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A DESCRIPTION OF METHODS USED IN THE CORN BELT BRANCH
FOR EVALUATING TILLAGE PRACTICES]/

R. E. Burwell, R, R, Alimaras and M. Amem!yagl

INTRODUCT ION

Some of the present concepts concerning the evaluation of t1llage
practices In the Corn Belt are presented by Larsoné/. Briefly, the concepts
are based on an analysis of a fleld of row-cropped corn. The field Is divid-
ed Into two zones; (&) the zone between the rows where water management fis
the chlef concern, and (b) the zone In the corn row where management Is
directed toward providing soll conditions optimum for germination and early
growth of corn. Consequently, the required soil condltions resulting from
t1llage would not necessarily be the same in both zones,

This repori deals primartly with the measurement of soll physical
characteristics In the area between the rows. Some of the objectives and
measurements at hand have been presented earlier—, but the measurement
procedure Is given In more detall In this report. Other measurements con-
sldered herein elfther by reference or discussion are wefght of surface res-
fdues, percent surface cover of resldue, sofl and air temperature, and

secondary aggregate slze.

l/ Contributfon from the Corn Belt Branch, Soil and Water Conservation
Research Divisfon, Agricultural Research Service, USDA, in coopetration
with the lowa Agricultural and Home Economics Experiment Station and
Minnesota Agricultural Experiment Station.

2/ Research Sotl Scientists, USDA, Morris, Minnesota and Ames, lowa

2/ Larson, W. E. Tlllage requirements for corn. J. Soll & Water Cons,
Larson, W, E. Sofl parameters for evaluating tillage needs and operafions.
Sofl Sci. Socs Am. Proc. (In press).

Burwell, R, E., Allmaras, R, R, and Amemiya, M, A field measurement of
total porosity and surface micro~relief of solls. Soll Scit. Soc. Am,
Proc. (In press)e.



Plow layer porosity and surface roughness are measurements of
characteristics of the soil physical condition between the rows,

When a soll layer of & given total porosity and thickness Is
loosened or consollidated by a t1]|age operation, the total porosity and
thickness may be changed. Any changes in the thickness of thls layer will
change the volume of water and alr that the layer may hold, Hence, changes
In thickness and total porosity of a plowed layer will bring about dlffer-
ences In the amount of water It can contain,.

The surface roughness measurement may be used to describe the depres-
sion storage in the soll surface as well as the reslstance of the surface to
factors that tend to disperse secondary aggregates. In general, the rough-
ness of the soll surface may be divided Into two types. In the flrst type,
an orlented roughness Is produced by t1llage Implements, |Illustrations of
this roughness are ridges and furrows commonly occurring in ridge and |lster
planting. Other examples are vartations In surface rellef created by
varfation among plow furrow=slices, or by discing and cultlvating operations.
The orientatlon with respect to slope and the volume of the depressions will
affect the amount of water detalned, The second type of roughness Is merely
a random roughness of the surface.

In general, the essenttal requirements for estimating these two
characteristics of the Inter-row area are (1) a description of the micro-
rellef of the surface In question, and (2) an estimate of the bulk density
of the plow layer, Many modiflcations of equipment may be used to make these
estimates. Different modlflications are presently being used In Minnesota,
lowa and Wisconsln. The method as described has given reasonably accurate

estimates of plow=]ayer poroslty and surface roughness.
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Procedure of Measurement

Measurements of plow layer porosity and surface roughness are made
with the following equlpment:

1. Uhland=type core sampler,

2, Engineers? level.

3. Philadelphtia rod.

L. A polnt-quadrant device such as tllustrated In Figures 1, 2 and

2.
5+ Reference bench-mark set below depth of frost or zone of soll

swelling and shrinkage.

The Micro=Rellef Meter

The polnt quadrant device (micro-rellef meter) shown In Figures 1
and 2 Is an essentlal part of the equipment. The construction details are
shown in Figure L for a meter deslgned for LO-inch spacing of rows. The
dimenslons may easily be altered prior to construction for experimental use
where other row spacings or physlcal layout of experiments necessltate
changes,

The micro-relief meter consists of three essentlal partss (a) the
scale board and measuring pins, (b) the scale board support frame and (c)
the support (steel rods, 5/8-Inch diameter and 18 Inches long) pins. During
the measurement operation, the scale board support frame ls malntalned In a
fixed position on the four support pins, The scale board and measuring pins
constltute a single unlt, which moves over the scale board support-frame.
The starting posffion Is Iljustrated In Figure 1, Twenty measuring pins

spaced 2 inches apart are supported by plIn guides attached to the scale board.
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WICRO-RELIEF  METER

= SALeTS

Figure le-=ticro-relief meter in field measuring position.

MICRO—RELIEF METER
NORRIS WINN  MACH 962

Figure 2.--Mlcro-re|ief meter showing suppart pins and
sunport nin quide,
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When these measuring pins are resting on the sotl surface, heights at the

top of the pins are read fo the nearest 0.1 Inch on the scale board, The
measurtng plns are raised, the scale board and measurlng pins unlt is moved

2 fnches horlzontally on the scale board support frame, the measuring pins
are lowered, and height readings are observed., Such a procedure {s continued
until 20 measurements are made at each of the 20 positions of the scale
board and measuring pins unft on the scale board support frame, Thus, LOO
helght readings can be obtalined on a 2« by 2-Inch grid over a 4O~ by LO-Inch

area between rows spaced LO inches apart.

Placling the Support Pins

The locatton and placement of the support plns depends on the
phystcal layout of the fleld experiment and convenience for tf{llage operations.
The following procedure was sultable for a particular physical layout of
t1llage experiments. Reference bench-marks (used for the alignment and ele-
vation setting of the support pins) are located in accessible border areas
and are profected from disturbance. They should also be deep enough to pree
vent vertlical displacement from freezing and thawing. Alfgnment of 2 or more
reference bench-marks parallel to the long side of the plots provides an axis
for locating the support pins along a Ilne perpendicular to the long side of
the plof,

An engineers? level Is plumbed over one of the reference bench-marks
and the telescope Is alligned over the other reference bench-marks on the
same side of the experiment. The telescope Is than turned 90° from the line
of sfight made up by the reference bench-marks, The micro-rellief support pin

gulde Is placed on the plot of Interest in a manner such that 2 corners are
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fn the line of sight and a specified distance from the reference bench-marks,
This distance is specified to place the support pins in the crop row. The
four support pins are then placed Into the gulde and driven firmly in place,
and the guide !s removed, Rod readings of the ground elevation at each pin
are made, and the pin having the highest ground elevation Is driven into the
sofl until the top of the pIn Is é inches above the surface, The three
remaining pins are leveled to the first pin. This elevation Is determined
and recorded for future use,

After the Initial helght readings are made with the micro-rellef
meter as described above, the support pins can be removed, and }i!lage and
planting operations performed, The support pins are then replaced to the
same elevatlion plane as the initial setting using the procedure described
above for thelir Initial placement prior to tillage, and they may remain in
this position throughout the remainder of the season. The elevation of the
pins should be determined again and recorded before helght measurements are
made. This procedure permits adjustment of hefghts (obtained with the microe

rellef meter) when the support pin height may differ from that in the Inltial

placement, Helght readings are thus made with the micro-relief meter, and

may be made at any subsequent time,

Measurement of [nitial Porosity

Prior to tillage and concurrent with the first helght readings of
the micro=reltef meter, bulk denstty determinations are made from undisturbed

cores taken with a Uhland-type core samplené/. The length of the core is

5/

< Uhland, R, E, Physical properfles of soils as modified by crops end
management. Sofl Sci. Soc. Am., Proc. 1l18361-366. 199,
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equal to the depth to which the tillage s to be performed. [n a system
where the pre-plant tillage involves plowing to a é&~inch depth, the 0~ to
é-1Inch surface layer may be sampled in 3-inch increments by use of a 3-inch
Uhland core sampler, Under the conditions of experiments already performed,
3 cores were randomly taken from a plot LO feet long and 20 feet wide. Where
there were 2l plots the coefflcient of variation of the mean bulk density
was in the order of 2 percent. For an abselute estimate of plow layer
porosity, these measurements must be made at some time during the conduct

of the experiment, Condltions are generally most favorable for samp]ing

unfformity when the soll ts untilled.

Orfentation of Records of Height Readings

The starting position of the micro~relief meter In the fleld Is
[1lustrated in Flgure 1. The measuring pins are gently lowered by a reel
arrangement that lowers the upper pin guide bar, The helght measurements
are read and recorded from left to right (i.e., 20 readings). The pins are
ralsed, the scale board and measuring pins unit is moved forward toward the
observer 2 Inches (Figure 1), the pins are lowered, and the heights are
recorded on a new line from left to right. This procedure is continued until
20 rows of helghts (each having 20 readings) are recorded. Thus, the rows of
helght readings. will each extend In a direction perpendicular to the rows
In the fleld, and the columns of helght readings will each extend parallel
to the rows In the fields Consistency of orientation of records is needed

for making the surface roughness computations,
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Parameters of Soil Condition

Plow Layer Poroslty

From the undisturbed cores obtained before tillage, the porosity,
PI’ for the layer to be tilled is calculated as follows:
2465 = Dy

Pfﬁ_...__.....___XW..000000000000010000(1)
2.65

where D, is the average bulk density in gms, cm=3 obtained from
undisturbed cores, and W Is the thlckness of the sampled layer
In tnches, (1In the case where plowing s 6 Inches deep W Is
6 Inches, )
For any arbitrary time, t4s at which micro-relief readings are taken, the
plow layer porosity in "inches per initial thickness of layer™ can be
computed. The average height of the measuring pins at a single setting ot
the scale board support frame before tillage and at the time the undisturbed

cores are taken {s computed asg

-51 n
hl Fl-f?.—.’]ht..'ooccoo..........,...(2)

where hy Is the Individual helght reading In fnches taken
before t1llage, and n is the number of readlings, (There are
1,00 readings where the micro-relief meter has the design
Tllustrated In Flgures 1 fhrough L)

The average helght of the measuring pins at a single setting of the scale

board support frame taken at a later time, tos Ise

- n
haﬂ%-Zha"“""."'""""""(3)
a=1

where h, 1s the individual helght reading In Inches taken at

time, t,.
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The plow layer porosity In "inches per Inftial thickness of layer" at time,

t_, Is glven bys

as
R e P ¢
From measurements performed on repllications of the same treatment, the
standard error of P, was approximately 0.28 inch, but differences between
ttllage treatment averages were In the order of 1,0 Inch with a standard

L/

error of the dlfference approximately equal fo 0.2 Inch=,

Random Roughness

Although an estimate of random roughness may be used for many purposes,
the estimate Is presently belng evaluated as an Index of short term depresslon
storage In the soll surface. [Its utility applies in all t1llage systems,

but particularly where there are onjy minor orfented tool marks. Such

surfaces are created In wheel-track and conventjonal planting operations in
the Corn Belt. [Its computation Is cumbersome, but Is being made with a

high speed computer, The Index is the standard error among logarithm of
helghts that have been adjusted for tillage tool marks extending in a direc=
tion parallel to the rowé/: From the estimates at hand, differences among
treatments are large relative to the differences among replications of the

L/

same treatment<, Work Is underway to relate random roughness to depression

storage of water, ’

Roughness due to Oriented TIllage Tool Marks

When a tillage system such as rldge or lister planting is orfented
on the contour, estimates of roughness due to oriented t1llage tool marks

may be used as an Index of potential depression storage., [f the data from



o
"'--‘lk e [ =
cj—FiE.‘hiJ’J‘1...'.".........'..(5)

where the Index I = 1, 2, +4sy k Indexes over rows of the

tabulated array of data, j is 1 for column 1, and h‘j Is the

recorded height reading, (In Figure 5, k takes on the value 20,)
Three areas may be distingulshed in Figure 6, They ares A, = ABDF,
A, = AEGF, and A # Ay = A, The Emax.of Flgure 6 Is obtained by the use of
equation 5, and Is an Index of the hetght that will prevent water flow fo the
left or right off the cross section illustrated by Flgure 6. By the use of
the trapezoid rule A  may be estimated ass

hg m2(8g # S v S+ wea # ) = (S + E) v o v e w w0 u(6)

When it is assumed that Inter-row areas to the right and left of the diagram
of Figure 6 have a ¢

-
=c

nax. ? all of the area, Aw = Ay = As s, Will be a

3
max,

depression storage area. Moreover, A, can be estimated as 2k Emax . Thus,
the depth of water detention iss
AL =« A
+ s
DVJ = 2k L] L] L @& L] L] L] L] L] ® - * L] L] L] L] L[ ] [ 2 . ° L] L] . l(7)

where 2k 1s equal to L0 In Figure 5, because there are 20
columns of readings each spaced 2 inches apart in the left to

right direction.



CoLlumn‘l A,
Column 20

Figure S.e=|llustration of the measured points in a fleld of
lio~1nch spaced rows and thelr relation to the tabulated array
of helght readings.




~9b-~

UCIJEA9] 3

Figure 6.==Out]ine of a distribufton of average heighis

due fo tillage tool marks.



Preliminary results have given depression storage estimates as great as

=70-

3.0 inches for ridge and lister planting systems on nearly zero slopes.
Further calibration of this Index of depression storage of water may reveal

that the C,, can be estimated more accurately.

Effect of Slope on Parameters of Soll Condition

The slope of the land surface probably does not significantly affect
the estimation and signiflcance of the plow layer porosity and random rough=-
ness parameters discussed. The slope, however, ls significent In the measure-
ment technique and In the Indexes of depression storage due to tillage marks
oriented on the contour,

Al though the performance of the micro-relief measurement on sloplng
surfaces has not been investligated, it Is suggested that the micro-rellef
meter be operated on a level plane over the support pins., The amount and
direction of slope must be meesured and used to correct height readings.

If the columns of helght readings (Figure 5) each extend in a direction
perpendicular to the land slope and column 1 Is on the upper stde of the

slope, then helght readings In columns 2 to 20 must be decreased approximately

In accordance with the equation,

§j=hj-(o.02)(j-1)(%s:ope).......... c e e e o(8)

"»
where hj is the adjusted height reading in the

Iy I
}1ﬁ column, ‘

hj Is the observed helght reading in the

jiﬂ column,

J 1s the Index number for the column, and

the constant 0,02 Is the product of the constants 2
(due to 2~-Inch spacing between columns) and 0,01, that

reduce the right hand term to the same units as hf’



- .

For depression storage of water due fto oriented tillage tool marks perpen=
dicular to the stope, an additional quantity must be subtracted from the
numerator of equation (7). This factor may be {llustrated by consldering
the amount of water In T, BB? and Emax.H'D of Flgure 7. This Is the
amount of water that wlll be drained due to a slope of decreasing elevation
to the right, and may be visualfzed If the model of Figure 6 1s rotated 5°
In a clockwise dlrectlon using point F as the axis for rotation., Llnes
Cmax,B? and HYD describe approximately the new water level line. Thus,
A, will be decreased by the quantitys

S = H(BB)(Eay B) + HHM)(HE .. ) + S(HMH)(HD)
Then

Ay - A.s - S
D te 3500000000000 00005 50000 oE

w
2k
The surface depression storage due to tillage marks calculated at grades

other than those measured assumes that the surface condition produced by the
tillage is Independent of siope. Generally, this effect Is not true and,
hence, such computations at slopes greatly different than the measured

slope can be In error,

OTHER MEASUREMENTS

Weight of Surface Reslidues

A standardized procedure for sampling, cleaning, drying and weighing

&/

surface resjdues has been outlined by Whitfield~,

é/ Whitfileld, C. J., Chalrman., A standardized procedure for resfidue
samplinge USDA, ARS L1648, July 1962,
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Figure 7.==Effect of land slope on the outline of a distribution
of average heights due to tiltage tool marks in LO-inch row spacing.
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Percent Surface Cover gf Residue

Mannerindﬁ/ has developed a method for measuring surface cover,
which employs a 12- by 12-inch plece of lucite through which 100 najls are
driven on 1=inch centers. The luclte Is placed at random locations and the
number of nalls touching residue is directly the percent surface cover. The
number of samplings needed per plot has not been statistically evaluated,

but about 4 to 6 samples per plot are tentatively judged sufficlent.

Where surface residues are orlented with respect fdg;ows, égFggﬁg
a larger area should be sampled with a greater distance between the points
or nalls, In this respect, the micro-relief meter may be used by merely
noting the number of measuring pins Impinging on resldue fragments. Thls

alternative for noting percent surface restdue cover has not been investlgated.

Soll and Alr Temperature

The growth response of young corn plants to average soil temperature
in the fleld has been dIscussedé/. Briefly, the response to soil temper-
ature was related to the reference average soill temperature (temperature
on a bare plot with smooth micro-relfef) and the change In average soll
temperature, Thls change In sotl temperature may result from a soll manage-
ment alteration, The amount of surface resldue and the shape of the soll — —
surface over the row will exert an Influence on soll temperature and,

therefore, on early growth of crops,

Z/ Mannering, Je Ve and Meyer, L. Ds The effects of various rates of
surface mulch onh Inflifration and eroston., Soitl Sci. Socc. Am. Proc.

27:8L-86, 1963.
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In 1l]lage experlments, dally maximum and minimum sol! temperature at
a8 10~cm, depth should be measured on the bare soll with smooth micro-rellef,
and on the tillage In question that does not have a bare soll or smooth
micro-relfef. The average soil temperatures are then taken as the mean of
the maximum and minimum readings averaged over a period extending from
planting to the date on which iInferences are made about plant growth. The
maximum and minimum readlngs can be made with an ordinary maximum-minImum
bimetal thermomefer. From a series of readings of maximum and minimum
readings of Li=Inch soll temperature,the standard error of a maximum or
minimum reading was about 2° F. With L0 days of readings from a single
thermometer, the 5 percent confldence interval for the average temperature
would be i.O.h5° Fe Two thermomefers would reduce this interval to 1_0.32°F.

There are Instances where dally maximum and minimum alr femperatures
at 20 cm. and 4O cm, above the ground surface may be helpful In t1ilage
experiments, These measurements may aid to estimate missing soil temperature
measurements, or they may be necessary for Instance, if an interpretation is

based on amplitude of temperature variation.,

Secondary Aggregate Size

Secondary aggregate size is one of the parameters that describes
the physical condition of the soil In the row zone. As pointed out by
Larsoné{ two consequences of aggregate size can be expected fo control the
moisture supply to the seedlings. [If secondary aggregate slze !s large,
the volumetrlc fraction of water Is low and a poor contact among aggregataes
and between aggregates and the seedling root may limit the fransmission of

water to the seedling. Moreover, the volds between the aggregates may be
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sufficiently large fo permit excessive evaporation. Prelliminary measurements
reveal that the average aggregate size can be affected by ti1llage systems and
this effect of tillage can alter early corn growth.

The sampling device of Flgure 8 Is used to obtaln secondary aggregate
samples from row areas of different t1llage systems. A cylinder at least
L inches In dlameter and 6 inches long Is sharpened on one end, A slot Is
cut In the cylinder to accommodate a cutting knife, After the cylinder Is
forced Infto the soll, it ts [ifted with a shovel, excess sofl Is trimmed off
the lower end, and the cutting knife Is inserted, Thus, the 0. to 3=inch
layer Is separated from the 3- to b6-inch layer, The samples are air dried,
and the amounts of oven dry aggregates in 7 sleve sizes are obtained by
sleving with a rotary sleveg/ modified to use the following screen sizes
In mm.¢ 12, 9, 5, 3, 2, 1 and 0,5, The geometric mean diameter of the
aggregates In the seedbed area can then be described,

Perhaps the best time (accuracy of the method) to obtain the samples
Is Jjust after the planting operation. For observing a relatfon between
aggregate sfze and plant growth, the best time of sampling may not be just
after the planting operation. The number of samples of a given treatment
required for a glven level of precision has not been Investigated, but
preliminary considerations suggest that at least 6 samples be taken per

geometric-mean~diameter expression,

§/ Chepll, W, S. Improved rotary sieve for measuring state and stability
of dry soll structure. Soil Sci, Soc. Am. Proc., 16:113-117. 1952,

Cheptl, W. S. A compact rotary sieve and the importance of dry sieving
In physical soll analysis. Soil Scl. Soc. Am. Proc. 26sh-6. 1962,
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CONSTRUCT |ON DETAILS FOR M]CRO-RELIEF METER

Flgure l; shows construction details for micro-rellef meter.
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