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ABSTRACT 

The policies of the USDA Forest Service and the Arizona 

Department of Transportation require revegetation of land 

disturbed by road construction. Revegetation objectives 

of both agencies include soil stabilization and mitigation 

of visual impacts. This study documented plant cover and 

density on roadside cuts and fills along state highways 

9 

in central Arizona which were seeded between 1985 and 1991. 

Goals of the study included determining if the stated 

revegetation objectives were being met, and exploring the 

relationships between site variables and plant cover and 

density. These relationships were analyzed using principal 

components analysis, stepwise multiple regression, and 

analysis of variance. Variability in plant cover and den

sity was most often explained by slope and project age, 

and to a lesser degree by project elevation and silt/clay 

content of soils. Surface soils at each site were evaluated 

to assess success in soil stabilization. Forty two percent 

of the sites surveyed had moderate to severe erosion; 87% 

of these were cuts. Success in mitigating visual impacts 

was evaluated by having university students rate the appear

ance of revegetated cut slopes visible from the highways; 

72% were rated as unsatisfactory. Results obtained in this 

study suggest that revegetation has been successful in 

meeting the stated objectives on fills, but not on cuts. 

, 
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Chapter 1 

INTRODUCTION 

The central focus of this research is to evaluate the suc

cess of revegetation of highway cuts and fills located 

in central Arizona. It will attempt to do so by sampling 

vegetation on roadside cuts and fills and analyzing it 

1 0 

in terms of how well it meets the specified goals for 

revegetation as set forth by both the Forest Service (the 

land manager) and the Arizona Department of Transportation 

(the road builder). In general, the goals for both agencies 

are mitigation of visual impacts and stabilization of soils 

to prevent accelerated erosion (Mortenson, 1979; Martin, 

1992). 

In addition, relationships between vegetation characteris

tics, site variables (including visible evidence of 

erosion), and perceived visual quality will be explored 

to determine which variables are significant in explaining 

differences in plant cover and density, visual quality, 

and soil stabilization. 

A study of this nature is justified by the visual and water

shed management objectives for lands managed by the USDA 

Forest Service. This study was conducted on the Tonto 
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National Forest, where population growth and dynamics point 

to a continued increase in recreational use and travel, 

with viewing opportunities from major highways considered 

highly important (USDA, 1982). As of this writing, very 

little assessment of roadside revegetation in warm desert 

climates has been done. Documentation of plant cover and 

the degree to which it appears to meet the objectives for 

revegetation can be considered effectiveness monitoring 

and will provide feedback to enable resource managers to 

better meet revegetation goals. 

The intent in this research is to provide information that 

is usef~l to land managers, for establishing performance 

specifications for revegetation, and to more clearly define 

revegetation requirements considered as mitigation during 

the planning and environmental assessment phase of similar 

projects. Ultimately, the long-term goals of this study 

and the research suggested in Chapter 6 are improved 

appearance and soil protection on Arizona's roadsides. 

Specific objectives of this study are to: 

1. Document plan~ cover, density, and site variables 
on revegetated roadsides; 

2. Explore relationships between site variables 
and plant community patterns; 

3. Evaluate the degree to which revegetation objectives 
are being met. 

, 
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This study also provided an opportunity to document plant 

cover and density on three cut slopes within the study 

area on which different straw mulch treatments were used 

after seeding. The treatments were applied to determine 

if significant differences in plant cover and/or density 

could be achieved by varying the mulching technique; these 

data ultimately will be used to perform cost/benefit 

analyses and to provide a basis for selecting the most 

effective treatment. The summary report of these data 

is titled "straw Mulch Treatments: A Comparative Analysis", 

and is included in Appendix F. 



Chapter 2 

LITERATURE REVIEW 

Justification and Support for Revegetation 

The cuts and fills from highway construction have been 

cited as being one of the largest and most visible areas 

13 

of drastically disturbed lands in the United States (Box, 

1978). Ladybird Johnson called the highway building program 

in this country "staggering", and concluded that we are 

the "most road-buildingest nation on earth" (Johnson and 

Lees, 1988). Other sources acknowledge the beneficial 

contributions of Americars highway system, but also note 

that the construction of roads is "one of the most savage 

assaults on our environment at the present" (Bradshaw and 

Chadwick, 1980), and describe them as rrhideous scars on 

the face of this nation (that) poison the landscape ••• with 

festering sores along their edges rr (Blake, 1964). Box 

(1978) claims that "only a recluse or the blind escape 

the visual insults of these areas." 

This scarring of our nations countryside is a result of 

over a half-century of roadway construction to serve not 

only transportation needs, but also driving as a leisure 

and recreational activity (Kraebel, 1936; Hottenstein, 1970; 

----. --_._._---- --------.- -----------------

, 
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Johnson and Lees, 1988). As travel speeds have increased, 

so has the amount of landscape disturbed in order to accomo

date flatter roads with gentler, more driveable curves, 

especially in mountainous terrain (Kraebel, 1936). Techni

cal advances in earth-moving machinery have made it possible 

to build a road virtually anywhere. Mountains have been 

moved and stream courses altered, and with these actions 

has come an unprecedented amount of ground disturbance, 

prominently placed before the public's eye. It has been 

suggested that these scars, which some find so offensive, 

may be accepted as an accompaniment of progress (Box, 1978). 

There is a substantial body of literature that suggests 

otherwise, and much of it offers hope for increasing success 

in rehabilitation of these disturbances. 

In a review of the pertinent literature, there are numerous 

examples of society's reprehension to leaving disturbed 

landscapes to heal on their own. Randall et ale (1978) 

describe the results of a study in which participants 

indicated a strong preference toward full reclamation of 

land disturbed by surface mining, including a willingness 

to pay for reclamation in the form of increased utility 

rates. Box (1978) suggests there may be moral and ethical 

considerations that drive society to rehabilitate landscapes 

that have been "torn asunder". Leopold (1949) called this 

, 
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the "land ethic" when he wrote: 

" ••• the individual is a member of a community of 
interdependent parts. His instincts prompt him to compete 
for his place in that community, but his ethics prompt 
him also to cooperate (perhaps in order that there may 
be a place to compete for). The land ethic simply enlarges 
the boundaries of the ccmmunity to include soils, water, 
plants, and animals, or collectively: the land." 

This philosophy was formally adopted in this country through 

passage of the National Environmental Policy Act (NEPA) 

in 1969, which declared a commitment to the quality of 

the environment concurrent with the principal objectives 

of all federal agencies (McKell, 1978). With specific 

reference to road building, Johnson and Lees (1988) wrote: 

"In disturbing so much of this beautiful country, we incur 

a special debt not only in terms of land use, but also in 

an aesthetic sense. We are obligated to leave the country 

looking as good, if not better, than we found it." While 

nearly every state in the nation now requires rehabilitation 

of land disturbed during construction (Box, 1978), it is 

clear that this requirement is not always met. 

Accelerated soil loss from unvegetated roadway cuts and 

fills can cause significant damage to surrounding resources. 

The major pollutant released from these sites is sediment, 

which clogs streams, fills pipes and reservoirs, threatens 

aquatic ecosystems, and can pose safety concerns along 

the highway (NAS, HWy. Res. Bd., 1973; Toy and Hadley, 

-------------------------
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1987). Denuded roadside slopes can be detrimental to visual 

resources as well, and the quality and integrity of regional 

scenic resources are often assessed from the highways 

cutting through public lands. Roadside areas can also 

provide important wildlife habitat, especially where land 

uses limit habitat outside the right-of-way (Smith, 1977; 

Bradshaw and Chadwick, 1980). 

The literature indicates that there is clear support for 

vigorous land rehabilitation efforts, and that successful 

revegetation of drastic disturbances is not driven purely 

by anthropocentric needs; broader ecological benefits can 

be expected. In 1980, Jensen wrote of "a new era in land 

rehabilitation", citing greater amounts of land disturbance 

countered by increasing public concern. But he also noted 

that roadside revegetation research had received little 

attentjon. resulting in little increase in the success 

of these projects. He lauded the ability of land managers 

to establish grass stands, but lamented that they were 

"still in the dark" concerning establishment of trees and 

shrubs. 
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Revegetation in Arid and Semi-arid Lands 

In arid and semi-arid regions of the western United States, 

revegetation efforts often fail completely due to the harsh 

conditions and lack of appropriate technology (McKell, 

1978), and not the ineptitude of the land managers as sug

gested by Jensen (1980). At low elevations, where condi

tions for plant establishment are the least hospitable, 

relatively little research has been done (Bainbridge and 

Virginia, 1990), but certain aspects of research done in 

similar environments would seem applicable. Jackson et 

al. (1992) attributed the lack of interest in restoration 

of desertscrub landscapes to society's lack of understanding 

of this ecosystem and the low value placed on these land

scapes. Substantially more literature was found addressing 

revegetation in semi-arid areas of the intermountain west 

and the northern plains. 

Disturbed areas in arid and semi-arid climates are very 

difficult to revegetate due to low amounts and high vari

ability of precipitation (Cook et aI, 1974). Evaporation 

rates may significantly outpace precipitation rates: the 

ratio of potential annual evaporation rates to annual pre

cipitation at locations of revegetation studies cited in 

this review ranged from 9.4 at Lordsburg, New Mexico to 
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over 40 near Indio, California (EPA, 1975; Bainbridge and 

Virginia, 1990). Dryland ecosystems are normally able 

to maintain a balanced exchange between water and energy, 

but where vegetation is removed, the soil surface is exposed 

to both higher and lower temperatures and the erosive forces 

of wind and water. Soil is lost, organic material may be 

mineralized, and infiltration decreases as changes in soil 

structure occur (Goudie, 1990). These changes reduce the 

chances for revegetation, either by natural or artificial 

means. Webb et al. (1983) estimate that if arid sites are 

left to revegetate naturally, it may take 60 years for 

regrowth to reach predisturbance biomass and 180 years 

for a reasonable recovery of species diversity. 

The Roadside Environment 

The steep slopes of roadway cuts and fills and exposure 

of subsurface soils provide some additional challenges 

to those responsible for their revegetation. While the 

soils may be comparable to those encountered in mining 

reclamation, they cannot be mixed or regraded to reduce 

the gradient (Andrews and Jackobs, 1966; Hodder, 1977). 

Coupled with the harsh conditions of an arid or semi-arid 

climate, highway roadsides in the southwestern United States 

-I 
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pose some of the toughest revegetation challenges. A 

planner with the Arizona Department of Transportation states 

(Mortenson, 1979): IIMost ••• roadsides will not readily 

support dense stands of vegetation because of soil of low 

inherent fertility, toxic soil conditions, steep or unstable 

slopes, low rainfall, or temperature extremes. 1I This 

statement is echoed by Andrews and Jackobs (1966) and Hodder 

(1977), in regard to arid land revegetation in general. 

Erosion and Soil Loss Potential 

The steep embankment slopes so common to highway projects 

often result from narrow rights-of-way or earthmoving costs 

(McKee, 1964). These grades are more susceptible to surface 

erosion and permit far less infiltration into soils for 

supporting plants, than would flatter slopes (Verma and 

Thames, 1978; Toy and Hadley, 1987). The final grading 

on highway projects often yields a smooth, uniform slope, 

and a very poor seedbed on which to establish vegetation 

(Wright et al., 1978; NAS, Hwy Res. Bd., 1973). If too 

much time lapses between final grading and seeding, surface 

crusts and rilling may form, leading to soil loss and 

revegetation failure (Dallaire, 1976; Wright et al., 1978). 
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There is high variability in the erosion potential of 

different landscapes and soils (Bailey, 1941). Lynch (1971) 

noted that surface erosion will occur after a light rain 

on a denuded landscape with slopes as flat as 2 percent. 

The erosion process can generally be described as follows: 

raindrops striking the ground detach soil particles, which, 

if a thin film of water is present, are scattered by each 

raindrop splash (Meyer and Monke, 1965). A splash is 

necessary to transport soil particles (Mutchler and Larson, 

1971), which explains why soil infiltration rate and 

particle size are factors in the erodibility of soils. 

In general, coarse-textured soils are the least erodible, 

fine textured soils somewhat more so, and medium-textured 

soils the most erodible (Meyer and Monke, 1965). 

While raindrop splash is responsible for detaching soil 

particles and scattering them, rill flow transports soil 

off the site (Young and Wiersma 1973). The same authors 

also found that sediment transport in rills increased with 

length of slope as a function of rill density. Diseker 

and Richardson (1961) found that the amount of soil loss 

from a slope with a gradient of 1-1/3:1 was 3 times the 

amount lost from a gradient of 3:1, where slope lengths 

ranged from 200 to 360 feet. Morgan (1978) statad that 

previous studies on hillslope erosion were generally 
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reasonable, but underestimated the effect of slope gradient. 

In concluding a 5-year study, Diseker and Richardson (1962) 

stated that annual soil loss from road cuts in Georgia 

was reaching alarming proportions. Soil losses of up to 

180 tons/acre/year were estimated to occur from newly-graded 

land in Maryland (Dallaire 1976). This compared to losses 

of 4 tons/acre/year for crop land, and led the state to 

require a "seed as you go" policy, special slope-finishing 

methods, and sediment basins to promote revegetation and 

reduce off-site impacts. Research has also shown that 

surface mulches are very effective in shielding the soil 

from raindrop erosion and in trapping sediment (Adams, 

1966; Bethlahmy and Kidd, 1966; Kramer and Meyer, 1969; 

Meyer and Wischmeier, 1970; Kay, 1978). 

It is widely-accepted that the most effective way of 

controlling erosion on disturbed lands is by re-establishing 

permanent vegetation cover (Corbett and Rice, 1966; Diseker 

and Richardson, 1969; Hottenstein, 1970; Johnson and Fifer, 

1979; Toy and Hadley, 1987; and others). Where erosion 

is expected to be severe, or conditions make revegetation 

unlikely, man-made structures may be used in combination 

with vegetation to channel, divert or dissipate runoff 

flows (Gray et al., 1980; Toy and Hadley, 1987; Goudie, 

.J 
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1990). Where retaining the natural character of the 

landscape is an objective, however, the successful revegeta

tion of cut and fill slopes adjacent to the roadway may 

be essential, and thereby remains a principal goal of most 

state highway departments (Hottenstein, 1970; Johnson and 

Fifer, 1979; Brammer, 1978; Mortenson, 1979). 

Revegetation Goals 

Identification of long-term management goals and the 

capabilities and/or restrictions posed by the project site 

are important first steps in the highway revegetation 

process (Bache and MacAskill, 1984; Diamond, 1987). What 

will the uses of the roadside area include? Are there 

scenic considerations? Does it have value as habitat? 

What is the proximity to water bodies? Answers to questions 

such as these can help guide project design, species selec

tion, and revegetation methods. 

Legal requirements and resource management objectives must 

also be taken into account. For example, highways built 

across National Forest lands are permitted by easement, 

and Forests are usually very active in the design and 

construction process. A principal objective of the Forest 
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Service is to ensure that construction neither disrupts 

nor destroys the land's resources (Miller, 1979). Diamond 

(1987) notes that being a good neighbor to resources beyond 

the project right-of-way should be a goal in itself. 

A project site assessment and analysis is recommended to 

document the physical characteristics of the site prior 

to construction, and may note vegetation, soils, wildlife, 

drainage patterns, views and aesthetic quality, geology, 

and any other pertinent features (ASCE, 1980; Cook et aI, 

1974). The denSity and species present in predisturbance 

vegetation can also be used as an indicator of how easily 

the site can be revegetated (Jordan, n.d.; Fischer, 1986). 

Slopes and Landforms 

The gradient of roadside cuts and fills is widely-cited 

as a factor influencing soil infiltration, erosion, and 

revegetation potential (McKee et al., 1964; Hodder, 1977; 

Verma and Thames, 1978; Wright et al., 1978; Toy and Hadley, 

1987). Highway construction standards for the state of 

Arizona permit a maximum gradient of 1-1/2:1 on cut slopes 

and 2:1 on fills. However, slopes as steep as 1:1 have 

been permitted on recently-constructed projects to meet 
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goals of balancing earthwork or preserving vegetation 

(Ariz. DOT, 1990b and 1990c). Constructing steeper slopes 

for these reasons is recognized in the literature and dis

couraged (McKee et al., 1964; Toy and Hadley, 1987). 

steep slopes are especially detrimental for revegetation 

in arid/semi-arid regions as they result in an increased 

shedding of water, thereby reducing infiltration and plant

available water (Verma and Thames, 1978). A gradient of 1:1 

is not recommended (McKee et al., 1964). Wright et ale 

(1978) recommend 2:1 or flatter, citing a twofold increase 

in maintenance costs for 1:1 slopes as compared to 2:1, 

for reseeding and removal of sloughed material. Thornburg 

(1982) postulates that a slope of 2:1 is the maximum on 

which reasonable revegetation can be achieved in dryland 

ecosystems. 

Shaping slopes to emulate natural landforms is recommended 

to reduce the visual impact of roadways slicing through the 

landscape (Brammer, 1978; Tupa, 1979; Brooks, 1988; Lance, 

1990; USDOT, 1992). Additional benefits include reduction 

of soil loss (Meyer and Kramer, 1969) and increased revege

tation potential (Tupa, 1979). Techniques used to achieve 

these goals include avoiding sharp angles by rounding slopes 

at both top and bottom, creating landform diversity through 
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varied gradients, molding or warping the ends of slopes 

where they meet drainages or hills, and the use of weathered 

benches (Brammer, 1978; Tupa, 1979). In a study to deter

mine soil loss from various slope shapes, Meyer and Kramer 

(1969) found that flattening the toe of slope, or grading 

the lower 1/3 of a slope to provide a concave surface, 

reduced soil loss significantly by providing an area for 

deposition of eroded sediments. 

Tupa (1979) noted that on a segment of Interstate-70 through 

Vail Pass, where the objective of slope grading was to 

blend the newly-constructed landforms into the surrounding 

environment, these techniques also appeared to promote 

vegetation establishment. Johnson and Fifer (1979) rated 

the revegetation at Vail Pass as "extremely successful." 

Selecting Plant Species for Roadside Revegetation 

Species selected for roadside revegetation must, of course, 

be compatible with use of the corridor as a transportation 

facility. This includes adhering to requirements for sight

distances and clear zones that permit safe recovery of er

rant vehicles (Brooks, 1988) and visibility of approaching 

animals in wildlands. Erosion and glare control, 
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maintenance requirements, and consideration for roadside 

ecosystems are other often-cited considerations in the 

selection of roadside plants (Hottenstein, 1970,; Schiechtl, 

1980; Brooks, 1988). 

Roadside irrigation is rarely a part of wildland highway 

projects, and the ability of a species to establish under 

the previously-described conditions is a primary factor in 

its selection. Monson and Plummer (1978) point out that 

sites may be so drastically altered in some cases that 

there may be few plants capable of colonizing them, and 

even those that existed previously may be difficult to 

re-establish. Opposing slope orientation and visible rock 

strata in cuts may result in considerable physical and 

chemical differences to be dealt with in the same project. 

Schiechtl (1980) recommends the use of planting or seeding 

plans to allow for different species to be specified where 

conditions vary on large-scale projects. 

An additional criterion for species selection is the ability 

of a species to adapt to a wide range of conditions (Monson, 

1984). The use of locally-collected seed, and obtaining 

local information regarding past performances of species 

in the area is also recommended (Plummer, 1970 and 1977; 

Thornburg and Fuchs, 1978; Schiechtl, 1980; Fuller, 1986). 
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Establishing a variety of species is a frequently-cited 

goal of revegetation (Plummer, 1970; Schiechtl 1980; Fuller, 

1986; Cairns, 1988). Species diversity is required by 

the federal government in revegetation of land disturbed 

by surface mining (Chambers and Brown, 1983). Diversity 

of both species and life-form are important factors in 

meeting many of the aforementioned objectives. A diverse 

plant cover has higher visual quality (Kuennen, 1986; Lance, 

1990), is important in preventing mass soil failures 

(Hackett, 1972), and better meets the needs of wildlife 

(Smith, 1977; Schmidly and Wilkins, 1977; Kuennen, 1986). 

An ecological approach to roadside revegetation supports 

increased biodiversity of these areas, and is recommended 

by several sources (Gere, 1977; Woess, 1980; Foote, 1982; 

Dunlap, 1986). Revegetation methods must be carefully 

chosen to meet this goal; Monson (1984) notes a potential 

problem with competition between life-forms when they are 

seeded together, with herbs likely to out-compete shrubs 

and trees. 

Selection of native species for use in revegetation is 

preferred by many for their ability to blend naturally 

with the surrounding landscape (Plummer, 1970; Dunlap, 1986; 

Kuennen, 1986; Johnson and Lees, 1988). However, availa

bility, adaptability, meeting the goals for revegetation, 

.J 
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and compatibility with right-of-way uses are equally 

important factors and often result in the selection of 

introduced species (Thornburg and Fuchs, 1978; USDA Forest 

Service, 1979; Landers, 1981; Monson, 1984; Cairns, 1988). 

Research has shown that some introduced species exhibit 

a greater range of adaptability and superior establishment 

and performance abilities (Thornburg and Fuchs, 1978; 

Fuller, 1986), which may also explain their popularity. 

Some species tend to perform consistently well at a variety 

of arid and semi-arid locations in the southwestern United 

States. Aldon (1973) reported an 80 percent survival rate 

in fourwing saltbush (Atriplex canescens) after 20 years 

in the high New Mexico desert. Aldon and Pase (1981) report 

survival rates ranging from 67 to 100 percent in 3-month-old 

transplants of galleta (Hilaria jamesii), western wheatgrass 

(Agropyron smithii), inland saltgrass (Distichlis stricta), 

rubber rabbitbrush (Chrysothamnus nauseosus), and alkali 

sacaton (Sporobolus airoides). Clary and Slayback (1984) 

reported good stands at 3 of 5 sites seeded with desert 

saltbush (Atriplex polycarpa), quailbush (Atriplex 

lentiformis), and fourwing saltbush. In the same study, 

these species also grew well when outplanted from contai

ners. Plants that grew successfully from containers but 

not from seed were desert broom (Baccharis sarothroides), 

, 
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shadscale (Atriplex confertifolia), creosote (Larrea 

tridentata), and rubber rabbitbrush. Willis and Patten 

(1982) reported successful establishment of fourwing salt

bush, desert saltbush, quailbush and desert broom at the 

Cave Buttes Darn project near Phoenix, Arizona. Fourwing 

saltbush was also established successfully along Interstate-

10 near Lordsburg, New Mexico (EPA, 1975), and along US 395 

in the desert of California (Racin, 1990). Aldon (1973) 

concluded that fourwing saltbush is an excellent plant 

for use in desert revegetation, citing its ability to trap 

sediment and provide wildlife cover, its nutritional value, 

and its ability to stabilize soils. It is a frequent 

component of seed mixes used to revegetate roadsides in 

Arizona (Ariz. DOT, 1985, 1990b and 1992). 

Roadside Revegetation Techniques 

Methods of revegetating roadsides in arid and semi-arid 

regions typically include seeding and outplanting of 

container-grown plants. The principal advantage of 

establishing vegetation from seed is its low cost (Gray 

and Leiser, 1982); disadvantages include the site exposure 

that occurs while plants germinate and establish and greater 

vulnerability of plants to harsh conditions when they are 

, 



30 

small, which contribute to lower probability of establish

ment, (Hodder, 1971). A properly-prepared seedbed is 

necessary for success with this method, and planting seed 

prior to seasonal rains is recommended (Plummer, 1977), 

but often difficult to orchestrate on a major construction 

project. Delaying the application of seed to coincide 

with expected moisture also leaves the site unprotected 

in the interim, unless temporary measures are taken. 

The ability of emerging roots to stay below the soil drying 

front is critical for seeded plants to successfully 

establish. Bainbridge and Virginia (1990) state that 

root growth of desert trees and annual plants can exceed 

2 centimeters per day in high temperatures, enabling them 

to do this. However, research conducted by Roundy (1992) 

revealed that the soil drying front could fall below the 

root zone of blue panic grass (Panicum antidotale) and 

sideoats grama (Bouteloua curtipendula) on a typical south

west desert grassland site after 2 weeks without rain during 

the summer rainy season. Despite the risks involved, 

seeding is the method most often used for revegetating 

roadsides and mining disturbances in the southwestern United 

States (Mortenson, 1979; Willis and Patten, 1983). Use 

of a surface mulch helps to mitigate the extreme conditions 

which challenge emerging seedlings, and is discussed later 
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in this chapter. 

There is some controversy regarding seeding rates, and 

whether extra seed helps to ensure adequate establishment 

of desired species. Plummer (1977) reports that generous 

amounts of seed help to ensure the stand, while guidelines 

for revegetation prepared by the u.s. Department of the 

Interior caution against overseeding to limit competition 

between species. Vallentine (1989) states that while 

adequate seed is necessary to prevent competition from 

weeds, the high plant densities resulting from heavy seeding 

rates tend to diminish over time to a level that reflects 

the ability of the site to support vegetation. 

Revegetation with container-grown seedlings is recommended 

where establishment from seed is expected to be marginal 

due to low precipitation, toxic soils, or harsh site condi

tions, or where the extra cost can be offset by higher 

survival rates (USDA Forest Service, 1979). Cases of 

successful plant establishment using container-stock have 

been reported on sites where seeding efforts had previously 

failed (Hawaii DOT, 1976; Monson, 1984). There was no 

difference in survival of container-stock which received 

supplemental watering compared to those that received no 

water after planting in the desert of California; however, 
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higher survival rates were recorded where planting holes 

were pre-soaked and soil amendments added (Racin, 1990). 

Advantages of using container-stock include quicker plant 

establishment and soil protection, a competitive edge 

against invading species, and higher survival rates due 
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to the larger size of the plants at the time of outplanting 

(Hungerford, 1984; Monson, 1984). Disadvantages with this 

method include higher cost than seeding, and the high care 

required when packing, shipping, storing, and planting 

(USDA Forest Service, 1979). 

One type of container planting that has been very successful 

in dryland revegetation is the tubeling (Hodder, 1971 and 

1972; Hawaii DOT, 1976; Jensen, 1980; Bainbridge and 

Virginia, 1990). This method of growing containerized 

plants yields plants with a high root to shoot ratio, 

allowing them to tap soil moisture located deep below the 

soil surface. Tubelings are nursery-grown in long, slender, 

paper tubes, then planted in deep holes drilled by an auger 

(Hawaii DOT, 1976). Jensen (1980) reported potential 

mechanical planting of tubelings. In a study of tubelings 

done by the Hawaii Department of Transportation (1976), 

soil tests revealed no plant-available water in the soil 

at the time of planting. water placed in the holes prior 

to planting sustained 42 to 86 percent of the tubelings 
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through the hot, summer months, while conventional container 

plantings all died. 

Soil Suitability and Seedbed Preparation 

Analysis of roadside soils prior to planting is widely 

recommended to determine their chemical characteristics 

and plant-available nutrients (Andrews and Jackobs, 1966; 

Hottenstein, 1970; NAS, Hwy Res. Bd., 1973; EPA, 1975; 

Mortenson, 1979). It is helpful to understand how the 

physical and chemical characteristics of soils determine 

their ability to support plant growth. Briefly, depth 

may determine the extent of root growth, texture affects 

water storage, and soil structure determines water infiltra

tion, movement of the water through the soil, nutrient 

availability, and erosion resistance. Sandy soils may 

limit retention of water and fertilizer; soils with high 

clay contents may absorb and retain excessive moisture; 

and silty soils may drain poorly, limit root penetration, 

and erode excessively (NAS, Hwy. Res. Bd., 1973). 

Soils may be amended to improve their ability to support 

plants; nitrogen and phosphorus are the most common soil 

amendments used to treat southwestern desert soils {Packer 
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and Aldon, 1978; Mortenson, 1979). Opinions vary regarding 

the usefulness and application timing of fertilizer. 

Bainbridge and Virginia (1990) recommend not fertilizing 

on most desert sites if irrigation is not provided, as 

it may promote shoot growth at the expense of root growth. 

Cook et ale (1972) concluded that fertilizers applied at 

the time of planting had no benefit, but application in 

the fall following the first growing season resulted in 

increased plant vigor and establishment. Packer and Aldon 

(1978) discourage fertilizing shortly after seedling 

emergence. 

A layer of topsoil may be spread over toxic or extremely 

unproductive soils to aid revegetation efforts (Miller, 

1979; Mortenson, 1979; Moore et aI, 1983). This technique 

was used on the Vail Pass project and is routinely used 

to ensure the survival of extensive landscaping installed 

along urban highways in Arizona. If topsoil is used on 

steep slopes, the subgrade must be left with a rough 

surface to avoid slippage between the two materials and 

subsequent soil and vegetation loss (Andrews and Jackobs, 

1966; Hackett, 1972). Topsoil that has been recently 

stripped from nearby undisturbed areas has been shown to 

be a good source of rhizomes and other plant parts, and 

may result in some natural regeneration (Howard and Samuel, 
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1979). Freshly-stripped topsoil may also restore mycorrhi

zal fungi to the disturbed site which improve the nutrient

uptake abilities of many desert plants (Bainbridge and 

Virginia, 1990). An evaluation of revegetation at two 

similar sites near Phoenix, Arizona did not reveal any 

apparent benefits from the use of topsoil (Moore et al., 

1983). However, Cook et ale (1972) concluded that a 6-inch 

layer of topsoil was beneficial in establishing grasses 

on roadsides in Utah. 

The physical preparation of the seedbed is critical in 

setting the stage for revegetation success, and is mentioned 

often in the literature (Branso et al., 1966; EPA, 1972; 

Wright et al., 1978; Verma and Thames, 1978; Bainbridge 

and Virginia, 1990; and others). A denuded site is subject 

to high temperature fluctuations, drying winds, and intense 

radiation, as previously discussed. A rough, undulating 

soil surface can provide microsites that trap water, seed, 

and mulch, and shield them from harsh conditions (Branso 

et al., 1966; EPA, 1972; Hodder, 1977; Kay, 1978a; Wright 

et al., 1978; and others). Adequate soil-surface irregu

larities can be achieved through contour terracing or 

surface manipulations such as contour furrowing, trenching, 

pitting, deep chiseling, offset listering, gouging or 

construction of dozer basins (Hodder, 1977; Verma and 
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Thames, 1978; Anderson, 1987). These methods have been 

shown to reduce soil compaction, encourage germination, 

and assist in erosion control (Branso et aI, 1966; Hodder, 

1977). There is apparently some resistance to using these 

methods due to the resulting "unfinished" appearance of 

the soil surface (Wright et al., 1978; stem, 1992), but 

the benefits of a properly prepared seedbed have been recog

nized by the Highway Research Board (1973): lilt has been 

accepted practice to maintain smooth slopes on embankments 

and to prohibit any standing water in construction projects. 

These practices are no longer valid. Rough slopes hold 

water, seed, and mulch." 

Surface Mulches 

Surface mulch is recommended for seeded sites to conserve 

soil moisture, moderate soil temperature, and protect the 

soil surface from erosion by wind and water (McKee et al., 

1964; Kramer and Meyer, 1969; Hackett, 1972; Cook et al., 

1974; Kay, 1977; Jackson et al., 1992). Mulches also 

shorten the time period required for plant germination 

and establishment (Kay, 1978b) and trap sediment, thereby 

reducing the development of rills and gullies on the soil 

surface (Kramer and Meyer, 1969; Kay 1977). In dry 

regions, however, m~lch does not replace adequate cover 
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of the seed by soil (Kay, 1978a and 1978bi US Dept. of 

Int., 1992). Mulch materials discussed in the literature 

include wood fiber, paper strips and fiber, straw and hay, 

wood chips, bark, fabrics, mats, blankets, chemical 

emulsions, soil and rock, wastes, fly ash, and sewage (McKee 

et al., 1964; Kramer and Meyer, 1969; and Kay, 1977, 1978a 

and b, 1984). Materials commonly used in dryland roadside 

revegetation are wood fiber, straw, and mats or blankets. 

Wood fiber may be applied in a slurry mixed with water, 

binder, seed, and fertilizer, in a process called hydro

mulching. The slurry can be sprayed onto roadside slopes 

from a truck-mounted machine, and is especially well-suited 

to high, steep slopes or other inaccessible areas (Kay, 

1977). Matting (or blankets) can be manufactured from a 

variety of materials or combinations of materials to suit 

a variety of conditions. Most commonly used are straw, 

wood shavings, and coconut fiber. Mats are delivered to 

the site in rolls and tacked to the ground using long 

staples or nails. The US Department of the Interior (1992) 

has found them well-suited to steep slopes. 

Loose straw may be scattered by hand or blown onto the 

seeded area by machine, and is a common mulching material 

used in roadside revegetation. A tacking method is neces

sary to prevent removal of loose straw by wind; removal 

-I 



by water is not usually a concern in dryland situations 

(Meyer et ale 1970). Crimping the straw into the soil 
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with a disking machine can be used to tack the straw where 

slope gradients allow (Mortenson, 1979; Ariz. DOT, 1990). 

However, this method may wick moisture out of the soil 

(US Dept. of Int., 1992). Netting is also used to hold 

straw mulch in place, but Toy and Hadley (1987) note that 

firm soil-net contact is required or water may erode the 

soil beneath the net; this may require a smoother final 

grade than would otherwise be desirable, as previously 

discussed. Bethlahmy and Kidd (1966) concluded that netting 

worked well to bind mulch to the soil and decrease erosion 

caused by overland flow. 

Liquid tacking agents include emulsified asphalt, plastics, 

and vegetative compounds. Plastic emulsions are not recom

mended for use in dry regions due to problems encountered 

with soil crusting and salt burn on plants (Kay, 1977). 

Both asphalt and vegetative tacking agents have been used 

in roadside revegetation in Arizona. The use of straw 

mulch with a tackifier has been identified as the most 

cost-effective treatment for preventing erosion and aiding 

revegetation (Beard et al., 1971; Kay, 1977; Toy and Hadley, 

1987). Increasing the rate of tacking agent increases 

effectiveness. In studies using emulsified asphalt over 

straw, Kay (1984) found a rate of 200 gallons/acre to 

-I 
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be unsatisfactory, while 600 gallons/acre performed better 

than 400 gallons/acre. 

studies have shown that increasing the application rate 

of straw mulch decreases the amount of soil lost (Meyer 

et al., 1970; Kay, 1977; Theisen, 1988). However, straw 

applied too heavily may smother seedlings by intercepting 

light, forming an impenetrable barrier, or preventing 

adequate soil warming during cooler months. To avoid these 

problems, some soil should be visible through the mulch 

and tackifier after application (Kramer and Meyer, 1969; 

Meyer et al 1970). Recommended rates for straw application, 

range from 2,000 pounds/acre (Kramer and Meyer, 1969), to 

3,000 pounds/acre (Meyer et al., 1970), to 4,000 pounds/acre 

or more (Mortenson, 1979). 

An additional consideration in the selection of mulch and 

tackifier for use in arid/semi-arid regions is surface 

color. Lighter colors reduce soil surface temperatures, 

while dark colors raise them (Vallentine, 1989; US Dept. 

of Int., 1992). Depending on the season, this may help 

or hinder revegetation efforts. The ability of mulches 

to trap or shed water has also been studied. Adams (1966) 

found that both straw and gravel mulches reduced runoff; 

Barnett et ale (1967) reported that asphalt emulsion over 

straw increased runoff. Kay (1977) identified water 
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shedding from surfaces treated with plastic emulsions as 

a reason for curtailing their use in regions where 

infiltration should be encouraged. Again, obtaining local 

information is always advisable prior to the specification 

of methods (Toy and Hadley, 1987). 

Evaluation Techniques and Criteria 

In general, roadside revegetation projects should produce 

plants in sufficient numbers and patterns to provide effec

tive erosion control and mitigate the visual impact of 

a denuded landscape; both are frequently-stated goals of 

these projects (Hottenstein, 1970; Wright et al., 1978; 

Miller, 1979; Mortenson, 1979; Bradshaw and Chadwick, 1980; 

Landers, 1981; Johnson and Lees, 1988). The species, plant 

densities, and degree of cover necessary to meet these 

objectives will, of course, vary in response to the 

surrounding landscape and the capability of the site to 

support vegetation. Development of criteria to describe 

successful roadside revegetation would seem useful in order 

to communicate the desired results to those responsible 

for implementation of the projects, and could include both 

effectiveness and quantitative requirements. 

Quantitative methods for assessment of revegetation success 
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have been developed for use on rangeland revegetation pro

jects and on lands restored after surface mining. Most 

rangeland projects involve establishment of bunch grasses 

from seed, with the objectives being to improve forage 

to better support range animals and protect soils (Hyder 

and Sneva, 1954; Hull, 1954; Vallentine, 1989). Federal 

requirements for the restoration of surface-mined land 

include establishment of permanent vegetation that will 

support identified post-mining uses. Evaluation is made 

by comparing the density, productivity, and species 

diversity to a reference area nearby. Revegetation of 

shrublands is acceptable when vegetative cover reaches 

90 percent of that measured on the reference area; 70 

percent is acceptable for forested land (Chambers and Brown, 

1983). 

A variety of vegetation sampling techniques are suitable 

in arid and semi-arid landscapes (Chambers and Brown, 1983; 

Hull, 1954; Hyder and Sneva, 1954; Hungerford, 1984; Cook, 

1986). Selecting a technique should be done with post-dis

turbance uses in mind, to yield pertinent data for 

evaluation. Measurements typically include production 

(by harvesting and weight-sampling), utilization, cover 

(by use of quadrat, line-intercept, 35 millimeter slides, 

or variable radius methods), frequency and density (both 

sampled with quadrats), diversity, or plant size and spread. 



Hungerford (1984) included recording apparent plant vigor 

in his vegetation sampling. 
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Evaluation of vegetation should be done in the appropriate 

season, after plants have matured (Chambers and Brown, 

1983). Evaluation of warm-season grasses should be delayed 

until after the second growing season; cool-season grasses 

may be evaluated after the first season (Cook and 

Stubbendieck, 1986). Roundy and Call (1988) note that 

long-term evaluation of revegetation is rarely done, even 

though it is necessary to ensure that the often-stated 

objective of "establishing permanent vegetation" is met. 

Vallentine (1989) cites criteria for evaluating the success 

of seeded stands of grass on rangelands, which vary from 

less than 0.25 plants/square foot (poor) to more than 1 

plant/square foot (good). Densities, of course, receive 

different ratings in different regions, and will vary with 

the ability of the site to support vegetation. Aldon (1973) 

states that a 25 percent groundcover by perennial plants 

can be considered excellent for most semi-arid sites. 

Hungerford (1984) used apparent effectiveness of vegetation 

in meeting the revegetation goals as criteria for evaluating 

roadside revegetation success. Lance (1990) recommends 

visual assessment of color, form, and texture, as they 

relate to surrounding vegetation, as criteria. 
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Changing Perceptions of Roadside Revegetation 

Attitudes toward the revegetation and management of American 

roadsides have changed considerably since the earliest days 

of road construction. The indifference displayed by road 

builders in the early part of this century has been attri

buted to the land ethic of our forefathers, which held that 

the land and its resources were virtually inexhaustible 

(see Cronon, 1983, for a detailed discussion of this topic). 

Given this perception, it is easy to understand the pol

lution of streams and water bodies which accompanied early 

road construction (Hottenstein, 1970). The primary purpose 

of soil stabilizing techniques used in California during 

the 1930s was stabilization of fill material supporting 

the highway itself, not protecting water quality or 

restoring scenic resources (Kraebel, 1936). Attitudes 

appeared to change beginning in the 1960s, when the 

detrimental effects of soil loss and water pollution were 

recognized, and techniques were developed to reduce the 

detrimental impacts of road construction (Disert and 

Richardson, 1962; Andrews and Jackobs, 1966; Adams, 1966; 

Kramer and Meyer, 1969). 

A change in the types of plant materials used to revegetate 

roadsides is also evident over time, and varied according 
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to region. Shrubs and vines were popular plants for road

side revegetation in the 1920s and 1930s, but were later 

recognized as being too labor-intensive and costly for 

wide-spread use (Hottenstein, 1970). Kraebel's (1936) 

"contour wattling" method of bank stabilization utilized 

cuttings to establish shrubs and small trees on roadsides 

in California. Grasses were recognized as early as the 

1920s, by the Texas highway department as having value 

in revegetating construction-caused disturbances (Johnson 

and Lees, 1988; Anon., 1992). 

Widespread use of native grasses in natural-character land

scapes was pioneered in the 1920s and 1930s in the mid

western United states by Jens Jensen. Known as the "prairie 

landscape architect", Mr. Jensen was a dedicated student 

of nature and had a profound commitment to the use of native 

species. He is credited with "stimulating new awareness 

of and appreciation for ••• grassland landscapes and the 

plants inhabiting them" (Newton, 1971). It might also 

be said that Jensen was an early pioneer in the roadside 

beautification movement. In a report published in 1932 

by the Commission on Roadside Planting and Development, 

he advocated acquisition of scenic easements on private 

lands along Illinois highways for the purpose of preserving 

and enhancing the roadside environment (Johnson and Lees, 

1988). 

, 
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Regional variations in roadside revegetation concepts are 

also evident in the literature. The use of wildflowers and 

native grasses for roadside revegetation in Texas appears 

to have always been popular (Dunlap, 1986; Johnson and Lees, 

1988; Anon., 1992). Elsewhere in the country, roadside 

planting has been described as being more "Jardinesque" 

or decorative, compared to the natural approach used in 

Texas (Johnson and Lees, 1988). The concept of roadsides 

as the "nation's front yard" was also popular prior to 

the 1970's, presumably in regions of the country where 

there was adequate moisture and funding for the maintenance 

of this concept. A substantial paper was prepared in 1970 

by the Bureau of Public Roads, praising the abilities of 

"neatly mowed areas of uniformly-textured turf" to enhance 

the roadside environment (Hottenstein, 1970). 

It appears that the shift in attitudes toward more natural 

roadside treatments, which began in the late 1960s, can 

be attributed to several cultural and social factors. 

First, immediate concern arose from the expanding roadside 

acreages accompanying the Interstate Highway System. At 

the same time, state budget crises were reducing available 

maintenance funds (Foote, 1982). As a result, new vegeta

tion management systems were developed throughout the 

country that called for reducing the use of herbicides 

and mowing while encouraging recruitment of native grasses 
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and wildflowers (Anon., 1992). These systems established 

"no-mow zones", methods for wildflower propagation, and 

location-specific seed mixes, and called for a closer 

relationship of maintenance and planting practices (Dunlap, 

1986). Initially, the change from an agronomic to an eco

logical management system was not readily accepted by the 

public. Mention of the fear of roadsides ending up as 

"weed patches" is found throughout the literature (Johnson 

and Lees, 1988; Anon., 1992). It was the conclusion of 

the aforementioned sources that these fears had not been 

realized, although this point could be argued at many 

locations across the country. 

Secondly, Johnson and Lees (1988) credit change in societal 

values as playing a role in the acceptance of a new paradigm 

in roadside treatments. They note that man has always 

created gardens for his enjoyment and replenishment of 

the soul, and while the basic function of the garden has 

remained similar, the expression of this concept has changed 

over time to meet different needs. For example, Hackett 

(1979) linked the resurgence of the formal garden occurring 

in the 1800s with concurrent industrial growth. His 

hypothesis was that the garden reflected the satisfaction 

felt by human beings in their newfound power over nature. 

Similarly, Johnson and Lees (1988) identified two popular 

trends in the 1960s and 1970s as contributing to the 



acceptance of ecologically-based roadside treatments: 

society's emphasis on natural products and techniques, 
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and the need for relief from highly artificial surroundings. 

"Getting back to nature" was (and is) an often-heard phrase 

reflecting this attitude. It seems reasonable to conclude 

that a more natural roadside appearance would be compatible 

with this desire. 

A third factor identified is the more recent desire for 

regional identity and uniqueness. In the aftermath of 

"international style", Americans have decided that ubiquity 

is an undesirable trait; they now cherish qualities that 

make their region different from others. Native plants are 

perhaps recognized as a means to preserve the distinctive 

character of a landscape (Johnson and Lees, 1988; Brooks, 

1988; Lance, 1990). 

The surge in wildflower and native plant programs around 

the country provides support for the perception that this 

concept is gaining in popularity. In addition to the Texas 

program, Johnson and Lees (1988) note the use of wildflower 

sod on Massachusetts roadsides and the use of prairie 

grasses in Nebraska. Kuennen (1986) lists "Operation 

Wildflower" in Michigan, roadside wildflower planting in 

North Carolina, and the use of native prairie grasses on 

roadsides in Indiana and Illinois, including Chicago-area 
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expressways. In the southwestern United states, Arizona 

and New Mexico routinely seed roadsides with wildflowers, 

and are moving toward increasing the use of native grasses. 

A discussion of changing attitudes toward roadside 

treatments would not be complete without mention of the 

Highway Beautification Movement. Culminating with the 

passage of the Highway Beautification Act in October, 1965, 

newsworthy discussions preceeding passage of the bill 

directed a great deal of attention toward Lady Bird 

Johnson's commitment to scenic beauty and the condition 

of our nation's highways (Caulfield, 1989). While the 

Act itself has been criticized as a failure in controllin9 

roadside billboards (Floyd and Shedd, 1979; Price, 1980; 

Floyd, 1982), it has also been credited for its role as 

forerunner of the strong environmental movement which con

tinued through the 1970s (Gould, 1986; Caulfield, 1989). 

The metamorphosis of the scenic beauty movement into the 

environmental movement in Arizona is evident in the annual 

reports prepared by the Governor's Commission on Arizona 

Beauty. Established in 1965, shortly after the passing 

of the Highway Beautification Act and the first White House 

Conference on Natural Beauty, the Commission sought to 

address a number of issues threatening Arizona's visual 

quality. By 1969, the focus of the Commission had evolved 
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from visual-quality issues (billboards, litter, powerline 

burial, and highway aesthetics) to a wider scope which in-

cluded water conservation, noxious plant control, tourism, 

and community improvement. The 1969 report called for 

the establishment of a permanent State Department of 

Environmental Quality "to carryon the never-ending work 

to preserve, protect and enhance Arizona's natural and 

man-made resources." (Note the use of the word "resources" 

where "beauty" would have appeared 3 years earlier.) 

At the White House Conference on Scenic Beauty, held in 

1965, the stage appeared set for the transition to a wider 

range of issues. Conference topics included landscape 

reclamation and urban waterfront renewal as well as highway 

beautification. In a speech to Congress on March 8, 1968, 

the President was clear about the need for an expanded 

mandate (Caulfield, 1989): 

"Three years ago I said to the Congress ••• beauty must 
not be just a holiday treat, but a part of our daily life. 
I return to that theme in this message, which concerns 
the air we breathe, the water we drink and use, the oceans 
that surround us, the land on which we live. These are 
the elements of beauty. They are the forces that shape 
the lives of all of us... Man, who developed technology 
to serve him, is now racing to prevent its wastes from 
endangering his very existence. Our environment can sustain 
our growth and nourish our future. Or it can overwhelm 
us. History will say that in the 1960's the Nation began 
to take action so long delayed." 



Chapter 3 

DESCRIPTION OF THE STUDY AREA 

Physical Setting 
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The study area lies within the Tonto National Forest, which 

is located in central Arizona north and east of Phoenix 

and below the Mogollon Rim (Figure 1). The Tonto encom

passes nearly 2.9 million acres of land ranging from 1,500 

to over 7,000 feet in elevation. Much of this land is 

mountainous, with numerous streams, ephemeral drainages, 

mesas, and plateaus. Climatic zones include arid, semi

arid, and sub-humid. Only about 4 percent of the Tonto 

is classified as land suitable for timber production (USDA, 

1985). 

Visual and Recreational Resources 

"The Forest is characterized by outstanding scenery" (USDA, 

1985). Less than 1 percent of the land area has been 

disturbed to a degree that land managers feel is evident 

to Forest visitors; examples of these disturbances include 

roads and highways, utilities, mining, timber clearcutting, 

and developed recreation sites. Visual resource management 
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on the Forest is accomplished through the inventory and 

designation of Visual Quality Levels and Variety Classes 

(USDA, 1982). The Visual Quality Levels desired along 

major roadways are usually "Retention" or "Partial 

Retention", requiring that the surrounding landscape be 

managed for retention or partial retention of its natural 

scenic qualities (Lamoreux, 1993). Landscape variety 

classes are used to classify the landscape according to 

scenic variety, and presume that landscapes having more 

variety have higher scenic value. A "Distinctive" rating 

indicates areas that have outstanding or unusual scenic 

character; a "Common" rating is given to landscapes with 

52 

a moderately rolling topography accompanied by obvious 

variety in line, form, color, and texture; a "Minimal" 

rating denotes areas with little visual variety (US DOT, 

1992). The highway locations surveyed in this study are 

primarily within areas designated as Distinctive and Common 

(Lamoreux, 1993). 

High scenic quality, proximity to a rapidly-growing urban 

area, a range of favorable climates, and the presence of 

large reservoirs to support water-based recreation can 

be cited as factors contributing to the Tonto's standing 

as first in the nation among National Forests for recre

ational use, and the demand is increasing (USDA, 1985). 

Nearly all Forest land is available for dispersed forms 
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of recreation, including hiking, camping, picnicking, river 

rafting, hunting, and fishing. Additional uses of Forest 

land include livestock grazing, mining, wildlife habitat, 

water production and storage, and production of timber and 

jojoba. Access within and across the Forest is provided 

by 10 state and federal highways which total 324 miles in 

length. In addition, there are 1,677 miles of arterial, 

collector, and local roads on the Forest (USDA, 1982). 

Water and Soil Resources 

Inter-annual. precipitation received within the study area 

is highly variable. In the zone below 2,500 feet, it is 

estimated to be about 12 inches or less (Jordan, n.d.), 

although annual precipitation collected near the Roosevelt 

Lake study sites from 1985 through 1991 averaged closer 

to 15 inches (NOAA, 1985-91). Precipitation recorded in 

the study area from 1985 through 1991 at 2900 feet averaged 

just over 17 inches per year (NOAA, 1985-91). Slightly 

over half of the annual rainfall is received from long

duration, low-intensity winter storms (Jordan, n.d.). 

The National Weather Service has not recorded precipitation 

at the higher elevations within the study area; however, 

other sources estimate it to be near 20 inches annually 
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with 60-65 percent falling in the winter season (Jordan, 

n.d.; US DOT, 1992). A rain gauge installed by the salt 

River Project at 3,480 feet, about 10 miles from the highest 

study sites, has received an average of 21 inches per year 

during the period from 1990 through 1992, with annual totals 

ranging from 14 to 31 inches (Reigle, 1993). 

Soils across the Forest are highly variable, depending 

on geology, landform, and geomorphic processes. Soils 

are generally managed by matching activities with soil 

capabilities; the intent is to ensure sustainable soil 

productivity (USDA, 1982). The erosion potential of soils 

within the study area has been rated from slight to high, 

depending on location, ground slope, degree of disturbance, 

and vegetative cover (US DOT, 1992) 

The quantity and quality of water stored and produced by 

Forest watersheds are important management objectives. 

The Tonto National Forest was set aside by President 

Theodore Roosevelt in the early 1900s to protect the 

watershed and ensure the water supply for the then newly

constructed Roosevelt Dam and reservoir (Martin, 1992). 

Today there are 4 dams on the Salt River, including 

Roosevelt Dam, and 2 on the Verde River. Nearly all of 

the watersheds within the Forest contribute runoff to these 

6 reservoirs, which are managed by the Salt River Project 
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and provide water to the Phoenix area and smaller commu

nities within the Forest for domestic, industrial, and 

agricultural uses. The reservoirs are also important for 

supporting wildlife, livestock, and recreation on the Forest 

(USDA, 1982). 

Despite this emphasis on watershed management, the Forest 

plan (USDA, 1985) states that 18 out of 24 watersheds on 

the Forest have been rated as "unsatisfactory" in condition 

due to lack of vegetative cover and the resulting 

accelerated soil erosion (livestock grazing is cited as 

a contributing factor). The Plan also notes some water 

quality problems on the Forest, primarily the presence 

of suspended sediment (turbidity) which is related to 

natural soil erosion and ground disturbing activities (USDA, 

1985). All the highways surveyed in this study are proxi

mate to streams and water bodies: State Routes 88 and 

188 wind along the edge of Roosevelt Lake; State Route 

87 crosses several major drainages (Verde River, Sycamore 

Creek, Pine Creek, Deer Creek and Rye Creek). At most 

of these locations, the highway drainage system directs 

pavement and cut/fill slope runoff directly into the nearest 

natural drainage. 
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Vegetation Resources 

In response to the wide range in elevation across the 

Forest, vegetation communities range from desert shrublands 

at the lower elevations near Phoenix to spruce-fir-aspen 

communities at higher elevations beneath the Mogollon Rim. 

This study was conducted within the low to mid-range eleva

tions, between 2,100 and 3,900 feet. The plant community 

surrounding the low-elevation sites in the study (up to 

2,500 feet) is commonly known as Upper Sonoran Desert Shrub 

(Jordan, n.d.) and is dominated by paloverde (Cercidium 

microphyllum, £. floridum), mesquite (Prosopis juliflora), 

catclaw (Acacia greggii), jojoba (Simmondsia chinensis), 

fairy duster (Calliandra eriophylla), bursage (Ambrosia 

deltoidea), snakeweed (Gutierrezia sarothrae), burroweed 

(Haplopappus tenuisectus), prickly pear and cholla (Opuntia 

spp.), ocotillo (Fouquieria splendens), barrel cactus 

(Ferocactus sp.) and saguaro (Carnegiea gigantea). Native 

grasses common in this community include bush muhly (Muhlen

bergia porteri), tobosa grass (Hilaria mutica), Arizona 

cottontop (Digitaria californica), threeawns (Aristida sp.), 

and fluffgrass (Erioneuron pulchellum) (Jordan, n.d.). 

At elevations appxoaching 3,000 feet to 3,200 feet, the 

vegetation community may be best described as an ecotone 

of Upper Sonoran Desert Shrub, Interior Chaparral-Grassland, 
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and Mixed Woodland-Grassland. Tree and shrub taxa typically 

found in the area include mesquite, crucifixion thorn 

(Canotia holacantha), shrubby oaks (Quercus spp.), one-seed 

juniper (Juniperus monosperma), mountain mahogany 

(Cercocarpus sp.), manzanita (Arctostaphylos spp.), cliff

rose (Cowania mexicana), snakeweed, burroweed, yucca (Yucca 

spp.), prickly pear, and hedgehog cactus. Native grasses 

common to the area include sideoats grama (Bouteloua 

curtipendula), black grama (B. eriopoda) Rothrock grama 

B. rothrockii), and bottlebrush squirreltail (Sitanion 

hystrix). 

Above 3,200 feet to the upper elevations of the study area 

(about 3,800 feet) the vegetation community is predominantly 

Arizona Interior Chaparral interspersed with one-seed 

juniper. Typical vegetation in this zone includes shrubby 

oaks, mountain mahogany, yucca, and manzanita. Grasses 

are similar to those listed above. 

Administrative Setting 

Field data for this study were collected on revegetated 

cut and fill slopes along state highways across the Tonto 

National Forest which were reconstructed between 1984 and 

1990. In the state of Arizona, state highways across 

, 
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National Forests are built and maintained within an easement 

granted by the federal government for the expressed purpose 

of highway maintenance and construction. As a result, 

Forest resource specialists are intimately involved during 

the processes of route selection, environmental assessment, 

design, and construction to ensure that projects comply 

with the resource management objectives set forth in the 

Forest Plan. Revegetation of ground disturbed during 

construction is required by the Forest Service, but as 

mentioned in Chapter 1, this requirement is poorly defined 

and therefore difficult to enforce. 
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Chapter 4 

METHODS 

Data Collection 

Field Surveys 

Seven segments of roadway were selected on which to evaluate 

the revegetation of cuts and fills. Each project had been 

seeded under a separate roadway construction contract, and 

the projects selected represent a gradient in age from 

1 to 7 years old. The length of each construction project 

ranged from about 3 to over 6 miles, and included projects 

on 3 state routes spread over nearly 90 miles. For identi-

fication during the study, projects were numbered 1-7. 

The project numbers, state route, and project limits are 

as follows (Figure 1): 

Project ID# 

1 
2 
3 
4 
5 
6 
7 

state Route 

87 
87 
87 
87 
87 

188 
88 

Project Limits 

Saguaro Lake Rd. - Four Peaks Rd. 
Four Peaks Rd. - Sycamore Creek 
Ord Mine - SR 188 Unit I 
Ord Mine - SR 188 Unit II 
SR 188 - Rye 
Rock Creek - Bumblebee Creek 
Roosevelt Dam - Tonto Nat'l Monumt. 

Seeding specifications were similar for all projects 

(Appendix A). Typically, special provisions are written 

to modify the standard specifications for each project and 

, 
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include a localized seed mix and any other site-specific 

requirements (Appendix A). As all 7 projects are on the 

Tonto National Forest, these requirements are quite similar 

with the exception of the seed mixture (Table 1). 

Within each construction project, vegetation was sampled 

on both cuts and fills. Sampling was initially conductec. 

on cut slopes with gradients of 1~:1 (67%), 2:1 (50%), and 

3:1 (33%), as these are frequently-specified gradients for 

cuts. Sampling on these gradients would also supply data 

to test the hypothesis that a 2:1 gradient is the maximum 

for reasonable revegetation (Thornburg, 1982). Sampling 

was conducted on fill slopes with gradients of 2:1, 3:1, 

and 4:1 (25%), as these are gradients typically specified 

for roadway fills. 

Futhermore, an attempt was made to sample at least 2 oppc 

aspects for each gradient, in cut and in fill, within each 

project segment. Not all conditions were found within every 

project. Numerous cut slopes with a gradient of 2~:1 (40%) 

were found within the study area, and these were sampled 

as well. The characteristics and location of the sample 

sites are summarized in Table 2. 

Vegetation sampling was conducted in December of 1992 and 

early January of 1993. All perennial species were recorded, 



Table 1: Seeded species, seeding rates (pounds/acre), 
and year of seeding for projects surveyed. 

Seeding Rates, by project 
Species 1 2 3 4 5 6 7 

Lehmann's lovegrass 

Cochise lovegrass 

Crested wheatgrass 

Sideoats grama 

Mediterranean grass 

California buckwheat 

Fourwing saltbush 

Fairy duster 

Brittlebush 

Desert marigold 

Madrid yellow sweetclover 

Mexican gold poppy 

California poppy 

Arizona lupine 

Year seeded: 

1 

1 

1 

1 

1 

3 

1 

1 

3 

1 

.5 .5 

.5 .5 

3 

1 

3 

2 

3 

1 

2 

3 

2 

2 

3 

2 

.5 

.5 .5 

3 

4 4 

2 

2 

1988 89 86 87 91 85 90 

61 
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Table 2: Summary of study sites and their characteristics. 

stud:( Site Route MileEost Cut/Fill ASEect Gradient Elev. 
1-1 87 201.2 C SSE 3: 1 2320 
1-2 87 201.3 F SSE 4: 1 2320 
1-3 87 201.4 F NNW 4: 1 2320 
1-4 87 202.0 C ESE 1 :;: 1 2410 
1-5 87 201.9 C WNW 2:;: 1 2400 
1-6 87 202.0 C ESE 2: 1 2410 

2-1 87 210.6 C E 2: 1 2250 
2-2 87 211.4 F W 4: 1 2360 
2-3 87 210.9 C E 3: 1 2270 

3-1 87 229.3 C ESE 1:;: 1 3360 
3-2 87 229.3 C WNW 1:;: 1 3360 
3-3 87 230.6 F ENE 2:;: 1 3560 
3-4 87 227.1 C NNW 3: 1 3560 
3-5 87 229.4 F ESE 4: 1 3360 
3-6 87 230.2 C WSW 2: 1 3480 , 
3-7 87 230.5 F ESE 2: 1 3600 
3-8 87 230.5 C ESE 3: 1 3600 
3-9 87 230.3 C ENE 2: 1 3560 
3-10 87 229.7 F WNW 2: 1 3360 
3-11 87 229.3 C W 2-k: 1 3360 

4-1 87 235.0 C ENE 2: 1 3200 
4-2 87 234.9 F ENE 4: 1 3200 
4-3 87 234.5 C E 2: 1 3150 
4-4 87 234.6 C WSW 2: 1 3150 
4-5 87 234.5 F ENE 2: 1 3150 
4-6 87 234.6 C ENE 1 :;: 1 3150 
4-7 87 233.7 F WNW 3: 1 3400 
4-8 87 232.1 F WNW 2: 1 3750 
4-9 87 231.6 F SSE 3:1 3830 
4-10 87 231.6 C SSE 2: 1 3830 
4-11 87 232.0 C NNW 2-k: 1 3750 
4-12 87 232.1 F ESE 4: 1 3750 
4-13 87 235.3 C ENE 3: 1 3200 
4-14 87 232.7 F NNW 4: 1 3680 
4-15 87 232.8 C WNW 1 -k: 1 3450 

5-1 87 236.5 F ESE 4: 1 3250 
5-2 87 236.9 C WNW 2: 1 3150 
5-3 87 237.8 C W 1 -k: 1 3100 
5-4 87 238.4 F W 2: 1 3100 
5-5 87 239.2 C ESE 3:1 3030 
5-6 87 238.9 F WNW 4:1 3050 
5-7 87 238.5 C ESE 1:;: 1 3100 
5-8 87 238.3 C WNW 3:1 3080 

6-1 188 249.8 F WNW 2: 1 2160 
6-2 188 249.8 F ESE 2:1 2160 
6-3 188 249.8 C WNW 2:;: 1 2160 
6-4 188 247.8 C NNW 1-k: 1 2150 
6-5 188 247.8 C SSE 1-k: 1 2150 
6-6 188 247.2 C W 2: 1 2150 
6-7 188 246.0 C ESE 2:;: 1 2150 

7-1 88 245.0 F SW 3:1 2160 
7-2 88 244.8 F NNE 4: 1 2160 
7-3 88 244.6 F NE 2: 1 2160 
7-4 88 244.6 F SW 2:1 2160 
7-5 88 243.7 C NNE 2: 1 2160 



63 

even if dormant; annuals were not recorded. Vegetation 

cover was estimated for each species found within square 

quadrats placed at 2-meter intervals along a randomly-located 

50-meter transect stretched across the slope. Where 

vegetation had established in distinct "stripes" across 

the slope, the transect was skewed at an angle to ensure 

a representative sample. 

The quadrat size used at each location was dictated by plant 

density; the objective was to have between 3 and 10 plants 

per quadrat. Where different species exhibited different 

densities, "nested" quadrats were used to minimize 

variability between samples and to minimize the number of 

plants to be counted. Both 50 x 50 centimeter and 1 square 

meter quadrats were used; widely-dispersed shrubs were 

tallied using a 1 meter x 50 meter belt transect. All 

densities were converted to plants per square meter prior 

to data analysis. 

The number of quadrats sampled at each site was based on 

a pre-test of the sampling method done in October, 1992 

on project 2. Two cut slopes were sampled using 50 quadrats 

at each location placed at 2-meter intervals, as described 

above. Cover was calculated using the data from alISO 

quadrats, and again using only the first 25 quadrats sampled 

on each site. The mean values for each site changed by 



0.4 and 1.4 percent, respectively, when only 25 samples 

were used instead of 50. Confidence limits calculated at 
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a 95 percent level of probability indicated that there was 

a significant difference in cover between the two sites 

using either sample size. Based on this analysis, and 

considering the relatively small areas of uniform slope 

encountered at many locations, vegetation was sampled using 

25 quadrats at each site. 

Environmental variables recorded at each site were aspect, 

gradient, surface soil condition, and whether the site was 

a cut or a fill. Aspect was read using a compass; slope 

gradient was observed using a clinometer. A sample of the 

surface soil was obtained from each site and stored in a 

labeled plastic bag for transport. Soil samples were 

analyzed by the University of Arizona Department of Soil 

and Water Science to determine particle size distribution 

(Appendix D). 

The soil surface was observed for signs of erosion (rilling, 

pedestalling of rocks and plants, pocked soil surface). 

Initially, the number and depth of rills which crossed each 

quadrat were recorded, in an attempt to provide a quanti

fiable measure of erosion for this "point in time" survey. 

However, it was acknowledged early in the process that this 

method was insufficient to accurately record the erosion 
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that had occurred on many of the sites, as much of the 

surface soil that had been lost was not transported in rills, 

leaving an uneven, pocked soil surface with heavy deposition 

on the uphill side of plants. Thus the decision was made 

to describe the evidence of apparent soil loss on each data 

sheet. This method resulted in a less-quantifiable but 

presumably more accurate description of the erosion that 

had occurred on each site. 

Visual Surveys 

Each cut slope was photographed using color slide film for 

use in conducting the visual surveys. Every effort was 

made to photograph each cut slope from the motorist's point 

of view. The camera was held at eye-level in the travel 

lanes of the adjacent roadway with the cut slope positioned 

in the foreground of each slide. The directional angle 

of the camera was parallel to the direction of travel, with 

the cut slope entering the view at one edge of the frame. 

Varying amounts of the surrounding terrain could be seen 

in each slide due to variations in roadway profile and 

alignment, but natural vegetation beyond the edge of the 

disturbance could be seen in all slides. 

In lieu of providing an "expert opinion" of the visual 

, 



character of the cut slopes surveyed in this study, non

design students at the University of Arizona rated the 

appearance of the revegetated cuts using color slides in 

their classroom. The intent of this survey was to obtain 
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a measure of how the general public might view these sites 

and whether or not the revegetation is satisfactory in 

aesthetic terms. This approach assumes that public accep

tance of revegetation is based on appearance, rather than 

ability to meet less visible, functional goals, as suggested 

by Thornburg (1982). 

Two groups of undergraduate geography students (N=40) were 

asked to rate the appearance of the vegetation on each cut 

slope. They were told that these slopes had been completely 

cleared of vegetation during the road construction process 

and had since been revegetated. Twenty-five slides were 

shown; the slides were placed in random order before viewing. 

Prior to rating the slides, the students were read instruc

tions and shown one slide of "regional context", which 

included a distant view of one of the highways surveyed. 

Next, they were quickly shown all of the slides they would 

be rating to give them a sense of the range of conditions. 

They were then shown the slides again and given 15 seconds 

to rate each slide. 

A Likert Rating Scale was prepared for the students to use 
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in rating the appearance of the vegetation on each cut slope. 

The scale ranged from #1 (Unsatisfactory) to #5 (Very Satis

factory). The number 3 was labeled as flNeutral fl • The 

students were also asked to record their agreement or 

disagreement with 6 statements concerning roadside revege

tation issues and to provide some personal information (age, 

major, etc.). Copies of the instructions, rating scales, 

and statements are included in Appendix B. 

Data Analysis 

Vegetation, Soils, and Environmental Data 

Mean density and percent cover of each species were calcu

lated for each study site (N=55). These data were the 

dependent variables used in the analyses. 

Percent of sand (particles 2.00-0.05 mm in diameter), silt 

(0.05-0.002 mm), and clay «0.002 mm) found in surface soil$ 

collected at each site were used in the analyses as 

independent, environmental variables. Aspect, gradient, 

elevation, and project age were also treated as independent 

variables. Aspect was tested by calculating a flnorthness 

index" for each site, which closely followed cosine 

distribution. Due north was assigned a value of 1, due 
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south a value of -1, due east and west were assigned values 

of 0, and other aspects were assigned values in between. 

Relationships between vegetation and environmental variables 

were analyzed with principal components analysis (peA), 

stepwise multiple regression, and analysis of variance 

CANOVA). Differences were declared significant at a 

probability level of less than 0.15. 

peA is a multivariate technique which seeks to relate 

variability within plant communities to environmental 

gradients in an attempt to disclose patterns or structure 

of these communities (Gauch, 1982). In selecting this 

technique, it is assumed that there is an underlying 

structure to the vegetation, and that the measured 

environmental variables may elucidate environment-vegetation 

patterns. peA was performed separately for cover and density 

data. Data were centered and standardized to weight all 

species equally. 

stepwise multiple regression analysis is a univariate tech

nique that was used to determine which environmental vari

ables were responsible for the variability in the vegetation 

sampled at the study sites. It allowed for further testing 

of the environmental variables tentatively identified in 

ordination diagrams, and more clearly defined the relation-

, 
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ships between these variables and specific species or vege

tation attributes (i.e. total plant density and total cover). 

Independent variables were included in regression equations 

when the probability level was less than 0.15. 

ANOVA was used to determine if mean plant cover and density 

differed between cut slope gradients. Data from projects 

1, 2, 6, and 7 were analyzed together, as were data from 

projects 3 and 4, due to differences in species composition 

and elevation between these two groups. The objective of 

these analyses was to find "break points" at which vege

tation increased or decreased, as gradients are variables 

which can be manipulated during project design to improve 

conditions for revegetation. This analysis was performed 

only for cut slopes, as they are typically steeper, exhibit 

a wider range of gradients, and are more difficult to 

revegetate than fills. 

Visual Data 

The ratings given to each site by survey participants were 

tallied and a mean score calculated for each study site. 

This mean was used as a dependent variable representing 

the respondents' degree of satisfaction with the appearance 

of vegetation on each site. Vegetation cover, species 
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richness, and project age were selected as being variables 

that were likely to be positively correlated with high 

"satisfaction scores". A scatter diagram of total cover 

plotted against the satisfaction scores was used to examine 

the relationship between cover and satisfaction. Stepwise 

multiple regression was used to further define what appeared 

to be a positive correlation, and to examine the roles played 

by species richness and age in the variability observed 

in the satisfaction scores. 

Average scores derived from partiCipants' agreement or 

disagreement with the six statements presented in part 2 

of the survey were used to evaluate whether the revegetation 

of road cuts within the study area had been successful in 

aesthetic terms. These scores also provided insight into 

specific issues related to the aesthetics of revegetated 

landscapes, such as species selection (Appendix B). 

Soi1 Condition Data 

Sites were separated into 2 groups according to observed 

soil condition: those with little or no evidence of erosion 

and those with evidence of moderate to severe erosion. 

Mean plant cover and slope gradient were calculated for 

each group; each group was also reviewed for the presence 

\' 
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of common attributes (i.e. location or prevalence of cuts 

or fills). The objectives were to determine the number of 

sites on which soils appeared to have stabilized, and to 

identify conditions under which erosion was more or less 

likely to occur. 



Vegetation Data 

Chapter 5 

RESULTS AND DISCUSSION 

Vegetation Data and Analysis 

The 3 taxa most commonly encountered throughout the study 

area were Lehmann and Cochise lovegrass (Eragrostis 

lehmanniana), fourwing saltbush (Atriplex canescens), and 

California buckwheat (Eriogonum fasciculatum). Each was 

seeded and was found on at least half of the study sites, 

so were selected for analysis of their relationships with 

environmental variables. "Cochise" and Lehmann lovegrass 

were tallied together in the study, thus they are combined 

under the heading of "lovegrass". 

72 

Other common species included brittlebush (Encelia farinosa) 

on projects 1, 2, 5, and 6 with a mean density of 1 plant 

per 10 square meters and cover of less than 3 percent; 

desert marigold (Baileya multiradiata), with a mean density 

of 1 plant per 4 square meters and a mean cover of less 

than 1 percent; and crested wheatgrass (Agropyron cristatum) 

on the recently-seeded project 5 with a mean density of 

14 plants per square meter and less than 2 percent cover. 

Snakeweed (Gutierrezia sarothrae) was also found on numerous 

, 



sites in projects 3, 5, and 6. These species were not 

analyzed individually due to the relatively small number 

of sites on which they occurred, their low density and/or 

cover, their status as an undesirable/unseeded species, 

as is the case with snakeweed, or the unlikeliness of 

permanent establishment, as in the case of crested wheat

grass. Mean density and cover of all taxa found on the 

55 study sites appears in Appendix c. 

Vegetation Community structure 

An ordination diagram plotted from the PCA of cover data 
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is illustrated in Figure 2. Sites ordered along the first 

principal component (axis 1) suggest organization by project 

location, with projects located in the warmest, driest 

area of the study region ordinating negatively, and projects 

located in the higher elevations (with presumably the most 

moisture) ordinating positively. Several environmental 

variables were correlated with one of the first two 

principal components (Table 3). From these analyses, it 

appears that plants are responding to some environmental 

gradient present within the study area, but it is not 

possible to tell which environmental variable or combination 

of variables are precipitating this apparent structure. 

A significant positive correlation also appeared between 
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Table 3: Correlation coefficients of principal components axes 
with significant environmental variables. 

Axis Sand Silt Cla:t: 

I -0.28* 0.24* 0.25* 

II ns ns ns 

N = 55 
significance declared if P<O.15 
** P<O.Ol 
* P<0.10 
ns = not significant 

Elev Northness A~e 

0.45** ns 0.26* 

-0.46** 0.25 ns 

Northness = cosine of aspect in degrees (north = 1; south = -1; 
east and west = 0) 

Cut/Fill 

ns 

0.35** 

-.J 
U1 
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the horizontal axis and project age. 

The second principal component appeared strongly correlated 

with cut and fill; 78 percent of the sites with positive 

values on this axis were fills, and 78 percent of those 

with negative values were cuts. Furthermore, PCA axis 2 

scores were highly correlated with cut/fill. Despite 

relatively clear relationships between vegetation and envi

ronmental variables, it is difficult to theorize how these 

factors interact to influence plant community structure. 

These findings suggest the community may be responding 

to temperature, moisture, soil texture, or time since 

seeding. 

PCA of density data was less revealing than peA of cover 

data (Figure 3). No apparent community structure is evident 

from the organization of sites along the first principal 

component; outliers represent 2 different projects (5 and 

7), but both are relatively young projects at low and middle 

elevations within the study area. Organization of sites 

along the second principal component of density data is 

similar to that observed on the first principal component 

of cover data, which was thought to be a complex gradient 

of environmental factors. 
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Relationships Between Vegetation 
and Environmental Variables 

Environmental variables measured at each study site were 
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regressed against mean values for plant density and cover. 

Significant variability in cover and density was most often 

explained by project age and slope, and to a lesser degree 

by project elevation and silt and clay content of the 

surface soils. In only one instance did aspect appear 

as a significant variable (Table 4). 

Using combined data for all species, silt content of the 

soil and project age explained 55 percent of the variability 

in plant density found on cut slopes. Density declined 

with increasing silt content, and with project age. On 

fills, only project age was found to be a significant 

variable, explaining 23 percent of the variability. As 

with cuts, plant density declined with project age. 

Slope and project age explained 47 percent of the varia-

bility in total plant cover on cuts, with cover increasing 

with project age and decreasing with increasing slope. 

Slope, elevation, and age explained 42 percent of the 

variability on fills. Cover on fills increased with project 

age, and decreased with increasing elevation and increasing 

slope. 

I 
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Table 4: Regression equations showing relationships between plant 
density and cover and environmental variables. 

Seecies Attribute Site Model r2 P>F 
All* Density Cut 34.11 -0.15(Silt) -4.39(Age) 0.55 0.0739 

Fill 26.02 -3.35(Age) 0.23 0.0200 
Cover Cut 21.84 -0.468(Slope) +3.92(Age) 0.47 0.0035 

Fill 117.94 -1.12(Slope) -18.68(Elev) +4.66(Age) 0.42 0.0134 

Lovegrass*Density Cut 24.56 -0.14(Slope) -0.16(Silt) -1.65(Age) 0.43 0.0827 
Fill 19.09 -0.72(Clay) 0.33 0.0044 

Cover Cut 17.86 -0.28(Slope) -0.16(Silt) +1.93(Age) 0.52 0.0095 
Fill 115.83 -1.26(Slope) -14.33(Elev) 0.45 0.0397 

Saltbush O Density Cut 0.67 -0.007(Slope) +0.012(Clay) +0.12(Elev) 0.51 0.0562 
Fill 1 .11 +0.236(Aspect) -0.178(Elev) -0.78(Age) 0.58 0.0990 

Cover Cut no significant variables ns ns 
Fill 27.64 -6.857(Elev) 0.21 0.0656 

Buckwheat#oensity Cut 5.21 +O.05(Clay) -0.97(Age) 0.48 0.0864 
Fill 6.10 -0.956(Age) 0.23 0.1379 

Cover Cut no significant variables ns ns 
Fill 13.05 +0.35(Slope) -0.88(Clay) 0.70 0.0280 

Environmental variables (included if P<0.15): 
Elev - Project elevation (thousands of feet) 
Age Time since seeding (years) 
Slope - Slope (%) 
Aspect - Northness index; calculated using the cosine of aspect in 

degrees, where N = 1, S = -1, E & W = 0 
Clay Soil clay content (%) 
Silt - Soil silt content (%) 

*Data from all projects used in the analysis (N = 55) 
°Data from projects 3,4,6, and 7 used in the analysis (N = 38) 
#Data from projects 3 and 4 used in the analysis (N = 26) 

~ 
~ 
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It was not surprising that plant densities were high on 

young projects and fell as time since seeding increased. 

Seeding rates were very high (exceeding 2,500 seeds per 

square meter), and harsh site conditions were ameliorated 

by fertilizer and mulch. With adequate and timely moisture, 

a "flush" of young plants may occur initially, but density 

is likely to decline over time through warm-season losses 

and competition to a level indicative of the site's natural 

capacity to support vegetation. Those that survive and 

establish are likely to grow larger over time, resulting 

in the upward trend in cover noted above. 

It was also not unexpected to find plant cover decreasing 

with increased slope. Rainfall in much of the study area 

is considered a limiting factor for successful revegetation 

(Jordan, n.d.). Relatively steep sites promote runoff 

of precipitation, further reducing infiltration and plant

available moisture. Increased slope and runoff may also 

result in seed and mulch slipping off the site after appli

cation, as has occurred on cut slopes within the study 

area (personal observation). As mentioned in the literature 

review, this problem is exacerbated by the smooth cut faces 

that are typical on highway projects. 

The inverse relationship between soil silt content and 

total plant density on cuts was not expected, as medium-
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textured soils are generally considered optimum for 

revegetation (Vallentine, 1989; Jordan, n.d.). It was 

also unexpected that total cover on fills would decline 

with increased elevation, as moisture presumably increases 

with increasing elevation. 

Relationships between lovegrass cover and density, and 

age, slope, and elevation are similar to those for all 

species combined; for example, regression of lovegrass 

density against all measured environmental variables 

indicated that slope, soil silt content and project age 

explained 43 percent of the variability on cuts, with plant 

density decreasing with increases in each of these vari

ables. On fills, a negative association with soil clay 

content was the only significant variable, explaining 33 

percent of the variability. 

Variability in lovegrass cover on cut slopes was also 

explained by slope, silt content, and project age, but 

increasing age was associated with increasing cover. These 

3 variables explained 52 percent of the variability. Love

grass cover on fills was inversely related to slope and 

elevation, which together explained 45 percent of the sample 

variability. 

The negative association between soil silt content and 
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plant density and cover, particularly on cut slopes, sug

gests that this particle size does not permit adequate 

infiltration of moisture, especially when combined with 

slope and soil conditions typical of cut sites. Soil clay 

content was also negatively associated with lovegrass 

density on fills. One possible explanation for this finding 

is the low void space and infiltration rates that occur 

with fine-textured soils; in combination with slopes of 

25 to 67 percent, much of the precipitation may run off 

the site. 

Regressions of fourwing saltbush densities against environ

mental variables indicated that slope, soil clay content, 

and project elevation explained 51 percent of the varia

bility on cuts. Density declined with increasing slope, 

but increased with increasing clay content and elevation. 

On fills, aspect, elevation, and age explained 58 percent 

of the variability, with density increasing with degree 

of northness and decreasing with increases in elevation 

and age. 

No independent variables explained variability in fourwing 

saltbush cover on cut slopes. Elevation explained 21 per

cent of the variability in saltbush cover on fills. As 

with lovegrass and all species combined, saltbush cover 

declined as elevation increased. 
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The relationship between fourwing saltbush density and 

site elevation is opposite the ones observed for the other 

2 species in the study and with all species combined, in 

that density increased with increasing elevation. While 

this is the relationship that was expected, it is difficult 

to explain why it occurred with this species and not with 

the others. 

The relationship between saltbush density and soil clay 

content is also opposite that found with lovegrass, but 

is the same as the one found with buckwheat density. Again, 

it is difficult to postulate why the shrub densities relate 

positively to clay content while lovegrass density exhibits 

the opposite relationship. Although the particle size 

analysis is highly accurate, it is unlikely that the soil 

samples reflect the soil texture across the entire length 

of the transect or throughout the soil profile. As surface 

soils are highly variable on road cuts, shrubs may have 

been responding to unmeasured soil conditions. 

The positive relationship between increased density of 

fourwing saltbush and increasing "degree of northness" 

was as expected. North-facing slopes retain more moisture 

and support more plant cover than south-facing ones (Branson 

et al., 1972), implying that there should be clear 
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differences in overall plant density or cover in response 

to aspect in moisture-limited areas. One possible expla

nation for the relatively infrequent association between 

aspect and plant response may be the highly-disturbed nature 

of the road cuts: while differences in moisture retention 

and vegetation may result on opposing aspects of undisturbed 

sites, these responses occur after decades or centuries 

of exposure to these conditions. It has been only 7 years, 

or less, since the cut slopes in this study were newly 

exposed. Perhaps with time they will develop vegetation 

characteristic of their orientation. 

Regression of the density of California buckwheat against 

the environmental variables revealed that clay content 

and project age explain 48 percent of the variability on 

cuts. Buckwheat density increased with increasing soil 

clay content and decreased with increasing age of project. 

On fills, project age was the only significant variable, 

explaining 23 percent of the variability. As with fourwing 

saltbush and all species combined, density decreased with 

project age. 

No independent variables explained significant variability 

of buckwheat cover on cuts. On fills, slope and soil clay 

content explained 70 percent of the variability in cover. 

This was the only case in which cover increased with 



increased slope. Cover decreased with increasing clay 

content. 

The relationship between buckwheat density and age of 

project is consistent with that found for other species 

in this study. This is not the case for the other 2 sig

nificant variables, however. Varied relationships between 

plant cover and density and soil clay content are not 

readily explainable. It was also surprising to find cover 

by this species increasing with increased slope. These 

findings could be due to the small sample size used in 

the analysis of buckwheat cover and density (N=26), which 

was dictated by the number of projects on which it was 

included in the seed mix. 

It bears repeating that these variables only explain 

variability within the samples collected; applicability 

of these findings to areas beyond the sample transects 
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or to similar sites will depend on how closely the samples 

represent the larger population. In summary, 0 to 70 per

cent of the variability in plant cover and density was 

explained by the environmental variables measured in the 

study. Slope gradient and project age explained the largest 

portion. 

Although increased slope generally explained significant 



86 

decreases in cover by most species, there was no difference 

(P>O.15) in cover of any species between each of the cut 

slope gradients surveyed, using projects 1, 2, 6, and 7 

as a group. However, mean densities of lovegrass and all 

species combined were higher on 3:1 cut slopes than on 

all other gradients surveyed. No differences in either 

cover or density were found between cut slope gradients 

using those in projects 3 and 4 combined. Projects 3 and 

4 were analyzed as a group separately from projects 1, 

2, 6, and 7, which were also combined, due to differences 

between the 2 groups in elevation, seeded species, and 

species composition on cut slopes. Project 5 was excluded 

from this analysis because of its young age and low cover 

on all cut slopes. 

Visual Quality and Revegetation Perception 

Six sites were rated as having vegetation that was satisfac

tory in appearance (mean score above 3.00); 19 others were 

rated as being unsatisfactory (mean scores below 3.00). 

A clear positive relationship was evident between cover 

and satisfaction with revegetation (Figure 4). 

The 3 most highly-rated sites are shown in Figures 5, 6, 

and 7. Characteristics common to all three are age (all 

, 
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Figure 5: study site 3-4. 
Visual rating: 
Note high cover 

Figure 6: study s~~e 3-9. 

88 

4.475 (very satisfactory) 
(54%) & life-form diversity 

Visual rating: 4.100 (very satisfactory) 
Note high cover (32%) & life-form diversity 



Figure 7: study site 3-6. 
Visual rating: 
Note high cover 
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3.650 (satisfactory) 
(42%) & life-form diversity 

Figure 8: study site 6-3. 
Visual rating: 3.475 (satisfactory) 
Note moderate cover (20%), presence of shrubs 
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are 6 years old), high vegetation cover (above 32 percent), 

and high species and life-form diversity. Site 6-3 (Figure 

8) was also rated as being satisfactory in appearance. 

This site had less plant cover (20 percent), but exhibited 

high species and life-form diversity. Sites 1-6 and 2-3, 

shown in Figures 9 and 10, also received favorable satisfac

tion ratings, bu~ differ from the more-highly-rated sites 

in species composition. Vegetation on these sites is domi

nated by lovegrass and includes some small shrubs and half 

shrubs. 

Sites receiving low scores typically had low cover (3 to 

8 percent), low species/life-form diversity, and often were 

lovegrass monocultures. Sites receiving the lowest mean 

scores were 5-3, 5-8, 2-1, and 4-4, and are pictured in 

Figures 11-14. These sites vary in age from 1 to 5 years 

old. A noticeable visual element common to all of them 

is the presence of large areas of bare ground. 

It also appears that sites having a moderate amount of 

cover were given low scores if vegetation was IIpatchyll, 

thus exposing larger areas of bare ground than would occur 

with evenly-distributed vegetation. Figures 15 and 16 

illustrate this pattern: both show sites with virtually 

the same amount of plant cover, but site 2-3 was rated 

as satisfactory, while site 1-1 was rated quite low. 



Figure 9: study site 1-6. Visual rating: 3.200 
(satisfactory). Note moderate cover (22%) 
and low life-form diversity. 

91 

Figure 10: study site 2-3. Visual ra~2ng: 3.225 
(satisfactory). Note moderate cover (17%) 
and low life-form diversity. 

-I 
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Figure 11: Site 5-3. Visual rating: 1.725 (very 
unsatisfactory). Note very low cover (3%). 

Figure 12: Site 5-8. Visual rating: 1.775 (very 
unsatisfactory). Project age is 1 year; 
low cover (3%) is due to plant size. Note 
stripes created by crimping mulch. 
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Figure 13: Study site 2-1. Visual rating: 1.825 
(very unsatisfactory). Note low cover (4%) 
and large area of bare ground. 

Figure 14: study site 4-4. Visual rating: 1.875 
(very unsatisfactory). Note low cover (8%) 
and life-form diversity. 
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Figure 15: 

Figure 16: 

Study s~te 2-3; Visual rating 3.225 (satis
factory). Note contrast between this site 
and site 1-1, below, which received an un
satisfactory rating; both have similar cover 

study S~1:e 1-1 
Visual rating 2.175 (unsatisfactory) 
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Regression of satisfaction scores against total cover, 

species richness, and project age revealed that only cover 

explained significant variability in satisfaction. The 

regression equation between satisfaction (S) and cover 

is: S = 1.97 + 0.051 (total cover). This equation explained 

76 percent of the variability in satisfaction and was highly 

significant (P<O.0001). 

Species richness was not found to explain respondents' 

satisfaction with the appearance of vegetation, but obser

vation of vegetation communities receiving high ratings 

suggests that life-form diversity is positively correlated 

with these ratings. This could be a result of respondents' 

preference for visual complexity, or it could be linked 

to the character of vegetation beyond the limits of 

disturbance, which is often a complex mixture of shrubs, 

half-shrubs, and grasses. At locations where this natural 

vegetation abuts roadsides revegetated with mostly grasses, 

there is a distinct edge and sharp visual contrast between 

the two communities; the limits of disturbance are always 

evident. At locations where shrubs have been used in the 

revegetated area, there is less contrast between the two 

zones. 

Adding support to this concept are the responses of survey 

participants to the following statements: 
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1. "Plants used to revegetate the areas cleared during 
highway construction should look like the plants 
growing naturally beyond the cleared area." 

2. "Plants used to revegetate the areas cleared during 
highway construction should be the same species 
as those growing naturally beyond the cleared area." 

Recalling that the response scale ranged from 1 (strongly 

disagree) to 5 (strongly agree), the mean scores of 4.425 

and 4.250, respectively, indicate strong agreement with 

both statements and perhaps explain the higher ratings 

for the shrub-covered sites. While native shrub species 

were rarely, if ever, used in the revegetation of the study 

sites, apparently fourwing saltbush and California buckwheat 

are similar enough in appearance to meet this requirement. 

The overwhelming preference of the respondents that they 

actually be the same species merely provides support for 

the argument in favor of using species for revegetation 

which are native to the site or region. 

A central question of this research is whether or not 

revegetation of the study sites was effective in mitigating 

negative impacts on the area's visual resources, which 

may have occurred from the clearing of vegetation to build 

the highway. In other words, is the revegetation a success 

in aesthetic terms? Three sets of data were useful in 

answering this question. Mean satisfaction rating for 

cut slopes was 2.65, which was unsatisfactory. Furthermore, 



72% of the slides received mean ratings below 3.00 

(unsatisfactory). And finally, participants in the study 

were asked to agree (#5) or disagree (#1) with this 

statement: 

"In general, revegetation of the roadsides shown 
in the slides has been done very well." 

The responses to this statement averaged 2.325, indicating 

general disagreement. 

These findings indicate that participants in this study 

felt that revegetation of the cut slopes was generally 

unsatisfactory in appearance at this point in time. 

However, since satisfaction was positively correlated with 

vegetation cover, and cover with age, it is expected that 

satisfaction (i.e. aesthetic "success") will increase over 

time. From this point, a new question arises: "What is 

an acceptable time period to wait?" Data in this study 

suggest that satisfactory mitigation occurs on some sites 

6 years after seeding; yet half of these sites of this 

age and older still were not aesthetically acceptable. 
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In any case, it must be recognized that reduction of visual 

impacts through revegetation is never an "instant" mitiga-

tion, regardless of whether planting is done with seed 

or container stock. The dynamic nature of plant communities 

must be acknowledged; as the structure and composition 

, 
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of these communities change, so may their effectiveness 

in meeting resource management goals (e.g. restoring scenic 

resources, providing habitat, protecting water quality). 

An understanding of plant community dynamics is essential 

for advance planning and to ensure resource management 

objectives are met. However, other management tools can 

help to ensure that resource management objectives are 

met during periods when vegetation may be inadequate in 

doing so; a good example is the use of erosion-control 

blankets to protect soils until plants establish and grow 

to a size at which they can provide adequate cover. 

Finally, it is important to mention that this evaluation 

of the aesthetics of roadside revegetation examined only 

the view from the road; also important is the view of the 

road from the surrounding National Forest. Both vantage 

points are ~xamined by Forest visual resource managers, 

but the number of viewers and the impact of slope revegeta

tion on foreground views is generally higher from the 

highways. 

Relationships Between Site Attributes and Soil Loss 

Table 5 lists the study sites according to the condition of 

their soil surface. Fifty eight percent of the sites were 
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Table 5: study sites organized according to the presence 
of erosion. 

Little or No Erosion Moderate to Severe Erosion 
n = 32 n = 23 

Cut/ % % Cut/ % % 
Site Fill Slope Cover Site Fill Slope Cover 

1-2 F 25 59 1-1 C 33 19 
1-3 F 25 43 1-4 C 67 7 
2-2 F 25 98 1-5 C 40 9 
2-3 C 33 17 1-6 C 50 23 
3-1 C 67 9 2-1 C 50 4 
3-3 F 40 17 3-2 C 67 16 
3-4 F 33 54 3-11 C 40 28 
3-5 'C 25 56 4-1 C 50 19 
3-6 F 50 42 4-3 C 50 12 
3-7 C 50 33 4-4 C 50 ... 

0 

3-8 C 33 32 4-6 C 67 8 
3-9 F 50 32 4-10 C 50 9 
3-10 F 50 50 4-13 C 33 12 
4-2 F 25 31 4-15 C 67 7 
4-5 F 50 24 5-1 F 25 23 
4-7 F 33 51 5-2 C 50 6 
4-8 F 50 20 5-3 C 67 3 
4-9 F 33 21 5-8 C 33 2 
4-11 C 40 12 6-1 F 50 55 
4-12 F 25 22 6-2 F 50 48 
4-14 F 25 77 6-3 C 40 20 
5-4 F 50 12 6-4 C 67 12 
5-5 C 33 8 6-5 C 67 9 
5-6 F 25 33 
5-7 C 67 5 
,6-6 C 50 18 
6-7 C 40 58 
7-1 F 33 88 
7-2 F 25 58 
7-3 F 50 12 
7-4 F 50 15 
7-5 C 50 10 

Means: 39.4% 34.9% 50.6% 15.9% 
Std. Deviation: 24.2 13.6 
Confidence limits 

on cover means: 26.51 - 43.29 10.35 - 21.45 
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described as having little or no apparent soil erosion; 

42 percent had moderate to severe erosion. The average 

slope of the less-eroded sites was 39.4 percent, or 2~:1; 

62 percent of these sites were fills. The average slope 

of the more-eroded sites was 50.6 percent, or 2:1; 87 

percent of these sites were cuts. 

Mean plant cover on sites showing little or no erosion was 

34.9 percent, with a range from 5 to 98 percent. The mean 

value for vegetation cover on the eroded sites was 15.6 per

cent, with a range from 2 to 55 percent. Confidence limits 

set at 95 percent indicate that there is a significant 

difference in plant cover between moderately- to severely

eroded sites and those with little or no visible erosion. 

Observations also revealed that factors other than plant 

cover may contribute to soil protection. Sites with high 

cover by lovegrass tended to have a substantial amount 

of litter. Many sites had good protection from the litter 

created by dead and down or dead and standing red brome 

(Bromus rubens). Soils on two sites were well-armored 

by small rock fragments. This appeared to be a result 

of cutting the slope through fractured, rocky material, 

rather than the end-product of fine soils being washed 

away, although this, too, was observed. 
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In any event, plant cover, slope gradient, and whether 

a site was cut or fill were factors which appeared to 

influence the degree of erosion. As noted in the literature 

review, soil texture and organic material content are also 

expected to be contributing factors. Ideally, it would 

have been desirable to quantify the degree of erosion which 

had occurred on each site, to facilitate regression against 

environmental variables and amounts of plant cover. But 

even this method may have provided an inaccurate picture, 

as it was difficult to discern if erosion was still ongoing 

or had occurred before plant cover had established. 

In general, soil conditions on the study sites supported 

the suppositions that soil losses are greater on sites 

with low plant cover than on sites with higher cover, and 

that soil loss increases with increasing slope. Although 

averages in slope and cover were generated for comparisons, 

it is not possible to generalize about any "ideal" gradient 

or cover that will protect soils; this must be a site

specific decision based on soil characteristics, slope 

length, and tolerance of nearby resources. 

Has the revegetation of the study sites met the agencies' 

goal of soil stabilization? It is difficult to answer 

this question without a more exact definition of soil 

stabilization, or erosion control. Do these terms mean 
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no increase in soil loss over pre-disturbance conditions? 

Do they allow for a short-term increase until vegetation 

establishes? If so, how long will increased levels of 

soil loss be tolerated? The answers to these questions 

will need to be site-specific, and must consider factors 

such as revegetation potential and the sensitivity of 

surrounding resources. 
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Chapter 6 

CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH 

rhe results of this study indicate that revegetation of 

fill slopes has generally been successful in meeting the 

specified goals of soil stabilization. Furthermore, al

though fill sites were not rated in appearance by partici

pants, mean plant covar on fills was at a level which was 

rated as being satisfactory on cut slopes. Little or no 

erosion was apparent on most fill sites (88 percent). 

In comparison, the results from this study indicate that 

the revegetation of cut slopes has generally not been 

successful. Sixty five percent of the cut sites were 

moderately to severely eroded, plant cover was significantly 

less on cuts than on fills, and participants rated the 

vegetation as unsatisfactory in appearance on 72 percent 

of the cut slopes. 

As this is presumed to be the first study of its kind, 

additional research is desirable to confirm the relation

ships found betwean the variables, and ultimately, to 

provide a well-founded basis for generating revegetation 

criteria. The data contained herein indicate that satisfac

tory visual quality is achieved when plant cover reaches 
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about 20 percent, with significantly higher quality per

ceived at 30 to 50 percent cover. How these perceptions 

are influenced by the character of the surrounding natural 

vegetation, topography, or the color and reflectivity of 

soils would be interesting variables to explore in future 

research. 

Vegetation pattern on road cuts was identified as a possible 

contributor to perception of revegetation in aesthetic 

terms. While the sample size used to illustrate this point 

was admittedly small, it appeared that sites with patchy 

or clumped distributions of plants were rated lower than 

sites having the same amount of plant cover that was more 

evenly-distributed. Additional research is needed to 

determine if this conclusion can be supported, and what 

factors contribute to lower satisfaction with the patchy 

sites (e.g. sight of large contiguous areas of bare ground, 

soil color, or soil reflectivity). Perhaps frequency of 

various species could be used to provide a measure of even

ness, and a basis for comparison. 

As mentioned in Chapter 5, recommendations for specific 

amounts of cover that would ensure soil protection are 

difficult to make using the data collected in this study. 

Future studies are needed not only to determine how vege

tation can minimize soil loss, but how these losses occur 

, 
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over time and how they vary with the range of gradients 

typical on roadsides (25 to 67 percent). Suggested future 

research includes placing erosion pins (Toy and Hadley, 

1987) on newly-constructed roadside cut and fill slopes, 

and monitoring soil losses and changes in vegetation cover 

on these slopes over time. 

Results of visual quality surveys indicate that increasing 

the life-form diversity of seeded species and overall plant 

cover should result in an improved appearance of vegetation 

on cut slopes (and presumably fills, as well). As increased 

slope was related to decreasing cover, it seems logical 

to recommend specification of flatter slopes to improve 

cover and roadside appearance. However, there are some 

serious ramifications of this recommendation that must 

be acknowledged. Flatter road cuts through hilly terrain 

generally result in a substantial increase in the volume 

of earth which must be moved for each cut. Moving more 

material increases the project cost, even if there are 

places to deposit the additional earth. These increases 

are reduced if the material can be used on-site; if material 

must be transported to a distant disposal site, the cost 

may skyrocket. 

In addition to increased costs, flatter cut slopes produce 

wider cuts (and possibly fills), which result in increased 



ground disturbance. Thus there are trade-offs: flatter 

slopes may promote revegetation, but their construction 

will undoubtedly result in much larger areas that are 

severely disturbed and will require revegetation. One 
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has to wonder if more aggressive revegetation techniques 

applied to 1~:1 or 2:1 slopes, including deep ripping of 

cut slopes, topsoil plating, and perhaps even irrigation, 

might be less costly and yield more consistent results than 

using current methods on 3:1 slopes. Economic analyses and 

field-testing of innovative revegetation techniques (e.g. 

mulches, tubelings) represent additional opportunities for 

research aimed at improving roadside revegetation. 

Additional research would also be desirable to examine the 

relationship between vegetation cover and soil particle 

size. It is hypothesized that the low void space within 

fine-particle soils combined with the steep slopes of 

roadway cuts limit soil infiltration, thereby reducing 

plant-available water. While limited research has been 

conducted to investigate relationships between soil particle 

size, infiltration, and erosion (Kramer and Meyer, 1969), 

the slopes used were much flatter (4 to 10 percent) than 

those typically specified for highway cuts, and relation

ships with soil water and vegetation characteristics were 

not tested. 
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APPENDIX A 

SEEDING SPECIFICATIONS 

, 



I 
STANDARD SEEDING SPECIFICATIONS 

Source: Arizona Department of Transportation 
Standard Specifications for Road and Bridge 
Construction, 1990 

SECTION 805 - SEEDING: 

BOS-l Description: 

The work under this section shall consist of furnishing all 
materials, preparing the soil and applying seed to all areas 
designated on the project plans or established by the Engineer. 
Seeding shall be Class I, Class II or Class III, and shall be 
performed in accordance with the requirements of these specifications. 

B05-2 

B05-2.01 

Materials: 

General: 

Certi fi cates of Compl iance conformi n9 to the requi rements of 
Subsection 106.05 shall be submitted. 

B05-2.02 Seed: 

The species, strain or origin of seed shall be as designated in the 
special provisions. 

No substitution of species, strain or orlgln of seed will be allowed 
unless evidence is submitted in writing by the contractor to the 
Engineer showing that the specified materials are not reasonably 

108 
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SECTION 805 

available during the contract period. The substitution of species, 
strains or origins shall be made only with the written approval of 
the Engineer, prior to making said substitution. 
The seed shall be delivered to the project site in standard. sealed, 
undamaged containers. Each container shall be labeled in accordance 
with Arizona Revised Statues and the U.S. Department of Agriculture 
rules and regulations under the Federal Seed Act. Labels shall 
indicate the variety or strain of seed, the percentage of 
germination, purity and weed content, and the date of analysis which 
shall not be more than 9 months prior to the delivery date. 

legume seed shall be inoculated with appropriate bacteria cultures 
approved by the' Engineer, in accordance with the culture 
manufacturers' instructions. 

805-Z.03 

(A) 

Mulch: 

General: 

The type and application rate of mulch shall be as specified in the 
special provisions. 

(8) Manure: 

Manure shall be steer manure that has been well composted and 
unleached, and which has been collected from cattle feeder 
operations. Manure' shall be free of sticks, stones, earth, weed 
seed, substances injurious or toxic to plant growth and visible 
amounts of undercomposed straw or bedding material. Manure shall not 
contain lumps or any foreign substance that will not pass a 1/2 -inch 
screen and. when specified for lawn use. the material shall be ground 
or screened so as to pass a 1/4-inch screen. 

(e) Peat ~s: 

Peat humus shall be natural domesti c peat of peat humus from fresh 
water saturated areas. consisting of sedge, sphagnum or reed peat and 
shall be of such physical condition that it will pass through a 
l/2-inch screen. The humus shall be free of sticks, stones, roots 
and other objectionable materials. 

Peat humus shall have a pH from 4 to 7.5 and the minimum organic 
content shall be 85 percent of the dry weight. The ash content. as 
determined by igniting a five gram sample for 20 hours at a 
temperature of 900 degrees F., shall not exceed 25 percent by weight. 

Peat humus shall be furnished in undamaged commercial bales in an 
air-dry condition. 

(D) Wood Cellulose Fibers: 

Natural wood cellulose fiber shall have the property of dispersing 
readil yin water and shall have no toxi c effect when combi ned wi th 
seed or other materi al s. A colored dye whi ch is noni nj uri ous to 
plant growth may be used. Wood cellulose fiber shall be delivered in 
undamaged. labeled containers bearing the name of the manufacturer 
and showing the air-dry water content. 
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SECTION 805 

(E) Straw: 

Straw shall be from oats, wheat. rye or other grain crops of current 
season as approved by the Engineer and shall be free of noxious 
weeds. mold or other objectionable material. Straw mulch shall be 
from the current season's crop and shall be in an air-dry condition 
and suitable for placing with mulch blower equipment. 

805-2.04 Water: 

Water shall be free of oil, acid. salts or other substances which are 
harmful to plants. The source shall be as approved by the Engineer 
prior to use. 

805-2.05 Tacking Agent: 

Tacking agent shall be as specified in the special provisions. 

805-2.06 Ch~ical Fertilizer: 

.:themical fertilizer shall be a standard commercial fertilizer 
. :. conforming to the analysis and in the physical form specified in the 
, special provisions. Chemical fertilizer shall be furnished in 

standard containers with the name, wei ght and guaranteed analysis of 
the contents clearly marked. When a mixed fertilizer is specified. 
such as 5-10-5, the first number shall represent the minimum percent 
of soluble nitrogen. the second number shall represent the minimum 
percent of available phosphoric acid and the third number shall 
represent the minimum percent of water soluble potash. 

805-3 

805-3.01 

Construction Requir~nts: 

General: 

Seed shall be of the class and variety specified. and shall be 
applied at the rate specified in the special provisions. 

The contractor shall noti fy the Engi neer at 1 east two days prior to 
commencing seeding operations. 

Bermuda seed shall be planted only at times when the daytime 
atmospheric temperatures are consistently above 90 degrees F. and the 
nighttime atmospheric temperatures are consistently above 60 degrees 
F. 

Seeding operations shall not be performed when wind would prevent 
uniform application of materials or would carry seeding material.; 
into areas not designated to be seeded. 

Preparation of areas for seeding shall be as specified herein and in 
the special provisions. 

The equipment and methods used to distribute seeding materials shall 
be such as to provide an even and uniform application of seed. mulch 
and/or other materials at the specified rates. 
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SECTION 805 

(8) Seeding (Class II): 

Seeding (Class II) shall consist of furnishing and pl.anting range 
grass seed, flower seed andlor shrub seed, including mulch. 

Where equipment can operate, the area to be seeded shall be prepared 
by di sking, harrowi ng or by other approved methods of 1 ooseni ng the 
surface soil to the depth specified in the special provisions. On 
slopes too steep for equipment to operate, the area shall be prepared 
by hand raking to the specified depth. On sloping areas, all 
disking, harrowing and raking shall be directional along the contours 
of the areas involved. Loose stones having a dimension greater than 
four inches which are brought to the surface during cultivation shall 
be removed and disposed of in an approved manner prior to grading and 
seeding. All areas which are eroded shall be restored to the 
specified condition, grade and slope as directed prior to seeding. 

On cut and fill slopes the operations shall be conducted in such a 
manner as to form minor ridges thereon to assist in retarding erosion 
and favor germination of the seed. 

Care shall be taken during the seeding operations to prevent damage 
to existing trees and shrubs in the seeding area in accordance with 
the requirements of Subsection 107.12. Seed shall be drilled, 
broadcast or otherwise planted in the manner and at the rate 
specified in the special provisions. 

The type of mulch, and the manner and rate of application shall be as 
specified in the special provisions. 

Mulch material which is placed upon trees and shrubs, roadways, 
str'.Jctures and upon any areas where mulching is not specified or 
which is placed in excessive depths on mulching areas shall be 
removed as directed. Mulch materials which are deposited in a matted 
condition shall be loosened and uniformly spread, to the specified 
depth, over the mulching areas. 

During seeding and mulching operations, care shall be exercised to 
prevent drift and displacement of materials. Any unevenness in 
materials shall be immediately corrected by the contractor. 

Mul ch shall be immediatel y affi xed by ei ther crimping or tacking 
after application. No mulch shall be applied to seeding areas which 
can not be crimped or tacked by the end of each day. Any drifting or 
displacement of mulch before crimping or tacking shall be corrected 
by the contractor, at the contractor's expense. 

If a tacking agent is specified in order to bind the mulch in place, 
the type, rate and manner of application shall be as specified in the 
special pr~";/1sio:1s. P!'"'ior to the app1 ication of a. tacking agent, 
protective covering shall be placed on all structures and objects 
where stains would be objectionable. All necessary precautions shall 
be taken to protect the traveling public and vehicles from damage" due 
to drifting spray. 

Unless otherwise specified in the special provisions, Class II 
seeding areas shall not be watered after planting. 

111 
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SECTION 806 

(C) Seeding (Class III): 

Seeding (Class III) shall consist of furnishing and planting range 
grass seed, flower seed and/or shrub seed, all without mulching. 

Seeding (Class III) shall confonn to the requirements specified under 
Subsection 805-3.02(8), except that mulching will not be required. 

Unless otherwise specified in the special provls1ons, Class III 
seeded areas shall not be watered after planting. 

805-3.03 Preservation of Seeded Areas: 

The contractor shall protect seeded areas from damage by traffic or 
construction equipment. Surfaces which are eroded or otherwise 
damaged following seeding and prior to final acceptance shall be 
repaired by regrading, reseeding and remulching as directed by the 
Engi neer. 

805-4 Method of Measureeaent: 

Seeding (Class 1) will be measured by the square foot of ground 
surface measured to the nearest 1,000 square feet seeded or as a 
single complete unit of work. 

Seeding (Class II) an<! Seeding (Class III) will be measured by the 
acre of ground surface seeded or as a single complete unit of work. 

805-5 Basis of Payment: 

The accepted quantities of seeding, measured as provided above, will 
be paid for at the contract price for the pay unit specified in the 
bidding schedule, complete in place. 

No direct measurement or payment will be made for the preservation or 
repairs of seeded areas. 

z 
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SPECIAL PROVISIONS TO THE STANDARD SEEDING SPECIFICATIONS 

ITEM 8050003 - SEEDING (CLASS II): 

Description: 

113 

Seeding (Class II) consists of furnishing and applying chemical fertilizer, 
furnishing and planting grass and shrub seed and furnishing, applying and 
affixing mulch. The areas to be seeded are disturbed or un vegetated areas 
as designated by the Engineer. 

Materials: 

Seed: 

Seed shall consi st of Cochi se lovegrass (Eragrost is tri chopora), lehmam 
lovegrass (Eragrostis lehmanniana), Brittlebush (Encelia farinosa), 
Cal iforni a buckwheat (Eriogonum fascicul atum) , Fai ry duster (Call iandra 
eriophylla), Desert lupine (Lupinas sparsiflorus), California poppy 
(Eschscho 1 tzi a Cal ;forni ca), Crested wheatgrass (Agropyron cri statum 
'Ephraim'). 

I 
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Application rates of seed as specified are for Pure live Seed (PLS). PlS is 
detemined by multiplying the sum of the germination and hard or dormant 
seed by the purity. 

Weed content of seed shall not exceed 0.5 percent and shall conform to the 
requirements of Subsection 805-2.02 of the Standard Specifications dated 
1987. 

Binder: 

Binder shall be free flowing, non-corrosive powder produced from natural 
plant gum marketed under M-Binder, M145 Binder, AZ-TAC or approved equal. 

Wood Fiber Mulch: 

Wood fiber mulch shall consist of a specially prepared wood fiber processed 
to contain no growth germi nat ion i nh i bi t i ng factors. The mulch shall be 
from virgin wood and be manufactured and processed so the fibers will remain 
in uniform suspension in water under agitation to form a homogeneous slurry. 

Fertilizer: 

Chemical fertilizer shall conform to the requirements of Subsectlon 805-2.06 
of the Standard Specifications. It shall be delivered to the job in con
tainers and shall be the kind and uniformly applied at the rate as hereafter 
specified. 

Straw Mulch: 

Straw mulch shall conform to the requirements of Subsection 805-2.03 of the 
Standard Speci fi cat ions and shall be from the current season I s crop. A 
letter of certification from the supplier shall be required to the effect 
that the straw was baled less than 12 months from the delivery date. 

Construction Requirements: 

General: 

Seeding shall be accomplished as soon as possible after the slopes and those 
portions of the right-of-way that have been disturbed have been finished in 
accordance with the requirements of the applicable portions of Section 203 
of the Standard Specifications. This will require seeding operations to be 
performed during several phases/subphases throughout the course of the 
project; under no circumstance shall seeding be considered to be performed 
totally in one mobilization effort at or near the end of the project. The 
timing and extent of areas to be seeded shall be coordinated with the 
Engineer and the Forest Service Officer in charge. 

Areas to be seeded shall be free of any weed or plant growth or other debris 
and all eroded and irregularities shall be repaired (Note: Shrub species 
resprouting will be left in place). 

, 
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Tillage: 

All areas to be seeded shall have the following chemical fertilizers 
uniformly appl ied to the surface at the rate specified and tilled into a 
minimum of the top three inches of the surface in a separate operation from 
the seeding. 

Type of Fertilizer 

Ammonium Phosphate (16-20-0) 

Pounds per ~cre 

200 

Tillage shall be accomplished with a disc harrow, chiseling tool or Wi'll 
other equipment which will provide an even mixture of fertilizer into tl:::: 
soil. 

Tillage shall be performed across the slope when practical. No work shall 
be done when the moisture content of the soil is unfavorable or the ground 
is otherwise in a condition inimical to tillage. 

In areas which, in the opinion of the Engineer, are too rocky to till with
out drastically disturbing the completed sections, the Engineer will approve 
a reduction of tillage accordingly. Tillage depth shall be at least 1/2 
inch deep to break up the compacted surface and provide material for seed 
coverage. 

All compet i t i ve vegetat ion sha 11 be uprooted duri ng the t i 11 age opera t ion 
and the soil shall be left in a smooth, firm surface free of clods, large 
stones over four inches in any dimension and other foreign material that 
would interfere with the seeding operation. 

Planting: 

After the tillage is completed and accepted by the Engineer, seed shall be 
planted by mechanical drill on all slopes 3:1 and flatter. On slopes too 
steep or rocky, seed may be broadcast provided that it is covered by 
dragging, hand raking or other approved methods. Hydroseeding is an ac
ceptable method for seed distribution in areas where drilling is not prac
tical, provided 50 pounds per acre of binder and 200 pounds per acre of wood 
fiber are included in the slurry with the seed. Seed shall not be in the 
slurry more than 30 minutes. Seed planted by hydroseeding will not require 
covering. Seed and fertilizer applied with a hydroseeder on slopes steeper 
that 3:1 may have the fertilizer spread with the seeding operation with no 
requirement for tilling it into the soil. 



The type of seed and the pure live seed rate is as follows: 

Type of Seed 

Cochise lovegrass 
Lehmann lovegrass 
Brittlebush 
California buckwheat 
Fairy duster 
Desert lupine 
California poppy 
Crested wheatgrass 

Pounds per Acre 

I 
I 
2 
I 
2 
2 
3 
3 
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Seed shall be planted approximately 1/4 inch deep, with a maximum depth of 1/2 
inch. The di stance between the dri 11 ed furrows shall not be more than 8 
inches. If the furrow openers on the drill exceed 8 inches, the area shall be 
drilled twice. Seeding shall be done with grass seeding equipment with double 
disc openers, depth bands, packer wheels or drag chains, rate control at
tachments, seed boxes with agitators and separate boxes for small seed. Seed 
of different sizes shall be sowed from at least two separate boxes adjusted or 
set to provide the planting rate as specified. 

Applying Mulch: 

Mulch shall be immediately affixed by either crimping or tacking. The Engi
neer shall determine which areas are not conducive to anchoring by crimping 
and will direct the contractor to anchor such mulch by tacking. 

Within 24 hours after each area is planted, straw mulch shall be uniformly 
applied at the rate of approximately 2 1/2 tons per acre for crimped areas and 
1 3/4 tons per acre for tacked areas. 

Anchorage by Crimping: 

Mulch shall be anchored into the soil with a heavy disc with flat, serrated 
discs at least 1/4 inch thick having dull edges and spaced no more than nine 
inches apart. Mulch shall be anchored to a depth of at least two inches and 
shall not be covered with an excessive amount of soil. Anchoring operations 
shall be across the slopes where practical with no more than two passes of the 
anchoring equipment. 

Anchorage by Tacking: 

Mulch shall be anchored by tacking using a slurry consisting of ISO pounds of 
binder, 400 pounds of wood fiber mulch and 700 gallons of water per acre. 

Method of Measurement: 

Seeding (Class II) will be measured by the acre, to the nearest hundredth 
acre, measured along the ground surface for the areas which have been planted 
and mulched, as determined by the Engineer. 
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APPENDIX B 

DATA COLLECTION FORMS 



.' 

Date ______________________ _ 
Sample Site Noo Milepost 

Project Route Noo ________ __ Project Limits 
Cut or Fill Aspect Slope Gradient 
Soil Surface DescriPtion __________________________________________________________ __ 

Quadrat size used: ________________________ _ 

Quadrat Numbers: 
Legend: ID./I D No o of plants/quadrat 

/G C = Estimated % cover/quadrat 
Species 1 2. ~ 4- 5 -~ -, !> 0 tD II Ii! t~ 14- I~ I(s> 17 10 19 lO 21 l2 2~ 24 l5 / V / 1/ / / V 1/ / / !/ / V 1/ / / 1/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / ~ / / / / / / / / / / / / / / / / / / / / / / / / / V / / 1/ / / / / / / / / / / / / 1/ / / / / / / / / / / l/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 1/ / / / / / / / / / / / / / ~ / / / 1/ / / / V / / / / / / / / / / / / / / / / ,/ / / / / / / / / / / / V / / / / / / / / 1/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 1/ / / / / / / / / // / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / V / / / / / / / / / / / / / / / / / / V / / / 1/ / / / / / / / / / / / / / / / / / V 
II Rills 

Depth 
of each 

--> 

co 
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Instructions 

I am going to begin by reading some standardized instructions. 

By conducting this survey, we are attempting to get a measure 
of the public's perception of the success and importance of 
revegetating land that has been cleared along Arizona's highways 
during the construction or widening of these highways. 

There will be 2 parts to this survey. In the first part, you 
will be shown 25 slides taken along state highways in central 
Arizona. Each slide will show a revegetated hillside, called 
a road cut, in the foreground. This road cut was completely 
cleared of vegetation during road construction, but has since 
been revegetated. For each slide, you will be asked to rate 
the appearance of the vegetation on the road cut. The rating 
re~ponse scale ranges from #1, which is unsatisfactory, to #5, 
which is very satisfactory. Please rate each slide and use 
the full range of the scale if you can. 

In the second part of this survey, I would like you to respond 
to the 6 statements located on Page 2 of your handout, and to 
provide the information about yourself that is requested at 
the bottom of the form. 

***************************************************************** 

I will begin by showing you one slide of the highway and the 
surrounding landscape. Next, I will quickly run through all 
of the slides you will be rating so you can get an idea of the 
range of conditions; do not rate the slides during this preview. 
Once I have completed the preview, I will show you the slides 
again and you will have about 15 seconds to think about the 
vegetation shown in each slide and to record your rating for 
each one on Page 1 of your handout. 

When you have finished rating the slides I will turn on the 
lights and you will have time to fill out Page 2. 

Are there any questions before we begin? 

.J 
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Part 1: Scoring Sheet 

Circle the number that best describes your response. Please 

use the full range of the scale if you can. 

UNSATISFACTORY NEUTRAL VERY SATISFACTORY 

SLIDE #1 2 3 4 5 

SLIDE #2 2 3 4 5 

SLIDE #3 1 2 3 4 5 

SLIDE #4 2 3 4 5 

SLIDE #5 2 3 4 5 

SLIDE #6 1 2 3 4 5 

SLIDE #7 1 2 3 4 5 

SLIDE #8 2 3 4 5 

SLIDE #9 2 3 4 5 

SLIDE #10 2 3 4 5 

SLIDE #11 2 3 4 5 

SLIDE #12 2 3 4 5 

SLIDE #13 2 3 4 5 

SLIDE #14 2 3 4 5 

SLIDE #15 2 3 4 5 

SLIDE #16 2 3 4 5 

SLIDE #17 2 3 4 5 

SLIDE #18 2 3 4 5 

SLIDE #19 2 3 4 5 

SLIDE #20 2 3 4 5 

SLIDE #21 , 2 3 4 5 

SLIDE #22 2 3 4 5 

SLIDE #23 
, 2 3 4 5 

SLIDE #24 1 2 3 4 5 

SLIDE #25 2 3 4 5 

- --------------------



Part 2 

Please circle the number that most closely corresponds to how 
you feel about the following statements. 
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1. Revegetation of the areas cleared during highway construction 
is important to me. 

STRONGLY DISAGREE STRONGLY AGREE 

2 3 4 5 

2. In general, revegetation of the roadsides shown in the slides 
has been done very well. 

2 3 4 5 

3. Plants used to revegetate the areas cleared during highway 
construction should look like the plants growing naturally 
beyond the cleared area. 

2 3 4 5 

4. Plants used to revegetate the areas cleared during highway 
construction should be the same species as those growing 
naturally beyond the cleared area. 

2 3 4 5 

5. The choice of plants used in roadside revegetation is not 
important. 

2 3 4 5 

6. Highway departments should make sure that cleared areas 
are revegetated to an appearance that is very close to what 
occurred on the land before the road construction, no matter 
what it costs to do so. 

2 3 4 5 

please provide the following information: 

Gender: F M Age: ------------Major: ______________________________________ __ 

Length of time in Arizona -------------------
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APPENDIX C 

VEGETATION DATA 
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D = DENSITY (# plants/m 2 
) 

C = COVER (% ) 

OBS STUDY LOVE GRASS WHEATGRASS BLUESTEM SIDEOATS ARISTIDA 
# SITE D C D C D C D C D 

1 1 1 12.64 10 
2 1 2 21.92 53 
3 1 3 30.08 43 
4 1 4 2.32 3 0.08 
5 1 5 4.20 8 0.40 
6 1 6 6.24 16 0.40 
7 2 1 4.08 4 0.52 
8 2 2 11.84 89 0.16 
9 2 3 13.60 16 0.48 

10 3 1 0.92 6 0.24 1 0.04 
11. 3 2 5.08 15 
12 3 3 2.24 15 0.08 
13 3 4 3.88 32 
14 3 5 8.76 48 
15 3 6 5.16 14 0.04 
16 3 7 0.16 4 
17 3 8 8.44 17 
18 3 9 0.72 4 0.06 
19 3 10 0.48 1 
20 3 11 6.88 24 
21 4 1 1.16 6 0.04 
22 4 2 4.00 26 0.12 
23 4 3 1.40 2 
24 4 4 
25 4 5 0.20 0.20 1 0.16 
26 4 6 
27 4 7 7.68 33 
28 4 8 2.36 9 2.48 5 0.08 1 0.16 
29 4 9 0.72 2 1.12 1 0.04 
30 4 10 2.32 5 0.04 0.16 
31 4 11 4.52 5 
32 4 12 5.28 13 0.44 1 0.24 
33 4 13 0.02 0.82 
34 4 14 5.08 76 
35 4 15 0.16 2 0.50 2 
36 5 1 9.76 23 
37 5 2 35.68 6 
38 5 3 18.40 3 
39 5 4 9.76 5 45.12 6 
40 5 5 17.92 4 26.72 3 
41 5 6 4.64 25 
42 5 7 12.00 2 19.04 2 
43 5 8 6.40 2 5.60 1 
44 6 1 4.20 39 
45 6 2 4.92 28 
46 6 3 5.44 18 
47 6 4 3.52 9 
48 6 5 9.08 9 
49 6 6 5.00 17 0.44 
50 6 7 4.56 18 
51 7 1 5.12 67 0.84 1 
52 7 2 3.68 17 1.40 3 
53 7 3 24.16 9 1.92 2 
54 7 4 13.12 11 3.20 2 
55 7 5 6.24 4 5.32 3 

--------------------------
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OBS ARISTIDA BERMUDA BUCKWHT. SKEL.WD. SWEETCLOV.BAILEYA 

# D C C D C D C D C D 

1 0.16 1.60 

2 0.16 

3 
4 0.24 0.68 

5 1.04 0.24 

6 0.36 

7 0.04 0.60 

8 1 6 
9 

10 0.08 2 
11 0.06 1 
12 0.16 2 0.08 

13 0.06 5 
14 0.08 2 
15 0.26 15 0.12 1 

16 0.60 22 
17 0.52 5 
18 0.82 15 0.10 

19 0.64 15 1.24 2 

20 0.28 3 
21 1. 72 6 
22 0.60 1 
23 4.28 9 0.36 

24 1.40 8 0.44 

25 1 1.84 15 8.04 7 

26 0.62 7 0.14 

27 1 3.56 11 3.56 4 

28 0.96 5 
29 1.16 18 0.48 

30 1.38 4 0.08 

31 1.12 7 

32 1.12 8 0.56 

33 1.52 11 
34 0.04 0.28 1 

35 0.06 3 
36 

0.04 

37 1.60 
38 0.34 
39 8.96 1 0.16 

40 6.56 1 
41 0.64 5 
42 12.00 1 
43 1.60 
44 

0.02 

45 
46 
47 0.04 1 
48 0.10 0.1 

49 1 0.04 
50 
51 
52 
53 0.04 

54 
55 
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OBS BAILEYA GLOBEMAL GNAPHALIUM COMPOSITE SALTBUSH ENCELIA 
# C D C D C D C D C D 

1 1 0.14 
2 0.20 
3 
4 1 0.24 
5 0.02 
6 2 0.10 
7 
8 0.04 0.06 
9 0.16 

10 
11 
12 
13 0.08 0.34 17 
14 
15 0.12 1 0.02 
16 0.28 7 
17 0.06 0.04 1 
18 0.72 4 
19 0.16 29 
20 
21 0.04 0.44 5 
22 0.46 4 
23 0.24 
24 
25 0.04 
26 0.08 1 
27 0.04 2 
28 0.04 
29 
30 0.24 
31 
32 
33 0.56 1 
34 
35 
36 
37 
38 
39 
40 0.80 
41 0.16 
42 
43 
44 0.02 2 0.20 10 
45 0.10 14 0.04 
46 0.02 0.06 
47 0.24 1 0.06 1 
48 0.04 
49 0.04 
50 0.46 38 
51 0.08 3 0.22 17 
52 0.04 5 1.30 32 
53 0.74 1 
54 0.14 2 
55 0.24 2 0.04 0.16 

I 



126 

OBS ENCELIA SNAKEWEED BACCHARIS CRUC.THORN :MESQUITE JUNIPER 
# C D C D C D C D C D 

1 8 
2 5 
3 
4 3 
5 1 
6 3 0.02 2 
7 
8 2 0.04 
9 1 

10 0.10 0.06 
11 0.02 0.10 
12 0.04 
13 0.04 
14 0.20 2 0.60 4 0.04 
15 1.74 11 0.06 
16 0.12 0.04 
17 0.46 2 0.66 7 
18 1.86 7 0.20 2 
19 0.54 2 0.04 1 
20 0.14 1 0.02 0.04 
21 0.08 2 0.04 
22 
23 0.16 1 
24 
25 0.04 
26 
27 
28 
29 
30 0.16 
31 
32 0.20 
33 
34 
35 
36 
37 
38 0.04 
39 
40 0.48 
41 3 
42 
43 
44 0.18 4 0.02 
45 1 0.12 5 
46 2 0.10 0.04 
47 0.04 
48 
49 0.04 
50 0.06 2 
51 
52 0.18 1 
53 0.04 
54 0.04 
55 0.12 

-------- ---------------~ 
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OBS JUNIPER ACACIA CALLIANDRA TOTALS 

# C D C D C COVER DENSITY 

1 19 14.54 
2 58 22.28 
3 43 30.08 

4 0.04 7 3.60 

5 9 5.90 

6 23 7.12 
7 4 5.24 

8 98 12.14 

9 17 14.24 

10 9 1.44 

11 16 5.26 

12 17 2.60 

13 54 4.40 

14 56 9.68 

15 42 7.52 

16 33 1.20 

17 32 10.18 

18 32 4.48 

19 50 3.10 

20 28 7.36 

21 19 3.52 

22 31 5.18 

23 12 6.44 

24 8 1.84 

25 24 10.52 

26 8 0.84 

27 51 14.84 

28 20 6.08 

29 21 3.52 

30 9 4.38 

31 12 5.64 

32 22 7.84 

33 12 2.92 

34 0.04 77 5.44 

35 7 0.72 

36 0.25 23 10.05 

37 6 37.28 

38 3 18.78 

39 12 64.00 

40 8 52.48 

41 33 5.44 

42 5 43.04 

43 3 13.60 

44 55 4.64 

45 48 5.18 

46 20 5.66 

47 12 3.90 

48 9 9.32 

49 18 5.56 

50 58 5.08 

51 88 6.26 

52 58 6.60 

53 12 26.90 

54 15 16.50 

55 9 12.12 

---------_._-- ----------------
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APPENDIX D 

SOIL PARTICLE SIZE DISTRIBUTION DATA 



CLIENT: Margl Brooks 

TELEPHONE: 

ADDRESS: 

SAMPLE TYP soils 

SOIL, WATER AND PLANT ANALYSIS LABORATORY REPORT FORM 

DEPARTMENT OF SOIL AND WA TEA SCIE/ICE 

UNIVERSITY OF ARIZONA 

======= = ========== =====TODAY'S 0: 
BILL TO: same COMMENTS: 

Dala File Name: 

Report File NarTlIl: 
INVOICE: COST: 
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ANALYST(S): FM & ALH AP?R:)V ALH LAsaRA TORY DIRE R: __ ACCT. No.: 172610 

TEL: (602) 621-3516 

LAB 

10 

93035- 1 

93035- 2 

93035- 3 
93035- 4 

93035- 5 
93035- 6 
93035- 7 

93035- 8 

93035- 9 
93035- 10 

93035- 11 

93035- 12 

93035- 13 
93035- 14 

93035- 15 

93035- 16 

93035- 17 

93035- 18 
93035- 19 

93035- 20 
93035- 21 

93035- 22 
93035- 23 

93035- 24 

93035- 25 

93035- 26 
9:;035- 27 

93035- 28 

93035- 29 

CLIENT'S 

SAMPLE 10 

1·1 

1-2 

1-3 

1-4 

1-5 

1~ 

2-1 

2-2 

2-3 

3-1 

3-2 

3-3 

3-4 
3-5 

~ 

3-7 

3-70UP 

3-8 

3-9 

3-10 

3-11 

4-1 

4-2 

4-3 
4-4 

4-5 

4~ 

4-7 

4-8 

4-9 

PARTICLE SIZE DISTRIBUTION 

SAND SILT CLAY 

(%) (%) (%) 

87.7 

74.7 

62.8 

90.1 

79.9 

79.9 

59.2 

73.6 

73.5 

39.2 

59.2 
51.0 

69.8 

59.2 

71.0 

56.8 
56.6 

54.0 
54.0 

59.8 

56.8 

34.5 
38.8 
26.6 
11.4 

52.1 

17.9 
64.9 

61.0 

73.8 

9.6 

18.5 

29.1 

7.2 

18.7 

16.1 

27.3 

12.2 

13.7 

27.2 

22.3 
25.5 
15.9 

24.6 

20.9 
26.9 

27.2 

28.9 

33.4 

24.2 

22.1 
36.2 
31.0 
36.6 

n.4 
31.6 
56.8 

16.9 

13.6 

13.3 

2.7 

6.7 

8.1 

2.7 

1.4 

4.1 

13.5 

14.2 

12.8 

33.6 
18.5 

23.5 

14.3 

16.1 

8.1 

16.3 

16.1 

17.1 

12.6 

16.0 

21.0 

29.2 
30.3 
36.7 
11.2 

16.2 

25.3 

18.1 
25.5 

13.0 

LAB 

10 

93035- 30 

93035- 31 

93035- 32 

93035- 33 

93035- 34 

93035- 35 

93035- 36 

93035- 37 

93035- 38 
93035- 39 

93035- 40 

93035- 41 

93035- 42 

93035- 43 

93035- 44 

93035- 45 

93035- 46 
93035- 47 

93035- 48 

93035- 49 

93035- 50 
93035- 51 

93035- 52 

93035- 53 

93035- 54 

93035- 55 

CLIENT'S 

SAMPLE 10 

4-10 
4-11 

4-12 

4-13 

4-14 

4-15 

5-1 

5-2 
5-3 

5-4 

5-5 

5-5DUP 

~ 

5-7 
5-8 

6-1 

6-2 
6-3 

6-4 

S-5 
60S 

6-7 

7-1 

7-2 

7-3 

7-4 

7-5 

93035- 56 5-A 

93035- 57 5-8 

93035- 58 5-C 

5-C DUP 

PARTICLE SIZE DISTFlIBUTION 

SAND SILT CLAY 

(%) (%) (%) 

66.1 

75.0 

71.2 

11.5 

62.2 

72.5 

54.0 

57.2 

36.7 

59.3 

64.7 

64.6 

64.6 
58.9 

28.9 

46.4 

51.4 

40.9 

91.6 

92.7 
92.7 
55.5 

74.9 

78.8 

80.1 

82.7 
67.2 
36.9 
25.6 

75.0 

75.0 

11.1 

11.8 

13.3 

61.0 

17.1 

12.8 

30.2 

14.9 

44.2 

23.6 

17.4 

17.4 

15.6 

17.1 

46.4 

31.5 

34.9 
51.4 

4.3 

1.6 

3.2 

28.2 
14.4 

13.9 

12.6 
11.3 
23.9 

38.4 

39.6 

6.8 

7.7 

22.8 
13.1 

15.5 

27.5 

20.6 

14.7 

15.8 

27.8 

19.1 

17.0 

17.8 

18.0 

19.9 
24.0 
24.7 

22.1 
13.8 

7.8 

4.1 

5.7 

4.1 

16.3 
10.7 

7.3 

7.3 

6.0 

8.9 

24.7 

34.8 
18.2 
17.3 

-I 
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APPENDIX E 

VISUAL SURVEY DATA 

, 



I __ L_ 

Mean 
Score 
1 .725 
1 .775 
1 .825 
1 .875 
2.000 
2.100 
2.175 
2.175 
2.200 
2.225 
2.250 
2.450 
2.600 
2.700 
2.725 
2.750 
2.900 
2.975 

3.200 
3.225 
3.475 
3.575 
3.650 
4.100 
4.475 

Slide II 
in Survey 

17 
18 
10 
13 

6 
20 

3 
23 
24 
15 

4 
7 
1 

12 
2 
5 

11 
16 

8 
14 
21 
22 
25 
19 

9 

RESULTS FROM PART 1 OF SURVEY 

Site 
IJ 

5-3 
5-8 
2-1 
4-4 
5-5 
6-4 
1 -1 
5-2 
5-7 
6-5 
1-4 
4-6 
1-5 
4-10 
3-1 
4-15 
6-6 
4-11 

1-6 
2-3 
6-3 

** 
3-6 
3-9 
3-4 

Site 
Gradient 

1!: 1 
3: 1 
2: 1 
2: 1 
3: 1 
1 ~: 1 
3:1 
2: 1 
1 -!: 1 
1 -! : 1 
1 -! : 1 
1 ~: 1 
2!: 1 
2: 1 
1!: 1 
1 -! : 1 
2: 1 
2~: 1 

2: 1 
3: 1 
2-!: 1 
1 -! : 1 
2: 1 
2: 1 
3:1 

% 
Cover 

3 
3 
4 
8 
8 

12 
19 

6 
5 
9 
7 
8 
9 
9 
9 
7 

18 
12 

22 
17 
20 

** 
42 
32 
54 

Comments 
Small wheatgrass plants in rows 
All cover by grasses 
All cover by lovegrass 
All buckwheat; very sparse 
Primarily cover by grasses 
9% lovegrass + 3% other species 
All cover by lovegrass; "patchy" 
All cover by lovegrass 
4% grasses; 1% buckwheat 
All cover by lovegrass 
All lovegrass + 3% Encelia 
Primarily cover by buckwheat 
All cover by lovegrass 
Half lovegrass/half buckwheat 
6% lovegrass; 2% buckwheat 
Mix of love, wheat, and buckwht 
All cover by grasses 
7% buckwheat/5% lovegrass 

16% love, 3% Encelia, 3% Baileya 
16% lovegrass, 1% Encelia 
18% lovegrass, 2% Encelia 
Naturally revegetated cut 
14% lovegrass, 15% buckwheat 
4% love, 15% buckwht, 7% snakewd 
32% love, 17% saltbush, 5% buck 

------- denotes break between unsatisfactory (above line) & satisfactory 
** denotes old, naturally revegetated c~t slope used for comparison only 

-' 
w 
-' 

• 



RESULTS FROM PART 2 OF SURVEY 

Responses to general statements concerning revegetation: 

Question Mean Standard 
Number Score* Deviation 

1. 4.125 0.822 

2. 2.325 0.917 

3. 4.425 0.874 

4. 4.250 0.870 

5. 1.600 0.778 

6. 3.275 1 .109 

*Scale range: 1 = strongly disagree; 5 = strongly agree 

Gender of respondents: 66.67% Male 
33.33% Female 
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Average age of respondents: 24.6 years, with a range from 
18 to 35 years. 

Average length of time in Arizona: 10.3 years, with a 

College majors of respondents: 

Mechanical engineering (2) 
Business (2) 
Nursing (3) 
Civil engineering (1) 
Interdisciplinary studies (2) 
Geography (6) 
Regional development (12) 
Education (2) 
Geoscience (1) 
Pre-med (1) 
Undeclared (4) 
Engineering (1) 
Physics engineering (1) 
Electrical engineering (1) 
Accounting (1) 

range from 1 to 30 years 
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APPENDIX F 

STRAW MULCH TREATMENTS: A COMPARATIVE ANALYSIS 

, 



Introduction 

The principal objective of this study was to determine 

the effects of straw mulch treatments on plant cover and 

density following seeding of roadway cut slopes. 
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This evaluation was conducted on three cut slopes located 

on the west side of southbound state Route 87 between 

mileposts 235.9 and 238.8. One of the sites has an east/ 

northeast aspect with a 2:1 gradient; two sites are 

east-facing with gradients of 1~:1. Elevation of the sites 

is approximately 3100 feet. Annual rainfall recorded near 

the study sites (from 2 to 15 miles away) has averaged 

near 20 inches; however, over 25 inches were recorded in 

the first 9 months of 1992 (NOAA, 1991 and 1992). Sur

rounding vegetation is described in Chapter 3. 

Three different straw mulch treatments were applied to 

each site after seeding in January of 1992. Treatments 

were: 1.) blown-on straw applied at a rate of 2~ tons/acre, 

affixed by a vegetative tackifier applied at double the 

rate specified in Appendix A; 2.) blown-on straw applied 

at a rate of 2~ tons/acre, affixed by plastic netting 

stapled to the slope; and 3.) straw erosion-control blankets 

stapled to the slope. 
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Methods 

Vegetation was sampled in January and May of 1993 according 

to the methods described in Chapter 4, with the following 

modifications: annual forbs were recorded in addition 

to perennial forbs, annual grasses were not recorded, and 

perennial grasses were recorded as a group in the May 

samples due to difficulties in differentiating between 

species at that time of year. Where treated areas were 

too narrow to accommodate a 50-meter transect, quadrats 

were offset on both sides of a 25-meter transect. 

Mean density (#/m 2
) and cover (%) were estimated for each 

species. The experimental design was a randomized block 

design with 3 blocKs. Analysis of variance was used to 

determine if mean cover and density differed (P<O.15) 

between treatments. 

Results and Discussion 

Mean plant cover at 12 and 16 months after seeding is shown 

in Table F-1. Total plant cover did not differ between 

treatments in either survey. Mean plant density at 12 and 

16 months after seeding appears in Table F-2; plant density 

also did not differ between treatments in either survey. 

, 

I 
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In January, many of the plants were just emerging and the 

likelihood of undercounting them seemed high, especially 

on the slopes with blankets. Therefore, plots were sampled 

again in May (after the winter-spring rains and growing 

season). It was postulated that cover would increase 

substantially by May, but this did not occur. Cover 

increased only 2~ percent on slopes with blankets, with 

negligible changes on the sites with the other treatments. 

Over half of the increase observed on blanketed slopes 

was attributed to grasses. Although California poppies 

and desert lupine were declining in vigor by the second 

sampling, these results suggest that annual wildflowers 

did not contribute much cover on these sites, even at their 

peak. 

Also of interest was the ability of each treatment to per

sist on the study sites over time. In January, most of 

the netting had already become detached from the slope 

and had blown into drifts or fallen into the cut ditch. 

Consequently, very little of the straw mulch remained on 

these sites after 1 year. The tacked straw and the 

erosion-control blankets were still present in January, 

although the tacked straw was becoming somewhat patchy. 

In May, the erosion-control blankets were still intact I 
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while the tacked straw was deteriorating. The soil surfaces 

on the sites treated with straw/tackifier and straw/netting 

appeared to be more eroded than the sites where blankets 

were still present. Although some erosion was observable 

beneath the blankets, they also appeared to trap eroded 

material. 

Conclusions and Recommendations 

The results of this study indicate that there was no 

difference in plant cover or density associated with the 

different kinds of mulch treatments tested. However, 

obvious differences were observed in the ability of each 

treatment to persist on the study sites over time. The 

appearance of the straw blankets after 16 months also 

suggests that they may be a useful tool for protecting 

the soil from erosion and reducing soil loss until plant 

cover is sufficient to do so. 

Because it is recommended that warm-season grasses be 

sampled after 2 growing seasons, (Cook and Stubbendieck, 

1986; Vallentine, 1989), these sites should be sampled 

again in 1994. Sampling in the fall is recommended to 

facilitate plant identification. Periodic sampling in 

the future is also recommended, as data from the other 

, 
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55 sites in this study suggest that effective revegetation 

of steep cut slopes may actually take much longer than 

2 years. 

Future research to investigate the effectiveness of various 

mulching techniques in reducing soil loss from roadside 

cut slopes is also recommended, as soil stabilization is 

a principal revegetation goal of the Arizona D.O.T. and 

the Forest Service. 



Table F-l: Mean plant cover (%) twelve and sixteen months after seeding. 

Treatments and Time Since Seeding 
straw Blankets straw w/Netting straw w/Tackifier 

SJ2ecies 12 mos. 16 mos. 12 mos. 16 mos. 12 mos. 16 mos. 

Lovegrass 0.25 1 .21 1 .91 
Crested wheatgrass 1.44 0.36 0.92 
Grasses* 3.00 1. 44 2.09 
California buckwheat 0.56 0.81 0.89 1 .1 2 0.75 0.81 
California poppy 1.12 1. 39 1. 51 1. 09 0.43 0.66 
Desert lupine 0.33 0.01 0.12 0.09 
Snakeweed 0.05 0.17 0.02 0.05 0.13 0.17 
Deervetch (Lotus sp.) 0.16 0.04 0.25 
Burroweed 0.01 0.04 0.03 
Yellow sweetclover 0.09 0.01 0.49 

Total 3.43 5.97 4.01 3.92 4.13 4.61 

*Lovegrass and crested wheatgrass combined. 

W 
\D 

.. 



Table F-2: Mean plant density (61m 2
) twelve and sixteen months 

after seeding. 

Treatments a.nd Time Since Seeding 
. straw Blankets straw w/Netting straw w/Tackifier Species 12 mos. 16 mos. 12 mos. 16 mos. 12 mos. 16 mos. 

Lovegrass 0.96 6.09 6.20 Crested wheatgrass 16.85 4.12 14.99 Grasses* 17.79 16.72 17.52 California buckwheat 5.60 4.24 4.64 4.67 5.82 3.84 California poppy 6.87 5.67 5.24 3.91 2.44 2.79 Desert lupine 0.27 0.60 0.56 0.43 0.36 0.25 Snakeweed 0.17 0.37 0.11 0.27 0.23 0.61 Brittlebush 0.03 0.02 0.03 0.05 0.01 Fairyduster 0.03 0.03 0.01 0.01 0.03 0.03 Deervetch 0.25 0.31 1. 33 Burroweed 0.44 0.84 0.65 Yellow sweetclover 0.09 0.23 1. 31 Desert broom 0.01 
Fourwing saltbush 

0.01 Mesquite 0.01 0.02 

Total 30.78 29.48 20.81 27.40 30.15 28.35 

* Lovegrass and crested wheatgrass combined. 

,; 

-' 
~ 
o 
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