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	CHAPTER ONE Soil





All gardening begins with the soil. Healthy soil produces a healthy crop. Healthy soil is dynamic, never static, its components always changing.

The ideal soil is made of about 45 percent minerals, 5 percent organic matter, and 50 percent pore space. About half the pore space is filled with water and half with air. But few Montanans have soil that is ideal both in composition and depth. Inadequate soil depth may limit rooting and hence interfere with plant growth. In general, trees and shrubs do well in soil at least three to four feet deep. Herbaceous perennials, vines, and larger vegetables like tomatoes and corn need at least twelve inches of good soil. Turfgrass and smaller vegetables like lettuce and radishes should have at least six inches of good soil for healthy development.

What kind of soil do you have? How can you improve it? Before you can amend your soil, you need to know what you have to work with. You’ll learn about both in this chapter.

Montana has a great variety of soils. Along the Idaho border lies a narrow region of Andisols, fairly productive young soils, gently to steeply sloping, and composed of clays and volcanic material. Directly to the east is a band of Alfisols: moist, generally steep, and originally wooded. These are areas of clay accumulation and mild acidity. The Mollisols spread over much of the central portion of the state and the entire High Line area east of the Continental Divide. These brown soils, most of which originated under prairie conditions, range from dry to moist and can undergo long, intermittent dry periods in summer. Mollisols are highly productive, retain good crumbly surface structure, and do not harden when dry. Much of the central eastern to southeastern parts of Montana are covered with Entisols—young, shallow, hard-to-work soils. They have a high mineral content and low organic matter and range from highly productive to very poorly productive.

There is another type of soil that the master gardeners in Great Falls and much of the eastern part of Montana must contend with—gumbo soil. This nontechnical term refers specifically to soils that have high silt or, more commonly in our state, high clay content. They become sticky and hard to work when wet and hard and impossible to work when dry. They can, however, be quite productive after amendments to improve drainage. “Gumbo,” like so many other common terms, is also used by frustrated gardeners in a general sense to refer to any soil that is difficult to work, be it due to high silt or high clay content or to sodic or other conditions. Additions of large amounts of organic matter and sometimes coarse sand as well usually improve the workability of gumbo soil.

How can you determine what soil exists in your yard? For starters, soil maps for many of Montana’s counties are available from your local county extension office and from the Montana office of the Natural Resources Conservation Service (see chapter 12, “Resources for the Montana Gardener”). Soil tests will also give you detailed information—more about them later in this chapter.


Physical Properties of Soil



Two of the most important properties of soil are texture and structure. Texture refers to the relative percentage of sand, silt, and clay in the soil makeup. Soil texture cannot be changed significantly, but it can be improved by adding soil amendments. The arrangement of these small soil particles into clusters, or peds, determines the structure of the soil. A third important component is the soil organic matter. Let’s look at these three components more closely.

Soil texture: Sand, silt, and clay make up the mineral component of the soil and account for most of the soil texture. Soils composed of weathered granite usually contain high amounts of sand and gravel, while those whose parent material is shale contain much clay. Sand particles are between 0.05 and 2.0 mm in diameter (relatively large), which results in large pore spaces between the particles. Because of this, soils with a high percentage of sand drain excessively and become droughty in summer. Particles of silt are smaller (0.002 to 0.05 mm in diameter), meaning smaller pore spaces. Soils with silt hold more water while still being relatively well drained. Clay particles are smallest (less than 0.002 mm in diameter and invisible to the naked eye). Very small pore spaces separate clay particles, which means the soil can hold much water. Clay soils are poorly drained, easily compacted with foot traffic, and resemble concrete when dried.

A soil that is all sand, or all silt, or all clay, is not useful for the gardener. The best garden soils are the loams, which contain roughly equal parts of the three minerals. Within the loams, those that contain about 60 percent sand and 30 percent silt are known as the sandy loams; those with about 60 percent silt and 30 percent sand are the silt loams. These are the best of the best garden soils. A simple soil test performed by a private testing lab is the most accurate method of determining your soil texture (see chapter 12, “Resources for the Montana Gardener”).

Soil structure: Decayed organic matter is called humus. Organic chemicals in humus “glue” soil particles together, making small particles into larger ones called aggregates, or peds, that increase soil porosity and aeration, soil water-holding capacity, and resistance to soil crusting. While soil texture is relatively stable and only changes over long periods of time, soil porosity can be improved relatively rapidly by adding organic matter. Continued tillage without the addition of organic materials tends to lower soil porosity, resulting in surface crusting and compaction, poor water infiltration, and the potential for great erosion.

A quick test of the suitability of your soil for a garden is to take a handful of reasonably moist soil, squeeze it in your hand, and then release the pressure. If the soil does not form a ball, it is too sandy; if it forms a ball that will not break when lightly touched, it is too clayey. The best soil should form a ball that breaks apart when lightly touched.

Soil organic matter is the partially decomposed remains of plants and animals. Soil microorganisms use carbon as their energy source to break down organic matter and release its nitrogen, phosphorus, potassium, and other nutrients back into the soil for plant use. When most of the bound nutrients have been released, the organic matter is called humus. While not biologically active, humus improves the soil’s physical and chemical properties. Humus is dark, fluffy, and resistant to further decay. Its dark color absorbs heat and speeds plant growth in spring and fall. It acts like a sponge, absorbing soil nutrients and water, preventing them from leaching away from the plant, and then releases them to plant roots over time. Dissolved organic matter in humus has been found to keep available phosphorus in fertilizer and manure available longer. It also increases the availability of some other metal nutrients.

Organic matter in the soil decomposes more rapidly as moisture, temperature, and aeration increase. Therefore, decomposition is quite high in an irrigated garden in midsummer following spring and fall tillage. The rate of decomposition also varies with the amount of carbon in the organic material. A material’s carbon to nitrogen (C:N) ratio indicates the material’s decomposition rate. The higher the C:N ratio, the slower the decomposition rate (see the sidebar “The C:N Ratios of Some Common Materials”).

Materials with C:N ratios of less than 30:1 break down relatively rapidly. Those with a C:N ratio greater than 30:1 require a greater amount of time to break down and require the addition of nitrogen-containing fertilizers to speed decomposition. The fertilizer is mixed with the organic matter. Because organic matter continues to break down, we must add it to the garden on a regular basis to keep the supply of humus where it ought to be. Historically Montana soil organic matter content was estimated to be about 4 percent; today it ranges in many Montana topsoils from 1 percent to 4 percent.



The C:N Ratios of Some Common Materials

The following table lists some organic materials commonly used to improve soil. Note that it is not necessary to add nitrogen to materials with carbon to nitrogen (C:N) ratios below about 30:1.

[image: Material C:N ratio Amount of nitrogen to add Corncobs 420:1 1.5 pounds nitrogen per 100 pounds material Sawdust, 400:1 1.5 pounds nitrogen per 100 wood chips pounds material Paper 175:1 1 pound nitrogen per 100 pounds material Strawy manure 80:1 0.75 pound nitrogen per 100 pounds material Straw, leaves 75:1 0.75 pound nitrogen per 100 pounds material Peat moss, 60:1 0.5 pound nitrogen per 100 corn stalks pounds corn stalks; none for peat moss Horse manure, 35:1 Sprinkle of nitrogen per 100 green rye, pounds material and wheat Mature sweet 24:1 None clover Composted 20:1 None manure Buckwheat 19:1 None Sheep, poultry 15:1 None manure Alfalfa hay, 12:1 None normal soil, vegetable waste, clover hay Raw municipal 6:1 None wastewater Blood meal 4:1 None]




How to Increase Soil Organic Matter



There are several ways you can increase your soil’s organic matter. In annual gardens, such as the vegetable garden, turning under green manure crops and cover crops works well.

Green manure crops are grown in the summer on a non-cropped area of the garden and turned under while still green. Crops such as buckwheat, sown at the rate of 2 pounds of seed per 1,000 square feet, and sweet clover, sown at 0.1 pound of seed per 1,000 square feet, make good green manure crops. Both have C:N ratios of about 19:1.

Cover crops are typically sown for winter. While their primary purpose is to hold soil against erosion, they do add good amounts of organic matter when plowed under in spring.

Many Montana soils can benefit from an application of organic material such as manure and compost at a rate of 3 to 4 cubic yards per 1,000 square feet. In both your annual and perennial gardens, manure and compost are useful for building the soil organic matter.

Manure. All manure is not equal. Fresh manure adds more nutrients and beneficial organisms than rotted (composted) manure, but it also adds more weed seeds and can burn tender foliage. If you must add fresh manure, plow it into the soil in the autumn when the garden is done and other plants are entering dormancy. For spring feeding, add rotted manure only. The quality of the manure depends upon the species of animal, what the animal ate, how much bedding is contained in the manure, and how the manure was handled before spreading. High amounts of bedding increase the C:N ratio and may mean you’ll have to add extra nitrogen to the soil. Manure piled in exposed areas will have much of the nutrient content leached.




Cover Crops to Avoid

Don’t plant a cover crop of winter rye in Montana! This plant can overwinter and become a terrible volunteer pest in wheat fields. Instead, consider sowing spring oats or sow winter wheat in early autumn. Both will have a C:N ratio of about 60:1 when plowed down, however, so you should add some extra nitrogen at that time to compensate for the amount used in decomposition.





Horse manure seems to contain more weed seeds than other manures. Sheep and poultry manure contain much nitrogen and can cause excessive growth. Do not use pet manures or manures of any carnivore since they have the potential to carry parasites. Note: One bushel of manure weighs about fifty pounds. Fresh manures are relatively low in phosphorus, so add about two pounds of phosphorus per 1,000 square feet to make up for that. Get that amount from ten pounds of 0-20-0, 20 pounds of 5-10-10, or fifteen pounds of steamed bonemeal (see the sidebar Selected Animal Manures).

Compost. Adding compost is another good way to increase soil organic matter, but generating compost is a long-term investment in Montana. Our dry, cold conditions slow decomposition, and it may take a year or two to make good compost. The finer the raw material, the faster it decomposes, so try to shred everything before you add it to the compost pile.

Compost is a wonderful amendment, but it has no magical qualities. It is simply organic matter decomposed before being added to the garden, resulting in less drain on soil nitrogen. You can use most anything in the compost pile with a few exceptions. Do not compost large bones, grease, meat, eggs and dairy products, or pet manures, as they may attract wildlife. Avoid using grass clippings from a lawn treated with herbicide. Some herbicides may linger for months or years in the clippings and can damage your garden crops. Don’t compost walnut leaves because they contain a substance that can be toxic to some plants. If you live in bear country, do not place fruit in the compost pile.

One easy way to make a compost bin is to use 2-by-4-inch mesh welded wire and form it into a circle or attach it to stakes. Put the bin near the garden. Place a 6-inch-deep layer of coarse organic material at the bottom, sprinkle it with a nitrogen-containing fertilizer mix of your choice, then add a 3-inch-deep layer of soil, manure, or compost over it. Sprinkle with water. Repeat this process until the bin is full.

The soil and organic material contain all the necessary elements for making good compost; you need not add any fancy store-bought products containing enzymes to get the compost pile cooking. You should, however, purchase a good, long-probed compost thermometer to monitor the pile’s temperature. Keep the top of the pile flat or concave and covered with a tarp to prevent excessive moisture loss. Sprinkle it as needed to keep the material moist, like a squeezed-out sponge. Turn the pile every six weeks or so, or when the temperature begins to decline, moving material from the outside and the top of the pile into the middle. Material at the center of a good working pile will heat to about 130 degrees Fahrenheit, killing many pathogens and weed seeds. The compost will be ready when the material has broken down and become a crumbly, deep brown product bearing no resemblance to the original material.

Chemical Properties of Montana Soil



Soil fertility is intertwined with its physical and chemical properties. Knowing your soil pH, for example, helps you to know what nutrients are most likely to be available in abundance or completely unavailable.

The pH of the soil is an expression of its acidity, neutrality, or alkalinity. On a scale of 1 to 14, a pH of 7 is neutral. Higher numbers indicate increasing alkalinity; lower numbers indicate increasing acidity. For comparison, stomach acid and lemon juice are about pH 2, coffee about 3.5, orange juice 4, milk 6, seawater about 8.5, soap 9, bleach about 12.5, and lye (sodium hydroxide) about 14. Pure water is 7 (neutral).

Since the pH scale is logarithmic, there is a difference of a factor of ten between numbers. For example, a soil pH of 5 is ten times more acid than a pH of 6 and one hundred times more acid (ten times ten) than a pH of 7.

The acidity or alkalinity of the soil regulates the decomposition of organic matter, the action of some pesticides, and the availability of nutrients to the plant. For example, there may be plenty of iron in the soil, but a high pH binds that iron and makes it unavailable to many plants. That is why you need to know the pH of your soil and to amend it accordingly for best plant growth.

Most of our garden plants grow best at soil pHs of 6 to 7 because that is the range in which nutrients are most readily available to plants. Soil microorganisms that break down organic material and increase nutrient availability are also most active in a near-neutral soil.

[image: Soil pH and Nutrient Availability]

Some garden plants will tolerate a soil pH above 7.5, but few thrive at that range. On the other hand, ericaceous plants like rhododendrons, azaleas, and blueberry do best at a decidedly acidic pH 5; try to grow them at a soil pH above 6 and they will show an iron deficiency. (That is the reason ericaceous plants generally are not recommended for much of Montana.) If your soil pH is way out of whack, you will have to modify it for the best garden plant growth.

The pH of most Montana soils is neutral to alkaline (pH 7 to 8) but can vary on specific sites from a very acidic pH 4.5 to a strongly alkaline pH 8.5. In general, areas in the eastern part of the state at lower elevations and with less precipitation tend to have higher pHs since the base-forming elements like calcium cannot be leached. Areas in the western part of the state at higher elevations and receiving greater precipitation tend to have lower pHs. These are soils formed from acid parent material, forest soils, and mining sites containing iron and sulfur.




pH for Potatoes

Agriculturists recommend a soil pH of about 5.5 for potatoes because at that pH the microorganism that causes potato scab becomes inactive and infection rates are low. While the potato plant will grow just as well at pH 7, the scab organism will grow better. Potatoes grown on alkaline soils have more problems with potato scab infections than spuds grown in acidic soils.






Let’s look at common Montana soils and how to adjust them for the best gardens. Professional soil testing will be discussed later in the chapter.


Alkaline Soils

Alkaline soils tend to be high in calcium, magnesium, and potassium and, if the pH is above 7.4, low in manganese, iron, and boron. Most soils in Montana are alkaline. It is difficult to lower a Montana soil’s pH due to our soils’ resistance to change (known as the buffering capacity). Add plenty of organic matter, use acid fertilizers like ammonium sulfate (21-0-0) and the ammonium phosphates (11-52-0 and 18-46-0), and improve the soil drainage. Even so, lowering pH is not that simple. Some organic matter, such as some manures, may actually be alkaline. Montana researchers have found that constant annual tillage, as you would practice in the vegetable garden, may counteract acidifying agents and in itself raise soil pH. Applying elemental sulfur will help to lower the soil pH. How much you must add depends upon soil type and upon how much you must lower the pH, but in general, about forty pounds of sulfur per 1,000 square feet on a loamy soil will lower the pH from 8.0 to about 6.5. Nevertheless, given the soils’ buffering capacity, the pH will rise rapidly so that the addition of sulfur and other acid-forming materials will be an annual chore. Use agricultural sulfur, also called prilled sulfur, and not the flowers of sulfur found in pharmacies. The latter will not dissolve well in water.


Acid Soils

Soils below pH 6 may be deficient in potassium, calcium, and magnesium and may make phosphorus unavailable to plants. At very low pHs, aluminum, boron, zinc, iron, and manganese become highly soluble and can become toxic to the plant. Fortunately, we don’t have much of that in Montana, where too high a pH is usually the problem. While acid soils are rarely encountered in Montana, some soils in the mountains and near Great Falls have a pH around 5. To raise the soil pH, apply about 100 pounds of ground limestone per 1,000 square feet or about 300 pounds of wood ash to the same area. Wood ash contains about 6 percent potash and 2 percent phosphorus as well as calcium. Since wood ash may contain some heavy metals, limit your application rate to about one five-gallon bucket of ash per 1,000 square feet per season. The precise amount of material you add depends upon soil type and how much you need to alter the pH. Determine this with a soil test.

Salty Soils

Large parts of Montana once lay at the bottom of an inland sea; the water evaporated and the salt remained. Arid areas, especially in eastern Montana, are particularly impacted by salty soils, but they can also occur throughout the state in low-lying “saline seeps.” These are especially plentiful in areas west and northwest of Great Falls east of the Divide and in the far northeastern portions of Sheridan County.

“Saline” soils especially common in eastern and central Montana contain high amounts of carbonate, chloride, and sul-fate salts of calcium, magnesium, and potassium that often form white crusts on the soil’s surface. These excess salts make it difficult for plants to extract water from the soil and, at high concentrations, actually pull water out of the plant roots. Plant toxicity symptoms include a burning of the leaf edges, wilting, stunting, and poor germination.

“Sodic” soils contain large amounts of sodium salts and often have pHs above 8.5. The sodium causes soil particles to disperse, just as dish soap causes a grease slick to disperse. The result is smaller pore spaces and easily compacted soil. When the soil is wet, the water puddles on the surface; when it is dry, it becomes cementlike. Sometimes a black crust forms on the surface of sodic soils, the result of dispersed organic matter.

“Saline-sodic” soils are those having both excess salt and excess sodium. They display characteristics intermediate between those of sodic and saline soils.

Managing salty soils can be difficult. Some manures and fertilizers contribute to the accumulation of salts in the soil, so avoid the overuse of commercial fertilizers and avoid manure from feedlots. Continue to incorporate good amounts of organic matter, especially straw, into the soil annually where possible and avoid the use of salty irrigation water, including “softened” water. If good water is available, sprinkling about 10 inches of water (about 6,230 gallons per 1,000 square feet) on your soil will remove about 75 percent of the salts in the upper 12 inches of soil.

[image: image]

Sodic soils are particularly troublesome and difficult to work. Enter gypsum! Gypsum (calcium sulfate) often is recommended to lower soil pH, but it will not do so. But it does help to leach salts when the calcium in the gypsum replaces the sodium in the soil. Incorporate fine gypsum (60 mesh) into the soil and water well, leaching as much sodium as possible. The right amount of gypsum depends upon the sodium content of the soil.

If you have a saline-sodic soil, amend for the sodic portion first, then work on the saline portion.

Boron (B) can become toxic in saline irrigation water. Symptoms in plants appear first as yellowing, spotting, or drying of the leaf margins and tips. Woody ornamentals and fruit crops are sensitive to boron toxicity. Some plants can handle excess soil boron better than others (see the sidebar “Plant Tolerance to Boron”).

Plant salt-tolerant plants if you have salty soil. The following is a partial list of plants, drawn from MSU Extension Bulletin EB 123 (see chapter 12), that will tolerate these conditions in Montana. Remember, when selecting any species for the landscape, you must consider ambient conditions other than saline soils, such as pH, wind, precipitation, and chinooks. (We’ll discuss these in chapter 2.) Not all species listed do well in all areas of Montana. An asterisk indicates plants that do better in moist, salty soil. The others better tolerate dry, salty soils.



Field Signs of Saline Soil

Look to the signs in the field first to see if you have a salinity problem; rely on soil tests second. These field signs include the following characteristics:


	Permanent or seasonal high water table in semiarid regions.

	Thick, continuous crusts form in saline seeps.

	Thin, patchy salt crusts form under clods or on the shady side of clods in marginal areas.

	Poor, spotty stand establishment of grass or crops may indicate poor germination caused by high salts.

	Herbaceous crops appear blue green under salt stress.

	Leaf tip burn and die-off of older leaves in grains can be the result of salt stress or drought stress.








Plant Tolerance to Boron

[image: Tolerant to Semitolerant to Sensitive to excess boron excess boron excess boron Asparagus Bell pepper Apple Beets Corn Apricot Cabbage Nuts Cherry Carrot Potato Grape Gladiolus Pumpkin Jerusalem artichoke Lettuce Sunflower Peach Onion Sweet pea Pear Turnip Tomato Plum Zinnia Walnut]






Deciduous Trees and Shrubs for Saline Soils



Best

Norway maple (Acer platanoides)

Horse chestnut (Aesculus hippocastanum)

Green ash (Fraxinus pennsylvanica var. lanceolata)

Honey locust (Gleditsia tricanthos)

White poplar (Populus alba)

Cottonwood (Populus deltoides)

Black locust (Robinia pseudoacacia)

Juneberry (Amelanchier canadensis)

Sagebrush (Artemesia spp.)

Caragana (Caragana arborescens)

*Curlleaf mountain mahogany (Cercocarpus ledifolius)

Chokecherry (Prunus virginiana)

*Skunkbush sumac (Rhus trilobata)

Staghorn sumac (Rhus typhina)

*Sage (Salvia spp.)

Good

Box elder (Acer negundo)

Birch (Betula papyrifera, B. pendula)

Catalpa (Catalpa speciosa)

Apple (Malus spp.)

Lombardy poplar (Populus nigra ‘Italica’)

Quaking aspen (Populus tremuloides)

Ussurian pear (Pyrus ussuriensis)

European mountain ash (Sorbus aucuparia)

American elm (Ulmus americana)

Burningbush (Euonymus alatus)

Honeysuckle (Lonicera spp.)

Buckthorn (Rhamnus spp.)

Japanese tree lilac (Syringa reticulata)

Common lilac (Syringa vulgaris)

*Buffaloberry (Sherpherdia argentea)


Evergreens for Saline Soils



Best

Jack pine (Pinus banksiana)

*White spruce (Picea glauca)

*Mugo pine (Pinus mugo)

Austrian pine (Pinus nigra)

*Colorado spruce (Picea pungens)

Junipers (Juniperus spp.)

Good

Rocky Mountain juniper (Juniperus scopulorum)

Norway spruce (Picea abies)

Ponderosa pine (Pinus ponderosa)

Scots pine (Pinus sylvestris)

Douglas fir (Pseudotsuga menziesii)

Yew (Taxus spp.)

*Arborvitae (Thuja occidentalis)

*Hemlock (Tsuga canadensis)

*Soapweed (Yucca glauca)

Woody Groundcovers and Vines for Saline Soils



Bittersweet (Celastrus sp.)

Creeping juniper (Juniperus horizontalis)

Virginia creeper (Parthenocissus quinquefolia)

Soil Fertility



You may find specialty fertilizers on the store shelf that claim to contain “fifty elements from the sea” with the suggestion that the product will produce super-duper garden plants. Good gardeners know there are seventeen elements essential for plant growth. All others are superfluous. These seventeen are subdivided into macronutrients and micronutrients based on plant needs, not on the amounts absorbed. Macronutrients are needed in greater quantities than the micronutrients.

All nutrients must be dissolved in water before the plant can absorb them. If there is a lack of water, your plants may begin to show signs of nutrient deficiencies when in fact there is no real deficiency in the soil at all.

Macronutrients

About 90 percent of a plant is made of carbon, hydrogen, and oxygen extracted from air and water. Because of their ubiquitous sources, these nutrients are never deficient. Carbon (C) makes up the sugars and cellulose in the plant and is necessary for photo-synthesis. Hydrogen (H) is an important element in biochemical reactions and a component of carbohydrates. Oxygen (O), also a component of carbohydrates, is necessary for respiration and plant growth.

Nitrogen, phosphorus, and potassium are the primary macronutrients; calcium, magnesium, and sulfur the secondary macronutrients.

Nitrogen (N) strongly promotes rapid growth in leaves, roots, and stems and is the nutrient most often lacking in Montana gardens. Leafy plants such as turfgrass, spinach, lettuce, and kale require large amounts for best growth. Some plants have a symbiotic relationship with root-nodule-forming bacteria to supplement their supply of nitrogen. Atmospheric nitrogen cannot be used directly by plants, and these bacteria “fix” the nitrogen into a form in which it can be used to the benefit of the host plant. Legumes like beans, peas, clover, and alfalfa have this association and are particularly valuable in building soil nitrogen when they are grown and turned under as a green manure crop. (An acre of peas can fix about seventy pounds of nitrogen, an acre of beans forty pounds, and an acre of soybeans a bit over fifty pounds.) The nitrogen in organic fertilizers is in too chemically complex a form to be used by plants directly and is broken down by soil microbes into simple nitrate and ammonium forms that can be utilized. About half the nitrogen in manure volatilizes into the atmosphere before the plants can use it, and about half the nitrogen in commercial fertilizers is used by microorganisms to decompose soil organic matter and hence cannot be used by the plants.

What are the signs of a nitrogen-deficient condition? The older, bottom leaves of plants turn a golden yellow. Shoot growth and overall plant growth is stunted, leaves are small, and the young shoots become unusually woody.

Phosphorus (P) generally promotes root, flower, fruit, and seed development. Most Montana soils have sufficient phosphorus, but the nutrient is bound tightly and not available for absorption. Phosphorus is relatively immobile in the soil, and so it should be applied in the plant’s root zone, where it can be absorbed quickly. With insufficient phosphorus the plant stems

































[image: Material Pounds to N-P-K Notes Apply Per Analysis 1000 sq. ft.* Cow (dry) 200 1.5-2-1.2 Pricey Cow (fresh) 500 0.5-0.2-0.5 Bulky, odiferous, use composted Chicken (dry) 100 4.5-3.5-2 High N can cause excessive vegetative growth; odor when wet Chicken (fresh) 200 1.5-1-0.5 Can burn young plants; excessive vegetative growth Horse (fresh) 500 0.7-0.3-0.5 Plentiful weed seeds; bulky Pig (fresh) 500 0.7-0.6-0.7 Odiferous; bulky Rabbit (fresh) 150 2-1.3-1.2 May be difficult to find in large quantities Sheep (fresh) 300 1.4-0.7-1.5 Easy to work with; excessive vegetative growth Sheep (dry) 100 4.2-2.5-6.0 Excessive vegetative growth]











[image: Material Pounds to N-P-K Notes Apply Per Analysis 1000 sq. ft.* Bloodmeal 10 13-0.9-0.8 Expensive; odiferous, attracts predators Compost 60 2-1-1 May apply up to 4 inches deep Feather meal 10 12-0-0 May be difficult to find; N is slowly available to plants Fish meal 15 10-3.8-0 Has odor, attracts predators; N and P slowly available Greensand 150–300 0-1-7 K is slowly available; high in micronutrients; apply only every 4 years or so Rock 150–300 0-30-0 Dusty to apply; phosphate P is slowly available]













[image: Fertilizer Percent Percent Percent Percent nitrogen phosphorus potassium sulphur oxide oxide Monoammonium 11 50 0 1–3 phosphate Diammonium 18 46 0 2 phosphate Ammonium sulfate 21 0 0 24 Potassium chloride 0 0 60 0 Potassium sulfate 0 0 52 18 Urea 46 0 0 0 Triple 0 50 0 1 superphosphate]
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	Shade trees with trunk diameter (measured 4 feet off the ground) of less than 6 inches: Apply 0.15 to 0.3 pound of nitrogen per inch diameter.

	Trees with trunk diameter greater than 6 inches in diameter: Apply 0.3 to 0.6 pound of nitrogen per inch diameter.

	Shrubs: 0.05 to 0.10 pound nitrogen per foot of height or spread.
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Urea 46 0 0 0
Triple 0 50 0 1

superphosphate
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N application rate (Ibs./1000 sq. ft.)  plot size (sq. ft.)
x

N content of fertilizer as a decimal 1000
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Material Pounds to
Apply Per
1000 sq. fe.*
Cow (dry) 200
Cow (fresh) 500
Chicken (dry) 100
Chicken (fresh) 200
Horse (fresh) 500
Pig (fresh) 500
Rabbit (fresh) 150
Sheep (fresh) 300
Sheep (dry) 100

N-P-K
Analysis

1:5:2:1°2
0.5-0.2-0.5

4.5-3.5-2

1.5-1-0.5

0.7-0.3-0.5

0.7-0.6-0.7
2-1.3-1-2

1.4-0.7-1.5

4.2-2.5-6.0

Notes

Pricey

Bulky, odiferous,
use composted

High N can cause
excessive vegetative
growth; odor when wet

Can burn young
plants; excessive
vegetative growth
Plentiful weed
seeds; bulky
Odiferous; bulky

May be difficult to
find in large quantities

Easy to work with;
excessive vegetative
growth

Excessive vegetative
growth
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Material C:N ratio Amount of nitrogen to add

Corncobs 420:1 1.5 pounds nitrogen per 100
pounds material

Sawdust, 400:1 1.5 pounds nitrogen per 100

wood chips pounds material

Paper 175:1 1 pound nitrogen per 100

pounds material

Strawy manure 80:1  0.75 pound nitrogen per 100
pounds material

Straw, leaves 75:1  0.75 pound nitrogen per 100
pounds material

Peat moss, 60:1 0.5 pound nitrogen per 100

corn stalks pounds corn stalks; none
for peat moss

Horse manure, 35:1  Sprinkle of nitrogen per 100

green rye, pounds material

and wheat

Mature sweet 24:1  None

clover

Composted 20:1  None

manure

Buckwheat 19:1  None

Sheep, poultry 15:1  None

manure

Alfalfa hay, 12:1  None

normal soil,
vegetable waste,
clover hay

Raw municipal 6:1  None
‘wastewater

Blood meal 4:1  None
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Material Pounds to

Apply Per
1000 sq. fe.*
Bloodmeal 10
Compost 60
Feather meal 10
Fish meal 15

Greensand ~ 150-300

Rock 150-300
phosphate

N-P-K
Analysis

13-0.9-0.8
2-1-1

12-0-0

10-3.8-0

0-1-7

0-30-0

Notes

Expensive; odiferous,
attracts predators
May apply up to 4

inches deep
May be difficult to
find; N is slowly
available to plants

Has odor, attracts
predators; N and P
slowly available

K is slowly available;
high in micronutrients;
apply only every 4
years or so

Dusty to apply;
P is slowly available
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Tolerant to
excess boron

Asparagus
Beets
Cabbage
Carrot
Gladiolus
Lettuce
Onion

Turnip

Semitolerant to
excess boron

Bell pepper
Corn

Nuts
Potato
Pumpkin
Sunflower
Sweet pea
Tomato

pALLIES

Sensitive to

excess boron
Apple

Apricot

Cherry

Grape

Jerusalem artichoke
Peach

Pear

Plum

Walnut
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