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Effect of Kind, Amount, and Placement of Residue 
on Wind Erosion Control 

F. H. Siddoway, W. S. Chepil and D. V. Armbrust 

S INCE depletion of vegetation almost 
invariably leads to accelerated wind 

erosion, present-day wind-erosion con- 
trol practices use vegetation in one 
manner or another to reduce the in- 
cidence of wind erosion. Examples are 
field windbreaks, cover crops, strip 
crops, permanent revegetation of sub- 
marginal cultivated areas, and the man- 
agement of postharvest r e  s i d u e s to 
maintain maximum ground cover. The 
latter example includes stubble mulch- 
ing of small grains and  sorghums, 
which is perhaps the most universally 
applied erosion control practice in the 
Great Plains. 

Early work on the use of crop resi- 
dues for wind-erosion control dealt 
mainly with the mechanics of accom- 
plishing the stubble-mulch condition, 
and in comparing productivity of the 
stubble-mulch system with conventional 
systems of farming. Quantitative rela- 
tions between soil losses by wind and 
vegetative properties were first pub- 
lished (10)" in 1943 and reported 
more completely in 1944 (2 ) .  Among 
other conclusions, it stated that total 
soil loss varied exponentially with resi- 
due quantity. This relation appeared 
valid for all soil, vegetative, and wind- 
velocity variables studied. Subsequent 
studies measured soil losses from field 
surfaces with a portable wind tunnel 
( 1 ,  2 4 6 and related erodibility 
to surface roughness, soil cloddiness, 
and wind drag parameters, as well as 
to residue quantity. From these and 
additional studies, empirical equations 
were developed to estimate the erodi- 
bility of field surfaces (6, 7 ) .  Two 
studies, in which vegetative and non- 
vegetative mulches were applied to 
the surface, established quantities of 
cover needed to control wind erosion 
under extremely high winds (8, 9 ) .  

Because of the complexity of the veg- 
etative cover-soil loss relationship, which 
is largely due to the variable vege- 
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FIG. 1 Effect of wind on soil erosion un- 
der a flattened wheat-stubble cover. (A = 
3.1 percent clods > 0.84 mm in diameter.) 
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tative structural characteristics and the 
variable spatial distribution of the vege- 
tation with respect to the soil surface, 
development of equations by other than 
empirical methods is difficult, if not im- 
possible. To date, the specific proper- 
ties of vegetative covers that influence 
soil erodibility have only been partially 
quantified. This study attempted to 
( a )  develop regression equations relat- 
ing soil loss by wind to selected 
amounts, kinds and orientations of vege- 
tative covers, wind velocity, and soil 
cloddiness, and (b)  develop and evalu- 
ate research techniques that may be 
useful in future experiments. 
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One dependent variable, total soil 
loss, and five independent variables - 
kind of vegetation, orientation of vege- 
tation, quantity of vegetation, wind 
velocity, and soil cloddiness - were in- 
cluded in a nonorthogonal factorial ar- 
rangement~ of treatments. An explana- 
tion of these independent variables, 
their test levels, and the test procedure 
follows : 

Four Kinds of Vegetation, S Grow- 
ing winter wheat and three crop resi- 
dues -wheat stubble and fine- and 
coarse-textured sorghum stubble - were 
selected. Ten-inch stalks of the resi- 
dues were stripped of leaves to achieve 
uniformity and were  differentiated 
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by their respective aver- 

age stalk diameters of 2.7, 12.6, and 
23.9 mm. Growing winter wheat could 
not be assigned an equivalent quantita- 
tive measurement and was, therefore, 
excluded from certain analyses. 

Three Orientations of Vegetation, K ,  
The residues were arranged in rows 10 
in. apart and normal to wind direction. 
Residues within the rows were oriented 
in either a flat, leaning, or standing po- 
sition. The flattened stalks were parallel 
with wind direction, and the leanin,g 
stalks were inclined at a 45 deg angle 
with the wind. Winte r  whea t  was 
grown in rows 9 in. apart and was ex- 
posed to winds both normal and par- 
allel to wind direction. The maximum 
ridge roughness equivalent ( 15), in 
inches, measured for a particular kind 
and orientation of residue, quantita- 
tively characterized the orientations. 

n Quantities of Vegetation, R The 
amount of vegetation required to con- 
trol erosion depended on the other in- 
dependent variables; therefore, fixed 
quantities of all the kinds of vegetation 
could not be standardized, making the 
factorial arrangement of t r e a t  m en t s 
nonorthogonal. Test quantities of vege- 
tative materials were: 125, 250, 500, 
750, 1,000, 2,000, and 3,000 lb per 
acre of wheat stubble; 410, 810, 1,630, 
2,440, 3,250, 4,880, and 6,500 lb of 
fine sorghum; 500, 1,000, 2,000, 4,000, 
6,000, 8,000, 10,000, and 12,000 lb 
per acre of coarse sorghum; and 10, 
37, 130, and 252 lb per acre of grow- 
ing winter wheat. To attain uniformity, 
weights of residues were expressed in 
terms of stalk bulk density of wheat, 
which was 0.13 gram per cubic centi- 
meter. 

Three Wind Velocities, V More spe- 
cifically, wind velocity was expressed 
in terms of the drag velocities ( 1 ) 94.7, 
105.6, and 116.5 cm per second, which 
are equivalent to wind velocities of 39, 
43, and 48 mph (miles per hour) when 
measured at a height of 5 ft over a 
smooth ground surface under neutral 
atmospheric conditions. 

Two Soil Cloddiness Levels, A Soil 
cloddiness is defined as the percent 
clods greater than 0.84 rnm in diameter 
(6 ) .  Two synthetic soils, equivalent 
to natural soils containing 3.1 and 11.0 
percent clods, were prepared by mix- 
ing dune sand, screened to less than 
0.84 mm in diameter, with gravel rang- 
ing from 1.2 to 6.4 mm in diameter. 
~hvese synthetic soils gave reproduci- 
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ble results by eliminating variation due 
to abrasion. Only the most erodible soil 
was included in the growing winter- 
wheat portion of the experiment. 

Test Procedure The windward 38-ft 
section of a previously described 56-ft 
laboratory wind tunnel (13) was used 
to test soil erodibility under various 
combinations of vegetative cover. Crop 
residue was placed in rows in the 38-ft 
length of tunnel by fastening the stalks 
to frames made from Y4-in.-steel rod 
and wire. The three orientations - flat, 
leaning, and standing - were obtained 
by positioning the frames. 

The test soil was placed in open-end 
trays 60 in. long by 8 in. wide (3.33-ft 
square surface area) by 1.5 in. deep, 
and after the soil surface was uniformly 
smoothed, the trays were countersunk 
parallel with the tunnel floor, so the 
soil surface was flush and approxi- 
mately continuous with the adjacent 
gravel floor of the tunnel. Two trays 
were placed side by side in the 30 to 
35-ft section of the tunnel. Only one 
tray, 16 in. wide, was used in testing 
erodibility of the winter wheat in rows 
parallel with the wind. 

The soil, under a given vegetative 
cover condition, if any, was exposed to 
a given wind for ten minutes. Total 
soil loss, which was measured gravi- 
metrically, ceased or approached zero 
prior to the end of the ten-minute 
period. Tests, with a few exceptions, 
were repeated once for a total of four 
measurements per treatment for all 
vegetation except the growing winter 
wheat that was in rows parallel with 
the wind. 

The first vegetation, fine-textured 
sorghum, was tested over a wide range 
of drag velocities to detemine the 
fixed levels of drag velocity that were 
used in subsequent experiments. Soil 
losses from the fine-textured sorghum 
tests were then adjusted to the forego- 
ing three drag-velocity levels by extra- 
polation from log E-log V curves or by 
interpolation from polynomial regres- 
sion equations. This adjustment reduced 
degrees of freedom in subsequent re- 
gression analyses involving fine sor- 
ghum. 

Methods of simple and multiple cur- 
vilinear regression were employed to 
analyze and interpret the data. 

Soil Loss from Bare Surface Rate of 
soil loss varies as a power of drag 
velocity (1, 3 ) ,  and relative soil erodi- 
bility as a power of soil cloddiness 
within the range of soil cloddiness levels 
included in this experiment (4) .  Using 
these relationships for the regression 
model, the following equation estimates 
total soil loss E, from a bare soil as 
a function of drag velocity V and s,oil 
cloddiness A: 
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FIG. 2 Effect of wheat-stubble orienta- 
tion on soil erosion by wind. (A = 3.1 
percent clods > 0.84 mm in diameter; V 
= 116.5 cm per second.) 

log E, = -3.52074 + 3.96328 log V 
-0.99774 log A . . . . . . . . . PI 
where the constants were determined 
by regression analysis. Regression ac- 
counted for 98.4 percent of the varia- 
tion in log E,. The sample standard 
deviation from regression for this analy- 
sis is 0.04139. On the basis of standard 
coefficients, log V had approximately 
twice as much influence on log E, varia- 
tion as did log A. 

Influence of Treatment on Soil Loss 
Soil loss Ef measured under residue 
cover, in addition to depending on the 
experimental variables, also depended 
on the frames that supported and an- 
chored the residue. The frame influence 
confounded the effect of wheat and 
sorghum residues on soil loss with the 
magnitude of influence increasing from 
flat to leaning to standing orientations. 
The original soil loss measurements, 
therefore, included not only residue- 
quantity effect but also framie effect. 

For each residue orientation and 
kind of residue, each soil, and each 
wind variable, Ef was best expressed 
as an exponential function of residue 
quantity R. The log form of the equa- 
tion is 

log Ef = log a -R log b . . . [B] 
where log a is the log of soil loss when 
residue, but not frames, equaled zero 
and log b is the rate of change in 
log Ef per unit change in R. 

The effect of frames (which did not 
change in position or magnitude for 
a given orientation) on log Ef was as- 
sumed constant for a particular kind 
and orientation of residue, a particular 
soil, and a particular wind. Under this 
assumption, the slope of the individual 
log E-R curves was not changed by the 
frames; only the magnitude of soil loss 

or elevation of the curves was changed. 
The logarithms of the original soil loss 
measurements were adjusted upward 
to estimate what the soil loss would 
have been without frames as follows: 

log E = log Ef + (log I?, - log a )  
. . . . . . . . . . . . . . . . .  [CI 

where log E is a single soil-loss meas- 
urement adjusted to eliminate frame 
effect. 

After adjustment, the es t imat ing  
equation for soil loss (exclusive of 
frame effect) for a given kind and 
orientation of residue, and a given 
combination of wind and soil, can now 
be expressed by 

log E = lag E, - R log b . . . [Dl 

A similar adjustment was also made 
for the measured soil loss data from 
the growing winter wheat tests. Here 
the boxes in which the winter wheat 
was grown, rather than the frames, 
were the confounding, though relatively 
minor, influence. 

The quantity of residue R, necessary 
to reduce soil loss to an insignificant 
quantity for a given wind and soil con- 
dition is extremely important in practi- 
cal erosion control. This loss has been 
described as the amount eroded from a 
field when no distinct visible effects of 
soil movement are apparent (5 ) .  This 
same criterion was used to establish an 
insignificant quantity of soil loss from 
the test trays - approximately equiva- 
lent to 10 grams per tray. No evidence 
of sorting of the surface soil grains 
was discernible for a loss of this magni- 
tude, and, furthermore, it is a conveni- 
ent value to use with equation [Dl .  
This loss in terms of adjusted values 
is obtained by projection and, there- 
fore, assumes that equation [Dl is a 
continuous function through soil loss 
values of this magnitude. The amount 
of residue Roe, required to reduce the 
relative soil loss value E to one half of 
what it was under bare conditions was 
arbitrarily chosen as the second basis 
for comparing soil loss under a given 
set of independent variables with an- 
other given set. 

The results of the regression analy- 
sis, when all independent variables ex- 
cept R were held constant, and the esti- 
mated quantities of R, and ROq5 com- 
puted from equation [Dl are given in 
Table 1. The relatively high r2 values 
strongly indicate that total soil loss 
from a vegetatively covered surface 
varies exponentially with the quantity 
of residue. This relationship appears 
valid whether the vegetation is: crop 
residues left standing after harvest; crop 
residues whose natural orientation with 
respect to the soil surface has been al- 
tered by tillage or other activity (lean- 
ing or flattened); or vegetation grown 
in rows parallel or normal with wind 
direction. On an average, regression 



TABLE 1. STATISTICS RELEVANT TO REGRESSION ANALYSIS AND ESTIMATED VALUES OF Ro AND Ro,5 WITH ALL VARIABLES 

EXCEPT R HELD CONSTANT - 
Combination of independent variables Residue quantities 

Drag Soil d f -log b 9 
Vegetation Orientation velocity, cloddiness, 'log EeR 

cm/sec percent Ro R0.5 

Wheat stubble 
Wheat stubble 
Wheat stubble 

Wheat stubble 
Wheat stubble 
Wheat stubble 

Wheat stubble 
Wheat stubble 
Wheat stubble 

Wheat stubble 
Wheat stubble 
Wheat stubble 

Wheat stubble 
Wheat stubble 
Wheat stubble 

Wheat stubble 
Wheat stubble 
Wheat stubble 

Fine sorghum stubble 
Fine sorghum stubble 
Fine sorghum stubble 

Fine sorghum stubble 
Fine sorghum stubble 
Fine sorghum stubble 

Fine sorghum stubble 
Fine sorghum stubble 
Fine sorghum stubble 

Fine sorghum stubble 
Fine sorghum stubble 
Fine sorghum stubble 

Fine sorghum stubble 
Fine sorghum stubble 
Fine sorghum stubble 

Fine sorghum stubble 
Fine sorghum stubble 
Fine sorghum stubble 

Coarse sorghum stubble 
Coarse sorghum stubble 
Coarse sorghum stubble 

Coarse sorghum stubble 
Coarse sorghum stubble 
Coarse sorghum stubble 

Coarse sorghum stubble 
Coarse sorghum stubble 
Coarse sorghum stubble 

Coarse sorghum stubble 
Coarse sorghum stubble 
Coarse sorghum stubble 

Coarse sorghum stubble 
Coarse sorghum stubble 
Coarse sorghum stubble 

Coarse sorghum stubble 
Coarse sorghum stubble 
Coarse sorghum stubble 

Growing winter wheat 
Growing winter wheat 
Growing winter wheat 
Growing winter wheat 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

flat 
leaning 
standing 

normal 
parallel 
normal 
parallel 

Pounds per acre X 10-3 

105.6 
Growing winter wheat normal 116.5 0.059 
Growing winter wheat parallel 116.5 3.21318 0.978 0.05282 0.989 0.093 

* All other regression coefficients significantly different from zero (P = 0.01). 

accounted for 88.4, 97.4, 92.5, and 
96.0 percent of the variation in log E 
for the wheat, fine sorghum, coarse 
sorghum, and growing winter wheat, 
respectively. Regression accounted for 
96.0, 92.4, and 89.9 percent of the 
variation in log E for the respective 
flat, leaning, and standin,g crop residue 
orientations. The corresponding per- 
centages far winter wheat in rows par- 
allel and normal to wind direction 
were 97.4 and 94.6. All regression co- 
efficients except two were significantly 
different from zero, and the exceptions 
were attributed to insufficient degrees 
of freedom rather than to deviation from 
the assumed regression equation. 

Flat residues differ from leaning or 
standing residues in the mechanism 

whereby they reduce erosion losses. 
Flat residues reduce erosion primarily 
by forming a protective barrier between 
the soil surface and the force of the 
wind, and secondarily by reducing 
wind velocity near the soil surface. 
Leaning and standing residues, on the 
other hand, reduce wind erolsion prirnar- 
ily by decreasing wind velocity at the 
soil surface, and secondarily by forming 
a surface barrier. If the protective bar- 
rier effect were the only mechanism 
involved in soil loss reduction for flat- 
tened crop residues, the so31 would 
have to be completely covered before 
soil loss would approach zero under 
the force of an erosive wind. In this 
experiment, soil loss under flattened 
residue was controlled short of com- 

plete soil coverage by the residue. Be- 
cause the exponential relation fits all 
three residue orientations about equally, 
the net effect of the nature of the mech- 
anisms involved in reducing erosion ap- 
pears to be similar for all orientations 
of residue. Only the magnitude of the 
effect varied from one orientation to 
another. 

Aside from the possibility of the as- 
sumed relation differing from the true 
one, if any, there are several experi- 
mental errors that could account for 
the deviations from regression. Varia- 
tions in soil cloddiness within a cloddi- 
ness level, slight variations in wind 
velocity, weighing inaccuracies, and 
variation in the elevation of the surface 
of the test soil with respect to the tun- 



rlel floor - all contributed to experi- 
mental error. There were also some 
other unavoidable sources of variation. 
To achieve a level, smooth surface 
from one test to another, the soil in 
the trays was prepared by drawing a 
metal bar over the soil. This tended to 
concentrate the fine or erodible portion 
in the surface and narrowed t h e  erodi- 
bility characteristics of the two soils. 
For -large soil losses, this condition was 
inconse<uential, but for small losses, 
the percentage was relatively large. An 
attempt was made to simulate field 
conditions in arranging the residue 
stalks within a row in neither a syste- 
matic nor a randomized arrangement. 
As a result, the arrangement of stalks 
in the rows immediately windward of 
the soil trays sometimes caused varia- 
tions in soil loss from one increment of 
residue to the other different from those 
expected from the effect of the incre- 
ment alone. 

Relation of the Slope of the Log E-R 
C u r v e s  to V, A, K,, and S. T h e  
slopes of the log E-R curves, desig- 
nated by log b in Table 1, varied with 
all i n d e p e n d e n t  variables. Figs. 1 
through 4 illustrate the direction of 
variation when all but one of the in- 
dependent variables were held con- 
stant. Log b decreased numerically 
with: increasing wind velocity (Fig 1 ) ; 
an increase in coarseness of residue 
(Fig. 3)  ; and soil cloddiness (Fig. 4 ) .  
Log b increased numerically from flat 
to leaning to standing residue orienta- 
tions (Fig. 2 ) .  Retaining the expon- 
ential equation [ D l ,  this relationship 
may be functionally expressed by 

where f, (V, A) determines the log E 
intercept when R equa l s  ze ro  and 
f2 (V, A, K,, S) determines the slope 
of the log E-R curves of Table 1. When 
R equals zero, equation [A] expresses 
the relationship between log E and the 
independent variables V and A and can 
be substituted for f, in equation [El  
where the respective constants are as- 
signed the symbols a,, b,, and b,. 

By alternately taking the average of 
the log b values across all independent 
variables except one, and by plotting 
these averages against the values of the 
omitted variable, log b was functionally 
related to V, A, K,, and S. To arrive 
at a relatively simple final regression 
model, the relationships between log b 
and the independent variables were 
chosen for their simplicity, provided, of 
course, that the relationships appeared 
graphically reasonable. The derivative 
form of the developed regression equa- 
tion is 

log = a, + b, log V + 
log d R 1 
bp A'+ b, log% + b, SO.5 . . [F] 
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FIG. 3 Effect of kind of residue on soil 
erosion by wind (orientation = flat, A = 
11 percent clods > 0.84 mm in diameter, 
V = 105.6 cm per second). 

where the constants a, and bi were 
determined by regress ion analysis. 
Equation [F] may now be substituted 
for f, in equation [ E l ,  and the equa- 
tion can be rewritten in exponential 
form to express E as a function of all 
independent variables by 

The results of the regression analysis, 
assuming equation [F], are given in 
Table 2. The symbol s designates sam- 
ple standard deviation and the t-dis- 
tribution was used to test the hypothesis 
that bi equals zero. 

Judging from the standard regres- 
sion coefficients b's the relative influ- 
ence of the independent variables on 
the slope of the log E-R curves was 
in the descending order: kind of resi- 
due, orientation of residue, wind veloc- 
ity, and soil cloddiness. Regression ac- 
counted for a significant proportion of 
the total variation. The regression co- 
efficients b(s for log V, log K,, and 9 .5  
were highly significant (0.01 level), 
and the soil cloddiness coefficient was 
significant (0.05 level). Partial correla- 
tion coefficients also were highly sig- 
nificant. None of the possible paired 
combinations of independent variables 
was correlated. 

The R, values of Table 1 were com- 
pared with the R', values computed 
from equation [GI,  assuming that the 
most reliable estimate of insignificant 
erosion is represented by Table 1 val- 
ues. This is analogous to the usual 
"measured vs computed" comparison. 
A regression analysis was made assum- 
ing the equation 

b = 
2 ( R'OPO) . . . . . . . . . 

n 
[HI 

when n is 54 and b is the slope of the 
R', - R, curve. The computed b value 
of 1.046 was not significantly different 
from the theoretical value of unity. 
The sample standard deviation of the 
ratio sR,,/,, was 0.29. Other compari- 
sons of R', and R, were made by ornit- 
ting, one at a time, each level of the 
independent variables, S and log K,, 
assuming the regression model of equa- 
tion [F]. The sample standard devia- 
tions of R',/R, for these analyses of the 
kinds of residues and orientations were: 
wheat, 0.18; fine sorghum, Q.14, coarse 
sorghum, 0.09; standing residue, 0.18; 
leaning residue, 0.20; and  flattened 
residue, 0.06. Omitting an independent 
level decreased the sample standard 
deviation of the RTo/R0 ratio. Whether 
the deviations are within the realm of 
practicality for estimating erodibility 
depends on the tolerances one would 
be willing to accept. 

The results of this study suggest that 
wind erosion varies exponentially with 
the quantity of residue on the soil sur- 
face and agrees with the first* quantita- 
tive research carried out on this phase 
of wind erosion (2 ) .  Within the limits 
of the number of independent variables 
that were evaluated in this wind-tun- 
nel experiment, the elevation of the soil 
loss-vegetation quantity curves above 
the abscissa varied with wind velocity 
and soil cloddiness. All independent 
variables influenced the slope of the 
curves, although the influence of soil 
cloddiness was relatively minor. The 
relation between the relative effective- 
ness of different kinds and orientations 
of residue is not simple. One cannot, 

TABLE 2. STATISTICAL VALUES FOR THE REGRESSION OF THE LOG E-R 
SLOPE ON LOG V, A, LOG Km, AND 9.6 

Variable d f by b'li sbi tbi 

log V 52 - 3.16680 -0.231 0.48444 -6.537t 
A 5 1 - 0.00977 - 0.077 0.00450 -2.1710 

1% Km 50 0.52908 0.461 0.04050 13.064t 
s0.6 49 -0.30388 - 0.807 0.01330 -22.852t 
- -- - 

Constant an = 7.06117 Partial correlation coefficients of 
8 for equation = 0.13061 the log of the log E-R slope with: 

F for equation = 188.35t log V = -0.683t 
r2 - - 0.939 A = -0.296t 

log Km = 0.881t 
- S0.6 - -0.956t 

* Denotes significance at 5 percent level. 
t Denotes significance at 1 percent level. 



for example, generalize that wheat 
stubble is a given number of times as 
effective as sorghum stubble, or that 
standing residue is a given number of 
times as effective as flattened crop resi- 
due. The relative value of kinds and 
orientations of residue for erosion con- 
trol must be qualified by the soil, wind 
velocity, and the many other variable 
characteristics of the residues involved. 
One can, however, generalize to the 
extent that: fine-textured residues on a 
weight basis are much more effective 
than coarse-textured residues; any ori- 
entation of residue with respect to the 
soil surface decreases wind erosion more 
than the flattened position; and, grow- 
ing fine-leafed crops, like grasses and 
cereals, affords a high degree of erosion 
control per unit weight. 

From the nature of equation [Dl,  
it can be seen that relatively small 
quantities of even the coarsest residues 
result in sizable reductions in erodibility 
compared with the erodibility of bare 
soil. This phenomenon, if combined 
with other wind-erosion-control meas- 
ures, should be taken into account in 
applying wind-erosion-control practices. 
Amounts of residue that look incon- 
sequential may in fact make a signifi- 
cant contribution and diminish the de- 
gree of intensity required of other prac- 
tices, like strip cropping, shelterbelts, 
and emergency tillage. 

Growing winter wheat oriented in 
rows normal to the wind was about 1.4 
times as effective as winter wheat ori- 
ented in rows parallel to wind direction 
under the imposed variables of this 
experiment. This r e l  a t  i v e advantage 
would probably increase with wider 
row-width spacings. 

Although the independent variables 
accounted for the major portion (94 
percent) of the variation in the log of 
the log E-R slopes, there was evidence 
that had interactions been included in 
the regression model, even more varia- 
tion could have been accounted for. 
The fewer the variables involved, the 
more accurate were the erosion esti- 
mates. 

RESIDUE. THOUSANDS OF POUNDS PER ACRE 

FIG: 4 Effect of soil cloddiness on soil 
erosion under a leaning, fine-textured 
sorghum cover (V = 105.6 cm per second). 

If one is willin'g to accept the valid- 
ity of the relation between soil loss and 
quantity of residue expressed by equa- 
tion [Dl in this study and in previous 
work ( 2 ) ,  the testing procedure used 
in this experiment should prove quite 
useful for routine testing of soil and 
residue conditions. By maintaining soil 
cloddiness and wind velocity constant, 
a curve could be established by meas- 
uring soil loss at only two residue levels 
- preferably zero and some intennedi- 
ate quantity with respect to the magni- 
tude of soil loss. At zero, residue varia- 
tion due to bias in positioning the vege- 
tation would be eliminated. An inter- 
mediate quantity of residue with re- 
spect to magnitude of soil loss would 
insure that the quantity of residue was 
below the amount where the threshold 
velocity would be skirted and would 
eliminate errors due to that cause. If 
at all possible, mechanical means of 
supporting and anchoring the residue, 
which projects into the airflow, should 

be avoided. There is no simple way to 
determine if the adjustments made to 
separate effects of vegetation from me- 
chanical devices are truly accurate. If 
the soil trays could be weighed in place 
in the wind tunnel, accuracy would un- 
doubtedly be improved and much time 
could be saved. Some method of plac- 
ing and leveling the soil in the test tray 
that would retain the structural char- 
acteristics of the soil at the soil surface- 
wind interface would eliminate some 
of the error encountered in this experi- 
ment. 
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