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Mulching practices on a roadside cut (3: 1 slope) were evaluated with 
respect to controlling soil erosion and minimizing grass seed and 
fertilizer loss prior to grass establishment. A field plot rainfall 
simulator and a device to introduce additional surface flow over a 
test plot were used to evaluate the mulching practices. Measure-
ments of soil erosion and grass seed and fertilizer losses were made 
from runoff samples taken through a series of simulated rainstorms. 
The effectiveness in protecting soil surfaces against water erosion 
was determined for 13 mulches. The best protection was provided by 
mulches of jute netting, wood excelsior mat, prairie hay (1 ton/acre) 
and fiberglass (1,000 lb/acre) anchored with asphalt emulsion (150 
gal/ acre). The least effective mulches were the latex (150 gal/acre) 
and a kraft paper netting. Anchoring a material with asphalt emul-
sion provided increased adherence to the soil surface and was gen-
erally beneficial. 

•TEMPORARY stabilization of a disturbed soil surface until vegetation can become 
established is a continuing problem for state highway departments, the Department of 
Defense and other public agencies. Stabilizing the backslopes of dams and the side 
slopes of waterways and spillways are similar problems for soil conservationists. The 
advantages of holding the grass seed and soil in place until adequate cover has been es
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COStS on a construction slope than the initial cost of smoothing, mulching, and seeding. 
Conventional equipment can be used on slopes flatter than 4: 1 for seeding, mulching 

and mulch anchorage. Steeper slopes pose special problems in the application of mulches 
and the establishment of vegetation. Research on mulching materials used to prevent 
water erosion on a 6-percent slope has been conducted, using simulated rainfall, since 
1962 at Lincoln, Nebr a ska (3) . During the s um mer of 1965, a rotating-boom rainfall 
simulator (2) was used to e valuate the effectiveness of 13 selected mulc hes for con
trolling the losses of soil, seed, and fertilizer on a 3:1 roadside backslope. 

MATERIALS AND METHODS 

This study was conducted on a Wymore silty clay loam at a site located about 3 miles 
south of Firth, Nebraska, along State Spur 341. A roadside cut was shaped to approxi
mately a 3:1 slope. The surface was quite moist at the time of shaping and hardened 
upon drying. A mechanical analysis of a composite sample from the cut soil surface 
analyzed 9 percent sand, 59 percent silt and 32 percent clay. 

Twenty-six plots, each 10 x 20 ft, provided test plots for two replicates of 13 mulch 
treatments. These treatments, along with rates and methods of application, are given 
in Table 1. After application of the mulch, each plot was covered with plastic for pro
tection against natural rainfall until simulated rainstorms could be applied. 
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TABLE 1 

MULCH TREATMENTS STUDIED 

Mulch Treatment Description and Method of Application Application Ratea 

Wood cellulose 

Fiberglass 

Asphalt emulsion 

Latex 

Wood cellulose and 
asphalt emulsion 

Fiberglass and asphalt 
emulsion 

Prairie hay and asphalt 
emulsion 

Woodchips and asphalt 
emulsion 

Corncobs and asphalt 
emulsion 

Prairie hay and wide
weave paper netting 

Wood excelsior mat 

Jute netting 

Wood cellulose fiber applied hydraulically 
as a water slurry 

Continuous filaments of fiberglass applied 
with compressed air 

Emulsifiable asphalt diluted 1:1 with water 
and sprinkled on plot 

Emulsifiable material diluted 1: 6 with 
water and sprayed on plot 

Wood cellulose fiber anchored with 1:5 
asphalt emulsion 

Fiberglass anchored with 1:5 asphalt 
emulsion 

Prairie hayb anchored with 1: 5 asphalt 
emulsion 

Pine woodchips from a portable chipper 
anchored with 1: 5 asphalt emulsion 

Ground corncobs slightly larger than ¼ in. 
in diameter anchored with 1: 5 asphalt 
emulsion 

Prairie hay anchored with tightly twisted 
kraft netting with a 2 x 0. 5 yarn count 

High-grade wood excelsior covered on both 
sides with a strong, large-mesh, kraft 
netting 

Heavy woven jute matting with a 1. 6 x 1. 1 
yarn count 

1000 lb 

1000 lb 

1200 gal 

150 gal 
1000 lb with 

150 gal 
1000 lb with 

150 gal 
1 ton with 

150 gal 
6 tons with 

150 gal 

5 tons with 
150 gal 

1 ton 

aPer acre; undiluted volume applied in the case of liquids. 
bAverage composition of the prairie hay was 74 percent bluestem, 23 percent switchgrass and miscel

laneous grasses and weeds. 

Four "storms" were applied to pairs of test plots as follows: 

Storm 

1 
2 
3 
4 

Duration (hr) 

1. 4 
1.0 
0.3 
0.8 

Intensity (in./hr) 

2.5 
2.5 
5.0 
2. 5 plus intro

duced surface 
flow 

The second storm was applied 18 to 20 hr after Storm 1, and Storm 3 immediately fol
lowed Storm 2. The fourth storm included three successive increases of introduced 
surface flow over the plots. Each increase in surface flow was held constant for 0. 2hr 
after the first 0. 2 hr of simulated rainfall. 

The surface flows were introduced across the upper edge of a plot through a pipe with 
holes on the upslope side. The energy of the water jets is dissipated against a curved 
metal shield from which the water ran onto the plot. The rate of water addition was 
controlled by a valve and measured through a meter. 

Runoff samplers designed by Meyer and further reported by Hermsmeier (1) were 
used in this study. A nearly continuous sample of the runoff with its sediment load was 
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obtained by taking successive samples over 6-min intervals throughout a test. A water
stage recorder provided a hydrograph of the runoff. 

Grass seed and fertilizer were applied prior to mulching. Smooth bromegrass (Brom us 
inermis Leyss.) seed was applied at a rate of 120 seeds per sq ft. The seed was auto
claved to prevent germination on the plots or after collection in the runoff samples. The 
grass seeds in the fractional runoff samples were counted to determine the total number 
of seeds removed by the water runoff for a given storm. 

Phosphorus was applied to each plot at the rate of 83 lb/ acre in the form of treble 
superphosphate. The amount of phosphorus, both in the soil and in the water of each 
runoff sample, was determined. 

RESULTS AND DISCUSSION 

Soil Erosion 

The mulches varied widely in the degree of erosion protection provided. A maximum 
soil loss of 16. 5 tons/ acre was measured from a 5-in./hr storm of 18 min duration on 
plots treated with the latex. The results from each mulch treatment, given in Table 2, 
are expressed in terms of a relative erosion value that indicates the effectiveness of a 
particular mulch in preventing erosion in comparison to the jute netting. The relative 
erosion values are weighted averages (weighted with respect to the amount of erosion 
for a particular storm) for three simulated rainstorms. 

The mulch materials can be grouped into four distinct classes. Materials such as 
the jute netting, wood excelsior mat, and fiberglass anchored with asphalt emulsion 
provided excellent protection against water erosion. The amount of erosion was reduced 
by about 95 percent as compared to the soil loss from plots mulched with the latex. 
Good protection against water erosion was provided by woodchips, prairie hay or corn
cobs anchored with asphalt emulsion, and from asphalt emulsion alone. Soil erosion in 
this group was reduced by 85 to 90 percent when compared to the latex treatment. Wood 
cellulose, kraft paper netting, and the latex provided unsatisfactory protection. 

TABLE 2 

]Vl'TTT ,Cl-T 'T'RF.A'T'MF.N'T'S RANKED ACCORDING TO 
RELATIVE EFFECTIVENESS AGAINST SOIL EROSION 

Mulch Treatment 

Jute netting 
Wood excelsior mat 
Fiberglass and asphalt emulsion 
Woodchips and asphalt emulsion 
Prairie hay and asphalt emulsion 
Asphalt emulsion 
Corncobs and asphalt emulsion 
Prairie hay and wide-weave 

paper netting 
Fiberglass 
Wood cellulose and asphalt emulsion 
Wood cellulose 
Kraft paper netting 
Latex 

Relative Erosiona 
(No. of times the erosion 

from jute-net mulch) 

1. ob 
1. 1 
1. 4 
2.3 
2.5 
2. 5 
4.5 

7.9 
7.9 
8.5 

12.9 
20.7 
25. 4 

0
Average of three simulated rainstorms replicated twice for each mulch 

treatment. 
6Mulch treatment used for comparison purposes. 
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Figure l. Rates of erosion as related to runoff for various mulch treatments. 

TABLE 3 

MULCH TREATMENTS RANKED ACCORDING TO SEED LOSS FROM RUNOFF PLOTS 

Number of Grass Seeds Losta 
Mulch Treatment 

Storm 1 Storm 2 Storm 3 Total 

Jute netting 0a 0a 0a 0 a 
Wood excelsior mat 0a 17 a 0a 17 a 
Prairie hay and asphalt emulsion 0a 0 a 32 abc 32 a 
Fiberglass and asphalt emulsion 17 a 0a 38 abc 55 a 
Fiberglass 72 a 0a 0a 72 a 
Asphalt emulsion 80 a 16 a 24 ab 120 a 
Woodchips and asphalt emulsion 142 a 6 a 143 abc 291 ab 
Corncobs and asphalt emulsion 250 ab 127 ab 127 abc 504 abc 
Wood cellulose and asphalt emulsion 394 abc 115 ab 88 abc 597 abc 
Wood cellulose 355 abc 237 be 219 C 811 bed 
Prairie hay and wide-weave paper netting 665 be 124 ab 194 be 983 cd 
Kraft paper netting 676 be 238 be 202 be 1116 cd 
Latex 762 C 355 C 169 abc 1286 d 

aSeed losses fol lowed by same letter are not significantly different (5% I eve I). 
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The use of increased surface flows in addition to the simulated rainfall provided more 
distinguishable differences between the mulch treatments (Fig. 1). Accelerated erosion 
resulted when some of the mulch treatments failed under increased surface flow (latex, 
kraft paper netting, wood cellulose, and fiberglass), but nearly stable conditions per
sisted with others (fiberglass anchored with asphalt emulsion, wood excelsior mat, and 
jute netting). Some mulch materials provided relatively better protection than others 
as the flow rates increased. The fiberglass anchored with asphalt emulsion became 
relatively more effective than the jute netting with increased runoff. 

Grass Seed Loss 

Of the 24,000 bromegrass seeds on each plot, a maximum of 2,186 were lost from 
the plots treated with the latex. No observed losses occurred from a plot mulched with 
jute netting during a series of three simulated rainstorms (Table 3). The maximum 
number of grass seeds removed from the te::,l plots accounted for only about 5 percent 
of the number applied, which would still permit establishment of adequate grass stands. 
However , grass seed need not be removed from the test plot to cause inadequate grass 
stands. Seeds may be washed from some areas into concentrations, causing spotted grass 

TABLE 4 

MULCH TREATMENTS RANKED ACCORDING TO PHOSPHORUS LOSS FROM 
RUNOFF PLOTS 

Mulch Treatment Storm 1 Storm 2 Storm 3 Total 

(a) Phosphorus Loss in Soil Removed From Plot Surface (lb/acre)a 

Jute netting 0. 2 a 0.1 a 0.1 a 0.4 a 
Wood excelsior mat 0. 2 a 0.1 a 0. 2 a 0. 5 a 
Fiberglass and asphalt emulsion 0.1 a 0.1 a 0. 3 ab 0. 5 a 
Woodchips and asphalt emulsion 0. 3 a 0.1 a o. 2 a 0. 6 a 
Prairie hay and asphalt emulsion 0. 3 a 0.2 a 0. 2 ab 0. 7 a 
Asphalt emulsion 0. 2 a 0. 2 a 0.3 ab U. 7 a 
Corncobs and asphalt emulsion 0. 5 a 0.4 a 0. 3 ab 1. 2 a 
Wood cellulose and asphalt emulsion 0. 9 a 0. 5 a 0. 2 ab 1. 6 a 
Wood cellulose l.0a 0. 6 a 0. 6 ab 2. 2 a 
Fiberglass 0. 8 a 1. 0 ab 0.9 b 2. 7 a 
Prairie hay and wide-weave paper netting 1. 7 a 1.1 ab 0. 7 ab 3. 5 a 
Latex 4.2 b 1. 9 be 1. 7 C 7.8 b 
Kraft paper netting 6. 9 C 2.2 C 2.2 C 11. 3 

(b) Phosphorus Loss in Runoff Water (lb/ acre)a 

Fiberglass 0. 7 a 0. 6 a 0. 4 ab 1. 7 a 
Latex 1.0 ab 0. 5 a o. 2 a 1. 7 a 
Asphalt emulsion 1. 0 ab 0. 5 a 0. 4 ab 1. 9 ab 
Wood cellulose 0. 8 a 0. 8 a 0.4 ab 2. 0 ab 
Jute netting 0. 9 a 0. 8 a 0. 4 ab 2.1 ab 
Prairie hay and asphalt emulsion 1. 1 abc 0. 7 a 0. 3 ab 2.1 ab 
Wood excelsior mat 1. 0 ab 0. 9 a 0.4 ab 2. 3 ab 
Kraft paper netting 1. 2 abc 0. 7 a 0. 4 ab 2.3 ab 
Fiberglass and asphalt emulsion 1. 4 abc 0. 8 a 0. 3 ab 2. 5 ab 
Wood cellulose and asphalt emulsion 1. 6 be 0. 6 a 0. 3 ab 2. 5 ab 
Corncobs and asphalt emulsion 1. 3 abc 1.0a 0. 4 ab 2. 7 ab 
Prairie hay and wide-weave paper netting 1.8 C 0. 7 a 0. 3 ab 2. 8 ab 
Woodchips and asphalt emulsion 1. 7 C 0. 8 a 0.4 ab 2.9 b 

aPhosphorus loss followed by same letter not significantly different (5% level). 

C 
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stands. Also, if the seed and soil are moved by runoff (inadequate mulch), much of the 
grass seed will be covered too deeply to germinate. 

Few bromegrass seeds were lost in the runoff from plots mulched with jute netting, 
wood excelsior, prairie hay and fiberglass anchored with asphalt emulsion, fiberglass, 
and asphalt emulsion alone. Conversely, the latex, kraft paper netting, prairie hay 
anchored with wide-weave mesh netting, and wood cellulose did not control the move
ment and loss of grass seeds from the plot surface. Mulch materials that provided 
adequate protection against soil loss likewise prevented movement of the grass seed. 

Phosphorus Loss 

A relatively wide range of phosphorus losses was measured in the eroded soil re
moved from the mulch test plots (Table 4). Since these losses are dependent on the 
amount of soil loss under the various mulch materials, the results obtained are similar 
to those for soil loss. Mulches of jute netting, wood excelsior, and fiberglass anchored 
with asphalt emulsion permitted the least phosphorus loss in the eroded soil; however, 
the values are not significantly less than those for most of the other mulches. The plots 
covered with kraft paper netting indicated significantly greater losses than those plots 
mulched with latex and, in turn, these two materials permitted significantly higher 
phosphorus losses than all other mulch materials. 

After the first storm, phosphorus losses in the runoff water were relatively constant 
for the various mulch materials (Table 4) with no significant differences measured. 
Only the losses occurring in the runoff from the first 3. 5 in. of water applied appeared 
to be dependent on the mulch material. 

The average phosphorus lost in the eroded soil for all three storms was 2.6 lb/acre, 
and that lost in the runoff water was 2.2 lb/acre. The total phosphorus loss ranged 
from 13.6 lb/acre (16.5 percent lost) for plots mulched with kraft paper netting to 2.5 
lb/ acre (3 percent lost) for jute netting-mulched plots. Such losses are relatively small 
in comparison to the total amount (83 lb/ acre) applied. Adequate amounts of available 
phosphorus should still remain on the plots under most of these mulches. It is possible, 
however, that the phosphorus fertilizer was moved and concentrated in areas on the 
plots with more erosion. 

SUMMARY 

Simulated rainstorms of 2.5 and 5.0 in./hr were applied to plots located on a 3:1 
roadside backs lope and mulched with various materials. The plots were uniformly 
seeded with bromegrass and fertilized with phosphorus. The protection afforded against 
water erosion by each mulch was evaluated by measuring soil, grass seed and phospho
rus losses. The best protection was given by materials such as jute netting, wood ex
celsior, and prairie hay (1 ton/ acre) or fiberglass (1000 lb/ acre) anchored with asphalt 
emulsion (150 gal/ acre). The least effective mulches were latex (150 gal/ acre) and 
kraft paper netting. 

The most effective mulches were those providing both protection f ram raindrop im
pact and adherence to the soil surface. Anchoring a material with asphalt emulsion 
provided increased adherence to the soil surface and was generally beneficial. Adher
ence of the mulches to the soil surface increased surface detention of the runoff water 
and eliminated the undercutting of the mulch material which was a serious problem with 
some of the nettings. 

ACKNOWLEDGMENTS 

This paper is a contribution from the Soil and Water Conservation Research Division, 
Agricultural Research Service, USDA, and the Nebraska Agricultural Experiment Sta
tion, Lincoln. This study was partially supported by the Nebraska Department of Roads 
and the U.S. Bureau of Public Roads. 



52 

REFERENCES 

1. Hermsmeier, C. F., Meyer, L. D., Barnett, A. P., and Young, R. A. Construc
tion and Operation of a 16-Unit Rainulator. ARS, 1963, pp. 41-62. 

2. Swanson, N. P. A Rotating Boom Rainfall Simulator. Trans. Am. Soc. Agr. 
Engr., Vol. 8, No. 1, 1965, pp. 71-72. 

3. Swanson, N. P., Dedrick, A. R., Weakly, H. E., and Haise, H. R. Evaluation of 
Mulches for Water-Erosion Control. Trans. Am. Soc. Agr. Engr., Vol. 8, 
No. 3, 1965, pp. 438-440. 




