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ABSTRACT-Wind tunnel studies suggest that equidistant spacing of non- 
erodible elements, such as plants at various populations, provides equal pro- 
tection from wind erosion, regardless of wind direction. The  protection equals 
that of elements in rows oriented normally (perpendicular) to  wind direction 
(row spacing in  experimental data did not exceed 61 cm). These observations 
assume equal numbers of elements per unit area for any orientation. 

w IND direction varies widely - 
during the same wind, among 

winds, and at various geographical 
locations. Monthly wind information 
is available on ( a )  relative magni- 
tude, ( b ) prevailing wind ( erosion ) 
direction, and ( c )  preponderance of 
wind erosion forces in prevailing wind 
( erosion ) direction (8 ) . Such infor- 
mation indicates where and when pro- 
tection from wind erosion is needed 
and the proper orientation of bar- 
riers or strips to reduce wind erosion 
forces. 

Because of management practices, 
such as contouring, or farmer prefer- 
ence, crop rows may be oriented with- 
out consideration of wind erosion 
protection. Studies show that crops 
planted in rows perpendicular (nor- 
mal) to wind direction give the most 
protection against wind erosion (7, 
12).  But few studies have compared 
the erosion protection provided by 
uniformly spaced elements (plants, 
stubble, etc. ) with the protection pro- 
vided by rows perpendicular or paral- 
lel to wind direction. 

Experimental Procedure 

We placed wood dowels (0.66 and 
1.59 cm in diameter), with axes nor- 
mal to a wind tunnel floor, in uni- 
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formly spaced diagonal arrays or in 
rows normal or parallel to wind di- 
rection (4 ) .  The same number of 
elements per unit area-387, 97, 24, 
or 11 per square meter (36, 9, 2.25, 
and 1 per square foot)-were used 
for two or three orientations. We 
covered the spaces between the dow- 
els with erodible particles, 0.15- to 
0.42-mm or 0.42- to 0.59-mm-diameter 
sand, and determined the loss rates 
for values greater and smaller than 
0.01' g/cm-width/min. The wind- 
speed associated with the 0.01 g/cm/ 
min loss rate ( determined graphical- 
ly) for each height was defined as the 
stable surface windspeed. 

We obtained the mean velocity pro- 
file parameters ( ,  D, u*)  with the 
equation 

ii, = 1 Z - D  
- In  (- 
U* z o  

) Dl 

where ii, is mean windspeed at height 
Z above some reference plane; u* is 
the friction velocity, defined as (ro/  
p) I/", where To is the shear stress at 
the boundary and p is air density; 
k is von Karman's constant (0.4) ; D 
is an effective roughness height; and 
Zo is a roughness parameter. 

Data and Observations 

We presented our experimental re- 
sults in terms of a dimensionless pa- 
rameter w / ~ = ~ ,  as influenced by aver- 
age height ( H )  of nonerodible ele- 
ments (Figures 1-4). Earlier (4 ) ,  
u*/uet was called the critical friction- 
velocity ratio (CFVR) because ero- 
sion began when it was exceeded. u* 
is the total friction velocity when a 

surface stabilizes at a given free- 
stream velocity. u=t is the threshold 
friction velocity for the erodible par- 
ticles in question. 

The CFVR value indicates the soil 
protection provided by nonerodible 
elements ( stubble, clods, etc. ) . The 
greater the CFVR, the greater the 
protection provided. A CFVR of 1.0 
indicates that no protection is pro- 
vided by the nonerodible elements- 
either because none exists ( H  = 0)  
or because they are too few to influ- 
ence particle movement. A CFVR of 
3 indicates that total friction velocity 
(u*  ) could rise to 3 times the thresh- 
old ( u = ~ )  before erosion starts. 

Several observations are obvious 
from figures 1-4. ROWS normal to 
flow (wind direction) offer more pro- 
tection against wind erosion than 
rows parallel to flow. The advantage 
of normal over parallel rows increases 
directly with element height, size 
(diameter), and number per unit area. 
Elements uniformly spaced in diag- 
onal arrays and in rows normal to 
flow provided equal protection against 
wind erosion (for the same number of 
elements per unit area). This equal- 
ity relationship appears valid between 
11 and 387 elements per square meter 
(maximum row spacing of 61 cm) 
and for heights less than or equal to 
43 cm ( Figure 4 ) . 

The condensed height scale toward 
the right of figure 3 indicates that 
u* /u*~  is related linearly to H for 
heights between 1 and 38 cm. How- 
ever, the effect of element height on 
u*/u*, appears to diminish as H in- 
creases and as the number of ele- 
ments per unit area decreases to some 
value less than 97 but greater than 24 
( Figure 4) .  

Practical Considerations 

Crop rows cannot be oriented to 
provide equal protection from wind 
from all directions unless all erosive 
winds come from the same or oppo- 
site direction. Our data suggest that 
equidistant spacing of plants provides 
equal protection regardless of wind 
direction. Furthermore, the protec- 
tion equaled the protection provided 
by plants in rows normal to the wind 
direction. 

Limited research (mostly in the 
Corn Belt) suggests that equidistant 
plant spacing may increase  corn 
yields (1, 2, 3, 6). Such yield in- 
creases are attributed to shading of 
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Figure 1. Effect of nonerodible element height and orientation 
to flow on wind-erosion protection: 0.66 cm diameter cylindrical 
elements (C1); 387 elements per square meter (Sl). 
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Figure 2. Effect of nonerodible element height and orientation 
to flow on wind-erosion protection: 1.59 cm diameter cylindrical 
elements (C2); 387 elements per square meter (S1). 

the soil surface and uniform compe- 
tition for soil moisture and solar en- 
ergy- 

We found no planned equidistant 
spacing studies of grain sorghum. A 
few stand density studies, involving 
some row spacings and plant spacings 
within rows so plants were approxi- 
mately equidistant in all directions 
(9, l o ) ,  do not indicate yield increases 
for equidistant spacing. Apparently, 
by tillering, many crops (grain sor- 
ghum, barley, and wheat) adjust their 
yield and stalks per unit area over a 
wide range of plant populations. 

Yields of soybeans (for the same 
number of plants per unit area) in 
two studies were maximum with plant 
spacings nearly equidistant (5, 11 ) . 
Shibles and Weber (5 )  suggested the 
most efficient arrangement of soy- 
beans is one that presents the most 
canopy surface during the growth 
cycle. Equidistant plant spacings ap- 
pear to meet this criterion. 
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Figure 3. Effect of nonerodible element height and orientation 
to flow on wind-erosion protection: 0.66 cm diameter cylindrical 
elements ((21); 97 elements per square meter (S2). 
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Figure 4. Effect of nonerodible element height and orientation 
to flow on wind-erosion protection: 0.66 (CI) and 1.59 (C2) cm 
diameter cylindrical elements; 24 (S3) and 11 (S4) elements per 
square meter. 

Disadvantages of equidistant plant 
spacings may be more difficult plant- 
ing, harvesting, and weed control. 
However, omnidirectional protection 
against wind erosion a n d  possible 
yield increases should stimulate ad- 
ditional study and perhaps develop- 
ment of equidistant plant spacing sys- 
tems. 
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