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PROGRESS REPORT ON STUDY OF TURF GROWTH ON
SOIL MIXTURES AVAILABLE FOR HIGHWAY SHOULDER CONSTRUCTION IN MICHIGAN3

By

J. Tyson, Soils Science Department

Michigan State College

and

E. A. Finney, Research Laboratory

Michigan State Highway Department

In 1944 a study of the growth of grass on various soil mixtures avallable
for the construction of highway shoulders in Michigan was undertaken as a joint
research project between the Soil Science Department of Michigan State College and
the Research Laboratory of the Michigan State Highway Department. :

The main objective of the study was to determine the effect of mixing va-
rious amounts and kinds of soils into the top six inches of the commonly used
sand and gravel subbase (base course) or shoulder materials on the growth of
grass and upon the stability of the shoulders produced with them. The soils se-
lected for mixing with the sand and gravelly subbase or shoulder materials were
those commonly available for this purpose in southern Michigan.,

The investigation consists of two parts. The first part pertains to the
establishment of an experimental test area in which turf growth and stability of
different soil mixtures could be studied under controlled conditions. The second
phase involves a comprehensive field study and evaluation of turf growth and sta-
bility of existing highway shoulders throughout Michigan. This paper is essenti-
ally a progress report swmarizing the results obtained so far in connection with
the experimental test area.

The work indicates that Chewing's fescue is an excellent grass to plant
on sandy and gravelly stabilized shoulder materials. Topsoils consisting of
Miami loam, Brookston loam and Bellefontaine sandy loam can be satisfactorily
mixed with sands and gravels to produce turf. In certain cases mixtures of
clay and peat are successful. Chewing's fescue should be planted alone or with
a small amount of the so-called nurse-grasses. An excess of nurse-grasses which
germinate quickly is detrimental to the establishment of the Chewing's fescue es—
pecially in the second year when the nurse-grasses disappear.

Rutting tests indicate that all of the soil mixtures under study do not
possess satisfactory stability characteristics when wet. All factors considered,
the data indicate that 22-A processed gravel is the best of the soil mixtures in
relation to stability and turf growth.

, The report includes a description of the test area, and a discus?ion of
the turf development on the various soil mixtures. In addition, methods employed
in conducting stability tests on the individual grass plots are presented to-
gether with test results.

#Authorized for publication by the Director of the Michigan Agricultural EiperiJﬁﬁ
ment Station as Journal Article No. 920 (N.S.) '



DESCRIPTION OF ECPERTMENTAL TEST AREA

The surface soll was removed from an area 4O ft. wide and 96 £, long with
a bulldozer. Granular materials consisting ofj (1) incoherent sand, (2) gradeq en
(3) pit run gravel and (4) processed gravel (Michigan State Highway 8pgcificatiop
22-A) was laid down in parallel strips 18 in..deep and 10 ft. wide in & north-soyg
direction. ‘

Additive soil materials were spread in strips eight feet wide, crossing 4
four granular materials in an east-west direction. These additive soil materis]g
consisted f Miami loam surface soil, Brookston loam surface soil, mixtures of gy
soil clay and peat and Bellefontaine sandy loam overlay on gravel pit including
face material and B horizon down to gravel. Figure 1 presents a layout of the test
area showing the position. of the granular base materialg and the kind and percent.
ages of additive soil materials used. Figure 2 shows a view of test area while
under construction. These soil materials were incorporated into the top six incheg
of the granular base materials by mixing over and over with shovels until as homp-
genous a mixture as possible was obtained. The soll in the test area was compacteq
by rolling repeatedly with a cultipacker drawn by a 4 wheel Case tractor until no
further consolidation was apparent. An attempt was made to similate as nearly as
possible shoulder construction conditions on regular highway projects.

]

Fertilizer of a 10-6-4 grade was broadcagt over the area at the rate of
500 1b. per acre. A grass seed mixture composed of equal parts of Kentucky blue
grass, Chewing's fescue, and domestic ryegrass was sown at the rate of 4O 1b. per
acre. The fertilizer application was repeated about April 1st of each year. The
grass was allowed to grow without mowing in the fall of 1944 and since that time
it has been mowed four to six times each year with the ordinary sickle-bar type
mower.

The experimental test area was constructed, fertilized and sown in August
lgul'u

Description of Soil Mate = The soll materials considered in the in-
vestigation are described in the folﬁsoﬂ.ng manner:

Miamli Series: Miami is a well-dralned clay soil ranging in texture from
a loam t0 & silt loam occurring on undulating to rolling moraines and till plains.
The soil is slightly plastic and easily compacted when moist, hard and dusty when
dry, and soft and slick when wet. The soil is in the A=6 group of Public Roads
Administration Soil Classification,

Brookston Series: Brookston soil is characterj:ed as a poorly drained
clay and ranges in texture from a loam to a clay loam. 'Under normal conditions,
the soil is soft to plastic but will become tough to hard when dry. This soil
falls in Group A-6 of Public Roads Administration Soil Classification,

Bellefontaine Series: The surface soil of Bellefontaine ranges in tex-
ture from sandy Ioam'té & loam. The "B" horizon is & reddish brown color and con-
- gists of a mixture of sand, gravel and clay. The quantity of clay is sufficient

to render the mass sticky when moist§ moderately hard when dry. The soil falls
in A-1 group of Public Roads Administ‘ration Soil Classification,




Figure 1.
PLAN OF GRASS PLOTS

Each Plot 10 Feet by 8 Fest
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Fox Series: The surface soil of Fox ranges in texture from a sandy loam to
10am. The Fox soil is similar to Bellefontaine but is distinguished from it by
. pore nearly level surface features, by a greater uniformity of the "B" horizon, and
a uniform substratum of stratified gray sand and gravel which contains a high per-
centage of calcareous material. The soil falls in group A-3 of Public Roads Admin-
ygtration Soil Classification.

Incoherent Sand: Obtained from the Coloma soil series which ranges in tex-—
ture from a sand to a loamy sand. It is loose, relatively low in water holding ca-
pacity and subject to wind erosion, Falls in Group A-3 of Public Roads Administra—
tion Soil Classification. :

Graded Sand: A residue washed sand from a local gravel pit, well graded
from coarse to fine. ; :

Pit-Run Gravel: CfHorizon.of Bellefontaine Series.

Processed Gravel 22-A: Road surfacing aggregates without clay binder soil.
Consists of crushed gravel, and conforms to the grading and physical requirements
for Michigan State Highway Department's specification for 22-A.

Clay: This soil was obtained from Miami Series, C Horizon.
Peat: Woody peat.vfr.om.l.ocal‘_clbppsit°

The physical characteristics of the different soil materials have been
summarized in Table 1.

GROWTH OF TURF

Although there are no adequate standard methods of measuring the quality
of turf for highway shoulders such as are used in agricultural research for measur-
ing the productive capacities of pasture and meadow turf, an attempt has been made
during the past three growing seasons to evaluate the quality of the turf by esti-
mating the percentage of grass coverage or, in other words, the density of the
turf. A turf for highway shoulders is considered to be satisfactory if it is dis-
tributed fairly evenly over the ground and covers 65 to 70 percent of the surface
area, Turf which covers 90 to 100 percent of the area may present a more pleasing
appearance, but it is not necessarily more suitable for shoulders. The effect of
the various soil mixtures on the growth of the grass are shown in Table IT.

The Kentucky bluegrass did not survive in competition with the domestic
ryegrass and Chewing's fescue even in the first year on these soil mixtures.

Domestic ryegrass germinated quickly and grew rapidly in the fall of 1944
and 1945. The growth of the ryegrass was proportional to the amount of fine ma-
terial in the mixtures, an excellent cover being produced on the plots which con~
tained the highest percentages of fines. The largest growth of grass in the fall
of 1944 and in 1945 was produced on plot 42 consisting of 25 percent Brookston
loam surface soil mixed inta the 22-A gravel material., The growth of the grass
on plots 41, 12, 24, 36, and A8 was almost as large as on plot 42. Plot 41 con-
sisted of 20 percent Brookston loam surface soil mixed with the 22-A gravel ma-
terial and plots 12, 24, 36, and 48 had 6 in., of Bellefontaine sandy loam placed
over incoherent sand, graded sand, pit-run gravel, and 22-A gravel respectively.
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TABLE II. PERCENTAGE OF DIFFERENT GRASSES IN TURF
FOR 1945, 1946 AND 1947

TNCOHERENT GRADED PIT RON R 22k

gg% ~_SAND GRAVEL PROCESSED GRAVEL
1 'A5 46 'LY 13 45 46 '47 25 L5 16 'L7 3745 '16 - L7
F 50 60 25 F 50 50 25 F .80 70 40 F 80 80 70

Q_50 30 175 Q. 50 50 75 Q .20 25 60 Q 20 20 30

2 14 26 38
F 50 65 L5 F 60 65 35 F 60 60 L5 F- 60295 45
Q 50 35 55 Q 40 30 65 Q 40 35 55 Q 20 25 5p
. ‘ R 20 )
3, 15 27 39
F 65 75 50 F 70 65 35 F 60 60 35 F 60 50- 35
Q 35 25 50 Q 30 35 65 Q 25 35 65 Q 20 45 65
_ R._15 ) Y ) B
L 16 28 140
F 95 98 100 F 95 98100 F 70 98 90 F 50 95 95
R 5 R 5 Q O 010 R 50
| el R 130 ]
5 17 29 41 :
F 80 98 100 F 95 98100 F 70 90 97 F 20 95 95
R 20 R 5 Q O 10 3 R 8
R 30
[3 18 ‘ 30 4 L2
F 70 98 100 F 60 98100 F 40100 90 F 20 95 95
R 30 R 140 Q 0O 0 5 R 80
R 60
/4 19 31 ( 43
F 80 98 100 F 95100100 F 65100100 F 60 100 100
R 20 iR L5 R_35 R__ 40
8 20 32 Ly
F 70 100 95 F 95100100 F 60100100 F 50100 98
R_30 R..155 R 4O R__50
9 ' 2L A 33 L5 ;
F 70 100 98 F 100100100 F 55100 98 F 50 98 100
R_30 R__L5 R 50
10 DT 3k i 46 :
F 50 98 85 F 60 50 95 F_ 50 75 900 F YO.75 .95
@ 0= 010 R 40 R 50 R 30
R_50
11 23 g 35 L7
BELLE~ F 50 75 85 F 50 30 50 F 50 LO 50 F 50 8 95
FONTAINE Q 10 15 15 Q 10 50 45 Q 10 40 4O Q 10 10 5
R 4O R-__40 R__40 ,‘% 40
12 2l 36
F 20 75 60 F 20 45 50 F 20 35 50 F 20 50 50
Q 20 15 35 Q 20 45 45 Q 20 50 k5 Q 20 35 50
R_60__ T - R__60

F = Chewing's fescue Q = Quackgrass R = Ryegrass
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Chewing's fescue was the only grass that survived to any extent in 1945 on
plots 16 to 21 inclusive. These plots are the ones in which Brookston loam sur-
face soil and mixtures of clay and peat are added to the graded sand base materis)
It was the dominant grass on all plots on dune sand, pit-run gravel, and 22-A gray.
el base in 1945 with the following exceptions: (1) Ryegrass predominated on all
plots on which 6 in. of Bellefontaine sandy loam was placed over the base material;
(2) Ryegrass predominated on the 22-A gravel base material to which 20 and 30 per.
cent Brookston loam surface soil was added and on the pit-run gravel material in
which 30 percent Brookston loam surface soil was added.

The turf on the plots in which 75 and 100 percent Bellefontaine sandy loanm
and those in which Miami loam surface soil was added contained from 10 to 50 per-
cent of quackgrass, ' Roots and rhizomes of quackgrass were introduced into these
plots with the Miami and Bellefontaine surface soils. Some weed seeds, plantain,
sorrel, dock, ddndelions, and thistles were likewlse introduced with the surface
soils. These weeds have reproduced and grown vigorously in the turf, especially |
on the plots in which Bellefontaine sandy loam was added to the granular base ma-
terials,

1

During the growing season of 1945 and the following winter, all of the
domestic ryegrass disappeared from the turf. The net result was that the turf,
on plots on which the luxuriant growth of the domestic ryegrass retarded the
growth of Chewing's fescue, became very thin with incomplete coverage of the sur-
face in 1946. This was especially true of the plota with 22-A graded gravel, pit-
run gravel, and graded sand materials in which 20 and 30 percent of Brookston
loam surface goil were mixed. :

The turf on almost all of the plots except those with the incoherent sand
base material deteriorated during the 1946 growing seazon because of the extremsly
low rainfall. The total rainfall from June 20 to September 1 was approximately
.05 inch. Chewing's fescue and quackgrass, two grasses that are extremely drought
tolerant, i.e., they become dormant during drought periods and recover quickly
when moisture is again available recovered remarkably during the fall of 1946 and
the growing season of 1947. The moisture conditlons in 1947 were axtremely fa-
vorable for the growth of grasses.

The quackgrass introduced with the Miami loam and Bellefontaine sandy
loam soils grew vigorously in 1947, a season of relatively high rainfall, especi-
ally in the spring. The quackgrass grew so vigorously on the plots in which
Miami loam surface soil was added that the turf contained at least 50 percent
quackgrass except that on the plot consisting of 10 percent Miami loam mixed
with 22-A gravel. On the plots in which Bellefontaine was added to the granu-
lar base materials the proportion of quackgrass in the turf was influenced by
the soil mixtures. There was only a very small amount of quackgrass in one
of the plots containing 50 percent Bellefontaine sandy loam, 5 to 45 percent
quackgrass in the plots containing 75 percent Bellefontaine sandy loam, and
35 to 50 percent in the plots containing 100 percent Bellefontaine sandy loam.

~



PERCENT TURF_COVERAGE

The quality of turf for shoulder purposes is reflected in the density of
yerage of the soll surface rather than in the total growth of the grass. The
istimﬂted densities of the turf coverage on the plots for the years 1945, 1946,
and 1947 are shown in Table III. These data indicate the effect of the soil, of
the geasonal climatic conditions, and of the grass varieties used in the seed mix-
gures and introduced as vegetatlve material with the surface soll on the turf.

: From the data given in Table III, it is noted that satisfactory highway

p ghoulder turf was produced in 1945 on all of the plots containing 22-A gravel ma-
terial, and on all plots in which 30 percent Miaml loam, 30 percent Brookston loam,

" or 75 and 100 percent Bellefontaine sandy loam were used as additive materials with
the incoherent sand, graded sand, or pit-run gravel base materials. Iikewise the
turf was satisfactory on the two plots in which 10 and 20 percent Brookston loam
was mixed with the plt-run gravel base material.

The turf on the 22-A gravel and the incoherent sand base materials was
satisfactory for highway shoulder purposes in 1946, with grass coverages ranging
from 60 to 90 percent of the surface. Likewise the turf, on all plots in which
20 or 30 percent Miami loam surface soll was the additive material, was within
the satisfactory range, with 60 to 90 percent grass coverage. The same was true
of all plots in which the granular base materials were covered with a layer of
6 in. of Bellefontaine sandy loam.

The turf on the plots in which graded sand or pit-run gravel were the
base materials was not as good, in general, as that produced on the 22-A graded
gravel and on the incoherent sand base materials. Likewise the turf produced on
plots in which clay-peat mixtures were used as the additive soils were not as
satisfactory, generally, as that on the plots in which the loam and sandy loam
surface soils were used. However, the turf on the plots consisting of pit-run
gravel and graded sand base materials, in which Brookston loam was added, was
very poor in 1946. This was because of the domination of the ryegrass in the
early stages of establishment on these soil mixtures and of its subsequent dis-
appearance from the turf.

The growth of the grass was much improved generally during 1947, a season
of relatively high rainfall, gspecially during the spring and early summer. Turf
was so thin and scattered as to be termed unsatisfactory on only seven plots, 16,
19, 20, 21, 28, 30, and 31. The soil mixtures and turf coverages on these plots
were aa follows:

(16) 10 percent Brookston loam with graded sand, 55 pencent coveragej

(19) 10 percent clay.plus 5 percent pest with graded sand, 25 percent
coverage;

(20) 15 percent clay plus 10 percent peat, with graded sand, 35 percent
coverages

(21) 25 percent clay plus 15 percent peat with graded sand, 55 percent
coverages

(28) 10 percent Brookston loam with pit-run gravel, 60 percent coverages

(30) 30 percent Brookston loam with pit-run gravel, 50 percent coveragej

(31) 10 percent clay plus 5 percent peat with pif-run gravel, 60 percent
coverages

Satisfactory turf was produced on all plots with incoherent sand or with

22-A graded gravel base materials regardlesa of type of additive soil.

I e A —— L = 0 oum
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TABLE III. PERCENT COVERAGE OF TURF 1945-1946-1947

TNCOHERENT GRADED “PIT RUN 22-4 :
SAND SAND GRAVEL PROCESSED GRAVE:
115 }A6 107 nhz "h6' ’h? 1&5 _'46 _}4? ’k5 *A6 i
a: 1 : 13 7 i : AR
30 60 95 20 50 95 40 65 95 60 60
MIAMT 2 1% 26 38
45 70 100 50 65. 100 55 70___100 65 70
3 15 27 39
6570 200 _65 65 100 65 __ 7o' .95 %77
R 16 28 : o)
HO. 65 B 38 Sah b5 S6pr 90" =li6h 70 70
BROOKSTON 5 17 29 L :
55 95 ©5 40 '60 65 75 40 65 85 5
6 - 18 30 42
& 75 55 60 Ko s @B 98 - t5p . ghe s
7 19 31 L3
L0 70 85 30 - 20 25 55 L0 60 60 60
CLAY-PEAT B oa . = g L
N S o A 20 20 35 50 40 70 60 70
9 21 33 L5
o - 9 25 30 55 22 45 70 60 60
10 22 3L L6
50 %0 300 ¢ 50 NG 70 oE6 TAED g eah. 6D
BELLEFONTAINE — 11 23 35 L7
75 .85 100 75 4O 90 75 50 90 75 4O
12 2L 36 ' 48

9090 100 90 80 100 .90 75 100 90 75

STABILITY OF GRASS PLOTS

One year after the grass plots were constructed and seeded, two types of
stability tests were conducted on the grass plots to determine their ability to
support loads under dry and saturated conditions. The first series of tests con-
sisted of applying a static load through a 100 sq. in. bearing plate and measuring
the amount of penetration at different load increments. The second series of tests
were made to check the resistance of the grass plots to rutting. This was accomp~
lished by driving a heavy truck across the plots and measuring the depth of the rut
caused by the moving wheels.

The plate bearing tests were made when the soil was in a normal dry condi~
tiony whereas the truck tests were conducted when the soil was both in a dry and
in a saturated condition.

Rlate Bearing Tests - A flve ton truck was loaded with gravel and other ballast.
Tt was backed into such a position that the rear of the bow was above the area to
be tested. The 100 sq, in. plate was placed on the ground and worked slightly
until it rested in a level position. An angle iron frame supporting a Federal
one-thousandth dial was moved into place so that the dial stem was at the center
of the plate. A slotted cylinder was placed over the dial and adjusted until



































