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than compost. (However, adding compost does improve 
soils in many ways, including increasing the water-
holding capacity.)

Although it’s important to have adequate amounts 
of organic matter in soil, that isn’t enough. A variety of 
residues are needed to provide food to a diverse popula-
tion of organisms, provide nutrients to plants, and fur-
nish materials that promote aggregation. Residues low 
in hemicellulose and lignin usually have very high levels 
of plant nutrients. On the other hand, straw or saw-
dust (containing a lot of lignin) can be used to build up 

imbalance in soil microbial populations will occur unless 
a readily available source of nitrogen is added at the 

-

material added to soils actually ends up as humus.
C:N ratio of organic materials and nitrogen 

availability. The ratio of the amount of a residue’s 
-

ent availability and the rate of decomposition. The 

residues have relatively high percentages of nitrogen. 

other hand, nitrogen content varies greatly depending 
on the type of plant and its stage of growth.

If you want crops to grow immediately following the 
application of organic materials, care must be taken to 
make nitrogen available. Nitrogen availability from resi-
dues varies considerably. Some residues, such as fresh, 

young, and very green plants, decompose rapidly in the 
soil and, in the process, may readily release plant nutri-
ents. This could be compared to the effect of sugar eaten 
by humans, which results in a quick burst of energy. 
Some of the substances in older plants and in the woody 
portion of trees, such as lignin, decompose very slowly 
in soils. Materials such as sawdust and straw, mentioned 
above, contain little nitrogen. Well-composted organic 
residues also decompose slowly in the soil because they 

amount of decomposition.

nitrogen (or less) need extra nitrogen for their growth 
and reproduction. They will take the needed nitrogen 
from the surrounding soil, diminishing the amount 
of nitrate and ammonium available for crop use. This 
reduction of soil nitrate and ammonium by microorgan-

-
zation of nitrogen.

When microorganisms and plants compete for scarce 
nutrients, the microorganisms usually win, because 

CHAPTER 9 MANAGING FOR HIGH-QUALITY SOILS

Figure 9.3. Nitrogen release and immobilization with changing nitrogen 
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CROP ROTATIONS

—HENRY SNYDER, 1896

There are very good reasons to rotate crops. Rotating 
crops usually means fewer problems with insects, 
parasitic nematodes, weeds, and diseases caused by 
plant pathogens. Rotations that include nonhost plants 
are effective for controlling insects like corn rootworm, 
nematodes like soybean cyst nematode, and diseases 

present, the length of time between growing the same 
or similar crop may vary from relatively short (one to 
two years for leaf blight of onions) to fairly long (seven 
years for clubroot of radish or turnip). Also, the rotation 
should contain some crops that are nonhosts or actually 
suppress the disease. Root growth may be adversely 
affected when continuously cropping to any single crop 

In addition, rotations that include legumes may supply 

legume harvested for seed, such as soybeans, provides 
little N for the following crop. On the other hand, a 
multiyear legume sod such as alfalfa may well supply 
all the nitrogen needed by the following crop. Growing 

CROP AND VARIETAL MIXTURES
Not only do rotations help in many ways, but growing 

mixtures of different crops and even different variet-

to get phosphorus on low P soils by acidifying the area 

around its roots. Also, when some varieties of a spe-

cies are prized for a certain quality, such as taste, but 

are susceptible to a particular pest, growing a number 

of rows of the susceptible variety alternating with 

rows of resistant varieties tends to lessen the severity 

of the pest damage.

Photo courtesy the Rodale Institute
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return on investment. The Imperial Irrigation District, 

systems, like the GAP project in southeastern Turkey 

drive major economic development efforts in the region 
and function as a major source for national or inter-

large dams also frequently have detrimental effects of 

important wetlands.

When good aquifers are present, groundwater is a 
relatively inexpensive source of irrigation water. A sig-

does not require large government-sponsored invest-
ments in dams and canals. It also has less impact on 
regional hydrology and ecosystems, although pumping 

typically draw from their own well. A good source of 
groundwater is critical for the success of such systems, 
and low salt levels are especially critical to prevent 
the buildup of soil salinity. Most of the western U.S. 
Great Plains—much of it part of the former Dust Bowl 

area—uses center-pivot irrigation systems supported by 

recharging from rainfall—clearly an unsustainable prac-
tice. Deeper wells that require more energy—plus, more 
expensive energy—to pump water will make this mining 
of water an increasingly questionable practice.

In recent years, water scarcity has forced governments 
and farmers to look for alternative sources of irrigation 
water. Since agricultural water does not require the 

Figure 17.3. Left: Satellite image 

crop circles from center-pivot 
irrigation systems. Photo by 

fed center-pivot system on a 
pasture. 

Figure 17.4. Recycled wastewater from the City of Adelaide, Australia, 
is pumped into an irrigation pond for a vegetable farm. Wastewater-
conveying pipes are painted purple to distinguish them from freshwater 
conduits. 

CHAPTER 17 MANAGING WATER: IRRIGATION AND DRAINAGE 
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return on investment. The Imperial Irrigation District, 
located in the dry desert of Southern California, was 
developed in the 1940s with the diversion of water from 
the Colorado River. Even today, large-scale irrigation 
systems, like the GAP project in southeastern Turkey 

drive major economic development efforts in the region 
and function as a major source for national or inter-

large dams also frequently have detrimental effects of 

important wetlands.

Groundwater
When good aquifers are present, groundwater is a 
relatively inexpensive source of irrigation water. A sig-

does not require large government-sponsored invest-
ments in dams and canals. It also has less impact on 
regional hydrology and ecosystems, although pumping 
water from deep aquifers requires energy. Center-pivot 

typically draw from their own well. A good source of 
groundwater is critical for the success of such systems, 
and low salt levels are especially critical to prevent 

Great Plains—much of it part of the former Dust Bowl 

-
tice. Deeper wells that require more energy—plus, more 
expensive energy—to pump water will make this mining 

Recycled Wastewater
In recent years, water scarcity has forced governments 
and farmers to look for alternative sources of irrigation 
water. Since agricultural water does not require the 

Figure 17.3. Left: Satellite image 
of southwest Kansas, showing 
crop circles from center-pivot 
irrigation systems. Photo by 
NASA. Right: Groundwater-
fed center-pivot system on a 
pasture. 

Figure 17.4. Recycled wastewater from the City of Adelaide, Australia, 
is pumped into an irrigation pond for a vegetable farm. Wastewater-
conveying pipes are painted purple to distinguish them from freshwater 
conduits. 

CHAPTER 17 MANAGING WATER: IRRIGATION AND DRAINAGE 
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NUTRIENT MANAGEMENT:
AN INTRODUCTION

 

—J.L. HILLS, C.H. JONES, AND C. CUTLER, 1908

Of the eighteen elements needed by plants, only 
three—nitrogen (N), phosphorus (P), and potassium 

nutrients, such as magnesium (Mg), sulfur (S), zinc (Zn), 
boron (B), and manganese (Mn), certainly occur, but they 

-
sium, and some micronutrients may be more common 
in regions with highly weathered minerals, such as the 
southeastern states, or those with high rainfall, such as 

-
ous soils, especially in drier regions, keep an eye out for 

-
trast, in locations with relatively young soil that contains 
minerals that haven’t been weathered much by nature—
such as glaciated areas with moderate to low rainfall like 

Environmental concerns have resulted in more 
emphasis on better management of N and P over the 
past few decades. While these nutrients are critical to 

soil fertility management, they also cause widespread 
environmental problems. Poor soil and crop manage-
ment; overuse of fertilizers; misuse of manures, sewage 
sludges (biosolids), and composts; and high animal 
numbers on limited land area have contributed to sur-
face and groundwater pollution in many regions of the 
U.S. Because both N and P are used in large quantities 
and their overuse has potential environmental implica-

nutrients, cation exchange, soil acidity (low pH) and 
liming, and arid and semiarid region problems with 
sodium, alkalinity (high pH), and excess salts are cov-
ered in chapter 20.

THE BOTTOM LINE: NUTRIENTS AND PLANT HEALTH, 
PESTS, PROFITS, AND THE ENVIRONMENT
Management practices are all related. The key is to 
visualize them all as whole-farm management, lead-
ing you to the goals of better crop growth and better 

Photo by Dennis Nolan
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THIRD EDITION

“…it is our work with living soil that provides sustainable alternatives to the triple crises of climate, energy,  

and food. No matter how many songs on your iPod, cars in your garage, or books on your shelf, it is plants’  

ability to capture solar energy that is at the root of it all. Without fertile soil, what is life?”
—VANDANA SHIVA, 2008

PRACTICAL INFORMATION FOR FARMERS, RANCHERS, EDUCATORS, STUDENTS,  
AND GARDENERS—PRESENTED IN AN ENGAGING, EASY-TO-READ STYLE.

The third edition of Building Soils—revised, expanded, and now in full color—explains how 
to use ecological approaches and work with the built-in strengths of your plant/soil system to  

boost fertility and yields while reducing pest pressures and environmental impacts. 

“Building Soils for Better Crops is one of the most practical guides on soil management available. As we confront a fu-
ture of peak oil, climate change and depleted fresh water resources, restoring the health of our soils is more imperative 
today than at any time in history. This 3rd edition is an indispensable resource for farmers and gardeners everywhere.”

—Fred Kirschenmann, Distinguished Fellow, Leopold Center for Sustainable Agriculture, and President, Stone Barns Center for Food and Agriculture

“The third edition of Building Soils for Better Crops is clearly written and technically solid—easily accessible 
to students and farmers alike. It’s a must-read for the beginner, and a valuable update for experienced  

—Charles Francis, Professor of Agronomy and Horticulture, University of Nebraska 
$20.95


