
What is Soil Health? Why Should I Care?

Manage More by Disturbing Soil Less

Farming in the 21st Century
a practical approach to improve
Farming in the 21st Century
a practical approach to improve Soil Health

�M'�!$ �M��/M"�(�#"M#�M'#� M��� (�M�'M���������	��������	
��������	�?M�#+M+�  M
�'M-#)&M'#� M�)"�(�#"�"�M(#M�"/M (&�(�M+�(�&M�"�M�-� �M")(&��"('M(#M')$$#&(M
�&#+�"�M$ �"('D

�#� M+#&�'M�#&M-#)@M��M-#)M+#&�M�#&M(��M'#� ?M��"���!�"(M$&��(���'M(��(M
�!$&#*�M'#� M��� (�M�"�&��'�M$&#�)�(�*�(-M�"�M$&#/M(��� �(-M�!!����(� -M�"�M
�"(#M(��M�)()&�?M�M�)  -M�)"�(�#"�"�M'#� M$&#�)��'M(��M!�,�!)!M�!#)"(M#�M
$&#�)�('M�(M(��M ��'(M�#'(?M��,�!�.�"�M'#� M��� (�M�'M�''�"(�� M(#M!�,�!�.�"�M
$&#/M(��� �(-?M�#� M+�  M"#(M+#&�M�#&M-#)M��M-#)M��)'�M�(?

�#� M�'M�M �*�"�M���(#&-M#�M!��&#'�#$��M�"�M!��&#'�#$��M+#&��&'M+�#M"���M
�##�M(#M��(M�"�M$ ���'M(#M �*�M(#M�#M(���&M+#&�?M�!�.�"� -@M(��&�M�&�M!#&�M
�"��*��)� M#&��"�'!'M�"M�M(��'$##"M#�M'#� M(��"M(��&�M�&�M$�#$ �M#"M��&(�BM
(�)'@M(��M'#� M�"�M�('M$&#��''�'M�&�M�#"(&#  ��M�-M(��'�M#&��"�'!'?M���M �*�"�M
G'#� M���(#&-HM�'M$#+�&��M$&�!�&� -M�-M')" ���(?M

��&!'M�"�M&�"���'M�&�M$&#*����M+�(�M'#� @M+�(�&@M�"�M')" ���(?M���M
���  �"��M�'M(#M����M(��M'#� @M��&*�'(M')" ���(M�"�M��&!M')'(��"�� -M(#M!���M
�M �*�"�M"#+M�"�M�"M(��M�)()&�?M��  ���@M��&(� �.�&@M �*�'(#��@M$�'(�����'@M�"�M
#(��&M!�"���!�"(M(## 'M��"M��M)'��M(#M�!$&#*�M'#� M��� (�@M#&M(��-M��"M
'��"�/M��"( -M��!���M'#� M��� (�M��M"#(M�$$ ���M�#&&��( -?M

��"���"�M�#&M'#� M��� (�ME�!$&#*��M'#� M�)"�(�#"FM�'M!#'( -M�M!�4M�&M#�M
!��"(��"�"�M')�(�� �M����(�(M�#&M(��M!-&���M#�M�&��()&�'M(��(M�#!$&�'�M(��M
'#� M�##�M+��?M���'M��"M��M���#!$ �'���M�-M��'()&��"�M(��M'#� M�'M �4M �M�'M
$#''�� �@M�&#+�"�M�'M!�"-M��1M�&�"(M'$����'M#�M$ �"('M�'M$&��(��� @M���$�"�M
 �*�"�M$ �"('M�"M(��M'#� M�'M#3M�"M�'M$#''�� �@M�"�M���$�"�M(��M'#� M�#*�&��M�  M
(��M(�!�?

Working in the Factory
The soil factory functions on the same 
principles as any other factory. For 
example, suppose you were to build and 
operate a factory to manufacture pickup 
trucks. How would you run the factory 
to produce the greatest number of high 
quality pickup trucks at the lowest cost 
each year? First, you might construct 
a building to provide a good working 
environment for your workers. Next, you 
might provide the means for your workers 
to live in a nice home, have enough food 
to eat, and enjoy other bene! ts to allow 
them to come to work and be at top 
productivity each day. Finally, you might 
! nd ways to maximize the use of energy 
and raw materials so nothing is wasted or 
hindered during the production of pickup 
trucks. Sounds good... a suitable factory 
! lled with productive workers not wasting 
any energy.

What if our imaginary pickup truck 
factory were suddenly hit by a tornado 
and an earthquake, and then it caught 
! re!? How many high quality pickup 
trucks could be produced the next day, 
week, month, or year? Injured (or dead) 
workers in a damaged factory would 
probably not be able to produce as many 
pickups as healthy workers in a well-built 
factory operating at peak e"  ciency. This 
is the scene that is created when soil 
is physically disturbed by tillage. Soil 
structure and habitat for soil organisms 
is destroyed, water in! ltration is reduced, 
runo#  is increased, soil erodes, and 
productivity declines. cont. on page 3
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Photo left: In association with rhizobia bacteria, legumes, such as 
crimson clover (foreground), convert atmospheric nitrogen into 
ammonia.

Rhizobia bacteria !x atmospheric 
nitrogen into ammonium after 
becoming established in root nodules 
of leguminous plants.

Arbuscular mycorrhizae fungi live 
inside plant roots and help plants 
capture nutrients from the soil.

Images courtesy of Dr. James Nardi, University of 
Illinois at Urbana-Champaign.

One of the 
many bene!cial 
relationships 
between plants and 
soil organisms is 
the acquisition of 
nitrogen from the 
atmosphere by a 
variety of organisms, 
including bacteria 
(rhizobia) that live 
symbiotically with 
leguminous plants, 
such as beans, clover 
and vetch. When 
these organisms die, 
or the plants they 
associate with shed 
leaves, shoots, stems, 
or roots, this material 
becomes part of the 
soil along with the 
nitrogen it contains. 

Another example 
involves a group of 
fungi (arbuscular 
mycorrhizae) that 
extend the plant 
root system out into 
the soil, forming 
‘pipelines’ to acquire 
nutrients and water 
that the plant roots 
themselves cannot 
access. As with the 
bacteria that !x 
nitrogen, the fungi 
are given sugar 
energy from the 
plant to keep the 
association working.

Symbiosis and Mutualism



Diversify with Crop Diversity  
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Working in the Factory
...cont.
In a factory making pickup trucks, there 
is an assembly line for building and 
installing the engine and another one 
for the electrical system. The workers 
in these lines have di# erent needs to 
complete their tasks. Likewise, the soil 
factory contains assembly lines of skilled 
workers that turn raw materials into 
carbon, oxygen, nitrogen, phosphorus, 
micronutrients, and water that plants 
need. These assembly lines require a vast 
population of diverse workers in order 
to function properly; and these diverse 
workers require diversity in their food 
supply... throughout the year and under 
optimum soil conditions.

Crop Diversity Tools
Read The Power Behind Crop Rotations: A 
Guide for Producers by Dr. Dwayne Beck, 
South Dakota State University, Dakota 
Lakes Research Farm. Look for it and the 
Crop Rotation Intensity and Diversity 
tool at http://www.dakotalakes.com/
crop_rotations.htm

Download a spreadsheet to make 
diversity and intensity calculations for 
you from http://www.ag.ndsu.nodak.
edu/dickinso/agronomy/jons%20
worksheet.htm

Use the USDA ARS crop sequence 
calculator to assist with crop rotations 
and residue management. Access the 
calculator at http://www.ars.usda.gov/
Services/docs.htm?docid=10791 
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This cover crop mixture of buckwheat, cowpeas, soybeans, and millet provides the soil system with diversity 
in rooting depth, root structure, organic exudates, and biomass quality, creating di" erent habitat niches to 
stimulate the variety of microorganisms that live in the soil.



Grow Living Roots Throughout the Year... to feed soil organisms  
���M'#� M�##�M+��M�'M�M�#!$ �,M�''#���(�#"M#�M#&��"�'!'M
&�'$#"'�� �M�#&M�&����"�M�#+"M�&#$M&�'��)�'M�"�M
�-� �"�M$ �"(L�*�� �� �M")(&��"('M�"M(��M'#� ?M�*�&-M
#&��"�'!M��'M'#!�(��"�M(��(M�(M��('C#&M'#!�(��"�M(��(M
��('M�(?M���&�M�&�M!�"-M'#)&��'M#�M�##�M�"M(��M'#� M(��(M
����M(��M'#� M�##�M+��@M�)(M(��&�M�'M"#M��4M�&M�##�M(��"M
(��M')��&'M�,)���M�-M �*�"�M&##('?MM

��*�"�M$ �"('M!��"(��"M�M&��.#'$��&�@M�"M�&��M#�M
�#"��"(&�(��M!��&#��� M��(�*�(-M� #'�M(#M(��M&##(?M
���M&��.#'$��&�M�'M(��M!#'(M��(�*�M$�&(M#�M(��M'#� M
���(#&-M����)'�M�(M�'M+��&�M(��M!#'(M��'-M(#M��(M�##�M
�'M�*�� �� �@M�"�M�(M�'M+��&�M$���M")(&��"(M�"�M+�(�&M
�-� �"�M#��)&'?M���&#��� M�##�M�'M�,)���M�-M$ �"(M&##('M
(#M�4M&��(M�"�M����M!��&#��'M(��(M$&#*���M")(&��"('ME�"�M
#(��&M�#!$#)"�'FM�(M(��M&##(L'#� M�"(�&����M+��&�M(��M
$ �"(M��"M(���M(��!M)$?M��"��M �*�"�M&##('M$&#*���M(��M
��'��'(M'#)&��M#�M�##�M�#&M'#� M!��&#��'@M�&#+�"�M #"�M
'��'#"M�&#$'M#&M�M�#*�&M�&#$M�#  #+�"�M�M'�#&(M'��'#"M
�&#$@M����'M(��M�#)"��(�#"M'$����'M#�M(��M'#� M�##�M+��M
�'M!)��M�'M$#''�� �M�)&�"�M(��M�&#+�"�M'��'#"?MM

���"M��&�#"M�'M"#(M�*�� �� �M�&#!M �*�"�M&##('@M")(&��"(M
�"�M+�(�&M�-� �"�M#��)&M�(M�M!)��M' #+�&M&�(�?M���M
$&#��''M�'M' #+�&M����)'�M(��M!��&#��'M�"*# *��M��*�M
(#M�#M!#&�M+#&�@M#3M�"M�  #��(�"�M$�&('M#�M(�'�'M(#M!�"-M
#(��&M#&��"�'!'M�"�M(&�"'$#&(�"�M(��M&�'#)&��'M�)&(��&?MM

�#� M#&��"�'!'M����M#"M')��&M�&#!M �*�"�M$ �"(M&##('M
/M&'(?M�,(@M(��-M����M#"M����M$ �"(M&##('@M�#  #+��M�-M
��#*�L�&#)"�M�&#$M&�'��)�'@M')��M�'M'(&�+@M���1M@M�)'�'@M
'(� �'@M0M#+�&'@M�"�M ��*�'?M��'( -@M(��-M����M#"M(��M
�)!��M#&��"��M!�4M�&M�"M(��M'#� ?M

����M$ �"(M&##('M�"�M�&#$M&�'��)�'M��*�M(#M��M'�&�����M
�-M'#� M!��&#�&(�&#$#�'@M')��M�'M!�(�'@M'$&�"�(�� '@M
+##� ���@M��&+��'@M���( �'@M�"�M�"('?M�&#$M&�'��)�'M
��*�M(#M��M(&�"'$#&(��M�&#!M(��M'#� M')&����M(#M �*�"�M
$ �"(M&##('M(�&#)��M #"�M �"�'M#�M!) (�$ �M#&��"�'!'?M
���M�)!��M#&��"��M!�4M�&M��'M(#M��M$&#��''��M�-M�M+���M
*�&��(-M#�M#&��"�'!'M���#&�M(��M")(&��"('M #����M)$M�"M
')��M!�(�&�� M�&�M�*�� �� �M(#M(��M$ �"(?

��� (�-M'#� M�'M��$�"��"(M)$#"M�#+M+�  M(��M'#� M�##�M
+��M�'M���?M�&#*���"�M$ �"(-M#�M��'� -M����''�� �M�##�M
(#M'#� M!��&#��'M�� $'M(��!M�-� �M")(&��"('M(��(M$ �"('M
"���M(#M�&#+?M�)��&'M�&#!M �*�"�M$ �"(M&##('@M&���"( -M
����M$ �"(M&##('@M�&#$M&�'��)�'@M�"�M'#� M#&��"��M!�4M�&M
�  M����M(��M!�"-M�"�M*�&���M!�!��&'M#�M(��M'#� M
�##�M+��?M��� �M(��M!�''�#"M'(�(�!�"(M#�M(��M�()&� M
��'#)&��'M�#"'�&*�(�#"M��&*���M�'M��
�	������
����
��
����
���@M�M��&!�&H'M!�''�#"M'(�(�!�"(M!���(M��M��
�	���
�	��������
�������
����M�-M$&#*���"�M'#� M!��&#��'M+�(�M
(��M��'(M'#� M����(�(M$#''�� �@M�"� )��"�M�##�?

The soil food web is the community 
of organisms living all or part of their 
lives in the soil. The food web diagram 
shows a series of conversions of 
energy and nutrients as one organism 
eats another. The food web is fueled 
by plants and other organisms that 
use the sun’s light energy to ! x carbon 
dioxide from the atmosphere. Most 
other soil organisms get energy and 
carbon by consuming the organic 
compounds found in plants, other 
organisms, and waste by-products. 
As organisms decompose complex 
materials, or consume other 
organisms, nutrients are converted 
from one form to another, and are 
made available to plants and to other 
soil organisms.
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From Soil Biology Primer [online]. Available: soils.usda.gov/sqi/concepts/soil_biology/biology.html [September 2010].



Keep the Soil Covered as Much as Possible  
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Did You Know?
The High Plains subregion of the Great 
Plains is characterized as semiarid, 
shortgrass prairie. Extreme temperature 
changes and high winds characteristic of 
the area can have drastic and devastating 
e# ects on exposed soil. In the High Plains, 
more than 65% of the soil must remain 
covered to limit evaporation of water. In 
this rainfall limited area (average rainfall 
is 10 - 20 inches), maintaining soil cover 
is an important management strategy for 
pro! table agricultural production. Bare 
soil heats up quickly in direct sunlight; 
and the hotter it gets, the faster water 
evaporates from it. This not only wastes 
water, but leaves salts behind at the soil 
surface. Residue cover also limits the 
drying e# ect of the wind and traps snow 
during the winter.
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Turnip (above) and forage radish (below) cover crops 
provide a lot of above and below ground biomass; 
and their “bio-drilling” action penetrates compacted 
layers to improve soil health.

Residue cover protects soil from the impact of 
raindrops, keeps it cool and moist for soil organisms, 
and suppresses weed growth. Pictured: rye rolled 
down with a cultipacker creates a blanket of residue.

Soil should be covered with living plants or residue 
at all times, realizing that high quality residue from 
legumes decomposes relatively quickly. Pictured: 
hairy vetch.
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