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•THE DEVELOPMENT of turf on newly graded roadside slopes is the most economical 
method of controlling erosion and providing pleasant scenery. The establishment of 
turf, especially the grass component, is often difficult. The object of this review is 
to summarize pertinent information on turf establishment under conditions found along 
newly graded highways for use in planning future research. It is also intended that this 
review may serve as a reference for those working on roadside development. 

Roadside development, particularly turf establishment, involves a combination of 
problems which are encountered only along roadsides. Steep slopes and infertile, com
pacted subsoils make turf establishment difficult. The characteristics required in 
grass and legume species for roadside turf are (a) rapid establishment to prevent undue 
erosion, (b) the ability to maintain themselves, (c) low growth habits and other charac
teristics which permit ease in mowing, and (d) absence of weed-like characteristics. 

The problem of establishing vegetative cover on high-cut slopes which often have 
exposed C and D soil horizons is similar to that on badly eroded soils where B horizons 
with unfavorable physical and chemical characteristics are exposed. 

In respect to their physical structure, compact subsoil layers influence the soil 
water movement and are responsible for conditions of excessive moisture during periods 
of rainfall and dry conditions at the soil surface during periods of scanty rainfall. These 
alternating conditions of soil moisture affect soil aeration and are associated with ex
tremes in soil temperature which in turn affect plant growth. The compact layers with 
high clay content, when wet, are plastic, sticky and relatively impermeable to water 
and air. Impermeable substrata :increase water runoff and soil erosion. Plant growth 
on sand and gravel strata is limited by low moisture, inadequate nutrients, and high 
soil temperatures. In coarse materials soil aeration is good unless the water table is 
too high; however, the water holding capacity is low. The rate of run-off from a high
cut slope is excessive because of the acceleration of the water due to its steepness. 
As a consequence, soil erosion is frequently severe before a vegetative cover can be 
established. 

Associated with the adverse physical structure of subsoils are chemical character
istics which are not conducive to turf establishment. Practically all subsoils are low 
in nitrogen. Many subsoils exposed for roadside seedings have a low pH, but others 
have an extremely high pH which leads to minor element toxicities and deficiencies. 
Frequently, available phosphorus is exceptionally low, and potassium is often low. 

Proper tillage can improve the physical structure of the soil and a fertility program 
based on soil test results can correct, to a large degree, nutrient deficiencies; how
ever, adapted species which possess all the desired characteristics for roadside turf 
are not available. The relative adaptability of species changes from one region to 
another. For example, in the North Central States, Kentucky bluegrass is an excellent 
turfgrass species; yet, for roadside use it does not have the seedling vigor required to 
establish itself rapidly. The development of management practices, through which the 
best use of existing species may be made, appears to be the logical solution to the prob-
lem of turf establishment on roadsides. 
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This revie1.1.1 of lite rature en turf csmblishment presents in:forn1ation on problems 
that are common to practically all roadside seedings. It should be emphasized that the 
section "The Effect of Climate on Turf Establishment," and the section "Adaptation of 
Turf Species," are written in respect to Illinois climate and species adapted to the 
North Central States and should not be considered general. 

SOIL CHARACTERISTICS INFLUENCING TURF ESTABLISHMENT 

Effect of Soil Structure on Seed Germination and Emergence 

The seeds of turfgrasses and perennial legumes are smaller than those of most agri
cultural crops and as a consequence have less seedling vigor and are affected more by 
soil characteristics. 

On soils with an open structure, Moore (99) observed that emergence of small
seeded legumes and grasses was better fromsurface and 1-in. depth plantings than 
from other soils. It appeared that the physical condition of the surface soil (seedbed) 
was more important than soil type in the emergence of seedlings. The highest percent
age of seedling emergence of grass and legume was obtained by surface plantings on 
Carrington heavy loam soil and on Clinton silt loam (102). Soil compaction of about 
6 psi following planting of alfalfa at Y2-in. depth appeared to be optimum for maximum 
emergence of seedlings (132). In new pasture seedings best results were obtained when 
the seedbed was first compressed with a corrugated roller or cultipacker, the seed 
broadcast and the seedbed rolled a second time at right angles to the first rolling. The 
first rolling compressed the soil and left shallow furrows in which most of the seeds 
fell. The second rolling covered the seeds shallowly and compressed the soil firmly 
around the seeds. Because the soil was compressed firmly around the seeds, soil 
moisture was readily available. Compression of the soil seedbed as described left a 
corrugated surface that crusted less than smooth surfaces (17). Some work has shown 
that the lack of food reserves in small-seeded species of grasses and clover accounts 
for poor emergence when plantings are made at 2 to 3-in. depths (149). 

Effect of Soil Crusting on Seedling Emergence and Establishment 

A ;;0!l iii a. fi.i,cly J.lv.iucu <0uuu.ii..iuu wi1trn i:;ui,j~l:i.~ci tu rain may develop a crust Which 
affects the emergence of seedlings. Crusts form on soils of almost any texture, except 
coarse sands. There are three processes involved in the formation of crust: 

1. Process of dispersion-the existing structure breaks down to the component 
particles; 

2. Process of particle separation; and 
3. Dehydration. 

Surface soils having low structure stability are most subject to crusting. The pre
sence of ground cover lessens the impact of raindrops and reduces the dispersion of 
existing soil structure. It has been found that organic mulches are extremely valuable 
in preventing the formation of hard crusts and maintaining adequate moisture for the 
establishment of seedlings (129). 

Duley (36) observed that the hardest crusts will form on a soil mixture of sand, silt 
and clay which is in such proportions that the smaller particles may occupy the pore 
spaces between the larger ones. A clay loam soil that has a high content of medium to 
fine sand usually forms a crust readily (73). Carnes (23) found that soil crusting was 
one of the major factors in the low percentage of emergence and poor stands of cotton 
seedlings. Richards (107) observed that an increase in crust strength caused a decrease 
in bean seedling emergence. At low moisture levels, crusts limit the emergence of 
wheat, soybeans, and grain sorghum (61, 6:~). 

Effect of Salt Concentration in Soil on Seedli ng Emergence and Establishment 

Soil salinity may affect the germination and establishment of seedlings in two ways: 
(a) by lowering the rate of water uptake (this effect is primarily related to the osmotic 
pressure of the soil solution) and (b) by increasing the uptake of certain ions in suffi
cient amounts to be toxic to the seed or seedling (68, ~). 
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Water uptake by the roots of alfalfa and beans has been observed to decrease with an 
increase in the salt content of the soil. Comparable work on non-saline soil has shown 
that roots of these species were able to penetrate the deeper layers and remove all 
available moisture (135). 

Gauch and Magistad (51) determined the effects of NaCl concentration in sand culture 
on the yield and tolerances of strawberry clover, alfalfa and ladino clover. With an 
increase in salt concentration, there was a reduction in growth. A linear relationship 
was obtained between the increase in salt concentration and the reduction in growth. 
Alfalfa and ladino clover were more tolerant to high salt concentrations than strawberry 
clover. 

The germination of cereal crops is less influenced by salt than that of legumes. The 
relative salt tole1·ance in the two groups has been observed to be in the following de
scending order: (a) cereals-barley, rye, wheat, oats; and (b) legumes-peas, red 
clover, alfalfa and white clover (124). Harris (67) found a great variation among crops 
in their tolerance to alkali salts in respect to germination and listed crops in the follow
ing descending order of tolerance: barley, oats, wheat, alfalfa, sugar beets, corn, and 
Canada field peas. 

Effect of Soil Moisture on Seedling Emergence and Establishment 

Germination and early growth in plants is highly dependent upon the availability of 
soil moisture at planting time. Higher rates of germination and more rapid seeding 
emergence were found in a fine soil separate than in the coarser separates. These re
sults implied that the finer soil separates had a better moisture relaionship and pro
vided less mechanical resistance to seedling emergence than the coarser separates. 
The germination of cabbage seeds was found to be excellent when the soil moisture con
tent was slightly below the wilting percentage; whereas, the germination of celery seed 
was inhibited when the soil moisture content was slightly below field capacity (34). 
Hanlcs and Thorp (61, 62) found that the ulti~ate seedling emergence of wheat, grain 
sorghum and soybeans was abeut the same when the soil moisture was maintained be
tween field capacity and permanent wilting percentage, other factors being optimum. 
Williams (149) observed that poor stands of red clover resulted from plantings made 
while the surface soil was wet. 

Seeds of different species differ in both the rate of water absorption and the total 
amount of water absorbed prior to germination. It has been found that the minimum 
seed moisture content for germination is approximately 30. 5 percent for corn, 26. 5 
percent for rice, 31. 0 percent for segmented sugar beets and 50 percent for soybeans 
(60, 133, 125, 126, 78). 
-In an experiment on a soil of alluvial origin the effect of various kinds of litter cover 

upon soil moisture and the germination and emergence of ten native grass species indi
cated that germination and emergence of grass seedlings increased from 4 to more than 
20 times when various cover treatments were applied {53). 

Crested, intermediate, pubescent and beardless wheat grasses, smooth brome and 
Russian wild rye were germinated W1der different moisture stresses. Moisture stresses 
used were 1/s, 5, 7½, 10, 12½, and 15 atmospheres of osmotic pressure. It was con
cluded that, due to an increase in moisture stress, germination was delayed and total 
germination was lower (94). In a review of literature, Richards and Wadleigh (108) 
cited several instances where germination was reduced by increased moisture stress. 

Effect of Soil Temperature on Seedling Emergence and Establishment 

Germination, emergence, and early development of crops are closely related to 
soil temperature. The effects of temperature on seedling emergence and early growth 
of seven forage grasses and ladino clover under four ranges of daily alternating temper
atures have been summarized by Sprague (U\2). The forage grasses used were sudan, 
smooth brome, meadow fescue, orchard, timothy, Kentucky blue, and colonial bent. 
The four temperature ranges applied were (a) 4. 4 to 12. 8 C, (b) 12. 8 to 21. 1 C, (c) 
21. 1 to 29. 4 C, and (d) 29. 4 to 37. 8 C. The emergence of sudan, smooth brome and 
meadow fescue grass was favored by the temperature range between 29. 4 to 37. 8 C. 
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However, this temperature range severely reduced the emergence of other species. 
Emergence of sudan and ladino clover was significantly reduced at low temperatures 
between 4. 4 and 12. 8 C. Temperatures between 12. 8 to 21. 1 C and 21. 1 C to 29. 4 C 
were favorable for the germination and emergence of all species. 

It has been observed that redtop, orchardgrass, Kentucky bluegrass, Johnson-grass, 
and bermudagrass seeds germinate much better with alternating rather than constant 
temperatures. However, timothy, smooth brome, perennial and Italian ryegrass, and 
meadow fescue germinate practically the same at favorable constant temperatures as 
under alternating temperatures (66). 

Four turfgrass species (tall and red fescue, Penncross bentgrass and Merion blue
grass) were studied in controlled climate chambers and in field plots. Initial germina
tion was accelerated by higher temperatures in all four grasses but the highest per
centage of germination was obtained at 70 F'. The 70 F temperature was the most 
favorable temperature for continued growth. Fescues germinated adequately under 
constant temperatures, but Penncross, creeping red fesc ue and Merion blueg1·ass re
quired alternating temperatures for satisfactory growth (3). Mature clover seed ger
minated rapidly at 20 C. Rate of germination was reduced at 10 C but the slowest rate 
of germination was at 30 C (74). 

Immature, mature and dead ripe seeds of fesc ue were tested at 10, 15, 20, 25, and 
30 C and at alternating temperatures including various combinations of these tempera 
tures. Fescue seed placed in the germinator immediately after harvest germinated at 
a relatively low temperature. Older seeds germinated over a wider range of tempera
tures. The best constant temperature for fresh seed of Festuca rubra var. commutata 
was 10 C. However, both the rate and the final percentage of germination of older seed 
was lower at 10 C. Optimum constant temperature for older seeds ranged between 15 
to 20 C (81). 

The highest average germination of crested, intermediate, pubescent and beardless 
wheat grasses, smooth brome and Russian wild rye was' found at 20 C. This indicates 
that this temperature was near the optimum for these species (94). Germination of 12 
range grasses in alternating temperatures of 30 C for 6 hours and 20 C for 18 hours 
was as satisfactory as at a constant 30 C temperature (106). Richards et al (109) have 
:::-e".'ie•:::::d :-:::.tt.~:. ~v ... l'~"t.,uoivcly Gu:: .iu.iiutlm:tl oi s01i temperature on seed germina
tion. 

Effect of Soil Aeration on Seedling Emerg,mce and Establishment 

Several experiments have shown that seed germination is reduced in soils with less 
than 10 to 12 percent air capacity. The concentrations of oxygen and carbon dioxide in 
the soil ah:: space are the most important factors affecting germination (113, 97, 41). 

Effect of Soil Types and Conditions on Root Development 

Plants obtain water and nutrients from the soil by absorption through roots and root 
hairs. For optimum top growth the root system must be sufficient in size to provide 
the needed moisture and nutrients. The ability of the root system to penetrate and 
spread through the soil is of extreme importance in producing top growth. There is a 
direct effect of roots on soil organic matter as well as an effect on soil properties such 
as structure, permeability and resistance to erosion. Since subsoil is the medium in 
which plants seeded on high-cut slopes grow, the relationship between root development 
and its effect on plant growth is important. Normally soils that are open and permea
ble throughout the profile are better suited fo:t• deep penetration of roots. Weaver (141) 
pointed out that root distribution was greatly influenced by the soil, climatic conditions, 
and level of the water table. Alfalfa has been observed to remove soil moisture from 
a depth of 25 feet (55). The influence of certain vegetative covers on deep subsoil 
moisture was investigated at the Kansas Agricultural Experiment Station. It wa.s found 
that sweetclover removed subsoil moisture from a depth of about 14 feet after two years 
(103). Gist and Smith (54) made comparisons of root development of orchardgrass, 
Kentucky bluegrass, bromegrass, timothy and deer's tongue. It was shown that in all 
samples, weights of roots per acre inch decreased with depth. Below the 6-in. depth, 
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smooth brome had greater root development than the other grasses. In a detailed com
parison of the root development of six grasses (Rhode Island bent, velvet bent, seaside 
bent, hard fescue, Kentucky bluegrass and redtop) a rapid decline in abundance of roots 
of all specieswasfound betweenfirst-andsixth-inchsoil layers. In general reduced 
root development below the 6-in. level was associated With soil conditions such as 
acidity, low phosphorus availability and low carbon content (121). 

Lamba et al (86) conducted greenhouse and field experiments to determine the in
fluence of different soil conditions on root growth of alfalfa, medium red clover, smooth 
brome and timothy. It was fowid that under g:reenhouse conditions yields of roots of all 
species were less in silt loam than in a sandy soil. It was further observed that alfalfa 
and smooth brome yielded more roots than timothy or medium red clover. These re
sults were the same wider greenhouse as field conditions. Unde1· field conditions roots 
of alfalfa penetrated the farthest whereas timothy penetrated the least. Also, the yield 
of roots of all species decreased with increasing depth in Miami silt loam. 

Plugs of one-year-old sods of common bermuda, Suwanee bermuda, Pensacola bahia, 
Pangola, coastal bermuda, dallis, carpet and lovegrass were planted over P32 which 
was placed at depths of 2, 4, 6, and 8 ft in order to study the penetration, yield and 
activity of roots. On examination of 2-year-old sods of all grasses, it was found that 
some roots of all grasses had reached a depth of 8 ft. Pensacola bahia produced more 
roots per acre than the other grasses in the study (18). 

The roots of grape vines and sunflowers did not penetrate Bale soil with an apparent 
specific gravity of 1. 8 or above. With Aiken clay loam it was found that roots failed to 
penetrate soil with a density of 1. 46 (134). Meredith and Patrick (96) found that root 
penetration into artificially packed cylinders of soil decreased as soil compaction was 
increased. 1n a review of literature, Lutz (92) cited several instances where root 
penetration was limited by soil layers of high bulk density. 

Root penetrating abilities differ with the species of plant. However, root penetra
tion and distribution of a particular species are influenced by soil types (127). Carlson 
(22) planted alfalfa in clay loam soil with a clay subsoil, a sandy loam, a gravelly loam 
and a stony loam to study root distribution. It was found that in the sandy loam soil 
deep tap roots developed while in the soil with a claypan only stubby tap roots with many 
lateral roots developed. Development of roots of wheatgrass and buffalograss was 
studied in claypan, semi-claypan and non-claypan soils. A decrease in root concentra
tion in the gray layer immediately above the claypan and an increase in root concentra
tion in the claypan was noticed. However, total depth of root penetration was less in the 
case of claypan soils (43). 

It has been observedthat roots of many grasses in general penetrate to a depth of 
4 to 8 ft in chernozem and prairie soi.ls. Normally the roots of sod-forming grasses 
are concentrated in the first 12 inches of the soil layer. However, it has been noticed 
that some of the roots of sod-forming grasses penetrate to a depth of 6 to 8 ft (142, 
145, 128). 
-Root penetration decreases as soil compaction is increased within limits. However, 
compaction of loose soil to a certain apparent density is advisable to obtain a good 
seedbed and provide a better soil-water-air-plant relationship. 

Effect of Soil Moisture on Root Development 

Soil moisture is available to the plant roots between field capacity and the wilting 
point. Most plant roots fail to grow into a soil 'having a moisture content less than the 
permanent wilting percentage (69). 

The roots of some drought-resistant plants can penetrate dry soil, but the common 
crop plants lack this ability (93, 15, 116). Roots of corn can elongate into dry soil; 
however, no evidence has been found for the absorption of nutrients by plants from a 
dry soil (77). 

The ability of soil to absorb rainwater and to supply moisture for plant growth is 
governed by both the absorption capacity below pF 4. 1 (a tension of approximately 16 
atmos) and the depth to which plant roots penetrate (151). 
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A mulch is very beneficial in regulating moisture relations and prevents drying of 
the soil in the grass root zone (114). 

A large supply of soil moisture (near the optimum for shoot growth) results in a less 
extensive root development. 

It has been observed that a six-year-old alfalfa stand drew subsoil moisture from a 
depth of 33 ft and a two-year-old stand from 25 ft (120, 83). 

Effect of Soil Aeration on Root Development 

Aerobic respiration is a vital process for all living plant roots. This process can 
continue only when there is sufficient oxygen present in the soil atmosphere. There
fore, for normal growth of roots, the presence of oxygen in the root .:one is essential. 
The effect of low oxygen concentrations on the growth of roots of a large number of 
plant species was studied by Cannon (21) who concluded that: 

1. Species varied in their response to a soil atmosphere of low oxygen content; 
however, growth of roots of all species was inhibited in the absence of oxygen. 

2. All species were able to maintain root growth in an atmosphere with 2 percent 
oxygen if the carbon dioxide did not exceed 30 to 35 percent of the soil air. 

3. Root growth was maintained even at a low oxygen level if the supply was constant. 

Flocker et al ( 45) found that optimum growth of tomato occurred on soils having 
about 30 to 35 percent air space. Baver and Farnsworth (10) reported that poor soil 
aeration causes short and stubby sugarbeet roots. Absorption of nutrients by many 
crops is affected by the restriction of soil aeration in compressed soil. Clements (26) 
prepared a detailed review of literature on the relationship between oxygen and root
activity. 

Effect of Plant Nutrients on Root Development 

Plants require many essential elements for growth. Most elements are absorbed 
from the soil by the root system and transported into the upper parts of plants in the 
xylem. In general the essential elements, except nitrogen, phosphate and potassium, 
~-!9'=' ~de,::_1~!e in. 2~i! fc~ ~pti=..~.:n pl~•t g;.·v-;;t .. ~1-.. T~u: 1.i..1 ~t twv vi W~tu:~ t!iements are 
available in the soil in organic and inorganic forms. Well-nodulated legumes show 
little or no response to nitrogen fertilizer. However, they need phosphorus and potas
s um for good root development a.nd growth. Application of tutn,gen to grasses at the 
rate of 80 lb per acre increased weight of roots and allowed better utili.zation of sub
soil moisture. Laird (85) found that a 3-in. topdressing of clay and an application of 
ammonium phosphate onNorfol'k sand greatly increased the root concentration in the 
first 8 inches of surface soil with bermuda, St. Lucie and centipede grasses. Lipps 
and Fox (90) observed that alfalfa roots utilized soil phosphorus up to a depth of about 
11 inches:-Fox and Lipps (47) found an abundance of alfalfa roots in saturated soil 
above the water table. The data indicated the importance of a source of soil moisture 
and nutrients in this saturated area above the water table. According to Fox, Weaver, 
and Lipps (48) low exchangeable calcium and low nitrogen content in the surface horizon 
limit the root distribution of grasses. It was also found that lack of available phosphate 
in the soil profile checks the root development of grasses. 

Fitts (42) reported that roots of sod-forming grasses tend to concentrate in the sur
face layerespecially when the soil is well fertilized and grasses are mowed frequently. 
Millar (98) showed that there was considerable development of the fibrous roots of 
alfalfa inthe lowe1· soil horizons where a nutrient solution was applied. In a study by 
Weaver et al (144) it was found that when roots of crop plants come in contact with a 
fertilized layer of soil , they develop and branch more freely; however, the presence 
of this fertile layer appears to retard normal root penetration into the lower soil layers. 
Based on research by Longenecker and Merkle (91), liming of acid soils by decreasing 
the solubility of aluminum and manganese and by increasing the availability of phospho
rus enhances root development. However, for rapid root development the lime should 
be well mixed into the entire soil zone in which roots are growing. Weaver et al (143) 
found that root weight was directly correlated with the amount of organic matter in dif
ferent soil horizons. 
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Mott (101) has mentioned that Kentucky bluegrass can be grown on compacted aggre
gate materials having a density comparable to that found in roadbed consh·uction pro
vided liberal quantities of essential nutrients are supplied. At the University of Illinois 
an experiment was conducted to determine the influence of rates and times of application 
of organic and inorganic nih'ogen on the maintenance of sod on highway slopes (unpub
lished results, 1963). It was observed that root weight increased with nitrogen and that 
nitrogen in an organic form gave greater root weight than in the inorganic form. 

Effect of pH and Salt Concentration on Root Development 

Watenpaugh (139) found little root growth of alfalfa at a pH of 4. 8, but the roots grew 
well at a pH above 5. Slender wheatgrass and tall wheatgrass were found to be the most 
resistant to high pH (24, 46). Thorne and Bennet (130) have listed bermudagrass as 
tolerant, tall fescue ascomparatively tolerant and meadow fescue relatively less toler
ant to high pH on irrigated soils with a high salt content. Gausman et al (52) listed 
Rhodes, coastal bermuda, blue panic, buffalo and Angleton grasses in decreasingorder 
for tolerance to artificial salinization. 

CULTURAL PRACTICES 

Seedbed Preparation 

An ideal seedbed should be compact enough so that capillary moisture can move in
to the seed and it should be loose enough to allow air movement and permit uniform 
covering of the seed. A granular structure with small distinct soil particles is most 
desirable since a fine powdery seedbed crusts severely and a coarse lumpy seedbed 
dries rapidly. 

Ideal seedbeds are seldom prepared on highway slopes. Seedings must usually be 
made on compact subsoil which has been exposed during the grading operation. Steep
ness of slopes often prohibits the use of machinery. The soil loosened by tillage is 
also extremely susceptible to erosion. 

Wells (147) stated that rough surfaces, within reasonable limits, were preferred in 
making seedings on highway slopes because of less air movement ac1·oss the soil sur
face and less sheet erosion than on smoother surfaces. However, the type and intensity 
of mowing to be practiced on an area will determine the degree of roughness permitted. 
A successful seedbed preparation practice in southern Illinois (19) consists of plowing 
c_ontour furrows about 2 feet apart on the larger cut and fill areas. These furrows 
serve the purpose of slowing the rw10ff and allowing soil movement to be from the 
ridges into the furrows. Normal seeding practices can be carried out over the contour 
furrows. Pre-mulching well in advance of anticipated seedings is often used as a seed
bed preparation practice especially on the steeper slopes where machinery cannot be 
used. The mulch retains moisture and alternate freezing and thawing mellows the soil 
to a satisfactory seedbed onto which seed can be sown through the mulch (7). If hay is 
used as a mulch, seed contained in the bay often germinates and develops sufficient 
ground cover to make supplementary seedings unnecessary. 

The equipment ,used in preparing seedbeds on highway slopes is quite varied. Agri
cultural equipment is most commonly used. The disc harrow is the most popular tool 
for loosening the top few inches of soil on fail'ly flat slopes. Other agricultural tools 
used on flat slopes are the rotary tiller, disc-plow, cultimulcher and field cultivator. 
The spike-tooth harrow is often used to level rough surfaces. Corrugated rollers are 
sometimes used to press the soil firmly around the seed. In general the equipment 
used for preparation of seedbeds on highway slopes is inadequate or marginal in per
formance. The equipment is not designed for use on steep slopes. 

Various opinions have been expressed about the value of incorporating topsoil into 
the seedbed before seeding. Lentz (89) stated that seedbed preparation on roadsides 
must consist of more than mere compaction of the fill areas to be seeded. He recom
mended the incorporation of topsoil into the fill or subsoil areas with a disc -harrow 
as the soil is loosened. Wells (147) stated that topsoil was not essential to establish
ment of seedlings and that soil capable of producing turf satisfactory for highway road-
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sides e~lisled in-i;itu in vil'tuaily au locations in New York. It has been reported (2) that 
good vegetative cover had been established on B horizons, C horizons and fill and
"made" soils. The addition of topsoils especially on steeper slopes often adversely 
affects the stability of the s lopes (!). 

Soil Fertility 

The need for fertilizer applications in establishing and maintaining vegetative cover 
on highway slopes has been well established. Generally, in an area where grading has 
exposed subsoils which have a low level of plant nutrients, a high rate of fertilization 
is required for successful turf establishment. 

The requirements of phosphorus and potassium for turf establishment can be deter
mined by soil tests (30). 

Nitrogen is the most frequent limiting element for the establishment of vegetative 
cover on highway slopes. While soil analysis provides no reliable information about 
the nitrogen level of soils, the low nitrogen content of s ubsoils and the general response 
of seedings to nitrogen fertilizations results in the standard practice of applying nitro
gen at the time of establishment. Divis (32) found that the application of 100 lb nitrogen 
per acre was beneficial in establishing vegetation on Ohio roadsides. In many cases 
150 lb nitrogen per acre was even better. Wells (147) recommended the application of 
50 to 90 lb nitrogen per acre at the time of seeding in New York. Salter (114) recom
mended the use of 40 to 50 lb of additional nitrogen above the basic recommendations 
for each ton of straw or similar mulch used. Such mulches have a high carbon to nitro
gen ratio and microorganisms frequently use nitrogen from the soil in the decomposition 
of these mulches. 

The use of nitrogen fertilizers, when applied to grass-legume mixtures, tends to 
stimulate the grass mo1·e than the legume. Ward and Blazer (136) found that the appli
cation of nitrogen to mixtures of orchardgrass and ladino clover, 1·ed clove.r, alfalfa or 
birdsfoot trefoil tended to depress red or ladino clover more than alfalfa or birdsfoot 
trefoil. Robinson and Sprague (111) found that in mixtures of Kentucky bluegrass and 
white clover, a high rate of nitrogen fertilization eliminated white clover when the mix
ture was clipped to 2 in. after it reached a height of 5 in. White clover hP.:ivily fP.l'.'ti!-
1zect with nitrogen was reduced in the mixture when clipped to a height of ½ in. when 
4 in. tall. Nitrogen may be needed in grass-legume mixtures to stimulate early growth 
and reduce erosion during the period of establishment. 

Laughlin (87) found that ammonium nitrate, ammonium sulfate and calcium nitrate 
were equally as effective as suppliers of nitrogen to bromegrass. Anhydrous ammonia 
and calcium cyanamide were inferior to all other carriers used in this experiment. 
Urea was seldom as effective as ammonium nitrate, ammonium sulfate or calcium 
nitrate, especially at higher levels of nitrogen application. Morris and Jackson (100) 
observed that ammonium nitrate, ammonium sulfate and calcium nitrate were equally 
as effective and much superior to calcium cyana.mide in promoting growth of rye. 

Phosphorus is also very likely to be a limiting element is establishing vegetation on 
highway slopes. If legumes are included in the seedings, then the need for phosphorus 
may even exceed the need for nitrogen. Phosphorus has been shown to be particularly 
important in early seedling development. Many researchers have reported benefits 
from applications of phosphate fertilizers. Friday (49) recommended the use of 100 lb 
of P 2 0s per acre at time of establishment. Salter (114) suggested that 40 to 50 lb of 
20 percent superphosphate or its equivalent be incorporated into the top 4 to 5 in. of 
soil as soon as possible after the grading ope1•ation. Phosphorus, being immobile in 
the soil, is not lost from leaching. A complete fertilizer may be mixed into the top 2 
to 3 in. at time of planting. Nicar (104) stated that, in Ohio, responses to phosphate 
had been so good that the formula for the fertilizer had been changed from a 10-6-4, 
10-10-10 or 14-14-14 to a 10-20-10. 

Soil analyses generally give good information on the level of phosphorus in the soil. 
However, in areas of high pH, phosphorus is likely to be in the unavailable form. Due 
to the residual properties of phosphorus in the soil, and the lower sensitivity of estab
lished plants to phosphorus, maintenance applications for turf may not be as necessary 
as those of nitrogen. 
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Potassium is not as limiting for plant growth in most soils as nitrogen and phospho
rus. However, potassium deficiencies may be encountered, especially on sandy soils. 
Soil test information reliably predicts soil requirements for potassium. 

The potassium-nitrogen relationship has been shown to be important in maintaining 
legume-grass mixtures. Experiments by Blazer and Brady (12) have shown that when 
grown in mixtures, grasses contain higher levels of potassium than legumes. The difference 
in potassium content has been explained on the basis of differences in cation exchange capac
ity of the roots. Drake etal (35) maintained that roots with high exchange capacity tend to 
absorb more divalent cationssuch as calcium and magnesium while roots with low exchange 
capacity tend to favor the absorption of monovalent ions such as potassium. These workers 
found the cation exchange capacity of legume roots to be approximately double that of grass 
roots. It has further been demonstrated (95) that there is a positive relationship between the 
nitrogen content of roots and their cationexchange capacity. This suggests that an in
crease in nitrogen applied to forages should enhance the uptake of divalent ions such as 
calcium and magnesium and lower the relative uptake of potassium (119). 

While the need for addition of limestone is quite common on most of the agricultural 
soils of Illinois, the need for limestone in establishing highway seedings is not well de
fined. Studies under Illinois Highway Research Project 67, which deal with the estab
lishment of grasses as turf on highway rights-of-way have shown that most sites on 
Illinois highway rights-of-way do not need lime. It has been recommended that soil tests 
be taken and that lime should be applied only when the pH is below 5. 5 (30). 

In general, the maintenance fertilization programs of the state highway departments 
are less adequate than are the establishment fertilization programs. A thick vigorous 
turf is better able to prevent erosion and water movement, resist the ravages of dis
eases, and to stand more abuse from emergency traffic than a shallow-rooted sod of 
non-vigorous plants. A vigorous turf is more attractive and offers a great deal more 
competition to weed growth. The year following seeding is one of tp.e most critical 
years in the establishment of a permanent sod. Nitrogen is a mobile nutrient and is 
depleted by the plants during the year of its application and is subject to leaching as 
water moves through the soil. Therefore, no sizable amount of nitrogen carry-over 
from year to year can be expected. If good fertilization practices are maintained dur
ing the first two years and perhaps the third, eventually the need for supplemental ap
plications of plant food will decrease or be eliminated. When clippings are allowed to 
remain in place, the major portion of the nutrients removed from the soil by the plants 
is being returned. As the clippings decompose, the plant food substances they contain 
return to the soil so that a fairly stable nutrient level is attained. From crop yield 
data, it appears that about 40 percent of the increase caused by a single fertilizer ap
plication qccurs the first year, 30 percent the second, 18 percent the third, and 12 per
cent the fourth year. This indicates that there is a distinct carry-over effect. How
ever, comparisons of the individual elements would show distinct differences. The in
fluence of the phosphorus applied would continue to be evident for a long period of time. 
Very little phosphorus is lost from soils by leaching. The potassium in fertilizers 
would not be as lasting in effect as phosphorus, since base exchange activities in soils 
will permit some of it to be lost in drainage waters. Nitrogen is much more temporary 
in effect. As long as actively growing sods are on soils, very little nitrogen will be 
lost in drainage water. If nitrogen is present, bare soils will lose considerable nitro
gen (50, 114). 

Experimental work in Virginia has shown that one to three maintenance applications 
of fertilizer are essential before the sod is satisfactorily established. If cover is 
established in the late summer, it is desirable to apply fertilizer at a rate equal to one
half the original application during the subsequent spring. If the turf is established in 
spring, it is desirable to reapply half of the original amount the next fall and in the 
following year if necessary. Ulniel (31) believes that a satisfactory rate of maintenance 
nitrogen on stabilized shoulders shouldbe a spring and fall application of 20 lb of nitro
gen per acre at each application. Unpublished data of the Illinois Cooperative Highway 
Research Program (1963) indicates a heavier rate of about 80 lb per year is desirable. 
No advantage was gained by use of split applications during the year. 
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It is poss ible to overf~rtilizs plauts . Overfeit ilization 1·esulb:, in irost crac10ng 
and/or freezing back of soft te rminal growth, especially on those plants on the border
line of hardiness for the area. The need for maintenance fertilizing may be determined 
by the appearance of the turf. Fertilizers should be applied before the growth becomes 
sparse, yellowish, and dwarfed. Maintenance liming is generally not needed (25). 

Liquid or solid types of fertilizer give equal results. Chadwick (25) has thoroughly 
discussed the use of liquid fertilizer and its application. Hanson andJuska (63) ·working 
at Beltsville, Md. , in the mid-Atlantic region, found that there was a four -fold increase 
between December 3 and April 6 in the root weights of Merion Kentucky bluegrass plants 
which received nitrogen in both September and October. Winter application of ammoni
um, urea, and nitrate forms of nitrogen fertilizer will be equally effective for the next 
season if they are applied at normal rates and if the winter and spring precipitation is 
near or below normal. Under very wet conditions, however, all nitrogen sources in
cluding soil nitrogen are less effective, with the nitrate sources suffering the largest 
loss. Accordingly, ammonium forms of nitrogen should be used for fall and winter 
application. Butler and Yoerger (19) have summarized some of the maintenance fertili
zation practices now used over theUnited States. 

Mulches and Films 

Blaser (! .. !) cites the following reasons for the use of mulch: 

1. Failure in establishing new turf areas is more often attributed to low moisture 
than any other factor. Surface mulches improve moisture availability and consequently 
germination and subsequent seedling growth. 

2. Suitable mulches encourage rapid moisture infiltration into soils and reduce 
evaporation. 

3. Mulches, because of better water infiltration, reduce water runoff and concur
rent soil erosion. 

4. Soil temperatures are moderated by good mulching materials; the insulation from 
mulch reduces temperature build-up during the day and retards heat loss during the 
night. The lower temperatures of mulched soils reduce the rate of evaporation. 

5. Some mulching- matP.rial~ ~l~n hind ~0!! ~?.!'!!~!~~ !0get."?.e~ ~c 2.~ t~ !"'~~i~'t :'.::::"':::;~!:::;~ 

or furnish nutrients to the establishing vegetative cover plants. 

Experiments show that mulches invariably shorten the period for developing a suit
able turi. Water and soii ioss is also reduced on sloping cuts or fills. The more dif
ficult the environment or moisture stress, the greater are the benefits from surface 
mulching. Gelendening (53) reported that various soil surface treatments increased 
germination and emergence of grass seedlings from 4 to more than 20 times that which 
was observed for bare ground plots. Duley (36) and Russell (113) found that a mulch 
increased soil water intake or kept the rate oTwater intake into the soil from decreasing 
due to compaction caused by the falling water. Mulching reduces the deposits of eroded 
debris in waterways and drainage channels by lessening the cutting of rills and gullies 
and checking the quantity and force of runoff or blowoff. Mulches reduce the severe
ness of winter freezing, thawing, and heaving by reducing the rate of temperature 
change. Used in conjunction with seeding, mulch prevents washing of seed and fertiliz
er and protects young seedlings. When grass or legume hay is used for mulch, seed 
contained therein often results in a sufficient cover of vegetation to make supplementary 
seeding unnecessary. 

Mulch may be detrimental. If an application is too heavy, it may prevent drying of 
the soil in excessively wet periods. This may inhibit the activities of desirable soil 
organisms. Nitrate supplies may be seriously depleted when highly carbonaceous 
materials undergo decay at the s oil' s surface. A marked decrease in available nitrogen 
results when oats, corn, and timothy residues are added to the son: Only in the case 
of residues having 15 parts of carbon to 1 part of nitrogen or a narrower ratio are 
nitrate supplies adequate. Such residues as clover, alfalfa, sweetclover or well
preserved manures will not cause a depression of the nitrate supplies for grasses. 
Comparative decomposition rates of alfalfa, wheat straw, and whole partridge pea, or 
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its various parts have been determined. Effects of these plant materials on nitrifica
tion rates in soil were also determined. Alfalfa lost the most weight by decomposition 
during a 32-week period. The loss in weight of wheat straw also exceeded the loss of 
weight of partridge pea. The nitrification rate of soil with partridge pea added was 
lower than that of untreated soil. Dead standing plants can also provide a protective 
mulch. Sometimes a temporary cover crop, such as rye or wheat, after matu
rity acts as a mulch and affords some protection to the permanent seeding being estab
lished. Eisele and Afkman (38) found that in the early spring, legumes planted with 
grass appeared to be hardierthan the same legumes planted separately. They thought 
that this was due to the protection afforded the legume by the more persistent dead 
stems and leaves of the grasses. Keever (82) stated that the rate of decay upon the 
available minerals in the soil affects the growth of plants and the trend of plant suc
cession. 

To prevent mulches of the straw-type from causing nitrate starvation in the soil, 
additional nitrogen may be applied in fertilizers. For each ton of straw or similar 
material, 40 to 50 lb of nitrogen is needed. Mulching may be dispensed with when 
seeding is performed during favorable seasons and where its erosion arresting proper
ties are not required. Hay or straw mulch must generally be anchored in some manner 
to prevent loss by wind, air disturbance by traffic or movement by runoff water. 

Many types of mulches are used or have been observed in experiments. There are 
also many methods for anchoring the mulch in place. The mulch materials, methods 
of anchoring, and equipment for spreading now in use in the United States have been 
summarized by Butler and Yoerger (19). Fish solubles have been used in a s olution 
followed by a slurry application of lime to reduce the acidity (pH about 4. 1) and gelati
nize the fish solubles, thus forming a firm, fertile crust over the bank. This treatment 
gave more complete protection against erosion over a longer period of time than did 
straw mulch with asphalt tie-down. However, vegetative cover became established 
faster when a straw mulch was used. 

Various plastic films appear to offer an opportwrity for erosion control on backslopes 
during the establishment period. In Iowa, Dolling (33) investigated ltheir use. Ge rm ina 
tion and early seedling growth were very rapid under the solid plastic and were slowest 
under the straw mulch. However, the conventional straw mulch was satisfactory. A good 
sod was established without serious erosion. The solid plastic appears to offer promise 
but also presents some serious problems. Growth under the plastic may be very rapid 
but the plants also may be killed due to the tenderness of the seedlings and disease, 
bothofwhicharecausedbyhighhumidity and temperature conditions under the plastic. 
A system of starting the seeding under the solid plastic and later providing some venti
lation appears to warrant further study. Perforated plastic which was also used was 
of no value as an erosion control treatment. 

Barnyard manure has been successfully used as a mulch. It consists primarily of 
straw and animal manure which anchors the soil in place and adds some vital nutrients. 
However, Brant (14) states that manure should be incorporated into the soil and not 
used as a mulch. -

Button and Potharst (20) compared cellulose fiber (wood or paper pulp), fungus
inoculated bran and combinations thereof to a "standard" hay mulch. Type and amount 
of mulch material had no significant effect on germination or seedling survival, espe
cially during the first 40 days after seeding. In this test, all of the cellulose and bran 
treatments were equal to hay as mulch materials. All provided adequate erosion con
trol. Combinations of cellulose fiber and fungus-treated bran appeared superior to all 
others for resistance to cracking, blowing off, peeling off, and deterioration. It ap
peared that further investigation of combinations of these materials was warranted on 
the range of seeding environments encountered in turf establishment. It also appeared 
that a certain percentage of longer fibers in the cellulose material might be beneficial 
to obtain a more interlocking mulch on saridy sites. The use of cellulose fiber or the 
treated bran in place of hay or straw as mulch material eliminates the probability of 
introducing weeds and weedy grases which are often fow1d in hay or straw. However, 
under certain circumstances, these can be desirable as well as undesirable. 



82 

Blaser (11) has also studied the use of wood pulp cellulose as a mulch. It was ap
plied along with seed and fertilizer at the rate of 1,000 lb per acre. Initial sod devel
opment with straw mulch was somewhat faster than with cellulose fiber. By September 
(seeded in the first week of May) there was no appreciable difference between the wood 
fiber mulch and straw mulch. The sods established by both methods were very satis
factory. The development, application, and use of the cellulose fiber mulch has been 
described by Harper (65). 

In Louisiana, Slack(117)triedsawdustas amulch on the surface andas amulchtilled 
into the upper surface. Both treatments were satisfactory and gave good erosion con
trol, though germination of the seed was slower under the sawdust blanket than where 
it was incorporated into the soil. 

W eks and Colter (146) reported on the use of chemicals as soil conditioners lo re
duce erosion on roadsides during seedling establishment. Two of those tested as soil 
stabilizers are the sodium salt of hydrolyzed polyacrylonitrile (CRD-189-A, also known 
as Krilium) and calcium carboxyate polymer (CRD 186-1). They go into solution in 
water rapidly. It has been found that they do a better job when applied to the surface 
than when mixed in the upper portion of the soil. They can be applied with spray equip
ment at the same time the fertilizer and seed are applied. There is little difference 
between the effectiveness of the resin and straw mulch in reducing soil losses and 
lowering runoff. Recommendations on amount vary from 1/2 to l lb per 100 sq ft. 
They work best on heavy soils and should not be used on soils with over 70 percent 
sand. The additives at economical concentrations do not inhibit the growth of plants. 
It appears that these chemicals may also prove effective in controlling dust and frost 
action. Although the overall performance of the conditioners was satisfactory in many 
respects, a straw mulch is considered to be superior. 

A rubber film that will let grass emerge and is strong enough to withstand rain and 
wind has been tried as an erosion control device. According to Hager (59), the elas
tomeric spray mulch is a liquid which can be sprayed onto the preparedseedbed with 
any of the standard spray equipment in use by highway departments. For small patch 
work, even sprinkling cans can be used. The film formed by spraying on the soil is 
an interconnected net or lace-like structure through which water, oxygen, and carbon 
dioxide can freely pass and grass seedlings emerge. This net structure also has finger
or tentacle-like structures penetrating into the openings between soil aggregates form
ing effective tie-downs to the soil surface so that the network is not easily removed by 
the impact of raindrops, flowing water or wind. The material is a compound of two 
synthetic rubber latexes. A fine or medium drop-size pattern gives much more effec -
tive protection against erosion than does a coarse drop pattern. No reduction in rain
water infiltration into the soil is caused in the case of gentle rains but probably the 
infiltration percentage is less in the event of high rainfall intensities. Soil moisture 
under the film is about the same as that of bare ground. The soil temperature is gen
erally about four degrees higher than bare ground. This aids germination in cold 
weather and retards it in mid-summer, especially when insufficient moisture is pres
ent. The material is non-toxic to plants. The decomposition of the film varies be
tween two to eight weeks and makes no demand on the nitrogen supply of the soil. 

A soil erosion control technique employing glass fiber is being investigated (5). The 
glass fibers are placed on the ground surface by ejection through a specially developed 
nozzle. The glass fibers may be used where turf establishment is required on slopes, 
grass waterways, etc. They may also be used to tie down and reinforce asphalt or 
cementing materials where stabilization is needed without turf. The glass fibers have 
a high tensile strength. When dispersed in a random pattern, these continuous glass 
filaments form a porous, extremely strong web that "roots" itself to the soil and holds 
it firmly. The glass fibers withstand exposure to water, sunlight, and chemicals found 
in the soil for extremely long periods of time, because the fibers are inorganic and 
relatively inert. This assumes some sort of erosion control before, during, and after 
turf establishment. 

In western Washington, where the average yearly rainfall is in excess of 37 inches, 
the problems of erosion control are of prime importance. One of the most successful 
methods of combating erosion there is through the use of hay mats, which have been 
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found to be a multi-purpose agent for many erosion problems. It not only protects the 
covered area but also is an effective seeding and mulching agent. On cuts and fills, the 
low fertility of the subsoil encountered is raised by the rapid bacterialization occurring 
under the protection of the mats. The use of hay mats completes an erosion control, a 
seeding, and a mulching operation at one time. Ripe, rain-spoiled hay is used to make 
the hay mats (16). Hottenstein (75) found that in Pennsylvania seed-hay at the rate of 
one ton per acre did not produce appreciable differences in ground cover. Two tons 
per acre gave more effective immediate slope protection than one ton of seed-hay or 
one ton of wheat straw mulch with broadcast seeding. The species studied were poverty 
oatgrass, Alta fescue, orchardgrass, creeping red fescue, tall oatgrass and crown
vetch. 

Various types of jute and paper open-mesh, coarse weave materials are used both 
alone, as mulches and soil stabilizers (heavy, coarse weave, smaller mesh materials), 
and as a straw mulch tie-down on steep slopes (larger mesh, finer weave, light materi
als). In general, their use has been quite successful. The nets are held in place by 
pegs or pins. However, Brant (14) stated that the use of cotton mesh or paper mesh 
mats was not warranted-. Chicken wire protection (tie-down) was better but was too 
expensive. 

At the University of Illinois, Smith (118) set out a series of plots to determine 
whether common grasses would grow through a thin layer of asphalt sprayed on the soil 
to act as a mulch. As a result of several years' testing, it was determined that an 
asphalt emulsion made specifically for mulching seeded areas was highly satisfactory. 
Suggested rates of application were 0. 2 gal/sq yd for level areas, 0. 3 gal/sq yd for 
moderate slopes and 0. 4 gal/sq yd for steep slopes. The asphalt mulch sealed in soil 
moisture but developed enough cracks to allow moisture to enter the soil. However, 
the seedbed needed to be moist when the asphalt mulch was applied. The asphalt mulch 
raised the soil temperature (due to its black, heat absorbing color) and hastened seed
ling emergence by one to two weeks. This factor makes its use especially beneficial 
in very early spring seedings and rather late fall seedings when results are unpredict
able. The asphalt may cost more per square yard than straw but there is considerably 
less labor involved in putting it down. It is easily handled and disintegrates readily, 
while straw does not decompose without removing available nitrogen from the soil. 
When asphalt is used, the possibility of introducing weed seed is eliminated. Blue -
grass, tall fescue, ryegrass, redtop, Korean lespedeza, white clover, and small grains 
all came through the asphalt mulch satisfactorily and produced excellent stands. The 
asphalt mulch gives 1·easonably good protection against soil erosion. Chemically the 
asphalt emulsion is non-toxic to plants. Smith also tried gypsum and/or vermiculite 
as a mulch. These provide a very hard, impermeable mulch when mixed with water 
and the seedlings cannot penetrate them. 

Following the aforementioned developments, a machine known as a mulch spreader 
or blower was developed. This machine is capable of spreading asphalt coated straw 
on seeded areas. This method of mulching has several advantages over the plain asphalt 
mulch in that from 80 to 200 gal of asphalt together with 3,000 to 4,000 lb of straw will 
cover an area which requires approximately 1,600 gal of asphalt alone to give an ade
quate mulch. Further, in utilizing straight asphalt as a mulch, it is essential to assure 
subsurface moisture prior to the application of the asphalt while with asphalt coated 
straw this precaution is not required. In Missouri, Griffin (57) concluded after trials 
where various depths of straw mulch were held down with asphalt at various rates, with 
twine, with a sprinklin of water, with a spike roller, and were compared to a paper 
mulch, that the straw applied at the rate of 11/2 tons per acre with asphalt emulsion at 
100 gal per ton of straw provided the best and most economical mulch in controlling 
erosion and encouraging seed germination. Johnstone (79) reports that the same rates 
are being used in Canada. The thickness of the desiredstraw is 1 to 2 inches when 
loose. Blaser and Ward (13) stated that straw mulching techniques were being improved 
with an endeavor to make applications as light as possible, 50 to 75 percent of the ground 
being covered. Straw mulch should be applied at the rate of one to two tons per acre 
but a better criterion is to leave 25 to 50 percent of the soil exposed (11). The best way 
to stabilize straw or hay mulches against wind or air drafts from fastTraveling vehicles 
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is through the use of asphalt= Butler a...T!d Yoerger (19) have summarized responses to 
queries on the performance of the mulch-spreader-blower equipment. An evaluation 
of its performance along with some criticisms are given; the main disadvantage was 
that the method of feeding the baled straw or hay in the blower needed improving. A 
" soil-erosion-mulch-tiller" can be used to incorporate mulch into the soil. Results 
have been reported as excellent. 

Factors which may influence the choice of a mulching material are the availability 
of material, cost, type of soil, type of plants to be grown, probable rainfall, season 
of the year, and quantity of mulch material required. Most plantings will benefit from 
mulch. When working with a tight clay soil on steep slopes, it is best to specify a type 
of mulch which will hold as much moisture as possible. On the other hand, if the soil 
is of a type that will become saturated and slide, it is perhaps best to specify a mulch 
which will shed some of the water. When plant species that are adapted to cool shady 
environments are used, a heavy loose material may be best while materials with less 
insulating capacity may be used for other plants. If ideal rainfall is anticipated on flat
ter areas, little or no mulch may be needed; however, if extremes in rainfall or tem
perature conditions are expected, an adequate mulch will be needed to protect the new 
seedings. The kind of mulch used may in some instances be determined by the quantity 
needed. For example, when a small area is to be intensively developed, it may be best 
to select a more expensive mulch than where a larger area is being less intensively 
developed. Hicks (71) states that in Virginia there are many good mulching materials 
which could be usedsuccessfully under certain conditions that they have found not 
adapted to general large-scale application. Some of these materials are sawdust, wood 
bark, wood chips, leaf mold, peanut hulls, peat moss, pea gravel, corn cobs, corn 
stalks, tobacco stems, hemp, marsh hay, pine tags, pine boughs, asphalt, and other 
petroleum or resinous products. The addition of mulch in patching bare spots on seeded 
areas is necessary. 

EFFECT OF CLIMATE ON TURF ESTABLISHMENT 

Climate determines which turf species are adapted over a broad area. For example, 
tropical species are not adapted in temperate climates. However, many species have 
1;1.'ide 2.~e2.~ ~f ~d~pt::.t:.~~. T:h.~ di~~~! ii"'Jlu.~uccc vf clii11a.tc uu turf ~~cit:~ art, nurmaiiy 
easily observed, but the indirect influences such as the influence of climate on the in
cidence of plant disease and insect pests are often overlooked when the adaptation of a 
species to a given climate is considered. 

Description of Climate 

The term "climate" describes all the meteorological conditions of an area or region 
over a cycle of time. According to Trewartha (131) the elements of climate are tem
perature, precipitation, and humidity, and the controls of climate are latitude, distri
bution of land and water, the semi-permanent high and low pressure cells, winds, alti
tude, mountain barriers, ocean currents, and storms. 

Temperature 

Of all the characteristics of climate, the effect of temperature on species distribu
tion is most pronounced. Tempe.rature i s the chief factor which distr ibutes plant types 
in large belts nor th and s outh of the equator (72). The principal effects of temperature 
on plants are on the enzyme kinetics and associated moisture relationships within the 
plant. Turf species vary greatly in their reaction to temperature and this accounts for 
the adaptability of different species to different regions. 

According to Hildreth et al (72) plant distributions are limited for the following rea
sons: (a) the re is too s hort a period of favo1·able temperatures for plants to reach matu
rity, (b) ther e are unfavorable temperatures both high and low during the growing season 
for proper development of plants, (c) the occurrence of temperatures , either high or 
low, which cause injury or death to growing plants, (d) winter temperatur es which in
jure or kill dormant plants, and (e) temperature conditions particularly favorable for 
the development of diseases and insect pests. 
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Most turf species are capable of surviving in the range of 32 F to 122 F. Since the 
physiological reactions in plants are catalyzed by their specific enzymes, the narrow 
range of temperatures and differences in plants are explained by the effect of tempera
ture on enzymatically catalyzed reactions. As outlined by Conn and Stumpf (28), 
enzymatically catalyzed reactions increase in rate with an increase in temperature up to 
about 113 F after which denaturization of the protein molecule of the enzyme reduces the rate 
of the reaction. Different turf species have different maximum and minimum tempera
tures under which they will survive as well as specific temperatures and conditions at 
which they grow best. Although the temperature range is relatively narrow for most 
higher plants, there are many habits and modifications by which plants are adapted to 
survive at extreme temperatures. For example, annual plants (Korean lespedeza) com
plete their life cycle in one growing season and escape cold injury. Perennials (tall 
fescue) are dormant in the winter and grow when temperatures are favorable. Certain 
cold hardy plants (alfalfa) develop cold resistance within their tissues. Essau (39) 
pointed out that plants of hot arid regions have heavy coatings of wax which prevent 
rapid transpiration and conserve moisture. 

Precipitation 

Precipitation is one of the major factors which influence the adaptation of a turf 
species to a1i area. Killian (84) stated that the total precipitation and the distribution 
of precipitation are important in the establishment of turf. In describing the precipita
tion patterns of the United States, he stated that the average annual precipitation ranges 
from 1. 66 in. to over 100 in. The wide variations in climate were pointed out. The 
Mediterranean climate is exemplified by dry summers and precipitation in the fall, 
winter and early spring. Parts of the Pacific Coast of the United States have a Mediter
ranean climate. Conversely, the plains type of climate is characterized by highest 
precipitation during the spring and summer and lowest precipitation during the winter. 
In desert areas rainfall is light regardless of season; in the eastern part of the United 
States precipitation occurs throughout the year. 

Wolfe et al (150) state that excessive precipitation and effective droughts which may 
occur during any season are of greater significance to plant growth than total precipita
tion. Also, the amount of rainfall required to break drought conditions depends on the 
type of vegetation, stage of development, and weather condition immediately following 
the rainfall. Coupland (29) in describing the effects of weather on the grasslands of 
the Great Plains, points out that the immediate response of plants to drought is a cur
tailment of growth in height and that only after prolonged drought does the density of 
cover decrease. In establishment, a lack of sufficient moisture is more critical than 
in subsequent phases of growth. 

Climate of Illinois 

As pointed out by Page (105), Illinois has, on the average, hot summers, cool to 
cold winters, and rather abundant precipitation throughout the year. These averages 
are the result of pronounced day to day variations in temperature, wind direction and 
velocity, moisture conditions of the atmosphere, and precipitation. 

Temperature. -The month to month progression of average temperatures is similar 
throughout Illinois (Table 1). January and February are quite similar in temperature, 
but from February to March there is a marked increase in temperature. Temperatures 
continue to rise rapidly until June. During the summer months the changes are slight, 
although July is usually the warmest month. Temperatures drop suddenly from August 
to September and continue to decline each month through January. Although seasonal 
changes follow approximately the same pattern throughout the state, the rate of change 
varies with geographical location. 

Variations both in definition and in actual occurrence often make the data on frost 
distribution misleading. Some stations report frost as an actual accumulation of crys
tals, others as temperatures of 32 F and below. Moreover, frost is perhaps subject 
to more variation locally than any other weather condition. There are not enough 
weather stations to present all the variations within a region. However, asageneralized 
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AVERAGE MONTHLY TEMPERATURES 
FOR EACH MONTH AT THREE 

LONG-RECORD STATIONS 

Month Cairo Springfield Dubuque 

Jan. 37 28 20 
Feb. 39 30 22 
March 48 40 35 
April 59 52 49 
May 69 62 60 
June 78 73 70 
July 80 78 75 
Aug. 79 76 70 
Sept. 71 68 62 
Oct. 60 57 51 
Nov. 47 41 38 
Dec. 40 32 23 

guide, the frost-free period in northern Illinois ranges from 150 to 180 days (Table 2). 
In central Illinois the average frost-free period is from 168 to 190 days. In southern 
Illinois the average frost-free period is from 185 to 213 days. 

Precipitation. -Precipitation in Illinois occurs as rain, snow, sleet and hail. How
ever, snow accounts for less than 10 percent of the total precipitation and the amount 
from sleet and hail are negligible. 

Average annual precipitation in Illinois varies from 30. 77 in. at Morris to 47. 43 in. 
at Anna. The extreme high and low records are 70. 45 in. at Carbondale in 1945 and 
16. 15 in. at Pontiac in 1887. In general, the western part of the Illinois Ozarks has the 
mui:;i. .1,1.n:~l;ipii.a.i.iuu c1.mi i.ne nurmern part of tile state tne least. With the exception of 
variations within regions, there is a general trend downward in precipitation from south 
to north (Table 2). 

The distribution oi precipitation throughout the year is more critical for turf estab
lishment than the total precipitation. With the exception of a small area in the southern 
Illinois area, maximum precipitation occurs primarily during the growing season in 
Illinois (Table 3 ). 

In general, the northern part of the state gets a larger percentage of its precipita
tion during the growing season than does the southern part. The average amount of 
precipitation received during the growing season is much the same throughout the state; 
thus the average annual precipitation in the northern part of the state is as effective for 
agriculture as the larger amount received farther south. 

TABLE 2 

AVERAGE DATES OF EARLIEST AND LATEST FROSTS, LENGTH 
OF FROST-FREE PERIODS, AND PRECIPITATION 

Last Frost in First Frost in Avg. Frost-Free Avg. 
Station Spring Autumn Period (days) Precip. 

(in.) 

Cairo March 30 October 29 213 41. 39 
Springfield April 15 October 19 187 36.03 
Dubuque April 19 October 16 180 33. 13 



TABLE 3 

TOTAL PRECIPITATION DURING GROWING SEASON 
AND PERCENT OF THE TOTAL 

Station 

Aledo 
Morris 
Clinton 
Roberts 
Anna 
Cairo 

Amount of Precipitation 
During Growing 

Season (in.) 

22.89 
19.05 
23.77 
20.38 
24.75 
20. 16 

Macroclimates and Microclimates 

Percent of Total 

66.8 
61. 9 
61. 1 
61. 4 
52.6 
49.2 
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The data recorded by weather stations are usually measured 5 ft above the ground, 
and are representative of the macroclimate. Plants, however, which are grown in the 
lower layers of air are subjected to a different climate known as the microclimate. The 
difference between the microclimate and macroclimate consists essentially in the prox
imity of each to the earth's surface. 

Wolf et al (150) have defined a microclimate as a complex of above-ground conditions 
distinct with respect to location or meteorological phenomenon. The temperature of the 
surface of denuded areas is lower in winter and higher in summer than the temperature 
of the surrounding air. The temperature of the soil under vegetative cover is lower 
in summer and higher in winter than when the soil is denuded. Changes in soil temper
ature at the surface correspond closely with changes in air temperature; however, there 
may be as much as a month's lag in temperature changes 10 feet below the surface. The 
daily range in soil temperature is less under cover than where the soil is denuded. 
West-facing slopes have the highest average soil and air temperature, the greatest 
evaporation and the most wind movement. Consequently, west-facing slopes are the 
driest with other slopes ranking in the order south, east, and north. 

Balchin and Pye (9) reported that the rarity of the air at higher altitudes and the 
decrease in moisture and carbon dioxide content results in a normal temperature lapse 
rate of one degree in 300 ft. 

In addition to altitude, slope orientation was found to influence maximum tempera
tures. Temperatures are higher on west-facing slopes because much of the morning 
sun's r adiation is spent in evaporating moisture. Sprague et al (123) stated that the 
moisture content of the air was greatest near the ground. Over al 1/2-in. bl uegrass 
sod the 1 ½ in. and 3 in. heights were definitely different in climate from the 60-in. 
level but that the 6 inch height appeared to be quite similar to the 60-in. level. 

Waterhouse (140) found that seasonal and diurnal differences in air temperature 
stratification·in grass cover were related to height, density and type of growth of the 
herbage. The presence of a matted basal layer of grass was noted to maintain a cool 
humid atmosphere at the ground level. 

Daniel (31) stated that the microclimate of areas adjoining a surfaced road may be 
considerably different from a nearby area. Snow blowing from the paved area and rapid 
runoff of rainfall from the paved area increll.se the amount of water alongside the road
way. Snow accumulations, applications of salt, and many other factors tend to create 
various microclimates along roadsides. 

ADAPTATION OF TURF SPECIES 

Astrup (6) stated that the following qualifications should be considered in choosing 
ground cover plants for erosion control: 
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1. Plants must have the ability to thrive unde r L1.e existing conditio11s o.r soil, mois
ture and exposure; 

2. Mat forming plants, or those that spread from suckers or shoots, should be given 
preference as they are normally more effective in holding the soil in place; 

3. Rapid growing species should be chosen since they provide earlier protection; 
4. If woody herbaceous plants are desired, evergreens or plants with bushy, dense 

foliage should be chosen since they afford the greatest protection against both wind and 
rain; 

5. Plants producing the most litter are most effective in controlling erosion; 
6. Resistance to fire or ability to recover after burning or cutting are valuable 

attributes; 
7. Plants should be resistant to insects and diseases; 
8. Plants with conspicuous flowers or fruits are susceptible to vandalism; 
9. Plants which may be so vigorous as to crowd out more desirable species or be

come a weed to agricultural crops should be avoided; 
10. Plants which are secondary hosts to economically important diseases or insects 

should not be used; and 
11. Plants that are poisonous to man or animals should not be used. 

Other factors which should influence the selection of plants are the time of year the 
seeding is to be made, the intensity of the mowing schedule, the adaptability of the 
plants to the climate of the area, and the amount of maintenance to be practiced. 

The wide range of variation in soil, moisture and climatic conditions between areas 
and between short distances along the roadway within local areas prevents the choice of 
plants best adapted to broad areas. The choice should be based on the particular set 
of circumstances W1der which the plants are to be grown. Younger (152) has pointed 
out that simple management practices such as fertilization, mowing, and disease and 
insect control will not greatly prolong the life of climatically unadapted grasses. 

Grasses 

Hafenrichter (58) has said that grasses produce a fibrous root system which is more 
effective than thatof legumes in improving- soil ag-g-rP.~:ition . WP11A (147) i,t<>t<.''3 t!!?..t 
grasses were less sensitive to soil pH than legumes. --

The great number of grass species prevents the comprehensive listing of all the 
areas of adaptation. For the purpose of this review, only those ApP.<'iP.s ::irl::i p tPrl to th., 
midwestern region are discussed. 

Bentgrass (Agrostis spp. ). -Redtophastheability to grow under a variety of condi
tions . It is one of the best grasses for wet land but it also resists drought and grows 
on soils so low in lime that most other grasses fail. The strength and rhizomatous 
character of the roots make it useful on banks to prevent erosion. Redtop should be 
seeded on a compact well-prepared seedbed. It is usually sown broadcast, at the rate 
of 8 to 15 lb of seed per acre when seeded alone. In a mixture, 2 to 4 lb are commonly 
used. Fall is considered the best time of year to seed redtop. 

The fine bentgrasses, colonial bent, creeping bent and velvet bent, have been found 
well adapted for putting greens with other grasses for lawns in much of the northern 
half of the United States. 

Bromegrass (Br omus spp. ). -Grasses of the genus Bromus are found mostly in the 
north temperate zone. About 43 species are native to the United States. Some of our 
most important forage species as well as our most troublesome weeds belong to this 
genus. 

Smooth brome (B. inermis) is a long-lived perennial sod grass with heavy creeping 
rhizomes. It is adapted especially to regions of moderate rainfall and low to moderate 
summer temperatures. Smooth brome makes its best growth on moist, well-drained 
clay loam soils of relatively high fertility. Smooth brome is resistant to drought. 
During the dry periods in its most southwesterly region of adaptation, it becomes dor
mant until revived by fall moisture (76). 

Several improved varieties and strains of smooth brome are available. Lincoln, 
Achenbach, Fischer and Elsberry are varieties certified in several states. 
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Smooth brome is usually planted in mixtures with legumes. The time and method 
of seeding will be influenced by the other species in the mixture. Conditions for seed
ing, seedling emergence and development are usually best in the spring. 

The seeding rate varies depending upon the mixture. In Illinois, 9 to 12 lb per acre 
of bromegrass and 6 to 8 lb per acre of alfalfa has been found to be satisfactory. 

Field bromegrass (B. arvensis L.) is a winter annual adapted to the Corn Belt 
and eastward. Its extensive fibrous root system makes it a good species Ior holding 
soil. 

The other annual bromegrasses which are not recommended for highway rights-of
way are considered, for the most part, as weedy species. The most common of these 
is cheat, Bromus tectorum, which occurs in waste places and gra.in fields. 

Bluegrass (Poa spp.). -The bluegrasses number about 200 species. They are distri
buted throughout the world, but mostly in the temperate or cooler regions. 

Kentucky bluegrass (Poa pratensis) was introduced from Eurasia. It is common in 
the northern part of the humid portion of the United States. The latitude of southern 
Tennessee is its southern limit of satisfactory growth (76). 

Kentucky bluegrass is best adapted to well-drained, highly productive soils of lime
stone origin. Several varieties are available including Arboretum, Delta, Merion, 
Newport, Park and Troy. Merion is probably the most commonly used lawn turf variety 
in the northern United States. 

Kentucky bluegrass is usually seeded in mixtures. It is best to sow in the fall at 
4 to 6 lb per acre in mixtures wllich include other grasses. For turf pu,rposes and 
rapid establishment, from 20 to more than 100 lb per acre have been used. Prior to 
seeding, the soil should be limed and fertili.Zed as needed. The seed should be sown 
on a firm seedbed and covered lightly. 

Canada bluegrass (Poa compressa) resembles Kentucky bluegrass somewhat but has 
a distinct bluegreen foliage. It matures later than Kentucky bluegrass and once grazed 
or mowed, makes little recovery during the remainder of the season (76). Its culture 
and management is similar to that of Kentucky bluegrass. -

Fescue (Festuca spp. ). -There are over 100 different species of fescue. They vary 
from fine to coarse leaved. The growth habit may be creeping or erect (76); Tall 
fescue (F. arundinacea) and meadow fescue (F. elatior) are the two most important 
species in the United States. 

Tall fescue has a wide range of adaptation. It is tolerant of poor drainage, particu
larly in the winter. With good drainage it has a deep penetrating root system. Tall 
fescue has been shown to do well on soils ranging in pH from 4. 7 to 9. 5 (76). It does 
well on mountain slopes and on low lands. It is a long-lived perennial andhas been 
shown to make growth when the mean weekly temperature is above 40 F. It is not com
pletely dormant when the mean weekly temperature is 34 F. Most of the tall fescue in 
the United States is either Alta or Kentucky 31. Alta is common in the west and north
west and Kentucky 31 in other parts of the United States. 

In general, seedling establishment is slow. Although tall fescue is vigorous alter 
it is established, such vigor is not present in the early stages of growth. As a result 
of slow initial growth, a clean firm seedbed is most desirable. Seed should not be 
planted more than ¼ to 1 in. in depth, depending on soil conditions. Recommended 
rates of seeding vary from 2 to 16 lb per acre. The lighter rates are for well-drained 
land where a large proportion of other species is desired. 

Meadow fescue is a somewhat smaller plant t.han tall fescue and is not as widely 
adapted. The chief factor limiting its use in the United States has been its susceptibility 
to leal rust. Cultural and management practices for meadow fescue are similar to 
those for tall fescue. 

There are three major species of fine fescue: sheep fescue, red fescue and Chewings 
fescue. 

Sheep fescue is adapted to about the same climatic conditions as Kentucky bluegrass. 
It succeeds better on sandy or gravelly soils than most grasses. The usual rate of 
seeding is 25 to 30 lb per acre for pure stands. 

Red fescue resembles sheep rescue but its leaves are brighter green and it does not 
grow in tufts but creeps by underground stems. There are two distinct forms, red 
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fescue and Chewings fescue. Red fescue is a creeping grass and Chewings is a tufted 
grass. Like sheep fescue they are both hardy plants and are especially adapted to 
shaded dry sites. 

Orchardgrass (Dactylis glomerata). -Orchardgrass occurs throughout much of the 
temperate zone of the northern hemisphere. In North America it is found in the eastern 
Canadian provinces and in the United States from the Canadian border to, the Gulf States, 
from the Atlantic Coast to the edge of the Great Plains. 

Orchardgrass is less winter hardy than smooth brome, timothy or Kentucky blue
grass. It is adapted farther south than these species and is considered to be more heat 
tolerant. It starts growth fairly early in spring and continues to grow until freezing 
weather. 

Orchardgrass is less exacting in soil requirements than many of the cultivated 
grasses. It is able to persist and make growth on relatively thin infertile soils. How
ever, it responds well to high levels of fertility, especially to nitrogen. It does not do 
very well on highly alkaline soils (76). Orchardgrass recovers rapidly after grazing 
or mowing. -

Most of the orchardgrass seeded in the United States has been of unimproved domes
tic origin. Several varieties have been released which show promise. Potomac has 
probably been used most extensively. The new variety Sterling is expected to find wide 
usage in the Corn Belt states. 

It is best to seed orchardgrass in the early spring. Fall and late summer seedings 
may be successful if early enough to allow good establishment. The most commonly 
recommended rates are 3 to 10 pounds per acre in association with legumes. 

Ryegrass (Lolium spp.). -The name ryegrass applies, in general, to two primary 
cultivated species of the genus Lolium: Italian rye grass (L. multiflorum) and Perennial 
ryegrass (L. perenne). 

Italian ryegrass is usually considered an annual. Under some conditions it behaves 
as a biennial, or even as a short-lived perennial. Perennial ryegrass is quite similar 
to Italian ryegrass. As its name indicates ilt is a perennial but is short-lived (76). 

The ryegrasses are not as winter hardy as many grasses including orchardgrass 
and timothy. They have a wide range of soil adaptation. For most satisfactory growth, 
however they require soils of medium to bigh fertility. They will stand fairly wet 
soiis if there is reasonably good surface drainage. They are not dry land grasses and 
will not persist in regions with climate extremes of cold, heat or drought (76). 

Rye grass can be seeded either in the fall or early spring. In sections where winters 
are severe, spring seedings are used. Where winters are mild early fall seedings are 
advisable. The seed should be covered, preferably to a depth of approximately 1/2 in. 
When seeded alone, a seeding rate of 10 to 25 lb. per acre is recommended. When 
seeded in mixtures the rate is usually 4 to 5 lb per acre. 

Timothy (Pbleu.m pratense). -Timothy is adapted to cool, humid climates. In the 
United States most of the timothy is produced in the northern half of the area east of 
the Missouri River. 

Timothy is a bunch grass with erect culms 20 to 40 in. tall. The root system of 
timothy is relatively shallow and fibrous. It does not spread laterally to form a sod. 
Although individual shoots are biennial, new shoots develop vegetatively each year and 
the plant behaves as a perennial. 

Timothy may be seeded either in the fall or spring. Seeding rates vary from 2 to 
10 lb per acre depending on the species with which it is seeded in mixtures. 

Reed Cana1·ygrass (Phalaris arundinacea). -Reed canarygrass is adapted to much of 
the northern half of the United States and southern Canada. When seeded, in most 
cases, it has been on poorly drained sites subject to flooding and silting. It is a tall, 
coarse, sod forming, cool season perennial. 

The natural habitat of reed canarygrass is poorly drained, wet areas, but it has been 
found to be one of the most drought tolerant cool season grasses when 'grown on upland 
soils. However, on upland soils it becomes sod bound and relatively unproductive un
less heavily fertilized. 

Late summer seeding is usually best, especially on poorly drained areas. Spring 
seeding is satisfactory when field conditions permit and weeds are not a problem. 
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When good seed is used (80% or higher germination) a seeding rate of 5 to 8 lb per acre 
is adequate (76). 

Zoysia (Zoysia spp. ). - There a re thr ee species of zoysia in the United States, Manila
grass (Z. matrella), J apanese lawngrass (Z. japonica), and Mascarenegrass (Z. tenui
folia). Mascarenegrass is the least hardy and is only grown in California and the 
south. Japanese lawngrass is the most winter hardy of the three species. It has been 
grown successfully as far north as Boston. It is tough, harsh and once established very 
hardy and persistant. Manilagrass is the most widely used of the Zoysias. It has sur
vived the winter as far north as Rhode Island, but its general limit of adaptation is 
approximately 40 degrees north latitude. It will tolerate some shade, especially in the 
south. 

Seed of the Zoysia grasses is not available in commercial quantities; therefore, 
vegetative planting is necessary. One square yard of sod is sufficient to sprig plant 
750 to 1, 000 sq ft with rows 8 to 10 in. apart and sprigs 3 in. apart in the rows. It is 
best to establish the Zoysias in the spring as soon as the soil is warm. 

One of the principal weaknesses of the Zoysias is their slow rate of establishment. It 
usually requires at least two years to obtain a good cover at the recommended rate of 
planting. Other grasses may be planted between the rows to afford cover until the 
Zoysia is established. 

Legumes 

Although it has previously been stated that grasses give better erosion control be
cause of their greater soil aggregating properties, the value of legumes should not be 
minimized. It is generally accepted that a mixture of grasses and legumes produces 
more vegetation, partly due to the nitrogen fixation in the nodules of the legumes which 
also favors the grass in the mixture. Some legumes also have a very deep tap root 
system which is valuable in holding the soil in place, especially on the steeper slopes. 

There are a large number of legumes, many of which have proven valuable in ero
sion control. The purpose of this review is to list the adaptation of some of the more 
common ones for the midwestern area. 

Alfalfa (Medicago spp. ). - Alfalfa is wor ldwide in distribution. It is well adapted to 
a wide range of soil and climatic conditions. It has withstood temperatures of -80 F 
in Alaska and certain types are grown in Death Valley, Calif. , where maximum tempera
tures reach 130 F. It is best adapted to deep loam soils with porous subsoils. Good 
drainage is essential. Alfalfa also requires large amounts of lime and does not do well 
on soils that are decidedly acid (76). Alfalfa. grows extremely well in dry climates on 
fertile soil where there is plenty of moisture available, such as under irrigation. 
Alfalfa is relatively tolerant of alkaline soils but does not do well on highly alkaline 
soils. It is highly drought resistant but goes into dormancy during dry periods and does 
not resume growth until moisture is available. 

There are two major species of alfalfa, M. sativa and M. falcata. M. sativa is a 
native of Asia and is purple flowered and erect. Strains of this species vary in their 
winter hardiness but as a group tend to be less hardy than M. falcata which is a native 
of Siberia. It is a yellow flowered plant and tends to be decumbent. 

There is a third group of alfalfas, the variegated alfalfas, which are believed to have 
arisen from natural crossing between M. sativa and M. falcata. Flower color of this 
group ranges from purple through blue and yellow to white. 

There are many varieties of each type of alfalfa. The common varieties are com
posed of regional strains with different climatic adaptation. They are usually identified 
by the name of the state where they originated. All regional strains of common alfalfa 
are susceptible to bacterial wilt. Buffalo, a variety derived from kansas common, and 
the Turkistan alfalfas are resistant to bacterial wilt. The variety Lahontan is of 
Turkistan origin. Ranger and Vernal are varieties of the variegated types of alfalfa 
which are also resistant to bacterial wilt. 

Alfalfa may be seeded either in late summer or early spring. In regions south of 
the northern Nebraska border and Illinois Highway 40, late summer seedings are usu
ally best. North of this line, spring seedings are usually more successful. A com
panion small grain crop sown at about half the usual rate is often used. In most areas 
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from 10 to 20 lb of seed per acre are recommended. The cultipacker seeder by which 
the seed is broadcast between two rollers, has given good results. When seed is 
drilled, they should not be planted too deep; ¼ to % in. is preferred depending upon 
the soil type. 

Birdsfoot Trefoil (Lotus corniculatus). -The range of birdsfoot trefoil in the United 
States is from the eastern part of Kansas, Nebraska and the Dakotas to the Atlantic 
coast and south to the Ohio River. There is also considerable acreage in California 
and Oregon. It is not adapted to the low rainfall areas of the west except under irriga
tion, nor to the humid south. 

Birdsfoot trefoil has developed a reputation for the ability to maintain stands on in
fertile soils. Like other crops, however, it makes best growth on the more productive 
soils or where highly fertilized. It has been shown to be tolerant to acid soils. Seed
lings of birdsfoot trefoil are slow in development and do not compete well with rapidly 
growing seedlings of other species. 

A firm well-prepared seedbed with few competing plants of other species is impor
tant in the establishment of birdsfoot trefoil. It should be seeded in the spring or early 
summer at the rate of 5 to 6 lb per acre . No other legume should be seeded with birds
foot trefoil (76). 

Sweetclover (Melilotus spp.). -Sweetclover thrives under a wide range of ,soil and 
climatic conditions. It has one important restriction in that it can not tolerate acid 
soils. It is drought resistant and winter hardy. It is one of the first species to invade 
and make successful growth on highway cuts where non-acid subsoil is exposed (76). 

The requirements for establishing stands of sweetclover are similar to thoseTor 
alfalfa. The seeds of sweetclover are "hard" and will not germinate until they have 
been scarified mechanicall y or otherwise . If the s oil pH is below 6. 0, lime should be 
added well ahead of seeding. Scarified seed is planted at the rate of 10 to 15 l b per 
ac re. Seedings are usually made in the spring with a companion crop. 

Red clover (Trifolium pratense). -Red clover is widely adapted throughout the world. 
It is best adapted where summer temperatures are moderately cool to warm and where 
adequate moisture is available throughout the growing season (76). 

Fertile well-drained soils of high moisture holding capacity a re best for red clover. 
It does not have the drought resistance of alfalfa. It will grow on moderately acid soils. 
but does best on soils of pH 6. 0 or higher. Root - rots and crown- rots are serious dis
eases of red clover and in the midwest often eliminate stands during the second year. 
Because of its disease susceptibility, red clover should not be considered a permanent 
species in this area. 

Early spring seedings are usually prefe r red. It is commonly seeded with a com
panion crop. It may be broadcast on winter wheat or rye in February or March. Seed
ing rates are 8 to 10 lb per acre when seeded alone and 4 to 6 lb per acre in mixtures 
with grass. 

Lespecteza (Lespedeza spp. ). -Two annual and one perennial species are the most 
important lespedezas in the United States. The two annual species are introductions 
from the Orient, common lespedeza (L. striata) and Korean lespedeza (L. stipulacea). 
The perennial species of most importance is L. cuneata, ser icea lespedeza. 

The lespedezas normally are not adapted north of the Ohio and Missouri Rivers. 
However , they have been included in roadside plantings in Illinois with considerable 
success. They are adapted to a wide range of soil types and fertility levels. Lespedeza 
will make considerable growth on badly eroded soils and on acid soils low in phosphate. 
They make better growth, however , on productive well-drained soil. Korean lespedeza 
is least tolerant of acid soils and most tolerant of alkaline soils. 

Lespedeza may be sown from mid-winter to early spring. Broadcasting without 
covering will generally give satisfactory stands in pastures, meadows and in small 
grains. When seeded alone 25 to 30 lb of good quality seed per acre should be used. 

Hairy vetch (Vicia villosa). -Hairy vetch is a winter annual with a semi-vine of 
growth. It will stand cold temperatures below O F and suffers winter damage only when 
there is severe soil heaving. It can be grown almost anywhere in the United States. It 
is widely adapted to different soil types and grows well on light sandy soils as well as 
heavier soils. It is usually seeded in the fall at 20 lb per acre. 
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White clover (Trifolium repens). -White clover is widely distributed throughout the 
world. In general white clover is best adapted to the clay and silt soils of the humid 
section of the United States. There are three general types: (a) large, (b) intermediate 
and (c) low growing. Ladino, Pilgrim and Merit are three varieties of the large type. 
Ladino is the most common variety in the northern United States. The northern common 
white clover is more winter hardy than ladino and it is present with Kentucky bluegrass 
in most unimproved pastures. 

One to four pow1ds of seed are generally sown in the late summer or fall. 
Alsike clover (Trifolium hybridum). -Alsike clover is especially adapted to cool cli

mates and wet soils. It will do well on mode1·ately acid to moderately alkaline soils. 
It is grown extensively in the eastern and northern midwest states. 

The time and method of seeding are similar to that for red clover. Four to six 
pounds of seed per acre are considered as full seeding rates. 

Crownvetch (Coronilla varia). -Crownvetch is a perenniallegume with creeping stems 
2 to 6 ft long. It develops a heavy, branched root system. It reproduces by seeds and 
spreads vegetatively by fleshy rhizomes. Because of its creeping stems, strong 
rhizomes, and reclining growth habit it is an ideal plant for erosion control (4). 

Crownvetch appears to be well adapted north of the 35th parallel. It growsbest on 
well-drained soils. While it grows on moderately acid, rather infertile soils, it makes 
best growth when adequately fertilized and limed (70). 

Crownvetch may be planted as seed or as crowns. When seeded the recommended 
rate is 5 to 10 lb of well scarified seed per acre at ¼ to ½ in. (70). Since it is a new 
species to this country, it is imoortant that seeds be innoculated with the proper strain 
of Rhizobium. Emergence and seedling growth of crownvetch is very slow. 

When crowns are planted, the recommended rate is one crown everv 3 so ft. Closer 
spacing will result in complete coverage sooner. 

Ruffner and Hall (112) reported that in 64 evaluation plantings on critical problem 
sites in West Virginia, crownvetch gave good cover on more than 80 percent of the 
sites. 

Mixtures 

Grasses and legumes grown in association can improve both soil tilth and fertility. 
The common ecological factors determining the choice of species for turf mixtures are 
soil conditions, including depth, moisture supplying capacity, fertility level, acidity 
or alkalinity and permeability, and climate, including rainfall, temperature, and length 
of day. The grasses and legumes must be compatible so that the desired proportion is 
maintained in the mixture. 

Roberts (110) noted that several grasses showed marked improvement in growth 
when grown in association with a legume. This result was obse rved only under the 
conditions of long days (18 hr) and cool (55 F) nights and usually with a cool daytime 
temperature. Some successful combinations were barley with peas , bentgrass with 
white clover, Kentucky bluegrass with broadleaf birdsfoot trefoil, smooth bromegrass 
with alfalfa, smooth bromegrass with sweetclover and winter vetch and timothy with 
red clover. 

Ward (137) tested five species of grasses and four species of legumes for their for
mative effect on soil structure of eroded land areas in southeastern Iowa. Data were 
taken three and eight years after establishment. After three years of establishment 
differences between grasses and legumes and among species within the two groups in 
their effects on modification of structure of the eroded soils were functions of soil type 
and method of measuring soil structure. Following eight years of occupancy by the 
grasses and legwnes, differences were not apparent between these two types of cover 
plants either in their effects on soil structure or in their reactions to soil types. 

The species of cover plants differed in rate of modification of structure of the eroded 
soils. In one group of species the maximum rate of restoration of soil structure oc
curred during the first three years of occupancy, while in the other group the maximum 
rate occurred during the second period of five years. Irrespective of the time of max
imum rate of improvement, all of the species continued their effects on restoration of 
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soil structure during the fourth to the eighth year period. At the end of eight years of 
occupancy none of the species of cover plants had restored the structural condition of 
the eroded soils to that of the soils of nearby w1eroded areas. Of the cover plants, 
Lotus corniculatus and Andropogen furcatus were fow1d to give greatest improvement 
to soil structure in the first three years. Outstanding species at the end of eight years 
were Panicum virgatum, Lotus corniculatus, and Lespedeza sericea. 

Leasure (88) reported that either tall fescue or orchardgrass with ladino clover will 
give excellent yields of herbage. It was shown that the seeding of annual species (nurse 
crop) with perennial pasture species is not desirable under these conditions. Orchard
grass and ladino clover were found to be more compatible than tall fescue and ladino 
clover. High seeding rates increased the early competition between grasses and 
legumes at the expense of the legumes. The intensity of grass - legume competition in 
early spring was shown to depend largely on the relation of mean temperature require
ments of the species involved although it was possible that growth habits also had some 
influence. Orcha1·dgrass has a higher temperature requirement for active growth than 
tall fescue. Mixtures of a specific grass and legume tended to stabilize, and the sods 
became rather uniform regardless of the initial seeding rate (12). 

Flannagan and Bartlett (44) reported that on the lawn at the University of Vermont 
campus green and brown strips were associated with compaction of soil caused by tl1e 
mowing equipment passing over the same area time after time. Compacted areas ap
peared green and w1compacted strips brown. The wheeltra.ck areas were observed to 
contain concentrations of white clover along with Kentucky bluegrass while the areas 
between tracks were almost devoid of white clover. Conditions imposed by traffic ap
peared to be such that clover was favored over grass or at least was allowed to exist 
along with it. Increased nitrogen associated with the clover was the apparent cause of 
the greener color in the wheeltrack strips. Two years after much of the white clover 
was eliminated by 2, 4-D treatment, the green effects were still visible. 

Seeding mixtures should be varied not only according to soil type, fertility level and 
climatic zone but also according to the amount of maintenance the area is to receive, 
whether the area is level or is a steep cut or fill, and according to whether the area is 
a service or interchange area or an open highway roadside. Media;~ strips and stabi
lized shoulders may require different seeding mixtures and rates than "ordinarv" road
i,;iut:i,;, Ei1:1eie and Aikman (38) tounct a remarkable constancy in the total number of 
grass and legume plants in all mixtures. Very slight variation in number of plants 
resulted from the planting of different numbers of seed, within the limits of 700 to 2,300 
seeds per meter ctuadrat. This seems to indicate that for a given area there is an opti
mum number of plants of similar requirements that the area can support. A mixture 
of similar and compatible species is desirable on a roadside for the same reason as in 
a lawn. No one can anticipate all the differences in microclimate, soil, seepage, and 
slope that will be encountered. It is usually cheapest in the long run to mix different 
species, broadening the 1·ange of adaptiveness of the seeding, even ii here and there 
portions will be inappropriate. 

Wells (148) states that temporary plants should be included in the mixture only when 
some special purpose is to be served. If, for example, a rapid germinating plant is 
desired along with red fescue, ryegrass may be included, but it should not constitute 
more than 10 percent of the mixture when rates of 40 to 50 lb of seed per acre are used. 
"Nurse" grasses, as such, should be avoided because they are highly competitive. 
Rapid growing cereal nurse crops provide quick temporary cover but, if seeded at high 
rates, may injure the stand of permanent grasses. They tend to be "competitor crops" 
and to interfere with the rapid establishment of desirable perennial grasses. Ryegrass 
and redtop are now often considered nurse or temporary cover species along with the 
cereal crops and sudan grass, Juska et al (80) found tllat 1·edtop had the most depress 
ing effect on Merion bluegrass followed by domestic ryegrass. Creeping red fescue 
was the least competitive of the Uu·ee species used with Merion bluegrass. Merion 
bluegrass competed favorably with redtop when not over 10 percent redtop was used in 
the mixture and a high level of nitrogen was maintained. Merion bluegrass competed 
favorably with ryegrass when 50 percent was used in the mixtures, especially under 
frequent cutting and high nitrogen treatments. Merion bluegrass in mixture with creep-



TABLE 4 

NURSE GRASS IN FALL SEEDINGS 

Grass Cove~ 
Mixture 

Permanent grasses only: 
Fertilized, mulched 
Fertilized, not mulched 
Not fertilized 

Permanent grasses plus 25 percent 
nurse grasses: 

Fertilized, mulched 
Fertilized, not mulched 
Not fertilized 

0 Rating scale: 5 = superior to O =failure, 

Autumn 1957 

3. 3 (fairly good) 
2. 3 (fairly good) 
2. 0 (fairly good) 

4. 5 (good) 
3. 5 (fairly good) 
2. 5 (fairly poor) 

Spring 1958 

4. 2 (good) 
4. 2 (good) 
4. 2 (good) 

1. 0 (poor) 
1. 0 (poor) 
1. 0 (poor) 
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ing red fescue varied in its competitive behavior. Merion bluegrass predominated 
W1de1· a high level of nitrogen; whereas creeping red fescue predominated when a low 
level of nitrogen was maintained. Other companion grasses are used at light rates. 
Schery (115) gives the information in Table 4 concerning the use of nurse grass in fall 
seedings-. -

When 20 percent ryegrass and 5 percent redtop were added to the bluegrass-fescue 
mixture, there was excellent cover the first autumn. But the following spring the plots 
where nurse grasses had been used were about 90 percent dead, matted and prone to 
weeds. The bluegrass-fescue sod without ryegrass was thriving. Griffin (56) stated 
that Missouri Highway Department used rye almost exclusively with good success as 
a cover crop in the initial seeding of a permanent grass turf. 

Factors Responsible for Shifts in Botanical Composition 

Dyksterhuis (37) stated that no plant community is closed to influences producing 
gradual change. Tl}e degree of adaptability of a plant community is measured by its 
relative stability in the equilibrium between climate, vegetation, and soil. An incipient 
plant community exists where natural vegetation has been partially or wholly destroyed 
and secondary plant succession is re1?toring U1e equilibrium. 

The principle of succession as outlined by Dyksterhuis states that there is an orderly 
process of community change with the result being a Sequence of communities which 
replace one another in a given area until a relatively stable community in equilibrium 
with local conditions is 1·eached. In roadside stabilization work, knowledge of the site 
and secondary successional trends make it possible to predict changes in the plant 
community. 

Three interrelated elemants have a bearing on the process of secondary plant suc
cession: soil, vegetation, and climate (138). The soil and the vegetation develop to
gether, each affecting the other and tending to give the fullest possible expression of 
the climate. As successive stages of vegetation develop with accompanying soil 
changes, various climatic and edaphic factors are ameliorated chiefly by vegetation.al 
effects. The reaction of the vegetation on the soil is direct as well as indirect through 
the amelioration of the climatic factors. Soil is protected from the force of rain in 
proportion to the density of the top cover of the vegetation, and it is held in place 
against the erosive action of a given quantity and velocity of water in proportion to the 
protection afforded by the vegetation at the surface of the soil. Although temporary 
retardation of water movement at the soil surface is an important effect of vegetative 
cover, reduction in rate of runoff of water which actually reaches the soil surface is 
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proportional to the rate of percolation which is influenced chiefly by the structure of 
t he soil. Under natural conditions, improvement in.soil structure is induced chiefly 
by the organic matter added to the soil by the decomposition of the dead plant parts 
supplied by the vegetative cover. The increase in quantity of soil moisture attributable 
to an increased rate of percolation and greate r waterholding capacity of the soil opens 
the way to the invasion by a group of plants higher in succession to which the immediate 
environment of the site had previously been a barrier. The plants of the higher stage 
of the succession protect the soil and improve the structure to an extent that the water 
and soil losses are greatly reduced. The improved habitat in turn induces the develop
ment of a more luxuriant vegetative cover, and the soil protecting and building process 
is accelerated. 

Wilde and Iyer studied the effects on a subsoil of a 30-year-old stand of red pine 
(Pinus resinora Ait). The subsoil exposure was caused by highway construction. Re
moval of a 2-ft layer of humus enriched surface soil did not prevent survival and growth 
of red pine fully comparable to that observed in northern Wisconsin on undisturbed 
sites. Soil profile development was slow. However, soil analysis suggested that the 
growth of red pine in the course of the 30 years had appreciably enriched the su1•face 
layer of the sandy substratum in organic matter, total nitrogen and all available nutri
ents, including major and minor elements. Enrichment of the soil by about 80 cu yd of 
organic matter per acre with a subsequent 2 me/100 g increase in the exchange capacity 
of the surface layer was another important soil ameliorating effect of red pine. 

The capacity of a given species to grow and reproduce within a certain range of 
environmental conditions is a factor in its adaptability. As the limit of tolerance for 
a certain condition is reached, the species will be reduced in vitality, especially in 
comparison with species which are not nea1· their limits of tolerance (64). 

"Sociability" or gregariousness was defined by Hanson (64) as the space relationship 
of plants or how close together individual plants or shoots grow. Species tJ1at spread 
only by seed often show a high degree of sociability. Propagation by rhizomes and 
stolons favor sociability and often give species possessing these parts an advantage 
in invading new territory. 

The association of two or more species is somewhat related to the soci~bility of in
::!i,:i::!~::; ~f ::. ::;~::::::i:::.;. Tl.io o..oov.:..i.a.u.uu i::s tiui:: i.o simiianty m geographic ranges, 
differences in plant parts, such as shallow and deep root systems so that excessive 
competition is avoided , and dependence of one species on the other for certaiJ'I factor s 
such as shade (64.). As environmental ondilions change, the associated species will 
also change. -

Coupland (29) reported tJ1at great variation occurs between the water requirement 
of different species in relation to the amount of dry matter produced. Drought affects 
the vigor of the plant below the soil as well as above. In some instances, the deeper 
rooted species are able to survive drought because of their ability to reach soil mois 
ture whi h is unavailable to more shallow-rooted species. Coupland divided plants of 
dry areas into four groups: (a) those which escape drought by a short, rapid g1·owth peri
od; (b) those which evade drought by small size, restricted growth, wide spacing and low 
moisture requirement; (c) those which escape drought by passing into a dormant condi
tion during dry periods ; and (d) those which resist drought by storing water that can 
be used when none is available from the soil. 

Blazer and Brady (12 ) reported that the optimum temperatures of turf species differ 
considerably. Those species in a given mixture which have the lowest optimum tem
perature start growth earliest in the spring. If the soil nuhi.ent level is low, the 
species with the lowest optimum temperatu1·e absorbs much of the nutrients before any 
appreciable growth of the other species is obtained. Later in the season, competition 
for nutrients may result in a drastic reduction of the species with the higher tempera
ture requirements. 

Evans (40) stated that changes in botanical compositon in response to nutrient appli
cations is common. These changes were said to result from diffei-ential response of 
species to added nutrients and from reciprocal interactions of associated plallts. Phos
phorus was found to increase the yield of all the species of annual grasses studied. Per
cent of nitrogen in the species studies under competition increased with an increase in 



97 

nitrogen fertilization when no phosphorus was applied. Competition was effective 
through differences in nitrogen uptake by the different species. Factors believed to be 
responsible for interspecific competition were differential shading and the ability of a 
species to take up nitrogen. 
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