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•THE Nebraska Department of Roads is constantly faced with the problem of establish
ing and maintaining vegetative cover along roadsides throughout the state. Prairie 
grass hay is most commonly used for mulching purposes. Anchorage is effectively and 
economically accomplished by means of a tractor-drawn mulch packer (4). Conventional 
tractor-drawn equipment, however, cannot be operated safely on slopes-steeper than 
4: 1. For the purposes of this paper a steep slope is defined as one with a gradient of 
less than 4: 1. 

Slopes steeper than 4: 1 pose special problems in the establishment of vegetation. 
Mulches, other than prairie hay and grain straw, and methods of application should be 
evaluated on steep slopes for ease of application, feasibility, erosion control, soil 
moisture retention, and for their effect on soil temperature during the critical periods 
of germination and establishment. 

In 1965, a cooperative study was initiated between the Department of Agricultural 
Engineering and the Department of Horticulture and Forestry at the University of Ne
braska. The purpose was to evaluate a number of mulching materials relative to their 
effects on erosion control and grass establishment on a variety of different soil types, 
slope gradients and cut and fill sections. Swanson et al (5) presents the results of the 
first study on a 3:1 roadside cut section relative to erosion control under simulated 
rainstorms. The objective of this paper is to evaluate the same selected mulches on 
the same regraded slope and soil type in terms of their effects on soil temperature, 
soil moisture and seedling grass cover during the critical period of germination and 
establishment. 

MATERIALS AND METHODS 

On September 3, 1965, thirteen mulch treatments were applied to plots along State 
Spur 341 approximately 2 miles south of Firth, Nebraska. Plots 10 ft wide by 20 ft long 
were replicated twice in a randomized block design on a west-facing 3:1 backslope. A 
check plot receiving no mulch was included in each replication. 

The soil on the experimental site is classified as a Wymore silty clay loam and tested 
pH 6. 7, very low (5 ppm) in phosphorus and high (215 ppm) in potassium. Therefore, 
a 16-48-0 fertilizer at the rate of 415 lb/acre was applied to the surface but was not 
worked in. All plots were seeded with Lincoln bromegrass (Bromus inermis Leyss.) 
at the rate of 120 pure live seeds per square foot with a cyclone-type seeder. The mulch 
treatments at the rates given in Table 1 were then applied. 

Data were gathered on soil temperatures, soil moisture, seedling stand, seedling 
height and percent cover as affected by each mulch treatment. 

Since, with favorable moisture, Lincoln bromegrass will germinate and emerge in 
7 to 10 days after seeding, soil temperatures and soil moisture were measured 6 days 
after seeding so as to be unaffected by grass growth. 

Soil temperatures were measured at a ½-in. depth at random within thirds of each 
plot by means of a 3-probe thermistor thermometer. Soil temperatures were measured 

Paper spansored by Committee on Roadside Development and presented at the 46th Annual Meeting. 
53 



54 

TABLE 1 

MULCH TREATMENTS, DESCRIPTION AND RATES OF APPLlCATION 

Mulch Treatmenta 

Latex 

Fiberglass 

Wood cellulose 

Asphalt 

Fiberglass and 
asphalt 

Wood cellulose and 
asphalt 

Woodchips and asphalt 

Corncobs and asphalt 

Prairie hay and 
asphalt 

Prairie hay and light 
paper netting 

Medium paper netting 

Excelsior mat 

Jute netting 

No mulch 

Description and Method of Application 

Emulsifiable material diluted 1:6 with water 
and sprayed on 

Continuous filaments of fiberglass applied 
with compressed air 

Wood cellulose fiber applied hydraulically 
as a water slurry 

Emulsifiable asphalt diluted 1: 1 with water 
and sprinkled on 

Fiberglass anchored with 1: 5 asphalt 
emulsion 

Wood cellulose fiber anchored with 1: 5 
asphalt emulsion 

Pine woodchips from portable chipper an
chored with 1:5 asphalt emulsion 

Ground corncobs slightly larger than 1/" in. 
anchored with 1: 5 asphalt emulsion 

Prairie hay anchored with 1: 5 asphalt 
emulsion 

Prairie hay anchored with tightly twisted 
kraft paper netting with a 2 x 0.5 yarn 
count 

Tightly twisted, random colored kraft net
ting with a 7 x 4 yarn count 

High grade wood excelsior covered with 
large mesh, kraft paper netting 

Heavy woven jute net with a 1.6 x 1.1 yarn 
count 

Rate 
(per acre) 

1050 gal 

1000 lb 
1000 lb in 

3000 gal 

2400 gal 
1000 lb and 

900 gal 
1000 lb and 

900 gal 
6 tons and 

900 gal 
5 tons and 

900 gal 
1 ton and 

900 gal 

1 ton 

aThe latex is manufactured by the Velsicol Chemical Corp.; the fiberglass by the Pittsburgh Plate 
Glass Co.; the wood cellulose by the International Paper Co.; the asphalt (LS-1) by the American 
Bitumuls and Asphalt Co.; the paper nettings and jute net by the Bemis Bros. Bag Co.; the excelsior 
mat by American Excelsior Corp. The average composition of the prairie hay was 74 percent blue
stem, 23 percent switchgrass, and miscellaneous grasses and weeds. 

on a number of days, but only the date for September 11 and 13 are given in Table 2. 
The data on September 11 represent maximum and minimum relations on a clear day, 
while the temperatures on September 13 represent the maximum on a cloudy day. Min
imum temperatures were taken from 6:00 to 7:00 a. m.; maximum temperatures were 
taken from 3:00 to 5:00 p. m. 

Soil moisture was determined gravimetrically to a depth of ½ in. on September 9 by 
soil cores 3/.i. in. in diameter taken at two random locations within thirds of each plot. 
Soil cores were weighed, dried at 109 C for 24 hr and reweighed for moisture percentage. 

Seedling stand, percent cover and seedling heights were observed on September 29 
(26 days after seeding). Stand counts were ,made at random within quarters of each plot in 
a square foot quadrat. Percent cover was estimated by two independent observers within 
thirds of each plot, while seedling heights were measured at random within fifths of each 
plot. Grass cover percentages were also estimated 8 months and 14 months after seed
ing as a follow-up on the seedling phase. 
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TABLE 2 

EFFECT OF MULCH TREATMENTS ON SOIL TEMPERATUREa 

Sept. 11; Clear Sept. 13; Cloudy 
Mulch Treatment 

Minimum Maximum Range Maximum 

Excelsior mat 58.3 a 82. O a 23. 7 a 71. 8 ab 
Prairie hay and light paper netting 57. 5 a 85.0 b 27.5 b 71. 8 ab 
Fiberglass and asphalt 57. 5 a 93.2 f 35.7 def 74. 8 d 
Prairie hay and asphalt 57. 0 ab 86.8 be 30.6 be 72. 3 ab 
Corncobs and asphalt 57. 0 ab 88.5 cd 32.0 cd 71. 8 ab 
Jute netting 56. 8 ab 89.3 cd 32.6 cde 71. 2 a 
Asphalt 56. 2 be 101. 5 g 45.3 g 76 . 5 e 
Woodchips and asphalt 56.2 be 89. 5 de 33.4 cdef 73 . 2 be 
Latex 56.2 be 90.2 de 34.0 edef 71 . 7 ab 
Wood cellulose and asphalt 56.2 be 93.3 f 37.2 f 74.2 cd 
Medium paper netting 55. 8 be 89.3 cd 33.4 cdef 72.5 be 
Fiberglass 55.7 be 91. 7 ef 36.0 ef 72. 7 be 
No mulch 55.2 C 91. 0 def 35.7 def 72. 0 ab 
Wood cellulose 55.0 C 90.3 de 35.4 def 72. 2 ab 

a Any two means with different letters are significantly different at the five percent level . 

All data were evaluated by analysis of variance. Duncan's Multiple Range test (3) 
was applied to identify differences significant at the 5 percent level of probability. -

RESULTS 

Daily precipitation records from the U.S. Weather Bureau for September are given 
in Table 3. Precipitation following seeding was favorable. Rain fell on 16 days during 
September. The total amount of 5. 82 in. was 2. 55 in. above normal for the month. 

The influence of the various mulch treatments on soil temperature ½ in. below the 
soil surface taken 9 days after seeding is given in Table 3. The plots treated with the 
excelsior mat had the highest minimum soil temperature, which averaged 58. 3 F, but 
this treatment was not significantly different from prairie hay and light paper netting, 
fiberglass and asphalt, prairie hay and asphalt, corncobs and asphalt, and jute net 

TABLE 3 

PRECIPITATION AT FIRTH, NEBRASKA 
FOR SEPTEMBER 1965 

Date 

4 
5 
6 
8 

13 
14 
16 
17 

Amount 

0. 83 
T 

0.42 
0.03 
0.29 
0.02 
0.01 
0.08 

Month total 
Normal 

Date 

18 
19 
20 
21 
27 
28 
29 
30 

5.82 
3.27 

0
Data from U.S. Weather Bureau. 

Amount 

0.16 
0. 25 
1. 55 
0.50 
0.70 
0.07 

T 
0.91 

treatments which averaged from 56. 8 to 
57. 5 F. Likewise, all these treatments 
caused significantly higher minimum soil 
temperatures compared to the no-mulch 
treatment, which averaged 55. 2 F. 

The average maximum soil temperature 
under the excelsior mat was 82. 0 F, which 
was significantly lower than all the other 
treatments; asphalt was 101. 5 F, which 
was significantly higher than all other 
treatments. The maximum soil tempera
tures under the excelsior mat, the prairie 
hay and light paper netting, and the prairie 
hay and asphalt mulches were significantly 
lower, while the asphalt plots were signif
icantly higher than the no-mulch plots, 
which average 91. 0 F. The same relations 
held true for the day's range in soil tem
peratures. 

Maximum soil temperatures taken on a 
cloudy day 10 days after seeding indicate 
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TABLE 4 

EFFECT OF MULCH TREATMENTS ON SOIL MOISTURE, SEEDLlNG STAND, 
SEEDLlNG HEIGHT, AND PERCENT COVERa 

Soil Seedlings Seedling Percent Moisture, Mulch Treatment Percent per sq ft Heights, cm Cover 

(6 days) (26 days) (26 days) (26 days) 

Excelsior mat 28. 0 a 104.1 a 11.1 a 66. 7 a 
Prairie hay and asphalt 25. 0 ab 71.1 ab 9. 6 ab 59. 2 a 
Prairie hay and light netting 24. 9 abc 81. 2 ab 9.4 be 64. 2 a 
Asphalt 24. 9 abc 18.8 C 5.1 f 5.2 e 
Woodchips and asphalt 22.6 bed 83. 4 ab 8. 5 be 66. 7 a 
Jute netting 22.6 bed 82. 2 ab 7.2 de 36.7 be 
Corncobs and asphalt 22.0 bed 91. 9 ab 8.0 cd 66. 7 a 
Medium paper netting 21. 6 bed 67. 8 ab 6.2 ef 27.5 bed 
Latex 21. 4 bed 59.6 b 5.5 ef 14.3 de 
Fiberglass 20.8 bed 76. 6 ab 5.4 f 22.5 cde 
Wood cellulose and asphalt 20.8 bed 72. 5 ab 7.2 de 45. 8 ab 
Fiberglass and asphalt 20.5 bed 68. 0 ab 7.2 de 25.8 bcde 
No mulch 20.4 cd 57.5 b 5.7 ef 18.3 cde 
Wood cellulose 19.6 d 75. 6 ab 6.3 ef 18.3 cde 

a Any two means with different letters are significantly different at the five percent level. 

the asphalt plots were significantly warmer than the other plots. Plots containing as
phalt, fiberglass and asphalt, and wood cellulose and asphalt mulches had significantly 
higher soil temperatures on a cloudy day compared to the no-mulch plots. 

The data for soil moisture percentage, seedling stands, seedling heights and percent 
cover are given in Table 4. The plots with excelsior mat had the highest soil moisture 
averaging 28. 0 percent in the top % in. of soil, but these plots were not significantly 
different in moisture content from plots having prairie hay and asphalt, prairie hay and 
light paper netting, or asphalt treatments, which averaged 24. 9 percent. The excelsio1 
mat and the prairie hay and asphalt plots contained a significantly higher soil moisture 
percentage than did the no-mulch plots, which averaged 20. 4 percent. 

Although the excelsior treatment averaged 104. 1 seedlings per square foot, this stand 
was not significantly different from those treatments which had a minimum average of 
67. 8 seedlings per square foot. The asphalt-treated plots averaged only 18. 8 seedlings 
per square foot, which was significantly lower than all other treatments. Only the 
excelsior-treated plots had significantly more seedlings per square foot compared to 
the no-mulch plots, which averaged 57. 5. 

The excelsior-treated plots had the highest seedling heights, averaging 11. 1 cm, but 
not significantly different from the prairie hay and asphalt treatment, which averaged 
9. 6 cm. Both of these treatments plus prairie hay and light paper netting, woodchips 
and asphalt, and corncobs and asphalt treatments had significantly higher seedling 
heights compared to the no-mulch plots, which average 5. 7 cm. 

The highest grass cover of 66. 7 percent was found on plots treated with excelsior 
mat, woodchips and asphalt, and corncobs and asphalt, although these treatments were 
not significantly different from prairie hay and asphalt, prairie hay and light paper net
ting, and wood cellulose and asphalt treatments, which averaged from 45. 8 to 64. 2 per
cent. These 6 treatments had significantly more grass cover than the no-mulch plots, 
which averaged 18. 3 percent. 

The analysis of variance of the data gathered at different locations within the plots 
showed that soil temperatures and soil moisture percentages were consistent and not 



TABLE 5 

PERCENT GRASS COVER 8 AND 14 MONTHS AFTER SEEDINGa 

Mulch Treatment 
Percent Cover Percent Cover 
May 24, 1966 Nov. 30, 1966 

Excelsior mat 93. 5 a 89. 2 a 
Prairie hay and light paper netting 78 .' 2 ab 75. 8 ab 
Woodchips and asphalt 73.5 b 69.2 b 
Corncobs and asphalt 72. 5 b 71. 7 b 
Jute netting 71. 7 b 70.0 b 
Prairie hay and asphalt 71. 5 b 74. 2 ab 
Wood cellulose and asphalt 52.5 C 53. 3 C 

Medium paper netting 51. 7 C 47.5 C 

Fiberglass and asphalt 50.8 C 45.8 C 

Fiberglass 48. 3 C 46.7 C 

No mulch 38.3 cd 38.3 cd 
Latex 35.8 cd 47.5 C 

Asphalt 35.8 cd 30.0 d 
Wood cellulose 29.2 d 43.3 cd 

a Any two means with different letters are significantly different at the five percent 
level. 
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significantly different throughout the length of the plots. There were, however, signifi
cantly shorter seedlings in the top one-fifth of the plots. Seedlings in the second fifth 
were significantly taller than the first fifth but still significantly shorter than the re
maining three-fifths of the plots. There were significantly fewer seedlings per square 
foot in the top one-fourth and significantly less cover in the top one-third of the plots. 
All interactions of mulch times location were not found to be significant. 

The data for grass cover percentage 8 and 14 months after seeding are given in 
Table 5. After 8 months, the plots treated with excelsior mat averaged 93. 5 percent 
cover but were not significantly different from the plots treated with prairie hay and 
light paper netting which averaged 78. 2 percent. In addition, plots treated with jute 
netting, and asphalt-anchored mulches of woodchips, corncobs, and prairie hay all had 
significantly more grass cover than did the no-mulch plots which averaged 38.3 percent. 

Essentially the same relation was true after 14 months, except the excelsior mat and 
prairie hay and light paper netting mulches were not significantly different in grass 
cover as compared to the prairie hay and asphalt-anchored plots. 

Significantly less cover was found in the top third of the plots as compared to the 
middle and bottom thirds at both the 8 and 14 month periods. All interactions of mulch 
times location were not significant. 

DISCUSSION 

As a result of the rains during the period of September 4 to 8, seedling emergence 
began only 5 days after seeding. It was surprising to find differences significant at the 
1 percent level in soil moisture percentages 6 days after seeding. As the plots did not 
have an opportunity to dry during this period, these data may indicate the mulches' in
fluence on moisture infiltration into the soil rather than an effect on retarding evapora
tion. Wymore silty clay loam soil is characterized by a low infiltration rate but high 
water-holding capacity. The plots with excelsior mat had the highest soil moisture 
percentage, apparently because the excelsior mat intercepted more rainfall and allowed 
less runoff from the plots. Since no dry period intervened before seedling emergence, 
the mulches' effect on soil moisture retention could not be evaluated. 
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Because of the favorable amount and distribution of rainfall following seeding, many 
of the mulch treatments were not significantly different in seedling stand from the no
mulch plots. However, the asphalt-treated plots were found to have significantly fewer 
seedlings per square foot compared to the no-mulch plots. Since the asphalt plots had 
good soil moisture, the poor grass stand may have been due to the higher soil tempera
tures and the wider range between the extremes in daily soil temperature. The rate of 
1200 gal/ acre of emulsifiable asphalt may also have had a deleterious effect on germi
nation. McKee et al (1) also found the liberal use of asphalt by itself actually retarded 
germination and lowered seedling stands. 

September 13 was completely overcast until noon and partly sunny during the after
noon. Under these conditions the plots containing asphalt, fiberglass and asphalt, and 
wood cellulose and asphalt mulches had significantly higher soil temperatures than did 
the no-mulch plots. 

Because of differences in seedling maturity and degree of tillering, percent of grass 
cover is considered to be more valid for evaluating mulches than the seedling stand. 
Only two treatments were significantly different in seedling stands from the no-mulch 
plot. However, on the basis of percent cover 6 treatments were statistically better 
than the no-mulch plots. 

Significant differences in the upper areas of the plots were found in seedling heights, 
seedling stands and percent cover. This is in contrast to soil moistures and soil tem
peratures. Usually a poorer stand at the slope apex is attributed to a lack of moisture 
and high soil temperature as compared to the bottom of the slope (2). Although rainfall 
amounts during September were considered above normal and distribution good, there 
were two periods, one for 6 days and one for 7 days, during which no precipitation was 
received. There is a possibility that the soil surface may have dried during these short 
periods, in spite of the mulches, to account for differences within the plots. 

In general, the better-performing mulches evaluated at 26 days after seeding re
mained consistently better for the first year as compared to the no-mulch plot with the 
exceptions of jute netting and wood cellulose anchored with asphalt. After 8 months the 
grass cover on the plots treated with jute netting increased to 72 percent which was 
significantly more than the no-mulch treated plots, which averaged 38 percent cover. 
The wood cellulose and asphalt-anchored plots averaged 52 percent cover which was 
not significantly better than the no-mulch plots. 

SUMMARY 

Thirteen mulch treatments were evaluated on plots seeded to Lincoln bromegrass 
on a 3:1 roadside backslope in September 1965. Plots protected with excelsior mat, 
prairie hay anchored with a loose paper netting, or a combination of emulsifiable as
phalt as an anchorage for woodchips, chopped corncobs, prairie hay, or wood cellulose 
had significantly more grass cover than did the no-mulch treatment one month after 
seeding. Although differences in soil moisture percentages and soil temperatures be
tween mulch treatments were statistically significant, these factors apparently had no 
great practical effects on seedling grass stands-with one exception. The poor stand 
of grass on the plots mulched with emulsifiable asphalt may have been due to high soil 
temperatures and the wide range between soil temperature extremes. The rate of 1200 
gal/ acre also may have been excessive for good germination. Differences between 
mulches probably would have been greater under conditions of normal, or preferably 
below normal, precipitation. 

The most effective mulches one year after seeding were excelsior mat, prairie hay 
anchored with a light paper netting and prairie hay anchored with emulsifiable asphalt. 
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