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A Little Background

The key to understanding your garden soil is to understand where it came from, what it is, and what it is becoming.

Where Soil Comes From

We can understand a lot about how soil is formed if we remember just a little school science. Large rocks are broken down by weathering. Over centuries wind, water, and ice gradually reduce large boulders to small particles. As Richard Langer puts it in Grow It!, “A cupful of water shattered a house-size boulder here, a thimbleful of water a six-foot rock there, not a million pieces at once, but a million pieces in a million years. Glaciers ground the boulders into earth, pulverizing pebbles between them as the millstone does wheat. From this stone flour came soil.”

While weathering is making physical changes in rock masses, a series of organisms go to work. Minuscule single-cell bacteria can feed on the minerals in rock particles. They extract nutrients from the rock particles and nearly barren dust, which in turn allow other bacteria to survive. Simple mosses and lichens can also eke out a living on bare rock. When they die, they leave behind “organic” material to mix with the inorganic minerals, and to feed microorganisms. Soil is being formed, very slowly, and in teaspoon-size quantities at first.

Once this whole biomechanical process is set in motion, things begin to happen faster, and soil — as well as all the life that can now spring from it — becomes more abundant. Next, plant roots go to work on the rock pile. A hungry root in search of moisture and nutrients can split a rock if it has to. This, plus weathering, plus the action of chemicals formed as vegetable matter decays, helps to further increase the organic matter content of what’s gradually becoming soil.

It can take 1,000 years to build a single inch of topsoil through the natural biomechanical process. But on some sites, an inch of cultivated topsoil can be removed by a single heavy thunderstorm. Humans have a long history of causing soil erosion. Plato and Aristotle give accounts of serious soil erosion in the fourth century B.C. Human activity stripped the once fertile soils (along with the trees) from the slopes of ancient Greece to create the stark landscape seen today. Chuck Pendergast, an organic gardener and writer, claims that in the past 200 years more than 60 percent of the topsoil in the United States has been totally lost or destroyed because of ignorance and poor farming methods. Though progress has been made in the past 20 years, loss of topsoil continues to be a serious problem in the United States, on both agricultural and nonagricultural lands. It seems absurdly simple to say that we should preserve this all-important, life-giving resource better than we do, and that what soil we have left should be treated with reverence.

What’s in Soil

Soil particles. About 95 percent of soil consists of minerals. Most of this mineral material has been weathered into particles smaller than pebbles and gravel; these are classified by decreasing size as sand, silt, or clay. You can visualize the relative size of soil particles by thinking of a grain of coarse sand as a large beach ball, a particle of silt as a marble, and a particle of clay as a pinpoint. Sand includes particles with a diameter smaller than 2 mm but larger than 0.05 mm; it feels gritty between your fingers. Silt ranges from 0.05 mm down to 0.002 mm, too small to see with the naked eye. Pure silt feels smooth and fine like talcum powder or white flour. Clay includes anything smaller than 0.002 mm. That’s about one [image: image] as large as the average grain of coarse sand, so fine it can be seen only with the aid of a powerful microscope. Pure clay feels very smooth, and if wet it feels sticky and clings to your fingers. Soils contain a mix of particle sizes; the relative proportions of each determine texture (whether a soil is silt loam, sandy clay loam, silty clay, etc.).

Organic matter and humus. Only 3 to 5 percent of soil’s total weight is organic matter, formerly living creatures (primarily plants) in various stages of decomposition. But you should never underestimate the importance of this once living material. It’s something that must be renewed constantly if the soil is to stay in good condition. It’s an important source of phosphorus, nitrogen, and sulfur (major nutrients that plants require), plus the main source of food (energy) for microorganisms.

Humus is a term that gardeners use all the time, but that few really understand. It’s more than just rotting organic matter. True humus is well aged, fine and dark, and decomposed to the point where the original material can’t be recognized any longer. Yet it’s much more resistant to breaking down than is organic material in earlier stages of decay; some humus lasts many, many years in the soil. It’s a bit like Jell-O in texture; the humus that surrounds soil particles helps hold them together into nice, porous crumbs.


The Soil’s Profile

Soil exists in more or less horizontal layers; you can see this layercake effect if you dig down about 3 feet. The thickness and nature of the layers will vary in different soils because of differing interactions among the site’s original rocks, climate, slope or shape of the land, animals, plants, and microorganisms, which together shape a particular soil. A typical soil profile, or cross section showing all the layers, is illustrated below.
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Air and water. When we’re standing on the ground it feels pretty solid, but only half of soil is solid particles. The other half is a combination of space (air) and water. When everything is just right, there is plenty of room for air to occupy the spaces between soil particles. These spaces are known as soil pores. They allow gases such as oxygen and carbon dioxide to move in and out of soil, so that plant roots won’t asphyxiate.

When too much water saturates soil, it fills all available air spaces and plant roots can’t get any oxygen. Ideally, about half of the “empty” space in soil is filled with water. If present in the right amount, water should encase each soil particle in a thin film of moisture. An alphabet soup of chemicals is dissolved in this soil water, including plant nutrients; as a result, it’s often called the soil solution. The only way these vital minerals can move through soil and be absorbed by plants is when they’re dissolved in water.

Most plants need an astonishing amount of moisture. Water is what keeps many plants upright, by filling cells until they’re turgid, or stiff. That’s why some plants wilt and flop over when deprived of water. Plant roots will grow remarkably deep in search of water and nutrients. Alfalfa roots have been known to bore as deep as 30 feet, and if the root system of a single wild oat plant were put end to end and measured, the whole thing might total more than 54 miles — not even counting the tiny root hairs.


Water and Air in the Soil
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Some Specifics

Everybody has had some experience with soil, even if it was just wiping sticky clay off boots or pouring sand out of sneakers after a walk on the beach. Chances are you know more about different soils than you think.

There are six things a plant needs to grow successfully:

1. light

2. mechanical support (to keep the plant from falling over)

3. heat

4. air

5. water

6. nutrients

Except for light, the soil has a role in providing all of these things. We’ve all heard the adage “A chain is only as strong as its weakest link.” Plant production is similar. It can be only as successful as the most limiting of these six plant-growth factors. Soil should allow roots to grow easily to form a good anchor, breathe, get moisture, and permit microbial activity — which controls nutrient supply. Here are some specifics to help you understand how to make your soil a hospitable environment.

Loam, Sand, Silt, or Clay?

If you have a choice of soil (and most of us do not), sandy loam is just about ideal. It is “light,” as they say, crumbly, and rich in humus. But don’t be discouraged if your soil is something less than perfect. Almost any soil of other-than-excellent quality can be improved in fairly short order by working in generous helpings of leaves, manure, grass clippings, compost, or some other form of organic matter.

To evaluate a particular soil, consider both its texture and its structure. A soil’s texture simply refers to the size of the particles that make up the soil, which determines whether you have sandy soil, clay, or ideal loam. Structure describes the way these particles are clumped into aggregates, or crumbs. Loose crumbs are good because they increase soil pore space, and therefore its aeration and drainage. They are held together by well-decomposed organic matter (humus). Good structure is far more important than good texture. That’s a good thing, because texture is something you learn to live with but structure can be changed. Good structure is something you can create, and it will compensate for any less-than-ideal texture.

Loam. Soil with a nicely balanced mix of soil particles is called loam. An average loam might contain about 40 percent silt particles, 40 percent sand, and 20 percent clay. This mix gives it a nice balance of properties: It retains a good amount of nutrients and doesn’t dry out too fast after it rains, yet doesn’t stay soggy. Loam has what gardeners call good tilth, meaning that it’s easy to work. If it’s dry to slightly moist, you can crumble a fistful simply by poking it gently with your finger. Most soils are some type of loam, but usually they’re some variation such as clay loam or silty clay loam and thus share some of the characteristics of those other soils.

The word loam is also used more loosely for ideal soil, which means that in addition to having a loamy texture, it’s full of rotting organic matter and has been treated well, so it retains its naturally good structure.


About Humus

Humus has been defined as the product of living material and also as the source of living material. It is the product of decomposition of plant and animal residues through the action of microorganisms. Organic materials are the raw commodities from which humus can be made. They only become humus after they have been broken down by soil organisms. Humus is composed of various decaying plant materials, leaves, dead roots, stems, straw, compost, manure, bodies of microbes, bacteria, and algae living in the soil. It is a vital material which can restore and maintain the vigor of soil. Its sponginess allows good aeration through the entire profile, and improves the structure. This increases the soil’s capacity for holding moisture and avoiding erosion with leaching-out of nutrients. Humus is essential for plant growth.

— Beatrice Trum Hunter



Sandy soil. Soils referred to as sandy contain at least 70 percent sand particles by weight. To tell if your soil is sandy, pick up a handful and rub it between your fingers; if it falls apart almost instantly and feels mostly gritty, it contains a lot of sand. While gardeners frustrated by clay soil may wish they had sand, these soils aren’t entirely easy either. Sand absorbs and holds heat well, but that’s an advantage only in cool climates. Sandy soils absorb rainfall well, but they can drain too quickly and tend to dry out. They don’t retain nutrients for very long, so typically they need to have fertilizer added often and in smaller amounts to counteract leaching (the washing away of nutrients by water). The best way to improve sandy soils is to add organic matter, which acts like a blotter to hold moisture and nutrients in the soil. Sandy soils with abundant organic matter can be very fertile and easy to work. More common (and more manageable) than strictly sandy soils are sandy loams, or a variation such as sandy clay loam. An average sandy loam soil contains 50 to 70 percent sand, with the remainder a mix of silt and clay.

Gardeners refer to sandy soil as “light,” in spite of the fact that a given quantity of sand probably weighs a good deal more than a similar quantity of clay, which they tend to call “heavy.” Actually “lightness” or “heaviness,” in gardening lingo, describes not weight but how easily a soil can be worked.

Silty soil. Soil has to contain at least 80 percent silt particles to be classified as silt. Such soils have properties between those of sandy and clay soils, much like loam; as a result, silty soils are classified (by the U.S. Department of Agriculture) as a type of loam. True silt soil is pretty rare; most soils with 40 percent or more silt particles are silt loams, silty clay loams, or silty clay. These soils are most common in river deltas or areas that were once the bottoms of lakes and ponds.

Clay soil. Soils classified as clay contain at least 40 percent clay particles. These tiny specks are very rich in mineral nutrients, but they’re shaped like plates or flakes and can stick together like slices of bread buttered on both sides. Clay soils, often called “heavy” soils, tend to hold water too well. If mistreated, they’re prone to compaction and can form a water-resistant crust after a heavy rain; when they finally do dry out, they can form rock-hard lumps that make the soil practically unworkable. Clay soils are very slow to warm up in the spring. To check for clay, pick up a handful of moist soil. Can you roll it into a thin sausage that holds together even if you poke it gently? If so, add a few drops of water; if it looks shiny, feels sticky, and clings to your fingers, your soil is full of clay.

The best way to make clay soils more manageable is to add lots of organic matter. This will lighten such soils by increasing the amount of pore space, thereby increasing both drainage and air flow. Adding coarse sand may seem like a good idea, but it’s not. Sand is solid particles, so it’s not nearly as effective at increasing pore space as is organic matter. (Sometimes adding sand can have just the opposite effect: A mix of sand, clay, and gravel is used to pave rural driveways and roads because it packs so well and forms a hard surface.) Remember the old rhyme: “Sand in clay is money thrown away. Clay in sand is money in hand.” (If you have access to clay, it can be beneficial added to very sandy soils, but organic matter achieves the same results and is lighter, easier to manage, and usually much more readily available.)

Organic matter has the added benefit of promoting good structure (formation of loose crumbs), which will make clay soils behave more like loam. Another way of promoting good structure in clay soils is keeping bare soil mulched where heavy rains are common; this minimizes crust formation and keeps a summer thunderstorm from pounding flat all the nice soil crumbs. Water dry soil well and wait overnight; let wet soil dry out a couple of days. Squeeze a handful to make sure it’s not sticky; moist soil forms a mostly solid lump that easily breaks apart if you poke it.

[image: image]

It’s really important not to dig, cultivate, walk on, or work clay soil unless it’s moist. If it’s powdery dry, you can destroy the crumb structure; if it’s sticky wet, you’ll form clods that may dry hard as a brick.

Calcium can be helpful in maintaining good structure in clay soils, but be careful not to add too much or you’ll end up in even more trouble. If a pH test shows your soil is acidic, add calcium in the form of limestone. If your soil is neutral or alkaline, use gypsum (calcium sulfate) if tests show a calcium deficiency; gypsum supplies calcium without changing soil pH.

Peat or muck soils. Occasionally, a soil will contain unusually high amounts of organic matter. If soil contains more than 50 percent organic matter (usually only partially decomposed), it’s called a peat soil; if organic matter makes up 20 to 50 percent, it’s called a muck soil. (Muck is an old term for well-aged and well-rotted organic matter in which the original plant material can no longer be recognized because most has become humus.) These soils are very dark in color and are typically found in areas that were once wetlands.

These are sometimes dug out of swamps and sold by unscrupulous dealers as “soil improvers.” More often than not they’re a waste of money. When spread dry in the garden, they can blow away to the next county on the first slight breeze. Good commercial compost is a much better investment. Don’t, by the way, confuse peat soil with peat moss, which is a good source of organic matter for soils that need its acidity.

Soil Life

If you view a soil only in terms of the size of the particles that make it up, how these particles combine to form aggregates, and organic matter content, you’re just beginning to understand what soil is all about. It’s like realizing that a huge apartment complex exists next door, without knowing that there are living, breathing people inside. Garden writers are fond of saying, “Your soil is alive!” But this isn’t entirely accurate. It might be better to say, as Chuck Pendergast does, “Soil harbors life; it is not life itself.”

The relationships among growing plants, the soil, and the countless billions of microscopic creatures that exist in just a few cubic inches of it are incredibly complex. There are more than enough unanswered questions to keep microbiologists and soil scientists hard at work unraveling the mysteries for the next several centuries at least. Still, there are some simple generalizations that can be made. For one thing, it’s safe to say that the more you feed your soil with organic matter, the more microbes increase in both numbers and activity, and the more fertile and productive your soil becomes.

Soil organisms do several essential things: (1) They decompose organic matter, creating humus and releasing nutrients in organic matter by changing them to forms plants can absorb. The availability of nitrogen, phosphorus, sulfur, iron, and manganese is largely controlled by microbial action. (2) Larger organisms such as insects, earthworms, and even small mammals help pulverize and mix soil, and mix organic matter into the soil, as they move around. (3) A few specialized bacteria (Rhizobium, Azotobacter, and cyanobacteria or blue-green algae) can “fix” nitrogen by absorbing it from the atmosphere and converting it into forms plants can use; in the case of legumes, the bacteria live in root nodules and get food in return in the form of carbohydrates manufactured by the plant. (4) Other specialized fungi (mycorrhizae) form mutually beneficial relationships with plant roots, increasing the roots’ absorption of nutrients. (5) Many microorganisms produce enzymes, growth hormones, and vitamins that benefit plants. (6) Soil bacteria and fungi transform many compounds that are toxic to plants and animals into nontoxic substances.


The Secret life of Soil
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Microorganisms in the soil include bacteria, fungi, actinomycetes, and algae. Though they make up only a small portion of the soil by volume or weight (between 1 and 8 percent of the total organic matter in the soil), their populations may be huge. One gram of soil may contain more than a trillion bacteria! These tiny soil organisms constantly compete with each other, and whole groups of them live and die as conditions in the soil change. The waste products and tiny dead bodies of one set of microbes may be food for another.

The soil life — microbes — of most interest to gardeners consists of those that require oxygen (aerobic organisms). Both in the soil and in the compost pile, these are the organisms that do the best job of breaking down raw organic matter and converting it to humus. If there isn’t enough oxygen (air), they’ll die out and less efficient anaerobic organisms will take over; anaerobic organisms are responsible for the bad smell of a wet, gooey compost heap.

Besides oxygen, aerobic organisms need a steady supply of carbon as their energy source; this is supplied by organic matter. They also need a continuous supply of nitrogen, which they use to synthesize essential compounds including DNA and proteins. Most kinds of organic matter contain enough nitrogen to supply the needs of decomposer organisms. But a few types are low in nitrogen (or, more accurately, excessively rich in carbon): sawdust, wood chips, bagasse (sugar-cane residue), and straw. To break these down, microorganisms have to “borrow” nitrogen from the soil temporarily. In the short term, this can deprive plants of nitrogen — which is one of their most essential nutrients. There are two simple fixes. If you want to add any of these materials directly to the soil (as mulch, or mixing in as a soil amendment), you’ll need to add a good source of nitrogen at the same time. (All manures are good nitrogen sources; other options include alfalfa meal and ordinary garden fertilizer.) Or leave the material outdoors for a few months — until the sawdust or wood chips turn gray — before using.

Earthworms

Any discussion of garden soil would be incomplete without mentioning the earthworm, the gardener’s best friend. An earthworm eats its way through the soil, ingesting and digesting organic matter. As the organic material passes through the earthworm’s body, it is ground with the help of tiny stones in the worm’s gizzard. The “castings” excreted by earthworms are very high in humus (and so perfect as a soil conditioner) as well as rich in the forms of nutrients most easily absorbed by plants. This wiggly gardener can produce its weight in castings each day.

Earthworms also do a lot to solve the problem of soil compaction. Plants do best where there are plenty of pore spaces for roots to grow into. Earthworms do a fine job of loosening and aerating the soil as they go about their day-to-day business of consuming organic matter. Their burrows make passageways for roots. Burrows also allow more water to seep in — rather than just running off the surface — when it rains or when you irrigate. Slightly sticky substances in earthworm castings help soil particles hold together loosely into crumbs, promoting good soil structure.


Census Time for Earthworms

Checking for earthworms is a great way to monitor soil health. Lots of earthworms usually means that your soil also contains a good amount of beneficial microorganisms. Select an area with lush vegetation. Dig up an area 1 foot square and about 7 inches deep and put the dirt in a shallow pan. You can do this any time the soil isn’t soggy or frozen, but the sample will be most accurate if you do it when the weather is warm and humid.

Pick through the sample with your fingers and count all the earthworms you find, big ones and small ones. If you find 10, you know that earthworms are abundant enough to be having a significant effect on your soil. If you only find one or two worms, try testing another area. If you still find only one or two worms, their population is too low to be much help. This is a sure sign that you need to add more organic matter. Start by adding good-quality compost or aged manure, as these will inoculate your soil with beneficial microbes while providing food for earthworms. Once your soil has a good population of earthworms (and therefore probably a good population of microbes), you can add any form of organic matter as food for soil organisms.
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The more earthworms, the better off is your garden. To increase the number of earthworms, increase the amount of organic matter in your soil. If you are continuously adding vegetable matter, you are almost automatically increasing the earthworm population.

Drainage: Managing Air and Water in the Soil

Let’s face it, it’s impossible to garden successfully in soil that’s waterlogged. Drainage is an important factor to consider when judging the quality of any soil. Plant roots and soil organisms have to breathe, so they depend on air that penetrates between the soil particles. Earth that is drowned — so saturated that water fills all soil pores and leaves no space for air — gets no oxygen. Sometimes “poor” soil is simply a matter of poor drainage, not missing nutrients.

The water table is the point where water stops percolating downward through the soil. This usually occurs wherever the water reaches bedrock or impervious subsoil. Where the water table is very high (close to the surface), even a moderate amount of water can cause a garden to be swamped. “Puddling” happens when there’s so much water that finer particles float to the surface. There the muddy solution will be heavy and gummy, and later may crack as it dries out. Puddling is a symptom of soil that’s begging for additional organic matter.

[image: image]

Compaction of soil particles (right), resulting from heavy machinery or footprints, can cause soil to be drowned. This condition cuts off the air supply to the soil and to the roots beneath the surface.

Drowning is the most complete way of cutting off the air supply to the soil. But there’s another way that’s every bit as dangerous. This is called compaction, and it occurs when people walk or drive machinery over the same plot of ground time after time. Eventually, more and more pore spaces, or tiny air pockets, get pressed out. What was once fairly good topsoil can in pretty short order become too dense to support healthy plant growth. Soils with a lot of clay are especially susceptible. Repeated compaction can create an impervious layer known as hardpan hidden below the surface; in extreme cases, roots won’t be able to push through this layer. If you see a well-worn track where grass won’t grow in otherwise healthy lawn, suspect compacted soil. Soil that holds puddles long after it rains, especially where there isn’t a low spot, is another sign of compaction.

If you have a drainage problem, try to figure out what’s causing it. Garden spaces can sometimes be drained by digging ditches to direct the water out of the area, and low spots can often be filled in by changing the grade of the land. Near a house, redirecting a downspout may solve the problem. Installing underground drainage pipes works only if the pipes are sloped correctly; even if installed by an experienced person, the pipes can shift or fill in over time and stop working. Is compacted soil causing the poor drainage? Dig down to see if there’s a compacted layer of hardpan below the surface; if so, one of the best remedies is to break up the impervious subsoil so that the water can get through. If you have a serious drainage problem and relocating the garden isn’t an option, your best bet is to build raised beds.

There are times when soil lacks enough moisture, and this, of course, forces the growing and decomposing processes to grind to a halt. Water can be lost in several ways: (1) It moves downward — percolates — through the soil, and then moves away laterally when it reaches the water table. Too-rapid percolation, as in unimproved sandy soil, causes nutrients to leach away. (2) It can run off the surface of a soil that doesn’t absorb moisture well, often taking some of the soil along with it as erosion. Soils that are compacted or low in organic matter may shed more water than they absorb. (3) It is lost through evaporation or transpiration. Plants transpire just as people perspire; it’s basically the same thing — living organisms giving off moisture to the atmosphere.

The best way to manage air and water is to keep soil abundantly stocked with organic matter. Humus and organic matter promote the formation of good soil structure and help stabilize soil crumbs so they can withstand cultivation and pounding by rain. By increasing the amount of pore space, organic matter improves drainage and air flow. At the same time, organic matter acts as a sponge to keep water (and nutrients) from draining away too quickly in sandy or gravelly soils.

Cultivation

Cultivation — loosening up and working soil with a garden fork, hoe, or rotary tiller — serves several purposes. It mixes organic matter and applied fertilizer into the soil. It breaks up large soil clods into smaller pieces that, when raked, form a nice smooth seedbed. It temporarily improves aeration, especially in heavy clay soils. When done properly, it can reduce rather than increase compaction.

But there are certain dangers involved in cultivating. For instance, never attempt to till earth too early in the spring before the frost has gone out of it, or before it has dried from soggy wet to nicely moist. Working any wet soil can damage its nice crumb structure. Working clay when it’s too wet can cause it to puddle or form lumps that later bake hard as a rock in the sun. Before cultivating, give any soil the “fist test.”

The fist test is the simplest way to tell if your garden is dry enough to be dug or tilled. If you pick up a handful of soil and can squeeze water from it, it’s obviously too wet. If the soil compresses into a tight or sticky ball and stays that way, it needs more drying time. If it’s dry enough to crumble slightly in your hand, it’s friable — that is, ready to be worked. (If it’s really dry, you’re better off watering it and waiting a few hours to dig; you’ll breathe in less dust that way!)

It is possible to stir things up too much. Soil organisms need some time to do their work without being disturbed. Cultivating too often only overstimulates them, burns up organic matter more quickly, and cuts down their productivity in the long run. Besides, too much cultivation can break down soil structure, destroying the aggregates you worked so hard to build.


Simple Fixes

A few simple tests can tell you what your soil needs. You can use the following tests to tell you more about your soil’s structure and pH. Correcting flaws in these two areas will make a world of difference to your garden and lawn success.

Soil Testing

Dig a narrow pit with a regular spade, trying to keep the walls as vertical as possible. When you’re down a couple of feet, shear off a slice of soil from one side of the pit and drop it on a hard surface. If it breaks apart into chunks or blocklike clods, the structure is probably poor. To check how stable your soil structure is, place a nice crumbly handful into two glasses. Slowly add water to one glass and compare it with the soil in the other glass. If the wet crumbs dissolve, your soil structure needs work; if the crumbs remain intact when wet, pat yourself on the back.

[image: image]

If your wet and dry samples look similar, you have good soil structure.

A pH test is something you can easily do yourself. It will tell you whether your soil is acidic, alkaline, or just right (the ideal pH is slightly acidic, 6.3 to 6.8). Inexpensive test kits are available at any garden center; for a bit more money, you can get a pH meter that gives you instant results. The pH of the water you mix your soil sample with can distort your results; use distilled water for accuracy. To get the most reliable picture of the pH, take two or more tests for each different garden area (lawn, vegetable garden, flower bed) and average the results. Always test soil pH before adding limestone, both to keep you from wasting money and because too much limestone will give you alkaline soil, which is just as difficult in its own way as is acidic soil.


How to Take a Soil Sample

The quality of your test results depends on the quality of your sample. Remember that a very small amount of soil is going to have to represent your whole garden area. Professional soil labs may provide specific instructions or a kit for collecting samples; if so, follow their directions carefully. If you’re using a home kit or the lab doesn’t provide its own instructions, follow the steps here.

You’ll need a separate sample for each part of the yard; sample lawn in one test, the vegetable garden in another, and flower beds in a separate test. If any part of your garden seems significantly different (looks or feels different, collects more water, or plants grow differently there), take a separate sample from there to find out what’s causing the difference.

1. Take small amounts of soil from as many as six or eight different spots. First remove any plants, leaves, thatch, or other litter from the soil surface.
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2. Dig a hole 6 inches deep in garden beds; if you’re testing lawn areas, 4 inches is deep enough. Carve a thin slice of soil from the side of the hole and put it in a clean bucket or similar container.

[image: image]

3. If the soil you’ve selected is at all wet, spread it on a cloth or piece of clean plastic to dry. Then put all of your various samples in a single clean container and mix them together as thoroughly as you can. Save only about half a pint of this mixture.

[image: image]

4. If you’re using a home kit, follow instructions for the amount of soil (from your blended sample) and amount of indicator chemical to use for each test. Mix as directed, allow to settle for the specified amount of time, and compare the test tube to the colored chart supplied in the kit.
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5. If you’re sending your sample off to a lab, place your collected sample in a clean zipper-lock bag and label it, including the date and which part of the garden you sampled. Add a note explaining the history and intended use of the site (new bed, vegetable garden, lawn, etc.): The lab’s fertilizer recommendations, based on your test results, will differ for lawns and vegetables and flowers.

It’s a good practice to sample your soil once a year for the first two or three years. After that, you shouldn’t need to sample more than every four years, unless your garden isn’t growing well.



A more detailed chemical analysis of a soil sample is also something you might try yourself, though it’s hard to get really accurate results. There are a number of good home test kits available. Sometimes, if you’re not experienced, such simple tests can lead to strange or downright erroneous conclusions; if you get an odd result, repeat the test with a new soil sample.

To get a good picture of your soil’s chemistry, it’s safest to send a soil sample to your local Cooperative Extension Service or a private testing laboratory. You’ll get a detailed report that includes recommendations for correcting pH and just how much fertilizer your soil needs. If you suspect your soil might be high in lead, you’ll need a professional soil test to confirm it. The Cooperative Extension Service can give you names of private soil labs; their tests often cost a bit more but in return you’ll get more-detailed results, explanations, and recommendations. Be sure to specify if you want organic recommendations; most places can provide this but you may have to ask for it. Testing services are normally very busy in the spring; it may speed things up if you submit your sample early. Better still, do it in the fall when things aren’t so hectic.

Balancing Acidity and Alkalinity (pH)

It may seem funny to talk about acidity and alkalinity before nutrients, but they really come first. If the pH of your soil is way off, all the fertilizer in the world isn’t going to do you much good. By bringing pH into balance, you bring more nutrients within reach of your plants without adding any fertilizer. Very acidic or alkaline conditions upset the soil’s chemical balance, locking up existing nutrients so plants can’t absorb them. Some nutrients dissolve more readily in slightly acidic soil, others when the soil is more alkaline. The ideal pH (slightly acidic) is a compromise; soil scientists have found that the greatest availability of nutrients occurs when the pH falls between 6.3 and 6.8. If soil contains lots of organic matter, many plants will grow tolerably well when the pH is 5.5 to 8.0 (organic matter helps buffer pH and increases plants’ ability to tolerate any less-than-ideal conditions, including acidity and alkalinity). If you apply limestone regularly, it’s a good idea to get your soil’s calcium and magnesium levels checked periodically; if you use wood ashes to correct acidity, test potassium levels as well.

Acidic soils are common in areas of heavy rainfall, as rain leaches out chemicals such as calcium and magnesium that counteract acidity. But if you’re living on top of a limestone deposit, in those areas your soil could be alkaline, so test the pH to make sure. If you know your soil is acidic, avoid using pine needles or peat moss, which contribute more acidity. Well-aged manure is a good source of organic matter for acidic soils because it’s slightly alkaline and rich in calcium and magnesium.


How Much Lime to Use to Raise pH

The following recommendations are approximate, because each soil is slightly different. Start with these amounts and retest pH before adding any more. Sandy soils need less calcium to correct acidity; you need to spread lime on them more often, though. Clay soils have large reserves to fill and therefore need more calcium, but you won’t need to lime as often. Soils rich in organic matter also need more lime; double the recommended amounts for such soil. If you soil is very low in organic matter, reduce amounts by about 25 percent until you’ve built up your soil’s humus.

Ground calcitic limestone supplies only calcium; it’s the best choice for most soils. (You can substitute finely ground oyster or clam shells.) Use dolomite limestone only if your soil tests low in magnesium; too much magnesium will lock up important nutrients. Wood ashes, which are rich in potassium, will also raise soil pH. If you use the amounts of wood ashes listed here, don’t add fertilizer containing potassium (such as 5–10–10) or you’ll throw off the nutrient balance of your soil. Wood ashes work quickly to change pH but can be too strong for new seedlings; mix them in well at least three weeks before planting.
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The easiest way to counteract acidity is by spreading limestone. Fall is the best time, because it takes a while for limestone to become available in soil. To avoid shocking soil organisms, don’t add more than 5 pounds of limestone per 100 square feet at one time. Wait six months (and ideally retest soil pH) before adding more.

Alkalinity, the opposite condition from acidity, is typical of extremely dry regions. But just as pockets of alkaline soil occur east of the Mississippi River, pockets of acidic soil occur in arid regions west of the Mississippi. Even more so than acidity, alkaline conditions cause soil nutrients to become locked up and unavailable to plants. Fortunately, many alkaline soils have large nutrient reserves; once the alkalinity is corrected, they can be quite fertile.

Annual soil tests are a good idea for such soils for two reasons. First, you may not need all the nutrients in a typical balanced fertilizer (such as 5–10–5 or 5–10–10), so you can save money by buying only the nutrients you need. Second, alkaline soils are sometimes prone to high salt levels, and you’ll need a soil test to tell you what kind of salt problem you have.


How Much Sulfur to Use to Lower pH

The following recommendations are approximate. To reduce stress to plants and soil organisms, add no more than 1½ pounds of sulfur per 100 square feet at one time (for heavy clay soils, 2 pounds). If you need to lower the pH by more than one unit, spread 1 pound in spring and another in fall. Retest the soil before spreading any more the following spring.
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If your soil is alkaline, seek out acidifying forms of organic matter: chopped oak leaves, leaf mold, ground bark, aged sawdust, peat moss, pine needles, and pine or cypress bark mulch. Some concentrated, synthetic fertilizers such as ammonium sulfate are acidifying and may be helpful if used in small amounts (large amounts can harm soil organisms); divide the recommended dosage into at least three or four parts and apply three or four times throughout the season.

Moderately alkaline soils are managed much like acidic ones, except sulfur is substituted for limestone to lower the pH. Powdered (elemental or agricultural) sulfur is the best form to use because it works in six to eight weeks, lasts six months or more, and is pure sulfur. Aluminum sulfate (alum) is faster-acting but doesn’t last as long and large amounts can harm soil organisms. Iron sulfate is similar but supplies iron. These chemicals should be worked into the soil and watered thoroughly afterward.

Chlorosis. While the green-veined, yellowing leaves of chlorosis may look like a plant disease, this problem is usually caused by improper soil pH. Chlorosis occurs because the plant is unable to take up iron from the soil through its roots. This is usually not because the soil lacks iron, but because an imbalance makes existing iron unavailable. Chlorosis often develops when acid-loving plants such as azaleas, rhododendrons, blueberries, and camellias are grown in ordinary or alkaline soils. It can develop on many plants grown in overlimed or extremely alkaline soils. The long-term solution is to lower the soil pH with a combination of sulfur (see box, left) and acidifying mulches such as pine needles. But plants showing chlorosis need immediate help. Any garden center sells iron in chelated form; chelating agents help keep iron in a more usable form for plants. Most forms of chelated iron can be absorbed by plant leaves for immediate use; apply as directed. Liquid seaweed (also available at garden centers) mixed to the appropriate dilution and sprayed on plant leaves will also provide a temporary fix.

Salinity. Overly salty soil can be a problem in arid or semiarid areas and at the seashore. Too much salt burns leaves on mature plants, slows down seed germination, and stunts plants. White salt deposits on the surface of soil are a classic sign of saline soils, which contain a mix of salts. Saline soils can be created by irrigation where dry air causes high evaporation rates; poor drainage is almost always part of the problem. If your pH is over 8.5, there’s a good chance you have sodic soil; these contain high sodium levels that make gardening a challenge!

If you suspect a salinity problem, get a professional soil test to find out whether your soil is saline or sodic. Ask the testing laboratory or your local Cooperative Extension Service for advice on how to manage these soils. It will help to add lots of organic matter to your garden beds, preferably an acidifying type such as leaf mold or ground bark. Have your water tested, too; if your tap or irrigation water is high in mineral salts, it will contribute to the problem. Try collecting rainwater in a barrel placed under a downspout to cut back on your use of tap water. Don’t use softened water on plants, as it’s too high in sodium; install a faucet that bypasses your water softener.

Nutrient Balance

Just about everyone who gardens recognizes that nitrogen (N), phosphorus (P) and potassium (K) are major nutrients necessary for plant life and growth. They’re the ones used in greatest quantities by plants, which is why they’re included in standard fertilizers. But don’t underestimate the importance of the other major nutrients. They are calcium (Ca), magnesium (Mg), and sulfur (S). After the big three, calcium is most often added, though in some soils it’s already abundant and so is not needed. Gardeners who lime their soils regularly to correct acidity won’t have to worry about calcium. Magnesium is often already present in soils, too; acidic, sandy soils are sometimes deficient, but that’s easily fixed by using dolomite limestone to correct the acidity. Soils kept well stocked with organic matter from compost or manure shouldn’t need additional sulfur, especially if they’re fertilized with organic fertilizers.

Plants need other nutrients, too, but in smaller amounts. These trace elements or micronutrients include iron, manganese, copper, boron, zinc, molybdenum, chlorine, and cobalt. Micronutrients are just as essential for plant growth as the major elements, but in much much smaller quantities. For example, corn needs more than 4,500 times as much nitrogen as boron in its diet.

Micronutrients aren’t a problem for many gardeners. Keeping the soil pH within the 6.3–6.8 range and spreading compost or manure every year or two will maintain adequate levels. Where soils are very alkaline, it may be hard to keep the pH acidic enough to keep micronutrients readily available to plants. In such areas, try foliar fertilizers such as liquid seaweed; these are poured over plants so leaves can absorb the nutrients before they get locked up by alkaline soil. Intensely cultivated vegetable gardens may benefit from a balanced general micronutrient boost every few years. Seaweed (kelp), granite dust, rock phosphate, and greensand (all available from garden centers or mail-order sources) are good for this; they release nutrients so slowly, there’s no danger of creating an imbalance.

It’s important to remember that nutrients don’t do plants much good unless they’re in balance. An excess of one nutrient may cause others to be locked up out of plants’ reach. And too much fertilizer is usually worse than too little. Overfertilizing (especially too much nitrogen) makes plants more susceptible to pests and diseases, reduces winter hardiness, and causes poor quality in flowers, most vegetables, and fruits. If plants are growing poorly, try to find out what’s causing the problem. If the problem is compacted soil, overliming, or acidic soil, throwing on fertilizer is just throwing away money.
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Growing spinach is an easy way to test nutrient balance: If your soil produces great-looking spinach (or great-looking chickweed), you know it’s well balanced.

When to Improve Your Soil

Many people ask, “When is the best time of year for soil improvement?” The answer is “Whenever you have time.” You can improve soil any time simply by covering bare areas with organic mulch; earthworms will mix this into the soil for you. For faster results, you can dig in organic matter any time the soil isn’t frozen or soggy. Before you plant a perennial bed, at the beginning or end of the growing season for annuals and vegetables, and between successive crops in the vegetable garden are the easiest times to do this. The more decomposed the organic matter you mulch with or mix in, the sooner it will improve the soil.

If you start in spring, use the most well-decomposed organic matter you can get, such as compost or well-aged manure. Mix it into vegetable beds when you cultivate the soil, along with any fertilizers recommended by a soil test. Once the soil warms up, spread it as mulch around perennial flowers and crops such as berries. Spring is also a great time to start a compost pile with materials from cleaning up the garden; mix in some fresh grass clippings or manure to help the pile heat up.


Fertilizer by the Numbers

If the big numbers on a package of commercial fertilizer say “10–6–4,” this means that the fertilizer contains 10 percent nitrogen (N), 6 percent phosphate (P) (a common form of phosphorus), and 4 percent potash (K) (a common form of potassium). Different fertilizers contain different NPK amounts. Fertilizers such as 10–6–4 that contain all three of the heavy-hitter major nutrients are called “complete” fertilizers. Superphosphate (0–20–0) is called “incomplete” because it only contains phosphate and no significant percentage of either nitrogen or potash.

“Complete” is an odd term for these fertilizers because they don’t contain all the essential nutrients. Manufacturers rarely tell you much about the sulfur, magnesium, or calcium content; you have to check the fine print. Synthetic fertilizers contain few if any micronutrients; you need to use them in conjunction with sources of organic matter such as compost to keep plants supplied with micronutrients.

Most organic fertilizers contain a good supply of micronutrients. In addition, one of the biggest advantages of organic fertilizers is that they don’t release all their nitrogen at once but keep supplying small amounts over a much longer time. Standard, concentrated synthetic fertilizers supply nitrogen in its most mobile form; while this means it’s available quickly, it also means it can wash away quickly.



In summer, you can grow any of the green-manure crops in bare areas of the garden. If you have a big garden, you might develop a system of rotating vegetable crops with green-manure crops. Some, such as fava beans and soybeans, do double duty because they’re also edible.

After each annual crop has finished bearing, till it back into the soil while it’s still tender and green. Once crop residues have been allowed to decompose in the soil for a few days, plant another succession vegetable crop or a green manure crop.

In the fall, you can use “raw” forms of organic matter because they’ll have plenty of time to break down before spring. If you’re tilling the garden, dig in a layer of chopped leaves or sawdust or whatever is close at hand. (If your soil’s acidic, add ground limestone now so it has time to act before spring.) There’s still time to plant a green-manure crop now to grow your own soil amendment right where it’s needed; winter rye is hardy enough even for the coldest regions if planted in September. Any bare soil should be “put to bed” properly by mulching with a thick layer of leaves or hay to prevent erosion; these can be turned under in spring.

Soil Amendments

Any material that helps improve soil structure can qualify as a soil amendment. This might be organic matter, gypsum (calcium sulfate, which can improve the structure of hard, very alkaline soils), or an “artificial” soil conditioner such as perlite or vermiculite (either is expensive compared to organic matter and so is usually used only in soil mixes for containers). Organic matter is by far the best soil amendment. It offers many additional benefits besides improving structure. It reduces fertilizer requirements by supplying small amounts of nutrients in ideal slow-release form, and by helping to hold on to existing nutrients so they don’t wash out of soil. It improves the soil’s ability to hold moisture at the same time that it improves drainage. It lightens and improves drainage of clay soils, while helping sandy soils retain water and nutrients. It provides food for beneficial soil organisms while it helps suppress harmful soil organisms (including nematodes and some plant diseases). It improves the soil’s ability to absorb rainfall while reducing soil erosion.

Improving Difficult Soils

It may sound like an oversimplification, but it bears repeating over and over again: When in doubt about the quality or workability of a soil, add organic matter such as compost. You can’t go wrong.


Good Sources of Organic Matter

Alfalfa meal

Coffee grounds

Compost (commercial or homemade)

Corn cobs (ground or chopped), and husks

Grass clippings

Green manures (cover crops)

Hulls from buckwheat, oats, cocoa, and rice

Leaf mold

Leaves (chop with lawnmower)

Manure (cow, sheep, goat, or rabbit)

Oilseed meals (cottonseed, linseed)

Pea and bean pods and vines

Peanut shells

Peat moss and sphagnum moss

Pomace from apples, grapes, or cranberries

Rotted wood

Sawdust

Sewage sludge (composted)

Shredded brush trimmings

Spent hops (brewery wastes)

Straw

Tea leaves

Vegetable parings

Weeds (preferably without seeds)

Wood chips and shavings



Subsoil. Whenever good topsoil gets stripped away by bulldozers or erosion, all that remains is poor subsoil. If you’re in a brandnew subdivision and the lawn is growing very poorly, this may be your situation. Unless you’re dealing with solid rock, it’s more economical to bring subsoil to a state of fertility than to try to haul in loads of new topsoil from somewhere else. (It’s difficult to know what you’re getting when you buy “topsoil” anyway.) The best and most efficient way to improve very poor soil is to grow a series of green-manure crops for a whole season. Plant buckwheat, which tolerates poor (and acidic) soil, and follow with rye; when grown in succession, these green manures have the added benefit of suppressing weeds.

Start by testing the soil pH to make sure it’s not too far from neutral; add limestone to correct extreme acidity or sulfur to correct extreme alkalinity (see Balancing Acidity and Alkalinity, page 20). Mix into the soil and water if rains are lacking. Wait a few weeks before proceeding, to give the lime or sulfur time to work. (Also, spreading lime and fertilizer causes some of the nitrogen in the fertilizer to evaporate!)

Spread an inch of compost or other well-decomposed organic matter over the area. Also sprinkle the area with an all-purpose, balanced fertilizer; organic fertilizers are great because they contain important micronutrients and release their nutrients slowly. Read the label and don’t exceed listed application rates. Mix these into the top 6 to 8 inches of soil. While you can use a garden fork for small areas, a rotary tiller is a great help for larger areas (you may be able to rent one, or to hire someone to rototill for you).

Buckwheat needs warm temperatures, so plant after all danger of frost has passed. Spread seeds evenly over the area; you’ll need 3 to 4 ounces for 100 square feet, or 2 to 3 pounds for 1,000 square feet. Rake to cover seeds with soil; if possible, spread a thin layer of straw or grass clippings. Let the buckwheat grow until it just starts to bloom. Till it into the soil and immediately plant another crop of buckwheat. Till the second crop into the soil when you see the first blossoms.

Follow the buckwheat with winter rye, which is hardy enough to be sown in September in cool climates. (You’ll need 4 to 6 ounces for 100 square feet, or 3 to 4 pounds for 1,000 square feet.) Turn it under in spring as soon as the soil can be worked; you’ll need to wait three to four weeks after turning under before planting anything else. This gives you some time to get your soil tested. After an intensive season of green manures, even very poor soil or subsoil should be capable of growing some vegetables.

Hardpan and compacted soil. If your soil drains poorly even without low spots, you may have a layer of hard clay or compacted soil below the surface, known as hardpan. Sometimes these layers are so dense that roots can’t grow through. For small gardens, the best solution is double-digging. Dig a trench the depth of one shovel along one edge of the bed (place removed soil on a tarp for easy moving). Use a garden fork to loosen the soil in the bottom of the trench (you don’t have to turn it over; plunge the fork in as deep as you can and wiggle back and forth to break through compacted soil). Dig a second trench alongside the first, turning removed soil into the first empty trench and again loosening soil in the bottom. Continue across the garden, using the soil from the first trench to fill your last trench. For large gardens, the easiest treatment for hardpan is to grow green-manure plants with deep, very tough roots, such as sweet clover and alfalfa. For lawns, invest in a broadfork (or U-bar), a giant version of a garden fork. When soil is barely moist and not wet, drive the fork deeply into the ground and wiggle back and forth; repeat over the whole compacted area. You can greatly improve your chances of preventing hardpan by keeping heavy tractors out of your garden, minimizing use of large tillers, and not driving on lawn when the soil’s wet. Avoid working the soil when it’s wet (wet soil compacts easily), and encourage earthworms by adding organic matter every year.

Poorly drained (soggy) soils. If water collects in puddles after every rain, you have a drainage problem. It may be caused by a water table close to the surface, a low spot where water collects from surrounding areas, or hardpan. Poorly drained soil stays much colder and so delays planting in spring. The easiest solution is to raise the soil level in your garden beds by at least 4 inches. Use a mix of good-quality topsoil and compost. If your soil has lots of clay or if you suspect compaction or hardpan, double-dig the beds (see above) before spreading the soil-compost mix.
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When double-digging a bed, use a garden fork to loosen the soil in the bottom of the trench before filling with the soil dug from the next trench.

Soil diseases. Microorganisms are not only in the soil; they’re also in and on just about everything! Disease-causing microbes (pathogens) are no exception. Fortunately, they have to compete with nonpathogenic microorganisms for food, vitamins, and moisture; when there’s a healthy population of beneficial microbes, the pathogens normally lose. Beneficial bacteria produce chemicals that actually inhibit the growth of disease-causing microbes. These wonder compounds are known as antibiotics (penicillin and streptomycin were first obtained from soil organisms).

The best way to keep your soil healthy is to keep it stocked with organic matter, as this will keep the beneficial microbes well fed. Trying to sterilize or fumigate the soil with strong chemicals is counterproductive because that will kill everything in the soil, including the beneficial organisms. Don’t be preoccupied with disease organisms in the soil. If plant diseases are a problem, contact your local Cooperative Extension Service for a specific remedy that controls the disease without killing off all the life in the soil. The solution may be as simple as mulching to keep soil from splashing onto plant leaves.

Shallow soils. It’s easy enough to determine soil depth by digging with an ordinary spade. If you have a lot less than 8 to 12 inches of topsoil, see the section on subsoil on page 28. If you’re on ledge and you can dig only a short distance without hitting bedrock, you’d better look for another spot to grow things for the moment. Many roots need to penetrate to a depth of 18–24 inches in search of moisture and nutrition, and a garden with such a shallow layer of soil dries out rapidly. If you don’t mind spending money, the quickest fix is to buy enough good-quality topsoil — or better yet a mix of ¼ to ½ compost and topsoil — to make raised beds.

In the final analysis, it always comes back to organic matter as the universal medicine for improving soils. You can add organic matter in the form of mulch, dig it in as a soil amendment, grow it as green manure, or spread it alongside plants as a sidedressing. Gardening requires a continuous soil-improvement program. It’s just part of the overall picture. Once you get in the habit of practicing good soil management, you’ll be amazed at what an interesting, rewarding, and sometimes — though not always — easy job it can be.
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LOWERING PH FROM 7.5 TO 6.5

Approximate amount of sulfur needed per 100 square feet
Soil Texture  Powdered  Aluminum  Iron

Sulfur Sulfate Sulfate
Sandy (light) 11b. 2% Ibs. 3bs.
Loamy (medium) 1% Ibs. 31bs. 5-5V% Ibs.

Clay (heavy) 21bs. 5-61Ibs. 7V Ibs.
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RAISING PH FROM 5.5 TO 6.5

Approxinate amount of lime needed per 100 square feet

Soil Texture Calcitic Dolomite  Wood Ashes
Limestone  Limestone

Sandy (light) 2% Ibs. 2-31bs. 3-41bs.

Loamy (medium) 6V Ibs. 6 lbs. 8 Ibs.

Clay (heavy)  91lbs. 7-8 Ibs. 9-10% Ibs.
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