Use of Asphalt-Emulsion Mulches to Hasten
Grass-Seedling Establishment’
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Many attempts to establish
plantings of blue grama grass
(Bouteloua gracilis) in the Cen-
tral Great Plains have failed.
Repeated failures on experimen-
tal plots at Central Plains Ex-
periment Range indicated a need
for improved techniques in seed-
ing this species. Soil-moisture
measurements suggested that the
rapid drying of the soil in the
seed zone was probably a major
cause of these grass-planting
failures. Other workers have re-
ported that synthetic mulching
materials temporarily improve
moisture condition in the top 1
inch of soil. Smith (1931) found
that mulching with black asphalt
paper increased soil temperature
and was effective in conserving
moisture in the surface 4 inches
of soil. Rowe-Dutton (1957) re-
viewed 40 published reports
showing response of certain
vegetables to various mulching
materials including aluminum
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foil, bituminous emulsion, paper,
polyethylene plastic, and vermic-
ulite. Carolus and Downes
(1958), Army and Hudspeth
(1959), and Honma et al. (1959)
reported the changes in soil tem-
perature and soil moisture re-
sulting from the use of polyethy-
lene-film mulches. Unpublished
data from field trials conducted
by Esso Research and Engineer-
ing Company in New Jersey in-
dicated that a rapid-setting-
emulsion asphalt mulch greatly
reduced moisture loss from the
seed zone. In 1959 exploratory
tests of asphalt emulsified in un-
heated water were conducted at
the Central Plains Experimental
Range, 38 miles northeast of Fort
Collins, Colorado, to determine
the effect of asphalt mulches on
the emergence and seedling es-
tablishment of sideoats grama
(Bouteloua curtipendula) and
blue grama grass.*

The experiments were conduc-
ted on land that had been plowed
and abandoned and was in the
Aristida-stage of secondary suc-
cession (Costello, 1944). The
sandy-loam soil was described by
Klipple and Retzer (1959) as be-
longing to the Ascalon series.
The 21-year (1939-1959) average
annual precipitation at the ex-
perimental site was 12.01 inches,
with an average of 8.49 inches
during the growing season May 1
to September 30. Growing-sea-
son precipitation for 1959 was 7.2
inches. Average wind velocity

for the period June-October 1959
was 5.8 miles per hour. Average
maximum and minimum air tem-
peratures during June, July, and
August 1959 were 85 and 53 de-
grees F., respectively. Average
maximum air temperatures for
September and October 1959
were 79 and 57, respectively, and
average minimum temperatures
were 46 for September and 28
for October.

Procedure

Replicated 25 by 5-foot plots
were located on strips of ground
that had been fallowed the pre-
vious summer. Grass was
planted with a double-disk
depth-band drill that placed seed
in rows spaced 12 inches apart.
Single-species plots were estab-
lished with blue grama, sideoats
grama, and Sudangrass (Sor-
ghum sudanense). Fiberglas
soil-units, to indicate moisture
and temperature, were placed in
the blue grama and Sudangrass
plots at 1-, 3-, 6-, and 12-inch
depths.

On June 24 blue grama, side-
oats grama, and Sudangrass
were planted at the rates of 6,
3, and 12 pounds per acre respec-
tively. The grama grasses were
planted using %-inch depth
bands on the drill. The depth
bands were removed when the
Sudengrass was planted.

Two asphalt emulsions, a
rapid-setting emulsion developed
by Esso for mulching, and the
standard, slow-setting, road-mix-
ing emulsion available commer-
cially, were used in each of 3
treatments. One treatment was
100-percent coverage with the
asphalt film sprayed over the en-
tire plot. The second treatment
was 50-percent coverage with a



coating of asphalt 6 inches wide
centered over the seeded row.
The third treatment was 25-per-
cent coverage with a coating 3
inches wide centered over the
seeded row. Asphalt was not ap-
plied to the check plots.

On June 25 rapid-setting emul-
sion was sprayed on the plots.
An amount of water equivalent
to .07 of an inch of precipitation
was applied with the asphalt.
This amount of water was also
applied to the check plots. For
50- and 25-percent coverages,
boards were used to mask the
areas between the asphalt strips.
The spraying was done with a
compressed-air pump operated
from a tractor compressor. On
June 26 the slow-setting emul-
sion was applied to plots desig-
nated for its use. Soil-moisture
content was determined gravi-
metrically at weekly intervals.
An electrical soil-moisture in-
strument was used to take soil-
moisture and soil-temperature
readings twice daily. For soils at
the l-inch and 3-inch depths the
relation between soil-moisture
content and soil-unit resistance
readings was determined in the
laboratory. The method used
was similar to that described by
Kelley (1944). Air-temperature
and wind-velocity measurements
were made with standard
Weather Bureau equipment.
Each week the plants per foot of
seeded row were counted and
leaf lengths measured. A leaf-
surface index for use in graphs
was obtained by multiplying the

average number of plants per

foot of row by the average leaf
length in centimeters.

Results

By June 30, six days after
seeding, plants of all 3 species
had penetrated the asphalt
mulch. Blue grama and sideoats
grama plants did not emerge in
check plots until mid-July. The
Sudangrass emerged and devel-
oped in all treated plots and the
check plots simultaneously. The
rapidity with which the blue
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grama seedlings emerged and
developed in the asphalt-treated
plots was the outstanding fea-
ture of the study. By early Au-
gust, less than 60 days after the
seeds had been planted, many of
the blue grama plants in the
mulched area were producing
seed heads. The few plants that
remained in the check plots were
small and spindly. During the
winter of 1959-1960 nearly all of
these blue grama plants in the
check plots died. The blue grama
plants in the mulched plots sur-
vived the winter and again pro-
duced seed heads during the
summer of 1960.

Seedling Emergence and Survival
Blue grama

Uniformly-abundant emer-
gence of blue grama seedlings
was observed in the asphalt-
treated plots 5 days after plant-
ing. A mass emergence was not
observed in the check plots un-
til 28 days after planting. Seed-
zone moisture under the rapid-
setting emulsion remained rela-
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tively high through July 10
(Figure 1). The seed zone under
the slow-setting emulsion dried
a few days earlier and the seed
zone in the check remained rela-
tively dry until July 14 (Figure
2). Mass emergence in the check
was observed July 22, after the
seed zone had been relatively
moist for 6 days. The 6-day pe-
riod of higher moisture required
to start emergence in the check
corresponds closely to the 5-day
period required to start emer-
gence under the asphalt mulch.
The approximate wilting point
of these soils corresponds to the
logarithm of resistance of 6 (Fig-
ures 1 and 2). Field capacity is
near the logarithm of resistance
of 3. Soil moisture at the 1-inch
depth remained above the wilt-
ing point for approximately 16
days for the 25-percent and 17
days after application for the 50-
and 100-percent coverages of
rapid-setting emulsion. Simi-
larly, soil moisture at the 1-inch
depth under the slow-setting
emulsion remained above wilt-
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point for 9 days after application
for all coverages. In contrast, the
seed zone of the untreated plots
remained below wilting point
from the day of grass sowing un-
til July 14, a period of 20 days.
These differences in soil mois-
ture in the seed zone apparently
account for the difference in rate
of seed germination and subse-
quent seedling growth. In gen-
eral, seed-zone temperatures un-
der the asphalt mulch were
higher than those in the check
plots and temperatures under
the rapid-setting asphalt film
were slightly higher than those
under the slow-setting emulsion
(Table 1). The asphalt films

provided an effective barrier for
reduction of soil-moisture losses
by evaporation for approxi-
mately 3 weeks after application.
On the evening of July 15 a
high-intensity storm deposited
0.71 inch of precipitation includ-
ing hail. This storm caused some
damage to the asphalt film and
reduced its moisture-preserving
ability. The wide spread in mois-
ture content that existed be-
tween the asphalt and check
plots prior to this storm did not
occur again (Figures 1 and 2).
Nearly as many or more plants
emerged in the rapid-setting
emulsion plots as in the check
(Table 2). By fall the 100- and
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50-percent coverages of rapid-
setting emulsion had nearly
twice as many surviving plants
as the check. On the slow-set-
ting emulsion plots, the number
of plants emerging through the
25- and 50-percent coverages was
never as high as the number of
plants emerging in either the
100-percent coverage or the
check. With slow-setting emul-
sion, plant survival was highest
in the 100-percent coverage plots
and uniformly lower in the 50-
and 25-percent coverage plots
and the check (Table 2).

Blue grama plant counts in Oc-
tober showed that all coverages
of the rapid-setting emulsion
were effective in increasing
seedling establishment. Plant
numbers in the 50- and 100-per-
cent coverages were significantly
different from those in the check
at the 1-percent level, and plant
numbers in the 25-percent cov-
erage were different from the
check at the 10-percent level of
probability. Pictures in Figure 3
show the blue grama in the plots
treated with the rapid-setting
emulsion.

Only the 100-percent coverage
of slow-setting emulsion was
highly effective. Plant numbers
in this coverage were signifi-
cantly different from the check
at the 1-percent level. The other
treatments with the slow-setting
emulsion were not significantly
different from the check. Pic-
tures in Figure 4 show the blue
grama in plots treated with the
slow-setting emulsion. The 100-
and 50-percent coverages of the
rapid-setting emulsion and the
100-percent coverage of slow-set-
ting emulsion were not signifi-

Table 1. Average morning and afternoon soil temperatures in degrees Fahrenheit at four soil depths in the blue
grama check plots and plots with 100-, 50-, and 25-percent coverage of two asphalt mulches for the period June

28 1o July 30, 1959.

Rapid-setting emulsion

Slow-setting emulsion

Depth Check 25 50 100 25 50 100
Inches AM PM AM PM AM PM AM PM AM PM AM PM AM PM
1 864 923 89.1 94.7 90.0 95.1 94.6 99.1 90.1 96.7 89.0 93.6 88.1 94.6
3 76.3 874 76.5 90.0 80.0 93.6 75.9 90.8 773 91.8 79.9 93.1 81.0 96.2
6 73.9 827 749 85.1 76.0 87.4 76.8 89.8 73.3 85.6 75.5 88.6 76.0 89.0
12 73.9 76.0 749 78.6 759 78.8 78.9 821 733 758 75.1 1793 78.6 81.6
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Table 2. Average numbers of live blue grama, sideoats grama. and Sudangrass plants per foot of seeded row on
check plots and plots with 100-, 50-, and 25-percent coverage of two asphalt mulches.

Kind of mulch
and counting
dates for blue

Blue grama Sudangrass, Sideoats grama

grama and Asphalt coverage Asphalt coverage Asphalt coverage Sideoats grama
Sudangrass 100 50 25 Check 100 50 25 Check 100 50 25 Check counting dates
Rapid-setting emulsion:

July 3, 1959 168 132 83 0.0 42 100 84 16.2 53 85 21 0.0 July 3, 1959
July 9, 1959 139 119 7.0 0.0 52 62 74 140 36 34 09 00 July 9, 1959
July 16, 1959 115 116 7.2 0.0 45 50 179 120 1.9 18 07 00 July 16, 1959
July 23, 1959 15.0 14.6 11.7 14.0 50 49 174 121 40 58 57 69 July 23, 1959
July 28, 1959 124 132 99 1138 46 47 170 134 27 34 46 65 July 31, 1959
Aug. 7, 1959 102 100 7.3 8.0 43 51 68 115 34 36 47 64 Aug. 8, 1959
Aug. 14, 1959 79 80 61 56 35 41 6.0 10.6 20 24 26 36 Aug. 14, 1959
Aug. 19, 1959 58 6.9 55 438 34 39 69 99 1.8 19 29 34 Aug. 19, 1959
Aug. 26, 1959 72 72 54 43 30 50 67 99 16 20 22 28 Aug. 27, 1959
Sept. 2, 1959 62 60 48 3.9 14 15 20 1.7 Sept. 1, 1959
Sept. 14, 1959 47 50 34 27 00 00 00 0.0 June 27, 1960
Sept. 26, 1959 49 50 32 2.7

Oct. 3, 1959 48 51 37 31

Oct. 24, 1959 45 47 34 25

June 27, 1960 36 32 26 02

Slow-setting emulsion:

July 3, 1959 104 40 52 0.0 82 58 95 162 14 05 05 0.0 July 3, 1959
July 9, 1959 110 35 41 0.0 83 5.7 7.8 140 1.5 05 06 0.0 July 9, 1959
July 16, 1959 101 27 52 0.0 68 39 172 120 1.0 04 06 0.0 July 16, 1959
July 23, 1959 145 .96 6.9 14.0 76 40 7.5 121 34 14 33 69 July 23, 1959
July 28, 1959 115 96 82 118 70 43 171 134 28 17 31 65 July 31, 1959
Aug. 17, 1959 94 178 55 8.0 62 42 6.8 115 33 19 36 64 Aug. 8, 1959
Aug. 14, 1959 90 58 48 5.6 71 36 3.6 10.6 28 13 15 36 Aug. 14, 1959
Aug. 19, 1959 6.7 45 44 438 61 38 90 99 24 11 15 34 Aug. 19, 1959
Aug. 26, 1959 59 46 38 43 77 38 63 99 22 10 12 23 Aug. 27, 1959
Sept. 2, 1959 68 40 40 39 1.7 08 08 17 Sept. 1, 1959
Sept. 14, 1959 50 36 28 27 00 00 00 00 June 27, 1960
Sept. 26, 1959 53 33 28 27

Oct. 3, 1959 51 35 26 3.1

Oct. 24, 1959 48 28 28 25

June 27, 1960 1.8

2.3 04 02

cantly different from one an-
other. Figure 5 shows one of the
check plots.

Sideoats grama

Sideoats grama emergence oc-
curred more quickly under the
asphalt mulch than in the check.
A larger number of plants
emerged in the rapid-setting-
emulsion, asphalt-mulched plots
than in the slow-setting-emul-
sion plots (Table 2). The dry pe-
riod prior to July 13 resulted in
nearly 50-percent seedling die-
out of sideoats grama in the
rapid-setting-emulsion plots. The
total number of surviving plants
on September 1 was quite similar
for the check, all rapid-setting-
emulsion plots, and the 100-per-

cent coverage slow-setting-emul-
sion plots. Survival was lower
in the other slow-setting-emul-
sion plots. Sideoats grama plant
counts in September indicate
that the asphalt mulch had little
beneficial effect on establish-
ment. None of the sideoats
grama plants survived the win-
ter of 1959-60. The species is not
as drought-resistant and appar-
ently not as well adapted for this
area as blue grama.

Sudangrass

The ability of the various spe-
cies to penetrate the asphalt film
was not known. Although Su-
dangrass is easily established in
this area without mulching, it
was used because it has greater

seedling vigor than the gramas.
A direct relationship was as-
sumed to exist between seedling
vigor and a plant’s ability to
penetrate the asphalt film.
Sudangrass emergence was
just as rapid in the check as in
the asphalt plots, and the num-
ber of plants per foot of row was
higher in the check at all times
(Table 2). Generally in the ra-
pid-setting-emulsion plots the
number of plants decreased as
the asphalt coverage increased.
This relation does not exist in
the slow-setting-emulsion plots.
Plant numbers are similar in the
25- and 100-percent asphalt-cov-
erage plots and higher than
those in the 50-percent coverage
plots. Sudangrass plant counts
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Ficure 3. Blue grama plots with the rapid-setting-emulsion asphalt mulch in January 1959. Percent asphalt coverage from left to right
was 100, 50, and 25.

Table 3. Average leaf length (centimeters) of blue grama, sideoats grama, and Sudangrass planis on check plots
and plois with 100-, 50-, and 25-percent coverage of two asphalt mulches.

Kind of mulch
and measuring

dates for blue Blue grama Sudangrass Sideoats grama

grama and Asphalt coverage Asphalt coverage Asphalt coverage Sideoats grama
Sudangrass 100 50 25 Check 100 50 25 Check 100 50 25 Check measuring dates
Rapid-setting emulsion: .

July 3, 1959 0.7 06 08 0.0 27 28 29 31 06 06 06 00 July 3, 1959
July 9, 1959 16 18 20 00 56 57 57 5.8 09 22 16 0.0 July 9, 1959
July 16, 1959 1.8 20 19 0.0 9.7 9.0 97 94 14 28 28 0.0 July 16, 1959
July 23, 1959 28 24 30 12 170 174 151 165 21 28 22 14 July 23, 1959
July 28, 1959 43 39 42 1.8 25.0 264 26.8 24.5 36 44 23 22 July 31, 1959
Aug. 7, 1959 6.8 58 60 34 36.4 405 358 37.8 44 62 41 3.6 Aug. 8, 1959
Aug. 14, 1959 68 7.1 62 36 446 47.0 430 45.1 61 61 50 39 Aug. 14, 1959
Aug. 19, 1959 68 78 72 4.0 549 51.6 476 53.1 6.0 52 52 42 Aug. 19, 1959
Aug. 26, 1959 78 91 75 48 540 56.6 554 51.6 64 65 65 5.0 Aug. 27, 1959
Sept. 2, 1959 90 98 9.0 5.1 57 69 63 52 Sept. 1, 1959
Sept. 14, 1959 96 92 98 52 00 00 00 0.0 June 27. 1960
Sept. 26, 1959 94 9.0 104 5.0

Oct. 3, 1959 88 9.0 9.7 438

Oct. 24, 1959 84 84 94 5.0

June 27, 1960 11.6 10.3 10.0 10.8

Slow-setting emulsion:

July 3, 1959 07 06 08 0.0 24 26 30 31 06 06 06 00 July 3, 1959
July 9, 1959 18 15 16 00 56 58 6.2 5.8 14 12 15 00 July 9, 1959
July 16, 1959 1.8 16 18 0.0 88 11.2 9.7 94 22 15 16 0.0 July 16, 1959
July 23, 1959 24 19 22 12 17.8 172 158 165 20 16 14 14 July 23, 1959
July 28, 1959 40 3.0 30 18 224 253 225 245 31 29 26 22 July 31, 1959
Aug. 7, 1959 48 48 44 34 33.0 414 272 37.8 48 50 32 36 Aug. 8, 1959
Aug. 14, 1959 64 52 58 36 40.8 41.2 34.7 45.1 56 46 43 39 Aug. 14, 1959
Aug. 19, 1959 6.0 58 6.0 4.0 45.1 45.5 342 53.1 60 50 42 42 Aug. 19,..1959
Aug. 26, 1959 70 62 65 438 55.7 58.6 46.8 51.6 6.7 54 48 5.0 Aug. 27, 1959
Sept. 2, 1959 68 68 71 5.1 64 66 58 52 Sept. 1, 1959
Sept. 14, 1959 92 65 176 5.2 00 00 00 0.0 June 27, 1960
Sept. 26, 1959 79 64 82 5.0

Oct. 3, 1959 84 66 7.7 438

Oct. 24, 1959 79 65 7.0 50

June 27, 1960 90 83 7.6 108
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Ficure 4. Blue grama plots with the slow-setting-emulsion asphalt mulch in January 1959. Percent asphalt coverage from left to right
was 100, 50, and 25.

indicate that the asphalt mulch
had a detrimental effect on its
establishment.

Leaf Growth
Blue grama

Blue grama plants in the as-
phalt plots emerged 3 weeks be-
fore those in the check. The rate
of leaf growth during the first
month after emergence was
about the same in all treated
plots and the check (Table 3).
Average leaf length 1 month af-
ter emergence was approxi-
mately 1.8 centimeters on all
plots. After plants were 1 month
old the rate of growth was much
more rapid in the rapid-setting-
emulsion plots and the 100-per-
cent coverage slow-setting emul-
sion plots than it was in the plots
with the other treatments. On
October 24 the leaf length of the
surviving blue grama plants was
greater in the rapid-setting-
emulsion plots than in the check.
Although blue grama growth in
the slow-setting-emulsion plots
was more than in the check, it
was less than in any of the rapid-
setting-emulsion plots. Blue
grama leaf lengths in all asphalt-
treated plots were significantly
different from the check at the
1-percent level.

During the very dry first half
of August when many of the
seedlings died, those that sur-
vived continued to grow. Much

of this growth was apparently
made on moisture from the 3-
inch depth. This is particularly
noticeable in the 100-percent
coverage plots of the rapid-set-
ting emulsion (Figure 1). Dur-
ing this dry period, July 29
through August 14, blue grama
in these plots had the highest in-

s e

s

dex of leaf surface of any of the
treated plots. Soil moisture at
the 3-inch depth decreased
markedly during this same pe-
riod. On August 14 seed heads
had started to form on some of
the more mature plants.

Soil moisture at the 6-inch
depth remained relatively con-

Frcure 5. Blue grama check plot in the immediate foreground in January 1959.
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soil moisture, and Sudangrass leaf-surface
50-, and 25-percent coverage of slow-setting-

stant until July 30 in all plots
(Figure 1). From this date on,
blue grama plants in the asphalt
plots used moisture from this
depth. Soil moisture at the 12-
inch depth remained relatively
constant until August 4 (Figure
1). Moisture depletion was rela-
tively similar between plots
from August 4 until August 21.
After August 21 the plants on
the 100-percent asphalt-covered
plots appeared to draw more
heavily on the soil moisture from
this zone than did plants given
the other treatments.

Sideoats grama

Leaf lengths of sideoats grama
on September 1 were somewhat
greater in all the asphalt-treated
plots than in the check (Table
3). The rate of growth during
the first month after emergence
was about the same for all
treated plots and the check.

Sudangrass

Leaf lengths for Sudangrass on
all rapid-setting asphalt-treated

plots are comparable to the
check on each plant-count date
(Table 3). This was also true in
the slow-setting asphalt-treated
plots until August 7. After that
date the leaf length on the slow-
setting-emulsion 25-percent-cov-
erage plots was shorter than that
on the other plots. Most of the
moisture at the l-inch depth in
the 25-percent-coverage plots
was lower than that in the other
plots (Figure 6). This was par-
ticularly noticeable from August
13 to August 19, when plants in
the other plots made more rapid
growth.

Discussion

The favorable results obtained
with the rapid-setting-emulsion
asphalt mulch on blue grama are
encouraging. Results obtained
with asphalt mulches on sideoats
grama and Sudangrass dictate a
word of caution. The reaction of
a given species to an asphalt
mulch should be carefully
checked before any large scale
use of a mulch on the species
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concerned is recommended.
Many factors that affect germi-

ati al+ A hy th
nation are altered 0y the aspualt

mulch. This study gives some
indication of the changes
brought about in soil moisture
and temperature. Other factors
influencing germination which
might be altered by an asphalt
mulch are ugub, aei‘auuu, yu.
value, and chemical composition
of the soil. The one season’s re-
sults are not considered suffi-
cient for recommendations for
the species tested.

Summary and Conclusions

The effect of two asphalt-
emulsion mulches on the estab-
lishment of blue grama, sideoats
grama, and Sudangrass was
studied at Central Plains Experi-
mental Range. Results were in-
terpreted in terms of soil mois-
ture, soil temperature, plant
emergence, plant growth and
plant survival. This study makes
the following conclusions possi-
ble:

1. In one-season exploratory
tests, emergence and devel-
opment of blue grama
plants were hastened by
the use of an asphalt mulch.

2. The net effect of an asphalt
mulch on seedling estab-
lishment varied consider-
ably with the kind of as-
phalt used and the species
planted.

3. Seed and plant reactions to
asphalt mulching should be
carefully checked before an
asphalt mulch is recom-
mended for establishment
of any species.

4. Soil moisture at the l-inch
depth was maintained for a
longer period under an as-
phalt mulch than in the
check.

5. Soil temperatures from the
l-inch depth through the
12-inch depth were higher
under an asphalt mulch
than in the check.

6. The rapid-setting-emulsion
asphalt mulch held mois-
ture and increased temper-



ature for a longer period
than did the slow-setting-
emulsion asphalt mulch.

7. The moisture-holding abil-
ity of the asphalt mulch
was reduced by high-in-
tensity rainstorms or hail-
storms which tended to

hraalr 11 tha il
o'€axk Up wic 1iilil.
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