Better Soil
Better Yields
A Guidebook
to Improving Soil
Organic Matter
and
Infiltration With
Continuous
No-Till

Conservation Technology Information Center 2001

Better Soil
Better Yields
A Guidebook to Improving Soil Organic Matter and Infiltration

The first step to improve water quality is to improve soil quality.
♦ Written by Richard Fawcett, Fawcett Consulting and Steve Caruana, Agronomic Analytics.
♦ Early direction and comment was provided by Dave Schertz, NRCS; Don Reicosky, ARS;
Ed Frye, CTIC; John Doran, ARS; Dean Wesley, Key Ag; Jim Poterfield, American Farm Bureau; Jerry Hatfield, ARS; Bill Richards, farmer; Maurice Mausbach, NRCS; George Langdale,
and Doral Kemper, ARS.
♦ Produced by the Conservation Technology Information Center
♦ Edited by Dan Towery, NRCS/CTIC, and Ed Frye, CTIC. ♦ Layout by Angie Fletcher.
♦ Mention of product, trade names, or equipment photos does not constitute an endorsement by the Conservation Technology Information Center.

About the Conservation Technology Information Center…
The Conservation Technology Information Center (CTIC) is a nonprofit information data transfer
network. The center promotes environmentally responsible and economically viable crop production decision-making.
For additional copies of this publication, information on other publications, survey of tillage
practices, CTIC membership, etc.:
CTIC
1220 Potter Drive, Suite 170
West Lafayette, Indiana 47906-1383
Phone (765) 494-9555
FAX: (765) 494-5969
E-mail: ctic@ctic.purdue.edu
Visit us on the Internet at http://www.ctic.purdue.edu
or www.Core4.org
CTIC is supported by a partnership of individuals, corporations, governmental agencies, association, foundations, universities, and media.
Printed on
Recycled Paper

Introduction
Our nation’s soils are laregely taken for granted.
Most people do not recognize the important
role soils have. Soils are the fuel – the raw
materials- of farming. Without high quality
soils, production agriculture as we know it
cannot exist. No-till production systems can
improve the soil by increasing organic matter
and improving infiltration. Changing these
qualities can result in more moisture being
available for crop development and result in
higher yields in years with less than normal
rainfall.
Historically, conventional row-crop production
has included, by design, significant amounts of
tillage for reasons ranging from weed control to
simple tradition. Intensive tillages results in the
soil being readily transported from the farm
field by water and wind and thereby transformed from a valuable agricultural input into a
pollutant with effects extending far beyond the
farms.

mental benefits of no-till, and these will be
addressed later, but there can be no benefit
greater than the conservation and actual improvement of these raw materials of agriculture
– soils.

...there is little disagreement that organic matter
content gives soils many of
their desirable properties.

Organic Matter
While there is not yet a consensus on exactly
how to measure soil quality, there is little
disagreement that organic matter content gives
soils many of their desirable properties. In an
early study of soil organic matter function (71),
organic matter is defined as the soil fraction
derived from materials of plant and animal
origin. It includes these
residues in various stages of
decomposition, soil organisms, and their synthesized
by-products. There are
long-term, stable organic
compounds in the soil that
persist for decades, collectively referred to as humus.
Other compounds are more
quickly recycled and designated as the changeable or
transient portion.

Agriculture Research Services

While there are any number of activities and
practices that farmers may employ in an attempt to keep their topsoil in place, one
method in particular
stands out among others
as the most cost-effective
manner of both reducing
tillage trips while protecting and enhancing the
environment. Conservation tillage, particularly in
the form of long-term or
continuous no-till,
minimizes the soil leaving
the field by maintaining a
cover on the soil's surface. A significant added
Organic matter is important
benefit of this practice is
to soil structure and tilth. It
the actual rebuilding of
provides energy for soil
soils by the slow decommicroorganisms, improves
position of previous
water infiltration and water
The
top
1-2”
of
the
soil
determines
many
soil
quality
crop's residue, roots and
properties that impact production and the environment.
holding capacity, reduces
macropore development.
erosion potential and is an
Long-term no-till miniimportant
element
in
the nutrient and carbon
mizes fuel inputs and soil compaction by
cycles.
Organic
matter
is the adhesive of the
minimizing the number of tillage trips. There
soil, binding together the soil components into
are a number of other production and environ-
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stable aggregates. The National Research Council’s report, Soil and Water
Quality an Agenda for Agriculture states:
“Soil organic carbon or soil organic
matter is perhaps the single most
important indicator of soil quality and
productivity” (57). According to a
1995 Journal of Soil and Water Conservation article, when farmers were
asked how they recognized “healthy
soils”, organic matter was ranked as
most important (64).

No-till
Increases in the use of no-till systems
by American farmers have led to many
Although moldboard plowing is not common, almost 43% of the cropland in
benefits, both direct and indirect.
the US employs tillage systems which after repeated tillage trips results in low
These include reductions in erosion,
residue levels (<15% after planting).
and savings of time, labor, fuel and
machinery. Between 1990 and 2000, no-till
farming acreage rose from 16 million acres to
Surface Organic Matter
52 million acres, an increase of 225 percent.
Tillage introduces oxygen to the soil and stimuMany of the soil benefits from no-till are
lates the natural oxidation or “burning” of soil
realized primarily after having been employed
organic matter by soil microorganisms. This
for several years. These no-till fields display
process produces carbon dioxide and releases
additional benefits to farmers and researchers nutrients needed for crop growth. However, the
changes in soil physical, chemical and biologilong-term use of tillage has resulted in decal properties. The most notable of these
pleted organic matter contents of our soils.
benefits include increases in organic matter and
Long-term cropping studies have documented
improved water infiltration which results in a
steady declines in organic matter (60).
greater soil moisture reservoir available to
crops. All other things equal, this will result in
Carbon Dioxide Loss
increased yields during periods when rainfall is
Increasing soil organic matter through additions
in short supply.
of manure and growing green manure crops
may increase organic matter levels significantly.
However, increases in organic matter have
almost never occurred as long as soils were
tilled. New research tells us why. Reicosky and
Lindstrom (61) measured carbon dioxide
released from soil in the fall after tilling wheat
stubble with various implements. Over a 19day period, they discovered five times as much
carbon dioxide was lost from soil that had
been moldboard plowed than was lost from
untilled soils.

Potential Benefits

John Bradley, Milan Experimental Station
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Runoff from no-till field on the left and conventional tilled field on the
right from plots at Milan Experimental Station, Milan, Tennessee. The
clear water from the no-till side of the field is transporting significantly
less topsoil, nutrient, and pesticides.

These results suggest more organic matter was
oxidized in that 19-day period than was
produced all year by the wheat crop in straw
and roots (62). This helps us understand why
organic matter levels have declined with tillage
even when crop residues are plowed into the
soil.

Don Reicosky, Agriculture Researc Services

increased. The Reicosky summary
(63) listed 10 long-term no-till
studies where organic matter
changes were documented. Organic matter increased in all 10 of
the studies, with an average
increase of 953 lbs/ac/yr. Increases as high as 2000 lbs/ac/yr
occurred in some studies. That
would translate into an increase of
about 0.1% soil organic matter by
weight per year. The studies were
conducted in Ohio, Alabama,
Georgia, Kentucky, Illinois, Minnesota, and Nebraska with rotations
of continuous corn, continuous
soybeans and corn in rotation
with soybeans. Analyzing the
Intensive tillage either by moldboard plowing or by numerous tillage trips results in the
results from 15 studies measuring
oxidation of organic matter and the release of carbon dioxide.
the effect on soil organic matter
following a conversion from conventional
tillage to no-till, Kern and Johnson (39) develReicosky et al (63) have summarized studies
oped a relationship to predict the increase in
investigating long-term changes in soil organic
organic matter. As crop residues were retained
matter with different tillage and crop producon the surface with the adoption of no-till, soil
tion systems. In 20 long-term studies using the
organic matter typically increased up to 180
moldboard plow, organic matter was reduced
percent.
by an average of 256 lbs/ac/yr in Illinois, Oregon, and Missouri with rotations of continuous corn, continuous wheat, and corn with
Potential for increased soil organic matter is
soybeans and oats. Reicosky and associates
greatest in the north where growing seasons are
concluded, “In general it is practically imposshorter and less natural oxidation of organic
sible to increase organic matter where moldboard plowing is taking place.
Massive additions (6 to 10
Tillage Effects on Continuous Corn and
tons/ac/yr) of manures in
Corn/Soybean Rotations in 4 Midwestern States
1200
addition to crop residues
plowed into the soil are able to
1000
cause small increases for a few
years, but leveling off or slight
800
decreases follow.”

Moldboard Effects

Efforts to understand the
dynamics of tillage on soil
organic matter through modeling have indicated that the less
stable portion of the soil’s
organic matter is the first to be
lost with cultivation (65).

No-till
Increases
However, by eliminating tillage,
soil organic matter can be

Rate of Organic Matter Change (lbs/ac/yr)

Climate & Crop Residue

600
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0
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No-till

-200
-400
-600

Although actual rates may vary considerably depending on soil type, crop rotation, and tillage
systems, fewer tillage trips and crops with more biomass results in higher levels of organic
matter or carbon sequestration.
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University of Minnesota Extension

University of Minnesota Extension

Organic Compounds in Soil

Stabilized
Organic
Matter
33-50%

Cover crops are especially beneficial in southern
states where the long growing season increases
natural oxidation of organic matter.
Nitrogen fertilization also increases the rate of
organic matter formation (44). The use of notill contributes significantly to the stability of
organic matter pools. No-till can increase the
time organic matter resides in the soil by 10 to
15 years over conventional tillage (10).

Living
Organism
Fresh
<5%
Organic
Residue
<10%

Active
Fraction
(decomposi
ng organic
m atter)
33-50%

Stabilized organic matter can absorb 6 times its weight in water; a silt
loam soil can increase its water holding capacity 7% and CEC by 4%
by increasing organic matter levels 0.5%. Tillage causes younger
organic matter to oxidize.

matter occurs. Crops differ in amounts of
residues returned to the soil and the stability of
those residues. For example, corn residues
return more biomass to the soil than do soybean residues. Soybeans also decompose faster
because of their lower Carbon:Nitrogen ratio.
As plant residues are added to the soil and
decay, their carbon is assimilated into the
microbial biomass of the soil (29). Under arid
and semiarid conditions prevalent in the western U.S., annual
increases of organic matter under
no-till can be expected to be
slightly less.

Besides increasing total amounts of organic
matter in the soil, no-till also changes the
distribution of organic matter in the soil. With
conventional tillage, organic matter is mixed
throughout the tilled depth. With no-till,
higher organic matter levels are concentrated at
the soil surface and the first few inches of
depth. The figure below compares organic
matter distribution in a long-term no-till soil to
a tilled soil. This change in organic matter
distribution may cause confusion in interpreting organic matter tests.

Soil Sampling
It is important to pay attention to sampling
depth when trying to measure organic matter
changes over time. Standard soil tests for
nutrients, pH, and organic matter are usually
taken to a 6 or 7 inch depth. With the increased
popularity of no-till, many fields are now
sampled at the 3 inch depth to check for
possible stratification of nutrients and pH and
to monitor Cation Exchange Capacity (CEC).

Rotations & Cover
Crops
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In a long-term study comparing
corn-wheat, soybeans-wheat,
and corn-wheat-soybeans-wheat
rotations in no-till, soil organic
matter increases were greatest for
the corn-wheat rotation and
least for soybeans-wheat (16).
Growing cover crops following
row crops and leaving the cover
crop residues in the field can
increase organic matter beyond
what is possible by simply
returning row crop residues (42).

Comparing conventional tillage to no-till in regards to organic matter changes and depth
of change.

that avoid including crop residue in
samples, such as removing the top 1/
4 inch of soil surface. Passing the
sample through a 2 mm (5/64 inch)
sieve will also remove
undecomposed crop residue.
Because the various laboratory
testing procedures (such as dry
combustion or wet Walkley-Black
oxidation) can produce different
results, it is also important that
consistent lab methods are used to
document changes in organic matter
with time and tillage practice.
Consistency in depth of soil samples and lab procedure used is important
in monitoring long-term changes in soil organic matter levels.

The major practical reason for determining
organic matter content of soils has been to
calculate herbicide rates. Because soil-applied
herbicides are active in the top few inches of
soil, a 3-inch sample provides a more useful
reading than a 6-inch sample in conservation
tillage or no-till fields.
It is critical that sampling depths are consistent
over time to insure that any changes are real
and not just a result of different sampling
depths. Sampling to depths as shallow as 1/2
inch may be useful to document organic matter
changes. Soil organic matter tests are not
intended to measure undecomposed crop
residue. It is best to use sampling procedures

Bulk Density

Changes in bulk density complicate
comparisons of soil tests between no-till and
tilled fields. Bulk density, the weight of soil per
unit of volume, usually increases with no-till.
Bulk density decreases as aggregation and clay
content increases. Higher bulk densities observed with no-till are tied to the proportion of
macropores being lower (35). Bulk density
also decreases as the organic matter content of a
soil increases. If organic matter content were
determined as a percentage of dry weight
without considering bulk density, comparing
amounts of organic matter in equal volumes of
no-till vs. tilled soil would underestimate
organic matter in the no-till soil. Organic matter
analyses may have to be adjusted for bulk

Improvements in Soil Attributes
by No-Till

Physical

Chemical

Structure, Macropores,
Available Water Content,
Bulk Density, Soil
Temperature

Soil Organic Matter, Cation
Exchange Capacity, Nutrient
Reserves and Stratification

Biomass Carbon, Soil
Fauna, Soil Biodiversity

Infiltration, Percolation,
Runoff and Erosion,
Aeration, Compaction,
Diffusion

Leaching, Nitrification,
Humidification, Volatization
Diffusion

Soil Respiration,
Gaseous Flux Diffusion

Biological

Conservation tillage effects on properties and processes that affect soil quality (from Blevins et al. 1998)
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John Doran, ARS

carbon and nitrogen are closer to the soil
surface with no-till (21). The mulching effect of
surface residue in no-till also reduces surface
drying, allowing shallow roots to function in
moist soil and reducing temperature extremes.
Aggregates resist the sealing of soil surfaces,
which can cause crusting and water runoff.
Surface crop residue also dams runoff, holding
rainfall on fields longer and at least potentially
increasing water infiltration. While no-till has
sometimes dramatically increased water infiltration, it has not always produced this benefit.

WATER
INFILTRATION
Roots are a major contributor to soil organic matter especially in a notill. Corn may produce .5 to 2 tons/acres of root mass in a growing
season; soybeans may produce .3 tons/acres; and prairie makes over 2
tons/acre. Finely branched roots enhance soil aggregation more than
tap-rooted plants.

density to correctly track changes with no-till
relative to tillage.

Soil Structure/Aggregates

Reducing Water Runoff

ARS

Researchers have also documented the reduction of surface runoff in no-till fields. Edwards
and associates (14) compared season-long
water runoff from a watershed with a 9% slope
that had been farmed for 20 years in continuous no-till corn to a similar conventionally
tilled watershed. Over four years, runoff was
99% less under the long-term no-till. No-till
has performed well even under extreme conditions. For example, a no-till watershed on a
21% slope had almost no soil erosion and held
water runoff to levels similar to a conventional
tillage watershed of only 6% slope during a
once-in-100 year storm of 5 inches in 7 hours
(32). Comparison of no-till with ridge-till on a
fine sandy loam in Maryland found that no-till

6

Soil aggregates enhance
conditions for a desirable mix of air and water
for good plant growth.
Good shallow root
development allows
crops to fully utilize
nutrients near the soil
surface. Aggregation, soil

Residue is the food for fungi and bacteria. The fungal hyphae and fine roots surround and stabilize
soil aggregates (like glue holding the clay particles together). These aggregates or peds resist breakage
when hit by rain or wind.

ARS

Crop residue on the soil surface absorbs the
energy of falling raindrops, thereby reducing
erosion, and aiding the development of crop
roots, enabling crops to better utilize moisture
and nutrients. Soil organic matter and the
microbial growth it promotes results in desirable soil structure. The fungal communities that
dominate in no-till soils (rather than bacteria
which predominate in tilled soils) increase soil
aggregation and retention of soil carbon.
Fungal hyphae contribute to the formation of
larger aggregates by physically enmeshing
smaller aggregates (34). Soil aggregates in no-till
soils are more stable than those in tilled soils.
Soil organic carbon,
aggregate size and
stability, and infiltration
can all be significantly
greater with no-till (17).

Many long-term no-till farmers have noted
improvements in water infiltration. There are
times when no runoff occurs in no-till fields
when adjacent tilled fields produce runoff from
the same storm.

NRCS

and acetanilides) are carried off treated
fields primarily in runoff water. Herbicide concentrations are higher in sediment, but because so much more water
leaves fields than sediment, the water
carries more chemical. For that reason,
soil erosion control alone will not
prevent contamination of surface water
by these chemicals. Because no-till not
only reduces erosion, but usually also
reduces runoff, it has been effective in
reducing herbicide runoff. A summary
of numerous published studies comparing no-till to conventional tillage
under natural rainfall conditions
showed that, on average, no-till reThis table top rainfall simulator shows the dramatic differences in quantity and
duced soil erosion, water runoff and
quality of runoff associated with high residue farming versus clean tillage. All jars
herbicide runoff by 92%, 69% and 70%
received the same amount of simulated rainfall.
respectively (18). However, plot studies
retained more water in the soil than ridge-till
conducted on a silt loam claypan soil in Misthrough increased infiltration and macropore
souri found an increase in runoff with no-till
flow resulting in decreased runoff (73). Under
compared to tilled plots (25). The claypan
the low rainfall conditions of Sidney, Montana,
restricts water infiltration into the subsoil and
no-till increased precipitation storage efficiency
prevents an improvement in reducing runoff.
by 16 percent during drier than average fallow
When herbicide loss is of concern, careful
seasons (70).
management is required when applying no-till
to claypan soils.
Increases in infiltration with no-till are due
primarily to two factors: reduction of surface
sealing and development of macropores.
Surface crop residue protects soil from the
energy of raindrops, preventing the breakdown
of aggregates. As discussed previously, increases
in organic matter in surface soils also lead to
more stable soil aggregates. Macropores consisting of worm holes, soil insect holes, cracks and
root channels are also left intact in absence of
tillage. These pores provide a kind of overflow
system when rainfall exceeds the capillary flow
capacity of the soil. Water can run down these
macropores to increase subsoil water storage
rather than running off the field, conserving
water for the crop and protecting surface waters
from contaminated runoff. Long-term studies
of no-till fields identify undisturbed soil pore
structure in no-till as significantly improving
hydraulic conductivity and infiltration rates (3).

Controlling Runoff from Herbicides and Soil Particles
Some soil-applied herbicides which are detected in surface water (such as the triazines

Earthworm Burrows
Burrows from earthworms and soil insects have
been discovered to be particularly important in
improving water infiltration. Nightcrawlers
(Lumbricus terrestris
L.) are surface
feeders and construct permanent
vertical burrows.
Edwards and
associates (15)
found that although earthworm
holes greater than
0.22 inches in
diameter accounted for only
0.3 % of the
horizontal area of
a no-tilled field,
flow into the holes
during 12 rainfall
events accounted
A high population of nightcrawlers
for 1.2 to 10.3 %
can turn over the top 6 inches of
soil in 10-20 years. They are more
of the rainfall for
common in the north and east than
each storm. Tillage
in the west and south.
Eileen Kladivko, Purdue University

Infiltration Factors
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Eileen Kladivko, Purdue University

destroys the tops
a time until the roughness declines and the soil
of these burrows
surface seals. Studies of the effect of no-till
and also buries
versus conventional tillage on infiltration
crop residue used
indicate that although bulk density is higher
as a food source
and total porosity is lower with no-till, infiltraby nightcrawlers.
tion is greater with the no-till (41). Two factors
Earthworm counts
that contribute to this are the greater effectiveunder no-till and
ness of pore space under no-till at transmitting
conventional tilled
water and that the pores are better connected
corn and soybean
in no-till soils, due to decreased tillage disturrotations in
bance. Water storage created by tillage-induced
Indiana and
roughness may be important in some dry land
Illinois found
cropping systems (59). Tillage may also allevitwice as many
ate existing compaction. Unrestricted wheel
earthworms under
traffic on no-till fields may prevent improveno-till than the
ments in infiltration that might otherwise be
conventional (40).
achieved.
In Missouri,
This macropore occurred when a
earthworm numnightcrawler followed the old root channel.
Earthworms consume soil, digest the
bers under no-till
and excrete the soil as fecal pellets
were close to eight bacteria,
which lines the channel. Nightcrawlers are
Controlled studies comparing water infiltration
times as many as
vertical feeders and channels may be 4-6 feet
with various tillage systems have produced very
deep.
under convenconflicting results. The United States Departtional tillage with
ment
of Agriculture National Sedimentation
well fertilized continuous corn (38).
Laboratory at Oxford, MS collected data from
45 different published studies which compared
no-till to conventional tillage. On the average,
water runoff with no-till was 86% of runoff
with conventional tillage, a slight improvement.
Included in the summary were studies which
showed increases in runoff or no change with
no-till, along with some studies with large
reductions in runoff.

Eileen Kladivko, Purdue University

Conflicting Studies
Simulated Rainfall

Nightcrawlers feed on surface litter and actually pull residue into their
burrows. They will leave their tails in their burrows, extend their body and
pull the surrounding residue into their burrow. A high nightcrawler population can significantly lower residue levels resulting in warmer soil at planting
time and improved soil aeration.

Short-term vs. Long-term
Infiltration
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Tillage can sometimes increase water infiltration, especially over the short-run, because it
increases surface roughness, ponding more
water than a flatter surface found with no-till.
This can result in increased water infiltration for

The majority of these studies investigated water
runoff with tillage systems using simulated
rainfall. Simulating rainfall, rather than waiting
for natural rains, allows scientists to control
conditions, is easier to coordinate than waiting
for rains, and guarantees that data will be
obtained (There are years when no runoff
occurs from natural rains). However, because of
how these studies are nearly always conducted,
results must be interpreted carefully. Rainfall
simulators are constructed to apply heavy rain
events (such as once-in-50-years natural occurrence rates). Usually rainfall is simulated very
soon after tillage and planting, prior to any
natural rainfall. Under these conditions, the
roughness created by tillage will often result in
less runoff from tilled plots than for no-till for
at least the first rainfall event until roughness is
reduced and surface sealing occurs. If only one
rainfall event is simulated (as is often the case),

ARS

runoff with no-till to conventional
tillage. In most studies conventional
tillage was the moldboard plow
followed by secondary tillage. In a
few studies conventional tillage
consisted of use of a chisel plow or
disc.

Soil Types and
Hydrologic Groups

A rainfall simulator can provide quick runoff data at a lower cost than collecting
natural storm events. However, if a very intense storm event is simulated after tillage
the results can be misleading. This rainfall simulator and test plot at Cottonwood,
South Dakota, enabled technicians to measure water runoff rates and collect soil
samples in a WEPP cropland field study.

tilled plots will most likely produce less total
runoff than no-till. Studies which have simulated several rainfall events through the season
have usually shown that while runoff may be
greater with the first event with no-till, as the
season progresses, runoff with no-till is similar
or less than with tillage (23,33,44,56).
Because infiltration benefits with no-till may
take several years to become evident as
macropores form and surface organic matter
increases, the length of time experimental plots
have been under no-till is important. Very often
rainfall simulation studies have been conducted
on plots which have only that year been converted to no-till, reducing
chances for showing benefit.

Natural Rainfall

If soils have restricting subsurface
layers or are poorly drained, increased crop residue and organic matter at the
surface cannot overcome a profile that is already full of water or restricted. These soils are
also not a good habitat for nightcrawlers and
other worms. Fields consisting of these soils
will not realize the benefits worms produce in
better-drained fields. One system of grouping
soils is based on rates of water infiltration
called the hydrologic soil grouping. Soil textural
class is the principal determinant of hydrologic
soil group. Hydrologic soil groups should be
useful, though not perfect, in predicting which
soils have the greatest potential for infiltration
improvements with no-till.

Percent No-till Runoff
Compared to Conventional Tillage

110
101

100
90
Percent Runoff

Natural rainfall studies are more
expensive to conduct, but are
easier to interpret, as they
usually monitor runoff for the
entire growing season or year
and are more often conducted
on plots or small watersheds
that have maintained constant
tillage and cropping practices
for several years. Data from
published natural rainfall
studies are summarized in the
table found in the appendix.
These studies compared water

Even when concentrating on natural
rain studies, results are still highly
variable. Runoff is totally eliminated
in some studies with no-till (28)
while in others, no-till increased
runoff (45). In many cases soil type
and years in no-till explain the
differences in runoff.

80
70

67

60

56

50
40
30
20
10
B

C

D

Hydrologic Soil group
Increased infiltration win no-till may vary depending on soil type. Soils with good
internal drainage show the greatest response to no-till
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Soil Texture and Infiltration
Soil texture greatly influences the impact the
adoption of no-till will have on improvements
to runoff through increased infiltration. The
greater the clay content in the soil, the harder it
will be to quickly induce infiltration changes. A
good guide to predicting the likely response of
a soil to the initiation of no-till is the texture
class of the soil. Soils are classified for their
infiltration tendency into four broad hydrologic
groups.
Sandy soils exhibit the highest natural rates of
infiltration and water transmission. These
coarse textured soils are well suited to no-till
and benefit from the increase in organic matter
which usually accompanies no-till. They have
the lowest runoff potential and are classified as
Group A.
As the clay and silt content increases in the soil,
infiltration and water transmission rates begin
to decrease. This second group of soils, Group
B, consists of mostly silt loams, silty clay loams
(<30 percent clay content), and loamy textured
soils and have good natural internal drainage.
Water does not naturally infiltrate into these
soils as rapidly as the first group. As a whole
these Group B soils respond well to no-till and
water infiltration may dramatically increase as
compared to conventional tillage systems on
these soils.

Larry Brown, Ohio State University

A high content of swelling clays, the presence of
a high water table and impermeable claypans
near the surface significantly reduce the infiltration rate and greatly increase the runoff hazard
of the Group D soils. The infiltration rates on
these soils show little response to the application of no-till unless accompanied by drainage
and management practices to break up the
restrictive layers (if possible).
Soils also may be classified with a split designation if drainage is improved with tile. For
example, a B/D soil would have the characteristics of Group D soils in absence of tile, but
would be improved to a B with drainage tile.

Effects of No-till on Runoff
Analyzing data from natural rainfall events for
each year in each study in Table 1 (see Appendix), Group B soils experience 56 percent of the
runoff with no-till compared to conventional
tillage. Group C soils showed 67 percent of the
runoff compared to conventional tillage. Group
D soils with a restricted layer shows no difference in no-till compared to conventional tillage.

Edwards and Amerman (13) studied two
watersheds, one with well-drained subsoil, and
the other with restricted drainage.
When both watersheds were in
conventional tillage for 7 years,
runoff in summer was high and
similar for both, but during noncropping periods runoff was much
higher for the watershed with restricted drainage. Both watersheds
were then converted to no-till corn
production for 5 years. Summer
runoff was eliminated in both
watersheds, but the watershed with
restricted drainage still had noncropping period season runoff. The
presence of restrictive layers should
be highly predictive of the potential
infiltration benefits of no-till on
Adequate subsurface drainage may be an important practice in some parts of the
specific soils. The closer restrictive
country. Lowering the water table helps warm the soil in the spring and allows water
layers are to the soil surface, the less
to infiltrate into the soil rather than running off the field. Without tile the soil may be
saturated, additional rainfall will runoff carrying topsoil, phosphorus and pesticides
likely no-till will benefit infiltration.

Soils in group C have a higher clay content or
somewhat restricted layer and have an increased
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runoff hazard because of their slower infiltration rates and are grouped into the C classification. The soils in this Group C exhibit improved runoff and infiltration with the application of no-till, but do not usually show as great
an improvement as the Group B soils.

with it.

from the soil surface reduced water
infiltration by over 25%. Tilling the
soil surface with a hoe caused a
further 33% reduction in infiltration, compared to the untilled, no
residue plots.

Utilizing No-till with
Cover Crops and Sods
Planting no-till row crops into
established grass sods may be a way
to benefit immediately from better
infiltration, since macropores are
already established and organic
matter and residues are already high
at the soil surface. Using rainfall
There are many types of “vertical” tillage tools which when properly operated cause
simulation, Foy and Hiranpradit
minimal soil surface or residue disturbance. All tend to “heave the soil up and set it
(19) compared no-till planting into
back down.” These tools may aid in the transition to no-till as macropores develop
established sod to conventionally
or may be needed every 2-3 years on certain soil types.
tilled plots and found that no water
runoff occurred from no-till plots, even when
four times as much water (5.3 inches) was
The importance of long-term no-till is also
applied to the no-till plots as produced runoff
evident from the summary. Infiltration often
in tilled plots. Similarly, in Kentucky, planting
improved over time in long-term studies. For
into long-term bluegrass sod resulted in 83%
example in the first year of a Maryland study
less water runoff with no-till than occurred with
(28), water runoff with no-till was nearly
plowing, even though 5.2 inches of rain were
identical to conventional tillage. In the third
applied over a 24 hour period soon after tillage
and fourth years in no-till, water runoff was
when the tilled soil would be most favorable
totally eliminated. Other researchers have noted
for infiltration (67).
that the benefits of improved water infiltration
with no-till took several years to develop
Cover crops are increasingly recommended for
(11,58).
use in no-till systems to provide additional

Length of Time in No-till

Scientists have tried to separate the effects of
surface crop residue from differences in soil
structure and porosity by removing surface
residues. In some studies where crop residue
has been removed, water infiltration has been
similar or less with no-till than with conventional tillage (47), indicating that crop residue
was more important than changes in structure
or macroporosity. This is due to the surface
protection effect caused by the crop residue.
In some studies, soil structure improvements
with no-till have been more important in
increasing water infiltration. In Georgia (8),
water infiltration was twice as fast into no-till
sorghum as it was into sorghum planted into a
disked seedbed, even when all surface crop
residue was removed. A rainfall simulation
study on a 15 year-history no-till field in Illinois
indicated that both residue and structure were
important (7). Removing surface crop residue

residue, suppress weed competition, remove
excess nitrogen from the soil, and further
decrease soil erosion. When cover crops are
used to supplement the available residue cover
of typically low residue producing crops such as
soybeans, soil loss, runoff and nutrient losses
were significantly reduced on a claypan soil in
Missouri (77). Use of no-till in combination
with cover crops on the Atlantic Coastal Plain
significantly reduced nitrate-N storage in the
lower rooting zone beyond just the use of
cover crops and conventional tillage alone (69).

Wheel Track
Compaction
Compaction caused by random wheel traffic
may explain why some studies show little
infiltration benefit from no-till and why some
farmers notice little benefit. In one rainfall
simulation study, planter wheel tracks did not
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Long-term No-till Field

Randall Reeder, Ohio State University

affect infiltration rates in no-till plots
soon after planting, but reduced
infiltration in plowed plots to a level
similar to no-till plots (43). It is
possible that past random wheel traffic
was reducing infiltration in the no-till
plots. In another study where wheel
traffic was controlled for four years
prior to measurements, wheel traffic
reduced infiltration in both no-till and
chisel plowed plots (2). On a study of
a corn and soybean rotation in Iowa
the no-till soil was less dense than the
chiseled plots at the surface when
traffic was controlled (48).
Bulk density increases with no-till. Many producers can combine their no-till
fields when ruts (as deep as tillage) are cut in worked fields. However, every pass,
especially under moist soil conditions, can cause compaction and seal off
macropores. Too many trips under these conditions may result in less infiltration and more runoff than expected.

The impact of wheel tracks was studied
on a long-term no-till field by determining infiltration times for one inch of
applied water. The first inch of applied water
took 2 minutes 15 seconds to infiltrate in a
non-wheel track area, and a second inch of
applied water took 31 minutes. Using the
same procedure on a wheel track area, the
first inch infiltrated in 7 minutes, but the
second inch took more than 3 hours. These
results confirm farmers’ observations that
runoff in no-till fields often occurs only in
the wheel tracks.
Compaction caused by wheel traffic in notill fields is not corrected by tillage, as it is at

least to some extent in tilled fields. The negative
effects of compaction in no-till fields may be offset
by the positive influence of earthworm activity
(47). However, even better improvements in water
infiltration should be possible if wheel traffic were
to be controlled. No-till fields receive wheel traffic
from fertilizer and lime applicators, sprayers, planters, combines and grain carts. While planter and
combine traffic are usually in relatively the same
locations, other traffic may be more random. Grain
carts and trucks may be especially harmful if they
are driven beside combines in moist soil conditions, greatly increasing the wheel coverage and
compaction. When possible, farmers should control and reduce these compaction-causing activities
when the soil is wet.

SUMMARY
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Thirty-nine percent of this field had wheel traffic from just three
trips. This computer model show wheel traffic from a 30' field
cultivator pulled by a dual wheeled tractor, a 30' planter pulled
with a dual wheeled tractor and a 45' sprayer pulled by a tractor
with single wheels. Graphic is courtesy of Key Ag, Macomb, Ill.

The organic matter and water infiltration benefits of
no-till will benefit farmers with higher yields and
higher profits due to increased water use efficiency
and improved crop growth. Each additional inch of
soil moisture conserved in the soil by no-till can be
worth up to 6 extra bushels of wheat per acre in
many regions of the country. Similarly, during
critical dry periods in the Corn Belt, an additional
inch of moisture can increase corn yields by 10
bushels per acre. The environment and society also
benefit. As more acres are converted to no-till, crop
fields will become a significant trap for carbon
dioxide, reducing the possibilities of global warming. As more fields are converted to no-till, the
water cycle will return to a more natural state, more
closely resembling the way it was in the days of the

No-till's Effect on Yield from
Conserving Two Additional Inches of Moisture
Additional Yield (bu/ac)

prairies and forests. Rather than
running off the land, carrying
sediment, contaminants, and
pathogens into surface water,
more water will infiltrate into
the soil and move to streams
by tile drainage and natural
subsurface flow. This will allow
better use of water and nutrients by crops and allow soil
colloids and biological activity
to filter the water before it
becomes stream water. Quality
of surface water in streams will
more closely resemble shallow
ground water than it does
today. Moving more water
through the soil will also
reduce fluctuation and impacts
of flooding and low stream
flow.
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1.47
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This graph shows how different crops respond if 2 inches of additional moisture are available during
the growing season. Cotton and soybean data from Lyon, etal; Water Use Efficiency Equations.
Corn, wheat, and sunflower data from ARS, Central Great Plains Research Station, Akron,
Colorado.

The benefits farmers achieve
from adopting no-till will
depend on soil type, climate, cropping systems,
and management. Greater organic matter increases can be achieved over time through
leaving more crop residue in fields, growing
cover crops, and fertilizing for optimum yields.
Water infiltration benefits may be dependent
on soil type, with high clay content soils and
the presence of restrictive layers somewhat

1.49

13.4

12.6

limiting the response unless internal drainage
can be improved. Avoiding wheel track compaction as much as possible is important, as
random wheel traffic can wipe out infiltration
benefits of no-till. It may take several years for
water infiltration to improve.

Ultimately, it the profitability of a farming
system that governs its adoption. A recent
analysis (49) of 144
no-till versus conventional research plot
and farm scale comEffects on Bulk Density from Traffic
parisons indicated that
(12-year Ohio No-till Experiment)
no-till averaged a
higher profitability
than conventionally
managed corn, oilseeds, and grain
sorghum systems.

1.44
1.43
1.42
1.41
1.4
1.39

Row Zone

Traffic Zone

Traffic from tractor tires can increase the bulk density of the soil significantly compared to areas
that do not receive a traffic imprint. Soil moisture conditions at the time of traffic can greatly
influence actual results.
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Appendix

Table 1. Summary of natural rainfall studies comparing water runoff with no-till to conventional tillage.
Conventional tillage included the moldboard plow in most studies. Water runoff with no-till is expressed as a percent of total seasonal runoff occurring with conventional tillage. First year no-till plots
were not inculded.
Hydrologic Soil
Group

B

Average Water
Runoff as a
Percent of
Conventional
Tillage
56%

C

67%

D

101%

Crops

Average Years in
No-till

States

References

Corn, Soybeans,
Cotton, Rye,
Tobacco
Corn, Soybean,
Sorghum, Cotton,
Tobacco, Rye
Corn, Soybean

5

IA, KY, MO, MD,
NC, Al

4, 5, 20, 28, 66,
68, 75, 76

6

OH, MS, NC

11, 50, 51, 53, 54,
55, 75

4

MO, MS, MD

1, 31, 36, 72

Highlights

♦ Improving soil quality is the first step to improve water quality.
♦ Tillage mixes oxygen into the soil and increases the oxidization of organic matter resulting in the
release of carbon dioxide (a gas linked to global warming).

♦ No-till can increase organic matter in the soil's surface by 1,000 lbs/ac/yr.
♦ Consistent soil sampling depth, bulk density adjustment, and lab procedure are important in
monitoring changes in OM levels accurately.

♦ Fungal hyphae forms aggregates, which are the glue that holds soil particles together making them
more resistant to erosion.
♦ Soils, which have good natural internal drainage, see the most dramatic results in runoff reduction
in no-till fields.
♦ Soils with a high clay content or restricted layers "may" require vertical tillage to improve infiltration.
♦ Soil benefits are greater with continuous no-till than with rotational tillage, no-till one year and
tillage the following year.

♦ Although no-till fields will better support traffic due to the increased bulk density, random traffic
under moist conditions my result in surface compaction and increased runoff.

14

♦ Increasing organic matter and improving infiltration results in additional moisture being available
for higher yields.
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###

Additional Information

USDA NRCS Soil Biology Primer PA-1637
www.swcs.org

Soil Management Series (PC-7398)University of
Minnesota

Tel: (800) THE-SOIL; E-mail: pubs@swcs.org

order@extension.umn.edu
Tel: (800) 876-8636

USDA/NRCS Soil Quality Institute
www.statlab.iastate.edu/survey/SQI/

Sustainable Agriculture Network
www.sare.org/htdocs/pubs/

USDA/ARS National Soil Tilth Lab
www.nstl.gov/
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