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Evaluation of the Erodibility of Field Surfaces with
a Portable Wind Tunnel’

A. W. Zinca®

HE purpose of this paper is to present results
obtainedp with the use of a portable wind tunnel in
evaluating the erodibility of field surfaces to wind.

The tunnel and dust sumpling equipment has been described
previously (3)}. Operational techniques and the calibration of
the tunnel to permit the control or determination of the several
variables involved in field use wete developed in the laboratory.
These procedures also have been described (4).

Field use of the equipment and techniques was Arst made in
November 1949. The results serve to demonstrate the possi-
bilities and limitations of the approach. While the data at hand
ate limited, they throw considerable light on the interrelation-
ships of the many factors governing the stability of feld sur-
faces to the erosive forces of wind.

PROCEDURE

The results reported are confined to tests made on plots at
the Suil Conservation Experiment Station aear Amarillo, Tex.
This location is approximately 500 miles from the Laboratory
headquarters. The soil i a Pullman clay loam. Six field plots
were selected for detailed study. The plots are approximately
10 acres in area, Several contrasting crop and cultural condi-
tions were represented by this choice. Pertinent data concerning
their use and cultural status are as follows:

Ploi A-1=Wheat stnbble maleh (rotation)—Wheat-
sorghum-fallow-grass rotation. During 1949 it was in
wheat, following 6 years of grass. It will be seeded to
sorghum in the early summer of 1950. The plot was culti-
vated after wheat harvest with a stubble mulch sweep
machine (30 inch sweeps). Approximately 40% of the
heavy wheat straw residue was standing. Wheat was com-
bined at z height of 18 inches. Wheat drill rows are at a
14-inch spacing.

Plor A.2—Sorghum stubble (roration)—Wheat-
sorghum-fallow-grass rotation. Cropping system consists of
18 years of wheat-sorghum-fallow, which is to be followed
by 6 years of grass. Grass has not yet been seeded in the
rotation. During 1949 this plot was in sorghum, with the
grain combined ahout the first of November. The sorghum
stubble is approximately 20 inches high and 1s left undis-
turhed over the winter. It is then cultivated for weed con-
trol prior to fall wheat seeding. The sorghum row spacing
is 40 inches,

Plot A-3.—W beat seeding frotation) —Wheat-sorghum-
fallow-grass rotation. Grass has not yet been incorporated
in the rotation. The plot was fallowed after sorghum
harvest in the fall of 1948 until wheat seeding in the fall
of 1949, Wheat is drilled with a deep furrow Dempster
shovel drill with 14.inch spacing.

Plot G-1-3—W beat seeding {continnons ) —Planted con-
tinyously to wheat since 1942, The wheat is drilled with
a deep furrow Dempster shovel drill with 14-inch row
spacing, A one-way disk plow is used for tillage on this
plot.

Plot G-1-4~Sorghum stubble (continuous ) —Planted
continuously to grain sorghum since 1942, Grain was com-
bined in the fall of 1949 at a height of about 20 inches.
The plot is always left until the spring hefore any tillage
is performed. All plantings are made with a lister in
40-inch rows, Either one-way disking or blark-listing com-
prises the tillage, depending on the amount of sorghum
residue remaining on the plot.

Plot J-2—Clean fallow (rotation).—This held has been
in a wheat-sorghum-fallow rotation since 1944 and has
been in cultivation for a long period of time. It was in
sorghum in 1948 and then fallowed with a sweep machine
until the time of tests in the fall of 1949. The surface was
somewhat ridged from cultivation with the 30-inch sweeps.

Wind tunnel studies were made on the plots in November
1949 and were repeated in March 1950, The soil surface was
in & very dry condition at the time of both series of tests.
Triplicate tests, wherein the tunnel was reoriented for each
test, were made on each plot in the fall of 1949, More variable
conditions were encountered in the spring of 1950, and fve
tests were performed on each plot. The tunnel was placed over
the center of sorghum rows, and tests were carried out parallel
to the row divection. Tests were made at right angles to the
direction of rows or cultivation on all other plots.

For u given test on a plot, the weight of soil eroded from
an area 3 feet wide and 30 feet long is obtained for each of
four levels of wind force. Briefly, the tunnel is first operated
at a relatively low wind force level but one having a magnitude
sufficient to cause measurable soil loss. This force level is
maintained until soil removal ceases. The time required for
stabilization of the surface varies usually within the range of
3 to 10 minutes. The eroded material is collected by the differ-
ential dust sampler at increment heights of 1, 314, 6 and 10
inches above the soil surface. It is then transferred to bottles
for subsequent weighing and analysis, The total loss s deter-
mined by integration of the soil loss-height function by either
graphical or mathematical means, The procedure is repeated
subsequently for progressively increasing wind forces. The
cumulative loss at cach force level then permits the relation of
the amount of material eroded to the level of surface drag.
During the tests at each force level the pressures germane to
the determination of surface drag, surface roughness, and the
velocities at the four levels of dust sampling are recorded.

The size distribution of the clod structure on cach plot was
determined by passing samples of the surface inch of soil
through a rotary sieve (2). Six samples from each plot were
sitved independently to obtain pepresentative values and a
measure of the variability of clod structure,

The data obtwined from the two series of tests are too vol-
uminous to present in their entirety. The reporting of detailed
results is, therefore, confined to the tests of March 1950, Differ-
ences in results for the two series of tests are brought out by
discussion, A simple comparison of materials eroded from all
plots for the two series of tests at an arbitrary level of wind
force is made,
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RESULTS

QUANTITY OF MATERIAL ERODED FROM PLOTS

Hlustrative results of the relationship between the
amount of material eroded and surface drag for the sev-
eral tests made on each plot are shown in Fig. 1. These
data are for the March 1950 tests on continuous sorghum
plot G-1-4. The amount of materal eroded, x, 15 ex-
pressed in the equivalent of pounds per acre from the
90 square foot test atea. The unit of force, +, or the sur-
face drag of the wind on the test area, is also given in
pounds per acre. It will be noted that for a given test
the material eroded is related exponentially to the sus-
face drag of the wind, The level of the curves varies,
however, for different tests.

Values of K, the ridge roughness equivalent in inches,
are given for each of the curves drawn through the
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F16. 1.-=Results of fve independent wind tunnel tests on con-
tinusus sorghum plot G-1-4, showing variability experienced
and the average relationship derived by regression methods.

points representing saparate tests in Fig, 1. The vari-
ability of K values indicates a variation in the resistance
afforded to the wind by different densitics of sorghum
stubble. A study of the results obtained on all plots
showed that individual test variability could be partially
accounted for by taking into consideration the roughness
of the plot surface. In general, the rougher the plot the
less the amount eroded from it. This seemed to be appli-
cable to all plots even though the roughness was wicﬁ:ly
different in nature. For example, the roughness of the
sorghum stubble surface is governed primarily by the
amount and orientation of stubble and residue present.
The roughness of bare land is made up of surface irreg-
ularities and large clods. The effect ot these contrasting
surfaces is either to decrease the force of the wind on
the soil or to trap the material eroding. Both types of
roughness when increased in magnitude cause decreases
in the amount of soil material transported to the sam-
pling device at the end of the wind tunnel.

The apparently variable results were subjected to mul-
tiple correlation regression analysis. The approximate
trend of soil loss, x, with surface drag, r, and surface
roughness, K, was assumed to be

X = CT Ak

where C is a coefficient of variation and a and b are
exponents. The equation giving the best fit to the results
of the five tests shown in Fig. 1 was

Log x == 4.207 log r — 3.444 log K — 10.026

where R, the index of correlation, is 0.94. Using the
average value of K = 3.35 inches obtained for the five
tests, the average relationship between material eroded
and surface drag for the plot may be expressed as

Log x = 4.207 log r — 11.834

This relationship is shown by the solid curve of Fig. 1.

The derivation of similar relationships for all plots
gave values for the index of correlation ranging from
0.85 to 0.97. The percentage of the variation accounted
for by the estimating equation is equal approximately to
the square of this index. Thus, from 72 to 94% of the

TABLE 1—Clod stracture of soils on plois stadied with portable wind unnel at Amayillo, Tex., March, 1950.

Clod structure by dry sieving .
Area Stage of cropping <0.42 |0.42-0.84, 0.84-2.0 | 2.0-6.4 | 6.4-12.8 | 12.8-38 >33
mm mmnl mm mm mm mim mm
% % % & Yo %% Yo
A-t Wheat stubble (stubble muleh)|  38.3 217 1027 7’8 §.2 1.8 0.6
A2 Sorghum gtubble {rotation)_ . 37.0 21.7 12.3 9.4 10.6 8.8 ——
A-3 Wheat (rotation)__ . ... ___._._ 33.8 19.6 11.5 10.2 1¢.6 14.0 —_—
G-1-3 Wheat (continuous)_ ... ___ | 39.9 16.8 9.8 9.5 9.7 13.6 0.6
G-1-4 Sorghum stubble (continuous) 44 .2 18.9 10.5 9.4 11.5 5.2 —
J-2 Cleanifallow_. . .. .__..._ | 85.8 12.4 10.3 12.3 12.7 17.1 0.2
Difference between means required for significance
59 levell .o ... o o 2.56 1.43 0.77 0.7 0.89 3.29 *
1% levell . ____ .. ___._ o 3.44 1.92 1.04 .96 1.20 4.43 *

* No significant differences.

Note: Each percentage is the avernge of six determinations, Deviativns from Lhe average

significance,

were the basis for differences required for various levels of
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FiG. 2. —Relationship between erosion and average surface drag for G-1-4, sorghum stubble under continuous cropping to grain
sorghum, znd A-2, sorghum stubble in a rotation of wheat-sorghum-fallow, and j-2, a clean fullow plot,

variability of the material eroded in individual tests is
accounted for by its interrelationship to surface drag, 7,
and the ridge roughness equivalent, K.

Curves showing the exponential relationship of mate-
rials eroded to the surface drag of the wind for each
plot studied in March 1950 are given in Figs. 2 and 3.
These curves were derived by the least squares method
and are plotted for average values of K. Average values
of K are given for each plot.

CrLop STrRucTurp OF PLoTs

The average results of six independent dry sievings
of the surface soil on cach plot are given in Table 1.
The differences between means for given size-fractions
required for significance between plots at the 1 and 5%
levels are included in the table, Tt will be noted that the
various plots do not vary widely in clod structure. The
soil from the continuous wheat plot G-1-3, however,
contained more of the clod fractions < 0.42 mm than
that from the rotation wheat plot A-3. In like manner,
the continuous sorghum plot contained more material
< 0.42 mm than did the rotated sorghum plot. It will
be noted also that sorghum in the rotation produced a
greater amount of small soil material than did wheat in
the same rotation. All of these differences are significant
at the 15¢ level.

CHARACTERISTICS OF MATERIAL ERODLD FROM PLOTS

The increment dust samples collected at each height
on all plots were combined for analysis. While it would
be desirable to maintzin a separation by plots, the
samples were, in general, not OF sufficient gquantity for
this purpose.

The eroded material retained on an 0.84 mm sieve
consisted of organic matter in the form of plant and
msect residues or remains. This type of material com-
prised approximately 2.5% of the total weight. The
values obtained at four heights above the soil surface are
shown in Table 3. The material <= 0.84 mm in diameter
was, in the main, soil material. The per cent of organic
matter in this soil material as shown in Table 2 in-
creases with height, The organic matter in the material
eroded comprises about 5% of the total mass. The per
cent of total material transported below given heights
from the mouth of the wind tunnel is also shown in the
table, Thus, approximately 20% of it moved from the
30-foot length of the tunnel below a height of 1 inch.
Approximately 989, moved below a height of 1 foot.

The size distribution of eroded soil material collected
at the various sampling heights above the soil surface is
given in Table 3. Of interest is the fact that the propor-
tion of material <& 0.044 mm in diameter increases
markedly with height, while the relative propottions of
all larger fractions decrease with height. Another point
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Fic. 3—Relationship between erosion and surface drag for continuous and rotation wheat plots, and for a stubble mulched
plut in a fallow condition,

of interest is that the predominant size of the eroding
material is < 0.10 mm. Soil fractions below this size are
capable of being sustained for a considerable time by the
turbulence of atmospheric wind. In other wotds, they
do not tend to accumulate into drifts near the fields
from which they are eroded and may be transported for
great distances by the wind.

WinD VeELociTy DIsTRIBUTION ABOVE PLOT SURFACES

Wind velocity distributions above the ground surfaces
of the various plots for the March, 1950 tests are shown
in Fig. 4. These velocities were secured at four heights
at the end of the tunnel in conjunction with the dust
sampling procedure. They are presented on a dimension-

¥e HEIGHT ABOVE 30iL SURFACE
{la Inchest

less basis by use of the ratio %l where V, is the velocity

<
at a given height y and V, is the velocity in the center
of the 3-foot duct, i.e., a height of 18 inches.
Referring to Fig, 4, it is seen that the pattern of air

R=]

v, | ' flow is affected considerably by the type of cover and

~. roughness of the plots. In general, the greater the

amount aof plant cover the lower is the velocity near the

Fi6. 4.-Distribution of velacities above the ground surface for soil surface. Little is known of the characteristics of air

flow within the height of the cover. It is apparent, how-
) . v . ever, that while the patticular sorghum stubble tested is
value of Vs, the velocity at a given height, o Vs, the velocity capable of making reductions at considerable heights

at an 18-inch height in the center of the duct of the wind . . . .
tunnel, above the ground it is compartatively incffective in re-

.V .
plois of varying cover. The ratio \*f' i5 the dimensionless
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ducing the velocity near the soil surface. At the time of
the tests both the stubble mulch and rotation wheat plots
were superior to the sorghum stubble in this respect.

COMPARISON OF DATA SECURED FROM FALL
AND SPRING TESTS

The land conditions on which tests were carried out
in November 1949 approached an optimum, for the
location, in their capacity to resist the erosive forces of
wind. Ramfall had been ample to support heavy crop
growth for a period of several years. The accumulation
of residues was also at a near maximum for the various
cultural practices. Further, the tests were made at a time
when the surface on all plots tended to be hard and
crusted, This condition a}yaeared to be associated with
the impact effects of abundant rainfall experienced dur-
ing the spring and summer of 1949. These rains tended
to puddle the soil surface. Consequently, the surface of
a given plot was relatively uniform and the material
eroded from the plots was mainly small particles which
could be dctucheéJ from the immediate surface of rela-
tively stable clods. None of the soil material eroded
from the plots in the fall exceeded 0.42 mn in diameter,
The organic matter content of eroded materials was also
high, comprising approximately 10% of the total
weight.

Upon repeating tests on the same group of plots in
March 1950 it became apparent that a considerable dif-
ference in the erodible nature of the plots had devel-
oped over the winter period. The winter was dry and
free from snow. In general, the soils on the plots re-

mained crusted, but the crust was very thin, platy, and
weak, Immediately below this weak crust an aggregated
soil condition was observed, Thus, when the crust was
disturbed slightly by wind or other external forces, a
micro-horizon of aggregated material was available for
movement by wind. This condition was quite variable.

A comparison of the quantities of crop residue and
growth en the plot surfaves at the time of the tests in
the fall and spring is given in Table 4, Values of K, the
ridge roughness equivalent, and of the pet cent of the
erodible proportion of the surface soil less than 0.42 mm
in diameter are also given in the table.

In general, the weight of residue cover decreased dur-
ing the winter period. Largest decreases were in the
weights of sorghum stubble which are associated with
the rapid rate of deterioration and removal by wind of
the leafy portions of the plant. As the amount of residue
cover decreases the value of K tends to decrease also.
The wheat stubble which has been subsurface tilled has
deteriorated only a small amount. Almost identical
weights of green wheat and residues are shown for the
fall and spring condition on Plot A-1, where wheat is
grown in a rotation following fallow. It will be noted,
however, that comparative values of K are 1.5 and 2.5
inches for the fall and spring conditions, respectively,
While the wheat was damaged by green bugs it had
grown from a 2-3 inch height in the fall to 4-6 inches
in the spring, thus giving an increased roughness value.
On the other hand, the continuous wheat on Plot G-1-3
deteriorated during the dry winter period and lost in
both weight and roughness.

TABLE 2.—Crganic matter coniained in marerial vemoved from plots at various heights in March, 19506.

Organie matter Matter transported
Height above ground surface below given heights
Residues in relation to total
>0.84 mm Bo0il material removal from plots
Tnches ar* AR A
1 - _ - _ 2.75 1.57 20
3. .. . . e e 2.45 2.31 53
6._.___ e e - i vmeaae 2,49 2.42 69
10.. . e el L 2.61 2.21 88
2. . e - . - — S 981
L T - — — 991

* Per cent of total material eroded,
t By Walkley titration method.
T Estimated by extrapolation.

Tasve 3.—Size dinribmtion of material evoded wt given heights, meavered at the end of the 30-foar tunuel in March, [950.

Size distribution of material eroded
Height above

ground level 0.84-0.42 0.42-0.25 0.25-0.149 0.149-0.105 | 0.105-0.044 <0.044

mm mm mm mm mm mm

Inches % % o % % %

| 7.8 14.6 15.7 14.4 2.7 14.9

3M .l . 7.3 14.4 13.8 12.3 29.2 23.0

B .. 7.0 13.3 12.4 9.7 30.6 27.0

W0, .. 7.1 14.0 9.3 5.7 21.7 42.1
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TasLe d—Comparative amonnts of plant growth and residue, values of the vidge ronghness equrvalens K, and proportion of clod
Hructure < 0.42 mm in diameter ar times of fall and spring resti on plots ar Amarillo, Tex.

Residues and plant cover Values of K Roil material
(ridge roughness <0.42 mm in
Area Stage of cropping Amount equivalent) diameter
Kind November| March |November| March |November| March
1949 1950 1949 1950 1949 1950
Tons ‘acre | Tons acre | Inches Inches % Y
A-] |Wheat stuhble
(stubble muleh) | Wheat stubble. 1.44 1.35 3.6 4.1 24 38
A-2 Sorghum stubble
(rotation) . .. ___| Sorghum residue___. 2.74 .97 7.1 4.1 27 ar
A-3 Wheat {rotation) .| Green wheat and
sorghum residue___ 1.25 1.24 1.5 2.5 23 4
G-1-3 | Wheat (continuous)| Green wheat and
wheat residue. ... 0.54 0.40 2.8 2.1 29 40
G-1-4 | Sorghum stubble
(continuous)_ ... Sorghum residue_. _._ 2.61 0.81 6.7 3.4 34 44
J-2 Clean fallow = _| Sorghum residue ... 0.54 0.12 1.9 1.4 26 35

The proportions of erodible soil material < 0.42 mm
in diameter increased markedly on all plots during the
winter period. As an average for all plots this increase
was approximately 409¢. The largest increase on a per-
centage basis occurred on the stubble mulched plot.

The material eroded-sutface drag relationship deter-
mined on all plots for the fall and spring congition is
amenable to varied interpretation. The basis of compar-
ison for wind tunnel results with the performance under
atmospheric wind movement has not been fully estab-
lished. It is apparent, however, that an average force of
wind associated with atmospheric movement s different
in nature from the same average force when applied
with a wind tunnel. Turbulent atmospheric wind move-
ment is characterized by gusts of larger scale than the
turbulence developed over surfaces in a tunnel, It fol-
lows that soil movement under field conditions will con-
tinue until a surface becomes stable to the relatively
large forces associated with “"gusts’’. By comparison, a
surface exposed to the air stream of a wind tunnel will
stabilize in a relatively short time, and a lesser quantity
of soil will be removed at the same average force. With-
out going into dctails of the subject, data at hand indi-
cate that a 30-foot length of plot of average roughness
in the open would erode unti] it became stabilized to a
wind force of approximately 3,000 pounds per acre.
Such a condition would prevail at approximately 1- to
2-year recurrence intervals during the month of April.
Bagnold (1) makes the assumption that the average
force of the wind over surfaces in the open is governed
by meteorological forces and tends, with distance, to
approach a constant over surfaces of various degrees of
roughness.

A comparison of material eroded from all plots in
fall and spring tests on the basis of a constant surface
drag of 3,000 pounds per acre is shown in Fig. 5. The
values of loss are extrapolated from the wrves of Figs.
2 and 3 and from sinmular curves derived from the {all
tests. This basts of comparison is, for the present, one
of expediency.

Upon referring to Fig. 5 it will be noted that two
graphs foc soil loss on clean fallow plot J-2 are given

for November 1949, and three are given for the spring
tests. While not mentioned previously to avoid confus-
ing detail, the fallow plot was first tested in its undis-
turbed state and again after it had been roughened by a
light disking. Disking reduced us erodibility. This was
due to the fact that the operation increased the rough-
ness of the plot and tended to bring larger clods to the
surface. Tn March 1950 the procedure was repeated, and
in addition the plot which had been disked befere tests
in November was exposed again to the air stream of the
wind tunnel. Tt was found that the soil which was culti-
vated and gave reduced soil losses in November was
more erodible in the spring than the surface which was
not disturbed, Cultivating the undisturbed fallow soil
immediately before tests in March again resulted in a
reduction in soil loss,

Constdering the losses shown in Fig. 5 it is scen that
the plots were much more susceptible to erosion by wind
in the spring of 1950 than they were in the fall of 1949.
In general, this condition is due to decreases in residue
cover and plot roughness, and to a marked increase n
the propottion of soil material of the smaller erodible
size. Losses from the plots in the fall of 1949 are of a
low magnitude. Tt is of interest that crodibility was
found to be in the order: clean fallow > continuous
wheat > rotation wheat > continous sotghum > rota-
tion sorghum > stubble mulch fallow. The erodibility
of all plots except the one on which wheat followed
fallow increased over the winter period. In the spring
the order of erodibility was: clean fallow > continuous
sorghum > continuous wheat > rotated sorghum >
rotited whet > stubble mulch fallow.

DISCUSSION

Results obtained in evaluating the erodibility of ficld
surfaces with portable wind tunnel equipment indicate
that the methods are adaptable to their intended pur-
pose. In general, the results are comparable to the body
of data which has been secured on a plot basis with
respect to water erosion. They will be subject to like
limitations in depicting the performance of practices on
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large areas, since factors of distance, topography, wind
exposure, etc. are integral parts of the field phenomena.

Tests will have to be carried out for a pertod of years
to cover the vanations in residue or plant cover, surface
roughness, and elod structure common to a given cul-
tural practice, and to’ determine their interrelationship to
crosion by varying wind forces. Once these data are
available, it is believed a major portion of the phe-
nomena can be accounted for and interpreted in terms
of the forces common to atmospheric wind movement.

One of the weak points of the present approach is the
inability to describe or gage conditions existing on the
immediate surfaces of field plots. For example, when the
residues are picked up and weighed we do not have 2
gage of their crientation on or above the soil surface.
Again, when the surface inch of soil is sieved to deter-
mine the size distribution of its clod structure, the sur-
face soil is treated as 2 homogeneous mass. Immediate
surface conditions of the soil, including surface crust-
ing, micro-horizons which may be either highly dis-
persed or aggregated, and unequal distribution of clod
structure near the surface are thus ignored.

SUMMARY

This paper presents the results obtained by the use of
a portable wind tunnel in evaluating the wind erodi-
bility of plots representing various cultural practices in
the high plains area.

Relationships between the surface drag of the wind
and quantities of soil eroded from plots of varying soil

structure, roughness, and vegetal cover are shown. The
variability of results on a given plot is also shown, and
factors governing this variability are cited.

Emergency cultivation, wherein the surface of fallow
ground is roughened by disking, is shown to decrease
the quantity of soil loss for a given wind force. Plots
on which sotghum has been grown continuously are
shown to be more erodible than those on which it is
grown in a rotation. Land in continuous wheat is also
shown to be mote crodible than that where wheat fol-
lows summer fallowing. The ability of a stubble mulch
to reduce the wind erosion hazard is demonstrated, The
comparative crodibility of several land conditions is
shown for equal wind forces,

The ability of tesidue and vegetal cover to change the
velocity distribution of the wind near the soil surface is
presented. Seasonal differences in soil structure and
residue cover were measured, and their influence on
erodibility is discussed.
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Fic. 5 —Comparison of soil material eroded ffom 3- by 30-foot wind tunnel test plots in the fall of 1949 and the spring of 1950 at
the Soil Conservation Experiment Station, Amarillo. Tex. Comparison on the basis of a surface drag of 3,000 pounds per acre.





