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Tillage systems

Recent research imwolving tillage svstems has in-
cluded studies of responses of crops and soils to
conservation tillage practices. and of the changes in
the rooting patterns of plants that result from differ-
ent types of tillage.

Comservation Tillage

Tillage is the mechanical manipulation of soil to
prepare seedbeds. &0 control weeds and brush. to
bury residues or diseased plants. to loosen and mix
the soil for better aeration and water infiltration.
and to cause fast breakdown ot organic matter and
rejease of minerals #or plant nutrition. There are
several types of titfage practices because no single
one is suitable for aill soils and climates. One practice
that became important in the mid-1990s is conserva-
tion tillage. It is conmmmoniy defined as anv tillage and
planting system thaz siaintains at least 30% of the soil
covered by residue after planting to reduce water
erosion: or. where erosion bv wind is of primary
concern. maintains at ieast 1000 Ib/acre (1120 kg/
hectare) of flat. smaliterain residue equivalent on the
surtace during the critical wind erosion period. This
dennition is usefut in the United States when de-
termining if a field ceemplies with the 1985 and 1990
Farm Bills.

Variants. Conventaonal tillage consists of primary
and secondary tillagze. Primary tillage is often done
with tools that invert the soil (that is. moldboard
plows or disk plows): secondary tillage is generally
performed with dislics. subsurtace sweeps. or har-
rows. Weed controk is accomplished with herbicides
incorporated into the soil. cultivation. or postemer-
gence spray herbicides. Variants of conservation till-
age practices includse ridge tillage. stubble mulch
tillage. and no-tillage.

In ridge tillage. seedbeds are prepared on nidges
that are produced with tillage implements. Crop resi-
due is left on the so#k surtace berween ridges. Gener-
allv, only one seedt row is planted on each ndge.
Weed control is accomplished with herbicides or
cultivation.

In stubble muickr gillage. or simpiv muich tillage,
plant residues are nsmsmailv disturbed during tillage
and seedbed preparation so as to leave a protective
cover on the soil surtace. Subsurtace sweeps are the
general tillage implements used. Weed control can
be chemical or mecisanical.

in the no-tillage w:ariation. the soil is left undis-
turbed. except for ¥ne opening of the soil with the
seed drill to place the seed at the intended depth.
Previous crop residme remains undisturbed bv till-
age, and weed control is accomplished with herbi-
cides.

Conservation tillage practices are gaining some
acceptance among farmers but are far from being
the most popular pracsices. For example, of approxi-
mately 1.6 million hexcrares (4 million acres) of wheat
grown in Montana. niearly 30% receives some form
of conservation tillagre. but onlv 7% is no-tillage.
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Soil organic carbon at 0-30-cm (0-1-ft) depth in a fallow-winter-wheat cropping system
in the Pacific Northwest. (After P. E. Rasmussen and W. J. Parton, Long-term effects of

residue management in wheat-fallow: |. Inputs, yield, and soil organic matter, Soil Sci.

Soc. Amer. J., 58:523-530, 1994}

Various tillage practices have profoundiv difterent
influences on the physical and chemical properties
of soils because of variations in soiis and climate. A
given tillage practice emploved in different locales
may cause different soil responses. Certain soil and
Crop response factors are particularly important in
the semiarid agricuiture of North America.

Organic matter. Organic matter is an important con-
stituent of mineral soils. Its influence on physical
and chemical properties of soils far outweighs its
proportionate presence in soils. Long-term tillage
causes large decreases in Organic matter content of
soils. As compared with virgin equivalent grassiand
soils. culuivated soils lose 30-50% of their original
orgamc matter during the nirst 40-50 vears of cultiva-
tion. To maintain in cultivated soils the levels of the
onginal virgin organic matter. or to revert to them.
is impossible and unnecessary: but a certain level of
organic matter must be maintained for productive
agriculture.

Maintaining productive soils is a function of soil
and crop management. The fallow-wheat production
system in semiarid agriculture is particularly prone
to organic matter loss. Few crop residues are re-
turned to the soil. soil erosion is common. and mi-
crobes readily oxidize organic matter. Organic mat-
ter can be maintained in semiarid agriculture by
heavy application of manures where available (see
illus.). or by soil and crop management practices
that allow annual cropping. which returns propor-
tionallv more crop residue to the soil as compared
with alternate fallow-crop production.

Bulk density. Soil bulk density. the dry weight of a
unit volume of soil, includes both solids and pores.
so loose and fluffv soils have lower bulk densities
than more compact soils. Depending on soil types
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and soil conditions. bulk densities range from about
1.0 to 1.8 g/cm’ (0.6 to 1.0 0z/in.*) in surface soils.
The higher buik densities are found in sandy loams
and sands. Crop and soil management practices in-
fluence bulk density. Additions of large amounts of
manure or organic residues lower bulk densities.
whereas intensive cultivation. which includes heavy-
machinery traffic, increases bulk densities.

Resuits from recent comparative tillage studies in
the United States have been inconsistent with re-
spect to bulk-density effects. Some studies found
that bulk densities increased under no-tillage as com-
pared to conventional (plow) tillage. Results from
other studies show a decrease in bulk densities under
no-tillage. Data from a 10-vear study on the northern
semiarid Great Plains showed a decrease under no-
tillage. On the southern Great Plains, results were
mixed: some studies showed a decrease in bulk den-
sities following a period of no-tillage, others an in-
crease. When tillage practices are changed. it takes
several vears for significant permanent changes to
take place in soil properties such as bulk density.

Soil penetrationresistance. Resistance of a soil to pen-
etration can be measured with a cylindrical rod that
has a blunt or tapered probe tip. Penetrometer resis-
tance is an integrated index of soil density, soil water
content, soil texture, and type of clay minerals pres-
ent in the soil. The most important factor influencing
penetrometer readings appears to be soil-water con-
tent. Therefore it is important when comparing pen-
etration resistance among tillage treatments that soii-
water content and bulk density also be determined.
Soil penetrometer measurements are more sensitive
to small changes in soil strength and density than
bulk density. Soil bulk density is generally measured
by taking relatively large soil volume samples.

Penetration resistance generally followed the
same trends as bulk density in studies conducted on
the northern semiarid Great Plains. Resolution of
differences among tillage treatments was generally
higher with penetrometer measurements. Annually
cropped no-tillage wheat lowered penetration resis-
tance as compared with conventional fallow-wheat
crop sequence. Results from the southern Great
Plains were again mixed, with no difference be-
tween no-tillage and tilled treatments in some cases,
and increased penetration resistance under no-tillage
in other cases.

Infitration. Water infiltration refers to the down-
ward movement or entry of water into the soil. Infil-
tration can be estimated in various ways. from pond-
ing water on the soil surface to using rainfall
simulators. Data from a study of rainfall simulator
infiltration on the northern Plains showed that there
was little difference in infiltration between no-tillage
and tilied treatments. On the southern Plains, rainfall
simulator infiltration was highest on tilled treat-
ments. Surface crusting is a serious problem on many
soils. hindering infiitration. The low infiltration on
no-tillage treatments was ascribed to this soil crust
formation. Tillage loosens the soil surface and cre-
ates small basins for water to accumuiate, thereby
increasing infiitration. In no-tillage, the residue is left
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undisturbed and. along with other factors associated
with no-tillage and tillage treatments. reduces soil-
water evaporation from the soil surfaces. Thus, over-
all soil-water conservation was greater for no-till-
age treatments.

Cropresponse. Crop vields across the United States
are generally favorable for conservation tillage prac-
tices. including no-tillage. On the southern Plains,
no-tillage practices are viable for conserving soil wa-
ter. they have no adverse effects on soil properties,
and wheat vields have been similar on conventional
and no-tillage fields. On the northern Piains. a 10-year
study shows that no-tillage management of annuaily
cropped wheat was the most profitable practice
when compared to other management practices, in-
cluding traditional fallow-crop rotation. The study-
included five low-vielding vears (as low as 2 bushels/
acre or 135 kg/ha), and five high-vielding years (as -
high as 51.5 bushels/acre or 3465 kg/ha).

Fallow practices may have their place, particularly )
during drought years: and infrequently, it is neces- |
sary to incorporate into the soil fertilizers that doz-
not readilv move in the soil solution, for example,
phosphorus. Large applications of phosphorus will--
satisfy plant requirements for many vears. Nitrogen, -
however. must be applied every vear: and depending
on the type of nitrogen fertilizer. it must be either
broadcast or injected into the soil. Injection causes:*
soil disturbance. Weed control can usually be accomf%
plished with herbicides. regardless of the nuagca
method used. There may be occasions when a partic-
ularly noxious weed infestation must be me >
cally controlled. With modern. improved farming®
techniques. including appropriate use of herbicidesy:
conservation of soil water, and protection of soil¥
from erosion. the general conclusion is that no-tillage =
and reduced-tillage farming are viable practices and ¥
that successtul farming on the semiarid Great Plains -
need not include a season of summer fallow. &

J. Kristian Aase

Tillage and Root Development

A soil-root association is extremely complex and%
delicate, and can be altered in countless ways by,
tillage-induced disturbance. in considering the vastyz>
different soil types. climates, and crop plant speci
that are found in modern agricuiture, it is obvi
that the type and magnitude of crop root responses
to tillage systems are extremely variable. Differences¥ {
among soil tillage systems influence root ¢
and development in a variety of ways that may
impact plant performance and, uitimately, Croj
vield.

As farming becomes more specialized and sop!
ticated, and as costs continue to rise, a greater unde:
standing of plant-soil interactions within modes
cropping systems is essential. The urgent need
reduce soil erosion and runoff of agriculturai chemié

of alternative agriculitural tillage systems. The
sponse of particular crop plants specifically in -
of their root svstems has not often been considereq
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