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SECTION 1

RATIONALE

1.1  PURPOSE OF A VEGETATIVE COVER AND REQUIREMENTS

The primary purpose of a vegetative cover on a landfill is to control wind and water erosion of the uppermost soil layer. Landfill covers typically employ soil as the uppermost layer, and the soil must be protected from erosion. A self-renewing cover by vegetation is the most reliable and inexpensive way to control both wind and water erosion of the uppermost soil layer.


The vegetative cover and establishment procedure should:


Provide a permanent, dense ground cover to prevent soil erosion. The vegetation should include several species of native grasses and forbs. The species that are best adapted to the site will continuously regenerate by vegetative regrowth and by natural reseeding: 

–
Native sod grasses and associated forbs are preferred where adapted. 

–
A dense stand of native bunch grasses and forbs is adequate.

–
Shrubs and trees provide inadequate erosion control in dry climates.


stablish temporary plant cover quickly. Immediately after construction, the bare surface soil is particularly vulnerable to soil erosion, and a single severe storm could remove enough soil to require rebuilding the surface. In addition, native plants are difficult and slow to establish.

1.2  VEGETATION ESTABLISHMENT METHODS


Native grasses and forbs are more difficult to establish than cultivated crops, especially in semi-arid climates such as that at Lowry AFB. The seeds of most native grasses and forbs are small; therefore, the seeding depth is shallow. The top one-half inch of bare soil may dry below the plant wilting point in less than eight hours after a rain or irrigation. Seeds planted 

deep, in moist soil, produce few plants because of their small food reserves. In addition, the best available seed supply may contain some caryopses of poor quality; therefore, the seeds may produce plants with low seedling vigor.


Half, or more, of the seeding efforts that employ conventional technology on dry lands result in failure. However, irrigation during seedling establishment substantially improves the probability for success. 


Currently used methods for establishing native grasses and forbs include:

· Hydroseeding

· Solid sod application

· Broadcast seeding on the surface

· Drill seeding in bare soil

· Drill seeding in standing crop residue

The strengths and weaknesses of each method are discussed below.

1.2.1  Hydroseeding


The hydroseeding method employs mixtures of seeds and fibers suspended in water. The seed and fiber mix is applied to the land by pumping the mixture through spray nozzles at high pressure to permit application up to 100 feet away from the mobile seeding unit. The fibers may be wood or straw, and chemicals are often added to glue the fibers together to reduce movement by wind or rain. Some vendors partially germinate the seeds before seeding. Hydroseeding was developed for use on steep, short slopes such as embankments along roadways where the slope is too steep for other methods.


Hydroseeding is expensive, and in the western Great Plains, only about 10 percent of hydroseeding efforts on reclaimed mine lands are successful (Schuman, 1995). High winds may roll up the hydroseeded mats, and this could occur at Lowry AFB. Hydroseeding deposits much of the seed within the fiber mulch, thus separating the seed from the soil. Greater success is possible where the seeds are planted in a shallow furrow by a drill or by a Brillion type seeder, followed by mulch applied by hydroseeding machinery.


MITRE does not recommend hydroseeding for plant establishment on the landfill at OU 2.

1.2.2  Solid Sod Application

Solid sodding is unlikely to be successful with any of the native bunch grasses that should be included in the cover on OU 2 because bunch grasses do not form mats of vegetation that can be moved. In addition, solid sodding usually produces a monoculture, which is not recommended for landfill cover vegetation. Solid sodding is expensive and will require irrigation for an extended period at this site. MITRE does not recommend solid sodding for plant establishment on the landfill at OU 2.

1.2. 


Broadcasting seeds on the soil surface—either with or without mulch cover—produces more failures than seeding in furrows. The germinating seeds dry rapidly, and many die. In addition, ants, mice, birds, and other creatures harvest or destroy large numbers of seeds. MITRE does not recommend this method.

1.2.4  Drill Seeding in Bare Soil

Seeds may be planted by drilling into furrows on bare soil. Erosion control during plant establishment requires mulch application after seeding. Irrigation improves the success rate; however, this seeding method is only moderately successful. It may produce long-lasting unfavorable soil physical properties that will limit plant growth. MITRE recommends this method at OU 2 only if the preferred method is impractical or cannot meet the required time schedules.

1.2.5  Drill Seeding in Standing Crop Residue

With this method, a thick cover of standing stubble is quickly generated by planting an annual grain crop such as spring barley, wheat, or oats. These annual grasses are easily established, and they produce a thick, standing cover of straw. Because barley and wheat produce more durable straw than oats, they are preferred. The desired perennial grasses and forbs are seeded directly into the undisturbed, standing stubble.


Both field research and experience have demonstrated that this method is the most reliable and also one of the least expensive. With the addition of irrigation water during the plant establishment phase, this method has a relatively high success rate. MITRE recommends that the Air Force use this method to establish plant cover on the landfill at OU 2. More detailed recommendations are contained in the following discussion.

1.3  IMPLEMENTATION OF DRILL SEEDING IN STANDING CROP RESIDUE

Drill seeding into a standing crop residue followed by irrigation is a reliable and cost-effective method for establishing perennial vegetation at Lowry AFB. Important issues requiring attention with this method include mulch cover, fertilizer, species, and machinery; they are discussed below.

1.3.1  Mulch Cover


Standing stubble produces low-cost, effective wind and water erosion control. In the central Great Plains, spring barley or wheat produces a durable and effective cover (Pinchak et al., 1985, and Schuman et al., 1980).


The standing stubble shelters the seedlings from wind and the beating action of intense rainfall. Barley or wheat stubble (1) maintains more uniform temperatures around the seeds and seedlings than bare soil; (2) increases infiltration of water over that for bare soil or straw mulch on bare soil; (3) costs one-fourth to one-twentieth as much as straw mulch applied to bare soil; (4) reduces the rate of soil drying; (5) improves soil physical properties to the 12–18 inch depth (Schuman et al., 1980); and (6) suppresses undesirable weed growth that might kill or stunt the seedlings.


Spring barley or wheat should be seeded on the contour in mid-March through May. The plants should be mowed 8 inches high at the dough stage of grain development (late summer). Permanent vegetation should be planted in the following November through May (Schuman, 1995). All machine operations on the land should be minimized and designed to maintain and preserve the standing stubble.

1.3.2  Fertilizer


Fertilizer produces a beneficial effect on seeding success (Howard et al., 1977); however, no fertilizer should be applied before establishment of the seeded permanent plants. Fertilizer application before seeding the permanent species encourages excessive growth of weeds such as Kochia scoparia and others common to the area (Schuman, 1995). Excessive weed growth may seriously damage the plant seedlings by competition for sunlight and soil water. Fertilizer should be applied after the seeded species are established.

1.3.3  Species


In a natural grassland ecosystem in eastern Colorado, most of the plant species will be grasses, even though the forbs form an important part of the plant community. Grasses are more widely planted than are the associated forbs because grass seeds are easier to harvest than are forbs; thus they are more readily available. However, over time forbs appear naturally in a planting of multiple grass species. If seed supplies of locally adapted, desirable forb species are available, they should be included in the mixture. This discussion will emphasize the grass species because they become established faster than forbs and provide almost all of the erosion control features of the cover.


Because they are adapted to the climate, cool-season grasses may eventually dominate the site at OU 2, whether planted or not. Desirable native cool-season grasses that may be used in the plant mix include: 


Slender wheatgrass (Agropyron [A.]) trachycaulum [Link] Malte)


Thickspike wheatgrass (A. dasystachyum [Hook.] Scribn.)


Western wheatgrass (A. smithii Rydb.)


Green needlegrass (Stipa viridula Trin.)

Slender wheatgrass becomes established quickly, but it may come and go in the mixture over time. Western wheatgrass becomes established slowly; however, it is a permanent, sod-forming species; therefore, it is important that it become established. The others may increase or decrease in density in response to climate variability.


“Nordan” crested wheatgrass (A. desertorum [Fisch.] Schult.) is an introduced bunch grass species in the United States; it is an alternative to the native species. It is very hardy and well adapted to the central and northern Great Plains and the northern Rocky Mountains. If it is planted, it may replace most of the other four cool-season grasses (Schuman et al., 1982). There are also other “crested wheatgrasses” with similar characteristics. If species diversity is of small importance to final land use, then “Nordan” or other crested wheatgrass may be planted in the mixture.


Warm-season grasses are also an important part of the native plant community. Desirable, native warm-season grasses that may be used in the plant mix include:


Blue grama (Bouteloua gracilis [H.B.K.] Lag. ex Steud.)


Buffalo grass (Buchloe dactyloides [Nutt.] Engelm.)

1.3.4  Seeding Machinery


The cool season grasses and forbs should be planted three-quarters of an inch deep in the standing barley or wheat stubble, and warm season grasses and forbs should be planted not more than one-quarter inch deep. Depth of seed placement is very important and is best achieved by furrow openers using double disks with depth control bands or wheels on each furrow opener. The furrow should be closed by dual, angled press wheels or an equal device. The seeder must have adequate weight and down-pressure control to force the furrow openers into firm soil and to assure that each furrow opener acts independently to accommodate uneven ground surfaces. Both the Deere and Truax companies make seeding machinery that is suitable. The seeding machine should travel at less than 2.5 miles/hour to assure correct planting.

1.3.5  New Establishment Methods


Two new methods for establishing native grasses or forbs include pregermination of the seed before planting (Hauser, 1986) and application of water in the seed furrow (Hauser, 1989). Pregermination of seeds is effective and is used commercially for vegetables; however, it requires new equipment and training of personnel for grassland seeding. Therefore, it would probably not be justified for use at OU 2.


Application of water in the seed furrow is an inexpensive technique that can double the number of seedlings established as compared with no water applied in the seed furrow. The method was proven in field tests, and the equipment required is inexpensive and readily available and can be added to any planter. It improves stand establishment in either moist or dry conditions.

SECTION 2

RECOMMENDATIONS

MITRE recommends the following three-step procedure for establishment of permanent vegetative cover on the landfill at OU 2.

2.1  ESTABLISH MULCH COVER FOR EROSION CONTROL AND SEEDLING PROTECTION


The preferred and most effective method is establishment of standing barley or wheat stubble. Spring barley or wheat should be planted on the contour in mid-March through May. Newly planted barley or wheat should be irrigated to wet the top 1.5 feet of the soil profile to field capacity. If the landfill surface is completed at another time of year, different steps may be required to control soil erosion and establish vegetation. Some of the options follow.


If the landfill surface is not completed in March through May, then one or more of the following alternatives may be used to control erosion and provide surface cover during establishment of the permanent vegetative cover:

· If the earth cover is completed in June or July, millet or sudan grass should be planted immediately, to produce soil cover. The top 1.5 feet of the soil profile should be wetted by irrigation to field capacity. If the millet or sudan grass plantings produce fewer than 10 and 5 mature, standing stalks, respectively, per square foot or less than 1,000 lb./acre of standing stubble, then plant barley or wheat after the following mid-March or provide other appropriate measures to assure soil erosion control and protection for the emerging seedlings.

· If the landfill cover is completed in August through February, then one or more of the following measures may be appropriate:

–
Apply 5 tons/acre of barley or wheat straw and anchor to the soil by a weighted straight-set disk harrow (crimping) to anchor some of the straw into the soil. Plant barley or wheat after mid-March.

–
Use temporary spray-on materials to control erosion until barley or wheat can be established from seed.

–
Seed the permanent vegetative cover, then apply 5 tons/acre of barley or wheat straw and anchor to the soil by crimping.


Barley, wheat, millet, or sudan grass should be mowed 8 inches high at the soft-dough stage of grain development and maintained as standing stubble until it naturally decays after permanent vegetation establishment. Do not till the soil or destroy the stubble.

2.2  PLANT THE PERMANENT VEGETATION DURING NOVEMBER THROUGH MAY


Plant the native, cool-season grasses, slender wheatgrass, thickspike wheatgrass, western wheatgrass, and green needlegrass as a mixture in standing barley or wheat stubble. Other native cool-season grasses and forbs may be useful in the plant mix. Plant equal amounts of pure live seed for each of the major recommended species, with total planting rate of 12 lb./acre of pure live seed. Because it is hardy and robust, the seeding mixture may include the introduced grass, “Nordan” crested wheatgrass, if species diversity of the established cover is of small importance (see “rationale” for a discussion of the reasons). MITRE recommends that the cool season grasses and forbs be planted three-quarters of an inch deep in the standing barley or wheat stubble with double disk furrow openers and positive depth control.


The warm-season grasses, blue gramma and buffalo grass, and warm-season forbs should be planted one-fourth inch deep as a separate operation or in alternate furrows with cool season plants. Plant a total of 5 lb./acre of pure live seed.


Plant establishment can be substantially improved by irrigation to wet the soil to field capacity to a depth of one foot followed by irrigation at one- to two-week intervals, as needed, to rewet the soil. The surface soil should be wet during the expected 60-day emergence period that falls between 1 April and 30 June. Heavy mulch cover reduces the rate of soil surface drying.

2.3  APPLY FERTILIZER


MITRE recommends fertilization with nitrogen, phosphorus, and potassium, as needed, according to the results of a soil test. The fertilizer should be applied after the permanent, cool-season vegetation is established and a good stand is assured. The soil test should measure plant-available nutrients.
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