
Sustainable Agriculture 
 

 
If you like to eat, then you should be concerned about how your food is grown and 
processed.  Most people realize that eating a poor diet can lead to poor health or an early 
death.  Yet, sadly, too few in our overfed (and undernourished) society seem to care 
about what they consume. 
 
On the production side of the coin, since the late 1940s, there has been an increasing 
trend toward larger, super-efficient, high-tech “food factories,” replacing small family 
farms.  Giant multinational corporations now control the great majority of food 
production, processing and marketing in the developed world. 
 
The overuse of synthetic fertilizers, pesticides, animal growth hormones, and more 
recently, the introduction of genetically-engineered crops, have raised concern among 
many who care about environmental problems.  Some scientists worry that such 
agriculture-related effects as soil degradation and erosion, deforestation, pesticide 
pollution and food-borne diseases have not only caused serious ecological problems 
already, but along with climate change, overfishing the oceans and overpopulation, they 
may be building up to a catastrophic worldwide disaster. 
 
The term “sustainable agriculture” implies a system of food production that can continue 
indefinitely -- a system that builds up soil rather than depleting it, that grows truly 
healthful crops and animals, and at costs that even the world’s poor can afford. 
 
Even if you are not a farmer, you can do much to promote a sustainable earth.  You can 
(1) grow a garden, (2) purchase food grown by sustainable producers (including organic), 
(3) buy products grown locally, (4) recycle and reduce waste, and (5) educate yourself 
and your family about health-producing nutrition and the ecologically-sound methods 
which give rise to good food.  Be aware and be concerned.  Put into practice what you 
learn. 
 
The links in this website should get you started.  The principles of sustainable agriculture 
also apply to gardening. 
 
Weblinks:  
 

Is “sustainable” really better? Crop growth and nutrition 
Attacking problems Fertilizers 
The agricultural ecosystem Controlling weeds 
Soil parts and functions Controlling pests 
Improving soil Raising animals 
Composting and other approaches Resources 

 



Is “sustainable” really better?  
 

Sustainable agriculture includes a number of farming systems that are designed to allow 
food (or fiber) to be successfully produced indefinitely – sustainably.  It tries to reduce 
expensive and artificial inputs, such as petroleum-based fuels, fertilizers and pesticides.  
It tries to reduce negative environmental and health effects, from soil degradation to 
water pollution to human sickness. 
 
Sustainable agricultural systems typically seek to improve soil conditions and to grow 
healthy plants and animals, which should then become healthful human food.  They 
basically try to work with nature, or natural processes, so as to maximize plant and 
animal production, while causing the least environmental disturbance or harm.  Thus by 
relying on the earth’s regenerative natural processes, sustainable agriculture can continue 
indefinitely. 
 
For the most part, gardening is a type of sustainable agriculture on a small scale.  Organic 
agriculture is a type of sustainable agriculture in which the farmer uses no synthetic 
fertilizers, herbicides, pesticides or animal production stimulants, such as hormones and 
antibiotics 
 

Conventional agriculture 
 
Sustainable agriculture is often compared or contrasted to “conventional” agriculture, 
sometimes called “chemical-intensive” agriculture.  Those terms refer to various food and 
fiber producing methods that have mainly become widespread since the end of World 
War II (the mid-twentieth century) and which are now dominated by an interactive 
aggregation made up of agricultural colleges; fertilizer, seed and chemical product 
manufacturers and sellers; and commodity marketing and speculative enterprises. 
 
Conventional agricultural systems are often promoted as being highly efficient at 
producing large quantities of food and fiber relatively cheaply.  They use the latest high-
tech innovations, such as genetically modified crops that can fight crop diseases or which 
are resistant to weed-killing herbicides, and GPS (global positioning system) devices that 
allow a field to be tilled or planted very precisely.  Cloned and genetically modified 
animals are on the verge of becoming commonplace.  Conventional systems rely heavily 
on artificial and toxic methods to force higher plant and animal production and to fight 
diseases, weeds and pests.  Their basic approach to food and fiber production is to 
overpower and control nature, or natural processes, by using man-made materials and 
methods. 
 
Unfortunately, the possibility of severe environmental problems is very high under 
conventional agriculture, such as soil loss (erosion) and degradation (including 
desertification, the spread of desert-like conditions), pollution by toxic chemicals, 
extermination of beneficial species (such as honeybees), and contamination of plant or 
animal foods by disease-causing microbes (for example, E. coli). 
 



How do they compare? 
 
A brief comparison of the principles and effects of sustainable and conventional 
agricultural systems is found in the accompanying table.  Some of the main differences 
include their basic underlying philosophies, which we mentioned previously, and their 
long-term environmental effects. 
 
Conventional systems do much less recycling, but use expensive petroleum-derived 
fertilizers, herbicides and pesticides (both systems will also use petroleum fuels to 
operate tractors and other machinery).  We cannot continue using the earth’s finite 
petroleum reserves indefinitely. 
 
Many, if not most, of the chemical inputs that conventional systems use have some 
degree of toxicity or other negative side-effects (for example, some fertilizers can kill 
beneficial soil organisms and cause soil to become hard).  These toxic chemicals can 
cause stresses to both plants and animals, often leading to poor health and disease or pest 
attack.  Unhealthy crops or animals produce poor quality food for people, with poor 
human health a likely result. 
 
The advocates of conventional agriculture often point to its supposed efficiency and the 
low cost of food to consumers.  But that is only half the story, because they do not take 
into account the environmental damage and health-care costs, which are long-term in 
nature and are not direct agricultural expenses.  It is difficult to put an exact cost to 
millions of tons of topsoil eroded into the ocean, the treatment of sick people and 
animals, or the extinction of a species. 
 
Sustainable agriculture tries to work with natural processes and to rely on recycling 
nutrient-containing materials (such as manure or crop residues) into the soil, where they 
are broken down by a multitude of beneficial soil organisms (from bacteria and fungi to 
earthworms and insects) and are made available to future crops.  Sustainable farmers (or 
gardeners) believe that healthy, low-stress plants or animals are able to resist diseases and 
pests naturally, and that they also produce high quality, nutritious food for people.  When 
healthful food is eaten, people should be healthy, so health-care expenses will be lower.  
Toxic chemicals are seldom if ever needed in sustainable systems. 
 
Sustainable farmers do as much as possible to preserve and maintain the natural 
environment.  Although the retail cost of sustainably-grown food is often higher than 
conventionally-grown, the value of more nutritious food and less environmental damage 
more than makes up for it.  Some comparison studies of the nutritional content of 
conventional and organic foods are found here.  In these comparisons, the organic foods 
consistently had more of desirable nutrients and less of potentially harmful substances 
(cholesterol, saturated fat, nitrate). 
 
The critics of sustainable systems often say that they cannot produce as high yields of 
crops as can conventional systems, and that for the large amounts of food needed in 
today’s world, sustainable methods are inefficient, impractical and unprofitable.  Yet 
many comparison studies show just the opposite . . . at least much of the time. 



There are many variables that can affect the results, but comparisons of conventional and 
sustainable (usually organic) systems in the United States and Europe have found that for 
most crops in most weather conditions, the sustainable crops yielded essentially the same 
or somewhat lower than conventional crops (only bulk quantity as volume or weight was 
measured, not nutritional value).  But where sustainable crops really excel is under 
drought or dry conditions, where because of the water-holding ability of “healthy” soil, 
crop yields far exceeded those of conventional systems. 
 
The comparison of system profitability also is won hands-down by sustainable systems.  
By not using expensive fertilizers, herbicides and pesticides, the profitability and energy-
efficiency of sustainable systems outshines conventional methods.  In a six-year study 
(1978 – 1983) by the University of Nebraska, the organic system earned a net income of 
$125.95 per acre, compared to $94.58 for monoculture corn. 
 
Although a huge conventional farm may seem more efficient than a small family farm, it 
requires extremely expensive large-scale tractors, planters and combines, while a smaller 
farm can function well without the latest, biggest and best equipment.  If the large 
conventional farm grows commodities (corn, soybeans, cotton, etc.) that are subsidized 
by U.S. government programs, this extra injection of money may make it seem that the 
conventional farm is profitable.  Many of the crops grown by smaller and organic farms 
(fruits, vegetables, etc.) are not subsidized, putting the sustainable farmer at a 
disadvantage. 
 
Outside of the developed countries, most farming is done on a small scale by families.  
They generally use more or less sustainable methods and generally only raise enough  
food to feed themselves and maybe a little extra to sell and buy a few essentials.  Often 
the effectiveness of such subsistence farming could be greatly improved by educating the 
farmers to make a few changes that would increase the natural fertility of their soil or 
improve their animals’ health.  So, when proponents of high-tech conventional methods 
say that switching entirely to sustainable agriculture would cause massive starvation, we 
can only reply – not so! 
 
Considering the above comparisons of conventional and sustainable agriculture, which do 
you think is better?  With the world’s human population soaring, now nearly seven 
billion and predicted to hit nine billion by 2050, the challenge of feeding everyone is 
tremendous.  Yet, with economic and political upheavals, the increasing depletion of 
natural resources and alarming environmental damage, can conventional agriculture last 
much longer?  You decide. 
 



Attacking	problems		

	
Anyone who is even slightly aware of the news realizes that the world is afflicted by 
problems.  From our personal lives to international relations to the environment, there are 
challenges and difficulties.  And it is fair to say that many them are human-caused in 
some way. 
 
Agriculture is by its nature a risky endeavor, with the variability and uncertainty of 
weather, pests and diseases, and markets.  Problems or downright catastrophe can strike 
overnight. The family-based small-to-medium farm is almost an “endangered species.”  
Consider some recent statistics: 

- In 2002, an average of 330 farms went out of business every week.  A little 
over one-half of today’s farmers are 45 – 64 years old, and only 6% are under 
35.  Only 7% of family farms have totally on-farm incomes. 

- The farmer only receives about 10 cents of the consumer’s food dollar. About 
39 cents goes for off-farm labor, 8.5 cents for packaging, 4 cents for profits, 4 
cents for advertising, 3.5 cents for energy, and the rest for several minor 
categories. 

 
Why do so many problems that impact the food supply keep occurring?  Although some 
agricultural problems are largely caused by the environment (such as bad weather; floods 
and drought; and attack by pests, parasites and disease), problems due to human mistakes, 
bad judgment, unintended consequences, greed and arrogance can be just as devastating.  
And in fact, even environmental problems are often partly caused by human activities.  
For example, extreme deforestation can  lead to local drought. 
 
How should one go about attacking and solving problems?  Unfortunately, all too often 
we go about it the wrong way, by trying to eliminate or cover up the symptoms of the 
problem. 
 
Just as a doctor may first treat a patient with a severe headache by prescribing a pain-
killing drug, agricultural experts may fight a crop pest outbreak – perhaps aphids – by 
spraying a toxic chemical to kill the aphids, rather than seeking to trace the real cause of 
the aphids and correcting that cause, and thus preventing the pest attack.  Perhaps the real 
cause of the crop’s aphids was a week of cold, cloudy weather, which put the crop plants 
under stress.  Or maybe the farmer’s soil was deficient in one or more plant nutrients, 
perhaps calcium or the trace element zinc.  Much research has found that attacks by pests 
or diseases are clearly due to crop stress from such environmental factors as those.  
Stressed plants are more susceptible to pest and disease attack than are healthy, vigorous 
plants, just as our bodies more readily succumb to disease germs when we are short of 
sleep, or depressed, or not eating good food.  And just as our bodies have an immune 
system that can fight off disease, plants also have various ways to resist or kill pests and 
diseases. 
 
 



Solving	problems	
 
The best way to attack and solve problems is (1) first recognize that a problem exists, (2) 
carefully analyze the problem, noting its symptoms, but also finding its real cause or 
causes, (3) educate yourself about the problem, its cause(s) and ways to prevent or 
overcome the cause(s), and (4) attack the real cause(s), not just the symptoms. 
 
When you go about analyzing a problem, be careful about your source of information.  
Some “experts” may not tell you the whole story (or they may not even know it all 
themselves), and they may be promoting a certain methodology or peddling certain 
products.  Solutions to difficult problems must make sense, and they should not create 
still other problems in time.  It is best to check out suggestions from several points of 
view, including other farmers who are having success. 
 
It is possible that a certain company or product can be very helpful, but it is also 
important to educate yourself about how the soil, plants and animals function.  The better 
you understand the agricultural ecosystem, the better you can logically figure out how to 
attack problems.  Other links in this website can get you started, including (1) those on 
the agricultural ecosystem and soils, which illuminate the complex activities and 
relationships which are necessary to grow truly healthy crops; (2) those on fertilizers, soil 
improvement and composting, which show ways to improve soil conditions and nourish 
crops better; and (3) those on controlling weeds and pests, which give non-toxic 
approaches to those problems. 
 
Similarly, if a farmer’s animals are sick or not growing properly, there are a number of 
possible causes, such as an unbalanced diet, toxins or microbial contamination of the 
food or water, or uncomfortable housing conditions.  Again, besides treatment of illness 
with drugs, try to find out what factors actually caused the problem, and correct them. 
 
The environmental causes of agricultural problems are mostly beyond the farmer’s 
control, but many other problem-causing factors can definitely be controlled, and even 
some environmental effects can be lessened, such as soil erosion from heavy rains, since 
a good soil with sufficient organic matter and soil that is protected by a cover crop have 
low erosion. 
 
Some of the problem-causing factors that a farmer can control include the genetic strains 
and breeding of crops and animals, soil tillage and planting methods (and the timing of 
these operations), fertilizers used, methods of weed and pest control, crop rotation, 
harvesting and crop storage and/or marketing, and how much land to buy or rent. 
 

Get	your	own	system	
 
Since the farmer can make so many choices, the best way to approach possible problems 
is to develop a farming system that can prevent as many problems as possible, and one 
that allows those problems that do occur to be overcome relatively easily and 
inexpensively, as well as a system that can reduce your expenses and increase profits. 



 
Every farm is different, so rather than slavishly following the same farming methods as 
your cousin in the next county, use your basic knowledge, plus your experience from 
each year, to begin practicing whatever modifications and innovations seem likely to 
improve your operation. 
 
There are many variables to consider, not only the treatment of your soil, choice of crops 
and rotations, management of weeds and pests, but also available machinery, labor 
sources and finances, to name a few.  Sit down (along with your spouse and any partners, 
financiers or managers) and assess your situation.  Have a brainstorming session; don’t be 
afraid to dream, to imagine some pretty wild ideas.  Think of goals and new ways to use a 
resource you already have, or to fill a market need.  Then get more realistic and consider 
one or two of the best ideas.  Consider their practicality, evaluate the plusses and 
minuses, and balance the need for cash-flow with probable expenses.  Check into any 
legal requirements or pitfalls, such as zoning laws, food safety laws, pollution control 
ordinances, insurance, and tax laws.  Make out a detailed business plan and projected 
budget for five or ten years. 
 
The possibilities for a tailor-made farming system are many.  Perhaps you can just fine-
tune your current operations, reducing expensive inputs such as fertilizers, herbicides and 
pesticides.  Maybe by improving your soil and/or becoming organic, you can grow higher 
quality crops or animals that will command a higher market price.  You may want to 
eliminate the middleman by processing and/or packaging your own brand of, say, 
popcorn, or yogurt, and even sell your products at a roadside stand or through a 
community-supported agriculture (CSA) operation. 
 
In many cases, it is not wise to make sudden, drastic changes to the entire farm.  If you 
are changing your fertilizing methods, or adding a new crop, only change one field, or at 
most one-quarter of the farm at a time.  That way, you have something to fall back on in 
case something goes wrong.  Also, any additional start-up expenses will be lower.  
Expect to take several years to change your system.  If difficulties arise along the way, be 
flexible and make needed modifications. 
 
Farming does not have to rely on borrowed money and fickle markets.  You can be 
profitable and feel good that you are producing truly healthful food. 



The	agricultural	ecosystem	
 
An ecosystem is defined as all the organisms (animals, plants, microbes) in a certain 
habitat, plus also the environment that they live in (such as the soil, a pond, or a 
mountainside).  Natural ecosystems usually contain hundreds or thousands of species of 
organisms and are thus very complex in their functioning.  In contrast, an agricultural 
ecosystem (such as a corn field or an orchard) is relatively artificial, being modified and 
controlled by humans.  It contains fewer species and thus is simpler in its functioning. 
 
But simpler is not really better.  A complex natural ecosystem, with its many species, 
operates with an intricate “web” of interrelationships among the species.  They can be 
pictured in a very simplified diagram: 
 

 
 
These are the basic steps in a food chain.  Plants use soil nutrients, water and carbon 
dioxide from the air, and with the sun’s energy, they produce food that nourishes animals 
and humans.  But there are a few more vital steps: 
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ANIMALS 

HUMANS 

SOIL 

SUNLIGHT 



 
 
In order to be sustainable, wastes and other organic matter are recycled and broken down 
by microbes (bacteria, fungi, protozoa) and some larger organisms (worms, insects) into 
soil humus and simple nutrients, which are then available for the plants to use.  It’s a 
beautiful, self-sustaining system, with each species doing its “job.” 
 
Of course, within each of the large categories (“plants,” “animals,” “microbes”) are 
dozens or hundreds of species, each with slightly different activities.  For example, in a 
forest there are many types of trees, shrubs, vines, “wildflowers,” grasses, ferns, mosses, 
mushrooms, earthworms, roundworms, ants, beetles, flies, caterpillars, salamanders, 
birds, mice, squirrels, moles, raccoons, deer, coyotes . . . and so on.  Some eat certain 
other species, only to themselves be eaten by others in the food chain. 
 
Because a natural ecosystem has so many interactions among its species, it is quite stable, 
able to withstand disturbances such as a damaging storm or a drought.  So, if one or 
several species are largely killed off, there are others that can take over their function in 
the system.  Thus a natural ecosystem is sustainable, able to continue indefinitely.  The 
variety of species in nature is often called “biological diversity,” or “biodiversity.” 
 
Natural ecosystems also perform a number of functions that benefit humans, called 
ecosystem services.  These may include moderating the local weather (less extreme 
temperature and humidity), less severe flooding (by soaking up heavy rains), cleaning up 
polluted water, control of plant pests and diseases by their natural enemies, disposing of 
dead plants and animals, making the soil more fertile, and pollination of many plants.  In 
fact, we might say that human civilization would not exist without these free services of 
nature. 
 
In contrast, the simplified agricultural ecosystems that humans create have relatively few 
species of plants and animals, primarily only the one type of crop plant or animal that the 
farmer wants to grow.  And, especially in conventional farming systems, just about any 
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other species that dares to enter the field or barn is considered “the enemy” and liable to 
be exterminated by poisons. 
 
Ecosystems with few species are easily disrupted by outside forces.  An invasion of a 
crop pest such as aphids or caterpillars will likely spread and ruin the crop rather than 
being controlled by predatory insects (ladybugs, wasps) or birds, as when the farmer 
leaves areas of natural ecosystem near his fields. 
 
The soil on conventional farms has often been nearly sterilized by toxic chemicals or 
strong fertilizers, and is often very low in organic matter (humus).  Both humus and large 
numbers of soil organisms work to (1) make soil porous and well-aerated, (2) provide a 
good balance of soil nutrients to the growing crop, (3) protect  roots from soil-borne 
diseases and pests, and (4) reduce soil erosion. 
 
Plants that grow in good, rich soil are likely to be healthy.  Healthy plants are able to 
resist or repel most pests and diseases, by means of  various processes analogous to the 
way our body’s immune system protects us from diseases.  And healthy plants also 
produce more nutritious food for animals and humans.  Eating a diet of healthful, 
nutritious food will help keep us healthy and reduce health-care expenses.  It’s a win-win 
system. 
 
Considering the many benefits of healthy crops, good soil and a diverse ecosystem, it 
only makes sense for the farmer to do as much as possible (or feasible) to work with 
natural processes and receive the rewards of better soil, plants and animals.  Higher 
quality crops and animals can also command higher market prices, making farming more 
profitable. 
 
Some ways a farm can be made to function in a more ecologically sound manner include: 

1. Treat the soil as the valuable resource it is by improving its ability to grow 
healthy crops.  Recycle manure, crop residues and/or compost.  Avoid the use 
of strong fertilizers and toxic chemicals. 

2. Encourage nearby natural ecosystems, such as grassy fence-row vegetation, 
field corners, and nearby meadows, woods and marshes.  Build bluebird and 
wren houses. 

3. Plant more than one crop species at once (or consecutively).  Various cover 
crops and interplanted crops can smother weeds and supply nutrients to other 
crops (as with legumes supplying nitrogen), and if tilled into the soil, cover 
crops can supply humus and nutrients to the soil.  Crop rotations also provide 
similar benefits. 

4. Diversify the farm by raising a variety of crops and animals.  Not only can 
diversity protect against bad weather and volatile markets, but a variety of 
species is a closer approximation of a natural ecosystem than is a monoculture 
of one or two crops and no animals. 

 
A wise farmer should be an applied ecologist, aware of the variety and functions of both 
wild and domesticated plants and animals, and especially aware of the importance of 
good, “healthy” soil.  Don’t develop the profit-seeking, control-nature mindset that 
pervades high-tech agriculture.  Be a steward of the land. 



Soil	parts	and	functions	
Soil is the basis for essentially all agriculture (hydroponic farming would be one 
exception), and a good, fertile, “healthy” soil is vital for growing healthy, nutritious 
crops.  As covered in the Agricultural Ecosystem weblink, crop plants are eaten by 
humans and some animals, so most of the life on earth depends on soil, directly or 
indirectly.  Yet we seldom appreciate the real value of this precious natural resource. 
 
Through misuse and abuse, about 7 to 10 tons of topsoil per acre (an acre is about as 
large as a football field) are being lost to erosion each year in the American Midwest (the 
amount can be much higher in the worst areas).  It may take several hundred years for 
one inch of soil to form under natural conditions; thus, the high rates of soil loss (and 
toxic pollution of soil) threaten our children’s future as much or more than nuclear war or 
climate change. 
 

What	is	soil?	
Soil is basically weathered, broken-up rocks from the earth’s crust, ranging from just 
sand to rich loam to peat (mostly partly-decayed plant matter).  But if we concentrate on 
typical, more-or-less good quality agricultural soils, we find that typical soils are 
composed of four parts: 

1. Minerals (about 45%), which include the rock particles ranging in size from 
gravel and sand to finer silt and clay, as well as the potentially soluble mineral 
nutrients that plants may use, such as calcium, magnesium, potassium, 
phosphorus and the trace minerals (zinc, copper, iron, manganese and others). 

2. Water (about 25%), which is found on and between the soil particles and 
which is used by plants and soil organisms. 

3. Air (about 25%), which provides oxygen to roots and soil organisms, as well 
as nitrogen to certain microbes which can convert it to forms useable by 
plants. 

4. Organic matter (about 1 to 5%), which includes the living soil organisms and 
the dead organic matter.  When organic matter has been decomposed (broken 
down) to very tiny particles, it is called humus. 

 

Soil	organisms	
Good soil is really “alive” with mostly tiny organisms.  According to one estimate, one 
teaspoon of rich grassland soil could contain 5 billion bacteria, 20 million fungi and 1 
million protozoa and algae.  That’s nearly as many microbes as there are humans on 
earth!  Most soils also have some roundworms, earthworms, mites and insects.  Some of 
these critters eat each other, but most, especially earthworms, bacteria and fungi, help 
break down organic matter (such as manure and plant remains) to form humus.  Not only 
does the humus improve the soil’s structure [see next section], but it also is a storehouse 
of certain plant nutrients, especially nitrogen, phosphorus and sulfur. 
 



Certain bacteria in the soil are able to change nitrogen from the air into forms that plants 
can use (nitrate and ammonium).  Some of these “nitrogen-fixing” bacteria live inside 
root nodules of legumes. 
 
Some fungi, called mycorrhizae, live in or on the roots of most plants, where they aid the 
roots in absorbing water and certain nutrients (nitrogen, phosphorus, zinc, copper and 
others). 
 
The roots of healthy plants in good soil are covered by certain beneficial bacteria and 
fungi which protect the roots from many disease-causing microbes.  The roots repay the 
beneficial microbes by producing carbohydrates that the good microbes use for food – a 
type of symbiotic relationship. 

Soil	structure	
In a good soil, the soil particles are not found in a compact mass, but instead are clumped 
together into small clusters called crumbs or aggregates, with spaces for air and water 
between them.  You could compare a good soil’s structure to the texture of cake.  The 
very tiny particles (clay, silt) are held together in aggregates by sticky glue-like 
substances produced by plant roots and soil organisms.  Humus is one of the best sources 
of materials that improve soil structure.  The burrows of earthworms and ants also 
contribute to a good, loose soil texture. 
 
Good soil structure not only allows air and water to enter, it also allows plant roots to 
grow more easily, and it soaks up precipitation readily.  In contrast, a soil with poor 
structure tends to be compact and hard, with little air.  Roots have trouble growing, and 
rain may run off rather than soak in (high runoff often causes serious soil erosion and 
damaging floods).  Crop root pests and diseases often flourish in hard soils. 
 
In most soils, the uppermost several inches (the topsoil) have fairly good structure, while 
below that, the subsoil is usually denser, with poor structure.  In agricultural soils, there is 
often a very hard layer below the topsoil called a hardpan (or plow pan or claypan).  A 
hardpan usually forms when a farmer plows or tills the soil down to a certain depth, with 
soil particles just below being compacted by the plow or other tillage tool. 
 

Soil	acidity	
Most farmers and gardeners worry about how acid or alkaline their soil is.  They have 
been told that acid soil is bad, and that they should put lime on it to “sweeten” the soil, or 
correct the acidity.  Actually, it’s a bit more complicated than that. 
 
Acid and alkaline conditions of soil (or anything else) are measured on a scale of 
numbers ranging from 0 (most acid) to 14 (most alkaline), with 7 being neutral (neither 
acid nor alkaline). 
 
 
 



 
 
This is called the pH scale, named for the amount of hydrogen ions (H+), which cause 
acidity.  Examples of the pH numbers of some common materials include: lemon juice = 
2.0, black coffee = 5.0, pure water = 7.0, sodium bicarbonate solution = 8.2, ammonia 
water = 11.0.  Typically, soil pH varies from 4 to 10, but most crops do best under 
slightly acid conditions (pH 6.0 to 6.8).  Soil pH affects the availability of nutrients as 
well as what types of soil organisms can grow (most bacteria do not live in very acid 
conditions, while many fungi can).  You can measure soil pH with special paper test 
strips or an electronic pH meter. 
 
Most plants can grow fairly well under a range of pH conditions, but again, from 6.0 to 
6.8 works best for most plants.  Blueberry, cranberry and rhododendron are some plants 
that prefer very acid soils, while asparagus, beet and onion do well in alkaline soils.  Soils 
in the western half of the United States tend to be alkaline, and those in the eastern half 
are usually acid. 
 
For most crops, the thing to avoid is extremely acid or extremely alkaline conditions, 
since these can reduce the availability of several nutrients (such as phosphorus, nitrogen, 
potassium, sulfur, calcium and magnesium) to the plants, thus creating nutrient 
deficiencies, poor growth and unhealthful food for animals and humans. 
 
Too acid soil is usually corrected by adding some kind of “liming material.”  The most 
often used is ground limestone, or “lime” (but generally not the harsh products, quicklime 
and slaked lime).  Other forms of lime are ground oyster shells, basic slag and marl.  The 
more finely the material is ground, the faster it will neutralize acidity (a mixture of fine 
and somewhat coarser material gives both fast and long-range effect).  Since most liming 
materials contain calcium, it happens that they also supply this plant nutrient, usually 
very beneficial for plant growth and nutritious food.  Wood ashes can be used in a 
garden, but they do not contain calcium (they will supply potassium). 
 
Too alkaline soil (above pH 8) can be made more acid by adding gypsum, iron sulfate or 
sulfur. 
 
Another good way to improve soil with extreme pH is to add organic matter, usually 
compost, since compost tends to buffer acid soils and increase acidity in alkaline soils 
[see the link on Composting]. 
 

More acid More alkaline

0 7 14



Soil	aeration	

	
One aspect of agricultural or garden soils that is often overlooked is having an adequate 
supply of air (or oxygen), since both plant roots and most of the beneficial soil organisms 
need oxygen.  Well-aerated soil is sometimes called aerobic, while soil with little or no 
oxygen is called anaerobic.  Without much oxygen, roots can die, and certain types of 
microbes which can cause disease (mainly certain bacteria) tend to flourish.  Also, toxic 
substances can be formed due to several processes. 
 
Soils that are dense and compacted, or which have a crust on top, are most likely to be 
anaerobic.  Another situation leading to anaerobic soil is too much water, which fills up 
soil pores and excludes air.  Such waterlogged soil can also result after a rain when there 
is a hardpan that reduces water infiltration into the topsoil.  An adequate level of humus 
should improve the soil’s “crumb structure” and reduce anaerobic conditions. 
 
Thus we see that ordinary soil, which many dismiss as “just dirt,” is actually a very 
complex and dynamic substance, responsible for the well-being of the earth’s inhabitants. 



Improving soil 
 

If you think your farm or garden soil is not ideal, you can do a lot to improve it.  Some 
indicator signs that soil is not as good as it should be include: 

1. Poor crop growth, possibly stunting, small root systems, leaf abnormalities, wrong 
leaf color, poor flowering and seed or fruit production (assuming weather 
conditions are favorable), and pest or disease attack. 

2. If you dig into the soil with a shovel, the topsoil or especially the subsoil is hard 
(often with a hardpan layer several inches down) and does not crumble into small 
pieces; or the soil is waterlogged and poorly drained, perhaps with a foul putrid 
odor; or there is a dense crust on top in dry weather. 

3. There is little or no evidence of earthworms (however, in some regions, 
earthworms are not normally present, such as arid or desert regions, and sandy 
soils). 

 
These are symptoms of a variety of soil problems: 

1. Poor soil structure [see the link on Soil Parts and Functions]. 
2. Deficient or out-of-balance soil nutrients [see the link on Crop Growth and 

Nutrition]. 
3. Extreme soil pH (acidity or alkalinity) [see the link on Soil Parts and Functions] 

or high salt content. 
4. Low levels of beneficial soil organisms [see the link on Soil Parts and Functions]. 
5. Toxicity from pesticides, herbicides, wrong fertilizers or waterlogging. 

 

Soil testing 
 

If you do not have a good idea of which thing or things are wrong in your soil, you may 
want to so additional tests.  Although soil tests will require some expense, sometimes 
they are the only good way to diagnose soil problems.  Soil tests can be done by 
university or private soil testing labs, agricultural consultants, fertilizer dealers, and 
possibly garden supply companies.  You can also buy do-it-yourself test kits and meters. 
 
The typical tests that are done are soil pH and major nutrients (nitrogen, phosphorus and 
potassium), with secondary and minor nutrients sometimes available at extra cost 
(calcium, magnesium, sulfur, manganese, zinc, copper, iron, boron and molybdenum).  
Tests of soil texture, nutrient-holding ability (cation exchange capacity or CEC), percent 
organic matter and the nutrient content of plants (plant tissue test) may also be available 
at private and university labs. 
 
Usually a testing lab will need a one-half to one pound soil sample.  You usually will 
collect several ( up to 10 to 30) small samples and mix them together to get an overall 
average test for a field or garden, but you may also want to collect a sample from a 
problem area, such as a low wet spot.  You generally will want to sample the soil from 
the upper six inches, where most roots grow.  You can use a shovel or trowel to dig 



samples, but do not include soil that has touched the iron tool or your fingers.  Put the 
sample in a paper or plastic bag along with a label with your name, address and sample 
identification, such as Field 1, Garden NE corner, etc. 
 
Although the results of soil tests that you get back may appear very accurate, bear in 
mind that different soil testing procedures or different labs can give different results for 
the same test, and that in your soil, conditions are constantly changing, so extremely 
accurate numbers don’t necessarily mean much.  You are mostly interested in knowing 
what sort of thing might be the source of your problem. 
 

General soil improvement 
 

For most agricultural and garden soils, the following guidelines should allow for 
improved soil conditions and crop growth.  However, sometimes soils can be slow to 
change, so it can take a few years to make large changes. 
 
You will probably be (a) improving soil structure and loosening compact soil in order to 
let air in, which will (b) increase beneficial soil organisms, which will (c) increase 
humus content and (d) improve plant health and resistance to diseases and pests, while at 
the same time (e) correcting soil nutrient balances and (f) detoxifying soil, which will 
help in all of the above, as well as (g) reducing weeds. 
 
Soil structure that is too compact can be improved in several ways: 

1. Add organic matter, either as fresh, undecomposed materials such as animal 
manure or plant products (crop residues, straw, hay, mowed crop plants or weeds, 
grass clippings, tree leaves, sawdust and shredded newspapers) or as compost 
(decomposed organic matter)[see the link on Composting].  The fresh materials 
should be chopped or shredded if they are coarse and should be worked into the 
upper several inches of soil.  There they will decompose and become humus.  Do 
not apply too much at a time (perhaps around one-half to one ton per acre or three 
to five pounds per 100 square feet) or too soon before planting crops (a few weeks 
in the North).  On the other hand, compost can be applied in small to larger 
amounts, and at any time. 

2. Cover crops (so called because they cover the soil and reduce erosion) and grass 
sod can loosen soil and also add organic matter.  Their roots penetrate dense soil 
and add humus when they die.  Many types of grasses and grains can be used, as 
well as legumes (clover, alfalfa, vetch) and crops such as buckwheat, turnip and 
radish.  Even weeds can do the same, as long as they are mowed before going to 
seed.  For best soil improvement, cover crops or sod should grow for at least one 
growing season; then they can either be tilled into the upper several inches of soil 
or be mowed and left on the surface to decompose. 

3. Soil additives can sometimes help loosen hard soil, but some of them are rather 
expensive for large areas (treating a smaller problem area would be practical).  
Some of the soil additives (or amendments) include: (a) rock fertilizers, such as 
soft rock phosphate (colloidal phosphate), gypsum and high-calcium lime; (b) 



humates, a mined product resembling brown coal which is high in substances 
found in humus; (c) seaweed products, which supply enzymes and trace minerals; 
(d) algae and bacterial inoculants, which can stimulate soil organisms; and (e) 
wetting agents, or surfactants, which may make hard soil more porous (but not 
always). 

4. Mechanical aeration and tillage (plowing, rototilling, disking, harrowing) will do 
a quick job of loosening hard soil, but if nothing else is done to improve soil 
structure, the soil will soon settle back to its original condition.  Mechanical 
methods can be used along with adding organic matter, for example. 

 
Correcting soil nutrient deficiencies and/or imbalances may involve: 

1. Adding minerals or nutrients that are in short supply [see the link on 
Fertilizers]. 

2. Improving soil structure and the number of beneficial soil organisms, which 
should allow plant roots to obtain more soil nutrients. 

3. Correcting major pH problems (too acid or too alkaline).  Increasing humus 
levels often helps to improve pH.  Very acid soil pH (below 6.0) can be 
improved (raised) by adding some kind of liming material, such as ground 
limestone [see the link on Soil parts and functions]. 

 

Problem soils 
 

In some regions there are soils that present special problems: 
1. High organic matter, extremely acid soils are typically found in cool climates 

where organic matter builds up to form peat and muck soils, which are very 
acidic.  Adding liming materials should reduce acidity, and frequent aeration 
by tillage (and drainage if waterlogged) will reduce excess organic matter. 

2. Alkaline and saline (salty) soils are common in arid regions, where salts of 
sodium, calcium, potassium, magnesium and others are at high levels.  Crop 
growth is poor or impossible.  These soils must be well-aerated and drained to 
be corrected.  Adding sulfur-containing materials such as gypsum, iron sulfate 
and pure sulfur will reduce high alkalinity, and drainage after irrigation will 
leach out salts.  Adding organic matter, especially compost, to the upper soil 
will reduce toxicity and improve soil structure. 

3. Prairie and dry soils, found west of the Mississippi River, are usually slightly 
alkaline, high in calcium and often low in humus.  Adding compost and 
leaving fields fallow with a stubble residue should help.  Adding deficient 
nutrients will give improved crop growth. 

4. High rainfall soils are found in the southeastern United States and near the 
Pacific coast of Washington and Oregon (tropical regions usually have similar 
problems).  High rainfall causes leaching of certain nutrients (calcium, nitrate, 
sulfate), along with soil erosion.  High temperatures cause depletion of 
organic matter, and the pH is very acidic.  These soils need lime to correct 
acidity and organic matter to improve soil structure.  Deficient nutrients will 
need to be added periodically. 



Crop	growth	and	nutrition	
To understand how best to raise healthy, nutritious crops, one should know a bit about 
how plants grow.  Although plants are much different from animals or ourselves, they 
still are living organisms, and they have some very similar needs for growth.  Just as our 
cells do, the cells of plants need oxygen, water, amino acids, enzymes, vitamins, 
minerals, and so on.  We get many of them in the food we eat. 
 
The major difference between plants and animals is that nearly all plants produce their 
own food, through the process of photosynthesis (simple plants such as fungi and most 
bacteria, along with a few parasitic higher plants, do not make their own food).  
Photosynthesis is a complex step-by-step process by which plants take water and carbon 
dioxide (from the air), and using the energy in light, combine them to make 
carbohydrates called glucose and fructose (simple sugars).  A by-product of 
photosynthesis is oxygen, which animals and humans need.  Later, the glucose and 
fructose are usually changed into other types of substances, sometimes with the addition 
of other raw materials (nitrogen, sulfur, calcium, phosphorus, magnesium, etc.).  These 
new products may include complex carbohydrates (sucrose, starch, cellulose), fats and 
oils, amino acids and proteins, nucleic acids (DNA, RNA), plant hormones, flavors, and 
substances that can ward off pests or diseases. 
 

Water		
 

The water that plants use comes from precipitation that seeps into the soil and is absorbed 
by the plant’s roots.  Roots mainly absorb water through a mass of tiny root hairs (narrow 
extensions of some of the root’s epidermal cells).  Another source of water is from the 
beneficial fungi called mycorrhizae which inhabit the roots of most plants.  Mycorrhizae 
extend farther out into the soil than root hairs, so they provide more water than the roots 
alone, and they can save the plant from wilting or death under drought conditions. 
 
Normally, water can enter roots from the soil freely, but if there is little actual water 
between soil particles (drought conditions) or if the salt content of the soil is high, roots 
cannot absorb enough water and the plant will wilt (wilting can also occur on hot, sunny 
or windy days).  Too much salt in the soil can occur naturally in arid regions, but similar 
conditions can occur if the farmer uses too much synthetic salt fertilizers [see the link on 
Fertilizers].  Not all soil salt is the same as table salt (sodium chloride), but several kinds 
of chemical salts may be involved, such as potassium chloride, ammonium nitrate, 
potassium nitrate and urea. 
 

Plumbing	
 
The water absorbed by the roots enters part of the plant’s “plumbing system,” called the 
xylem, tiny tubular cells found in the “veins” of roots, stems and leaves.  Normally, the 
xylem tubes will easily carry the water, along with nutrients that are in it, to all parts of 



the plant; however, sometimes the plant’s “plumbing” gets clogged, just as your house’s 
plumbing can, and the plant’s functions and growth are slowed or stopped.  Plugged 
“plumbing” can occur when a plant is under some type of stress, including low-oxygen or 
waterlogged soil conditions, pest or disease attack, high soil salts, or unbalanced 
nutrients. 
 
The other part of the plant’s “plumbing” is the phloem, cells found near the xylem that 
mainly transport the food made in the leaves to other parts of the plant (perhaps into a 
growing fruit, or into the large root of a carrot).  The phloem cells can also become 
plugged or die when the plant is under stress. 
 

Plant	nutrients	
 
Besides the water and carbon dioxide that plants use to make food, they also need 
relatively smaller amounts of several nutrients, mostly absorbed from the soil along with 
water.  These nutrients are needed in various ways in order for the plant to make a wide 
variety of substances.  They can be subdivided into two groups, the major nutrients (or 
macronutrients), needed in larger amounts, and the minor nutrients (micronutrients, or 
trace elements), needed in very small amounts.  Both types are equally necessary for the 
plant to grow normally and produce nutritious food. 
 
The major nutrients are: 

1. Nitrogen.  Although the air is 78% nitrogen gas, plants cannot use it in that 
form.  Instead, plants mainly need two forms of “combined” nitrogen, nitrate 
(nitrogen plus oxygen) and ammonium (nitrogen plus hydrogen).  Nitrogen is 
used by plants to make amino acids and proteins, enzymes, chlorophyll and 
nucleic acids, among others. 

 
When organic matter decomposes, the nitrogen it contains is at first in the 
ammonium form, but soil bacteria quickly convert it into the nitrate form.  
The ammonium form of nitrogen is held on soil particles, while nitrate is 
dissolved in soil water and thus easily leached away. 
 
Since plants need nitrogen especially during the rapid growth of their stems 
and leaves, it is important to have enough in the soil all along.  This will 
happen if the soil contains a supply of compost (humus) or decomposing 
organic matter (but not too much raw organic matter at a time).  Other sources 
of nitrogen are from lightning and rainfall (only a little), from certain bacteria 
(nitrogen-fixing bacteria) that are able to take it from the nitrogen in the air 
(some of these bacteria live on the roots of legumes, while others live freely in 
the soil), and from human-applied fertilizers [see the link on Fertilizers].  
Other soil bacteria can cause loss of soil nitrogen by converting it into 
nitrogen gases (called denitrification). 
 

2. Phosphorus.  This element is needed by plants to make nucleic acids (DNA, 
RNA), as well as certain substances involved in cellular metabolism and cell 



division, and in growth of seeds and fruits.  It aids in disease resistance and 
improves crop quality.   
Most soils contain plenty of phosphorus, but most of it is “locked up” in soil 
mineral particles, especially in very acid conditions; however, an abundance 
of humus and soil organisms can make a lot of it available to plants (the 
special root-fungi called mycorrhizae are especially valuable).  Unfortunately, 
soluble forms of phosphorus in commercial fertilizers are quickly converted 
into insoluble, “locked-up” forms in the soil, so having an adequate supply of 
humus and soil organisms is vital in promoting a sustainable system of 
agriculture. 
 

3. Potassium.  Like phosphorus, most of the potassium in soil is “locked up” in 
mineral particles, and soil organisms do not release much.  The potassium that 
is slowly released from minerals can be easily lost by leaching, so it is 
important that roots absorb it (or that it is temporarily used by soil organisms, 
to be released when they die).  Adding organic matter is an excellent source of 
potassium.  Potassium is used by plants to produce carbohydrates and 
proteins, and in growth activities.  It improves stalk strength and increases 
disease resistance. 

 
4. Calcium.  This is another nutrient that is mostly “locked up” in soil minerals, 

yet an adequate supply in the plant is necessary for cell division and plant 
growth, cell wall strength, and disease resistance.  It also stimulates beneficial 
soil organisms (including nitrogen-fixing bacteria) and improves soil 
structure.  Soils in arid regions are often high in calcium, while those in wet 
climates are often low in calcium.  Soils in regions containing limestone or 
gypsum rocks are more likely to supply enough calcium for crops.  Otherwise, 
adding a liming material every few years should help [see the links on Soil 
parts and functions and Improving soil]. 

 
5. Magnesium.  This element is needed as part of chlorophyll and many plant 

enzymes, so it is important in cellular activities, including oil and fat 
formation.  Most soil magnesium is tied up in minerals, and some soils have 
plenty, while others are low.  A soil test should reveal if your soil needs 
additional magnesium. 

 
6. Sulfur.  Sulfur is part of several amino acids (and proteins), as well as some 

vitamins and a substance involved in metabolism.  Most soil sulfur comes 
from decomposed organic matter, although some may come from minerals or 
even air pollution and acid rain.  It is readily leached from the soil, so may be 
deficient in rainy climates. 

 
The micronutrients, or trace elements, include iron, manganese, zinc, copper, boron, 
molybdenum and chlorine.  They are just as important as the major nutrients (above), but 
are needed in very small amounts by plants (humans and animals need them, too).  In 
plants, the trace elements mainly function as parts of enzymes and other substances that 
are used in most cellular functions. 
 



Soil micronutrients come primarily from the weathering of minerals.  Since they are 
needed in tiny amounts, soils may have enough available trace elements; however, 
sometimes one or two may be deficient. 
 

Balance	
For plants to grow at an optimal rate, to resist pests and diseases, and to produce 
nutritious food for humans and animals, it is important that they absorb a proper balance 
of soil nutrients.  A deficiency (or excess) of one or more nutrients can greatly upset a 
plant’s metabolic activities, leading to poor growth, pest or disease attack, and 
unhealthful food. 
 
Different crops require a somewhat different balance of nutrients; for example, corn 
needs plenty of nitrogen and zinc, while alfalfa does best with plenty of calcium and 
boron.  The familiar tomato disease, blossom end rot, can be due to deficient calcium or 
excess magnesium or potassium. 
 
Those three nutrients – calcium, magnesium and potassium – are related in a balance, 
since an excess of one will result in a relative deficiency of the others (the total of all 
three in any particular soil is fairly constant).  You can have your soil tested for its cation 
exchange capacity (CEC), or base exchange capacity, a measure of how much of the 
above nutrients it can hold (which depends mostly on its clay and humus content).  The 
soil can also be tested for the percentage or proportion of those three nutrients that it 
actually contains.  A good target balance is 75 – 85% calcium, 12 – 19% magnesium and 
1 – 5% potassium.  Too high potassium or magnesium means too little calcium, possibly 
resulting in a poor, sick crop. 
 
The two other nutrients that are often deficient are nitrogen and phosphorus.  Nitrogen 
deficiency is often seen when the lower leaves of the plant turn yellow.  Phosphorus 
deficiency may result in purplish, reddish or brownish leaves.  A nitrogen excess may 
result  from over-fertilization, with leaves appearing dark green and with excessive stem 
growth. 
 
Any serious nutrient imbalance can be corrected by adding supplementary organic matter 
and fertilizers, as well as adjusting soil pH, since the availability of most nutrients to 
plants decreases at very acid or alkaline pHs [see the links on Fertilizers and Improving 
soil]. 
 



Composting and other approaches 
 

As was mentioned in other links (Soil parts and functions, Improving soil), that small 
portion of the soil called organic matter is extremely important because it is a reservoir 
of nutrients for plants and beneficial soil organisms, and especially because it helps 
improve the soil’s structure and texture.  The most important type of organic matter for 
improving soil structure is the decomposed substance called humus. 
 

Decomposition 
 

Fresh (or raw) organic matter, such as manure and dead plants and animals, is made up of 
a wide variety of complex substances, which can be grouped into major categories: 
carbohydrates, fats and proteins, along with minerals (as in bones and teeth) and a few 
others.  Most of those cannot be used by plants, but instead can be decomposed (used as 
food) by certain animals (vultures, worms, insects) and especially by microbes (bacteria, 
fungi). 
 
During decomposition, the complex materials are broken down into simpler substances, 
some of which are used by plants, including carbon dioxide, nitrogen compounds, 
potassium, phosphorus, sulfur, calcium, magnesium, and several trace minerals.  The 
most common carbohydrate components of plants are cellulose, hemicellulose, lignin, 
sugars and starches.  They are called high-carbon materials, since they contain mostly 
carbon, oxygen and hydrogen.  In contrast, proteins and other such materials (enzymes, 
nucleic acids) contain nitrogen, phosphorus, sulfur and the other elements listed above.  
These nitrogen-containing materials are very important because plants need nitrogen to 
manufacture their own proteins, enzymes and nucleic acids; and nitrogen tends to be an 
uncommon soil nutrient.  So, when fresh organic matter is decomposed, the ideal 
situation is to have a mixture of high-carbon and nitrogen-containing materials. 
 

Composting 
 

In nature, organic matter is recycled as the decomposing species in an ecosystem break 
down whatever dead bodies and wastes become available [see the link on The 
agricultural ecosystem].  This sustainable recycling may only allow for a moderate 
amount of plant growth, as in dry or cold climates.  In human-directed agricultural 
systems, where large amounts of food are desired, the farmer or gardener usually has to 
add additional crop nutrients beyond what nature can provide – in other words, some type 
of fertilization.  One way to do this is by adding extra organic matter.  Supplying plant 
nutrients is covered in more detail in the links on Crop growth and nutrition and 
Fertilizers, but here we are covering primarily organic soil additives, since they also can 
greatly improve soil structure. 
 



When the decomposition of organic matter and its addition to soil is controlled by 
humans, it is often called composting, or the decomposed material is compost. 
 
There are two approaches to composting.  First, the farmer or gardener can add the fresh 
organic matter directly to the soil (either on the surface, or better yet in the upper several 
inches) and thus allow decomposition to occur in the soil. This is sometimes called sheet 
composting.  Or else the farmer or gardener can collect the fresh organic matter into a 
pile or a windrow (long ridge) and let it decompose there before applying it to the soil. 
 
Either method has advantages and disadvantages.  It takes time for organic matter to 
decompose, and the best way for this to happen is in an aerated environment, since the 
microbes that require oxygen produce substances useful to plants, while those that grow 
in low-oxygen places can cause diseases or can release toxic by-products.  Thus, if too 
much raw organic matter is worked into soil that is dense, as in sheet composting, it can 
cause problems.  Composting in a pile or windrow requires extra attention and labor, but 
can produce better quality compost, sometimes more rapidly. 
 
As you accumulate fresh organic matter to compost, you should include both high-carbon 
and nitrogen-containing materials, with at least 5 pounds of nitrogen-containing materials 
per 100 pounds of high-carbon materials, although in well-aerated piles or windrows, you 
might use up to 10 or 20 pounds of nitrogen materials.  High cellulose materials such as 
sawdust, straw or wood chips should make up less than one-third of the total, and animal 
manure can make up as much as 10 to 20 percent (horse, sheep and poultry manures are 
“stronger” than cattle manure, so less should be used).  The exact amounts aren’t that 
important, and different experts have different recommendations.  One general formula is 
one-third nitrogen-containing material to two-thirds high-carbon material. 
 
Some examples of high-carbon materials include crop residues, straw, old hay, leaves, 
grass clippings, green manures (freshly-cut plants), sawdust, wood chips, weeds, pine 
needles, tree bark and newspapers (coarse materials should be chopped or shredded). 
 
Types of nitrogen-containing materials include animal manures (but not from carnivores 
such as mink, dogs or cats, which may contain parasite eggs), legume hay (clover, alfalfa, 
vetch), sewage sludge (if treated to eliminate diseases, parasites and toxins), garbage 
(avoid items that could attract scavenging animals), fish meal, blood meal, bone meal, 
cottonseed meal and soybean meal. 
 
If you do not have enough nitrogen-containing materials to promote rapid decomposition, 
you can add a small amount (about one or two pounds per 100 pounds total) of a 
commercial fertilizer, such as urea or ammonium sulfate.  Sometimes adding a couple 
pounds per hundred of lime, granite dust or rock phosphate will stimulate microbe growth 
and correct too-acid conditions.  Do not add much wood ashes because they may cause 
too-alkaline conditions and slow decomposition. Other items to avoid adding to a 
compost pile include high-fat materials, coal ashes or charcoal, diseased plants, toxic 
chemicals such as pesticides, and manure from animals treated with antibiotics. 
 



To increase microbial activity in a compost pile, you can add some topsoil or previously-
made compost.  Some people recommend adding a special inoculant product containing 
beneficial microbes, but adding soil or compost usually works just as well.  Soaking 
compost in water overnight also provides a good liquid “starter.” 
 
In order to compost well at a rapid rate, a compost pile or windrow should be at least 3 to 
5 feet in diameter (farm-scale windrows are typically 4 to 5 feet high and 9 to 12 feet 
wide at the bottom, tapering to a point [ridge] at the top).  It is best to build a pile on a 
base of waterproof material (packed clay or concrete), or else spread a layer of absorbent 
sawdust, wood chips, corn cobs, etc., to collect moisture.  Garden-scale piles can be 
enclosed by a bin or woven-wire wall to keep loose material in place.  Even a large 
plastic trash bag can work, if ventilated. 
 
The organic matter in the pile will compost better if the various materials are mixed 
together.  If this is not done at the beginning, it will happen later when the pile is aerated 
(turned).  The materials should be kept moist, but not soaking wet, in order for the 
microbes to do their job.  Thrust your hand deep into the pile to judge moisture.  If the 
pile is rather dry, sprinkle it with water (if rainfall doesn’t suffice).  Avoid letting the pile 
get too wet in the first place, by putting it in a well-drained location and if necessary 
covering it during rainy periods.  If you squeeze a handful of the material and water drips 
out, it is too wet.  Wet material can be dried somewhat by turning it or by adding some 
absorbent organic matter (straw, ground corn cobs, shredded newspaper, etc.). 
 
Turning a compost pile or windrow means somehow lifting and mixing it, so as to admit 
air (and thus keep proper decomposition going, especially for the first eight weeks.  
Farm-scale windrows can be turned with a special mechanical compost turner.).  Turning 
can also be done to dry a wet pile or to lower the temperature of a too-hot pile, since as 
the microbes become active, they generate a surprising amount of heat.  The temperatures 
in the center of an active pile should be between 100° to 150° F for best composting (it 
may even appear to be “steaming”).  If it gets above 160° F, the pile should be turned to 
cool it down.  The material should remain at above 100° F for two or three weeks, in 
order to kill weed seeds, parasites and disease microbes. 
 
When the composting process is approximately complete, the temperature will drop and 
the material inside the pile will have an “earthy” smell.  Its volume will be only 20 to 60 
percent of the original pile.  Finished compost should not have many recognizable 
structures left, such as plant stems or leaves; rather, it should be a crumbly, moist, 
humus-like material.  Finished compost can be turned a couple more times several weeks 
later (keep it moist), and it should be protected from heavy rain (cover with a tarp). 
 
Finished compost can be added to the topsoil at any time and in almost any amount 
without harm.  Anywhere from one-half to ten tons per acre have given good results. 
 
Well-decomposed compost is essentially humus, and a humus content of 5 to 10 percent 
greatly improves a hard, compact soil, in several ways: 



1. It improves soil texture, making it loose and crumbly, and thus well-aerated, 
able to absorb precipitation, and easy to till.  Soil high in organic matter resists 
erosion and holds more water in dry conditions than hard soil. 

2. It is a storehouse of many plant nutrients, especially nitrogen.  The nutrients in 
humus become available to plants slowly over the growing season, as plants 
need them, rather than as a sudden dose of strong nutrients that commercial 
fertilizers give. 

3. It helps to break down nutrients locked in soil mineral particles and put them 
into forms more easily used by plants (called chelates). 

4. It helps buffer (reduce severity) extreme soil pH (acidity or alkalinity). 
5. It contains millions of beneficial organisms, some of which can help nourish 

plants, as well as stimulate plant growth.  Soil microbes can temporarily hold 
nutrients inside their cells, but when they die, the nutrients become available 
to plants (in this way, the nutrients are kept from leaching away). 

 

Other sustainable methods 
 

In addition to composting organic matter, there are several other methods that can 
improve soil and help nourish plants. 

1. Compost extract.  By soaking compost in non-chlorinated water overnight or 
for a day, you get a brownish extract often called “compost tea.”  You can 
either dump some compost into a bucket or tub of water and later strain out 
the solids (if necessary, especially if you want to run it through a sprayer), or 
else put the compost in a burlap or cloth bag to keep the solids separated.  The 
“tea” will be swarming with beneficial microbes, along with soluble plant 
nutrients and soluble components of humus which help loosen dense soil.  
Compost extract is an excellent plant growth stimulant and can be either 
sprayed on leaves or watered into the soil. 

2. Crop rotation.  This time-honored practice helps reduce soil depletion from 
growing the same crop year after year.  Typically, two or more crops that have 
completely different nutrient needs and different root systems are grown one 
after another.  Some deep-rooted plants draw up minerals from the subsoil, 
and some (the legumes, such as clovers, alfalfa, vetch, beans and peas) add 
extra nitrogen to the soil that is useable by the next crop.  When the crop is 
harvested, the root systems die and add organic matter, along with any top 
parts that are tilled in.  Also, growing a different crop each year confuses 
insect pests, which often will only eat certain types of plants. 

3. Cover crops, green manures.  Soil can be improved and protected from 
erosion by planting some other crop besides the main one during the “off 
season,” after harvesting (usually the fall and winter).  Cover crops are 
intended to cover bare soil and thus reduce erosion (and sometimes to shade 
out weeds), while green manure crops are intended to be tilled into the soil to 
stimulate soil microbes and add to soil humus (also called sheet composting).  
One crop can serve both purposes.  Frequently used cover crops and green 
manures include small grains (wheat, oats, barley, rye), ryegrass, buckwheat, 



legumes (clovers, alfalfa, vetch), turnip, radish, kale, canola and sunflower.  
You can also plant a mixture, such as oats and rye, rye and vetch, or clover 
and ryegrass.  Even a “crop” of weeds can improve soil, as long as you mow 
them before they go to seed. 
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