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OBJECTIVE


This skill block (3-R-10) is designed to familiarize the trainee with soil fertility principles, vegetation types, turfgrass establishment and maintenance as practiced by NCDOT.

The trainee must complete skill block 2-R-8 ( Vegetation Management Module Soil Stabilization - Level  2 )  as prerequisites before proceeding with this skill block.

There are two ( 2 ) phases which must be satisfactorily completed within this course :

· Review of written material in this manual

· Certification examination
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INTRODUCTION

North Carolina has the largest state-maintained highway system in the nation consisting of 77,000 miles of highways with approximately 331,000 acres maintained largely in turf.  With an accelerated highway construction program the amount of plantable roadside acreage will continue to increase with each passing year.  With the rising costs of installation and maintenance, it is imperative that we continue to produce good quality, cost effective, low-maintenance turf.

Highway roadsides are typically somewhat hostile environments for grass and plant establishment and development.  Subsoils are generally encountered, and these contain minimal plant nutrients. Water for highway vegetation depends totally upon rainfall since there is limited opportunity for irrigation. Compacted soils are typically low in organic matter. Selection of appropriate grass and legume species which will survive in the roadside environment is one of the most important elements in stabilizing any highway setting.

Varying environmental conditions in North Carolina’s three geographic regions (Mountains, Piedmont, and Coastal Plain), also influence grass and legume distribution.  No one type of vegetation is best suited to all situations as some species are limited to one or two regions only.

There are numerous factors that affect turfgrass distribution and performance along our roadsides. These include the characteristics of each planting site, the goals we wish to accomplish, legislative restrictions, and the amount of time, effort and funding we have for establishment and maintenance. These factors will determine which types of vegetation the Department deems appropriate to use.

It is the intent of this module to provide an overall view of the soil amendments and vegetation currently used by the Department as they relate to roadside establishment and maintenance. 

SOIL FERTILITY
Rights-of-way soils on which turf species must be established are selected for their stability in supporting a roadbed. Little consideration is given to the essential nutrient requirements for the establishment and long term support of vegetation. Soil horizons exposed during grading operations usually bear little resemblance to what is normally considered good topsoil. They often lack in fertility and are usually an inadequate media for establishing and maintaining a desirable turf. Consequently, all plant nutrients necessary for satisfactory vegetation establishment and long term survival must be provided in an appropriate and timely manner.

The subject of soil fertility is much too broad to be treated thoroughly here. Therefore, it is the intent of this module to present the basic principles of soil fertility, basic steps for the assessment of nutrient status of soils, the selection and application of fertilizers and soil amendments, and the Department’s policy regarding fertilizer use.   

SOIL FERTILITY/ESSENTIAL NUTRIENTS:
Fertility is the potential of a soil to supply nutrient elements in amounts, forms, and proportions required for maximum plant growth. The fundamental components of fertility are the essential nutrients absorbed by plants and utilized for various growth processes. For example, nitrogen gives the turf a dark green color and promotes rapid vegetative growth, phosphorus promotes root formation, and potassium aids in translocation of food and increases disease resistance and health. 

There are sixteen known essential nutrients known for plant growth (Figure 1) which are categorized into two groups, macronutrients and micronutrients. Macronutrients are needed by the plant in comparatively large



(Figure 1)
amounts whereas micronutrients are utilized in smaller quantities. The designation of nutrients as macro and micro is based solely on the relative amounts of nutrients required to sustain normal plant growth. These terms do not indicate the degree of  importance, as all 16 essential nutrients are important.

PLANT AND SOIL ANALYSIS: 

The ability to assess soil nutrition and determine the utilization of fertilizers and soil amendments is essential in order to have a successful vegetation establishment and management program. To make this determination, it is necessary to conduct a proper plant and soil analysis so that any factors limiting plant growth can be identified.

The first logical step is to look at the vegetation and relate observed symptoms to their probable cause(s). For example, drooping plants may only need water, whereas yellowing plants may need nitrogen. The diagnosis becomes more difficult when plants are not growing properly due to possible multiple causes. It is often helpful to have a trained person assess the physical observations because a given symptom may result from several limiting factors that may or may not be nutrient related. Plant material samples such as leaves or sometimes the entire plant may be collected and sent to the local Cooperative Extension agent for an accurate assessment. 

The preferred and most reliable method of diagnosing soil problems and getting information on the soil environment is through a soil analysis. A soil sample is collected and analyzed in a laboratory. The lab then submits a report which provides essential chemical information that serves as a basis for making recommendations to optimize plant growth. The accuracy of the soil test, however, is no better than the sample submitted for analysis. For dependable results, it is vitally important to collect samples in a way that accurately represents the chemical status of the soil at a given site. A sample collection kit from the local Cooperative Extension agent includes detailed directions for obtaining a representative sample from the site.

LIMING:
One characteristic of the soil determined by a soil analysis is the pH which is a measure of active acidity in a soil. Soil pH has a pronounced effect on the availability of nutrients. When the soil pH is low, phosphorus and several of the micronutrients become unavailable for plant use (Figure 2). This will inhibit the initial establishment of a turfgrass.
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(Figure 2)

The Department utilizes agricultural lime during the vegetation establishment period to overcome this situation. Liming is important in the maintenance of a healthy turf and it is applied as needed based on soil test reports. Lime raises the pH of the soil and increases the availability of those nutrients to the plant. It should be noted that the amounts of clay and organic material in the soil greatly affect liming rates (Figure 3). The placement of lime in the soil is very important since lime does not translocate very well. Applying lime during initial soil preparation allows it to be incorporated into the soil and increases its effectiveness.  




(Figure 3)
FERTILIZATION:
Plant nutrients must be present in the soil in the correct proportions for optimal turf growth. Nitrogen (N), phosphorus (P), and potassium (K) are the elements needed in the largest amounts by turf species and are often found to be deficient in the soil as a result of leaching or poor nutrient producing soils. It is not surprising, therefore, that these three elements are applied most frequently and in the largest amounts as commercial fertilizers.

To overcome nutrient deficiencies found in the soil, the Department utilizes a relatively small selection of fertilizers. Based on soil analysis results, the Department receives assistance from the  North Carolina Department of Agriculture (NCDA) in developing its fertility program.

A fertilizer is any inorganic or organic material added to a soil to supply the elements essential to the growth of plants. The Department utilizes inorganic chemical fertilizers extensively for turfgrass establishment and maintenance. Organic fertilizers in the form of composted materials are used to a lesser degree.

Fertilizers used for turfgrass establishment and maintenance come in a variety of forms. Some consist of single materials or compounds that supply one or more nutrients. A second category is mixed fertilizers produced by combining two or more single materials. Mixed fertilizers that supply all three major nutrients N, P, and K are called complete fertilizers. 

Another form is specialty fertilizers. Specialty fertilizers are those materials which do not conveniently fit into the categories previously mentioned but which may exhibit one or more of the characteristics that have been described. Fertilizers by this definition include specifically designed slow-release material, manufacturing by-products, and fertilizers specially formulated for particular vegetation types whose nutrient demands cannot be satisfied by generally available fertilizer types.  

Fertilizers are purchased in bag, bulk or liquid form depending on their intended use and the equipment available for application. Each form of purchase has its advantages and disadvantages in handling and storage.

It is crucial that one understand certain terms when dealing with fertilizers. The terms “grade”, “analysis”, and “ratio” are used frequently in the fertilizer industry. Grade and analysis are used interchangeably and refer to the percentage, by weight, of the macronutrients in a sample fertilizer. The numbers on a fertilizer bag (eg.10-10-10) indicate the guaranteed grade or analysis of 10% N, 10% P, and 10% K per 100 pounds of the fertilizer.

The term ”ratio” is used to express the percentages of N, P, and K in a given fertilizer in the smallest whole number terms. The fertilizers: 10-10-10, 8-8-8 and 20-20-20 are all 1-1-1 ratio fertilizers. A 16-8-8 fertilizer has a 2-1-1 ratio, and a 12-4-8 fertilizer has a 3-1-2 ratio. These ratios are important when determining which fertilizer to purchase or when discussing fertilizers in broad terms.

The importance of making accurate calculations to determine fertilizer application rates cannot be overemphasized. Accurate calculations will ensure that essential nutrients are provided in correct amounts and proportions to improve plant growth and survivability. These also help prevent environmental damage associated with overfertilization and avoid the waste of time, money and fertilizer.

Typically, fertilizer rates are expressed as pounds of fertilizer to apply to a given area (either 1,000 square feet or one acre). However, fertilizer rates may be expressed as pounds of a specific element (eg. N) to apply to a given area. For example, if you wish to apply 5 pounds of N to 1000 square feet and your fertilizer on hand has a grade or analysis of 10-10-10, you must first determine how much N there is in your fertilizer. Its analysis is expressed in percent by weight terms, so the “10” means 10 pounds of N per 100 pounds of fertilizer. Therefore, in 50 pounds of 10-10-10, there is 5 pounds of N. One bag of 10-10-10 spread evenly over 1000 square feet will provide the needed 5 pounds of N.

In general, a rate of 500 pounds of fertilizer with a 10-20-20 analysis is applied per acre during the initial seeding. This provides more phosphorous and potassium (P and K, respectfully) for the initial turf seedling establishment. Topdressing  with fertilizer having an 18-9-9 analysis is usually done within the first year after seeding to provide more nitrogen (N) for green, healthy turf. It is most commonly applied at a rate of 500 pounds per acre. The ratios of these fertilizers are 1-2-2 and 2-1-1 respectfully. The overall analysis may be higher or lower in pounds of N, P, and K. The rates of application can be varied to provide the needed levels of nutrients, provided that the ratios remain the same.    

The following is a list of those fertilizers used by the Department to establish and maintain turfgrass species (Figure 4).      

FERTILIZERS UTILIZED BY NCDOT FOR TURF ESTABLISHMENT AND  MAINTENANCE 



· 10-20-20 or other 1-2-2- ratio fertilizers for warm and cool season grass establishment.

· 16-8-8 or other 2-1-1 ratio fertilizers for warm and cool season grass topdressing.  (These two ratios are used for their respective purposes as expressly recommended by NCSU Turfgrass researchers.  The comparatively high analysis allows the Department to be very cost effective in purchasing, storage, and application since a high percentage of the material contains beneficial nutrients.)

· Ammonium nitrate (34-0-0) is utilized when soil tests or experience indicates that only nitrogen is needed.

· MASL or Mallinckrodt Ammonium Sulfate Liquid, contains 6% nitrogen and is used by the Department on turfgrasses.  It is a very inexpensive, beneficial and fast acting topdressing material that is also part of NCDOT’s recycling efforts.

· Triple Superphosphate (0-46-0) is utilized when soil tests or other indicators dictate only a required phosphate application

(Figure 4)
Work Exercise #1

Soil Fertility

Answer the following questions by circling the correct answer.

1. True or False       There are sixteen known essential nutrients needed for plant 

growth.

2.
True or False       The most reliable method of diagnosing soil problems and 


getting information on the soil environment is through a soil 


analysis.

3.
True or False        The numbers on a fertilizer bag indicate the guaranteed grade 

or analysis of nitrogen, phosphorus, and potassium.

4.
True or False        A fertilizer is any inorganic or organic material of natural or synthetic origin added to a soil to supply certain elements essential to the growth of plants.

5.
True or False
The Department utilizes 16-8-8 or 2-1-1 ratio fertilizers for 


warm and cool-season turfgrass establishment.

6.
Which of the following are macronutrients?

A.  carbon, calcium, copper

B.  iron, zinc, potassium

C.  nitrogen, phosphorus, potassium
D.  oxygen, hydrogen, boron
7.
Lime is applied to the soil to ____________.

A.  increase acidity.

B.  raise the pH.
C.  increase the availability of nutrients to the plant.
D.  both B and C.
8.
A complete fertilizer supplies which of the following?

A.
N

B.
P
C.
K
D.
all of the above.
9.
Which of the following fertilizer analyses is a 2:1:1 ratio fertilizer?

A.  10-10-10

B.  16-8-8

C.  12-4-8

10-20-20

10.
How many pounds of nitrogen are applied if the operator uniformly spreads 500 
lbs of 18-9-9 fertilizer on one acre of turf.

A.   70 

B.   80

C.   90

D.  100 

VEGETATION TYPES
The grasses are an extremely adaptable family of plants.  By varying species and manipulating management techniques, a wide range of environmental effects can be achieved on a highway right-of-way.  Turf-forming grasses cover the majority of roadside right-of-way. They are the most effective and rapidly developing ground cover and are an essential factor in the control of erosion, safety, and appearance of our state’s roadways.

Turfgrass species utilized by the Department on North Carolina roadsides fall into two basic categories, cool-season (Northern) and warm-season (Southern) grasses.  Cool-season grasses grow best in the spring and fall and are less active during the summer months.   They stay reasonably green during winter.  Warm-season grasses are slow to green up in the spring, grow best in the summer and go dormant after the first heavy frost.

Definite regions of adaptability for cool-season and warm-season grass species within North Carolina are difficult to define. Some warm-season grasses have been found to do quite well in the cooler and more humid regions of southwestern North Carolina. At least one cool-season grass is well adapted to the hotter and more arid regions of the state.  However, for sake of simplicity, a line of transition can be drawn diagonally across the state from Rocky Mount to Charlotte. It would be safe to say the cool-season grasses are more adapted to regions north and west of this line, and warm-season grasses are more adapted to regions south and east (Figure 5).
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(Figure 5)
Approximately 99.9% of all permanent turfgrass established along North Carolina’s roadsides is produced from seed planted using proven agronomic practices.  The Department’s use of turf sod for soil stabilization is virtually insignificant when compared to the amount of acreage stabilized by conventional methods.  Sod has been used to a limited degree in “special event” situations and rest area lawn establishment. The Department is currently evaluating the use of sod under guardrail on new construction work hoping to find a better means of stabilizing these difficult areas.  Sod may indeed have its place in such specialized situations. Based on our limited experience using sod for soil stabilization however, we have found it to be more time consuming, labor intensive, and expensive than conventional seeding.  Establishing turf from seed is still the most cost effective method as long as quality seed is readily available and most proven cultivars remain reasonably priced.

The utilization of good quality seed is essential when attempting to establish a roadside turf.  To insure that quality seed is purchased, state law prohibits the Department to use any seed without prior approval from the North Carolina Department of Agriculture.  North Carolina General Statute 136-18.2 provides that, “The Department of Transportation shall not cause any seed to be planted on or along any highway or road rights-of-way unless and until such seed has been approved by the State Department of Agriculture as provided for in the rules and regulations of the Department of Agriculture for such seed.”

The State Department of Agriculture by process of sampling and testing insures that:

1. species, variety, and strain; 

2. purity;

3. germination; and 

4. percent weeds 

meet the state’s minimum requirements prior to the purchase and use of any seed by the Department.

Turfgrasses currently utilized by the Department were selected based on years of extensive research and trials. The Department relies heavily upon research conducted by North Carolina State University and the NCDOT Roadside Environmental Unit as a basis for its selection of cool-season and warm-season turfgrasses. This research includes adaptation trials, fertility trials, herbicide tolerance studies, plant growth regulator studies, compatibility studies, disease and insect tolerance studies and mowing height studies. These studies provide the Department with valuable information that can be used in the development of comprehensive turfgrass establishment and maintenance programs.

Factors in selection include the characteristics of each planting site, the goals we wish to accomplish, legislative restrictions and the amount of time, effort and funding we have for turfgrass establishment and maintenance.

TURFGRASS SPECIES
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Proper recognition and identification of turfgrasses are critical skills that each turfgrass manager must possess and continually improve.  Turfgrass management uses cultural systems and pesticides that depend on the turf, pest and the environmental conditions of a particular situation.  Incorrect diagnosis can result in turf damage with subsequent monetary losses from cultural practices or pesticides used on an improperly identified turf that is sensitive to these treatments.  Figure 6 shows a generalized diagram of a grass plant.  The recognition of various forms of these vegetative identification keys is essential to successful turfgrass identification.

COOL-SEASON GRASSES:
Tall Fescue (Festuca arundinacea) is the most versatile grass used by the Department, as it is included in both cool- season

(Figure 6 )


and warm-season grass mixes. It is a very useful grass for more extensive grassed areas that are to be maintained as utility turf. Tall Fescue is a deeply rooted, strongly tufted perennial with medium to dark green, broad flat leaves. It tolerates both drought and wet soils, and it grows well in sunny as well as moderately shaded areas.
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Tall Fescue does not flourish when mowed less than 3-4 inches and may be killed with repeated close cuttings. When adequately fertilized it makes an excellent grass cover over a wide range of unfavorable soil conditions.

Tall fescue may be identified by the loose character of the sod produced and by the long, broad, flat leaves which are very coarse. Leaves are rolled in the bud with strong developed auricles.

Approved Tall Fescue cultivars include Kentucky 31, Houndog, and Rebel.
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Kentucky Bluegrass (Poa pratensis) is one of the best grass species for unshaded areas in temperate, humid climates. It is very aggressive under favorable soil conditions capable of spreading rapidly by underground creeping stems, thus enabling it to heal injuries and invade new areas. Sod produced is tough and dense when mowed at proper heights. Best growth is achieved in cool, moist weather but it tends to become dormant in periods that are hot or dry.  Kentucky bluegrass sod will usually recover from droughts or high temperature when favorable weather recurs because underground creeping stems are protected to some extent from weather extremes. It prefers fertile, mildly acid to mildly alkaline soils in nature with fair to good water holding capacity. Kentucky bluegrass is not well suited to shade and weakens when cut at lower heights.
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Identifying characteristics include a typical boat shaped tip to the leaf with the leaf being medium to dark green in color. Leaves are folded in the bud. The ligule is very short and membranous and the collar is without auricles or hairs.  

Approved Kentucky bluegrass cultivators include the following:  Kenblue, Bristol, Merit, Sydsport, Glade, Challenger, Plush, Touchdown, Adelphi, Columbia, Ram I, Vantage, Baron, Fylking and Rugby.


Hard Fescue (Festuca longifolia) has a bunch-type growth habit, excellent drought and heat tolerance and will survive higher soil moisture and salt levels than other fine fescues.  Hard fescue has a reasonably good winter color, but is slow to green up in the spring, especially under low fertility.  It grows under a wide variety of soil texture, fertility, and moisture conditions.  Hard fescue is drought tolerant; well-adapted to acidic, infertile soils; and will grow in clay soils or soils with a high sand content. It is tolerant of shade and grows well in full sun.  It survives and thrives better than any other cool season grass under low-maintenance conditions.
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Once established hard fescue is very competitive with weeds and brush species as it may have alleleopathic effects on other vegetation, either totally excluding it or severely stunting it.  It produces few seed heads and requires very 

little mowing for seedhead removal.

Hard fescue may be identified by its bunch-type growth habit and its grayish-green bristle-like leaves.  The ligule and collar of hard fescue are of little value in identification, however the individual leaves are nearly round in cross section unlike other turfgrasses.

Approved Hard fescue cultivators include the following:  Spartan, Valda, Scaldis, Crystal, Aurora, Waldina and Reliant.

WARM-SEASON GRASSES:

Bahiagrass (Paspalum notatum Flugge) is a very aggressive, coarse-textured perennial that spreads slowly by short, stout rhizomes.  Native to tropical America, bahiagrass is the primary warm-season grass used by the Department. Producing an extensive root system of rhizomes, it is capable of forming a dense, tough sod on sandy soils. Once established, few plants are able to encroach into bahiagrass. Its extensive root system provides some measure of drought tolerance, but it grows best in areas of moderate moisture.
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Bahiagrass is adapted on sandy soils that are comparatively infertile.  It grows satisfactorily on sandy soils that dry quickly and hold moisture poorly. It also does well on alkaline or acid soils. Bahiagrass is quite tolerant of shade and responds well to fertilization.

Bahiagrass is a tall growing grass producing a 1-2 feet long seed stalk with seedheads much like that of crabgrass. It has rather glossy medium to dark green leaves that are rolled in the bud-shoot with a nail-like hairy ligule. Auricles are absent and the sheath is compressed and kneed.

Due to a profuse supply of seed heads during vegetative growth, mowing frequency may have to be increased.  Bahiagrass may be considered undesirable when introduced to agricultural fields or home lawns. Pensacola is the approved bahiagrass cultivar.


Centipedegrass (Eremochloa ophiuroides) is a low-growing perennial, spreading freely by surface creeping stems called stolons.  The texture of centipedegrass is somewhat coarser than bermudagrass.  Centipedegrass is adapted to a wide range of soils.  It will grow on clay soils as well as the poorest sandy soils, if enough moisture and nutrients are available to get started.

Germination of seed is very slow. It responds to moderate fertilization, which encourages a more rapid spread and increased turf density. Once established it requires very little fertilization. Centipedegrass does well on soils that are too low in fertility to support good turf of other grass species. It is much less tolerant of drought 
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and cold than other warm-season grasses. Due to its low-growing growth habit it requires very little mowing during the growing season.

Centipedegrass has some allelopathic effects on other vegetation, either totally excluding it or severely stunting it.

Some of the identifying characteristics of centipedegrass are its trailing stolons, blunt leaves folded in the bud and a hairy constriction at the collar. The occasional seed heads are single spikes.
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Common Bermudagrass (Cynodon dactylon) - This grass is a long-lived perennial with a spreading habit of growth produced by surface runners (stolons), and to a lesser extent by underground stems (rhizomes). Bermudagrass will grow well on almost any soil that is fertile and not too wet,  but does better on heavier soils than light sandy soils. Common bermudagrass is well adapted to North Carolina and is found growing on roadsides, athletic fields, agricultural lands, and home lawns statewide.
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It responds well to liberal applications of nitrogenous fertilizers and moderate levels of soil pH.  The creeping stems of bermudagrass are tough and white, occurring mostly at the soil surface on heavy soils and below the soil surface on lighter textured soils.

Bermudagrass can be identified as having leaves that are short, flat, and bluish-green in color. It can range from 1 to 4 inches in height if left uncut. At the base of each leaf there is a fringe of white hairs and the leaf sheath is somewhat flattened and slightly hairy.

Due to its rapid spread when fertility and moisture are adequate, common bermudagrass is regarded as a weed pest in gardens, ornamental beds, home lawns and cultivated fields. As a result of its aggressive nature, state law was enacted in 1945 restricting bermudagrass use on state highway right-of-way.  North Carolina General Statute 136-18.1 provided that, “the use of bermudagrass shall be restricted to sections of the highway where the abutting property is not in cultivation,  except where the Department of Transportation has written consent of the abutting land owner. In long sections of woodland or wasteland sufficiently distant from cultivated areas, bermudagrass may be used”.

In 1999, the above legislation was rescinded, however, the Department is still very selective in choosing sections of the right-of-way that will be seeded in bermudagrass.

TEMPORARY AND PERMANENT SUPPLEMENTAL SPECIES

Although used to a lesser degree, certain species of annual grasses and perennial legumes play a vital role towards the success of a “total” erosion control program. The Department must insure the establishment of a vegetative cover sufficient to control erosion within the time restrictions mandated by the Sedimentation Pollution Control Act of 1973. It is therefore sometimes necessary to utilize temporary seed mixtures or supplemental permanent seed mixtures during periods of less than ideal conditions for the germination and establishment of permanent turf grass species. 

The use of temporary seeding is, for the most part, seasonally dictated or is a direct result of construction progress or phasing of work. Temporary seed mixtures consisting of annual grasses or millets are used by the Department:

(1)  when it is impossible or impractical to bring an area to the final line, grade, and finish so that permanent seeding operations can be performed without subsequent serious disturbance by additional grading; 

(2)  when erosion occurs or is potentially substantial on areas of graded road bed where construction operations are temporarily suspended or where the grading of the road bed has been completed substantially in advance of the paving construction;

(3)  during seasons of the year when permanent seeding and mulching is prohibited by special provisions; and 

(4)  when an immediate cover would be desirable to minimize erosion, siltation, or pollution on any area.

Annual grasses and millets used for temporary seeding purposes are selected on their ability to rapidly germinate and produce a vegetative cover sufficient to control erosion until such time permanent seeding is performed.

As a means of providing assistance to permanent turfgrass species during periods of the year when conditions are less than ideal for their germination and establishment, permanent turfgrass mixtures are supplemented with a “nurse” plant species. “Nurse” plant species are quick- sprouting, fast-growing annual grasses or legumes that provide temporary vegetative cover until the slower-germinating, slower-growing permanent grass can develop. By providing an initial temporary vegetative cover, “nurse” plant species provide shade for germinating grasses and to a certain extent conserve soil moisture.

Although permanent turfgrass species provide initial stability to slopes along the State’s roadsides, their effectiveness tends to decrease with time and the steepness of the slope.  For this reason the Department supplements permanent seed mixtures with permanent ground cover species when performing seeding operations on slopes 2:1 or greater.  Permanent ground cover species are typically legumes that produce a dense vegetative cover and have excellent soil stabilizing characteristics.  Permanent legumes are very adapted to infertile soils and require minimal fertility due to their nitrogen-fixing ability.  As an additional attribute permanent ground covers add diversity to the roadside landscape and aid in the transition from the roadway to adjacent abutting properties. The following is a list of the temporary and permanent supplemental species currently utilized by the Department.

TEMPORARY SUPPLEMENTAL SPECIES:
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Sudan Grass is used as a temporary ground cover during the summer months, Sudan grass is one of the best drought-tolerant plants known. It is a member of the grass family and is used extensively by the American farmer as a hay crop. Sudan grass is an annual that produces an aggressive fiberous root system with good soil-holding characteristics. It will grow in almost any soil and thrives well in semi-arid regions.

Sweet Sudan Grass (Sorghum saccharatum) is the variety most commonly used by the Department.


Millets - A member of the grass family, millet grows rapidly and will range in height from 1 to 4 feet tall. It is well adapted to hot, dry weather and infertile soil conditions. Millet is used extensively by the Department as a temporary ground cover during the summer months.
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German Millet (Setaria italica var. Stramineofructa) and Browntop Millet (Panicum ramousum) are the varieties most commonly used by the Department.
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Rye Grain (Secale cereale) - Rye grain is a member of the grass family and is most commonly used as a cereal grain throughout the world.  Used as a temporary ground cover during the winter months, Rye grain grows well in infertile soils and has good soil-holding characteristics.
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Lespedezas - Both Kobe Lespedeza (Lespedeza striata var. Kobe) and Korean Lespedeza (Lespedeza stipulacea) are utilized by the Department to supplement permanent seed mixtures.  Korean and Kobe lespedeza are annuals that will reseed themselves for several years if not cut low or harvested for their seed.  Primarily used for improving poor soils, they are well adpated to acid soils of low feritlity.  Kobe and Korean lespedeza germinate very quickly and produce rapid growth providing soil stability and protection for slower germinating turfgrass species under adverse conditions.  In both of the photographs below, Kobe lespedeza is on the left-hand side and Korean lespedeza is on the right-hand side.

[image: image19.png]



[image: image20.png]



Lespedezas have leaves that are trifoliate but vary in shape from linear to ovate depending on species.  Flowers produced are rather inconspicuous and may be white to lavender in color.

PERMANENT SUPPLEMENTAL SPECIES:

Sericea Lespedeza (Lespedeza cuneata Dumont) - Sericea Lespedeza is a perennial legume widely used throughout the world as a cover crop on poor soils.  It has proven to be particularly valuable as a perennial ground cover on highway cut slopes. Sericea grows to a height of 3 feet tall and bears rather inconspicuous flowers in colors of white or lavender. It is well adapted to heavy soils and is essentially disease free.
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Lespedezas have leaves that are trifoliate but vary in shape from linear to ovate depending on species. It produces a fibrous root system with good soil-holding characteristics.


Crownvetch (Coronilla varia L.) - This perennial legume from Northern Europe is used by the Department to stabilize dry, steep slopes, and highway cuts. It 
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forms a dense cover about 2 feet tall and bears numerous small pink flowers in midsummer. Crownvetch spreads by creeping rootstalks with a single plant covering up to 6 square feet of ground. It performs best on neutral soils but will tolerate slightly acid conditions. Once established it provides an attractive cover and reduces erosion with low maintenance costs. Some common Crownvetch varieties include Chemund, Emerald, and Penngift.

Work Exercise #2

Vegetative Types 

Answer the following questions by circling the correct answer.

1.  True or False 
Turfgrass species utilized by the Department fall into two 
basic categories, cool-season and warm-season grasses. 

2.
True or False       Tall fescue does not flourish when mowed less than 3-4 inches 



and may be killed with repeated close cuttings.

3.
True or False       Bahiagrass is the primary warm-season grass used by the 



Department.

4.
True or False 

Annual grasses and millets are selected for temporary 




seeding purposes because of their ability to rapidly 





germinate and produce a vegetative cover sufficient to 




control erosion until such time permanent seeding is 




performed. 

5.
True or False 
Kobe and Korean lespedeza are temporary supplemental 


species used during periods of adverse weather.

6.
_______________ grasses are slow to green-up in the spring, grow best in the 
summer and go dormant after the first heavy frost.

A.  warm-season

B.  northern
C.  cool-season
D.  none of the above.
7.
North Carolina General Statute 136-18.2 provides that, “ the Department of 
Transportation shall not cause any seed to be planted on or along any highway 
or road rights-of way unless and until such seed has been approved by the 
_________________”.

A.
North Carolina State University

B.
Department of Environmental and Natural Resources 
C.
Department of Environmental Management
D.
Department of Agriculture 
8.
The N. C. Department of Agriculture by process of sampling and testing insures 
that the following meet the state’s minimum requirements prior to the purchase 
and use of any seed.

A.
purity 

B.
germination

C.
percent weeds

D.
all of the above.

9.
Which of the following is/are considered a cool-season grass?

A.
Kentucky 31

B.
Kenblue 
C.
Spartan
D.
all of the above.
10.
Once established, which grass requires very little fertilization?

A.
Konugus grass

B.
Tall fescue
C.
Centipede
D.
both A and C.
TURFGRASS ESTABLISHMENT

The Sedimentation Pollution Control Act of 1973 mandates the stabilization of disturbed areas within a specified time frame. Sufficient ground cover must be established to stop erosion within 15 working or 30 calendar days following completion of any phase of grading for sloped areas.  More stringent regulations relate to High Quality Water areas and require greater sediment storage capacities.

As a result, temporary and permanent seeding occurs throughout the year. Timely and successful turfgrass establishment is necessary for erosion and sediment control on NCDOT highway roadsides. Executing the proper steps in establishment reduces the time and expense required to achieve an acceptable level of plant quality and soil stabilization. This section covers the basic steps associated with establishing turfgrass types on highway rights-of way including: medians, shoulders, slopes, and ditches.

SOIL PREPARATION:
Proper seedbed preparation is perhaps the most critical step in the development of vegetative cover. The effectiveness of the succeeding steps depends on the quality of the seedbed. The seedbed is the place where seeds germinate and eventually develop into mature stands. It provides the medium for the resulting plants to take up water and nutrients through their roots. This prepared soil layer allows movement of water, air, and plant nutrients which in turn establishes a favorable environment for good plant growth. The primary objective of soil preparation is to produce a zone conducive to the development of excellent plant roots and optimum plant growth.

The ideal soil for planting is a moist, loamy, granular, friable medium that is free of stones and foreign debris. All of these conditions may not be present in roadside soils. Proper preparation can offset poor conditions to some extent. Using either a chisel plow or field cultivator, the soil should be scarified to a depth of about five inches. All clods should be broken and the top 2 to 3 inches of soil worked to an acceptable seedbed by the use of a pulverizer, drag, or disk harrow. Soil scarification adjacent to the edge of pavement may be minimized to avoid disturbance of paved areas. However, steep 2:1 cut slopes must be grooved, trenched, or punctured to provide pickets, ridges, or trenches in which seeding materials can lodge. Extreme care must be exercised in seeding operation on shoulders and slopes of ditches to maintain the graded cross section that existed before seeding operations began. Soil preparation should be avoided when soils are frozen, extremely wet, or when unfavorable working conditions prevail in order to prevent compaction.

SOIL AMENDMENTS:

Assessment of soil fertility and correction of nutrient deficiencies are critical to good turfgrass establishment. This is determined from the results of a soil test. As a general rule, most areas within North Carolina require limestone to adjust soil acidity and fertilizer to provide nutrients. Figure 7 gives rates of fertilization and limestone used by NCDOT for establishing turfgrasses.

NCDOT  Establishment Fertilization and Limestone Rates for Turfgrasses

Turf
Fertilizer Analysis
 # of Fert. per Acres
# Limestone per Acre
# N per Acre

All Seed Mixes
10-20-20
500
4000
50

Note:
Although it may appear that NCDOT is applying higher  than NCSU recommended rates of fertilizer at time of establishment, the NCSU recommendations are based on a homelawn situation.  These sites typically have organic matter and topsoil from which to establish turf.  In addition NCSU recommends multi-month fertilizer applications. NCDOT performs only 1 application at time of seeding.

(Figure 7)

Using either a rotary broadcast spreader or a drop spreader, these amendments are uniformily spread onto the soil surface at the desired rates. They are then tilled into the upper 4 to 5 inches of soil (root zone level) to ensure healthy turfgrass development in the sometimes adverse and compacted subsoils that characterize many roadway sections. The thorough mixing of soil amendments into the soil is especially important in the case of limestone in that it is very slowly soluble in water and does not readily move down to the roots from the soil surface

SEEDING:

When attempting to establish a permanent perennial turf grass from seed, experience has proven that simple cool-season and warm-season grass mixtures composed of species suited to the definite requirements are the best. There are advantages to variability. Any section of roadside has a tremendous range of micro-environments; differences due to slope, shade or sun; mowing variations; fertilizer and water discrepancies; better or poorer soil pockets; competition; and wear due to traffic. With such variability, by sowing a combination of grasses, we insure that at least some grass species will adapt to localized differences within a given seeded area. The seed mixture must therefore, be simple and it must consist of species which are capable of intermingling to form a functional utility turf. 

Typical seeding rates for warm-season and cool-season grasses can be found in Figures 8 and 9.  It should be noted however, that due to differences in climate, rainfall, soil, and available fertility across our state, seeding rates utilized by your particular Division may vary somewhat from the typical rates listed. 



(Figure 8)

Various types of implements can be used to apply seed. The most common seeders in piedmont and coastal plain areas are the rotary broadcast spreader and the seed drill. Many mountainous areas use hydroseeders exclusively. Nonetheless, all seed should be applied carefully to provide uniform distribution. Most seeds are placed at a fairly shallow depth and cultipacked to provide good seed-to-soil contact.




(Figure 9)

MULCHING:
Mulching is one of the most important practices in ensuring uniform, rapid turfgrass germination and establishment. There are several reasons for mulching in connection with seeding. Mulch will help prevent erosion on newly prepared and seeded areas by reducing the impact a raindrop has upon hitting the soil. Mulch also conserves moisture and promotes germination and early growth of the grass.

Grain straw mulch is the most common mulch used for turfgrass establishment on seeding, although wood mulches and erosion control blankets (such as straw and excelsior) are alternatives. Baled grain straw is clean and easily handled and is usually more adaptable for use in mechanical mulching equipment such as mulch blowers. When applied, the  mulch layer should be uniform in coverage and provide a minimum of 80 percent coverage or essentially cover the ground from sight.

Mulch must be anchored or tied together in a manner that will prevent it from being blown by the wind or moved by other causes. The acceptable means to accomplish this is with an asphalt emulsion that binds the straw particles together (tacking). Tacking should be done during or immediately following application of mulch. The asphalt should be uniform in coverage and if properly applied will be black in appearance. Emulsified grades of asphalt containing excessive amounts of water are not satisfactory and do not tie the mulch particles together properly. An asphalt that is too diluted will give a brown appearance.

Alternative methods of holding the straw in place have proven acceptable and are used by the Department in certain situations. Crimping, a method of lightly disking the straw into the soil, works well on flat, sandy sites. Hydraulic tackifiers (binding agents which are applied with a hydro-seeder) may also be used to bind straw if applied according to the manufacturers suggested application rates.

SODDING:

On occasion the Department utilizes vegetative establishment when an instant cover is needed to stabilize disturbed areas. Sodding is a method of vegetative establishment where a mature turf is transplanted onto a new site to provide immediate stabilization. Typical uses on highway projects include steep slopes on bridge approaches, areas under guardrail, and other areas where quick establishment of turfgrasses is a necessity.

Extreme care should be taken when transplanting sod to prevent it from becoming too dry. Ideally, sod should be installed within 24 hours after harvest. Temporary storage is permissible during fall and winter months provided the sod is kept in a shaded area. Temporary storage should not last for more than five days under ideal conditions.

The sod for clump or bunch-type grasses (e.g., tall fescue) must be grown with netting to hold the sod together. Most of the spreading grasses (e.g., bermuda and centipede) are held together by their rhizomes and/or stolons and do not require netting.

The soil preparation for sodding should be similar to that as described previously for seeding. The area to be sodded should be brought to a firm uniform surface at such elevation that the surface of the completed sodding will conform to the finished grade of the roadway typical section. Then, if dry conditions prevail, the finished surface may be moistened with water prior to installing the sod.

Sod can be transplanted at any time during the year, provided adequate moisture can be maintained. Of course, frozen or extremely wet conditions may prohibit sod installation. Sod can be installed by hand or by mechanical means. Each piece of sod must be packed tightly against the edge of adjacent pieces. Gaps between sod edges should be avoided. Sod is always installed with the long edge vertical to the slope in a staggered pattern. Where sod is paced on steep roadway slopes, it should be stabilized with 1” x 1” x 12” wooden stakes or U-shaped sod pins driven flush with the sod. After the sod is placed and staked, it should be carefully tamped or rolled.  

Once the sod installation is finished, irrigation or watering should be applied to thoroughly moisten the soil to a depth of 6-8 inches. Subsequently, the sodded area should be watered sufficiently on a daily basis unless there is appreciable rainfall, until the sod becomes established and self-sustaining.  

Work Exercise #3

Turfgrass Establishment 

Answer the following questions by circling the correct answer. 

1. True  or  False 
Grain straw mulch when applied should be uniform in 
coverage and provide a minimum of 80 percent coverage or 

essentially cover the ground from sight.

2. True  or  False 
The thorough mixing of limestone into the soil is especially 
important because limestone does not readily move from the 
soil surface down to the root system.

3. True  or  False 
Sodding is a method of vegetative establishment where a 



mature turf is transplanted onto a new site to provide 



immediate stabilization.

4. The first and most critical step in the development of vegetative cover is:

A.  soil preparation

B.  liming

C.  mulching

D.  fertilizing  

5.
Mulching with grain straw is important because it _______________.

A.
promotes germination

B.
conserves moisture

C.
reduces impact of rainfall

D.
all of the above.

TURFGRASS MAINTENANCE
The routine maintenance of roadside turf is necessary to ensure that a safe highway environment is provided for the traveling public.  Today’s high-speed roadway system must have clear, obstruction-free recovery areas adjacent to the travel lanes.  Turfgrasses are one of the most adaptable and useful ground covers for the stabilization of cross sections with flattened slopes that provide safe off-highway parking in emergency situations .  Equally as important are safe, adequate, and unobstructed sight distances which turf provides along our highways.  Visibility at intersections, to signage, and at intersecting streets or roads can be maintained by a low-growing, functional turfgrass.  Turfgrasses also aid the motorist by reducing the amount of glare along  roadway systems.

Turfgrasses create and maintain a highway environment that is visually appealing to today’s highway users who have a developing awareness of environmental quality, safety, and roadside aesthetics.  Thus, in order to protect the public investment and ensure that the vegetation serves the purposes for which it is intended, proper maintenance of the vegetation is crucial.  This section will describe the management practices which the Department utilizes in maintaining roadside turf.  

LIME APPLICATION 

Since limestone does not translocate very well in the soil it is most commonly applied at the time of seedbed preparation and is thoroughly incorporated into the soil (root zone). However, depending on the turfgrass species, liming of established vegetation may be needed to neutralize an acidic soil, (i.e., pH below 5.5) which often can be detrimental to the plant’s health. When the soil pH is low, phosphorus and several of the micronutrients become unavailable for plant use. Lime raises the pH of the soil and, thus, the availability of those nutrients to the plant increases.

Lime required for maintenance needs is most often determined through the use of a soil test.  Liming is important in the maintenance of a healthy turf and should be applied as-needed based on recommendations acquired from soil test reports. 

When using lime for maintenance purposes on established turf, it should be applied before active growth starts in the plant. This will allow the lime to have enough time to react with the soil, which may take several months depending on the soil condition. Most liming occurs in the winter months when warm-season turf is dormant.

FERTILIZER TOPDRESSING APPLICATION
For optimum turf growth, essential plant nutrients must be maintained at adequate levels. The primary nutrients (nitrogen, phosphorus, and potassium) are used by turf in large quantities and are likely to be deficient in most soils. Thus, annual applications of plant nutrients are essential for the proper maintenance of established roadside turf. 

Fertilizer topdressing on turf depends on the geographical location, climate, and grass species. Warm-season grasses are fertilized at a different time of the year than cool-season grasses due to their growing cycle. The window for applying fertilizer on warm-season grasses such as bahiagrass, centipedegrass, and bermudagrass is from June to October. The window for applying fertilizer on cool-season grasses such as fescue and bluegrass is from September to mid-March 

( Figure 10 ).




( Figure 10 )

The fertilizer that is applied is often selected on availability but it should have a nutrient ratio of 2-1-1 (N-P-K). This ratio covers the typical nutrient requirements that are needed to support the turf in North Carolina.

SUPPLEMENTAL SEEDING

The work of supplemental seeding does not include any seedbed preparation, fertilizer, or mulch and is only to provide additional seed. A sod seeder is usually used to place grass seed into an established turf with minimum soil disturbance. The sod seeder uses a system of discs to slice through the turf and soil to allow for proper soil-to-seed contact. This method of seeding supplements poorly established turf that does not need to be completely reseeded. Furthermore, sod seeding decreases soil disturbance that could result in an erosion problem. The equipment used for this operation ranges in size and function and will be configured to best suit the soil conditions and topography of the site. 
REPAIR SEEDING  
Sometimes it is necessary to add seed to an area that is poorly established. Turf-grass is constantly threatened by drought, disease, insects, and erosion. Where turf is damaged, the affected area is repaired according to the parameters of turfgrass establishment. Sometimes it is necessary to use a form of mechanical stabilization to prevent erosion from occurring on the recently reseeded area until the site has been stabilized. Some forms of mechanical stabilization consist of polypropylene roving and cellulose matting.

Repair seeding of warm-season grasses is performed from March to July. The warm-season grasses need to be established before cool weather begins so that the turf will not suffer any winter injury.

Repair seeding of cool-season grasses is performed between mid-August and mid-October, depending on the location. Seeding after these dates will increase the chance for winter injury. Repair seeding of cool season grasses in the spring does not always result in satisfactory establishment. If spring repair seeding need be performed, it should be done before the end of March to avoid injury from summer heat and dryness. 

WORK EXERCISE  # 4

TURFGRASS MAINTENANCE

Answer the following questions by circling the correct answer.

1.  True  or  False 
It is only when the soil pH is low, that phosphorus and 

several of the micronutrients become available for plant use.

2.  True  or  False
Lime is used to raise the pH of the soil and liming also 

increases the the availability of plant nutrients.

3.  True  or  False 
Annual applications of plant nutrients are essential for the 

proper maintenance of established roadside turf because the primary nutrients (nitrogen, phosphorus, and potassium) are used by turf in large quantities and are likely to be deficient in most soils.

4.  The optimum time to apply fertilizer topdressing to warm-season grasses is ____________ .

A.  September to mid March

B.  June to October

C.  May to June

D.  None of the above

5.  ____________ seeding is conducted according to the parameters of turfgrass establishment which includes lime, fertilizer, seed and mulch.

A.  Repair

B.  Supplemental

C.  Phase

D.  Sod

SUMMARY

As a result of increased public awareness regarding environmental concerns and our commitment to comply with state sedimentation laws, the importance of erosion control is second only to departmental safety.  If left in an unstable state free of vegetation, disturbed earthen material will erode and become very unsightly.  Erosion on an extensive scale can: destroy an appreciable part of the highway investment; result in the siltation of agricultural lands, private property, streams and water supplies adjacent to the highway; and create serious hazards for the users of our highway system.

Turfgrasses are indeed the indispensable plant on the highway roadside.  Grass contributes substantially to the highway economy by controlling erosion.  An effective cover of a permanent turf eliminates the build-up of eroded soil in ditches and drainage facilities. In this manner, turf covered roadsides ensure protection to agricultural lands, streams, and water supplies contiguous to the highway.  By preventing erosion, turfgrasses also make our highways safer by reducing glare, providing unobstructed sign distances, and provide “forgiving” recovery zones for motor vehicles when they leave the roadway in emergency situations.  Improved appearance is perhaps the most obvious value which grass contributes to the motorist’s pleasure.  It is the basic component in the highway environment that provides relief from the endless miles of concrete and asphalt.  

The Department’s selection and use of the proper turfgrass and legume species will play a vital role in its efforts to successfully protect all private property from siltation damage and improve roadside aesthetics. The goals we wish to accomplish and the amount of time, effort, and funding we have for establishment and maintenance will continue to determine the types of vegetative species the Department deems appropriate to use.

Answers to Work Exercises

Work Exercise # 1

1.    True
6.    C.


2.    True
7.    D.


3.    True 
8.    D.


4.    True
9.    B.


5.    False
10.  C.










Work Exercise # 2

1.    True
6.    A.


2.    True
7.    D.


3.    True
8.    D.


4.    True
9.    D.


5.    True
10.  C.


Work Exercise # 3

1.    True

2.    True

3.    True

4.    A.

5.    D.



Work Exercise # 4

1.    False

2.    True

3.    True

4.    B.

5.    A.
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