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Effect of Grasses and Soil Properties 
on Wind Erosion in Sand Blowouts 

M.J. MALAKOUTI, D.T. LEWIS, AND J. STUBBENDIECK 

Highlight: Many areas where wind erosion has been severe exist on the sandy 
rangeland in northcentral and western Nebraska. These areas are called “blow. 
outs,” and because of their large number and sometimes large size, forage production 
in the area is significantly reduced. It is necesary to reestablish vegetation on the 
blowouts in order to effectively manage the rangeland where they occur. Therefore a 
study was conducted to determine the effectiveness of eight species of grass in 
revegetating the blowouts and in controlling wind erosion in them. The major factors 
related to stabilizing the soil surface in the blowouts were the amount of vegetative 
cover produced by the grasses and the length of time required for the pmtective cover 
to become established. In most cases the more vigorous rhizome producing grasses 
were most effective in becoming rapidly established and controlling wind erosion. 
However, none of the grasses studied were as effective in controlling wind erosion as 
was a mulch of prairie hay. A significant negative correlation existed between soil 
organic matter content and movement of sand by wind. 

The Sandhills of Nebraska consists 
of about 52,000 km * in northcentral 
and western Nebraska (Sewers et al. 
1975). Throughout this region thou- 
sands of hectares of rangeland exist 
where vegetation has been damaged or 
destroyed and the sand is subject to 
erosion by wind. These wind-eroded 
areas (blowouts) sometimes are as large 
as 50 hectares and represent a sig- 
nificant loss of forage production to the 
area. If left unprotected, the surface of 
the blowout is seldom able to become 
vegetated, the sand moved by the wind 
destroys surrounding grasses, and the 
blowout enlarges. 

Blowout formation is brought about 
through removal of vegetative cover by 
overgrazing, prairie fire, or cultivation 
(Seevers et al. 1975). Mulches and/or 
vegetation are required to stop sand 
movement and heal the blowout. Many 
attempts to control wind erosion in 
various regions have been reported in 
the literature (Bagnold 1941; Chepil 
and Woodruff 1963; Chepil et al. 1963; 
Drullingerand Schmidt 1968; Ecketal. 

1968; Behimaya et al. 1974; Woodruff 
et al. 1974). In general, these methods 
have been an attempt to establish some 
type of vegetation with or without the 
benefit of mulches. Mulches used 
range from manure and prairie hay to 
asphalt. Chemical compounds of 
various kinds have been evaluated in 
terms of their effect on wind erosion 

control by some workers (Armbrust 

and Dickerson 1971). Most researchers 
have reported varying degrees of 
Success in blowout stabilization, but 
the degree of success is often dependent 
upon the type of vegetation established, 
the durability of the mulch, and the 
turbulence of the air flow xross the 
blowout as affected by its orientation to 
the sand moving wind (Bagnold 1941; 
Baver et al. 1972). 

The purpose of this study was to 
determine the relative effectiveness of 
eight grasses commonly grown in 
western Nebraska in revegetating 
blowouts and controlling sand move- 
ment. Correlation between some 
commonly measured soil prop&es 
and sand movement in the blown out 
areas was evaluated. 

Methods and Materials 

Twelve blowouts on the experimental 
mnge area at the University of Nebraska 
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Panhandle Station near Scottsbluff were 
selected as sites for stabilization studies. 
Some of the pastures in which the blowouts 
were located were composed of cool- 
season grasses while others were composed 
of warm-season grasses. Since cool- and 
warm-season grasses are managed separ- 
ately, a separate experiment to study the 
effect of cool- and warm-season grasses 
was established. In order to minimize the 
effect of blowout shape on air turbulence, 
each site was shaped by bulldozing prior to 
fertilization and planting. Soil samples 
were taken from the A horizon or top soil of 
soils in the blowouts, before and after 
shaping, and of undisturbed rangeland out- 
side the blowouts. Sampling sites were 
randomly located in the blowouts, and 
samples were taken with a sampling tube in 
the manner usually prescribed for a land 
user sampling the soil. Major physical, 
chemical and mineralogical properties of 
these samples were determined following 
procedures outlined by Jackson (1956) and 
the Soil Survey Staff (1972). 

Four warm-season and four cool-season 
grasses were broadcast by hand in two 
separate experiments (Table 1). These were 
placed in a randomized complete block 
design and replicated 5 times. Each blow- 
out area was handled as a replicate. A plot 
mulched with mature prairie hay was used 
as a check and compared with the grasses in 
each replicate in each of the two experi- 
ments. Both experiments received a 
uniform fertilizer treatment of 20 kg/ha 
nitrogen (34-O-O) and 20 kg/ha phosphorus 
(0-48-O) at seeding time, April 15, 1976. 
After the grasses had become established, 

they were fertilized with 20 kg/ha nitrogen 
in the form of ammonium sulfate. 

The amount of sand moved by the wind 
was used as an indication of the rate at 
which soil erosion was taking place. Sand 
movement was determined each month 
using the device shown in Figure 1. This 
device a 124X11X2.5 cm board with 16 
holes 2 cm in diameter) was placed on 
leveled steel rods (1 cm in diameter) at a 
randomly selected place in each plot at the 
time of each monthly measurement. 
Dowels with calibration marks were then 
inserted in the holes (7.5 cm apart) to the 
level of the sand. The change in distance 
between the board and the surface of the 
sand was recorded as sand added or re- 
moved. Measurements were made montly 
over a 2-year period. Stand density 
measurements were made in August 1976 
and June 1977. A 0.1 m* frame was 
randomly placed at 60 locations within 
each plot and seedlings were counted 
within the frame at each location. 

Results and Discussion 

Stand density and frequency of 
occurrence as they relate to movement 
of sand are shown in Table 1. Among 
the warm-season grasses, prairie sand- 
reed had the highest stand density and 
the greatest frequency of occurrence. In 
addition, less sand was moved in plots 
seeded with this species (Table 2). 
Only mulched plots had a lower amount 
of sand moved. The vigorous rhizomes 

Table 1. Mean stand density (plants/m’) and frequency (%,) of occurence of grasses in 5 
blowouts used as replicates. 

Grass Species 

Stand density Frequency of 
(plants/m*) occurrence (%) 

1976 1977 1976 1977 

Warm Season 
Prairie sandreed 

Calamovilfa longifolia Scribn. 
Sand lovegrass 

Eragrostis trichoides (Nutt.) Wood 
Sand bluestem 
Andropogon hallii Hack. 
Little bluestem 

Schizachyrium scoparium (Michx.) Nash. 

18.9a ’ 20.9a 

18.3a 18.2b 

18.0a 17.8b 

14.8b 12.oc 

58a 57a 

56b 54b 

55b 52b 

55b 51b 

Cool Season 
Intermediate wheatgrass 

Agropyron intermedium (Host) Beauv. 
Western wheatgrass 

Agropyron smithii Rybd. 
Crested wheatgrass 

Agropyron desertorum (Fisch.) Schult. 
Indian ricegrass 

Oryzopsis hymenoides (Roem. and Schult.) 
Richer 

Mulch-prairie hay 

25.7a 22.3a 

23.6b 18.3b 

19.2~ 12.9~ 

12.7d 10.6d 

4.0 2 6.5 

53a 51a 

58b 57b 

53a 57b 

46C 38c 

’ Mean values followed by the same letter are not significantly different at the 5% level of probability according to 

the Student-Newman Keul Test. 
g Stand density results from seeds contained in mature prairie hay. These means were not included in statistical 

analysis. 

of prairie sandreed and its adaptability 
to the environment of the blowout areas 
enabled this species to become estab- 
lished and spread rapidly and to more 
quickly and completely produce a 
cover on the bare sand. 

Among the cool-season grasses, in- 
termediate wheatgrass attained the 
greatest stand density, but was second 
to western wheatgrass in frequency of 
occurrence in the 1976 season and 
lower in frequency of occurrence than 
both western and crested wheatgrass in 
the 1977 season. No significant dif- 
ferences in the amount of sand moved 
in each plot were evident when the 
wheatgrasses were compared. Indian 
ricegrass had a low stand density and 
frequency of occurrence and offered 
the least protection to the soil, as 
evidenced by the amount of sand 
moved under its cover (Tables 1 and 2). 

Comparison of species among both 
warm-and cool-season grasses suggests 
that those grasses that are most vig- 
orous in the environment of the blow- 
out attained the greatest stand density 
and frequency of occurrence. The more 
vigorous growth under the conditions 
of the blowout led to a greater pro- 
tection of the surface from the erosive 
effect of the wind and a consequent 
lower amount of sand movement. 

The grasses most effective in holding 
sand in place were prairie sandreed and 
intermediate wheatgrass. Among 
warm-season grasses, the advantage of 
prairie sandreed was especially 
apparent when amounts of sand re- 
moved from the plots following the 
time the grasses became established 
were compared (Table 2). Sand love- 
grass and sand bluestem were the same 
in this respect and more effective in 
controlling sand removal than was little 
bluestem. Here again the more vigor- 
ous species had the advantage. The 
vigor of prairie sandreed under these 
conditions is probably due to the large 
number of rhizomes which it usually 
produces. 

Among cool-season grasses, less 
sand moved under the wheatgrasses. 
When total sand movement was com- 
pared, little difference between the 
three species of Agropyron was 
evident. Yet, when sand removal only 
is considered, intermediate wheatgrass 
was better able to hold the sand down 
than crested wheatgrass. Indian rice- 
grass was least effective in the control 
of sand movement. Again, the advan- 
tage lies with the more vigorous species 
that could rapidly produce a stand 
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Warm Season 
Prairie sandreed 
Sand bluestem 
Sand lovegrass 
Little bluestem 

Cool Season 
Western wheatgrass 
Crested wheatgrass 

Intermediate wheatgrass 
Indian ricegrass 

Mulch-prairie hay 

401 214 516 225 917c 439c ’ 
416 108 959 481 1377b 589b 
286 63 949 558 1235b 621b 
354 50 1243 765 1597a 815a 

418 134 756 356 1174b 
389 112 797 437 1186b 
549 232 583 252 1132b 
347 29 1169 749 1516a 

734 382 0 0 

490b 
549b 
484b 
778a 

734d 382d 

’ Mean values followed bv the same letter are not significantly different at the 5% probability level according to the 
Student-Newman Keul test. 

density sufficient to keep sand move- 
ment at a low level. 

None of the grass species were as 
effective in controlling sand movement 
as was the mulch. Hay used in mulch- 
ing contained seeds of various grasses 
and other species native to Sandhills 
rangeland. Natural seeding from these 
grasses led to the stand density reported 
in Table 1. The effectiveness of mulch 
in controlling damage to the land sur- 
face by wind agrees with results 
reported by others (Chepil et al. 1963; 
Behimaya et al. 1974; Woodruff et al. 
1974). In this study, the sand that 
moved under mulched treatment was 
all deposited on the plots while none 
was removed (Table 2). Apparently, 
the mulch protected the soil surface 
while acting as a barrier to reduce wind 
energy at the surface and allow sand 
particles to fall from suspension. 

Table 2 further illustrates the value 
of mulch in controlling wind erosion in 
blowouts. Sand removal from the plots 
during April 1976 to May 1977 in- 
cludes that part of 1976 before grasses 
were established on the plots, and 
during the time of strongest, most 
erosive wind in the area. Sand removal 
per hectare was, in most cases, nearly 
twice that of the July 1976 to May 1977 
period. By July, the grasses were 
established and the northwesterly 
winds of spring had abated. When the 
strong winds came again in the spring 
of 1977, the established grasses were 
able to hold the sand with a degree of 
effectiveness relating to their stand 
density. During either period, however 
no sand was removed. 

Sand removal from seeded plots 
occurred mostly from April through 
July of 1976 prior to establishment of 

grasses and from February to May 
1977. Practically no movement of 
sand, either added or removed, occur- 
red from August 1976 to February 
1977. Therefore, the speed with which 
the grasses became established was a 
critical factor in the amount of sand 
moved from the plots. In late summer, 
vegetative density was adequate to hold 
sand in place. In late fall and early 
winter, the residues, along with typic- 
ally more moisture in the soil and lower 
velocities of winds, kept sand removal 
to a minimum. In late February and 
March, spring winds again began to 
move sand. During this period, as in 
July 1976, there was a difference 
between grass species in ability to hold 
sand in place. 

Analyses of the soils indicated that 
all were very sandy with very fine sand 
as the dominant particle size. However, 
all contained clay in an amount be- 
tween 5.1 and 7.0 percent. Soils at the 
site were earlier considered to be within 
the Valentine Soil Series (Typic 
Ustipsamment) (Yost et al. 1968) but 
have more recently been placed within 
the Valent Soil Series (Ustic Torrip- 
samment) (Soil Survey Staff 1972). 
Soils were alkaline (pH 7.7 to 8.2), low 
in cation exchange capacity (5.9 to 8.2 
meg/ 1 OOg), and low in organic carbon 
<0.2% in most replicates). Calcium 
was the dominant ion on the exchange 
complex. Illite was the dominant clay 
mineral in the clay fraction with lesser 
amounts of montmorillonite, kaolinte, 
and quartz evident. The sand fraction 
was dominated by quartz with between 
12 5 and 19.1% potassium feldspars 
and between 7.1 and 11.6% plagioclase 
feldspars. A measureable amount of 
chorite was evident in all samples. The 
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remainder of the sand fraction was 
composed of heavy minerals of which 
the micas, amphiboles, and pyroxenes 
constituted the major part. 

Sand movement was correlated sig- 
nificantly with organic matter (r= -88 
and -84 for warm-and cool-season 
experiments, respectively). In the cool- 
season grass plots, a significant nega- 
tive relationship existed between cation 
exchange capacity and sand movement 
(r= -88). Percentage of clay was 
significantly correlated with organic 
matter content (r= + .83 and + .92 for 
warm-and cool-season experiments, 
respectively). 

Conclusions 

In spite of the relationship of some 
soil properties to the amount of sand 
movement, the major factor related to 
the control of wind erosion in the 
blowouts was the amount of cover on 
the sand and how quickly it became 
established. A definite advantage was 
noted for the grasses that produced 
more vigorous growth in the environ- 
ment of the Sandhills, particularly 
prairie sandreed, as well as western and 
intermediate wheatgrass. Even under 
the cover of these grasses however, 
from 225 to 356 metric tons/ha of sand 
was removed from the plots. This 
amount of sand moving in the wind 
often buries or abrades seedlings that 
have become established. 

Since mulched plots appeared to lose 
no sand, the most reasonable procedure 
to use in revegetating the blowout after 
it is shaped is to apply a prairie hay 
mulch containing a large number of 
seeds from the species mentioned. If 
this is not available, any type of mulch 
underseeded with prairie sandreed or 
intermediate wheatgrass appears to 
have considered potential for the con- 
trol of blowouts in the rangeland of the 
Sandhills in Nebraska and surrounding 
states. 
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