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The Need for Specifying Two- or Three-Step 
Seeding and Fertilization Practices for 
Establishing Sod on Highways 
R. E. BLASER and J. M. WOODRUFF, Virginia Polytechnic Institute 

There is a critical need for establishing plant cover quickly along newly 
constructed highways. Such a sod cover should be well established so as 
to require a minimum of maintenance after the road construction has been 
completed. Many miles of new seedings along highways turned over to the 
Virginia Department of Highways for maintenance have not developed a 
well-established turf ready to be turned over to maintenance crews. 

The one-shot fertilization and seeding practices now specified often 
result in failures because one or more of the factors necessary for ger
mination, emergence, and seedling growth is adverse. Also, many newly 
established seedings soon begin to degenerate because of low soil phos
phorous and available nitrogen. It is strongly recommended that speci
fications be amended to include several-step seeding-fertilizer procedures 
to assure better stands and sod establishment and lower maintenance costs. 
Several-step seeding procedures, based on grass-legume sod establish
ment along highways and observations of present practices are recom
mended. Slowly available sources of nitrogen such as ureaformaldehyde 
should be included in initial seedings to provide available nitrogen to pro
long plant growth, especially in one-step seedings. Research findings 
for obtaining effective grass stands along highways are summarized. 

•PROVIDING plant cover along newly constructed highways for soil and water control 
must be directed toward obtaining quick and persistent sod cover requiring minimum 
maintenance. The cover should also blend in with the beautification program and aidin 
reducing driving monotony on highways. 

Many miles of new seedings, made by contractors along highways and turned over to 
the Virginia Department of Highways for maintenance, do not have a suitable cover of 
established turf. Such new seedings must usually be refertilized and reseeded out of 
state funds, as the present "one-step" specifications of liming, fertilizing, and seeding 
cannot generally produce a sod ready for maintenance. The establishment of turf in
volves complex interrelationships in biological communities, since dense sods depend 
on many factors-temperature, moisture; soil characteristics, including liming and 
fertilizer balance; species, mixtures, and varieties of perennial grasses and legumes; 
companion grasses; date of seeding; inoculation; mulching; microclimates during es
tablishment; and presence of weed, disease, and insect pests. If any one of these fac
tors is unfavorable-a common occurrence-turf establishment is unsatisfactory. Seed
ing failures are common because such a biological complex cannot be manipulated and 
controlled as can the engineering pursuits in highway construction. By adding irriga
tion to specifications, the success with one-step seedings could be decidedly improved, 
but cost would be prohibitive. 

Our research shows that an effective sod cover can be established in 60 to 100 days 
under favorable environmental conditions, but such a sod often degenerates because of 
the low content of organic matter in soils along most highways in the humid East. Lime, 
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fertilizer nutrients, and organic matter are characteristically low in almost all soils 
of the various mineral geological formations in Eastern United States. A several-step 
seeding and fertilization procedure would assure good establishment and provide needed 
fertilizer nutrients for the development of rooted plants that would maintain themselves 
even under adverse conditions. 

This paper summarizes some of the cooperative research with the Virginia Depart
ment of Highways that shows the need of using several-step seeding operations, includ
ing the use of nitrogen, to improve sod cover during the years after establishment. 

TURF EST ABLlSHMENT ALONG ROADSIDES 

Soil Preparation 

The initial grading should be done according to specifications so that areas may be 
seeded to aid in soil and water control before establishing roadbeds. It is common ex
perience that the sod of seeded slopes is often destroyed by regrading because of initial 
grading errors. Seedings made early while highway construction is under way will allow 
for several-step seedings and assurance of good grass stands when the turf from newly 
developed highways is turned over to highway departments for maintenance. Soils should 
be firm at seeding time to encourage good moisture availability for the small grass and 
legume seedlings. This will stimulate growth rate and aid in avoiding "washouts." 
Better stands and maintenance are obtained with top-soiling, but very satisfactory re
sults are being obtained in Virginia on steep slopes with subsoils using proper liming 
and several-step fertilization practices as outlined later. 

Lime and Fertilization 

Almost all the soil materials along newly constructed highways in Virginia and the 
humid East are low in nitrogen (organic matter) and' phosphorus and are mildly to very 
strongly acid. Such acid soils must be limed for bluegrass, tall fescue, clovers, birds
foot trefoil, crownvetch, and other species of cool and warm season origin. Liming at 
high rates may temporarily retard sericea lespedeza establishment. Many subsoil ma
terials consist of a low calcium-low phosphorus-high aluminum complex that is often 
strongly acid. The addition of lime to soils that are strongly acid reduces soluble alu
minum, improves phosphorus availability, and adds calcium as a nutrient. Initial lim
ing is necessary for rapid seedling growth and development of a deep root system nec
essary for the maintenance of most of the desirable turf species. Short-lived species 
such as redtop thrive without lime. Ordinary finely ground limestone is very satis
factory and coarser particles are effective for a period of years. The lime gives best 
results when incorporated into the soil, but satisfactory stands have been established 
and maintained for more than ten years with surface applications. 

Fertilizer experiments have been established on many cut and fill slopes on different 
geological formations in various locations in Virginia. Based on many soils with differ
ent seeding mixtures, excellent stands of sod have been obtained by applying 1, 000 to 
2, 000 lb/acre of a 10-20-10 or 10-20-5 fertilizer for establishment. Based on many 
experiments, the Virginia Department of Highways recommends a 10-20-10 fertilizer 
or its equivalent at 1, 500 lb/acre. So-called turf fertilizers such as 10-6-4 have been 
unsatisfactory because of low phosphorus content. Low rates of low phosphorus fertil
izers have caused very poor seedling growth and establishment. 

Because of the low soil organic matter, low nitrogen availability is associated with 
sod degeneration that often occurs soon after establishment. It is desirable in one-step 
seedings to use fertilizer formulations containing 50 to 75 percent of the nitrogen as 
ureaformaldehyde (U-F). In one-step seedings on a wide variety of soil materials, in
cluding top and subsoils, the best turf cover four or more years after seeding occurred 
where 400 lb of U-F was added to the initial application of a 10-20-10 fertilizer. The 
effects of slowly available nitrogen from U-F are greener grass, denser soil cover, 
less weed encroachment, and taller but not overstimulated growth. When using all U-F 
nitrogen in a fertilizer for establishment, seedling growth was slow, yellowish, and 
nitrogen starved. 
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= Mixtures and Species 

It is very important to select grasses and legumes that are relatively easy to estab
lish, but persistence and longevity for easy maintenance are also important. Ideally, 
the species in a mixture should vary with the slope exposure, soil formation, altitude, 
latitude, lime and fertilizer programs, and mowing management to be employed. The 
microclimate on warm, sunny slopes is decidedly different from that on cool, semi
shaded slopes. For example, excellent stands and sod maintenance are obtained in the 
southern part of Virginia with the cool season species on semishaded slopes, whereas 
stands and persistence are less satisfactory on the warm slopes. Conversely, with 
warm-season species such as bermudagrass, better stands, growth, and persistence 
occur on the warm slopes. Sericea lespedeza is widely adapted, but develops best on 
hot slopes; crownvetch is relatively better suited to shaded or semishaded slopes. 

Kentucky 31 fescue is used in all latitudes, altitudes, and soil situations because of 
its extremely wide range of adaptation to soil, climatic, and biotic factors. It is easy 
to establish because of rapid germination and good seedling vigor and is a hardy peren
nial when limed and fertilized as mentioned before. Bluegrass is long lived and per
sistent; creeping red fescue and redtop, especially, are short lived. Redtop is used in 
small amounts as a component in mixtures becuase of its rapidity and ease of establish
ment and wide adaptation. Crownvetch does best on the cooler sites of higher altitudes, 
and especially on limestone and calcareous shale material when the soil pH is above 6.0. 

If stands of sericea lespedeza are desired in new seedings, it should be seeded dur
ing the late-winter early-spring season at the rate of 30 to 40 lb/acre, with a grass 
associate such as Kentucky 31 fescue at about 30 lb/acre. In such cases, no more than 
50 lb of nitrogen (N) per acre should be applied to reduce the seedling competition of 
aggressive grasses. When sericea lespedeza is seeded with full seeding rates of grasses 
and fertilized liberally, especially with nitrogen, the aggressive grass seedlings will 
crowd out the lespedeza seedlings during the first year. However, hard seeds will ger
minate in subsequent years and the species will become established. 

The establishment of crownvetch demands high soil calcium, which generally accom
panies a pH of 6. 0 or higher, and liberal phosphorus applications or availability. Stands 
on shaley limestone soils and cooler sites have been best. Crownvetch seedlings emerge 
slowly and grow at a slow rate during establishment; thus, it is desirable to reduce light 
competition by using companion grasses and nitrogen fertilizer at low rates. Best re
sults with crownvetch have been obtained by making seedings during the winter-to-spring 
season. It is necessary to inoculate liberally and stands that sometimes appear as fail
ures during the first year often develop successfully in subsequent years. 

Companion Grasses 

Companion grasses such as small grains and annual and perennial ryegrasses are 
often harmful because their quickly emerging and aggressive seedlings crowd out de
sirable species. The cereals in unthrashed or partially thrashed straw cause excep
tional competition. Seedlings from cereals grow many times faster than perennial 
grasses and legumes; thus, desirable perennials are frequently "shaded out." In mulch 
materials that are free from seeds, such as woodfiber celluloses, 5 to 10 lb/acre of 
annual ryegrass in the seed mixture is desirable. 

It is usually not necessary to use the companion grasses with Kentucky 31 fescue 
since this grass emerges rapidly and has excellent seedling vigor. Kentucky bluegrass 
emerges slowly and has a slow seedling growth rate; thus, light seedings of companion 
grasses to stabilize soils while bluegrass gets established are desirable. 

Mulches 

Mulches used at light rates moderate soil temperatures and improve moisture to 
hasten germination and seedling emergency and encourage rapid seedling establishment. 
Mulches should be weed-free and are useless if they do not stay in place on the soil sur
face. In our work, organic mulches such as straw have given the best stands. 
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Season of Seeding 

The best stands are obtained when seedings are made when the microclimate is most 
favorable for germination and seedling growth. The best seeding periods are during 
March through mid-May and mid-August to October. 

Weed Control 

It is often necessary to use weed herbicides to retard broadleaf competitive weeds. 
Weeds are usually a more serious problem with topsoiling as compared with seedings 
made on subsoil materials. 

TWO- AND THREE-STEP SEEDINGS FOR ESTABLISHMENT 

Experiments conducted since 1955 show that grass stands degenerate soon after seed
ing with the one-step application of lime, fertilizer, and seed. The changing of the spec
ifications to high rates of fertilizer high in phosphorus, such as a 10-20-10 fertilizer 
at 1, 500 lb/acre has reduced sod degeneration, but it has not solved it. Such fertilizers 
improve the available phosphorus in soils for many years, but grass sods degenerate 
because of low soil N, especially because of low organic matter. Almost all topsoil 
materials are low in organic matter; hence, nitrogen for maintenance becomes a prob
lem. Inspection of seedings made 10 years ago shows excellent sod cover for soil and 
water erosion control and also little weed encroachment where such original seedings 
were refertilized two or three times. These seedings were made in spring and were 
refertilized the following September or October. On steep and difficult sites, an addi
tional third application of fertilizer was needed about one year after the two- step 
application. 

For all seedings, the sod cover was decidedly improved by the second fertilization 
the next spring. A third application one year later was necessary to get a permanent 
sod cover. By comparison, sod cover on such areas with one-step seedings is very 
poor, exhibiting bare soil and much weedy growth. 

Refertilizing only across the top 8 ft of slopes has added to the longevity of the sod, 
as such areas on slopes usually degenerate first. 

It is especially necessary to use a two- or three-step method on sunny, hot slope 
sites as they require more fertilizer and plants are less persistent than for cool slopes. 
The following suggestions are based on experiments and observations on many slope and 
soil conditions. 

For shallow, cool slope sites, with soils of better than average fertility and good 
physical properties, the preferred method is as follows: 

1. Apply lime incorporated to a 3 to 5-in. depth at 1 to 2 tons/acre. (It would be 
desirable to base this on soil tests.) 

2. Apply a 10-20-10 fertilizer at 800 lb/acre and seed. Six months later, add 400 
lb/acre of a 10-20-10 fertilizer plus 300 lb/acre of U-F. Apply 75 percent across top 
half of slopes. 

An alternate method is as follows: 

1. Apply lime as above. 
2. Apply 1, 000 lb of a 10-20-10 fertilizer or its equivalent, plus 300 lb of U-F per 

acre, plus normal seed rates. 

For 2: 1 slopes in more difficult soil environments with problem fertility or physical 
properties: 

1. Apply lime as above. 
2. Apply a 10-20-10 fertilizer or its equivalent at 800 lb/acre with a 75 percent nor

mal seeding rate. Three to six months later, apply 10-20-10 or its equivalent at 500 
lb/acre, 300 lb of U-F, and 25 percent of original seeding rate. 

For 1:1 slopes in the more difficult soil and microclimatic environments the follow
ing procedure is recommended: 
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1. Apply 1 to 2 tons of lime. (Soil test is desirable.) Lime and fertilizers may be 
applied after mulching. 

2. Apply 10-20-10 or its equivalent at 800 lb/acre with a 75 percent normal seeding 
rate. 

3. Within three months apply 10-20-10 or its equivalent at 400 lb/acre with a 25 
percent normal seed rate. Apply 75 percent of mixture across top 50 percent of slope. 

4. Apply 10-20-10 or its equivalent at 400 lb/acre and U-F (152 lb N) at the same 
rate, with 75 percent on top half of slopes. 

Use lateral furrows for all slopes 1:2 or steeper. A 10-20-5 fertilizer is preferred 
over a 10-20-10 because of less osmotic and burning effects on seedlings. 

CONCLUSIONS 

A 10-20-10 fertilizer or its equivalent at 1, 500 lb/acre will give better results in a 
two- or three-step seeding on any soil or microclimate for the following reasons: 

• Better grass and legume stands are produced as competition for water and/or in
jury from salts is reduced. 

• Legume stands will be improved because of reduced competition from grass as 
less N is initially applied. 

• There will be less competition from weeds. Fertilizer will be used more effi
ciently as grass seedlings will be more competitive with weeds by the time a second 
application of fertilizer is made. 

• The need for specifying topsoiling is practically eliminated. Most topsoil is of 
poor quality and contaminated with weeds. However, good topsoil free of weeds will 
improve the initial stands and sod maintenance. 

• There is invariably some soil, seed, and fertilizer movement down slopes, even 
on shallow ones due to torrential rains or channeling of accumulated water from rain
fall. Thus, with one-step methods some soil areas will be left without seed and fertil
izer. Such bare areas become enlarged in subsequent years and soil and water move
ment may become serious. 

• Seeding rates could be reduced with several-step seedings. Also, a given amount 
of seed would be more effective. 

• Sod degeneration of young seedlings often starts 6 months after seeding; hence, a 
two- or three-step method would improve size of plants, root depth, persistence, and 
longevity. 

The use of U-F is desirable with a one-, two-, or three-step establishing method 
because nitrogen for grass maintenance then becomes available for at least four years 
after establishment. 

The implementation cf a several-step seedi..T?.g and fertilizer program would assure 
good sod establishment and persistent long-lived sods. It would avoid the heavy ex
penses now encountered by the Virginia Department of Highways for reseeding and re
fertilizing along newly constructed highways to obtain a suitable cover. 
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