
Minimum Tillage in the Southwest

Item Type text; Book

Authors Harris, Karl; Erie, Leonard J.; Fuller, Wallace H.

Publisher College of Agriculture, University of Arizona (Tucson, AZ)

Download date 24/05/2023 21:19:43

Link to Item http://hdl.handle.net/10150/313225

http://hdl.handle.net/10150/313225


 
 

 
 

 

College of Agriculture and Life Sciences 
Extension Publications 

 
 
The Extension Publications collections in the UA Campus Repository are comprised of both current 
and historical agricultural extension documents from the College of Agriculture and Life Sciences at 
the University of Arizona. 
 

This item is archived to preserve the historical record. This item may contain 
outdated information and is not intended to be used as current best practice. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Current extension publications can be found in both the UA Campus Repository, and on the CALS 

http://cals.arizona.edu/pubs/ Publications website, 
 
If you have questions about any materials from the College of Agriculture and Life Sciences 

pubs@cals.arizona.edu collections, please contact CALS Publications by sending an email to: 
 
 

 
 

http://cals.arizona.edu/pubs/
mailto:pubs@cals.arizona.edu






Minimum Tillage

In the Southwest

By

Karl Harris, Civil Engineer, Phoenix, Arizona (Deceased)

Leonard J. Erie, Research Agricultural Engineer,
U. S. Water Conservation Laboratory, Tempe, Arizona

And

Wallace H. Fuller, Head of Agricultural Chemistry
and Soils Department, The University of Arizona.

S ome tillage practices now used in the irrigated
areas of the Southwest have little or no value;
others may be harmful. This bulletin describes
the beneficial and harmful effects of some com-
mon tillage practices and discusses means of min-
imizing necessary but compacting operations.
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Summary

1. Tillage and traffic cause compaction on most soils.

2. Reduced pore space caused by compaction may reduce
yields by decreasing water intake, air movement, and root pene-
tration,

3. Overtilling increases production cost.

4. Compacted soil should be broken up, allowed to dry out
if possible, and traffic over the soil kept to a minimum. A light
harrowing between plowing and planting may be all that is
necessary to attain a desirable seedbed.

5. Soil plowed below compacted layers is in an ideal con-
dition for transmitting water into the plant root zone and for
leaching salts.

6. Soil should be cultivated only when necessary to control
weeds.



Effects of Form Mechanization

EXCESSIVE TRAFFIC
The essentially complete mecha-

nization of farms has not been ac-
complished without creating prob-
lems, especially on the irrigated
farms of the Southwest. Mechani-
zation has introduced implements
that can cause serious soil compac-
tion.

When the rubber-tired tractor,
for example, was substituted for
the horse, excessive traffic over
the land ensued. Working the soil
with modern equipment during
seedbed preparation and cultiva-
tion compacts the soil, creating so-
called tillage pans, which in turn
reduce water intake, root penetra-
tion and air movement.

Slow water intake is considered
by many irrigation authorities to
be the primary problem associated
with the management of irrigated
land.

COMPACTION PROBLEMS
Compaction, a result of particle

reorientation, can be caused by
wind, water, and equipment traffic.
Since it takes special practices to
control wind, and the soil must be
wetted throughout the root zone
by irrigation for best production,
effort must be directed toward re-
ducing compaction caused by equip-
ment.

This does not mean that we must
return to the horse era. It is ad-
vocated, rather, that tillage prac-
tices be kept to a minimum and
that those practices be used that
are least destructive to soil struc-
ture.

The consequences of compaction
are demonstrated in many ways,
some are:

1. The necessity to run water
longer for each irrigation set.

2. Excessive waste of water and
sometimes fertilizer from ir-
rigation runoff at the lower
end of fields.

3. Insufficient leaching of harm-
ful salts.

4. Reduce root penetration.

5. Inability to store adequate
quantities of water in root
zone.

6. Unequal distribution of irri-
gation water.

7. General reduction in yield of
crop.

8. Increased production costs.

Tillage - Its Meaning and Its Hazards

Tillage as considered in this bul-
letin refers to all of the mechanical
manipulation of soil by man.

Certain tillage practices are nec-
essary to incorporate crop residues
into the soil; to "break-up" com-
pact, residual soil masses; and to

prepare land for irrigation. Pre-
paring the seedbed, planting, cul-
tivating, and other operations in-
volving the application of fertilizer,
insecticide, and weedicide further
increase the traffic through the
cultivated area.
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On many soils in the Southwest,
the only period during the growing
season that irrigation water will
move freely into the soil is immed-
iately after plowing and before ad-
ditional tillage is undertaken. This
preplant irrigation leaches out
harmful salts, softens layers not
opened by tillage equipment, and
stores water for later use.

Cultivation and field operations
that necessitate traffic with rub-
ber-tired equipment—such as weed
eradication, insect control, and fer-
tilizer placement—aggravate the
compaction problem. Breaking up
compact layers and minimizing the
number of trips over the soil are
the keys in developing a soil-root
zone conducive to plant growth.

Tillage - Objectives

MAJOR OBJECTIVES
A farmer should have two major

objectives when he starts prepar-
ing the soil for planting: first, to
break up impermeable soil layers,
and second, to provide an adequate
seedbed. If these two objectives
are attained with a minimum num-
ber of tilling operations, the maxi-

mum favorable soil structure will
be maintained at a minimum cost.

How much tillage will be re-
quired, and the equipment that will
be needed, will depend on the kind
of soil, organic-matter content,
crop, method of irrigation, time of
year, size of seeds, salt concentra-
tion in soils, and soil moisture.

Tillage Principles

PLOW AT DIFFERENT
DEPTHS

Continuous plowing or disking at
a fixed depth causes tillage pans
to form that inhibit root growth.
Special tillage practices are neces-
sary to control pan formation and
eliminate pans already formed.

Excellent results have been ob-
tained by plowing below pans on
clay loam soils at Mesa, Arizona.
This was followed by a preplanting
irrigation (usually at least 1 foot
of water), after which seedbeds
were prepared by leveling clods—
usually with a light harrowing.
Seed such as small grain, sorghum,

peas, corn or cotton were then
planted. (See Figure 6.)

When small seeds such as car-
rots, beets, cabbage, or cauliflower
are to be planted, a more precise
tillage practice is required.

ALLOW SOIL TO DRY
THOROUGHLY TO ACHIEVE
MAXIMUM INTAKE RATE

Slow-drying, saline, Grabe silty
clay loam soils on The University
of Arizona farm at Safford, are
plowed, harrowed, and planted to
crops such as small grain or sor-
ghum in dry soil. A heavy irriga-
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BETTER WATER
UTILIZATION

On some soils, excess tillage has
decreased the infiltration rate to
a point where water cannot be
managed well enough to obtain
high irrigation efficiency and still
get adequate water into the soil to
leach salts or to satisfy plant
growth. Compacted layers cause
the water to move over the soil
faster. Thus, the water arrives at
the end of the field faster, runoff
starts quicker. The irrigator gets
the mistaken idea that moisture de-

ficiency in the root zone has been
satisfied, and cuts the water off.

In effect, the moisture deficiency
has not been corrected and water
should be run longer. A better
method is to maintain high infiltra-
tion rates by minimum tillage.

On other soils having compacted
layers—such as sands—water pen-
etration may be adequate, but the
compacted layers restrict root de-
velopment and thus reduce yield.
Scalding may also occur if water is
held on the land too long.

Research Shows Detrimental Effects of Compaction

EFFECTS ON CROP YIELDS

Alfalfa and Cotton

In 1954, a six-year rotation was
set up on The University of Ari-
zona farm at Mesa, Arizona, to
test the effects of various tillage
practices. The rotation consisted
of four years of cotton and two
of alfalfa. Two years of barley pre-
ceded the rotation. Tillage treat-
ments were as follows:

1. Plow, irrigate, and plant.

2. Plow, disk, drag, irrigate,
disk, and plant.

3. Plow, disk, irrigate, and
plant.

4. Plow, irrigate, disk, and
plant.

5. Plow, irrigate, disk, irrigate,
disk, and plant.

Each plot was carefully leveled
so it had no slope, and each re-

ceived the same quantity of water.
Though the time for water to pene-
trate varied, no plant scalding was
observed. Differences between till-
age treatments were due to factors
other than quantity of water avail-
able for plant use.

Though no great differences in
alfalfa yield occurred, the infiltra-
tion rates were considerably re-
duced by excessive operations.
(See Table 1.) Intake rates on
the minimum tilled plots, Treat-
ment 1, remained higher through-
out the two years of alfalfa in spite
of considerable traffic during the
harvesting operations.

Excessive tillage on short-staple
cotton reduced lint yields an aver-
age of 131 pounds per acre for the
years 1954, 1956, and 1957, (See
Table 2.) The minimum-tillage
plots not only yielded more cotton,
but at least $10 per acre was saved
in tillage expense.
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