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Foreword

ATRANSFORMATION of seismic consequence—an entomologist who became a horticulturist—such was the journey of Dr. Jeff Gillman. Jeff’s wonderful book, The Truth About Garden Remedies, reflects his penetrating penchant for truth-seeking. Akin to a heat-seeking missile, Jeff has the innate acumen to ask universal questions, propose hypotheses, develop research protocols, and systematically analyze data.

I served as co-major advisor during Jeff’s Ph.D. program at the University of Georgia. Jeff loved bugs and plants, was fascinated by interactions, and explained morphologically and chemically how mites and butterfly bushes coexist (or don’t). He squeezed significant, worthwhile data from petri dishes, filter papers, and cotton swabs. He was the master of research that answered profound questions. His Georgia education eventually spirited him to the University of Minnesota, where he is now a tenured associate professor.

Jeff’s book is an eye-opening, mind-bending, yet eminently understandable discussion of gardening myths, snake-oil remedies, old wives’ (or husbands’) tales, and hocus-pocus. Jeff explains the gardening myths, then, utilizing mini-experiments and research literature, either supports or debunks the fables. Debunking wins out over the course of the book.

A prime example of one of these garden myths is the use of beer as a fertilizer: you make a solution of one tablespoon of beer per gallon of water and apply it to the lawn, vegetable, or flower garden. Jeff’s research determined that the alcohol inhibits plant growth, with beer being better consumed by the gardener than applied to the garden.

The Truth About Garden Remedies is a great read, with humor, pearls of wisdom, common sense, and garden lore intertwined. “Voodoo horticulture and gardening” will never be given credence thanks to Jeff’s biological detective work. In this vein, his conclusions save the would-be practitioner time and money. Enjoy one of the best gardening tours ever assembled on paper.

MICHAEL A. DIRR

University of Georgia


Preface

EVERYONE seems to have a product, a suggestion, or a little-known secret for making your garden the envy of the neighborhood. Sometimes these amazing tidbits are in a book of household remedies, sometimes they are incorporated into a new product, and sometimes they are offered as an old, forgotten pearl of wisdom in a local newspaper or on a Web site. But how are we to know if these miracle products and plant cures work? Are we just supposed to take someone’s word for it? Is there some way to find out whether we’re applying useful techniques or using our garden as a guinea pig?

This book was created for those of you who don’t buy what self-professed experts are selling just because everyone else does. It’s for those of you who want the best for your garden but are skeptical of unproven claims. And it is especially for those of you who think it’s wise to understand why and how something works before slathering it on the plants that took you so long to grow and that you take so much pride in caring for. For you there is good news. This book offers information on various products and practices that the gurus recommend, and it investigates these claims critically, sometimes with general knowledge, sometimes with scholarly articles, and sometimes with original research specifically designed to get to the truth. This book isn’t intended to tell you how to garden. Rather, it investigates what the compounds on the garden center shelf or those that you make yourself in a home-brewed concoction will do to and for your plants. In the end, after perusing the pages herein, you will be able to distinguish between the garden remedies that work and those that are merely hearsay. What’s more, you will be armed with a knowledge of the underlying principles behind each remedy’s success or failure, allowing you to take a more objective and scientific approach to the advice you hear in the future.

The garden gurus and me

The first time I stood in front of a group of gardeners to speak about pesticides, I was asked a question about using a home-brewed remedy for controlling insects (I don’t even remember which one). I froze. I was startled that someone would ask me about a home-brewed remedy when there were so many good commercial remedies out there. I was also embarrassed, as people with freshly minted Ph.D.s usually are when posed with a question they cannot answer relating to their subject area. I was especially embarrassed because, having graduate degrees in both entomology and horticulture, I thought I knew everything. Boy was I wrong. But that question was just the start of my encounters with homemade and unusual remedies for garden problems. I was, and still am, continually asked by master gardeners, homeowners, and students about the value of the tips and techniques they see on TV, on the Web, or in old books. As these questions come up, I do my best to answer them. Sometimes I succeed, and sometimes I don’t. But when I don’t, I have a new subject to research when I get back to the office. I wish it were possible to cover all the home-brewed helpers that are swimming around out there either on the internet, in magazines, or in books. Unfortunately this is impossible for obvious reasons.

The barrage of questions I am asked about remedies seems never ending, and although they come from a variety of sources, they most commonly originate from advice given by what I like to call “garden gurus.” What is a garden guru? Well, to me a garden guru is a good (usually great) gardener who considers him- or herself something of an expert in most areas that have to do with gardening, who likes to give out information and recommendations, and, most importantly, who does not really understand the science behind the information or recommendations he or she is giving. Garden gurus are usually neighbors or gardening experts on TV. They are often home-taught wizards trying to teach us a thing or two about growing a plant without resorting to any of those recommendations that university professors think up. No way, they can get the same results with stuff right out of the cabinet! Truth be told, cabinet cures can actually work. But many have drawbacks, including being dangerous for the environment and dangerous to your plant’s health. Here I will admit that I have been a garden guru, too. I have quickly given incorrect advice based on some harebrained notion from the top of my head rather than advice based on sound research. Let’s face it: most of us have been a garden guru at one point or another in our lives, and those who claim they haven’t are probably either lying or else they have never given gardening advice. I tend to be hard on the garden gurus (including myself) because I get tired of seeing the end results of their brand of advice, including burned leaves, black roots, and dead plants. Let me step back for a moment, however, and give these people some credit. While they may bring questionable practices to the table, they also provide excitement, energy, and creativity to the gardening world, something that cannot always be said for university professors like me.

As I traveled the road of becoming a professional teacher, researcher, and extension specialist, I have had the opportunity to meet many people who influenced my life in various ways, including Dan Horton, an entomology professor and extension specialist at the University of Georgia. Dan offered me insight into many areas, but the most important thing he ever said to me occurred one rainy afternoon when we had nothing to do but sit around and shoot the bull. “Jeff,” he said, “extension is nothing more than the delivery of research-based information to those who can actually use it—don’t make it more complicated than it is.” To this day, I remember those words and try to follow his simple lesson.

Doing research is easy; getting it to the people who can actually use it is the tough part. This book attempts to deliver research-based information that has not been readily available to gardeners who are considering various garden remedies. It has been created for all of us who have either been gardening gurus or taken advice from them at one point or another in our lives and who want to evolve into informed gardeners.

A little bit about format

The products and practices in this book have been divided into four groups: fertilizers (chapter 2), products that affect water relations (chapter 3), a chapter on biostimulants (chapter 4), and pesticides and protectants (chapters 5–9). Each chapter includes entries for various products and remedies. These entries have been divided into five sections: a brief introduction, a section on practice, a section on the theory behind the remedy, a section on the real story, and a section on what it all means to you. The introduction is just that, an introduction to the remedy in question and an explanation of what the remedy is used for. The section on practice describes how the remedy is used, and the section on theory provides some information on why the remedy should work. The information in these three sections comes from the people who sell or recommend the remedy. As a general rule, I have decided not to name the people making these claims. The recommendations are often made by many different sources, and the goal of evaluating various ingredients for plant growth and health is not to endorse or to denigrate any particular person, company, or product. Rather, the goal is to provide factual information. If you are curious and want to find out which companies and garden gurus recommend or sell particular products, then I suggest searching the internet, where you will quickly find out who is selling or recommending what.

The section covering the real story behind the various remedies is the most important part of each description. It examines data that has been collected by professional researchers. This data is extremely valuable for discovering how well something works and why. This section is not exhaustive and does not cover every facet of a product or remedy, but it does investigate the basic reasons why the remedy might or might not work. Additionally, for some products and practices where good research is lacking, I have undertaken small research projects to verify or elucidate the effects that the recommendations might have on a plant. In these situations I have done my best to provide a thorough and honest assessment of the results.

The final section discusses what the information means to you. It gives a summary of what a product or practice might do to or for a plant and in what situations it might be most useful, based on the research. The information offered here is in no way the final say on any of these remedies. Indeed, many of the remedies have not been sufficiently studied for anyone to make a final decision on their value in the garden. My goal is simply to give gardeners a better understanding of the science behind the practices. For quick reference, a rating of the usefulness of each product or practice is indicated by a row of flowerheads in the section “What it means to you.” The ratings consider the benefits of a product and its dangers. Hence, a product that is supposed to kill insects may do a wonderful job of that, but if it also causes the leaves of most plants to burn and curl, then it will receive a low rating. In general the rating system can be interpreted as follows:
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	Benefits are unlikely.
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	Benefits, if any, are way out of line with claims.
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	Benefits are likely under certain conditions, but not as good as most companies or garden gurus claim.
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	Benefits are likely, under appropriate conditions, to at least come close to matching the claims of companies or garden gurus.
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	Benefits are likely under most conditions if the product or remedy is used properly.





Classic concoctions [image: Image]

When I was younger one of my favorite pastimes was paging through old books and journals looking for interesting and forgotten techniques for growing plants. People are fascinated by past traditions and ideas and will sometimes try insane remedies just because they were once advertised as gems of ancient knowledge. Unfortunately for gardeners (or maybe fortunately as you read some recommendations!), many of the old practices pale in comparison to modern techniques. These old remedies still have historical interest, however, and can often give modern gardeners an insight into the prevailing ideas of their predecessors. Perhaps we may stop to think how our home-brewed remedies will look to future generations of gardeners. Any practices that have been around prior to 1950 are considered classic concoctions—regardless of their usefulness—and have been identified by the symbol [image: Image].
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1
Basics

THE WORLD is full of the color green. Everywhere we look, from the city streets to the desert sands, there is plant life. No matter the situation, plants seem to grow and even to prosper despite the best efforts of people and geography. Yet we are not happy. If there is an oak in our backyard, we are disappointed if it is small; if there is a rose on our trellis, we are disappointed if it is not covered in bloom; if there is a spiraea on our patio and it is not covered in bright, new, colorful foliage, we are disappointed. We are, to steal a word from the psychology literature, optimizers. As gardeners we cannot stand the idea of a plant that does not reach its full potential. We want our plants to perform, and as plant lovers, we are willing to go to extreme lengths to get what we want—from applying hazardous chemicals to talking to them to applying odd concoctions of cleaners and intoxicants found in old storage cabinets because someone who may or may not have any experience with these products has recommended them. Surely, there is a better way to treat plants.

Nature is the best teacher of plant growth. Look at five different birch trees that were planted at the same time but in five different places, and you are likely to find quite a range of growth and health. This doesn’t surprise even the most amateur gardener; after all, the five different locations offer five different types of soil, five different shade levels, five different drainage scenarios, and five different levels of nutrition. After investigating the trees and the sites on which they were planted, we can easily deduce the better conditions for the growth of that tree. This type of observation should guide us in arranging a setting that is conducive to growing plants, but it often does not. We thoughtlessly push plants into situations where they don’t belong, moving them into colder, hotter, wetter, drier, shadier, sunnier, and just plain more inappropriate conditions. And what do we do if they don’t perform the way we think they should? We apply more water, more fertilizer, more vitamins, more chemicals, and more misguided garden remedies until the plant either conforms to our will or dies trying. It is not wrong to try these solutions, but it is to our distinct advantage to understand the products we apply so that we will know how our plants will respond to them.

These modern times have yielded an incredible number of new products for increasing the growth of our plants, reducing the need to water, stimulating roots, and a myriad of other things. Many of them are good, and many are bad. Many of these products have not been sufficiently tested for us to have a really good sense of whether they work or not. But hey, who needs evidence that a product works in order to sell it? It’s worth your time to figure out what a product is likely to do to your plants before you buy it. Some products may have a beneficial effect, some may do nothing, and some may actually be harmful. Naming all the gardening products in use today would be impossible. Fortunately, that is not necessary in order to understand which ones might be helpful for the garden—most of the products out there use the same active ingredients. Just look at the label of most fertilizers, pesticides, and other gardening concoctions, and you will find a list of the chemicals that may affect your plant, called “active ingredients.” Look also at the ingredient list for the home-brewed remedies suggested by garden gurus. By matching the ingredients in these products and recipes with the information in this book, you can figure out what effects they are likely to have on plants before you risk their health and potentially your own.

Elements that affect plant growth and development

Before entering into a discussion of all the many and varied amendments for your garden, we must first understand the players. That is to say, it is important to understand what goes into growing a plant and how and why these things can affect a plant’s growth. Only by understanding these basics can we understand how manipulating growing conditions can affect the growth and health of our plants. An incredible number of books out there provide this information in a more detailed fashion than is offered here, but for our purposes it is enough to understand the basics of plant growth and development.

Soil and media

All plants grow in some kind of soil or medium. The word soil usually refers to the naturally occurring substance in your yard or garden, and the word media (medium, singular) usually applies to substances placed in containers that do not include, or only include a small amount of, naturally occurring soil. Media typically include a large amount of such material as peat, composted pine bark, and rice hulls. The primary functions of soils and media, at least as far as your plants are concerned, are to hold plants upright and to hold water, air, and nutrients for the plants to use.

Soils have a number of characteristics that affect their ability to fulfill their primary functions. First, soil texture is important to a plant because it determines how much water and nutrition the soil can hold. Soils that contain a lot of sand will not hold much nutrition or much water but will drain quickly. Soils that contain a lot of clay will hold a great deal of water and nutrition but will not drain rapidly. An easy way to tell whether your soil is largely sand or clay is to get it wet and run your fingers through it. If the soil feels smooth, it is probably mostly clay. If it feels grainy, then it is probably mostly sand. To complicate the issue even more, most soils have organic matter in them. Organic matter is basically nothing more than decomposed plants and animals (compost is an example). Organic matter is generally beneficial to the soil because it is able to hold water and nutrients well, like clay, while also offering good drainage, like sand. Most media are made of organic matter of one form or another such as peat, composted bark, composted wood chips, and rice hulls to name just a few. These media components are usually chosen because of their ability to hold nutrients and water effectively while offering excellent drainage. Virtually every commercial planting medium that you can buy at garden centers has these qualities.

When a plant’s roots are in a soil or medium, they tend to grow toward a particular balance of water and air. Yes, it’s true; plant roots need air, too. In a highly clay soil this means that a plant’s roots will congregate near the surface because, with the lack of drainage, there is not much air deep in the soil profile. Conversely, in a sandy soil that has excellent drainage, the plant’s roots will need to go deeper to find sufficient water. If a plant is transplanted from a clay soil to a sandy soil or vice versa, all kinds of problems typically arise right off the bat because of the position of the roots at transplant and the position the roots would ideally like to have. Many people think they can cure these problems with special water-retention products or root-growth enhancers when they transplant. These products will be addressed later on—some have merits, but some are pretty useless.

Besides these properties, soils and media have another property that can profoundly affect a plant’s ability to grow under certain conditions: pH. The pH of a planting medium is a measure of its acidity, and it determines the availability of nutrients that a plant needs in order to grow. A pH of 5.5 to 6.5 is typically considered best for the growth of most plants. One location where pH can affect the availability of nutrition is in the midwestern United States, where high pH soils are often found. In these high pH soils, iron and manganese, two nutrients that are essential to plant growth, are not available for many plants even though they may be in the soil. This causes a severe problem for plants such as blueberry, azalea, and rhododendron, which cannot obtain these nutrients at a high pH. A pH value that is too low (highly acid soils) can also cause problems. Appendix 1 details the best pH range for particular plants. Many of the products covered in this book, such as lime, chelates, and soil acidifiers, are produced to address these problems.

The easiest way to determine the properties of your soil is to submit a sample to your state extension service or another soil-testing lab. By having your soil checked, you will be able to choose plants that are appropriate for the location, and you will, hopefully, have little need for many of the practices mentioned in this book. Alternatively, there are do-it-yourself soil tests for sale at garden centers, and in general these tests work well but do not substitute for the more complete testing offered by state extension services.

Water

Soil is a good start, but dry soil alone will not grow plants. Soils need to be able to hold water to support plant life. Watering, though apparently easy, is difficult to do properly. Ensuring the roots are neither drying nor drowning is an underappreciated art. Overwatering is just as dangerous as underwatering, and unfortunately, they share the same symptoms (leaves droop and turn brown at the edges). Some general rules about watering are worth noting. First, soil type has a lot to do with how often watering needs to be done. Sandy soils need frequent watering, while clay soils and soils high in organic matter usually need less-frequent watering. Because containers have such a small amount of media to actually hold the water, they will usually need to be watered more often than plants in a landscape. It is much better to apply water over an extended period of time than to apply it in a short period of time. When water is applied quickly the soil particles do not have sufficient time to absorb the water and much of it is lost. When water is applied slowly the soil has a better chance to absorb it. This principle is easily demonstrated with two dry sponges of the same size (and from the same package if possible) and a small glass of water. Quickly dump the water over the first sponge (make the application in less than a second). How much of the water was absorbed? How wet is the sponge? Now add the same amount of water from the same glass to the second sponge over a longer period of time. Take 30 seconds or so. How wet is this sponge? This quick example teaches us much about proper watering; namely, if you want to water something well you need to be patient.

But why does soil or media need to be watered at all? How does water leave these substances? Water can be lost from media or soil in two ways. The first is water loss directly from the medium or soil itself. This happens when water either evaporates or drains through the substance, and it occurs regardless of whether or not a plant is growing in the soil. The second way a soil or medium could lose water is through the plant. Plants take up water and incorporate it into their cells, but they also lose a certain amount of water to transpiration. Transpiration is somewhat similar to an animal’s sweating—the plant has pores from which water can be lost to evaporation. This water loss is necessary for plants’ physiological processes, such as the movement of nutrients in a plant’s vascular system.

Most of the water-related products and practices covered in this book have one of two goals. The first is to increase the water-holding capacity of the soil or media, and the second is to block the plant’s pores to prevent transpiration and hence reduce water loss. Both of these practices have merit on paper, but they may need some tweaking in practice as we will see later.

Nutrients

Plants need certain elements to grow. These elements are present in the soil, and when water is added they dissolve (to some extent) and become  available for the plant to take up through its roots. The elements necessary for plant growth include boron, calcium, carbon, chlorine, copper, hydrogen, iron, magnesium, manganese, molybdenum, nitrogen, oxygen, phosphorus, potassium, sulfur, and zinc (sodium, silicon, and some others may also provide benefits to plants in some situations). Carbon, oxygen, and hydrogen are available in the air and water, so we don’t often consider these elements when we talk about plant nutrition. Calcium, magnesium, nitrogen, phosphorus, potassium, and sulfur are required at higher levels than other nutrients and are usually called macronutrients. The other elements are considered micronutrients because they are needed in lower concentrations than the macronutrients. If any of these elements are not present, the plant will become sick and eventually die. Most soils contain the elements that support plant life; if they didn’t the earth wouldn’t have forests. However, plants usually grow better, or at least more quickly, when additional nutrition is offered to them.

In order to deliver nutrients to plants, people created fertilizers. Fertilizers are nothing more than substances that can be added to the soil around a plant (or in some cases to the plant itself) that will deliver nutrients that the plant needs. Fertilizers have taken on a life of their own. They can be applied in a variety of ways, such as liquid or granular, and provide a variety of nutrients in a variety of different concentrations, such as high nitrogen, low nitrogen, high phosphorus, or low phosphorus. Fertilizers can be organic or synthetic, and yes, too much of any fertilizer leads to injury and even death for the plant. Fertilizers are enough to make someone’s head swim, but they can impact the growth and health of your plants. It is worth spending the time to understand them so you can have the best garden possible.

Plant hormones

Plants have hormones just like people do. Hormones are not nutritional and don’t need to be acquired from the soil to promote growth. Rather, hormones are chemicals a plant produces naturally that signal the plant to do something, such as cease growth, drop leaves, produce flowers, or elongate. There are five basic plant hormones: abscisic acid, auxins, cytokinins, ethylene, and gibberellins, but other compounds have also been shown to act in a hormonal way on plants. Humans have manipulated plant hormones in a variety of ways to try to get plants to do what we want them to do, and a number  of commercial products take advantage of plants’ responses to various chemicals.

Auxins are the hormones that are most commonly manipulated by humans. In a nutshell, auxins stimulate growth. They are naturally present at the growing points of plants, such as at the tips of leaves, roots, and stems. By placing artificial auxins on various points of the plant, including cuttings of roots or stems, researchers and chemical companies hope to stimulate root growth. This can be useful for plant propagation or for stimulating root growth during transplanting.

Cytokinins, gibberellins, ethylene, and abscisic acid are less commercially valuable, although there are some products that utilize these hormones. Cytokinins are sometimes sold to improve blossom set and fruit yield; gibberellins are sometimes used to increase fruit size as well as to produce fruit without seeds; ethylene is sometimes used to promote leaf or fruit drop at the end of the year. These hormones are classified as commercial pesticides and are covered in chapter 9.

Pests

Most pests can be categorized into one of three varieties: insects, diseases, or weeds. Chemicals used to control any of these are generally called pesticides, a term that is often misinterpreted as referring specifically to insect-control agents. Pesticides can fall under numerous categories, most notably insecticides (for controlling insects), fungicides (for controlling fungal diseases), and herbicides (for controlling weeds).

Pests usually do one of three things that make us unhappy: kill plants, slow plant growth, or make plants look unsightly. Unfortunately, people often think that if their plant looks at all unsightly or grows even a little bit more slowly than their neighbor’s, then there must be a problem. This is the furthest thing from the truth. While some pests certainly can and do kill, most pests cause just a small amount of damage and then move on.

Insects need to eat, and diseases need to infect to survive. They eat and infect the trees, shrubs, flowers, and grasses in our yards, but most pests don’t kill plants for a very simple ecological reason. If they killed all the plants, then they would have nothing to eat or infect in the future. Besides, most plants are prepared to be attacked by insects and disease. Most trees and shrubs can actually lose 20 or even 30 percent of their leaf area without suffering a severe reduction in growth. The same applies to the effects of weeds. Without weeds our plants will certainly grow faster, but the fact is that trees and shrubs are adapted to living with weeds. If they couldn’t live with weeds they would never have survived in nature. I’m not saying you shouldn’t treat for the pests you see. Indeed, if I had a tree with 30 percent of its leaves missing, I would surely try to get rid of the pest. I do mulch my trees to get rid of weeds and achieve the best growth possible. What I am saying is that, for good or for ill, most of us tend to be more aggressive in trying to control pests than we have to be.

[image: Image]


2
Fertilizers and Other Soil and Media Amendments

MAKING A SOIL or medium just right for our plants is a common goal of gardeners, but it sounds a great deal easier than it is. On garden-shop shelves, in gardening books, and on gardening shows, we see countless products and suggestions that are supposed to make our soil or media better for our plants in one way or another. The benefits offered by these remedies can range from altering the pH of the soil to conditioning it to adding nutrients such as iron or sulfur. Many of these products and suggestions are helpful, but many aren’t. Indeed, some are incredibly dangerous to plants.

All things that can be added to a soil or medium fall under the amendment category. Fertilizers are nothing more than a type of amendment that adds nutrients. The amendments in this chapter include many things you might add to a soil or medium, with the exception of amendments intended to alter the water relations of a plant or to work as a biostimulant—those will be addressed in chapter 3 and chapter 4.

Fertilizers are by far the most common type of amendment (besides water!). They come in a wide variety of forms that may or may not be appropriate for you, depending on the situation in which your plants are growing. The most interesting types of fertilizer, at least to me, are those fertilizers advertised by garden gurus. These include things like beer, molasses, soda, and many other items that we think of as food for people rather than for plants. While researching this book, I came across such an incredible number of recommendations for these types of fertilizer that I simply could not cover them all. That wasn’t much of a problem because there is really very little involved in understanding why foods that are good for us are also good for plants. When we eat food, we absorb proteins, carbohydrates, and fats. Plants generally don’t absorb these compounds, but they do absorb the things that these foods are made of when they break down, including nitrogen, phosphorus, potassium, calcium, and all the other nutrients essential for plant life. Think of it this way. Most food we eat was once a living thing. That thing needed nutrients to live just as you do and just as a plant does. When that living thing died it didn’t lose the nutrition it had absorbed during its life; rather, that nutrition was stored and can be transferred to another living creature, through eating in the case of humans or, in the case of plants, through allowing that once-living thing to decompose near its roots.

Ammonia, a quick and easy way to misapply fertilizer [image: Image]

Ammonia is sold in grocery stores as a cleaning compound, but this homebrewed helper is widely recommended by garden gurus and do-it-yourself wizards as the greatest fertilizer since cow dung. Homemade-fertilizer aficionados have been using “spirits of ammonia” since at least the 1800s, and there seems to be no slowing them down today. But why do we use something specially designed to clean floors as a homemade fertilizer? While ammonia is indeed a type of nitrogen, which microbes in the soil can convert into a form that plants can use, that doesn’t explain why this potentially damaging chemical is so widely recommended.

The practice

Ammonia is commonly added to water to serve as a source of nitrogen for plants. Some garden gurus even recommend adding ammonia to regular fertilizers such as Miracle-Gro. (Why would you bother adding this stuff to Miracle-Gro, something that already has plenty of nitrogen in it?—I can’t make sense of this one.) Recommendations vary from a few tablespoons per gallon of water to a few cups per gallon. If you’re looking for old recommendations Anne Hale, a 19th-century gardener, recommended using a 2- or 3-ounce bottle of spirits of ammonia dissolved in a large pail of water as a stimulant for flowers (1871).

The theory

Ammonia is composed, primarily, of nitrogen. Nitrogen is good for plants if it is offered at an appropriate dose. Those who recommend using ammonia as a fertilizer believe this chemical can deliver nitrogen in a way that will help your plants to grow.

The real story

Homemade-fertilizer suggestions on the Web or in gardeners’ how-to books recommend applying various quantities of ammonia to your garden or houseplant. These concoctions are reported to offer amazing growth. Unfortunately, you rarely see the author of these concoctions identify the concentration of ammonia in the product that they use. The problem, you see, is that the ammonia you buy in the store is actually a gas (the ammonia itself) dissolved in a liquid (water). This solution may contain anywhere from 3 to 10 percent ammonia. If you don’t know the concentration of ammonia the garden guru used, then you are flying blind and likely to over- or under fertilize your plants, perhaps adding over three times more nitrogen than the author of the recipe did! Besides, many of the recommendations suggest using a hose-end sprayer but fail to indicate the calibration. Hose-end sprayers are not all adjusted to deliver their mixtures in the same concentration. They could apply 1 part fertilizer with anywhere from 16 to 80 parts water, or even a little more. This is bad news. If you don’t know the dilution your sprayer makes, you are in danger of overapplying fertilizer, and an over-application of fertilizer can lead to some pretty-sick plants. But over-application of fertilizer is actually just the beginning of the problems with ammonia. We haven’t even looked at the chemistry of the ammonia itself.

Household ammonia, created and formulated to clean floors, is made of a type of nitrogen that can be quite toxic to plants. Again, ammonia is a gas dissolved in water. After it dissolves, the gas combines with the water to form something called aqueous ammonia and something else called ammonium and hydroxide ions. Ammonium ions are useful as a fertilizer, but aqueous ammonia is toxic to seedlings at concentrations as low as 3.5 parts per million (Bennett and Adams 1970). The amount of aqueous ammonia that will be in your fertilizer solution is highly dependent on the pH of the water you are mixing your household ammonia with. If the pH of that water is over 7 then watch out! You are going to be releasing all kinds of aqueous ammonia. If you have a water pH in the acid range, there will be much less aqueous ammonia released—unless your soil is alkaline, in which case you’re back to square one. What’s that? You don’t know the pH of your water or soil? Then you shouldn’t even remotely consider using ammonia.

What it means to you [image: Image]

Homemade fertilizers based on ammonia are not a good idea if you don’t know what you’re doing, and they’re not a great idea even if you do know what you’re doing. They are not that much cheaper than commercial fertilizers, and they have the potential to seriously damage your plants if used incorrectly.

Analyzing the ever-changing fertilizer analysis [image: Image]

Ever since the 1940s, when individual states passed laws requiring fertilizer companies to disclose nutrition information on their products’ labels, companies have been altering the amount of nutrients in their products to try to encourage sales.

Fertilizers usually contain three primary elements, nitrogen, phosphorus, and potassium, and are differentiated by the ratio of these elements to one another; this ratio is called the analysis. The analysis of most common fertilizers includes three numbers and is usually displayed prominently on the front or rear label of the bag or container. These numbers indicate the percentage of nitrogen (N), phosphorus (expressed as P2O5), and potassium (expressed as K2O) that a fertilizer delivers. That phosphorus and potassium are expressed as P2O5 and K2O may seem a little silly, especially since there is rarely any K2O or P2O5 in the fertilizer at all, but all fertilizers follow this blueprint so it is easy to compare one fertilizer to the next. For the sake of convenience I will refer to these elements simply as N (nitrogen), P (phosphorus), and K (potassium), meaning that a fertilizer with an analysis of 12-2-12 contains 12 percent N, 2 percent P, and 12 percent K.

There are many fertilizer analyses, some with high nitrogen, some with high phosphorus, some with high potassium, and some with a mixture, and each is supposedly formulated for specific plants and specific needs. But are these combinations useful tools that help us to fertilize our plants appropriately, or are they gimmicks that lead us to buy more products than we actually need?

The practice

If you search hard enough, you will find fertilizers with almost any type of analysis you could want. One analysis is supposed to be better than another for starting seeds, another is better for blooming plants, and so on. There is no doubt that altering analyses is good for fertilizer producers.

The theory

There are three basic reasons why fertilizer companies offer more than one analysis. The first is that not all plants are created equal—different plants require different quantities of different nutrients. The second is that at different stages of a plant’s life, it requires different levels of nutrition. For example, it is commonly believed that when seeds are sown, a fertilizer high in phosphorus (such as 10-26-10) is better than a fertilizer high in nitrogen (such as 22-3-3). Finally, companies offer different analyses because of the physical limitations of concentrating or altering natural fertilizers. It is not possible to change the analysis of natural fertilizers, such as bat guano, to any great degree.

The real story

Before we begin to discuss the benefits of fertilizer analyses, it is important to understand that we are discussing the ratio of nutrients to one another rather than the actual amount of nitrogen, phosphorus, or potassium found in the fertilizer itself. Any two fertilizers with the same ratio of nitrogen-phosphorus-potassium can offer the same nutrition. For example, any fertilizer with a nitrogen-phosphorus-potassium ratio of 1-2-1 (such as 10-20-10, 5-10-5, and 6-12-6) can be applied so that 1 pound of nitrogen, 2 pounds of phosphorus, and 1 pound of potassium are released per 1000 square feet. The benefit that the fertilizer producer is trying to sell you is derived primarily from the ratio of nutrients to one another. Another important thing to remember is that, while nitrogen needs to be reapplied year to year, or even month to month, phosphorus and potassium tend to stick around for quite a long time and do not need to be reapplied nearly as frequently. Hence, a single application of nitrogen, phosphorus, and potassium will supply the soil with phosphorus and potassium for much longer than it will supply nitrogen.

Nitrogen is the most important element to a plant’s growth, and in most situations the amount of nitrogen available is what determines how well the plant will grow. Some plants, however, have the ability to thrive under conditions of high nitrogen while others do not. Poinsettias, for example, can use high concentrations of nitrogen, while tulips must be fertilized only lightly with nitrogen (Nelson 2003). Likewise, certain crops, such as fruits and nuts, have high requirements for potassium because they take more potassium from the soil than they do any other element (Westwood 1993). So it is easy to see that for heavy nitrogen feeders, a high analysis of nitrogen is appropriate (something like 20-5-5), and that for fruit and nut producers, fertilizers with a high analysis of potassium (something like 20-10-20) are appropriate. The plants will use up the nutrients they need more quickly than the nutrients they don’t need, and applying high levels of nutrients they don’t need results in a lot of wasted nutrition.

Besides differing fertilizer requirements for different plants, there are other reasons to alter fertilizer analyses. A huge number of fertilizers out there are supposed to promote an increase in bloom and are supposed to be good “starter fertilizers” for plants that have been recently planted. These fertilizers generally include a huge proportion of phosphorus, such as 10-52-10. This may have some benefits, depending on the type of plant and its stage of life. For example, grass likes to have some extra phosphorus available when it is just starting out but doesn’t need much after it has become established (Christians 1998). Phosphorus is immobile in the soil, and young plants like to have phosphorus “bottle fed” to them because they do not have a large enough root system to gather this nutrient for themselves. Later in life, however, plants do not need higher levels of phosphorus, so any extra that is applied either hangs out in the soil waiting to be used at some later time or else gets washed into streams and lakes, causing pollution.

If we take a look at the amount of phosphorus in plant leaf tissue, something that has been done for thousands of plants, we see that there is usually less phosphorus in plants than the two other nutrients on the fertilizer label, nitrogen and potassium. And there is usually more calcium, magnesium, and even sulfur in plant tissues than phosphorus (Mills and Jones 1996). Are you starting to get the impression that these high phosphorus fertilizers may not be all they’re cracked up to be? But what about claims that high phosphorus fertilizers can increase bloom and stimulate rooting? These are claims that I see again and again, but they really aren’t supported by the literature.

To check out the claims that phosphorus can promote rooting in recently planted shrubs, I performed a study in which I transplanted roses, lilacs, and potentillas from smaller containers into larger containers. While transplanting, I left the roots in the tight mass that was formed from the first container rather than teasing them out as is recommended for a newly planted shrub. The soil in the second containers included either no phosphorus, a moderate amount of phosphorus, or an extremely high amount of phosphorus. After one season of growth the plants were removed from the larger containers, and the new roots that had spread from the root ball and into the media were carefully removed and weighed. If phosphorus indeed allows the plant to produce more roots, then we should have been able to measure this by a greater weight of roots in the containers with higher phosphorus. We did not see this at all and, indeed, most scientists who do studies like this get results similar to ours. To quote Timothy Broschat and Kimberly Klock-Moore (2000) of the University of Florida, “Most container grown plants require only minimal amounts of P for optimal growth and … applications of high P fertilizers will not promote either root or shoot growth in plants as popularly believed.” Although these scientists were talking specifically about plants grown in containers, there is little reason to believe that their statement isn’t equally true in the garden.

There is little evidence that phosphorus promotes flowering—unless a soil is quite deficient in this nutrient. In fact, an old friend of mine, Donglin Zhang, an associate professor at the University of Maine, recently found that fanflower has reduced growth and flowering when fed high levels of phosphorus (Zhang et al. 2004). Naturally, if no phosphorus is present, there will be a problem. In that case phosphorus needs to be added, but as long as some phosphorus is present, there is little reason to believe that additional phosphorus will increase bloom or fruit set. But what about nitrogen? High levels of nitrogen have long been known to promote vegetative growth at the expense of flowering and fruiting (Kenrick 1833). You can easily demonstrate this to yourself by applying two or three times the recommended dose of nitrogen to your tomatoes and seeing how long it takes for them to flower when compared to tomatoes fertilized with the proper amount of nitrogen. Adding a lot of nitrogen, or a lot of phosphorus, is not a great idea if you want to stimulate flowers.

It would seem that fertilizer analyses really do make a difference. But wait! We are forgetting something. What happens to plants that never receive fertilizer? When plants grow in the wild they seldom, if ever, are fertilized with optimal amounts of nitrogen, phosphorus, or potassium, yet they function well enough to produce beautiful floral displays, reproduce themselves, and grow to fantastic sizes. So what does this mean? It means that plants are wired to accept a wide range of nutrients and will usually grow and be at least somewhat productive even without additional fertilizer. In fact, in some studies, additions of fertilizer do not increase the growth of plants (Paine et al. 1992).

What it means to you [image: Image]

Claims made by fertilizer companies about particular fertilizer analyses are usually basically true, with the exception of the claim that adding large quantities of phosphorus promotes blooms or stimulates roots. However, the claims are usually out of line with the magnitude of the effect that different fertilizers will have, unless your soil is completely devoid of nutrients (something that is rare). Higher levels of nitrogen will grow plants more effectively than high levels of other elements (be careful of overfertilizing, though). Phosphorus and potassium are needed, especially potassium for fruits and vegetables, and you will benefit from having the levels of these element tested in your soil and adding more if they are lacking. If they are present at moderate levels, though, you will not see big gains in plant growth or health by adding more. Because these elements are relatively immobile in soil, a few applications of phosphorus and potassium may last for years, especially if you have a good soil rich in organic matter. If your soil is sandy these elements are likely to last for a shorter period of time. If you see problems with plant growth and you have been applying a fertilizer that includes nitrogen, phosphorus, and potassium at any concentration, then the source of the problem is much more likely to be improper watering, a lack of micronutrients, an inappropriate pH, or even overfertilization, than a deficiency of any of these three nutrients.

Beer as a fertilizer

Among the wackier gardening advice, some recommended aids are ubiquitous. Beer, used as a fertilizer, is a prime example. While poring through old gardening literature, I am always on the lookout for beer, maybe because I want to find out where the garden gurus came up with the idea, or maybe just because I like beer. Interestingly enough, beer really doesn’t appear in the old gardening books very much at all, except for hops. In 1890 Peter Henderson recommended refuse hops from breweries as an excellent fertilizer, 50 percent more valuable than stable manure. So if you live near a brewery and have access to discarded hops, these might be an excellent addition to your garden. In terms of beer—well, let’s find out.

The practice

Beer is usually recommended for the lawn, but it is also recommended for the vegetable or flower garden. Recommendations are usually for about a tablespoon of beer added to every gallon of water, but they can include concentrations of up to a full can of beer, undiluted, for a small yard area.

The theory

I think the main reason people recommend beer is that it sounds avant-garde. Their explanations of why it works, however, offer a different story. Generally, beer is recommended as a source of vitamins and minerals that your plant needs for healthy and quick growth. It has also been suggested that beer offers food for beneficial microorganisms, such as bacteria, and that it may even add some of these beneficial microorganisms itself.

The real story

There is very little information anywhere on why adding beer to plants might result in increased health and growth, so it seems odd at first glance that anyone ever thought of using it. A closer investigation of what is in beer, however, will provide some insight as to why it might, just might, be beneficial to a plant under certain conditions. Beer contains water, carbon dioxide, ethanol (the alcohol that inebriates us), a wide variety of carbohydrates (sugars) that make the beer taste good, a small quantity of protein (which contains nitrogen), and a few other things, such as trace elements, in very small quantities.

First things first, the water in beer is neither here nor there. If the beer is being applied with water, as is usually the case, then the water in the beer is simply along for the ride. On the other hand, if the beer is the only source of water for a plant, then having it is certainly better than dying of drought. Likewise, carbon dioxide is unlikely to have an effect on the plant, as there is already substantial carbon dioxide in the air. Ethanol is not helpful to plant growth; in fact, ethanol can be quite detrimental, causing plant burn and even death. That leaves us with carbohydrates and protein. Various carbohydrates, also known as sugars, have been shown to be taken up by the roots of plants (Begna et al. 2002; Saftner and Wyse 1984). Carbohydrates are the building blocks of plants, so these additional carbohydrates could help, but protein is the more likely answer as to why beer might increase plant growth and health, if indeed it does. After all, protein includes nitrogen, the fertilizer component that is most likely to result in a growth response from the plant. Beer contains about 6 grams of protein in every liter (about ¼ gallon) (Gorinstein et al. 1999), which, while not a huge amount, could certainly be helpful if no other source of nitrogen is available. Besides the protein, other nutrients your plants need are present in beer, such as iron, copper, and zinc (Wyrzykowska et al. 2001), but the concentrations of these are probably too low to help plant growth much unless they are completely absent in the soil. So beer does contain some nutrients that could help plant growth, but it also contains ethanol, which should inhibit plant growth.

Does beer really encourage plant growth? What about the growth of bacteria that might be beneficial to plant roots? These questions are difficult to answer with the available research because very few people have actually taken the time to compare the growth of plants treated with beer to plants not treated with beer. Fortunately, your intrepid narrator has tested a variety of beer on the growth of a garden favorite, the butterfly bush. These tests were conducted in hydroponic conditions to avoid the influence of other factors in the soil. The beers that were tested included a light beer (Michelob Light), a stout (Guinness), and an alcohol-free beer (Sharps). Beer was added to water in hydroponic tubs, along with a low concentration of liquid fertilizer (similar to what would be found in a good, unfertilized, garden soil). Six plants were grown with each type of beer at a concentration of either 6 ounces or 12 ounces in a 5½-gallon tub. We also ran a control (a hydroponic set up with the fertilizer but without the beer) and an alcohol test (we added to the fertilizer as much ethanol as is found in 12 ounces of Michelob Light). Over time, notes were taken on the growth of plants.

The results of this experiment were clear cut: alcohol is bad for plant growth, beer with alcohol is bad for plant growth, and beer without alcohol is bad for plant growth, although small amounts of alcohol-free beer didn’t do any major harm. In short, the best plants were those that didn’t have anything besides a small amount of fertilizer added. (More fertilizer probably would have increased growth more, but since the experiment was conducted to look at beer, we didn’t examine this.) What about beneficial bacteria? Well, most of the plants that suffered did indeed have a huge amount of bacteria around their roots. If these bacteria were beneficial, though, we would have expected some result other than stunting and death. The problem here is that the garden gurus assume that because beer increases bacterial growth it must increase the number of beneficial bacteria; they forget all about the bad bacteria. Based on our experiment, bad bacteria seem to enjoy beer just as much as good bacteria, or maybe even more.

There is one thing that some people claim about beer, however, that our research did not investigate: the addition of beneficial organisms. I have heard garden gurus claim that the yeast in beer makes it a valuable addition to soils because it speeds the composting of dead organic material, such as thatch, in the yard or garden. This is hard to believe because most commercial beer goes through pasteurization or some other sterilization process, such as filtration. There should be almost no living yeast, or other microorganisms for that matter, in most beers. Finally, even if the beer did have some live yeast left in it, yeast is extremely common. You could not prevent yeast from reaching your garden even if you wanted to; hence, applying beer to your yard or garden to introduce this or other microorganisms is a waste of time.

What it means to you [image: Image]

Beer is better consumed than applied to your garden. Although many reasons were given above as to why beer might be beneficial to plant growth, the fact remains that in our experiment it was, in fact, harmful. Adding small quantities of beer to a garden probably wouldn’t be as detrimental  to plants as our experiment concluded, but why risk it? A huge number of lawn fertilizers are formulated especially for your garden and grass. If you care enough about your garden to have read this section, then you probably care enough to take the time to fertilize and water properly. If you fertilize and water properly there is no reason to believe that beer will provide any additional benefits besides allowing you to appear avant-garde.

Buttermilk and other high-protein foods

A few recommendations for adding people foods to your soil are guaranteed to give your plants a boost. These recommendations are for foods such as milk and gelatin that are high in protein. Proteins are made of amino acids that, in turn, are full of nitrogen, which plants love.

The practice

A few of the most common high-protein foods recommended as home-brewed helpers by garden experts include gelatin, buttermilk, and powdered milk. There is huge variation in the recommendations of concentration and amount of the various milk products to use when fertilizing, but most milk-based fertilizer recipes settle on about 1 part liquid milk added to 4 parts water and usually recommend that 1 to 2 cups of this mixture be applied to a medium-sized potted plant or garden shrub. Unflavored gelatin, another high-nitrogen people food, is often recommended at a concentration of one packet of unflavored gelatin dissolved in 1 cup of water, to be applied to a potted plant or a small garden space.

The theory

Foods that are high in protein contain a high concentration of nitrogen. In theory, the nitrogen is released and becomes available to plants as the food breaks down in the soil.

The real story

There is no doubt that high-protein food contains nitrogen. The question is whether this nitrogen is appropriate for plants and can do the same job as commercial fertilizers. To test how well high-nitrogen people food works as a fertilizer, I decided to compare buttermilk to a commercial slow-release fertilizer. I used buttermilk because, as anyone who has ever opened a broken refrigerator knows, milk goes bad quickly, decomposing into its constituent elements, including nitrogen. In this experiment I grew three sets of tomato plants: one with buttermilk as a fertilizer, one with no fertilizer added, and one with a slow-release synthetic fertilizer. The plants fertilized with buttermilk were treated to about 2 cups of a mixture of 1 part buttermilk added to 4 parts water. The buttermilk and synthetic fertilizers were only applied once, at the time the seeds were planted. I added nothing else, besides water, to the tomato seeds over the course of this experiment; no fertilizers, no biostimulants, nothing. I planted about eight tomato seeds per container and thinned them to four plants per container soon after the seeds germinated and before any size differences were evident. Just 2 weeks after the tomato seeds germinated, the plants that were fertilized with the slow-release fertilizer were clearly larger and stronger than the plants that were fertilized with the buttermilk, which were, in turn, larger and stronger than the plants that received no fertilizer. As time went on, these differences became more and more evident. This experiment shows something most of you probably already know. Commercial fertilizers are better for plants than buttermilk, but buttermilk is far better than nothing.

Though high-nitrogen people food might not always be the best choice for delivering nitrogen to plants, especially potted plants, where nutrition can be quickly washed through the pot, it is certainly a very useful constituent of compost. Compost that has a wide variety of constituents, including a healthy dose of high-nitrogen people food, will provide nutrition to plants that renders fertilizing less necessary in a garden setting.

Nitrogen-containing foods do tend to be more effective in a garden setting (either in compost or alone) than in containers because a healthy soil is better able to hold nutrients than media in containers, which are constantly subjected to water drenches that drive nutrients out. Also keep in mind that plants in a garden are able to spread their roots out over a larger area than they can in a container, allowing them to search for nutrients, including nitrogen, more effectively.

What it means to you [image: Image]

Milk comes from a cow to provide nutrition for a calf, not a plant. High-nitrogen people food certainly contains nitrogen, which plants love. This nutrient can be delivered to a plant through buttermilk, gelatin, a ham sandwich, or even a peanut candy bar, but a commercial fertilizer has an advantage in that you can be pretty sure you are giving your plant an appropriate dose of nutrition for their needs, not to mention you avoid wasting food. So why am I giving this stuff a four? The key is that it can deliver nitrogen to your plants. If you have been careful to put high-nitrogen food waste in your compost, then you are making good use of these foods and saving yourself money in the long run. But if you are purchasing buttermilk or other high-nitrogen food items specifically to fertilize plants, this practice will cost you more over the course of a year than using commercial fertilizers.

Chelates

Chelates are chemicals present in Sequestrene, ericaceous plant foods, liquid iron, and other products intended for use on plants that prefer acid soils or are very nutrient deficient. These chemicals are bound to elements, such as iron, and allow those elements to be more easily taken up by plants, offering a quick fix of nutrients. Chelates can offer nutrients over a pH range that is much greater than normal, and they are most commonly used for plants in soils that are too alkaline (the pH is too high) for them.

The practice

Chelates are administered to plants by applying them either directly to the surrounding soil or to the leaves. They contain a number of nutrients, most notably iron and manganese, which are lacking because the plant has been growing in an inappropriate site. Chelates usually move rapidly through soil, so recommendations often indicate that these products should be administered frequently.
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Figure 1 The relative availability of iron and manganese at different pH levels. High pH is the primary reason that people use chelates.

The theory

By binding elements such as iron and manganese to chemicals that will deliver them to a plant despite variations in pH, these products are supposed to make nutrients available to plants that would normally not be able to take them up because of soil conditions.

The real story

Chelates do make elements more available to plants under pH conditions that would normally inhibit the uptake of these elements (Yunta et al. 2003). Iron chelates are the most common and are especially useful for plants such as azaleas, rhododendrons, and blueberries that have been planted in soils that are too alkaline for them. Chelates tend not to last very long, and though some research on citrus has shown chelates may need to be applied every 4 weeks or so (Banuls et al. 2003), how often these products need to be reapplied is likely to vary widely based on the plants that are being treated, the chelates that are being used, weather conditions, and other factors.

What it means to you [image: Image]

The best choice, of course, is to plant plants that prefer more-acidic soils in more-acidic soils. If you just can’t live without your acid-loving plant and you live in a place where it is impossible to find acidic soils, chelates will supply the nutrients, primarily iron, that these misplaced souls are lacking. Chelates will probably need to be applied at least once every month or two to keep your plants healthy. A better long-term solution is to use soil acidifiers, such as sulfur, so that the soil itself can offer the proper nutrients to your plants. There is usually nothing wrong with applying sulfur at the same time as treating a plant with a chelate so that you can get the short term effect of the chelate along with the long term effect of the sulfur, but it is best to apply them separately to avoid possible chemical reactions.

Coffee grounds

Coffee grounds are the part of the coffee that is left when you’re done brewing. Most home compost piles include some coffee grounds, but some people recommend sprinkling coffee grounds from fresh-made coffee right onto the soil near your plants. Can your plants benefit from this little morning pick-me-up the same way that we do?

The practice

Though organic gardeners and garden gurus seem to agree that this stuff is the cat’s meow, recommendations for the application of coffee grounds tend to be inexact. Most recipes recommend simply sprinkling some around your plants.

The theory

Coffee grounds are organic matter and will break down, just like any compost, into their component elements, which could be beneficial for plant growth. Coffee also may contain chemicals that inhibit weed growth. Additionally, if coffee’s ability to give you heartburn is any indication, it ought to be able to acidify the soil, too.

The real story

When a living thing dies and breaks down it gives off nutrients stored during its life. Coffee grounds contain about 2 percent nitrogen, 0.3 percent phosphorus, and 0.3 percent potassium (Stephens 1994), as well as some micronutrients. So why separate coffee grounds but not banana peels or ham sandwiches? Quite simply, coffee grounds are different from banana peels and other foods we might decide to put on the ground where our plants are growing. Researchers have looked extensively at these little bits of organic material and have found that they can have effects on your crop beyond those of a simple fertilizer.

Different plants seem to respond differently to the addition of coffee grounds to their soil or media. Some plants, such as lettuce, seem to benefit from coffee ground–amended soil quite a bit; some plants, such as alfalfa, seem to benefit very little; and some plants, such as ryegrass, wheat, and tomato, actually seem to be negatively affected (Kitou and Yoshida 1997). The negative impact may be caused by chemicals in the coffee, called allelopathic chemicals, which actually inhibit the growth of some plants (Kitou and Okuno 1999). Nonetheless, it seems that, at least for some plants, coffee grounds aren’t too bad unless they’re fresh, in which case there is a possibility the grounds will tie up nitrogen the plant might like to use itself (Wakasawa et al. 1998). This makes sense because fresh vegetable matter (that’s what coffee grounds are) actually tends to absorb more nitrogen than it gives off. Microbes use the nitrogen as fuel to break down the complex organic material into simpler sugars. Only after the vegetable matter decomposes for a period of time does it release nutrients instead of absorbing them.

Though I have read claims stating that once coffee is brewed all the acids are drawn out, research shows otherwise. European researchers have found that coffee residues do seem to affect the pH of the media they are mixed with. This may well offer some benefit for acid-loving plants (Reyes-Hernandez et al. 2002). Applying coffee grounds to the top of media or soil is less likely to affect its pH. Coffee itself has a pH of about 5 to 5.5 right out of the cup.

What it means to you [image: Image]

Spreading coffee grounds around plants isn’t a bad idea, but expecting them to affect pH to any great extent without incorporating them into the soil or media probably isn’t realistic. Stick with the other soil acidifiers. It is possible that the allelopathic chemicals present in coffee may inhibit weed growth around your plants, which would surely help, and there is no doubt that the nutrients the grounds give off as they break down will benefit your plants. Fresh coffee grounds probably won’t affect your plants’ uptake of nitrogen too much unless you incorporate them into your soil. This is a bad idea not only because the coffee grounds might tie up nitrogen but also because the allelopathic chemicals you may be adding can’t tell the difference between the plants you want to grow and plants you want to kill. For the same reason, pouring old coffee from a pot onto your plants isn’t the greatest of ideas either (even though it might lower the pH of your soil).

Compost [image: Image]

Compost is dead plant (and animal) materials that are decomposed, or decomposing, because of the microbes that are eating it. In fact, you could think of compost as nothing more than microbe poop. Compost ingredients may include everything from tomato plants to dung to yard clippings. This stuff has been recommended by almost everyone who has anything to do with gardening, from university personnel to your mother. But why?

The practice

Compost is often mixed into the soil prior to planting. Various sources recommend specific quantities of compost for different conditions, but in general 20–30 gallons (about 100 pounds) of moist compost should be applied per 100 square feet. It should be tilled into the soil as deeply as possible before planting. When compost is applied, the amount of fertilizer recommended is usually cut in half. Recently, people involved with organic gardening have started recommending something called compost tea, which is water that has had compost steeped in it. This water is then applied to the soil or even to a plant’s foliage. Compost tea is discussed in more detail in chapter 6.

The theory

Compost is organic matter, so it should provide all the benefits of organic matter, including improved water retention, nutrient retention, and drainage, if used properly. Additionally, compost contains all the nutrients that its ingredients accumulated while alive.

The real story

The organic material present in compost is good for the soil, no two ways about it. It improves drainage, water retention, and nutrient availability. Some evidence also indicates that compost will actually inhibit certain nematodes and pathogens (Davidson et al. 2000), including Fusarium species (Pharand et al. 2002), which are very dangerous for many plants in vegetable gardens, and Phytophthora species, which may cause damage to all kinds of plants (Widmer et al. 1998). Some sources of compost are better than others, and compost that has not been allowed to—well—compost for long enough will actually take up more nutrients than it releases. As a general rule, compost should be at least 6 months old before it is used, but this is dependent upon many factors. Compost always contains some nutrition for plants, but the amount of nutrition depends upon the ingredients used. Compost that includes animal matter, such as fish or feathers, tends to be higher in nitrogen than those composed primarily of vegetable matter. Some types of vegetable matter, such as grapefruit and banana skins, may contain quite a bit of potassium, and other types, such as cantaloupe rinds, may contain a high concentration of phosphorus. None of this nutrition is quickly available to the plant but is instead provided slowly as the components of the compost break down. When compost is added to a garden, enough micronutrients are usually added so that additional micronutrients are not needed.

It is possible that some composts, especially those with a high content of municipal wastes, could include heavy metals. Other contaminants in compost that should be left out if possible include the leaves of certain trees, including walnut and eucalyptus, which may be harmful to the roots of other plants, and the feces of dogs, cats, and humans, as these substances may contain harmful pathogens. The best thing for people with only a small compost requirement is to make it themselves following local extension guides or to purchase it from a reputable company and ask them about heavy metals and biological contaminants in their product.
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Figure 2 The amount of nitrogen, phosphorus, and potassium in organic compost materials as a percentage of dry weight

Source: J. M. Stephens 1994. Courtesy of University of Florida, Institute of Food and Agricultural Sciences

While compost is generally good, always remember that compost is an amendment to soil, and should not be used instead of soil. Growing plants directly in compost does not usually work well.

What it means to you [image: Image]

Compost is helpful, but be careful to use good compost in a wise manner. Compost added to a garden will reduce the need for fertilizers and should supply the micronutrients required for normal plant growth.

Eggshells

Eggs are one of nature’s great miracles. They contain all that is needed for a tiny creature to emerge, and they also taste good with a little salt and hot sauce. But what could eggshells, the part that’s left after the egg has been eaten, possibly do for a garden?

The practice

Eggshells are often recommended as an amendment to soils or media because of their high calcium content. Recommendations tend to be pretty inexact, with anywhere from one to six eggshells recommended for a container. Besides simply adding the eggshells, recommendations may also include boiling them in water and then allowing this mixture to sit for some time, generally 15 minutes to 24 hours, straining out the shells, and using the remaining water to irrigate your plants.

The theory

Eggshells have a high concentration of calcium, which is what gives them their rigidity. If this calcium can get into the soil where the plants are growing, then perhaps it could be taken up and used by the plants.

The real story

Unsurprisingly, when hunting through old literature, I was unable to find any information on what the addition of eggshells might mean for the nutrition of a plant. To address this dilemma I cracked an egg, removed the yolk and white (so as not to be wasteful I made some pancakes), and wiped out the inside so there were no residues left. I then crushed the eggshell into small bits, about the size of aspirin, and boiled them in a few cups of distilled water. After boiling, I let the eggshells sit in the water for 24 hours and then strained them out and collected the water. I sent the eggshell water, along with a sample of the distilled water, to be tested by the University of Minnesota’s analytical lab to find out how much extra nutrition the eggshell added to the water. At first this experiment may seem strange because I didn’t look at the eggshell in the soil itself, but boiling the eggshell and letting it sit gives a reasonable estimate of the nutrition in the shell that will go into solution and so be quickly available to the plant. Nutrients that did not come out of the eggshell during boiling would probably not be available for the plant to use anytime soon if the eggshells were placed into a soil or media. Additionally, this experiment tells us whether boiling an eggshell in water and saving that water to irrigate plants is a good idea.

Five nutrients were more abundant in the boiled–eggshell water than in the distilled water (although we didn’t look at nitrogen, which may have increased also). The first element was sodium. The increase in concentration was relatively small, and it is unlikely that this amount of added sodium would help or hurt the plant. Two other elements that increased were phosphorus and magnesium, but, while these elements are certainly beneficial to plants, their concentrations were very low. Finally, two other elements were released by the eggshell in quantities that might be beneficial to a plant. About 4 milligrams of both calcium and potassium were released into the water. Okay, okay. Four milligrams is really small, but if you were to boil, say, ten or twenty eggshells (a realistic number to produce during a hard day of baking) in a gallon of water, you would have a nice little calcium and potassium amendment to add to your soil or media.

Before closing this section, I have to admit that I should have tested 10 or 20 eggshells from 10 or 20 different sources and then tested chicken eggshells against the eggshells of different bird, or even reptile, species. Hopefully someone else out there will run these tests and publish his or her results. Every new experiment lends a little more to our understanding of the world around us.

What it means to you [image: Image]

Eggshells shouldn’t be your only source of fertilizer, but eggshells are a waste product that we typically throw away without thinking twice. Why not use them to provide added nutrition for your plants? Based on the results I found—and my results were, again, based on only one test—I would use four or five eggshells per plant, mixed into the soil in a garden situation, and the same number mixed into the media prior to planting in containers. Additionally, boiling ten to twenty eggshells in a gallon of water for a few minutes (watch out though—I found out the hard way that this mix tends to bubble over), letting the mix sit overnight, and straining the eggshells ought to provide a nice amendment to apply once every week or two. Or if it’s more convenient, you could just take the water you use to make hardboiled eggs and apply this to the soil or medium that your plants are in. Two cups of this solution per plant ought to be appropriate. I would not store the concoction for longer than a day. Though I haven’t tested it, I would be surprised if the water used for boiling other foods, such as vegetables, isn’t also beneficial for feeding plants.

Epsom salts [image: Image]

Epsom salts are sold in garden centers as a classic concoction to add to many fertilizer homebrews, but few people really know what Epsom salts are. Are you dying to know the answer? Okay, here it is. Epsom salts are a simple salt composed of two nutrients, magnesium and sulfur, as can easily be discerned by the chemical formula MgSO4. Epsom salts are so named because they were first collected from mineral springs in Epsom, England. These salts can benefit our gardens, but not always in ways the gurus would have us believe.

The practice

Epsom salts are often dissolved in water and applied as a liquid fertilizer, either to the soil or as a foliar spray. The concentration used for this type of application is usually about ¼ cup of these salts for every gallon of water, which should cover 1000 square feet. Epsom salts can also be applied dry to the surface of the soil. In this case ¼–½ cup of Epsom salts is applied around the base of the plant.

The theory

Epsom salts contain two elements critical to plant growth, magnesium and sulfur. Proponents of this classic concoction adhere to the theory that plants are often deficient in these two elements. Some people also think Epsom salts decrease pH.

The real story

There is no doubt that some plants, such as poinsettias, chrysanthemums, kalanchoes, and gardenias, often have high levels of magnesium in their leaves (Dole and Wilkins 1999; Mills and Jones 1996). Therefore, they may benefit from higher levels of this element in their soil or media. Most planting media contain sufficient magnesium for normal growth, though, and adding Epsom salts is unnecessary for most plants in most situations.

Where magnesium is deficient, the soil is likely to be acidic. In these conditions it is more appropriate to add dolomitic lime rather than Epsom salts because dolomitic lime will increase pH as well as add magnesium. If soil is at an appropriate pH already, then Epsom salts are the better addition (Jokinen 1982).

Although Epsom salts have been reported to make soils more acidic, there is little evidence to indicate this. Epsom salts are considered neutral salts, meaning they will have little effect on the pH of soil or media.

What it means to you [image: Image]

Epsom salts are a handy way to deliver two nutrients, sulfur and magnesium, to a plant, and if your plant is low in either of these, there is a benefit to adding this salt. Epsom salts are not magic and don’t take the place of other nutrients. Epsom salts are not generally harmful to add to your plants, but they are usually unnecessary. In many, if not most, cases where there is little magnesium in the soil, there is also an acid pH. In these cases dolomitic lime is more appropriate than Epsom salts as a way to add magnesium.

It would be convenient if I could provide an easy way to tell whether your plant needs magnesium or sulfur, but I can’t. If you are seeing a nutrient deficiency, it is best to have your soil tested to find out why the deficiency is occurring. This is usually best done through your state extension service. By applying something, such as Epsom salts, without testing your soil, you are simply rolling the dice to find the cure. You may be right, but you may make things worse.

Gypsum [image: Image]

Gypsum is touted as the way to make your garden soil alive again. In fact Edmund Ruffin (1832) once wrote, “There is no operation of nature less understood … as the enormous increase of vegetable growth from a very small quantity of gypsum, in circumstances favourable to its action” (my emphasis). This soil amendment is often referred to as a soil “loosener,” but, as with Epsom salts, few people really understand exactly what gypsum is and what it is supposed to do. Let’s make it easy. Gypsum is calcium sulfate, which basically offers two nutrients: calcium and sulfur. Can adding these nutrients in the form of gypsum improve your soil?

The practice

Gypsum is applied at various concentrations and is usually incorporated into the soil prior to planting. I have seen recommendations to apply as much as 6 pounds of gypsum per 100 square feet.

The theory

Gypsum is supposed to loosen soils, making them easier to work and allowing air and water to more easily reach the root system of plants, thereby effectively revitalizing the soil. It supposedly accomplishes this by displacing sodium ions in the soil.

The real story

Gypsum does indeed displace sodium ions in the soil when it is applied where high amounts of sodium are present, such as occurs in soils in the western United States and in coastal areas (Bauder and Brock 2001; Alam et al. 2002). The displacement of sodium gives the soil much better structure. Additionally, gypsum supplies calcium and sulfur. If these elements are lacking in a planting medium, gypsum is a good amendment.

Because gypsum is a neutral salt, it is especially valuable when you want to increase soil calcium without raising pH. Typically, lime is used to provide calcium, but when you want to avoid increasing the alkalinity of a soil, gypsum is the perfect amendment. Gypsum’s main drawback is that people often think it is a good soil additive under most conditions. While gypsum is rarely harmful when applied following the label instructions, it will only benefit soils and media under certain conditions. Additional claims are usually unfounded.

What it means to you [image: Image]

Under high-sodium soil conditions, gypsum is a very valuable amendment. It is especially useful in certain parts of the United States, mostly in the West and in coastal areas, where sodium builds up in soils and makes them crusty, badly affecting a plant’s ability to grow and thrive. Gypsum is also valuable in conditions where a soil needs calcium or sulfur but where pH is already close to optimal. I always use gypsum when planting tomatoes in containers on my back porch, as these vegetables have a relatively high demand for calcium but usually don’t need to have the pH of their media altered. Gypsum is, like Epsom salts, not usually harmful to add to a soil, but it is not needed nearly as often as people think. As with Epsom salts, the best way to find out if you need gypsum is to have your soil tested.

Lime [image: Image]

Lime has been used in agriculture since Roman times, when Lucius Junius Moderatus Columella wrote about his uncle, Marcus Columella, who used chalk or marl (basically a naturally occurring calcium deposit) to improve gravelly soils (Columella 1745).

Lime is usually composed primarily of calcium carbonate, though other compounds may also be present. A number of different types of lime are sold, but the most common ones found in garden centers are hydrated lime (calcium hydroxide) and dolomitic lime. These two types have different characteristics, so that care needs to be taken when choosing one.

The practice

Lime is usually purchased as a powder and spread across an area that is too acidic to grow healthy plants. It can be either incorporated into the soil or placed on top of it to increase pH. Recommendations for lime vary from 1 to 5 pounds of lime per 100 square feet, depending upon the type of lime used and the amount of pH change desired.

The theory

After application, the chemicals in lime undergo a reaction that causes the soil or medium to become more alkaline (have a higher pH). This should be beneficial to plants in situations where the soil or medium is too acidic for optimal growth. Additionally, lime adds calcium and magnesium to soils.

The real story

Although lime has long been known to have potential benefits for soils, the reason for these benefits was unknown until Edmund Ruffin, better known for claiming to have fired the first shot in the American Civil War and committing suicide at its conclusion because he could not stand the “vile Yankee race,” published a book titled An Essay on Calcareous Manures (1832). His book related how lime could affect a soil’s chemistry by making it more alkaline, something he established after reading Humphry Davy’s book Elements of Agricultural Chemistry (1814), which included information on experiments conducted around 1755 by a Dr. Black in Edinburgh. Those experiments demonstrated that limestone and chalk become alkaline when heated.

The two different types of lime commonly used in gardens, hydrated lime and dolomitic lime, have different properties and affect the soil differently. Hydrated lime tends to react very quickly with the soil and rapidly alters pH. Because it reacts so quickly, it unfortunately also dissipates quickly and does not provide a lasting effect on pH. Dolomitic lime reacts more slowly than hydrated lime and is less water soluble, which provides a more lasting effect on pH. Additionally, dolomitic lime usually contains more magnesium than hydrated lime. To complicate matters just a little bit more, the size of the lime particles will also affect how quickly it works and how effective it is at altering pH. Larger particles react more slowly, and smaller particles react more rapidly.

Lime definitely helps plants in situations where soil pH may be too low (too acidic) for plants to grow normally. Lime will also increase the amount of calcium and magnesium plants have available to them (Wright et al. 1999). Phosphorus, potassium, sulfur, calcium, and magnesium are all more available to plants at a higher pH. However, if the lime pushes pH too high, then other elements, such as zinc, manganese, and especially iron, will not be as available to your plants. Containers often include media that are very acidic; in situations where this is the case, lime is beneficial to plant growth, but be careful because too much lime will result in reduced growth (Gillman et al. 1998). If pH is already at an appropriate level, lime can even damage plants. As far back as the 1890s lime was known to injure certain plants, including conifers, rhododendrons, and azaleas (Henderson 1890).

People who have been farming for a long time say lime sweetens the soil. I’m not exactly sure what “sweetening the soil” is—it is certainly not a commonly used term today—but I suspect it means that nutrients are made more available to the plant because of lime additions. If this is indeed what it means, then lime sweetens the soil only when the natural pH is too low.

What it means to you [image: Image]

If pH is too low in your soil or medium, adding some form of lime will definitely help. Lime will also help with calcium and magnesium if these elements are lacking in the soil, but it should not be added if calcium or magnesium deficiency are the only problems. Epsom salts and gypsum are more appropriate in these situations because they do not alter soil or media pH the way that lime will. The amount of lime to add to a particular site is extremely variable and depends on the type of soil, type of lime, and environmental conditions you have in your area. Contact your local extension service or talk to a knowledgeable garden center employee to get recommendations. Lime can have lasting deleterious effects on a lawn or garden if it is not used properly.

Liquid, granular, and slow-release fertilizers

What type of fertilizer should you buy? There are all kinds of options; you can buy liquid, granular, or slow-release fertilizers. But is there a difference between them? Should we care whether we use a liquid rather than a slow-release fertilizer?

The practice

Fertilizer is nothing more than various types of nutritional salts mixed together. These salts can be delivered to a soil or medium in a solid form, typically called granular fertilizer, or mixed in water, typically called liquid fertilizer (you can also buy this as a powder to mix with water yourself).

There is also something called slow-release fertilizer, which is basically a granular fertilizer that has been covered with some kind of coating, usually plastic, so that it will release its nutrients more slowly.

The theory

Theoretically, the three different fertilizers are useful in different situations. Liquid fertilizers should be more useful for plants that need a quick shot of nutrition or for situations where fertilizer will be applied multiple times throughout a growing season. Slow-release fertilizers are supposed to be best for plants that need a constant stream of fertilizer and for situations where you just don’t have enough time to continuously reapply fertilizer. Granular fertilizers are primarily for outdoor situations, where cost and labor are concerns, as these fertilizers are usually among the cheapest, and easiest, to apply.

The real story

The major difference among the fertilizer delivery systems is the rate at which the salts dissolve and deliver nutrition to the plants. This difference matters more in certain situations. In containers, for example, nutrients move through media rapidly. Multiple applications of a fertilizer that dissolves rapidly, or fewer applications of a fertilizer that dissolves slowly, are required. On soil, however, nutrients tend to hang around, allowing the plant to use them for a longer period of time; in soil, even highly soluble fertilizers will be available to the plant for at least a few weeks. Clay soils tend to hold nutrients for a longer period of time than sandy soils.

The various types of fertilizer all have their merits, and all deliver nutrients to the plant. Some methods, however, are more effective than others in particular situations. Liquid fertilizers are sold as salts either already dissolved in water or that will easily dissolve in water. Because of their solubility, these salts move quickly through the soil with rain or any sort of irrigation and need to be applied quite frequently. The rapid movement enables them to reach the plants’ roots quickly, but they are also rapidly lost. This delivery system is commonly used in the container production of floriculture crops because of the control that the producer has over the concentration of nutrients. In the home, these fertilizers are useful early in the spring to encourage new growth. When the plant has grown large enough and you want to encourage blooms, liquid fertilization can be stopped, and the fertilizer will flush out of the media relatively rapidly.

Granular fertilizers are usually the cheapest. The salts that make up these products are typically not as soluble as those that make up liquid fertilizers, so their nutrients tend to last for a longer period of time than those delivered as a liquid. These fertilizers are preferred when large areas need to be covered. Simply because of cost, this delivery system is the one most commonly used for lawns and in the care and production of trees grown in the ground.

Slow-release fertilizers are granular fertilizers that have been coated with some material, usually plastic, that allows nutrients to be delivered more slowly than either of the other fertilizer delivery methods. This type of fertilization is most commonly used in containers because containers cannot hold large amounts of nutrients for long periods of time. Slow-release fertilizers are used for the production of trees and shrubs in containers and is also very convenient for home fertilization. The release of nutrients from slow-release fertilizers depends on the type you buy, how often and how much your plants are watered, and temperature. The higher the temperature and the more water applied, the less time they will last.
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There are distinct benefits to each type of fertilizer delivery system. For plants living in containers or for anyplace where we want to see rapid growth and will have the opportunity to reapply often, liquid fertilizer is a good option. In large areas, such as lawns and gardens, granular fertilizers make sense because they are economical and will last for a reasonably long time in the soil. Slow-release fertilizers are the most expensive form and are most appropriately used for plants growing in containers, where you do not want to be bothered with reapplying fertilizer often. Slow-release fertilizers are also a good idea in gardens with sandy soils, where other fertilizers might leach through too quickly.

Micronutrient mixes

Micronutrient mixes are commercial formulations of the micronutrients that plants need but that are not present in many of the synthetic fertilizers. These mixes include many elements that plants need in small quantities, such as boron, copper, manganese, molybdenum, and zinc. We are told that we need these products to ensure that we have good plants. Is this true?

The practice

Micronutrient mixes are usually applied as a spray to a plant’s foliage or as a granular application to soil or media. These products typically contain many elements that are needed for plant growth but are not needed in the same quantity as the macronutrients (nitrogen, phosphorus, potassium, calcium, magnesium, and sulfur). Micronutrients are applied at very low concentrations and are sometimes even incorporated into regular liquid, granular, and slow-release fertilizers, in which case additional applications of micronutrient mixes would rarely be necessary.

The theory

It is well established that plants need micronutrients; the theory is that micronutrient mixes will supply these necessary elements and alleviate any possible nutrient deficiency.

The real story

Sixteen elements are essential to plant growth: boron, calcium, carbon, chlorine, copper, hydrogen, iron, magnesium, manganese, molybdenum, nitrogen, oxygen, phosphorus, potassium, sulfur, and zinc. Scientists learned that these elements are essential by attempting to grow plants without them. They found that without these elements plants will not grow and will eventually die. Micronutrient mixes aim to prevent nutrient deficiency in your soil or media by offering elements that could be lacking and are not supplied by typical synthetic fertilizers. Organic fertilizers are different from synthetics because they generally include more micronutrients, and when organic fertilizers are properly used, extra micronutrients are rarely needed. Compost will also supply micronutrients to plants.

Since we know micronutrients are necessary for plant growth, it is just common sense that an application of a micronutrient fertilizer will help supply any missing micronutrients. Plants growing in containers are more likely to be in a micronutrient-deficient situation than plants growing in good soil, especially when the media are composed primarily of pine bark (Wright et al. 1999).

Many people who use micronutrient mixes assume that just because they are applying micronutrients, they are solving their micronutrient problems, but this is not always the case. Often there is a problem in the soil, such as a very low or high pH, that will make a particular nutrient unavailable to the plant no matter how much of it is added (Mengel and Kirkby 1987). In these situations a chelate can be added to correct nutrient problems.

What it means to you [image: Image]

Micronutrient mixes work if your planting medium is lacking in these nutrients; the mixes are certainly worth a try if you feel you have been experiencing less-than-optimal growth from your plants. This is especially true when your plants are growing in containers. The reason micronutrients don’t receive four or five points is that most soils do contain enough micronutrients for the plants that people are trying to grow. However, if a soil or medium is devoid of some micronutrient, these products may prove incredibly useful. For people who use organic fertilizers or compost, an application of micronutrients is often a waste of money. If you decide that a micronutrient mix is right for you, make sure you have checked the pH of your soil before expecting benefits; a pH that is too high or too low will lead to micronutrient deficiencies no matter how much micronutrient mix is added.

Organic fertilizers [image: Image]

Organic fertilizers—such as bone meal, dried blood, fish emulsion fertilizers, guano, manure, and others—are simply fertilizers that have been derived from a natural source. Because they come from a natural source, they are assumed to be earth friendly and possibly better for a plant than synthetic fertilizers. It should come as no surprise that organic fertilizers have been around for a lot longer than synthetic fertilizers. In Roman times a number of different types of dung were used, with pigeon dung considered the best (Columella 1745). By the late 1800s dung was still the standard, but more types of dung were being utilized. Commercial fertilizers utilizing Peruvian guano (bird guano) and bone dust headed the list of those most commonly used. During that time, fertilizers made of mixtures of different types of dung and other natural products became popular, perhaps because of the differing concentrations of nutrients in the various products. One of those fertilizers was comprised of guano or bone dust, leaf mould, well pulverized dry muck, sweepings from a paved street, and rotted stable manure (Henderson 1890). Finding old nuggets of information like this one makes my job interesting.

The practice

Gardeners who want to use only natural products on their land will frequently use fertilizers that are advertised as “organic,” such as bone meal, various forms of guano, and fish products. These fertilizers are usually applied to the soil, but some, such as fish emulsions, may be applied to foliage.

The theory

Organic fertilizers should supply nutrition to a plant in the same way synthetic fertilizers do, but at a lower dose. Organic fertilizers are also supposed to offer more nutrients and release them more slowly than synthetic fertilizers.

The real story

Organic fertilizers generally have a much lower analysis of nutrients than synthetic fertilizers do. (Also see the entry “Analyzing the ever-changing fertilizer analysis”.) In other words, organic fertilizers generally include a smaller percentage of nitrogen, phosphorus, and potassium than synthetic fertilizers. A fertilizer made of fish scraps may have an analysis as low as 5-3-0. The low analyses mean that more of these fertilizers must be applied to a particular soil or container to get the same effect as a smaller amount of synthetic fertilizer.

Fertilizers that are organic have the advantage of releasing nutrients more slowly than those that are liquid or granular. (Also see the entry “Liquid, granular, and slow-release fertilizers”.) The release is slower because the nutrients are chemically bonded to organic compounds (hence the name “organic fertilizers”). As the nutrients separate from the organic compounds over time, they become available for the plant to use. Because these fertilizers release nutrients more slowly, they need to be applied less often than most synthetic fertilizers, with the exception of slow-release fertilizers.

Organic fertilizers also tend to affect the pH of a soil with repeated use. Different organic fertilizers will have different pH effects, and if you are using a single type of organic fertilizer repeatedly you should be aware of its probable effects on the pH of your soil.

I have heard garden gurus suggest that organic fertilizers cannot burn plants like synthetic fertilizers can. Having burned plants with organic fertilizer myself, I can reliably say the gurus are wrong. Fertilizer burn occurs when something high in salt, such as fertilizer, is placed next to growing plant tissue. The salt will cause the plant’s cells to desiccate (because of the osmotic potential created by the salt), leading to cell death and a burned look. Fertilizer burn can be avoided by applying the proper amount of fertilizer to your yard or garden—using recommendations on the fertilizer label or from your state extension service—and by making sure your plant is well watered. Organic fertilizers usually do contain a lower concentration of salts than synthetic fertilizers and are therefore less likely to burn plants, but it is far from impossible.
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Figure 3. The dry-weight percentage and availability of nitrogen, phosphorus, and potassium in typical organic fertilizers, as well their effects on pH

Source: J. M. Stephens 1994. Courtesy of University of Florida, Institute of Food and Agricultural Sciences

A second, lesser-known problem with organic fertilizers concerns ammonia. Ammonia is released from fresh manure at a concentration that is damaging to plants, so it is best to compost manure for at least 6 months before using it.

Contrary to common belief, there is no evidence organic fertilizers have any benefit beyond the basic nutrients they deliver. They do come from previously living things and therefore do contain micronutrients that may be valuable to plant growth, but besides these there really isn’t anything that would make organic fertilizers behave any differently from synthetic fertilizers. If misapplied, they could still pollute the environment or hurt your plants.

What it means to you [image: Image]

Organic fertilizers earn a score of five for a few reasons. First, although they are generally more expensive than synthetic fertilizers, they supply additional micronutrients that many synthetic fertilizers do not, and they last longer. Additionally, organic fertilizers are a renewable resource. Remember, though, that there is no magic behind them; they deliver nutrients to the plant the same as any synthetic fertilizer does. They are very useful, but despite being organic, they can still cause fertilizer burn and pollution just as synthetic fertilizers can.

Shampoo and liquid soaps

Many of the home-brewed helpers that garden gurus recommend include soaps. These soaps usually come in the form of either shampoo (typically baby shampoo) or some other type of liquid soap. Most people don’t have a clue as to what these products are supposed to do.

The practice

Suggestions commonly range from 1 to 2 tablespoons to 1 cup of some type of shampoo or liquid soap added to other ingredients, usually ammonia or beer, for a fertilizer. This concoction is then sprayed on the garden with a hose-end sprayer.

The theory

According to theory, applying shampoos and soaps will help to soften soils. Unfortunately “soft soil” is not a well-understood phrase, and it is difficult to qualify exactly what it means. The phrase is usually used to indicate the amount of organic matter in the soil, with softer soils having higher concentrations of organic matter. However, it is sometimes also used to indicate a soil with a low salt content or that is easily wet.

The real story

To properly investigate what soap may do to the soil we should first look at the three things garden gurus may mean when they refer to soap as a soil softener. First, soap will not add any organic matter to the soil, so this (hopefully!) is not what the gurus are referring to. Next, if a soil is high in salt there is little reason to believe that an application of soap will do anything that regular water wouldn’t, so, again, this is probably not what the garden gurus mean. What about helping the soil to get wet? Well, here the gurus may have something. Soaps may act as so-called wetting agents, which allow water to move through soil more quickly and more easily, especially soils that are normally resistant to water moving through them, and may increase the amount of water the soil holds. The actual practice of adding wetting agents to improve plant health and growth, however, has met with mixed results. In a study in New Zealand that looked at sandy soils, wetting agents seemed to be generally beneficial (Wallis et al. 1990), but in another study that looked at how soaps increased yield in potatoes, very little benefit was realized (Lowery et al. 2004). The best way to summarize the potential benefits of wetting agents is simply to say that, depending on the conditions you have in your garden, they may be helpful. Unfortunately, it is difficult to pinpoint exactly what those conditions are.

Wetting agents are a tried-and-true practice in one situation. Commercially  produced wetting agents are extremely useful for container media because these media often have peat in them. Peat that has been allowed to dry, such as what you find on most garden center shelves, is notoriously difficult to wet; wetting agents are useful for keeping these media watered (Nelson 2003). Wetting agents could be especially helpful in situations where plants are being grown in containers and water conservation is a concern, as you can probably get by with less water per watering when wetting agents are added to media (Bilderback et al. 1997).
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Because most of the plants you buy in containers already contain wetting agents, there is little reason to believe that soap will benefit them, and it may even hurt since soaps have a tendency to burn leaves if misapplied. Adding soap to soils to increase water infiltration may work if the soil is resistant to watering, but since most soils, and especially well-tilled garden soils, are not resistant to watering, adding these soaps is largely a waste of time. Besides, it is always a questionable practice to add things to a soil that were never intended to be there, like shampoo. Commercial wetting agents have been created specifically for soils; shampoo has been created specifically for hair and should not be expected to be an effective soil softener. Furthermore, a long, deep watering of the ground is likely to be just as effective at getting water to the roots of your plants as applying a liquid soap or shampoo, if not more effective.

Soda, syrup, and other sugary snacks

Sugary substances are often recommended as plant fertilizers. I have seen soda, syrup, molasses, and even sugar suggested as a pick-me-up for gardens. Will these sugary snacks rot plant life the same way they rot your teeth, or are they just the thing to cure an ailing plant?

The practice

Sugar is usually applied to the garden in combination with a few other components. Common homemade fertilizer recipes include a cup or so of beer, a can of soda, a little soap (between a tablespoon and a cup), and some ammonia. This concoction is then applied with a hose-end sprayer onto the area to be fertilized. Other recipes may include from 3 to 10 ounces of sugar dissolved in a gallon of water to be applied at the time of transplant.

The theory

All these sugary things contain one common ingredient, sugar, in one form or another. Most of the proponents for feeding sugary substances to plants believe that these substances feed good bacteria in the soil, but some think the sugar may serve as a food, or even a root stimulant, for the plant.

The real story

To elucidate the effects of some of my favorite sugar sources—cola, lemon-lime soda, molasses, and syrup—on plant health, I ran a little test of their effects on plants. This test used hydroponics, just like the test of beer. To 5½ gallons of water, we added either 6 or 12 ounces of cola, 6 or 12 ounces of a lemon-lime soda, 1 or 2 tablespoons of molasses, or 2 tablespoons of syrup. The water contained a low level of nutrition, as in the tests with beer (enough nutrition to keep the plants alive, but not enough to really get them growing). After about 2 days, the plants had a tremendous increase in bacteria growing on their roots. Just like in the beer tests, this bacteria didn’t help the growth of the plants. Interestingly, both molasses treatments fared better than the other treatments. Those of you who were hoping the molasses might provide astounding growth will be disappointed to note that the plants that received no sugar at all still performed the best.

So has anyone actually looked at what sugar might do to a plant growing in a landscape rather than in a bucket of water? Yes, someone has. A paper published in 2005 by two Englishmen, Glynn Percival and Gillian Fraser, looked at various types of sugars, including fructose, galactose, glucose, maltose, rhamnose, and sucrose, to see whether the addition of any of these sugars to irrigation water at the time of transplanting (a time when the root system is greatly reduced) would benefit birch trees. Two of these sugars, fructose and glucose, are commonly found in soft drinks and other sweet treats, so this study offers some insight into whether tooth-rotting beverages and treats could benefit young trees.

The researchers found that some of the sugars—fructose, glucose, and sucrose—did speed up the root development of birch trees when applied at a concentration of anywhere from 3 to 10 ounces of sugar per gallon of water once a week for 4 weeks after transplanting. Just under a half gallon (1.5 liters) of the sugar solution was applied per irrigation, and no other irrigation source was offered. This research is very interesting and certainly opens the door to the possibility that sugary snacks might benefit plants; unfortunately, these treatments also had some negative effects, such as apparently decreasing photosynthesis. The findings are enough to lead me to think that sugar might be beneficial to tree growth in situations where a tree’s root system is highly compromised, but they are far from conclusive because only one type of tree was examined and because there is a lack of other research supporting the conclusions of this paper. But who knows? It is well within the realm of possibility that some other researcher will give sugar a shot and will find results that support the idea of feeding it to plants at the time of transplanting, in which case you can be sure that I’ll amend this book.

You should consider both experiments when determining whether a sugary snack is right for your plants. Applying sugar will increase bacteria, which may have a negative effect on your plants, but there is evidence that when a plant’s root system has been highly compromised, such as during transplanting, a few applications of sugar may help to stimulate root development, at least in birch trees.

What it means to you [image: Image]

Weird sources of sugar should not be considered a good way to encourage growth under normal growing conditions; they are likely to increase bacterial growth that could be hazardous to roots. However, in a situation where the roots of a tree or shrub have been cut, there is evidence, though far from conclusive, that sugar might help to encourage root development. Perhaps you might wonder whether I would apply sugar to my own newly planted Japanese maple (or ash, or oak, or crabapple). Not a chance, at least not until more research is conducted.

Sulfur, iron sulfate, aluminum sulfate, and other soil acidifiers [image: Image]

These compounds are intended to lower the pH of soils or media that are too alkaline for a plant. They are similar to chelates in that both are intended for plants that have been placed in a site that is too alkaline for them. Even back in the 1870s one of these compounds, iron sulfate, was noted as a good way to deliver iron to pear trees (William 1871a). It probably achieved this more through acidifying the soil (allowing iron already in the soil to reach the plant) than through the actual iron it delivered.

The practice

Sulfur, iron sulfate, and aluminum sulfate are applied to soils at various concentrations to reduce pH. Other soil acidifiers are applied at different concentrations depending on their ingredients, which might include ammonium sulfate, urea, a variety of acids, or other chemicals.

The theory

Soil acidifiers are supposed to react chemically with the soil to produce acidic conditions. Addition of soil acidifiers that are themselves acidic, such as phosphoric acid, should cause a soil to become even more acidic.

The real story

Soil acidifiers may contain a variety of active compounds. These compounds do acidify the soil and will result in increased uptake of nutrients that are more available in acid conditions; iron and manganese are the two elements most commonly unavailable to plants due to alkaline soils. Other compounds that help acidify the soil, including ammonium sulfate, urea, and others, also contain a certain amount of nutrition and can deliver nutrients at the same time that pH is being altered.

If pH adjustment is all you want to accomplish, and you are not interested in adding fertilizer, then the best choices for acidifying your soil or media include sulfur, aluminum sulfate, and iron sulfate. Sulfur tends to act slowly in the soil, and it may take a long time for this element to drop the pH to a level that is appropriate for the plants you want to grow. Sulfur is also relatively insoluble, so it will not move through the soil profile too rapidly. That means it will provide pH control for a long period of time, perhaps even 3 or 4 years, depending on soil conditions. Iron and aluminum sulfate have the advantage of altering pH more quickly than plain sulfur, but because they are more soluble they tend to flow through a medium and offer much less in the way of long-term pH control. In sandier soils only about a year of pH control should be expected. Acids added to soils to change pH are usually quite soluble and will only provide short-term pH correction.

[image: Image]

Figure 4. The number of pounds of aluminum sulfate, iron sulfate, and sulfur needed per 100 square feet to decrease pH by one level in various soil types. These amendments are most effective when incorporated into the soil.

Source: Swanson et al. 1986. Reviewed on June 1, 2005

What it means to you [image: Image]

Sulfur, iron sulfate, aluminum sulfate, and other soil acidifiers will accomplish what they say they will, but sulfur is cheaper and will offer a longer-term pH control than any other option. If you do decide to use sulfur, try to incorporate it into your soil, as it will not penetrate the earth rapidly on its own. For plants that are in soils much too alkaline, a rapid pH change may be in order. In this case iron or aluminum sulfate will work well, as will any soil acidifier applied at the proper concentration. Be careful when using iron or aluminum sulfate. These compounds are stronger salts than sulfur, meaning that an overapplication can be quite dangerous for your garden. Aluminum can be toxic to your plants, so you need to be especially careful not to overapply aluminum sulfate.

Vinegar

Vinegar is recommended as a soil or media amendment for many different plants that like acidic conditions, such as azaleas, camellias, and blueberries. It can also be used as a fungicide or herbicide; those uses are discussed in chapters 6 and 7.

The practice

The common recommendation is for about 2 tablespoons of vinegar in 1 quart of water. It is recommended that this recipe be added to the media of potted plants or to the soil of outdoor plants. This recipe is most often recommended for azalea.

The theory

Vinegar is acidic; therefore if added to a soil it should acidify the soil, allowing plants that prefer acid conditions to thrive. This theory is very similar to the one behind using commercially produced acids to alter pH.

The real story

Since vinegar is acidic, there is no doubt that it will acidify the soil, at least to some extent. Because vinegar mixes well with water, it will not be able to keep the pH of the soil or media low for very long and will rapidly wash through the container or soil profile. This differentiates vinegar from commercial soil acidifiers that are based on acids: commercial acidifiers don’t move through the soil as rapidly. In fact, I found that adding apple cider vinegar to containers at a concentration of 2 tablespoons per 1 quart of water did not lower the pH of the medium in the container for longer than a single watering, but my results will not hold true for all vinegars because they differ in their acidity.

What it means to you [image: Image]

I would not use my pricy bottle of balsamic vinegar on azaleas. The effects wouldn’t last nearly as long as commercial acidifiers, such as sulfur or iron sulfate, and I would mourn the needless loss of the one thing that makes iceberg lettuce worth eating. Nonetheless, for people who want to try out this home-brewed remedy, I can think of worse things to apply. If you do decide to try vinegar, I strongly recommend sticking with one type once you find one that works. You will also need to experiment to determine how often to apply the vinegar. Remember that organic gardeners also use vinegar as an herbicide and that adding too much could be quite bad for your plants. If I were to use vinegar I certainly would not add it every day; once a week is a good place to start.

Putting it all together

From the number of products and recipes listed in this chapter, you might get the idea that it’s quite difficult to fertilize a garden. That’s not really the case. Yes, you need to be conscientious and thoughtful in order to do it right, but your brain won’t melt from mental gyrations trying to figure out the fertilizers and amendments that are best for your situation.

Should you add an amendment?

Most soils, except those extremely high in organic matter (over 10 percent—many soil labs include this information in a normal soil test), can use an amendment of compost. It will help your soil in a variety of ways, including improved water relations, increased nutrient availability, and perhaps even improved soil pH.

Compost is best when it comes from a variety of different sources, such as eggs, fish waste, and banana peels, because different sources contain higher concentrations of different nutrients. As a gardener, you want to add all the nutrients your plants will need. By regularly adding good-quality compost to your garden, you will rarely have to add micronutrients from a micronutrient mix or from an organic fertilizer.

To make sure you are adding nutrients instead of sucking up nutrients when applying compost, it is a good idea to use compost that is at least 6 months old. An easy way to judge whether or not materials have been composting long enough is to take a close look at your compost pile and see if you can recognize the items that went into it. If you can, you probably want to wait a little longer. About 100 pounds of compost per 100 square feet, tilled as deeply into the soil as possible, is the best way to go. If you don’t have 100 pounds available, adding whatever you can is better than adding nothing at all. Compost can be added to a soil yearly, and it should be added at least once every 3 or 4 years. I like to make additions during the spring or fall because that is when we till up the garden anyway.

Adding compost to your soil is certainly beneficial, but it isn’t a cureall. In any fertility program, it is important to take a soil test to establish the pH of your soil and to find out if any important nutrients are lacking. These tests can be conducted yearly, but usually every 3 or 4 years is sufficient. Testing the soil is often best done a few days after adding compost so that its benefits will be taken into account.

Once you know your soil pH, it’s time to look at the preferences of the plants you want to grow. Appendix 1 lists the preferred pH of many different plants. If you cannot find the plant you are working with in the appendix, you may try other sources, such as the store where you bought the plant, but if no recommendations can be found you are usually (but not always!) pretty safe in assuming the plant will perform satisfactorily in a pH of 5.5–6.5. If your ground is not at, or close to, this range, it is best to use a soil acidifier to lower the pH or lime to increase it. These products should be incorporated into the soil with tilling if possible, but if you already have plants in the area, you will need to apply these products to the top of the soil. If you do this, try not to let these products touch stems or roots, as they could injure the plant (though not usually fatally). The entry “Sulfur, iron sulfate, aluminum sulfate, and other soil acidifiers” gives guidelines about adding acidifiers to various types of soil. For lime it is best to check with local experts, preferably from your state extension service, to get recommendations. Those of you who hate to ask for recommendations are relatively safe adding 4 pounds of dolomitic lime per 100 square feet (a 10 foot by 10 foot piece of ground) per year to most acid soils, but for some soils this quantity will be either ineffective or too much. Again, it is best to check with a local expert.

Other amendments that might be important to you at the time of planting include gypsum and Epsom salts. Gypsum is more likely to be beneficial than Epsom salts, especially in coastal areas where salt concentrations may be high, but only a soil test can really tell you what you need. Some people actually taste soil to see whether it is salty or not. If the soil tastes salty, they take it as an indication to apply gypsum. I prefer a soil test.

How should you fertilize?

When your soil is the right pH and all the amendments you need or want are added, it is time to worry about fertilizer. Some people like to incorporate fertilizer into the soil or media at planting, but I don’t. If a chunk of fertilizer comes into contact with a plant’s roots, it can negatively affect the growth of the plant. I prefer to wait 1 or 2 weeks for annuals and perennials and a few months to a year for trees before I fertilize. Fertilization is a little different for grass, where nutrients are usually added at the time of planting and again later in the year. But how much fertilizer to use? Most fertilizers include instructions on how much should be added to particular crops to achieve the results you want. In general these instructions are very good. However, if you want to do some calculations yourself, you can quite easily figure out how much of a particular nutrient you are adding to an area of land. Remember that fertilizer bags have an analysis written on them that corresponds to the percentage of nitrogen, phosphorus, and potassium that is in the fertilizer. Recommendations on the quantity of fertilizer to apply are usually based on the amount of nitrogen being added since that is the element most responsible for stimulating growth. If you want to apply 2 pounds of nitrogen as a slow-release or granular fertilizer, simply divide 2 pounds by the percent N in your fertilizer and multiply the answer by 100. The result will tell you how many pounds of fertilizer you must apply in order to apply 2 pounds of nitrogen.

For grass, adding 1 to 2 pounds of nitrogen per 1000 square feet is typical. This amount also works well for trees, shrubs, perennials, and annuals. The greater the amount of nitrogen you add, the more likely you are to get rapid growth and the more likely you are to damage your plants. There is rarely a need for anything greater than 2 pounds of nitrogen per 1000 square feet, especially if you have incorporated compost into your soil.

Fertilizer is applied at various times of the year depending on what you are growing. Fertilizer companies often recommend fertilizing grass three times a year, but if you only do it once, early fall is the best time. Grass collects nutrition during early fall to give itself a boost in the spring. By fertilizing it at that time, you are getting it ready to handle the winter. Fertilizing in late fall is not a good idea because you could stimulate tender new growth, which could not handle the winter.

For trees and shrubs the best time to fertilize is usually in early spring. This is when they do most of their growing and will need the most nutrition. Some people recommend fall fertilization, which has some distinct advantages but also some drawbacks. The advantage is that nutrients that are not very mobile in the soil, such as phosphorus and potassium, will be incorporated much better in the fall than in the spring because winter rain and snow will have a chance to move them into the soil. The disadvantage is that nitrogen may move through the soil before the tree or shrub has a chance to take it up. Additionally, if the application is made early enough in the fall so that the tree is still growing, the nitrogen could actually stimulate new growth on the tree. If you live where winter temperatures dip below freezing, this could well result in a loss of new growth as the winter comes. Fertilizer is usually best applied right before a rain or a watering and when it is not too hot outside. Water and cooler temperatures help to reduce the chance of burning the plants.

Which fertilizer to use?

We have worked out the basics of when to fertilize and how to fertilize; it is time to figure out what fertilizer to use. There are all kinds of options, but for my money I’ll buy organic fertilizers. Yes, they are more expensive, and yes, because of their low analyses, organic fertilizers need to be applied in heavier doses than synthetic fertilizers. They also, however, release nutrients more slowly than synthetics, are less likely to burn your plants, are a renewable resource, and usually offer micronutrients. If you’re keeping score that’s 4 to 2—organic fertilizers win. I like to use a fertilizer high in nitrogen, low in phosphorus, and midrange in potassium. Something with a ratio of 5-1-2 should be about right for most situations. If you’re growing fruits or vegetables, you may want a little more potassium, and if you’re trying to encourage a plant to put on a lot of growth, I’d go with a higher level of nitrogen. The only time that I would use a high level of phosphorus is if I knew for sure that my garden soil was devoid of it or if I was planting grass seed. Even then I would rarely add something with a ratio of nitrogen-phosphorus-potassium any greater than 2-1-1.

If you end up deciding that synthetic fertilizers with higher concentrations of nutrients are right for your situation, good for you. There is absolutely nothing wrong with these fertilizers. I personally like to use a synthetic slow-release fertilizer when growing shrubs and trees in containers because of its cost and convenience. Remember, though, that many synthetic fertilizers do not include all the micronutrients that organic fertilizers do, so if the one you are using does not, consider supplementing it, especially if you are growing plants in containers. Adding micronutrient mixes is certainly an option here, but eggshells (or other foods) boiled in water could also be used to provide some of the micronutrients lacking in the fertilizer. Irrigating plants with water that has some nutrition in it can be a good idea as long as the water doesn’t contain so much salt that it hurts the plant. This is rarely an issue unless you really like to salt your water when you boil eggs or vegetables.
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