TILLAGE operations require tools and machinery, afid their effectiveness
often depends on picking the right implement jor the job. In this article
many of the implements now available Jor these purposes are described.
The development and improvement of agricultural machinery is one of the
major achievements of modern times, but as the author points out, much
remains to be done.
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THE maiiJior of liiuidling soils for agricultural purposes dopciuls
upon the particular req u i reinen t, and involves the use of a wide
variety of machiner}^, raTiging from tiie age-old plow to the more
I'ccent and "more complex equipment used in digging ditches for drainage ])urposes and building terraces for the control of soil erosion.
"Tillage tools are expected to produce certain effects on the soil
directly beneficial to the crop. In recent years the selection of the
right equipment has been made much easier by the availability of
efficient and reliable macluTiery to meet almost any need and b}^ the
establishment of engineering advisory services by manufacturers and
others.
PLOWING
If the action of the moldboan] plow is carefully analyzed, the t\^pe
of plow in relation to soil types and the preparation of these soils for
plant growth will be seen. The plow breaks loose or shears off the
furrow slice by forcing its '^triple wedge'^ into the soil. These forces
produce definite shear planes, called primary and secondary, as the
soil is turned. The primary shear planes (fig. 1) extend forward and
upward at an anecie of 45° with the horizontal plane and at an angle
of 45° with the direction of travel of the furrow slice on the moldboard.
The soil is thus broken into lumps the size of which depends upon its
physical condition. Sandy soils shear easily and heavy soils require
considerable force. Wheii the soil is thus broken it is forced up over
the moldboard surface, the moldboard surface being warped or
twisted for inversion. The turning or inversion effect requires that a
secondary" set of shear planes at right angles to those first produced
1 B. B. Gray is Chiof of the Division of Mechanical Equipment, liureau of Agricultural i:ngineering.
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FiGUKE 1.—Rear view of plow bottom showing furrow slice breaking apart aloug
primary shear planes.

be imposed upon the soil mass, the soil being further pulverized and
inverted at the same time.
Sod plows, used where the soil is tied together with a root mass,
have long sloping moldboards. If too much force is required to break
the soil into pieces or if it will not bend or twist on a steep moldboard
surface, the furrow slice will be thrown crosswise instead of being
inverted. With a light or sandy soil a steep moldboard is required,
because the soil does not have sufficient rigidity to allow its passage
over a long surface. Between these extremes are various shapes
designed for soils of different resistive properties. The frictional
relations between soils and metals are also important, particularly
in soils containing much sand or other gritty material. If the soil is
not sticky, either chilled cast iron or soid steel may be used ; if it is
sandy or gravelly, chilled cast iron, which resists abrasion much
better, should be used; if it is sticky, soft-center steel is commonly
used, but chilled steel may be used in some instances ; if it is excessively
adhesive, slat moldboards or rods are used in place of the conventional
moldboard, so as to reduce the surface area to which the soil can
cling. Also abrupt curvatures must be avoided in sticky soils.
The English-type plow, in which the moldboard has a convex surface,
opens the soil and pushes it over with materially less pressure in the
inversion action than the American or digger type.
It is estimated that about 2'A billion horsepower-hours are used
annually on farms of the United States for plowing and listing alone.
This is practically one-third of all the farm draft work. Census
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figures indieale it is equal to the horsepower-houi-s normally used in
the cemeut-manufacturing industry. With this high power requirement, and the eflects on subsequent tillage operations, as well as on
crop growth and yields, it is important that this hiitial step be taken
intelligently.
The use of plows—moldboard and disk—is wide and varied and
their designs both as to shape and materials have been developed to
meet the needs. Under certain extreme conditions, however, present
equipment fails to meet requirements and much research is still
needed.
Moldboard plows, the type most commonly used, vary in size from
6 or 8 inches in width of furrow cut to as much as 6 feet, the latter
being a special ditching plow developed in the West. Probably the
majority of moldboard plows range in size from 7 to 18 inches and are
single- or two-furrow horse-drawn walking plows, one- or two-furrow
sulky (wheeled) plows, horse- or tractor-drawn, and up to probably
six-furrow tractor-drawn, although tractors are on the market that will
pull as many as fourteen 14-inch moldboard plows.
Wliere one-mule farming is done, as in many localities of the southeastern Cotton Belt, a single-furrow 7- or 8-inch walking plow is commonly used. This does not permit of plowing more than about 4
inches deep, of covering much trash, or of plowing a very large acreage
in a given length of time. It does aerate the soil and cover some of
the smaller weeds and trash. This plow, as a rule, is fitted with chilled
moldboards and shares to resist abrasive soils. Wehere scouring difficulties in sticky soils are encountered slatted moldboards are provided. This type of moldboard is also used under similar conditions
on larger horse and tractor plows. The hillside plow is so made that
the plow bottom can. be turned on a longitudinal axis, thus enabling
the plowman to go back and forth across slopes always throwing the
furrow slice in the same direction. These plows are usually small.
In the larger plows, both horse- and tractor-drawn, there are several
different shapes adapted to a variety of soil and field conditions.
At one extreme is the breaker type with a long easy-turmng moldboard, adapted to virgin or tough sod, for laying; the furrow over
smoothly in a long ribbon. At the other extreme is the stubble bottom with its short, abrupt moldboard for pulverizhig old ground, as
in fields of small-grain stubble, and mixing it with the stubble and
trash. Intermediate are such plows as the general-purpose bottom,
which works well in stubble land, tame sod, or old ground, and is
eflective in covering trash and weeds; and the black-land bottom, with
the mold and the suction of the share so constructed that the plow
will penetrate and stay in the ground whether or not the parts scour.
The latter is used in black land, '^buckshot,'' and other heavy soils.
Slatted moldboards of the stubble type are frequently used in these
difficult soils.
With the advent of rubber-tired tractors and the tendency to increase plowing speeds, have come plow bottoms with less abrupt
shapes, sometimes called speed bottoms. These shapes, at the higher
speeds, efl'ect more or less the same results as the horse-drawn or slow
tractor plows.
Adapted for use in irrigated fields where dead furrows are a hin-
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drance to controlling the flow of water, in hilly regions, and in irregularly shaped fields, is the special tool known as the two-way plow. As
its name indicates, it may plow in either direction and throw all of the
furrows one way. It is fitted with both right- and left-hand bottoms—
one of each on horse-drawn plows and generally two of each on tractordrawn (fig. 2). This plow accomplishes the same results as the hillside plow previously described. In European countries frequent use
is made of a balance plow—one set of shares in the ground, when in
operation, the other in the air with tlie plow beams at an angle of some
40° with the horizontal but facing in the opposite direction. When
the direction is reversed the set of plows in tlie ground is raised and
the other is lowered.
As mentioned before, conditions not only determine tlie shape but

FIGURE

2.—A two-bottom two-way plow in ut-e in California.

the size of the bottom. It is generally considered that a plow does
its best work when operating at a depth one-half to six-tenths of its
normal width at normal speed under good plowing conditions. For
root crops, such as sugar beets, potatoes, and mangels, at least a 14inch plow is necessary and a 16- or 18-inch plow may be better. The
]4-inch is the common size of tractor plow. If much trash is to be
plowed under, asa rank growth of cornstalks, plows with 16- and 18-inch
bottoms and large clearance are better. For the control of the com
borer or other pest where complete coverage of trash is necessary, large
bottoms of the general-purpose style are best.
Complete coverage of trash and weeds is facilitated by the use of
attachments. The rolling colter and jointer used together cut the
edge of the furrow slice cleanly, pare off a corner of the slice with its
projecting grass or weed growth, and deposit it in the furrow where
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it is covered by the furrow slice. A self-alining disk jointer has been
developed by the Bureau of Agricultural P^nghiecring to take the place
of the rolhng colter and jointer and is especially adapted to trashy
fields. Sheet-metal trash guides, also designed by the Bureau, guide
trash under the furrow slice as it is turned (fig. 3). The self-aiming
disk johiter may soon be put on the market by manufacturers. Weed
rods or long wires are sometimes attached to plows to facilitate good
coverage of cornstalks or tall weeds. For the coverage of broomcorn
stalks, swcetclover, and stubble, broomcorn spring attachments are
used. These attachments press the stalks down, and if a notched

FIGURE 3.—Trasli guides drag stalks and trash into position to be fonii)k't(.'lv
covered by the furrow slice. The result is a clean job of plowing, a big factor
in insect control, particularly in keeping
down the European corn borer.

colter is used in conjunction with them, the notches catch the trash
so it is crowded down and not pushed ahead as it frequently is with
the smaller plain disk colters.
In semiarid farming regions and where soil is underlain with hardpan, subsoil plows are used to open up the ground for deeper moisture
penetration and to prevent souring of the soil. Attachments for
moldboard plows as well as so-called chisels are also used for this
purpose. Some chisels penetrate ]8 inches or more and are used in
the deeper soils to open them and break hanlpan to let in more surface water.
Disk plows (fig. 4) work best in soils so dry and hard that moldboard
plows penetrate with difficulty, and in sticky soils, such as gumbo,
where moldboards do not scour. They may also be used eft'ectivelv
in loose soil and where there are many roots, shrubs, and bushes. Disk

334

^ Yearbook, 1938

plows are of both tractor- and horse-drawn types, with from one to
seven or eight disks. The most common tractor and horse sizes are
24 and 20 inches, respectively, but some disks are as large as 30 inches
in diameter. The depth of plowing with these plows may be varied
from 4 to 16 inches and the width cut per disk from about 7 inches
to 12 inches. On some disk plows the angle of the disk with the
vertical plane may be varied for better penetration, pulverization, and
turning. Some of them are made to permit of widening the space
between adjacent disks for better handling of heavy trash.
For use in ordinary plowing there are individual stationary paddletype scrapers for cleaning the disks and a revolving-type disk scraper
£or use in sticky soils.
The one-way dislc plow^ (variously known as the one-way^, Wheatland, harrow, disk tiller, cylinder, and vertical disk plow), which
might be called a combination of a disk plow and disk harrow, is used
in many sections for summer-fallow work. In fallow land it should be
used as early as possible in the spring to start weed growth by loosening
the soil and causing earlier warming, and throughout the summer to
destroy w^eeds. When used in the stubble fields of the Wheat Belt it
leaves the stubble well mixed with the soil but with enough exposed to
retard blowing, (This tool has become popular wâthin the last few
years, but it should be used with discretion, since excessive use of it
in certain localities fines the soil to the extent of increasing losses from
blowing and washing.) Because the disks of this plow all face one
way, it works with its axis at an angle—between 35° and 45°—and
the thrust is taken by specially angled front and rear wheels. The
cutting width of these machines ranges between 4 and 10 feet, the
disk sizes from 20 to 26 inches, and disk spacings from 6 to 10 inches.
In the southeastern Cotton Belt, where soil-building winter legumes
arc growm, tests conducted by the Bureau of Agricultural Engineering
in 1936 and 1937 indicate that most effective killing of the legumes in
the spring can be done with this type of tool with a disk spacing of
10 to 12 inches.
Aliddlebustei's and listers are similar in appearance to a double plow
with a right- and a left-hand bottom mounted back to back. They are
used in the preparation of ridges in which to plant cotton, potatoes,
swectpotatoes, and other crops bedded in rows. ^ Frequently the land
is first plowed (flat broken) then later ridged with the middlebuster.
This tool is also used to clean out the middles, break out the rows, and
sometimes rebust. In the scmiarid regions it is used for placing the
soil in ridges to hold moisture and prevent blowing. In these regions,
too, this ty])e of tool is mounted on a planter called a lister and wheat
or corn is planted in the resulting fm-row. A basin-forming lister
attachment (fig. 5) which automatically forms dams at regular intervals in the furrow to hold moisture for the corn that is planted at the
same time, was developed cooperatively by the Bureau of Agricultural
Engineering and the Iowa Agricultural Experiment Station. Applications of this device are being used extensively in semiarid regions
including areas suffering inuch in recent years from excessive soil
blowing.
Listers and middlebusters (busters or breakers) are available in
walking, riding, and tractor types of from one to five row\s, and,
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according to the type, in furrow sizes from 8 to 14 inclies. There is
also a 20-inch size for opening up furrows in which to plant sugarcane.
HARROWING
As plowing may be considered the primary tillage operation, harrowing
may be termed the secondary operation, the purposes of which are to
level the plowed soil, fine and compact it, and destroy weed seedlings.
The disk liarrow is probably the most useful of all harrows, ranking next in importance to the plow (fig. 6). After spring plowing
as a rule the ground should be disked immediately. Fall-plowed land
should preferably be disked the following spring as soon as the land is
dry enough to work. Disking pulverizes the soil, reduces large air

FIGURE

4.—X five-bottoiu disk plow preparing land 10 inches deep.
are 26 inches in diameter.

The disks

spaces, and helps form the seedbed. Sometimes the disk is drawn
along behind the plow, making a once-over operation. Frequently
fields can be put in good condition for planting small grain by double
disking alone. Some makes of disks are provided with depth gages
which prevent too deep penetration in light and sandy soils, such as
are found in fruit-growing areas in Florida and other regions.
The penetration of a disk harrow may be regulated by angling the
gangs; the greater the angle the greater depth the disks will penetrate.
Disk harrows may be generally divided into horse-drawn and tractordrawn. The horse-drawn, as a rule, are single cut, and in order to
leave the soil level the land must be disked in the opposite direction.
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Double-cut disk harrows—two gangs in front and two in the rear—keep
the soil level. Both 16- and 18-inch disk sizes are available and widths
of cut range from 4 feet if horse-drawn to 20 feet if tractor-drawn.
Special disk harrows with distance between gangs adjustable for
cultivating under trees in orchards are available in several sizes, as
are also cutaway disks—with sections of the periphery in the disk
cut out—for conditions where extra deep penetration is necessary
and thorough pulverization is not essential.
■ i, ■
The spike-tooth harrow (peg-tooth, smoothing) aids materially in
breaking clods and Icvelmg the ground (fig. 6). It is also effective in
covering seeds. The desired depth of penetration may be obtained
by adjusting the angle of the teeth—the nearer to vertical, the deeper
the penetration. Under extreme conditions additional penetration

FIGURE

5.—A basin-forming lister attachment which forms dams in the furrow
to liold moisture for corn planted at the same time.

may be obtained by the addition of suitable weights. The width of
cut ranges from the size of a single section, which is about 5 feet, to
about 25 feet when several sections are pulled abreast. On some
types the teeth are rigid within the section while in others the individual bars are free to conform to the surface of the ground, and in
still others, through links, the individual teeth are free to follow the
ground contour.
The spiing-tooth harrow does not have so wide an application as the
peg-tooth harrow, but it is capable of penetrating sufficiently to tear
up deep clods. With the flexible teeth little damage is incurred from
butting stones or other obstructions. By the use of special types of
teeth, this tool may be used to advantage in digging out roots of
quackgrass and other noxious weeds or in cultivating alfalfa. It is
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available in two typos, mounted and unmounted. The former is
carried on a frame supported on wheels while the latter slides along
the ground. Levers are provided for changing pressure on the teeth
which determines depth of digging. Generally the sections of this
harrow have three rows of teeth staggered, and the harrow is available
in working widths of from about 5 to about 17 feet in one to six sections.
Clod crushers and mulchers are used to break up lumps left by harrows and to compact the soil, thereby eliminating large air spaces
which destroy capillarity and interfere with seed germination. Various
rollers are used for this purpose. The plain roller is often used to
compact grassland that has heaved during the winter leaving pockets
detrimental to the growth of the grass. The roller is frequently used
in alfalfa holds also.
The corrugated roller—single and tandem—is used to firm the soil
after plowmg and to break up clods (fig.7). Tandem rollers are
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Fiuuiiii Ü.—Double disk harrow fullowud by thrcc-scctiou spike-tooth harrow.

cs])ecially ofTcctivc in crushing clods as the ridges of the second roller
split the ridges left by the first. Generally the front rollers are about
3 hiclics larger in diameter than the rear ones, and when clods are
very hard the rear rollers may be raised and fi.xed in position so that
then- weight is added to that of tlie front ones. After wheat has been
sown this type of roller compacts the soil around the seed to improve
germination, and the corrugations left on the surface help prevent
soil blowing. The working width of these tools ranges from 3 feet
shigle and tandem to as much as 10 feet.
Another type of effective clod crusher and packer is one made up
of a series of sprockets loosely fitted at the hub and mounted between
5918U°—.'iS-
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successive pairs of sharply ridged rollers. In moist soil the lagging
of the sprocket members tends to prevent clogging of the rolls. These
are available for use with both horses and tractors and range in size
from 4 feet to 15 feet.
Other types of clod crushers which produce similar results are also
available.
For preparing a seedbed in one operation there is available a

FIGURE

7.—The corrugated roller firms the soil and
breaks up clods.

machine with tines rapidly revolving in a vertical plane, wliich pulverizes the soil as the tool moves along the field. This is mainly for
spring work in markot-gardenirg districts, greenhouses, nurseries,
etc., and is available in sizes ranging from a 14-inch width of cut to
48 inches. The depth may be vaiied from very shallow to about
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10 indies. In Eno-land there is an implement with a series of revolving blades whicli ]M-c])arcs a seedbed in one operation as it moves
across the field stining the soil to a depth of 12 to 18 inches and
breaking up any liardpan. It does not bring np subsoil or dormant
weed seeds and is especially useful in preparing land for root crops,
but it requires a very large tractor.
CULTIVATION
Weed destruction is the primary purpose of ciiltivation, but the
method and degree of cultivation affect the quality and yield of the
crop. Except for combating the longer rooted perennial weeds,
shallow cultivation is preferable. Deep cultivation, particularly
after tlio plants have considerable root spread, tends to cut on crop
roots, a practice particularly bad in dry periods.

FlGUHE 8.—The rotary-hoe cultivator, haviiifi wheels with ¡¡rejecting fingers, is
'
used on corn and otlicr row croi)s in tlie early stages.

Probably the most common cultivation tool is the shovel cidtivator.
In their simplest form the shovels are slioi't, narrow, slightly curved,
l)()inted steel pieces which dig into the soil according to the pressure
applied. For very shallow cidtivation there are sweeps of various
widths. These cidtivators are available in sizes ranging from the
one-horse type up to two-row horse- or tractor-drawn and threeand four-row tractor-mounted machines. One-horse and one-row
e(iuipment may be eitiicr for walking or riding. The number of
shovels used per gang, as well as the type, depends on the crop and
on soil characteristics. The shovels or sweeps are sometimes replaced
by disks or disk hillers when it is desirable to move a considerable
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quantity of soil or where trash and vines are to be cut to prevent
clogging the cultivator. Sections similar to spring-tooth harrows,
flexible-tooth wcoders, or flat-surface cultivator blades may also be
used in place of shovels.
The rotary hoe (fig. 8), consisting of a series of 18-inch hoe wheels
fitted with radially projecting fingers, is useful in the early growth
stages of corn and other row crops. Its success, however, depends
on getting into the field before the weeds have made as much growth
as the crop; otherwise the crop plants also would be kicked out. It
appears to be most effective at speeds somewhat higher than the
average speed at which a horse walks. This tool is effective also in
breakmg crusts resulting from hot sunshine after a beating rain. It

I'lLiLiti^ l). A ciui.s bluckcr used in Ijcet fields fur reducing the luuubcr of seedlings previous to thinning. The sweeps or knives may be adjusted for any
desired distance between plants.

is available for use with horses or tractors and is frequently used in
combination with other cultivating tools. The sizes range from 7 to
21 feet in width and harrows of some sizes are built in tandem.
In cooperative studies on corn-production macliinery made by the
Bureau and the Iowa Agricultural Experiment Station, the best
results in cultivation of early, surface-planted corn were obtained
with a cultivator fitted with a pair of rotary-hoe wheels near the row
and six sweeps between the rows. In weedy corn a cultivator with
two pairs of disk hillers and one pair of sweeps per row gave best
results.
For cultivating crops with narrow row spacing—beets and beans
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for example—there is a special cultivator which covers at one time
the same number of rows as planted at one time by the dru!. For the
cross blocking of beets—reducing seedlings previous to thinning—the
sweeps or knives attached to the beam of the cultivator frame may
be shifted to leave any size block desired (fig. 9). In some foreign
countries the same type of tool is used for cultivating wheat.
The so-called field cultivator, with long slender teeth spaced about
3 inches apart, may be used for cultivating practically any crop when
weeds are small and not firmly rooted. This tool, however, is not
especially effective in wet or firm soil. The rod weeder is used in
cultivating fields where weed growth is to be kept down and a good
seedbed maintained for the next crop (fig. 10). The working element
of this machine is a horizontal rod at right angles to the direction of
travel, driven by one of the supporting wheels, which revolves at a
depth of 1 to 5 inches below the soil surface. The roots and weeds are
wrapped around the rod and pulled out. This weeder is frequently
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FioUKJS 10.—A rod weoder. A horizontal rotating rod (not visible in the picture)
is pushed thruugh the loosened soil at a depth of 1 to 5 inches. Weeds are wrapped
around the rod and pulled out.

used in fallow land and ranges in working width from 8 to 12 feet in
single miits to greater widths up to 36 feet obtained by combining
two or more units.
While present equipment does efi'ective work against many of the
more common annual weeds, certain perennials are very tenacious
and in some localities are overruning farms and making them unproductive. More research on the habits of such weeds is needed to
determine the best time to attack them. With this information at
hand, existing equipment can be used to better advantage and
improved equipment developed.
For the use of market gardeners, horticulturists, amateur gardeners,
and growers with small acreages there is a wide variety of tillage tools
available to fit practically every requirement. These include garden
tractors—both walking and riding, ranging in size from 1 horsepower
to a maximum of 10—capable of pulling single-furrow plows of 6-inch
size to a maximum size of 12 inches. Such tractors are provided
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with various types of attachmeiits to handle ordinary cultivatitig and
other tillage operations.
Hand-operated tools, such as tlie push-type cultivator and seeder, as
well as a wide assortment of small tools for specific tillage i)urposes,
should also be mentioned.
It is impossible to discuss in this article the many details of construction and use of such a wide variety of equipment, or to enumerate all the tillage tools on the market, but further information may be
had by writing manufacturers for literature covering the particular
requirement. More fundamental information is needed on how tillage
tools should be used for maximum efi'ectiveness in various soils and on
different crops, and some research is now going on in this field.
STUDIES OF TILLAGE MACHINERY AFFECTING
COTTON AND CORN CROPS
The Cotton Crop
Approximately one-third of the cost of producing cotton is made up
of seedbed preparation, planting, cultivating, and hoeing. These are
all tillage operations, and unless planned and executed advantageously
they may hinder the farmer in following a diversified crop program
and cut down his yield of cotton as well. The joint eflorts of many
of the scientific branches of agriculture are needed to determine the
relation between crop growth and soil manipulation, so that the manufacturer, on tlie basis of such, information, can provide better tools.
Work along this line on one soil type—Ked Bay fine sand}^ loam—
was started in Alabama in 1932 by Üie Bureau of Agricultural Engineering and the Alabama Agricultural Experiment Station. Measuring results in cotton production, labor, power, and machine requirements in 37 conventional methods of seedbed preparation, the studies
are intendeci to evaluate several methods of cotton planting and 24
methods of cultivation.
In seedbed preparation it was found that the highest average yield
over the period, 1,333 pounds of seed cotton per aero, was obtained
on the plots plowed or ^'busted'' 8 inches deep in the winter, when the
soil was relatively dry, and then allowed to settle and mellow until
spring. ^ At planting time the soil thus manipulated was cloddy.
Approximately 30 percent of the soil mass to the 8-inch depth was in
clods more than 1 inch in diameter with an apparent specific gravity
at the 6-inch depth of 1.22. (Apparent specific gravity is a measure
of a soil's relative compactness and is expressed as the ratio of the
weight of a given volume of water to that of an equal volume of dry
soil. ^ An apparent specific gravity of 1.5 to 1.6 is normal for this type
of soil when undisturbed.) Eleven man-hours and 38.8 mule-hours
(26.3 calculated horsepower-hours) per acre were used in this method,
which involved four operations—cutting stalks, plowing, bedding, and
smoothing. The crops grown on plots treated in this manner were
less affected by drought than those receiving other treatment.
l^Tiile the above method caused the soil to maintain an open granular structure throughout the crop season, certain other methods
tended to destroy desirable soil structure by excessive pulverization.
In this same depth series, six operations—cutting stalks, ''busting"
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rows, subsoiling, listing back, "busting" the middle, and smoothing—
produced 1,258 pounds of seed cotton per acre in a finely pulverized
seedbed with a specific gravity of about 0.9. More than 18 manhours and 71.2 mule-hours (41.3 calculated horsepower-hours) per
acre were used.

I'UUKE 11.—The variable-depth cotton planter. Note the three-lobed cam
on the side of the front wheel which causes the seed to be planted at varying
depths.

Still another method in the 4-inch deptli series produced a finely
pulverized seedbed and showed a further reduction to 1,071 pounds
with the use of 25.8 man-hours and 33 mule-hours (21.3 calculated
horsepower-hours) per acre.
The usual farm practice is to wait until spring to start seedbed

■^ - ^^'fmm^Sm^
..'^FiGURE 12.—Part of row of young cotton plants grown from seed put in with tlie
variable-depth planter.

preparation work and then, by shallow working, produce a nicely
rounded loose seedbed just before planting. This tends to produce a
plow sole. The first method, the one producing the cloddy, open
seedbed, is to be recommended on this particular soil type.
Soils appear to vary in their ability to assume a semipermanent
structure that will aid crop production. The methods found best on
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the Red Bay fine sandy loam may not be best for other types. It
would therefore seem advantageous to agriculture that mvestigations
of this nature be carried on not only with cotton in other soil types
but with other crops in other regions.
In the neighborhood of Montgomery, Ala., where these seedbed
preparation studies were made, about 50 percent of tlie cotton has to
be replanted each year. By using the Bureau's variable dei)th planter,
which plants cotton in depths varyhig from 0 to 1% inches in cycles of
about 18 inches, no replanting was neces3ar3^ Before planting the
seedbed was cut to the desired height with, a sweep shaped to give the
bed a slight crown (figs. 11 and 12).
Cotton-cidtivation studies indicated that row cultivation should
be shallow aiid just sufficient to keep down the weeds. Tlie recommendation, based on the data and on land free of Johnson grass,
nutgrass, or large weeds, is to start early cross-row cultivation soon
after planting to keep down the weeds, break the soil crust, and help
bring the cotton to a stand of strong plants. Chopping w^as followed
by shallow row cultivation, frequent enough to control weeds.
In the South the growing of winter legumes as a soil-building crop
has proved profitable. Extension of this practice dcjicnds upon the
ability of the farmer to turn under a greater acreage of cover crops in
the limited time available for such work. Studies conducted on one
soil type by the Bureau during the J936 and 1937 seasons show that
the method of planting the legume has a marked eil'ect on its rate of
growth, and on the stand. They show also that the method of incorporating the crop debris affects the yield of the following cotton
crop by as much, as 300 pounds of seed cotton per acre, and that the
incorporation of organic matter affects the cost of preparing ihe seedbed for the year following the first crop of cotton after the legume is
plowed under. This is evidenth^ due to the effect of the organic
matter on the soil structure. The results indicate that the power for
preparing an optimum seedbed may be reduced 50 percent or more.
Effective equipment appeared to be the 14-inch moldboard plow
operating at 3 miles per hour and plowing 4 inches deep, or the vertical
disk plow with ] 0- or ] 2-inch spacing of disks at 3 to 4 miles per hour
and at a depth of about 4 inches. The nude plow with colter and
covering wire was also effective. In many cases where the plants
were insufficiently covered, following with a double-disk harrow accomplished the purpose. Disking previous to using the vertical-disk
or moldboard plow resulted in better coverage.
The Corn Crop
In the cooperative studies with the Iowa Agricultural Experiment
Station extending over several years, it was found that for the primary
operation in preparing a seedbed for corn the substitution of cheaper
operations adversely affected yields. Such tools as the one-way disk
and feed cultivator were used for comparison.
The moldboard plow was also compared with another type of plow
having the rear half of the moldboard replaced with a power-driven
rotating member fitted with blades for pulverizing the furrow slice as
it leaves the stub moldboard. Although the amount of seedbed preparation done subsequent to plowing was the same with both plows, no
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significant difference in yield was noted in either case, except under
unusually wet or dry conditions when the results with the ordinary
plow were slightly inferior.
The secondary operation following the plowing consisted in breaking
up large clods and filling any large air spaces in the soil, planing off
irregularities in tlie soil surface so that planters and cultivators would
operate at a uniform depth, and killing weed growth up to the time of
planting. In central Iowa this work is usualty done with the disk
harrow and the lever type of spike-tooth harrow. In localities infested with quackgrass or Canada thistle, a spring-tooth harrow or a
field cultivator is preferred over the disk harrow because of its action
in dragging out the w^eed root runners. Under some conditions the
field cultivator is preferred with sweeps or (hickfoot shovels instead of
the narrow pointed shovels.
An experiment comparing the work of the duckfoot field cultivator
with that of the disk harrow was conducted for 3 years. Results
showed no significant difl'ereiice in weed control, stand, or yield in any
year. Little difference in energy expenditure was noted—for 3-inch
depth of cultivation a draft test showed a draft of 105 pounds per foot
of width for the field cultivator compared to 95 pounds for a singledisk harrow. The field cultivator dragged out and left on the surface
some of the cornstalks and other trash that had been covered in plowing and left many clods on the surface. The disk harrow improved
the trash coverage and left the surface more finely pulverized. The
lever type spike-tooth harrow w^as used for the lighter tillage operations. Previous observations had shown that the spike-tooth harrow
was generally preferable to other machines tried for the lighter
operations in preparing the seedbed. A spring-tooth w^eeder was
inferior to the harrow in breaking clods and in. leveling or smoothing
action (planing). A land roller, or cultipacker, broke clods, packed
the surface, and killed small weeds imder dry conditions, but it had
very little planing action and did not work well except when the surface soil was dry. A rotary hoe was equal to the harrow^ in killing
weeds and breaking large clods, but it had practically no planing action.
A rotary-hoe section was found to be preferable to a harrow section
for use in combination with a plow, especially if the soil contained excess
moisture.
More comprehensive studies with machines and methods of preparing the seedbed were started in 1937. For the primary operation,
comparison was made of deep plowing, shallow plowing, blank basin
listing (not planting at the time the basins were made), chiseling, and
check plots on which the primary operation was omitted.
Based on 1 year's work only, shallow fall plowing 4 inches deep produced 6 bushels per acre increase over check plots that were not
plowed. Deep plowing (8 inches) produced a slightly lower yield than
shallow plowing. Blank basin listing caused a yield increase of 1.5
bushels per acre over check plots, while chiseling 10 inches deep
produced no benefit.
Five methods of secondary preparation of plowed ground (that is,
work after plowing up to the time of planting) were compared.
Methods involving a minimum amount of work on the soil resulted in
about 25 percent decrease in yield. On fall plowing the best yields
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were obtained on plots that were covered tliree times witli tandem
disk and spike-tooth liarrow—about twice as much work as ordinarily
done by farmers in i:>reparing a seedbed. On spring plowing a single
coverage with tandem disk and spike-tooth harrow produced equally
as good yields as a larger amount of work. Results emphasize tlie
importance of having the soil entirely free of weed growth at tlic time
of planting.

