white clover actually helps supply nitrogen to the grass around it.
 
         Still other plants seem to enhance the growth of plants growing near them. Basil is popular among gardeners who practice companion plantingthey say that everything planted near it grows vigorously.
 
         Patterns to Avoid
 
         On the other hand, some crop combinations should be avoided in the interest of preventing pests. Crops that are closely related attract the same pests, and you may wish to separate them in your beds.
 
         Some plants are allelopathic, which means they inhibit the growth of plants growing nearby. Their roots secrete substances that are toxic to a wide range of other plants. For example, a shallow-plowed cover crop of rye will inhibit the germination of small-seeded plants and weeds. Yellow and giant foxtail, nutsedge, quackgrass, sunflowers, and walnut trees all have allelopathic properties. Keep these relationships in mind if youre puzzling over a mysterious plant disorder that seems to be caused by invisible pests. The pest may actually be the large walnut tree growing nearby, or even a walnut tree that used to grow nearby. Tomatoes in particular are sensitive to the toxins that walnut roots secrete, and those toxins can persist in the soil long after the tree roots have died.
         
 
         Crop Rotation
 
         The theory of crop rotation is simple. Disease organisms, such as the fungi that cause leaf spot of cabbage, attack and grow in a crop during the growing season. During the winter, the fungi may overwinter as spores in the soil or in plant litter. The following year, they reinfest a new planting. So if you plant cabbage or its relatives in the same spot year after year, the pathogens can continue to build their populations and leaf spot will become an increasingly serious problem. However, if you plant cabbage in a bed one year, corn there the next, onions the third year, and beans the fourth year, many of the leaf spot fungi will die off due to the lack of food. When you plant cabbage there again, youll have little problem with leaf spot.
 
         If you have a small food garden, crop rotation may not be an option for you. If not, dont despair. Promoting plant health by amending your soil regularly with organic matter, keeping the soil covered, and making sure your plants dont suffer from water deprivation or other stresses should help you avoid most disease problems with most of your plants. If you have a large garden, though, initiating a crop rotation plan from the time you first establish the garden will help minimize problems with soilborne pathogens.
 
         Fortunately, rotation generally isnt necessary for long-lived plants such as trees and shrubs, because they have developed their own pest-control strategies that enable them to live long, trouble-free lives. (Unless, of course, you lose a tree to a soilborne disease such as Verticillium wilt, in which case you should take care not to replace it with another susceptible species.) Below ground, trees and shrubs release substances into the soil that act as natural pesticides to soilborne fungi and bacteria. Aboveground, their tough, woody stems help resist bruising and insect attacks. When leaves are lost to disease, a shrub or tree has the ability to produce new leaves several times. When leaf-eating insects dine on tree leaves, the tree may respond by pumping more tannic acid into the leaves that remain, thus deterring further feeding.
 
         Planning a Crop Rotation
 
         In order to plan a rotation, you need some working knowledge of how botanical names of plants indicate relationships. All plants have a two-part botanical name, consisting of a genus name and a species name. For example, the botanical name of cucumber is Cucumis sativus. Cucumis is the genus name, sativus is the species epithet. Together these make up the species name, Cucumis sativus.
         
 
         A genus is a group of fairly closely related organisms; a species is an individual organism in the group. Many disease organisms can attack more than one member of a genus. Following through with our example, muskmelons, Cucumis melo, belong to the same genus as cucumbers and are subject to many of the same pest problems.
         
 
         Some pests attack an even broader spectrum of plants. Plant families are larger groupings of plants that contain several genera. Cucumbers and melons belong to the family Cucurbitaceae. This family also includes summer squash and winter squash, which belong to the genus Cucurbita. Its important to know and understand these relationships, because one of the basic principles in planning a crop rotation is to plant crops from different families in sequence in a particular location to prevent the buildup of pest populations in the soil.
         
 
         Planning a rotation becomes more complex as the number of crops you wish to grow increases. Here are some guidelines to keep in mind as you plan what to plant where, from year to year.
         
 
              
            	Alternate crops in as many ways as possible. Grouping by families isnt the only choice. Alternately, you could choose to arrange your crops by the amount of space they require, by growth habit (root crops or vining crops), or by some other criterion.
     
            	Leave as much time as you can spare between related crops. Placing related crops 3 to 6 years apart in a rotation is important to effectively break disease and insect cycles.
     
            	Include soil-improving crops. Leave room for cover crops such as buckwheat, rye, or oats. With a little more space, you can grow clover or alfalfa, which remains in place for more than 1 year, enriching the soil and attracting beneficial insects. Sod crops, such as lawns, cover crops, or even weeds that are intact for several years, however, may harbor soil pests such as grubs or wireworms, which can damage root crops. Avoid crops such as potatoes and onions the first year after sod is plowed under.
     
            	Grow legumes before grains. Nitrogen-fixing crops, including alfalfa, clover, beans, and peas, will boost the growth of most succeeding crops.
     
            	Onions, lettuce, and squash seem to benefit any planting that follows them. By contrast, some crops grow poorly when planted after carrots, beets, and members of the cabbage family.
     
            	Plant heavy-feeding crops such as corn, tomatoes, and cabbage the season before light feeders such as root vegetables, bulb crops, and herbs. Plant a soil-building crop in the third season.
     
            	Make efficient use of garden space by planting overwintering annuals such as spinach, parsnips, and garlic after crops that are harvested in late summer.
     
            	Although perennials such as asparagus and rhubarb remain in the same place each year, rotate the cover crops that surround them, or rotate different kinds of mulch.
     
            	If you find it impossible to rotate crops, at least rotate cultivars.
     
            	Certain soilborne diseases attack a broad spectrum of crops, and a more complex rotation is necessary to prevent infection. For example, the bacterium Pseudomonas marginalis can cause rots of lettuce, beans, cucumbers, and potatoes. If your garden is home to this disease organism, you may have to make it the sole focus of your rotation. Separate the susceptible crops by as much time as possible within your rotation.
            
     
            	Be prepared to change your plans if this years problems threaten crops planned for next seasons rotation.
     
            	Record your successes and failures, and review the list each time you plan a crop rotation.
 
         
 
         GIVE GOOD CARE ALL SEASON LONG
 
         Once you have planted your garden, the quality of care you provide throughout the season is important in keeping the garden healthy. Watering, fertilizing, weeding, and mowing are routine garden tasks, but taking a thoughtful approach to them will pay off in time saved dealing with pest and disease problems that develop if plants are neglected and stressed.
 
         Water Wisely
 
         Almost every garden needs watering now and then to keep plants growing strong. Plan ahead to be sure you have a watering system in place, whether its a watering can for a small garden, or a set of soaker hoses laid under mulch for watering large beds and borders.
         
 
         Keep in mind that water plays a key role in the development of bacterial and fungal diseases. Many soilborne fungal diseases become a problem in soils that are too wet. The fungi thrive in waterlogged conditions. And saturated conditions can actually damage plant roots, which leaves them more susceptible to infection. If you have wet soils, put in a drainage system, dig ditches to carry away excess water, or plant in raised beds to reduce problems with soilborne diseases, such as root rots and damping-off. Avoid overwatering, and when you do water, keep excess water from flooding around the trunks of woody plants.
 
         How you water can be as important as how much you water. One advantage of drip irrigation over sprinklers is that it doesnt wet foliage. Thus, relative humidity is lower and fungal spores are less apt to germinate because there is no water on the leaves. There is also no splashing water to spread fungi and bacteria within or between plants. If you do water your plants by sprinkling, water early in the day, when the warming sun will dry the leaves quickly. (Leaves also dry quickly with afternoon watering, but much water may be wasted through evaporation.)
 
         Most fungi and bacteria that attack the branches, fruit, and flowers of plants thrive in high humidity. Except for plants that need humid conditions, grow your outdoor plants where gentle breezes rapidly dry leaves and remove humid air hovering near them. Inside your home, especially in winter, the air is too dry for most aboveground diseases to develop. However, a home greenhouse can have the humid conditions that set the stage for such diseases as Botrytis on greenhouse geraniums. Use fans and vents to moderate humidity levels in greenhouses.
 
         Help Air Circulate
 
         Good air circulation will go a long way in discouraging disease development. Overcrowded plants do not dry rapidly after rain or watering, and the resulting high humidity can encourage disease. Dont sow seeds too densely, and thin emerged plants to an adequate spacing. Thin some stems from large clumps of multistemmed perennials, such as phlox and bee balm, to allow more air to flow through the plants.
 
         Keep After the Weeds
 
         Its easy to understand that weeds compete with our plants for nutrients and water, so therefore your garden will be healthier if weed competition is low. Whenever possible, deal with weeds when theyre young. Its much faster and easier to use a hula hoe or a hand weeding tool to gently work the soil surface and kill weed seedlings than to dig or yank out large weeds. Plus, weeds can be hosts to insect pests and disease organisms, and dense weed growth can cause the air to stagnate around your plants. Thats setting the stage for disease development. When possible, remove nearby wild or abandoned plants known to be susceptible to viruses that also attack your plants. Ragweed, nightshade, and milkweed, for example, are hosts of cucumber mosaic virus.
 
         Mow High
 
         Just as good pruning practices help maintain the health of trees, shrubs, and other garden plants, good mowing techniques encourage a healthy lawn. Mowing to the proper height and mowing less frequently when plants are stressed will help prevent a broad range of pest problems.
 
         Each time you mow, a freshly cut surface is available for pathogens to colonize. Repeated short mowing, under stressful conditions, makes plants smaller and fewer and allows weeds to easily move in. When plants are stressed by heat and drought in midsummer, its best to raise the height of the blade and mow less frequently.
         
 
         Proper mowing height is the top priority for controlling lawn pest problems without pesticides. To control lawn diseases, adjust the height of your mower as high as possible and mow infrequently. Prostrate, low-growing grasses do well at a height of to 1 inch; fescues and ryegrasses should be maintained at 1 to 3 inches.
 
         Feed Judiciously
 
         Although rich, well-fed soil is all many plants need to keep them growing vigorously, fertilizing them at the proper time is also beneficial and will help enhance their natural resistance to pests.
 
         As a general rule, make sure annual vegetable and flower crops are well fed when they are young, and then give them a modest booster feeding when flowering and reproduction commences. Fertilize perennial vegetable and flower crops, along with trees and shrubs, during the first third of their active growth, which is just as they begin growing in spring. You can also fertilize during the second third of the plants growing season, but not during the last third. Late fertilization can stress the plants by encouraging tender new growth that may be winterkilled. When you apply fertilizer, always keep in mind that more isnt necessarily better. Overfertilizing leads to rank, spindly growth and can even worsen problems with aphids and some other pests.
 
         
            Handle with Care
 
            One of the best ways to keep plants healthy and happy is to treat them with care. Bruised or torn leaves, damaged stems, and other plant wounds not only cause unnecessary stress that can weaken plantswounds are also an open invitation to pests and disease organisms, which find it easy to enter plants through damaged tissue. Keep this in mind whenever youre in your garden, and avoid handling plants whenever possible. Whenever you do need to work in your gardeneven when you walk down the rows between plantstouch the plants gently to keep damage to a minimum.
 
            Never work around plants when theyre wet. Many disease organisms (and some pests, too) travel easily on the film of water that covers foliage on damp days. When you work among wet plants, youre likely not only to help spread disease organisms, but also to provide them with easy access to your plants via bruised leaves. Tugging on plants when you harvest fruit or pick flowers can damage roots and stems: Always use a sharp knife or pruning shears to make a clean cut that will heal easily. The same goes for proper pruning.
            
 
            Handling trees with care is one of the best ways to keep them healthy. Many tree pests can only invade through the exposed tissue at an injury site. For example, flowering dogwood is normally a very insect-resistant tree, its trunk protected by a thick, hard bark. But when bits of bark are broken away, as when you hit a young dogwood with a lawn mower or string trimmer, that injury becomes a point of entry for dogwood borer larvaea very difficult-to-control pest that eats its way through living wood.

         
 
          
         KEEP THINGS CLEAN
 
         Keeping a clean garden means preventing pestinfested material from getting in, and doing as much as possible to get rid of plants or parts of plants that develop pest problems. Carefully inspect any plants you intend to buy for signs of insects or disease. See Buying Healthy Plants on page 11 for advice. And if pest problems do strike in your garden, use care in disposing of the diseased or infested material.
 
         Good sanitation is a crucial step in preventing problems. Any pathogen that persists in soil from year to year, as do root-knot nematodes, Fusarium wilts, tobacco mosaic virus, and many others, can be spread via contaminated tools, infected or infested plant debris, or even your hands. Make thorough cleaning of shovels, digging forks, or the tines of your tiller part of your gardening routine, especially if soil-dwelling pests and pathogens are present in sections of your garden.
 
         When the gardening season ends, youll want to thoroughly clear any diseased plant material out of your garden beds. Otherwise, come the following spring, it can serve as a source of infection for new plants. In some cases, you can safely compost diseased plant material. In other cases, its best to destroy it by burning or disposing of it in sealed containers with your household trash.
 
         Before You Start Planting
 
         The temptation to get a quick start in the spring may lead gardeners to skip sanitation efforts that help prevent later problems. Before you take your first steps onto the newly awakening soil, stop and remember these important rules.
 
         Keep the gardener clean. Gardeners sometimes spread pest problems without realizing it. This can happen to you: When you visit a friends garden or a nursery or farm, you could pick up spores on your clothing or shoes by walking in infested soil or brushing against infested plants. If youve been near potential sources of pathogens or insects, wash the clothing you were wearing as soon as possible afterward (and definitely before you enter your own garden). To sanitize your boots or shoes, rinse them with a 10 percent bleach solution (1 part bleach to 9 parts water).
         
 
         Start with clean tools and supplies. And keep them that way. Especially when working among diseased plants, rinse your tools with isopropyl alcohol or a 10 percent bleach solution before moving on to another part of the garden. When pruning infected trees or shrubs, disinfect pruners between cuts. When your work is finished, clean your tools again and let them air dry, then coat them lightly with oil before storing.
         
 
         At the end of the season, also disinfect any stakes, trellis wire, and cages that you plan to reuse. Exposure to winter cold isnt enoughbacteria can survive frigid temperatures in the cracks and crevices in wood and other materials.
 
         Choose healthy plants. Inspect new plants before introducing them into your yard or garden. Look for signs of disease and insects, and reject any that look suspicious. If available, buy certified disease-free plants and seeds. Inquire about seed sterilization practices at your seed source. Buy from suppliers that use sanitation procedures and heatsterilizing techniques instead of synthetic chemicals to control disease on nursery stock and seeds.
         
 
         Dont be afraid to buy sight unseen from reputable mail-order nurseries. Most plants that are sold mail-order across state lines must be inspected and certified as disease free before they are packaged and shipped. Buy plants such as strawberries or raspberries, which often carry viral diseases, from a specialized producer. Such growers are most likely to offer a wide selection of disease-free plants and are more likely to back up their sales with guarantees should your new plants show disease symptoms.
         
 
         Solarize the soil. If you anticipate pest problems in a garden section that must be planted, you can use the suns heat to kill some pathogens and insects in the soil. Stretch a sheet of clear plastic tightly over a smooth, moist soil surface and leave it in place for as long as several weeks. The heat that builds up in the covered soil will kill most soilborne pathogens and weed seeds.
         
 
         Start a compost pile. A well-managed hot compost pile can be the perfect destination for plant trimmings and other garden debris that may carry unseen pathogens and insect stages in waiting. See Making and Using Compost on page 4 for instructions on composting.
         
 
         Remove winter mulches. As temperatures begin to rise and spring rains start falling, soggy winter mulch provides a harbor for disease pathogens and hungry slugs or snails. Pull the mulch from beds a little at a time; pay special attention to clearing it away from tree trunks, stems, and plant crowns.
         
 
         
            Soil Solarization
 
            If soilborne pests are a big problem in your garden, why waste your energy trying to combat them? Let the sun do it for you! This process, known as soil solarization, involves covering the soil with clear plastic so the heat can build up and destroy the soil organisms and weed seeds. Keep in mind that the high temperatures can also harm beneficial insects and organisms that live in the soil; only use this process when you have a serious pest or disease problem.
 
            Soil solarization works best in midsummer, just before fall crops are planted. It is also most effective in areas that have long stretches of clear, hot weather. If you have a rainy or cool spell during the solarization period, soil temperatures may not stay high enough to kill off pathogens.
 
            Prepare the site as you would for planting, removing old crop residues, working in any soil amendments, and raking soil into planting rows or beds. Water the site thoroughly, and dig a trench a few inches deep around the edges of the site. Cover the area with a sheet of 1 to 4 mil clear plastic, and bury the edges in the trench to anchor them. Leave in place for 1 to 2 months.
 
            Remove the plastic and plant your crops, disturbing the soil as little as possible. Solarization can generate enough heat to kill organisms in the top 12 inches of the soil, but you cant be sure that your particular treatment worked. Assume that its effect penetrated only the top 3 to 5 inches of soil. Thus, deeper cultivation may bring up pathogens and seeds that can reinfest the newly treated plot. Since solarizing may also harm the microorganisms that help make soil organic matter available to plants, you may want to top-dress your crops with a microbe-rich material such as finished compost.

         
 
         As You Garden
 
         Maintain your sanitation standards consistently throughout the growing season. Keep problems at bay by adding these sanitation techniques to your garden routine.
 
         Stay away when its wet. Some plant disease organisms are just waiting for a free ride on your clothing and hands. Dont cooperate! Most diseases need only a thin film of water to spread from one plant to the next. During warm rainy spells, disease transmission is at its greatest. Even morning dew provides enough moisture to allow spores to travel; wait until the dew dries to start your gardening chores.
         
 
         Rogue and prune. Pull plants with symptoms of disease or heavy insect infestation and prune diseased sections from perennial plants. A hot compost pile will kill pathogenic fungi and bacteria. If you suspect viral infections, bury the prunings in an out-of-the-way area or put them in a sealed bag for disposal with the household trash. See Pruning on page 350 for specific suggestions on pest problems that you can combat by pruning.
         
 
         Keep the site clean. Before planting a second crop, take the time to clean up and compost any plant remains. Theyll be returned to the garden disease free.
         
 
         End-of-Season Cleanup
 
         Some of us lose steam over the season and are happy to let things lie until next year, but this is not the time to take it easy. End-of-season garden chores will make next years garden that much healthier.
 
         Prune perennial plants. Its time again for another round of pruning when growth has slowed and perennial plants have become dormant. Consult a pruning manual to help you determine the best time to trim and shape your plants.
         
 
         Clean your equipment. Give tools a little tender loving care before storing them away. Clean them with a 10 percent bleach solution, wipe them dry, and coat them lightly with household oil to prevent rust.
         
 
         Collect leaves and other plant residues. Garden cleanup should include composting plant residues and wastes that remain at the end of the season. Place debris that may carry pathogenic organisms in the center of the pile where temperatures are greatest. This also pertains to stalks, fruit, and leaves that may carry overwintering stages of insect pests and pathogens.
         
 
         Continue adding to your compost pile for as long as you can. If temperatures dip low enough, decomposition will slow or stop, but will begin again when warmer temperatures return. Common fall compost ingredients include fruit you forgot to harvest, fallen leaves, and plant stems and flower stalks.
 
         Remove row covers. If youre saving row covers for next season, dip them in a 10 percent bleach solution, then let them air dry before storage. This is particularly important for covers used on related plants and for most early spring crops that are susceptible to damping-off pathogens.
         
 
         DEVELOP A SYSTEM
 
         Keeping plants thriving, improving your soil, planting a variety of plants, and encouraging natural predators are all great ways to prevent pest and disease problems, but planning and record keeping are also essential weapons to add to your arsenal. A garden plan will help you develop a calendar of activities aimed at preventing problems. It will also help you set and achieve goals for your garden, such as eliminating or modifying problem-prone plantings or adding new gardens. Regular record keeping will help you identify the key pests in your areathe ones you see on a recurring basis. Once youve pinpointed key pests and diseases, youll be able to anticipate them and get a head start on preventive measures.
 
         Start your plan by finding out about the plants youre growing as well as the ones you want to grow. Learn what conditions they prefer and which will grow best in your area. Next, draw a sketch of your garden. Mark down existing plantings, but also look for sites that might suit some plants but discourage others. For example, locate frost pockets, sites where air will circulate freely, areas with moist soil, and shady or sunny spots.
         
 
         Then identify and list the problems youve had in the past or that are common in your area. Refer to the plant entries in Part 2 of this book to identify problems youve seen in your garden before. Learn about the life cycles of pests and diseases. How do they overwinter? When and how do they attack your plants?
 
         Once you have all your optionsand potential problemsin front of you, make a comprehensive plan. List the ways you could help control each of the problems on your list. Decide what gardening practices will help prevent problems and when they need to be done. Add biological controls and traps and barriers next, and make note of organic sprays and dusts for use as a last resort. Be sure to include the life-cycle stage at which each control is most effective. It may help to make a chart of the life cycle and control activities.
 
         Use these notes to create a schedule of gardening activities. Youll find that certain chores, such as an annual fall cleanup, are well worth the effort because theyll prevent many types of pests. Planning ahead and following your schedule will enable you to make full use of preventive control measures, and theyll soon become second nature to you. Youll also know what tools and materials to have on hand to fight problems if they arise.
 
         Learn to Look
 
         All the planning in the world wont help if you dont keep an eye out for problems. Begin a garden journal for keeping records throughout the season. Make it a habit to walk through your garden at least once a weekdaily is best. Look carefully at your plants
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