
EVALUATION OF ROADSIDE REVEGETATION ALONG
ARIZONA FOREST HIGHWAY 39 (MT. LEMMON HIGHWAY)

Item Type text; Thesis-Reproduction (electronic)

Authors Martinez, Scott Richard

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:07:51

Link to Item http://hdl.handle.net/10150/555288

http://hdl.handle.net/10150/555288


'i
TV

9

■a

. 5

\



EVALUATION OF ROADSIDE REVEGETATION ALONG ARIZONA FOREST 

HIGHWAY 39 (MT. LEMMON HIGHWAY)

by

Scott Richard Martinez

A Thesis Submitted to the Faculty of the 

COLLEGE OF ARCHITECTURE, LANDSCAPE ARCHITECTURE, AND

PLANNING

In Partial Fulfillment o f the Requirements 

For the Degree o f

MASTERS OF LANDSCAPE ARCHITECTURE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA

2001



2

STATEM ENT BY AUTHOR

This thesis has been submitted in partial fulfillment o f requirements for an 
advanced degree at The University o f Arizona and is deposited in the University Library 
to be made available to borrowers under rules o f the Library.

Brief quotations from this thesis are allowable without special permission, 
provided that accurate acknowledgment o f source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript in whole or in part may be 
granted by the head o f the major department or the Dean of the Graduate College when in 
his or her judgment the proposed use o f the material is in the interests o f scholarship. In 
all other instances, however, permission must be obtained from the author.

SIGNED:

APPROVAL BY THESIS DIRECTOR 
This thesis has been approved on the date shown below:

Margaret Livingston Date
Assistant Professor of Landscape Architecture

Steven Smith Date
Assistant Professor o f Renewable Natural Resources

Howard R. Gimblett
Assistant Professor o f Landscape Architecture

Date



3

ACKNOW LEDGEM ENTS

I wish to express my sincere thanks to those who have aided in the development 

o f this thesis. I would like to thank my thesis director. Dr. Margaret Livingston, who 

inspired me to take on this topic, her guidance, critiques, and encouragement made this 

thesis a success. I would also like to thank Drs. Steven Smith and Randy Gimblett for 

serving on my committee and providing helpful suggestions and assistance to this study.

Special gratitude to landscape architect Joanne Gallaher, Sonoran Studios Inc., 

and civil engineer Melissa Shafiquallah, Coronado National Forest, for providing me 

with the study site and vital landscape construction documents and specifications 

necessary for this thesis.

Last, this thesis would not have been possible without the relentless support of my 

family and friends who have always believed in me. Thank you.



4

TABLE OF CONTENTS

Page

LIST OF TA B LES.................................................................... ......................................  5

ABSTRACT....................................... .................................................... ........... ........... . 6

CHAPTER

1. INTRODUCTION 7

2. LITERATURE R EV IEW ....................     11
Revegetation’s P a s t ........... .............. ....... ......................................... 11
Principles o f Roadside Revegetation................................................... 17 '

Roadside Environments ................    17
Site Preparation ................. ................................................  18
Seeding and Planting M ethods.......................................  ........  20
Container P l a n t i n g ...............................     3.0
Supplemental Irrigation............................................................  31

Methods o f Evaluating Revegetation Success................. ................ . . 32

3. M ETHODOLOGY.............................. .....................................f..: ....................  34
Data Collection........................................................................................  34
Data Analysis.............. ...................................... .....................................  36

4. RESULTS AND DISCUSSION................................... .....................................  38
Phase I I ..............................    39
Phase H I ............................................................................      43
Phase I V .......................................................................................    46
Phase V ........................................................................................   49

5. CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH  61

APPENDIX A: Seed Mixes 66

APPENDIX B: Seeding and Planting Specifications .................................................  72

REFERENCES.................... ............................................................................................  88



5

LIST OF TABLES

Table Page

1.1. Summary o f phases, DLA’s, year o f completion, milepost location and
project limits...................................................................................   37

1.2. Summary o f DLA’s per phase, seed mix types, and environmental
variables, . .............................................................................................................  37

2.1. Total plant-density (perennial grasses, shrubs, and trees) and mean 
species diversity generated from analysis of belt transects performed
along Mt. Lemmon Highway, Tucson, AZ! ........ . ....................................  53

2.2. Summary o f specified, and non-specified plant.density and species
diversity and ratio o f non-specified plants to specified p lan ts....................   54

2.3. Phase II individual plant density and frequency. ...... ....................   55

2.4. Phase HI individual plant density and frequency.....................    56

2.5. Phase IV individual plant density and frequency........................................  57

2.6. Phase V individual plant density and frequency. ........................................ 58

2.7. Survival rates o f container planted trees and shrubs...................................  59

2.8. Survival rates o f salvaged plant species.......................................................  60

A .l. Seed Mix 1........   67

A.2. Seed Mix 2 ........................................................................    68

A.3. Seed Mix 3.................................          69

A.4. Seed Mix 4 ...........................................................................   70

A.5. Seed Mix 5.......................................................................................................  71



ABSTRACT
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This research evaluated the results o f the multi-phased roadside revegetation o f the Mt. 

Lemmon highway near Tucson, Arizona. The goal o f this study was to: 1) determine 

which specified plant species were most successfully established, 2) document _ 

recruitment o f invasive and non-specified plants, and 3) determine the survival rates o f 

container and salvaged plant species. Data were collected at predetermined locations 

along, the roadway. Density data o f seeded species were collected using belt transects 

whereas a site inventory was done for all salvaged and container planted species. 

Frequency data was also collected to identify rare-occurring species. Results indicated 

high survival rates o f salvaged saguaros, transplanted foothills palo verde and velvet 

mesquite. Blue grama, sideoats grama, four-wing saltbush, Arizona flattop buckwheat, 

desert spoon, turpentine bush, squawbush sumac, wait-a-minute bush, catclaw acacia, and 

fairy duster also exhibited high establishment rates from seed. Several non-specified 

invasive grasses exhibited successful establishment at several locations.
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Chapter 1

INTRODUCTION

Due to the harsh environmental conditions o f the desert, revegetation success can 

be difficult to achieve and highly variable. Since there has been limited assessment and 

research on roadside revegetation at warm desert sites, it is useful to document the 

success o f  these projects (Brooks, 1993). By collecting quantitative data that shows plant 

densities, species, diversity, and survival rates, this study attempts to provide landscape 

architects and land managers with information on the,; success of revegetation in these 

environments.

Research Objectives

The goal for this research was to evaluate the success of the roadside revegetation 

along Arizona Forest Highway 39, General Hitchcock Highway (also referred to as the 

Catalina Highway, and the Mt. Lemmon Highway), in southeastern Arizona. This “sky 

island” scenic byway serves as the arterial route to the small town o f Winterhaven 

(elevation 8,300 ft.), located about 25 miles from Northeast Tucson. This byway also 

serves many recreational attractions and activities, such as scenic lookouts, rock 

climbing, hiking, camping, and skiing as well as several research, radar and 

communications sites, and an Air Force facility.

During the last thirteen years the Federal Highway Administration (FHWA) and 

the United States Forest Service (USFS) have been implementing a multi-phased plan to 

widen and improve this roadway. At this time, five phases have been implemented, the



8

first phase beginning construction in 1988. Due to the intense use o f this road, the 

FHWA and the USES also implemented landscape plans to improve the scenic quality o f 

the roadway and to rehabilitate all areas that were disturbed during construction. The 

plans included: specifications for native seed mixes used for hydroseeding all disturbed 

and landscaped areas, planting and placement o f salvaged cacti, placement o f plating soil 

and large boulders, and container planting o f trees, shrubs, and accents.

The evaluation process involved vegetation sampling o f revegetated areas at 

predetermined locations along the highway and analysis of these data in order to 

determine if the revegetation was successful and the revegetation goals were met. “The 

project goal is to obtain complete revegetation and restoration within three years o f 

project completion” (Taylor, 1996).

The research described in this thesis addressed three questions in order to 

determine the success o f the roadside revegetation:

1. How effective was the revegetation in terms o f which specified seeded species 

were most successful in establishing on disturbed sites?

2. Is there any evidence o f non-specified plant establishment on revegetated 

sites? I f  so, how pervasive are the established non-specified plants?

3. How successful did salvaged and container planted species survive 

transplantation? Which salvaged and container plants performed most or least 

successfully in terms o f survivability?
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Definition o f Terms

Detailed Landscape A rea (DLA)

Refers to specific areas adjacent to the roadway where detailed landscape plans and 

specifications have been developed and implemented. Landscape plans and specifications 

include the location and placement, o f container and salvaged plants, boulders and plating 

soil, and the specific seed mixes used for the revegetation of the roadway.

Restoration

“Refers to the return o f a degraded site to the exact ecological condition it exhibited prior 

to disturbance” (Munshower, 1993).

Reclamation

“Refers to the construction o f topographic, soil, and plant conditions after disturbance, 

which may not be identical to the predisturbance site, but which permits the degraded 

landmass to function adequately in the ecosystem o f  which it was and is a part” 

(Munshower, 1993).

Rehabilitation

Rehabilitation and reclamation have the same meaning (Munshower, 1993).

Revegetation

“Revegetation is the process of establishing new vegetation on a disturbed or degraded 

site and is the vegetation phase of reclamation” (Munshower, 1993).
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Specified Plant

Plants that have been specified for planting and/or seeding in the- landscape construction 

documents and specifications.

Non-specified Plant

Plants tha t have not been specified for planting and/or seeding in the landscape 

construction documents.

Invasive Plant

A plant th a t readily establishes out of its natural habitat and “interferes with management 

objectives for a given area o f land at a given point in time” (Whitson, 1996) . ,
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For more than a century the desert has been challenging revegetation specialists, 

reclamation scientists, land managers, and landscape architects to develop techniques and - 

practices that achieve successful revegetation o f disturbed land. However, there has been 

limited research in evaluating the success o f revegetation in warm, desert, climates, and. 

continued study in this area is critical, to. understand, the. factors involved in successful 

revegetation.

The purpose of this review is to describe the fundamental aspects o f revegetation 

in warm desert environments. I. hope to provide knowledge, and insight, that is beneficial 

to the reader and the research by examining the principles and practices o f revegetation, 

methods o f evaluating revegetation success, and investigating the history o f revegetation 

in the Southwest.

Revegetation’s Past

In the late 1800’s and early 1900’s ranchers were searching for ways to remedy 

the devastation o f rangeland caused by overstocking o f cattle, mismanagement o f 

rangeland, fire, and climatic variation. This destruction led scientists and land managers 

to determine “appropriate range management practices, including revegetation to restore 

the grass” (Roundy, 1995). Early trials and approaches focused on reestablishing grass 

for soil conservation and livestock forage. Hundreds o f different grasses, and many 

palatable shrubs and cacti were tested for their potential as restorative plants. A majority
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o f these trials were unsuccessful in terms o f establishment because o f the harsh 

environmental factors of the desert (low precipitation and soil moisture, and high 

temperatures). However, during this time researchers were experimenting with various 

revegetation techniques, such as cultivation, contouring, mulching, and mechanical 

scarification o f  seeds, which led to increased revegetation success over the next few 

decades (Roundy, 1995; James, 1992).

While performing these experiments scientists also began investigating the use o f 

non-native grasses and shrubs for use in rangeland restoration. In the 1930’s, C. F 

Crider, director o f the Boyce Thompson Southwestern Arboretum at Superior, Arizona, 

was one o f the first scientists to test several different grass types sent from South Africa. 

Boer lovegrass (Eragrostis. curvula var. confertd), Lehmann’s lovegrass (Eragrostis 

lehmanniana), and weeping lovegrass (Eragrositis curvula) were the first species he 

received. These were soon tested in irrigated trials in Tucson, Arizona and certain 

accessions were selected based on their performance. Later, Crider began testing other 

non-native species such as blue panicgrass (Panicum antidotale), buffelgrass (Pennisetum 

ciliare), Cochise lovegrass (Eragrostis lemanniana X E. trichophora). King Ranch 

bluestem (Bothriochloa ischaemum), Kleingrass {Panicum coloratum), Wilman lovegrass 

(E. superba), and others. Many o f these non-native grasses performed very well and led 

to further research in large-scale rangeland revegetation projects (Roundy, 1995).

Today, many o f these non-native grasses are considered to be severely invasive. 

Grasses like Lehmann’s lovegrass and buffelgrass have proven to be very invasive on 

disturbed areas throughout the southwestern United States. Mainly because they have
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less nutritional value for livestock or wildlife, they can survive the harsh conditions o f the 

desert, they spread very rapidly, and are considered more o f a greater fire hazard than 

native grasses (James, 1991). Consequently, these species out compete native species 

and fire spreads beyond grassland communities because of the high fuel production 

(Livingston, 1992). Many regret introducing these non-native invasive plants, however, 

Bruce A. Roundy best describes one o f the main justifications for these plant 

introductions when he wrote:

“ Such pioneering ability was- considered valuable by early researchers 
such as Crider ... who were greatly concerned about soil-conservation and 
forage for livestock production. Remember that World Wars I and II and 
the associated needs for food and fiber production occurred within the , 
lifetimes and during part o f the professional careers o f these researchers.
This may explain their emphasis on determining successful plant species 
and methods of propagation regardless o f the provenance o f the species 
used. ” (Roundy, 1995: 276)

One researcher who had a substantial impact on revegetation research in Arizona 

was Gilbert L. Jordan. In the 1960’s and 1970’s Jordan experimented with pelleted seed 

on drastically disturbed lands in the Southwest. His theory being that pelleted seed has a 

better chance for survival because o f the pelleting process (Roundy 95; Jordan, 1967). 

The process, discovered by Lytle Adams in the early 1940’s, involves coating seed with 

materials that contain pesticides, fertilizers, fungicides, and other inert substances in 

order to increase the weight of the seed and provide the seed with defenses against 

predators (i.e. animals, insects, disease, and environmental conditions). This increased 

weight allowed the seed to be more evenly distributed and penetrate the soil when 

aerially broadcast. Pelleted seed was also inexpensive when compared to other methods
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for broadcasting seed over vast areas o f land. This technique caught the attention o f the 

United States Congress in 1945, which helped in funding further research in pelleted seed 

revegetation. While testing the performance of this new process Jordan found that “the 

pelleted seeds establish to a similar or lesser extent than aerially broadcast nonpelleted 

seed” and other methods, such as mechanical seedbed preparation, proved to be more 

favorable for nonpelleted seed than pelleted seed (Roundy, 1995; Jordan, 1967). These 

new findings angered Representative Ben F. Jensen o f Iowa (Lytle Adams advocate in 

Congress) who found out that that research money was being used to make comparisons 

with other methods and he accused,, the. University of" Arizona of’ “sabotaging” the 

research. But these accusations proved to be beneficial because it brought needed local 

and national attention to revegetation in the Southwest and it also opened the door to 

further comparative studies in revegetation techniques (Roundy, 1995).

Other significant studies concerning revegetation techniques focused on seedbed 

preparation. Increased exposure to moisture is crucial for seedling emergence and 

researchers in the past have experimented with several different methods in which soil 

moisture can be maintained (Livingston, 1992). Investigation o f proper seed depth, 

creation o f small catch basins, and decreasing the number o f competing species has 

revealed that proper seedbed preparation increases water availability for vital for seed 

germination (Bainbridge, 1994; Livingston, 1992; Roundy, 1995).

There are several different factors that influence the amount o f soil moisture that 

is available to seeds. The main factor is precipitation, but since rainfall is so 

unpredictable in the desert and most revegetation programs do not include supplemental
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irrigation, scientists must rely on other factors to create or encourage environmental 

conditions for germination and seedling emergence. Additional factors that influence soil 

moisture are terrain, adjacent or competing plants, and shade or cover (Bainbridge, 1994; 

Livingston, 1992; Roundy, 1995). These are factors revegetation scientists are often able 

to control. For example, terrain or the surface features of the. land can be used to channel 

or control where the water goes after it hits the ground. In large flat areas with little or no 

vegetation, rainfall generally evaporates after it hits the ground, but in areas where the 

terrain is irregular and there are. furrows, small pits, crevices, or catch basins in the 

terrain, the rainfall collects, and soaks into the soil creating suitable environments for 

seedling emergence and prolonging the time that soil moisture is available to seeds or 

plants. Adjacent of competing plants also affect soil moisture levels. Seeds broadcast 

over large areas that have existing vegetation such as trees and shrubs must compete with 

those plants for water and typically make it difficult for seedling emergence and survival. 

However, shade from these plants provides a cooler environment for seeds to emerge. 

Studies have shown increased seedling density o f particular species under plant cover 

(Livingston, 1992). The shade o f an adjacent tree or shrub decreases the underlying soil 

temperature and evaporation rates, which increase soil moisture retention over time. 

Cover also increases soil moisture but provides an additional layer o f protection for the 

seed. It can be organic like fallen or dead plant material or inorganic like a rock or paper 

mulch (James, 1992; Roundy, 1995; Wallace, 1980a).
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Since terrain, adjacent plants, shade, and cover are somewhat manageable, 

scientists have been able to manipulate these factors in order to develop techniques for 

proper seedbed preparation. These studies focused mainly on revegetating vast expanses 

o f rangeland; therefore, efficient and economic methods were sought in order to avoid 

wasted time and money. Several studies were performed to investigate different types o f

seedbed preparation, techniques (Livingston, 1992)...After Jordan conducted his research

on pelleted seed- he began testing different seedbed preparation and sowing methods on 

several different sites in Arizona. His studies involved testing several types o f 

mechanical sowing methods such as drilling and broadcasting seeds at different rates. He 

also investigated mechanical and chemical methods o f controlling unwanted brush 

(which competes for- soil moisture) as well as testing different seeding dates (fall, spring, 

summer). His research led to the development o f new types o f seedbed preparation 

implements that allowed him to plow, create basins, and broadcast seed in one operation. 

Similar studies were done by G. H. Abernathy and C. H. Herbel, in which they invented 

the “arid land seeder” . The arid land seeder, which follows a root plow, was able to pick 

up brush, form pits, prepare the seedbed, plant seed, and mulch the seedbed with the 

brush. As discussed earlier, this equipment was able to modify nearly all the factors 

necessary to increase soil moisture. Plowing -  creates irregular terrain, removing brush -  

decreasing competition between existing plants and seed, and shade and cover — 

replacing brush to provide shade and mulch (Roundy, 1995).



17

The main concern o f early revegetation research in the Southwest was to develop 

revegetation techniques and practices in order to aid in soil conservation and increased 

livestock forage due to previous mismanagement o f rangeland. By experimenting with 

native and non-native seed, different seeding methods (that caught the attention o f 

Congress), and different types o f seedbed preparation, revegetation scientists were able to 

develop some o f the standard techniques and methods that are still used today,

Principles o f Roadside Revesetation

Researchers and practitioners must have an understanding o f the basic principles 

o f revegetation in order to combat the challenge o f revegetating disturbed roadsides. 

Principles to consider when taking on this challenge include understanding the roadside 

environment, site preparation, seeding and planting methods, and how to modify these 

principles in warm desert environments.

Roadside Environments

Roadside environments create interesting challenges for revegetation specialists. 

Since it is nearly impossible for roads to follow the natural contours of the land, 

engineers, planners, and landscape architects must shape or grade the earth in order create 

a usable roadway. This creates many problems for roadway designers because roads 

often cut though rough terrain to maintain a slope gradient that is safe for all o f its users. 

Problems arise for designers when dealing with the left over cuts and fills created by the 

roadway. A cut in the roadway is where earth has been removed and a fill is where soil 

has been added. Unfortunately, cuts often remove all the vital nutrients, microorganisms.
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and structure o f the soil, and fills make it very difficult to recreate the characteristics o f 

the native soil (Brooks, 1993; Munshower, 1993). Another problem with roadside cuts 

and fills is that they are often too steep for maintaining a stable slope. Construction 

standards vary from agency to agency relating to the maximum gradients for cut and fill 

slopes. Typically the maximum gradients for cut slopes range from 1:1 to 3:1 (run/rise) 

and fill slopes are about 2:1 to 3:1 (Brooks, 1993; Strom, 1998). These steep gradients 

are often needed on hillside construction because o f site constraints, balancing earthwork, 

or vegetation preservation: However, cut and fills leave distinct and highly visible marks 

on the landscape, which are unattractive and can be-extremely susceptible to erosion 

(Brooks, 1993). Lack o f topsoil and vegetation; steep slopes,. and, nutrient deficiencies 

make it very difficult to establish new vegetation, therefore it is imperative that the 

appropriate site preparations have been established before seeding and planting o f 

roadsides (Munshower, 1993).

Site Preparation

Some o f the major considerations that revegetation specialists must take into 

account for appropriate site preparations include: slope gradients, topsoil replacement or 

modification, and soil amendments. As discussed earlier, steep slopes create erosion 

problems. Erosion is caused by raindrop splash and surface water runoff. As raindrops 

hit the ground they detach soil particles from the surface and as water begins to 

accumulate on the ground, surface runoff (water flowing over the soil surface) begins to 

transport soil particles off the site often creating rills or crevices. This surface runoff, or 

rill flow, increases erosion by transporting soil particles off the site, creating unstable
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slopes (Brooks, 1993). Therefore, it is important to know the characteristics o f the soil at 

the site. Generally, medium textured soils are highly susceptible to erosion, fine textured 

soils are less erodible, and coarse textured soils are able to withstand erosion better than 

medium or fine textured soils (Brooks, 1993). Researchers have developed several 

methods for controlling erosion including; establishing vegetation, avoiding sharp angles 

by rounding slopes at both top and bottom, the use o f erosion control blankets, creating 

landform diversity through varied gradients, molding o r warping the ends o f slopes where 

they meet drainages or hills; blending-constructed slopes into the natural topography; and 

the use o f weathered benches or terraces (Brooks, 1993; Brammer, 1978; Hansen, 1991; 

Strom, 1998; Tupa, 1978).

The next important factors for site preparation are the quality o f the topsoil and 

soil amendments. Topsoil is material that expresses good plant growth supporting 

characteristics. It normally refers to the native, undisturbed soil at and near the surface. 

In disturbed sites this layer is often missing which means that it must be recreated or 

added to the site. Therefore, understanding existing soil parameters is important for 

determining topsoil requirements. Information about soil parameters is obtained by
l

conducting a soil test and many agencies require that soil tests be performed before any 

project begins construction. A soil test identifies the significant characteristics o f the soil 

by providing information about soil pH, salinity, alkalinity, organic matter, texture and 

structure, bulk density and porosity, and the cation exchange capacity. Each aspect o f the 

soil sample is analyzed and measurements are calculated to determine the levels of each 

parameter (samples should be taken after grading and slope improvements have been
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made). Based on the results o f the soil test, revegetation specialists develop a topsoil mix 

that contains the necessary soil amendments for a particular site.. It is essential, to 

understand that these parameters can vary greatly on the same site, particularly if the site 

is severely disturbed. Also, soils in arid regions differ immensely from soils in more 

temperate regions (Mynshower, 1993).

Seeding and Planting Methods

It is important to understand the seeding and planting methods used for successful 

revegetation. Factors to consider for seeding and planting techniques include; seedbed 

preparation,, seed- selection (seeding mixes and rates), use o f surface mulches, container 

planting, water requirements, and special considerations for roadside revegetation.

Seedbed preparation is the process o f manipulating the soil surface in order to 

create a suitable growing environment for seedling establishment. This process is 

achieved through the incorporation of proper soil amendments and physically preparing 

the seedbed (Hansen, 1991; James, 1992; Munshower, 1993). As previously discussed, 

topsoil amendments are determined by soil test results which are incorporated into the 

soil surface by means o f mechanical cultivation. Seedbed preparation involves the use o f 

cultivation practices that are intended to improve soil aeration, erosion control, and water 

infiltration, while decreasing soil compaction and providing adequate soil moisture and 

“seed-to-soil” contact needed for successful seeding establishment (Hansen, 1991). 

These goals are achieved by mechanically cultivating the soil surface using various 

techniques. Cultivation involves the use o f heavy equipment such as bulldozers and 

tractors that pull implements which, rip, chisel, plow, disk, harrow, or slope chain the soil
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surface. The implement used depends on site conditions such as soil compaction or slope 

gradient, but they all have the same intent: to break up the soil surface in order to provide 

a better interface between the topsoil and the subsoil (Hansen, 1991; Mielke, 1993; 

Munshower, 1993). Typically, this process is repeated in order to break up large soil 

aggregates and surface imperfections and to incorporate topsoil amendments in order to 

create an ideal seedbed. The Utah Department o f Transportation’s manual on Native 

Plant establishment Techniques for-Roadside Revegetation defines the ideal seedbed as 

being:

“Very firm, but not compacted below the seeding depth, well pulverized 
and friable soil on top, surface not cloddy or puddled, free from live 
resident plant competition, free from seed o f weed species, and containing 
moderate amounts o f mulch or dead plant material within the soil surface” 
(Hansen, 1991: 71).

After the seedbed has been prepared it is ready to be seeded with the appropriate 

seed mix. Since site conditions, such as environment variables, land use, and topography, 

change for nearly every revegetation project it is important to develop a seed mix that 

corresponds to the conditions o f the site (Munshower, 1993). Revegetation scientists 

have developed several different factors that must be considered when selecting seed for 

revegetation based on the future land use o f the revegetated site and the goals of the 

revegetation program. Generally, there are seven factors to consider when selecting 

seeded plant species. The first one being habitat o f the proposed plant species should 

meet the site limitations o f aspect, elevation, soil conditions, precipitation, and 

temperature. It is important to consider all o f these limitations as a whole, for example a 

sandy-loam soil on south facing slope in the low desert will not retain as much moisture
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from precipitation than would a sandy-Ioam soil in the low desert located along a 

roadside, which receives more moisture due to surface water runoff from the road 

(Munshower, 1993). Species selection should also correspond with the predisturbance 

plant community; This may require field evaluation or inventory o f plant density, cover, 

and species diversity in order to determine what plants are native to the site and which 

plants perform well at the site. Also, it is important that different plant forms are 

represented in the seed mix, which means that revegetation specialist must select the 

appropriate warm and cool season grasses, annual forbs, shrubs, and deciduous and 

evergreen trees. However, many, plant species require certain light, temperature, and 

moisture requirements, which means that not all plants types will germinate at once. 

Some seedlings may only be able to germinate when sheltered by a larger shrub or 

mature stand o f grass. Also, there may be certain “pioneer species,” or plants that readily 

or quickly establish in a disturbed or barren area, which provide the cover and shelter 

necessary for the less adaptable species to successfully germinate (Wallace, 1980b). 

Therefore, it is important to carefully select compatible plants species in order to acquire 

the desired plant community.

Seed availability is also a concern for selecting plant species. Not all species are 

readily available and substitutions must be considered beforehand or more seed must be 

collected. When selecting substitutions it is important to choose the species that is most 

appropriate for the environmental, physical, and chemical characteristics o f the site. 

When collecting seed it is common practice and encouraged to collect seed close to the
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disturbance site, since those plants are most adapted to the limitations o f the site 

(Munshower, 1993).

However, genetic variability also plays an important role in a populations success. 

Therefore, too small o f a plant population for seed collection should be avoided. A 

species function or the purpose the plant will serve on the site is also important when 

selecting plant species. This factor depends on the proposed land use o f the site i.e. 

roadside, rangeland, or mine tailing and., overburden waste revegetation. Based on the 

land use, species may be selected for specific functions such as temporary stabilizing 

species (i.e., short lived species) or native plant restoration.

Regulatory restrictions also influence species selection. Different agencies, such 

as the Arizona Department o f Transportation, have stopped using certain plants like 

Lehmann’s lovegrass because of its invasive and aggressive behavior (A.D.O.T., 2001). 

Also, grasses in the Southwest, such as fountain grass {Pennisetum setaceurri), and 

buffelgrass, which are known to invade disturbed areas, should be limited or not used on 

revegetation projects because they outcompete native plants for soil moisture and 

nutrients (A.D.O.T., 2001; Fonseca, 1999). Therefore, it is important to understand the 

characteristics o f each o f the plant species before adding it to the mix. Species 

competition must also be investigated on revegetation projects. When using plants that 

germinate and spread quickly, like many grasses, it is important to specify lower 

quantities o f seed in order to decrease competition for water and nutrients. Typically 

grasses outcompete forbs, forbs outcompete shrubs, and shrubs outcompete trees 

(Munshower, 1993). Also, competition between weed species and seeded species must
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be taken into consideration; however, it is difficult to predict the amount o f weed 

competition there will be for any given site. Therefore, it is common practice to increase 

seed rates if  weed competition is anticipated. Finally, researching the past performance 

o f species used in revegetation programs will give insight into selecting the best plant 

species. Although research in this area is somewhat limited, it is possible to find out 

species performance information from seed suppliers, native seed research specialists, 

and other seed specialists.

Seeding-rates are another consideration that must be addressed when specifying 

seed. Generally, seeding rates are expressed as the number or weight o f seeds per acre 

(or hectare) (Hansen, 1991; Munshower, 1993). Also, it is important to specify seed on 

the basis o f pure live seed (PLS) with the accompanying certification. Certified seed will 

come with information about the seeds origin, germination percentage and date o f test, 

the percentage o f pure seed (by weight), other crop and weed seeds, and inert material 

(Munshower, 1993). Seeding rate calculations and desired plant densities can be 

calculated by using this information. As discussed earlier, seeding rates vary for each 

site, so a relatively fiat site with no apparent weed species will have a much lower seed 

rate than would a site on a steep slope with weed species present (Brooks, 1993; Hansen, 

1991). The Soil Conservation Service recommends 20 PLS per sq. ft. as a minimum 

number o f seeds on drill-seeded soils (Soil Conservation Service, 1982).

Seed application techniques vary with site characteristics, with the goal being to 

place seed in the soil at a depth that is best for successful germination (Hansen, 1991; 

Munshower, 1993). The main application methods used in revegetation programs are
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drill seeding and broadcast seeding. Drill seeding is used for large-seeded species on 

relatively flat slopes. It requires an implement that places the seed at a specified depth in 

the soil by opening a furrow in the soil, placing the seed in the soil, and covering the seed 

while firming the seedbed all in one operation. The desirable aspects o f drill seeding is 

that the seed is placed at a specified depth in the soil which maximizes its potential for 

soil/seed contact as well as moisture availability, it increases probability o f germination, 

and also ensures a firm seedbed. Undesirable aspects of drill seeding include a uniform 

- germination pattern (often in rows and unnatural looting), and more energy intensive 

process. Seed in drill seeder containers often separate into large and small seeds, leading 

to seeds larger seeds settling to the bottom of the container and being planted before other 

smaller seeds (Hansen, 1991). Oddly shaped seeds also have difficulty falling through 

drill seeding mechanisms, and there are only a limited number o f  seeding depths that can 

be specified in one seeding operation (Munshower, 1991; Bengsson, 1985; James, 1992). 

Broadcast seeding is any seeding method in which seed is broadcast or dropped onto the 

soil surface (Munshower, 1993). Various broadcast seeding implements have been 

developed, which range from implements that broadcast or throw seed from a container 

onto the soil to devices that combine attributes o f drill seeders with the placement o f seed 

on the soil. After the seed is broadcast, another implement or device is often dragged 

over the seeded area in order to cover seed with soil. Desirable aspects o f broadcast 

seeding are: it is capable of seeding small-seeded species, it provides a randomly 

dispersed seeding pattern that is highly desirable for native plant revegetation and 

rehabilitation, and it is well suited for seeding large areas which have steep slope
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gradients or a rough soil surface (Hansen, 1991; Janies, 1992; Munshowef, 1993). 

Undesirable aspects o f broadcast seeding are; it requires higher seeding rates (more costly 

if  using expensive seed), seed is more susceptible to rodent consumption, lack o f 

adequate soil coverage (which results in bare areas susceptible to erosion), and seeding 

cannot be performed on windy days (Hansen, 1991; James, 1992; Munshower, 1993).

Hydroseeding, which is a type o f broadcast seeding, is another technique that has 

become very popular for its use in arid environment- revegetation programs. 

Hydroseeding is a process in which seeds are dispersed in a liquid under pressure. This 

process is performed using specialized equipment made up o f 'a  large, often truck 

mounted, tank that continuously agitates a mixture of seed, mulch, and other materials. 

This slurry is then pumped out and applied to the specified area though a hose and/or 

nozzle (James, 1992). This process creates a very suitable seed germination environment 

because the hydroseed slurry contains necessary nutrients and cover (mulch) that are vital 

to successful germination. Often this procedure is done in two phases. First, the 

hydroseed slurry (a mixture of liquid, seed, fertilizer, and other materials) is broadcast 

over the specified area. Second, hydromulch slurry that is composed o f a mixture o f 

liquids, tackifiers (tackifiers are organic and inorganic liquids that help to bond the slurry 

to the soil surface), and mulch is sprayed over the specified area at a specified depth 

(normally V2 in.) (Hansen, 1991; James, 1992). This two-phase process helps to ensure 

that when the slurry dries, there are no seeds suspended above the soil surface that may 

dry out. However, this two-phase operation is rarely used due to the cost o f two 

applications (Hansen, 1991). Generally, seeds, mulch, fertilizers, tackifiers, and other
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materials are all contained in the hydroseed/hydromulch mix and broadcast in one 

operation. Some o f the desirable aspects o f hydroseeding include: 1) seed and other 

materials can be applied more uniformly than other types o f application methods; 2) it is 

very effective on steep slopes, rough textured surfaces, and otherwise inaccessible areas; 

3) the hydroseed/hydromulch layer, provides protection between the soil surface and 

environmental elements (wind and _ rain). thereby decreasing erosion and seed 

consumption from wildlife, 4) The thickness of the-hydromulch layer meets the planting 

depth requirement for the majority of native desert plant species; and 5) it can be 

performed on windy days (Hansen, 1991; James, 1992; Munshower, 1993). Undesirable 

aspects o f hydroseeding include: 1) seeds can become damaged by the mechanical action 

o f the hydroseeder; 2) seed may become suspended in the mulch slurry above the soil 

surface and dry out; 3) expensive and oddly shaped seed may get caught up in the slurry 

and never reach the soil surface; and 4) it may be more expensive to perform than other 

types o f seeding (Bainbridge, 1994; Hansen, 1991; Harper-Lore, 2000; James, 1992; 

Munshower, 1993).

After seeding, it is beneficial for the seed to be covered with some type of surface 

mulch to provide seeds with a suitable germination environment and to control erosion 

(Brooks, 1993; Hansen, 1991; James, 1992). A suitable germination environment is one 

that protects the seed from strong wind, temperature extremes, and wildlife consumption 

while providing adequate soil moisture and temperature. Erosion control is one of the 

primary reasons for using surface mulches. Denuded soil surfaces that have steep or mild 

slopes are extremely susceptible to erosion and should be protected with surface mulch in
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order to preserve the integrity of the slope (Bengsson, 1985; Brooks, 1993; Hansen, 1991; 

Munshower, 1993).

There are several types o f surface mulches available; some o f them include 

hydromulch fibers, straw mulch, gravel mulch, erosion control blankets, and vertical 

mulching: The mulch selected is based mainly on site conditions and cost (James, 1992; 

Hansen, 1991; Munshower, 1993). As previously mentioned, hydromulching is the 

process o f spraying: a slurry-o f  mulch (often wood or paper fibers) and liquids onto the 

soil surface. Its benefits are that it can be applied to steep slopes and rough surfaces and 

its drawbacks are that it is not-very effective for increasing water penetration and 

decreasing soil temperature (Bainbridge, 1994; James, 1992; Munshower, 1993):. 

However, hydromulching is considered to be one o f the most effective types o f surface 

mulch for revegetation (James, 1992).

Straw mulch, which is composed o f clean native grass hay or grain straw, 

functions as an insulator by reducing temperature and increasing soil moisture. Straw 

mulch is applied with a mechanical dry blower that spreads the straw evenly over the site 

at a specified rate (rates range from 1000 Ibs./acre up to 15 tons/acre) (Hansen, 1991; 

Munshower, 1993). After the straw mulch has been applied it must be adhered to the soil 

surface by a process called crimping, in which some sort of mechanical implement 

presses the straw into the soil surface or by applying a tackifier. However, it is important 

to note that straw mulch may intercept water from small precipitation events and 

potentially decrease moisture availability to seeds (personal conversation with Steven 

Smith, Ph.D.). Gravel mulch is a type o f surface mulch in which a 1 -  2” layer o f gravel
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or decomposed granite is spread over the soil surface. It is often used when rill erosion is 

anticipated, but it is very costly and may also increase soil temperatures (James, 1992).

Erosion control blankets are another type o f surface mulch used mainly to control 

erosion on steep slopes, but also serve as an effective seed cover: Erosion control 

blankets are composed o f wood fiber, woven coconut fibers, woven straw, and other 

materials and are wrapped in plastic netting. The blanket is then spread over the soil 

surface and held in place with long staples. Proper installation is vital; blankets must be 

in full contact with a smooth soil surface, otherwise gaps between soil surface. and the 

blanket may cause erosion (Hansen, 1991; James, 1992). A downside o f this method is 

that the blankets often block out sun, which is.necessaiy for emergence of certain types o f 

seeded species, and this method is also very costly and labor intensive (James, 1992):

Another type o f mulching being used in arid land revegetation is called vertical 

mulching. Vertical mulching is an erosion control process in which straw, sticks, or 

brush are placed upright in the soil. The vertically placed , materials help in slowing 

surface water runoff while allowing the water to penetrate the soil surface. These 

materials provide areas for seeds to be caught and germinate, thereby utilizing the 

protection o f the mulch from wind, intense sunlight, and extreme temperatures. Also, 

below ground decomposition o f the mulch will help to rehabilitate the soil ecosystem by 

increasing organic matter and soil microorganisms (Miller, 1995). Vertical mulching 

materials include: broom com, straw, brush, and reeds (Bainbridge, 1994).
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Container planting

Since seeds of shrubs and trees must compete with the more aggressive grass and 

forb seedlings it is often difficult to establish them from seed (Brooks, 1993; Munshower, 

1993). By using container-grown plants there is a higher probability o f plant survival and 

maturity (Brooks, 1993; Munshower, 1993): Species selection is based on the same

criteria as seed species: the species should be adapted to the local environment, native 

plants should be used, plants must be able to tolerate the site constraints (extreme 

temperatures, disturbed soils, etc.), species diversity is encouraged, and the plants, must 

be able to survive on little or no supplemental irrigation (Johnson, 1991).

Container plants range in size from extremely large boxed trees to small tubular 

containers. Large boxed trees are rarely used due to their high cost and labor involved 

with moving and placing large plants over difficult terrain, therefore small tree and 

shrubs are grown in tubes, otherwise known as tubelings. Tubelings are plants grown in 

long slender tubes, which are then planted by drilling deep holes with an auger and 

placing the tubelings in the hole (Brooks, 1993; Hansen, 1991). This type o f planting 

container allows for the plants to develop a deeper or longer root system (increasing the 

root: shoot ratio), which is able to reach subsurface water and increase its chance o f 

survival. Studies performed by the Hawaii Department o f Transportation showed that 

placing water in the auger holes prior to planting increased plant survival even more 

(Brooks, 1993). Some o f the disadvantages o f container planting are, increased costs for 

growing, packing, shipping, storing, and planting, compared to seeding, and supplemental 

irrigation is typically required (Brooks, 1993).
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Supplemental Irrigation

The extreme climatic conditions o f the desert make it very difficult for seeded or 

planted plants to survive on natural rainfalT and it is often necessary to supplement 

rainfall with irrigation on revegetated areas (Bengsson, 1985; Bowden, 1991; 

Munshower, 1993). Types o f irrigation used on disturbed sites are sprinkler/spray, drip, 

o r  flood irrigation. There are diflerent opinions on the use of supplemental irrigation, 

some believe it is necessary for successful revegetation (Bowden, 1991; Bengsson, 1985) 

and others feel that irrigation on revegetated lands encourages establishment o f non- 

seeded, invasive species and seeded plants to use and depend on larger amounts of water 

by extending the growing season (Munshower, 1993; Wallace, 1980a). Generally, 

irrigation should only be used to supplement natural precipitation in order to enhance 

seed germination and seedling growth (Bengsson, 1985; Munshower, 1993).

Drip irrigation is generally required in desert climates for establishment of planted 

trees and shrubs during the first few growing seasons, but irrigation should be stopped 

shortly after plant establishment in order for the plant to adapt to the natural growing 

environment (Munshower, 1993). Microcatchment water harvesting is another type o f 

supplemental irrigation method in which micro-watersheds, runoff strips, contour bench 

terraces, and catchment basins are constructed to divert rainfall into basins that store plant 

available water underground. Studies in the California desert suggest that this type o f 

water harvesting increases plant establishment success (Fidelibus, 1994).
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Methods o f Evaluating Revegetation Success

The revegetation o f disturbed sites can be a challenging process to undertake. 

There are several factors to consider for all aspects of a revegetation project, and it is 

important to evaluate the success o f the project after implementation. In order to evaluate 

revegetation success one must know the overall goals o f the project, which will vary 

depending on the type o f revegetation project. Rangeland revegetation and restoration 

projects may have goals that focus on reestablishing native grasses for forage and 

restoring the “health” of the range (Roundy, 1995). Roadside, revegetation projects may 

have goals that focus on decreasing the visual impact o f scars left by roadway 

construction, improving the safety of the roadside by having a “clear zone” (a place 

w here-errant vehicles , can -pull, off the roadside and avoid road hazards safely), 

revegetating the site to match predisturbance plant communities, and controlling erosion 

(Brooks, 1993; A.D.O.T., 2001).

Whatever the goals are it is good practice and often required to evaluate and 

monitor the success o f the project. This information is extremely valuable for 

understanding past management practices and improving future practices. Unfortunately, 

evaluation o f revegetated lands is frequently overlooked due to lack o f economic 

resources or because the evaluation process is not well understood (Hansen, 1991). Also, 

long-term evaluation of revegetated sites is rarely done and is needed to further develop 

criteria for evaluation (Brooks, 1993; Roundy, 1988).
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Over the years, range scientists, landscape ecologists, and revegetation specialists 

have developed several types o f quantitative methods for vegetation evaluation; 

Evaluation of revegetated disturbed lands involves comparing characteristics of the 

revegetated site with a control or predisturbance site or by comparing the characteristics 

o f the revegetated site with the information provided in the revegetation plan such as the 

seed mix, number and type o f container plants used, and planting method specifications.

Typical characteristics; o f the site include* frequency, species diversity; and plant 

density, survival, and cover. Measurements o f these characteristics involve the use.of a 

variety o f vegetation sampling techniques. • Some commonly used methods include 

production (by harvesting and weight sampling), utilization, cover (by use o f quadrat, 

line intercept, 35 millimeter slides, or variable radius methods), frequency, diversity, 

density (sampled with quadrats, or belt transects), plant survival rates (inventory of 

existing viable plants compared with number o f planted plants), or measurement o f plant 

size and spread (Brooks, 1993; Barbour, 1999; Brown, 1994; Hansen, 1991; Herrick, 

2001). Also, time is heeded before any measurements should be taken. The revegetated 

site should have been through at least two growing seasons before evaluation in order for

the plants to mature (Brooks, 1993; Hansen, 1991). After measurements have been
1

recorded it is then possible to determine the success o f the revegetated site.
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M ETHODOLOGY

Chapter 3

Data Collection

The locations o f the vegetation sampling plots were determined by the Arizona 

Forest Highway Project 39-1 (Phase II through V) landscape plans (Note: Phase 1  only 

included the construction o f the roadway and did not include implementation o f the 

landscape plans until Phase II o f this project, therefore Phase I plans were not used to 

determine vegetation sampling plot locations). The basic scheme o f the landscape plan 

for this project was based on a method called the Visual Prioritization Process (VPP). 

The VPP is a process in which important views are singled out along the roadway by 

taking into account the distance of the view from the viewer, the angle and size o f the 

view, its silhouette, the length o f time people would see it as they drove by, and whether 

the views are flat, vertical, or sloped away from the viewer (Dickey, 1997). Using this 

process, U.S.F.S. landscape architects were able to determine the best location for 

detailed landscaped areas (DLA’s) along the Mt. Lemmon Highway. Therefore, 

vegetation-sampling plots were selected by sampling each of the DLA’s for each phase o f 

the plan. The phase numbers, number of DLA’s per phase, year o f completion, and 

milepost location and project limits are listed in Table 1.1.

The seed mixes used for this project varied according elevation and biotic 

community. Since the Mt. Lemmon Highway rises in elevation (3000 ft. to 5200 ft. for 

this project), several different seed mixes were developed according to the biotic 

community in which the site is located (Table 1.2). Seed mixes were developed for the
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upper Sonoran Desert, semidesert grassland / chaparral, and the open oak woodland 

biotic communities.

All vegetation sampling was conducted only on fill slopes with slope gradients 

ranging from 1.5: 1 to 4: 1 (run: rise). Due to the alignment of the roadway and the rocky 

terrain, cut slopes consisted of mainly hard granite cliffs and overhangs that were created 

by excavating..or. blasting the mountainside. Therefore, no cut slopes were sampled or 

evaluated for this project.

The vegetation sampling of the roadside was conducted during late January 

through early April o f 2001. Vegetation types sampled for this project include: perennial 

grasses, shrubs, and trees (annual forbs and grasses were not evaluated due to their 

seasonal variability). The vegetation sampling method chosen to evaluate revegetated 

areas was the belt transect method. Locations o f the belt transects were determined prior 

to site visits by plotting out transect locations, which best represented the general 

characteristics of the site, on field maps. Three to six belt transects were performed on 

each o f the DLA’s for all phases o f the roadside revegetation. Three-foot wide belt 

transects were placed perpendicular to the edge o f the roadway and extended to the 

bottom o f the slope, which ranged in length from 20 to 100 feet. Data collected from belt 

transects include total number o f plants and plant species per square foot. Total plant 

density and mean species diversity were then calculated from these data.

The frequency o f plant species was determined by an inventory o f all plants 

within and outside the belt transects. These data were then used to determine which plant 

species used in the seed mixes were represented at the revegetated site. Also, this
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information indicates the established species that were not included in the seed mix, 

including both native and non-native or invasive plant species.

Container planted species were evaluated by taking inventory o f all viable 

container-planted trees. Additionally, all-viable salvaged plants, which include. Agave 

spp., saguaro (Camegiea gigantea), fishhook barrel cactus (Ferocactus wislizenii), 

ocotillo (Fouquieria splendens), desert spoon (Dasylirian wheeleri), and Yucca spp., 

were inventoried for each of the DLA’s. Survival rates of container and salvaged plants 

were then determined by comparing the number of viable plants with the. number o f 

plants specified in the landscape construction documents. Mean survival rates were then 

calculated for each DLA for each phase o f the project.

The environmental variables recorded for this project include aspect and 

elevation. This information was used to determine if there were any relationships 

between the environmental variables and species diversity, plant density, frequency, and 

survival rates.

Data Analysis

Analysis o f the data was performed by calculating total plant density, mean 

species diversity, and mean survival rates for all DLA’s for each phase and comparing 

these data with the landscape construction specifications (seeding, container planting, and 

salvaged plant specifications) and environmental variables of the site. Frequency data 

were used to indicate additional plant species, which may or may not have been present

in the belt transects.
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Table 1.1. Summary o f Phases, DLA’s, year of completion, milepost location and project 
limits.

Phase
Number

Number o f 
DLA’s Sampled

Year o f 
Completion

Milepost
Location

Project Limits* 
(STA. 000+00)

n 5 1988 1.2 to 3.0 8+00 to 158+00
in 6 1991 3.0 to 5.9 158+00 to 311+00
IV 5 1994 5.9 to 7.5 311+00 to 397+00
V 4, 1996 7.5 to 9.4 397+00 to 494+00

* STA. refers to the roadway station measurement convention that measures the distance along the
centerline of the roadway. Stations are at 100-foot intervals starting with 0+00.

Table 1.2. Summary o f DLA’s per phase, seed mix types, and. environmental variables.

Phase
Number

DLA
Number

Station
Number

Seed Mix. 
Type*

Aspect Elevation
(Feet)

II 1 44+00 1 SB 3035
II 2 70+00 '■ 1 S 3165
II 3 110+00 1 SW 3360
II 4 128+00 1 SW 3450
II 5 142+00 1 SW ,W 3500

r a 1 205+00 1 E 3850
in 2 215+00 4 SB 3900
r a 3 242+00 4 SB 4030
r a 4 251+00 2 S 4060
r a 5 274+00 2 SB 4200
r a 6 287+00 2 SB 4275

IV 1 315+00 3 S 4400
IV 2 325+00 3 SB 4450
IV 3 337+00 3 SW 4500
IV 4 356+00 3 S 4625
IV 5 364+00 3 NW 4675

V 1 416+00 5 W 4850
V 2 426+00 5 w 4975
V 3 437+00 5 w 5100
V 4 472+00 5 NE 5220

* 1 = Upper Sonoran desert mix, 2 = Semidesert grassland/chaparral mix I, 3 = Semidesert 
grassland/chaparral mix II, 4 = Semidesert grassland/chaparral mix III, 5 = Open oak woodland mix. See 
Appendix A for seeding specifications for each mix.
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RESULTS AND DISCUSSION

Results of this research are organized by phase. Calculations for total plant 

density were derived from the total number o f plants in each phase divided by the total 

area (ft2) o f each phase. Calculations for species diversity for each DLA were derived 

from the average number o f individual species inventoried within each belt transect, then 

species diversity for each phase were derived by averaging the species diversity for all 

DLA’s within the phase.

I t  is important to note that several more species may have been present in each- 

phase, but were not represented in species diversity either because they were not located 

within the belt transects or the average valve o f a particular species within the belt 

transects was less than one. However, frequency o f all pertinent species (perennial 

grasses, shrubs, trees, and cacti or accents) revealed species that did not fall within the 

belt transects.

Survival rates of container plants greater than 100% indicate species that have 

established from parent material from the revegetation seed mix, container planted 

species, or adjacent plants in undisturbed areas. For salvaged plants it is important to 

note that the construction specifications require that the minimum quantity o f salvaged 

plants shall be 120 % o f the quantity specified in the bid schedule (See Appendix B; 

Seeding and Planting Specifications), therefore a survival rate o f 120% would suggest 

total survival o f that particular species.

Chapter 4
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Analysis o f  Phase II data showed a total plant density of 0.36 plants/ft2 and a 

mean species diversity o f 11 individual species (Table 2.1). This phase showed the 

lowest plant density and the highest species diversity out of all four phases. One factor 

that may explain the results of low density could be project age (planted in 1988); 

germination o f seeded species is no longer occurring 13 years after the initial planting 

year. However, the higher species diversity for Phase II may indicate that there has been 

greater opportunity for more species to mature and establish from adjacent natural areas 

since it is the oldest phase.

Further investigation of. plant species shows the plant density o f non-specified 

plants was 8.25 times greater than the specified plants (Table 2.2). This variation was 

due to the high establishment o f several invasive grasses, mainly buffelgrass, rubygrass 

(Melinis repens), and fountain grass, which accounted for 80% o f the total plant density 

for Phase II (Table 2.3). Other introduced grassed observed in Phase II include 

Lehmann’s lovegrass, bermuda grass (Cynodon dactylon), and stinkgrass (Eragrostis 

cilianensis). Establishment of the aforementioned invasive/introduced grasses is not 

surprising since many o f these species were introduced and developed for their ability to 

readily establish on drastically disturbed lands. From a management stand point they are 

a nuisance because o f their ability to outcompete seeded and native species, and for their 

high brushfire-fuel production potential (Cox, 1996; Bock, 1993; Fonseca, 1999; Roundy, 

1995).

Phase II
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Comparison o f individual species data with seed mix specifications used in this 

phase (Appendix A; Table A.1) reveals two grasses, purple three-awn (Aristida 

purpurea) and side-oats grama (Bouteloua curtipenduld), observed out o f the six seeded 

grasses, and their densities were significantly lower than the previously mentioned 

invasive grasses: Establishment o f three non-specified native grasses; tanglehead

(Heteropogon contortus), cane beardgrass (Andropogon barbinodis), and blue grama 

(Bouteloua gracilis) were also observed, but at comparatively lower densities. However; 

it is encouraging to see evidence o f native grass .establishment, especially the nqn-seeded 

varieties, and increasing PLS rates of these species and adding the non-specified native 

grasses to the seed mix could decrease invasion o f unwanted grasses.

Foothills palo verde (Cercidium microphyllum) had the highest density of the 

seeded tree species in Phase II of 0.0017 plants/ft2 (or about 74 plants/acre) (Table 2.3). 

Velvet mesquite (Prosopis velutina) and blue palo verde (Cercidium floridum), both 

seeded trees, were also found in Phase II. Non-specified trees observed in Phase two 

include Mexican palo verde (Parkinsonia aculeatd) and salt cedar (Tamarix spp.), both 

o f which are known to be invasive (Jones, 2000; Turner, 1995). Even though Mexican 

palo verde is native to the Sonoran desert it can be considered a nuisance, since it readily 

volunteers in unwanted areas such as riparian areas and roadsides and it is a short lived 

species typically lasting les than 20 to 25 years (personal conversation with Margaret 

Livingston, PhD; Jones, 2000). Salt cedar is an invasive tree and or shrub that is 

notorious for spreading in riparian areas and irrigation canals (Jones, 2000; Turner,

40
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1995). Nevertheless, both non-specified trees were found in only a few areas outside belt 

transects.

The most successful specified shrubs found in Phase II were brittlebush (Encelia 

farinosa) and four-wing saltbush {Atriplex canescens) with both species having similar 

densities o f 0.0083 plants/ft2 and 0.0081 plants/ft2, respectively. Also, both plants are 

well adapted to rocky and disturbed soil conditions, suggesting why these shrubs were the 

best performing seeded species (Jones, 2000; Turner, 1995). Fairy duster {Calliandra 

eriophyllum) and turpentine bush (Ericameria laricifqlia) also established significantly 

better than the other seeded shrubs, with densities at 0.0031 plants/ft2 and 0.0029 

plants/ft2, respectively. Comparison of specified shrubs (Appendix A; Table A.1) with 

observed shrubs (Table 2.3) indicated that all seeded , species have established. Non- 

specified shrub establishment was dominated by Indian mallow (Abutilon spp.\ with 

0.0292 plants/ft:2. Indian mallow is an herbaceous-like shrub native to the Sonoran Desert 

and is beginning to become a popular nursery stock plant because o f its velvety textured 

foliage and mallow like flowers (Jones, 2000). Further research and development o f this 

species may prove beneficial as a potential well-establishing species for revegetation o f 

disturbed sites. Other established non-specified shrubs were sweet bush (Bebbia junced) 

and canyon ragweed {Ambrosia canbrosioides); both are native to this region.

Cacti and accents performed well with all specified plants being represented in 

Phase II. In addition to the specified cacti, there is also evidence o f non-specified cacti 

establishing in the revegetated areas, especially Arizona fishhook cacti (Mammillaria 

microcarpa) that had a total density of 0.0021 plants/ft2. This is not too surprising since
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this cacti is well adapted to sandy and gravelly soils, which coincides with the soil 

conditions in Phase II, and it is also encouraging to see that this species is able to adapt 

and establish in these disturbed site conditions. Other non-specified cacti found include; 

chain-fruit cholla (Opuntia fulgida), tree cholla (Opuntia imbricatd), and Santa Rita 

prickly pear (Opuntia violaced), all-of which are-commonly found cacti in this region.

Survival rates o f container plants for Phase II indicate that foothills palo verde 

(Cercidium microphyllum) performed the best with a mean survival rate of 119 % 

survival (Table 2.7). This survival rate indicates, seedling establishment from the seed 

mix (Appendix A; Table A.1), and may also suggest that the container planted trees or 

adjacent individuals in natural areas have aided in the.reseeding and establishment o f this 

species. Blue palo verde (Cercidium floridum) also performed -well. with a.mean survival 

rate o f 76 %. Velvet mesquite (Prosopis velutina) performed moderately, with a mean 

survival rate o f 66 %.

Salvaged plant survival rates indicate that saguaro cactus performed very well 

with a mean survival rate o f 91 % (Table 2.8). Fishhook barrel cactus and ocotillo had 

moderate mean survival rates o f 70 % and 79 %, respectively. Site observations showed 

that some o f the death and damage of salvaged cactus species were caused by large fallen 

rock. Other reasons for loss o f plants may include improper planting methods and lack of 

proper soil moisture or nutrients. However, these results are very encouraging, being that 

these cacti and accents were planted more than 13 years ago.
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Analysis o f  Phase HI data showed a total plant density o f 0.56 plants/ft2 and a 

mean species diversity o f 10 individual species (Table 2.1). Phase III had the highest 

overall plant density and an average species diversity compared to the other phases. 

Phase I l l ’s higher plant density may be due to the aspect in which the majority o f the 

DLA’s face, which is southeast or east (Table 1.2), which typically creates more 

favorable plant establishment conditions. However, like Phase II, the ratio o f non- 

specified to specified plant density was 10.69 (Table 2.2), This was the highest ratio for 

this project, caused by the establishment of'severaf invasive grasses. - In fact,. 82% o f the 

species originated-from three invasive/introduced grasses: rubygrass, buffelgrass, and 

Lehmann’s lovegrass (Table 2.4). Fountain grass had a noticeably lower density than 

Phase H, and bermuda grass and stinkgrass, which were only observed (present in site, 

not represented in belt transects) in Phase III, had plant density o f 0.00 plants/ft2.

Non-specified native grasses cane beardgrass, tanglehead, and deer grass 

(Muhleribergia rigens) were also found. Deer grass was observed in adjacent plant 

communities throughout the higher elevations o f this project, and was only observed in 

limited areas for Phase HI, therefore having a very low density o f 0.003 plants/ft2. Five 

specified native grasses were observed at much lower densities than the non-specified 

grasses. They include purple three-awn, sideoats grama, Arizona fescue (Festuca 

arizonica), plains bristlegrass (Setaria macrostachya), and blue grama, accounting for 

3% o f the total plant density for this phase. Specified native grasses may have had much 

lower establishment due to short-duration precipitation during initial planting. This may

Phase III



have initiated seedling germination, but subsequently seedlings may have desiccated 

during a prolonged dry period. However, without site specific precipitation data it is 

difficult to make this assumption (Livingston, 1992). Also, the competition between the 

prolific invasive grasses may have out competed and prevented the native species from 

maturing and reestablishing.

Velvet mesquite showed the highest establishment o f the seeded tree species for 

this phase (Table 2.4). Surprisingly, foothill palo verde establishment was much lower 

for this phase, only being observed outside o f  the belt transects. This may be due to the 

cooler temperatures associated with the increased-elevation for this phase. Other specified 

trees included velvet ash (Fraxinus velutina), Fremont cottonwood (Populus fremontii), 

and emory oak (Quercus emoryi). Mexican palo verde was the only nomspecified tree 

found in Phase HI and was not present within any belt transects.

The most successful specified shrubs for Phase III, in terms o f establishment, 

were four-wing saltbush (0.0103 plants/ft2), turpentine bush (0.0065 plants/ft2), catclaw 

mimosa (Mimosa bitmcifera) (0.0025 plants/ft2), and catclaw acacia (Acacia greggii) 

(0.0020 plants/ft2) (Table 2.4). Unlike Phase II, where brittlebush was the dominant 

specified shrub species, very few brittlebush were observed in Phase III. Four-wing 

saltbush showed an increase in density from Phase H as did turpentine bush. 

Comparisons between the seed mixes used (Appendix A; Table A.1, A.2, and A.4) and 

the established shrubs indicate that all specified shrubs have established in Phase III. 

Non-specified shrub establishment was dominated by desert broom (Baccharis 

sarothroides) having 0.0080 plants/ft2. Desert broom, a dioecious native plant, is known
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for its ability to readily establish on disturbed lands and washes and has been used in the 

past for revegetation and erosion control o f steep slopes (Jones, 2000; Mielke, 1993). 

However, due to its aggressive nature it often out competes other native species for soil 

moisture and nutrients making it difficult for other species to establish. Big sagebrush 

{Artemisia tridentata), sweet bush, and native cotton {Gossypium thurberi) were other 

established non-specified shrubs. It is important to note that all o f the observed non- 

specified shrubs are native to this region.

Specified cacti and accent establishment showed all species establishing in Phase 

III. Non-specified cacti and accent establishment was seen from Arizona fishhook 

cactus, tree cholla (Opuntia imbricata), and Santa Rita prickly pear {Opuntia violacea); 

however relatively few of these species were observed in Phase III.

Container plant survival rates for Phase III show that cottonwood {PopuJus 

fremontii) performed best with survival rate of 250 %. Cottonwoods in this DLA were 

planted in a riparian area, which provides the most suitable habitat for growth and 

seedling emergence for this species and explains why this species was only used in this 

area. The same can be said for velvet ash, which had a survival rate o f 75%. Velvet ash 

is also a riparian species and was only used in this DLA. Velvet mesquite performed 

much better in this phase with a mean survival rate o f 135%, suggesting evidence o f new 

plants from seedling emergence. Foothills palo verde performed poorly in this phase 

with a mean survival rate o f 28%, much lower than Phase II. The same is true for emory 

oak with a mean survival rate o f 18%. Speculation as to why survival is so low for these
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species includes, but is not limited to, lack proper soil moisture and nutrients, improper 

planting methods, or destruction or displacement by animals or fallen rock.

Phase III salvage plant survival rates showed exceptional performance from desert 

spoon with a mean survival rate. 700%, which, suggests evidence o f seedling emergence 

from the seed used in the specified seed mix (Appendix A; Table A.2 & A.4). Fishhook 

barrel cactus had a lower mean survival rate of 63%. Agaves inventoried for this project 

were Agave crisantha and Agave palmeri and survival rates were based on the total o f 

both inventoried'species indicated in Table 2.6 as Agave spp. Survival rates of agaves 

were very low in all phases of this project, however several non-viable agaves, which had 

bloomed then desiccated, were observed in each DLA. This evidence may indicate that 

transplanted or salvaged agaves bloom earlier in their life cycle than agaves that grow 

naturally.

Phase IV

The total plant density o f Phase IV was 0.45 plants/ft2 and had a mean species 

diversity o f 9 individual species (Table 2.1). The ratio o f non-specified to specified 

plants was 7.89, lower than the previous phases (Table 2.2). Lehmann’s lovegrass, 

rubygrass, and buffelgrass composed 77% of the total plant density for this phase, 

indicating a very slight decrease in the amount of invasive grasses as compared with 

previous phases (Table 2.5). Cane beardgrass, a non-specified grass, revealed its highest 

plant density in Phase IV at 0.0238 plants/ft2. Blue grama showed the highest
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establishment o f the specified grasses at 0.0198 plants/ft2, followed by sideoats grama at 

0.0024 plants/ft2

Specified tree establishment for this phase showed establishment o f emory oak, 

velvet mesquite, and alligator juniper (Juniperus deppeana). Non-specified tree 

establishment showed establishment o f some very surprising species: sweet acacia 

(Acacia smallii) and coolibah (Eucalyptus microthecd). Sweet acacia is a very popular 

tree species used in landscape projects throughout Tucson and the Southwest. Not native, 

to this region, it is introduced from the southern regions o f Mexico, and most likely 

volunteered along the roadside by way o f an automobile undercarriage or bird droppings. 

The same can be said for, coolibah, a popular large landscape tree introduced from 

Australia.

As in the previous phase, four-wing saltbush showed the highest establishment o f 

the specified shrub species followed by turpentine bush and squawbush sumac (Rhus 

trilobata) (Table 2.5). All specified shrubs were observed in Phase IV except for 

mountain mahogany (Cercocarpus montanus), however a majority o f their densities were 

relatively low to none. Native cotton and desert broom had the highest non-specified 

shrub densities. Native cotton may be another species for consideration for its use in 

revegetation projects, it is native to the Sonoran desert and prefers rocky soil conditions, 

but further evaluation o f this species is needed to determine its potential for revegetation 

use. It is also interesting to note that white thorn acacia, dalea (Dalea pulchrd), and 

Arizona flattop buckwheat (Eriogonum fasciculatum), previously specified shrub species.

were observed in Phase IV.
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Specified cacti and accents observed in this phase, included desert spoon. Agave 

spp., prickly pear, and yucca. Non-specified cacti and accents observed in this phase 

were century plant {Agave americana) and Arizona fishhook cactus. Century plant is 

perhaps the most popular agave species and has a long history as being an ornamental 

landscape plant used throughout the world with its origin most likely from eastern 

Mexico (Irish, 2000). Six large century plants were observed in the first DLA of this 

phase; It was most likely mistakenly planted for the specified agaves.

O f the container- planted species,. Arizona rosewood {Vauquelinia californica) 

performed best in Phase IV with a mean survival rate o f 135% (Table 2.7). This suggests 

seedling establishment from adjacent parent plant seed, since Arizona rosewood was not 

specified in the seed mix. Velvet mesquite showed a mean survival rate o f 87%. A little 

over half (58%) o f Alligator juniper survived and nearly a third (32%) o f emory oak 

survived. Both o f these species used smaller three-gallon containers, which may suggest 

a correlation between small container size and low survival rates. All o f the other species 

were planted from five-gallon containers, except for Phase V where seedlings (tubelings) 

were used. However, due to the limited number o f species planted from three-gallon 

containers it is difficult to make this assumption without further research.

Survival rates o f salvaged plants for Phase IV show surprising results for desert 

spoon where there was only 65% survival compared to Phase III were the survival rate 

was 700% (Table 2.8). This variation from Phase III to IV may be particularly due to the 

larger number o f desert spoon planted in Phase IV. In Phase III only 2 desert spoons
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were planted in the evaluated DLA’s and in Phase IV  there were 102 planted in the 

evaluated DLA’s. This large increase in salvaged desert spoon may be a more reasonable 

indicator o f  the survival rate o f this species. Also, one might postulate that the older 

Phase m  (1994) has allowed for better scarification o f the seed used in the revegetation 

mix, thus increasing the number o f desert, spoon established from seed. Also, increased 

elevation for this phase may hinder seedling establishment (average elevation for Phase 

IV = 4530 ft.). Survival o f Agave spp. in this phase was low at 42% survival. There was 

also evidence o f non-viable agaves that had bloomed and desiccated, causing lower 

survival. Survival o f fishhook barrel cactus was very low at 20%. One reason for this 

low survivability may be that this species is nearing it elevation limits and may not have 

survived transplanting due to the. climactic conditions at this, elevation (i.e. freeze 

damage). Survival o f Yucca spp. was 68%.

Phase V

Analysis o f Phase V data showed a total plant density of 0.40 plants/ft2 and a 

mean species diversity o f 9 individual species (Table 2.1). This Phase was the most 

successful in terms of establishment for the specified plant species. Table 2.1 shows that 

the ratio o f non-specified to specified plants were only 0.27, indicating a drastic decrease 

in non-specified plant density. Invasive grasses, (Lehmann’s lovegrass and rubygrass) 

for this phase only accounted for 18% of the total plant density (Table 2.6), drastically 

different than the previous phases where invasive grasses accounted for 77 to 82% o f the 

total plant density. Specified grasses accounted for over 50% of the total plant density.
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Reasons for this variation are most likely due to a combination o f factors, which include; 

increased elevation (average elevation = 5030 ft.), which creates more favorable 

environmental conditions for plant establishment for these species (i.e. increased rainfall, 

decreased temperatures); and project age. This is the youngest phase, planted in 1996, 

and there has been less opportunity for invasive species to  establish. It is also interesting 

to note that cane beardgrass was used in the revegetation seed mix for this phase 

(Appendix A; Table A.5). In previous phases this species was not specified for use in the 

seed mix yet was found establishing in all previous phases.

Except for New Mexican honey locust (Robinia neomexicana), trees in Phase V 

showed poor establishment (Table 2.6). There was no. evidence o f non-specified tree 

establishment. Shrub establishment for this phase also indicated surprising results. 

Arizona flattop buckwheat showed the highest establishment out o f all the seeded 

species, including grasses, with a total plant density o f 0.0873 plants/ft2. This plant is 

well suited for this elevation for this project since it prefers dry, rocky slopes (Mielke, 

1993); it was observed in the DLA’s in large masses covering a majority o f the 

revegetated slopes. This species was also specified in Phase II and III, however it was 

not specified in Phase IV. It would be interesting to see how this species would have 

established in Phase IV, however it was observed in Phase IV. Nonetheless, land 

managers should consider this shrub as a valuable species for revegetating disturbed 

lands and controlling erosion given the results o f these data. Other specified shrub 

establishment was recognized for four-wing saltbush, squawbush sumac, and turpentine
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bush, all o f which have expressed good establishment in previous phases. Nearly all o f 

the specified shrubs for this phase have established.

Non-specified shrub establishment was dominated by pineleaf milkweed 

(Asclepias linarid) with 0.0065 plants/ft2. Pineleaf milkweed is native to the Southwest 

and its preferred habitat is similar to the rocky slope conditions found in this project. It 

may be another species that should be developed for use in future revegetation projects. 

Other non-specified shrubs include desert broom, rabbitbrush (Chrysothamnus 

nmseosus), sacred datura (Datura wrightii), big sagebrush, and native cotton. All but 

desert broom, which was previously discussed, show good potential for their use in future 

revegetation programs.

Desert spoon had the highest establishment of the specified cacti and accents, 

with remaining species only being observed outside o f belt transects. There was only one 

non-specified accent found, which was shindagger (Agave lechuguilla), a commonly 

found agave in this region.

In Phase IV the assumption was made that survival rates decrease when smaller 

container plants are used. This assumption is more evident in Phase V, where all species, 

expect for one, have a mean survival rate of less than 20%. All plants used in this phase 

were planted as seedlings. Seedlings have significantly less root mass than three or five- 

gallon plants, which may explain these very poor survival rates. Also, animals are 

notorious for consuming and damaging newly planted seedlings, and there is a higher 

possibility for this type of destruction because o f the increased wildlife associated with 

the protected open space o f the Coronado National Forest. Plant protection devices, such
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as cardboard tubing and chicken wire, may have failed causing such low survivability. 

New Mexican locust (Robinia neomexiccma) performed the best out o f all o f the 

container species with a high mean survival rate o f 218%, which suggests seedling 

establishment from adjacent parent plant seed or other source.

Salvaged plant survival fo r  Phase V was similar to Phase I Vi Desert spoon 

showed the highest survival at 70%, followed by yucca at 69%, and agave at 53%. It is 

interesting to note that agaves show an increase in survival with, each subsequent phase, 

showing the lowest survival in Phase III and the highest in Phase V, thus-strengthening 

the theory that transplanted or salvaged agaves bloom earlier in their life cycle than 

agaves that grow naturally in the wild.



Table 2.1: Total plant density (perennial grasses, shrubs, and trees) and mean species diversity generated from analysis 
of belt transects performed along Mt. Lemmon Highway, Tucson, AZ.

Phase Number, Project Age Number of Total# Total Plpt Density Species Diversity
DLA Number (year of planting) belt transects of Plants Area (ft2) (plants/ft2) (mean # of individual species)*

ii, i 1988 4 236 780 0.30 9
11,2 1988 4 191 795 0.24 9
11,3 1988 4 338 1110 0.30 13
11,4 1988 4 586 1095 0.54 14
11,5 1988 4 378 1050 0.36 13

Total 1729 4830 , 0.36 Mean 11

III, 1 1991 3 119 375 0.32 6
III, 2 1991 3 499 660 0.76 11
III, 3 1991 4 538 1050 0.51 13
III, 4 1991 4 422 1020 0.41 10
III, 5 1991 4 523 570 0.92 10
III, 6 1991 4 155 321 0.48 10

Total 2256 3996 0.56 Mean 10

IV, 1 1994 4 193 918 0.21 6
IV, 2 1994 6 534 1020 9.52 9
IV, 3 1994 4 480 795 (3.60 8
IV, 4 1994 4 391 720 0.54 10
IV, 5 1994 4 242 645 0.38 10

Total 1840 4098 jj.45 Mean 9

V,1 1996 4 130 ^ 360 . 0.36 8
V, 2 1996 4 86 360 0.24 7
V, 3 1996 4 182 525 0.35 9
V, 4 1996 4 284 450 0.63 10

Total 682 1695 0.40 Mean 9
* Represents the average num ber o f  individual p lant species derived from  the total num ber o f  belt transects for each D L A

V t



Table 2.2: Summary of specified and non-specified plant density and species diversity 
and ratio of non-specified plants to specified plants.

Phase #

Plant Density NSPD1/

SPD2
Species Diversity NSSD3/

SSD4NSPD1 SPD2 NSSD3 SSD4

Phase II 0.32 0.04 8.25 6 . 5 1.2

Phase III 0.52 0.05 10.69 4 1.5

Phase IV 0.40 0.05 7.89 5 4 1.3

Phase V 0.08 0.31 0.27 3 6 0.5
1 = Non-Specified Plant Density (plants that are not listed in the seed mix or landscape construction documents)
2 = Specified Plant Density (plants that are listed in the seed mix specifications and landscape construction documents)
3 = Non-Specified Species Diversity
4 = Specified Species Diversity



Table 2.3: Phase II individual plant density and frequency,

S pecified  P lan ts P la n t D en sity  

fo l an ts/ft2)
N on-Specified  P lants N ativity** P la n t D ensity  

fn lants/ft2)
G rasses G rasses

Aristida purpurea purple three-awn 0.0050 Pemisetum ciliare buffelgrass I 0.1627
Bouteloua curtipendula side oats grama 0.0021 Melinis repens rubygrass, rose natal grass I 0.0720

Pemisetum setaceum fountain grass I 0.0209
Eragrostis lemanniana Lehmann's lovegrass I 0.0097
Heteropogon contortus tanglehead N 0.0079
Cynodon dactylon bermuda grass I 0.0019
Andropogon barbinodis cane beardgrass N 0.0010
Eragrostis cilianensis stinkgrass I 0.0006
Bouteloua gracilis blue grama N 0.0000 *

S h ru b s S hrubs
Encelia farinosa brittlebush 0.0083 Abutilon species ; Indian mallow ■ N 0.0292
Atriplex canescens four-wing saltbush 0.0081 Bebbiajuncea \ sweet bush N 0.0058
Calliandra eriophyllum fairy duster 0.0031 Ambrosia ambrosioides canyon ragweed 1 , \  N 0.0033
Ericameria laricifolia turpentine bush 0.0029 Porophyllum gracilis stink plant N 0.0006
Dalea pulchra dalea 0.0010 Baccharis sarothroides desert broom N 0.0006
Acacia constricta white thorn acacia 0.0006 Jatropha cardiopbylla limber bush N 0.0004
Acacia greggii catclaw acacia 0.0006 Marrubium vulgare horehound I 0.0004
Cassia wizlizeni shrubby senna 0.0006 Larrea tridentata cresote bush N 0.0000 *
Eriogonum fasciculatum Arizona flattop buckwheat 0.0006 Happlopappus tenuisectus burroweed N 0.0000 *
Trixis califomica trixis 0.0006
Ambrosia deltodia bursage 0.0004
M imosa biuncifera wait-a-minute bush 0.0004
Celtis pallida desert hackbeny 0.0000 *
Lycium species wolfbeny 0.0000 *

Trees Trees
Cercidium microphyllum foothills palo verde 0.0017 Parkinsonia aculeate Mexican palo verde N 0.0000 *
Prosopis velutina velvet mesquite 0.0008
Cercidium floridum blue palo verde 0.0004

C acti an d  A ccents . C acti and A ccents
Camegiea gigantea saguaro 0.0004 Mammillaria microcarpa Arizona fishhook cactus N 0.0021
Ferocactus wislizeni barrel cactus 0.0006 Opuntia Julgida . chain-fruit cholla N 0.0000 *
Fouquieria splendens ocotillo 0.0002 Opuntia imbricata tree cholla ; N 0.0000 *
Opuntia englemannii prickly pear 0.0002 Opuntia violaced santa-rita prickly pear N 0.0000 *

T otal 0.0387 Total 0.3193
* Plants noted on site (frequency), but not represented in belt transcects. ** Nativity: N -Native species, I = Introduced species

U i
U i



Table 2.4: Phase EDI individual plant density and frequency.

Specified  P lants P la n t D en sity  

fntants/ft2)

N on-Specified  P lan ts Nativity** P la n t D en sity  

fn lants/ft2)
Grasses Grasses

Aristida purpurea purple three-awn 0.0075 Melinis repens rubygrass, rose natal grass I 0.2693
Bouteloua curtipendula sideoats grama 0.0038 Pennisetum ciliare bufilegrass I 0.0996
Setaria macrostachya plains bristlegrass 0.0023 Eragrostis lehmanniana Lehmann's lovegrass I 0.0906
Bouteloua gracilis blue grama 0.0020 Andropogon barbinodis cane beardgrass N 0.Q220

Heteropogon contortus tanglehead N 0.0128
Pennisetum setaceum fountain grass I 0.0050
Festuca arizonica Arizona fescue N 0.0025
Muhlenbergia rigens deer grass N 0.0003
Cynodon dactylon bermuda grass I 0.0000 *
Eragrostis cilianensis stinkgrass I 0.0000 *

Shrubs Shrubs
Atriplex canescens four-wing saltbush 0.0103 Baccharis sarothroides desert broom N 0.0080
Ericameria laricifolia turpentine bush 0.0065 Artemisia tridentata big sagebrush N 0.0028
M imosa biuncifera wait-a-minute bush 0.0025 Bebbia juncea bebbia N 0.0023
Acacia greggii catclaw acacia 0.0020 Gossypium thurberi native cotton N 0.0020
Eriogonum fasciculatum Arizona flattop buckwheat 0.0018 Chrysothamnus nauseosus rabbitbrush N 0.0005
Calliandra eriophyllum fairy duster 0.0015 Abuliton species Indian mallow . N 0.0003
Acacia constricta white thorn acacia 0.0008 Happlopappus tenuisectus burroweed N 0.0003
Arctostaphylos species manzanita 0.0005 Jatropha cardiophylla limber bush N 0.0003
Ambrosia deltodia bursage 0.0003 Ambrosia ambrosioides canyon ragweed N 0.0000 *
Cassia wizlizeni shrubby senna 0.0003 Porophyllum gracilis N 0.0000 *
Celtis pallida desert hackberry 0.0000 * :
Dalea pulchra dalea 0.0000 *
Encelia farinosa brittlebush 0.0000 *
Fallugia paradoxa Apache plume 0.0000 *
Lycium species wolfbeny 0.0000 *
Vauquelinia califomica Arizona rosewood 0.0000 *

Trees Trees t t

Prosopis velutina velvet mesquite 0.0010 Parkinsonia aculeata Mexican palo verde N 0.0000 *
Fraxinus velutina velvet ash 0.0003 ' ,
Cercidium microphyllum foothills palo verde 0.0000 *
Populusfremontii Fremont cottonwood 0.0000 *
Quercus emoryi Emory oak 0.0000 *

C acti and  Accents C acti and  A ccents
Dasylirion wheeleri desert spoon 0.0015 Mamalaria microcarpa Arizona fishhook cactus N 0.0005
Opuntia englemannii prickly pear 0.0013 Opuntia imbricata tree cholla N 0.0000 *
Agave spp. agave 0.0000 * Opuntia violacea santa-rita prickley pear N 0.0000 *
Ferocactus wislizeni barrel cactus 0.0000 *
Fouauieria splendens ocotillo 0.0000 *

Total 0.0458 Total 0.5188
Plants noted on site (frequency), but not represented in belt transcects. ** Nativity: N = Native species, I = Introduced species



Table 2.5: Phase IV individual plant density and frequency.

S pecified  P lants P la n t D en sity  

fn lan ts/ft2)
N on-S p ecified  P lan ts N ativity** P lan t D ensity  

fn lants/ft2)
G rasses G rasses

Bouteloua gracilis blue grama 0.0198 Eragrostis lehmanniana Lehmann's lovegrass I 0.1703
Bouteloua curtipendula side oats grama 0.0024 M elinis repens rubygrass, rose natal grass I 0.1623
Aristida purpurea purple three-awn 0.0000 * Andropogon barbinodis cane beardgrass N 0.0283
Eragrostis intermedia plains lovegrass 0.0000 * Pennisetum ciliare bufilegrass I 0.0151
Mulenbergia wrightii spike muhley 0.0000 * Heteropogon contorta tanglehead N 0.0061

Pennisetum setaceum fountain grass I 0.0061
Mulenbergia rigens deer grass N 0.0002

S h ru b s S h ru b s
Atriplex canescens four-wing saltbush 0.0198 Gossypium thurberi native cotton N 0.0046
Ericameria laricifolia turpentine bush 0.0027 Baccharis sarothroides desert broom N 0.0029
Rhus trilobata squawbush sumac 0.0020 Abuliton species Indian mallow N 0.0007
Calliandra eriophyllum fairy duster 0.0010 Artemisia tridehtata big sagebrush N 0.0007
M imosa biuncifera wait-a-minute bush 0.0007 Bebbiajuncea  * bebbia N o.ooos;
Acacia greggii catclaw acacia 0.0005 Jatropha cardiophylla limber bush N 0.0005
Rhamnus crocea hollyleaf buckthorn 0.0005 Happlopappus tenuisectus burroweed N 0.0000 *
Arctostaphylos species manzanita 0.0002 Acacia constricta white thorn acacia N 0.0000 *
Fallugia paradoxa Apache plume 0.0002 Dalea pulchra dalea. , , N 0.0000 *
Celtis pallida desert hackbeny 0.0000 * Eriogonumfasciculatum Arizona flattop buckwheat N 0.0000 *
Molina microcarpa beargrass 0.0000 *
Vauquelinia califomica Arizona rosewood 0.0000 *
Ziziphus obtusifolia greythom 0.0000 *

T rees Trees
Quercus emoryi Emory oak 0.0002 Acacia smallii sweet acacia I 0.0000 *
Prosopis velutina velvet mesquite 0.0000 * Eucalyptus microtheca coolibah i 0.0000 *
Juniperus deppeana aligator juniper 0.0000 *

C acti and  A ccents C acti an d  Accents

Dasylirion wheeleri desert spoon 0.0005 Agave americana century plant i 0.0000 *
Agave spp. agave 0.0000 * Mamalaria microcarpa Arizona fishhook cactus N 0.0000 *
Opuntia englemamii prickly pear 0.0000 *
Yucca species yucca 0.0000 *

T otal 0.0505 T otal 0.3985

Plants noted on site (frequency), but not represented in belt transcects. ** Nativity: N  = Native species, I = Introduced species



Table 2.6: Phase V  individual plant density and frequency,

Specified Plants Plant Density
fnlants/ft2)

Grasses
Bouteloua curtipendula side oats grama 0.0855
Bouteloua gracilis blue grama 0.0531
Aristida purpurea purple three-awn 0.0372
Eragrostis intermedia plains lovegrass 0.0153
Andropogon barbinodis cane beardgrass 0.0077
Sporobolus cryptandrus sand dropseed 0.0024
Mulenbergia wrightii spike muhley 0.0012

Shrubs
Eriogonumfasciculatum Arizona flattop buckwheat 0.0873
A  triplex canescens four-wing saltbush 0.0083
Rhus trilobata squawbush sumac 0.0047
Mimosa biuncifera wait-a-minute bush 0.0029
Cercocarpus montanus mountain mahogany 0.0012
Ribes aureum western cuvrant 0.0012
Acacia greggii catclaw acacia 0.0006
Rhamnus crocea hollyleaf buckthorn 0.0006
Acacia constricta white thorn acacia 0.0000 *
Arctostaphylos species manzanita 0.0000 *
Fallugia paradoxa Apache plume 0.0000 *
Nolina microcarpa beargrass 0.0000 *
Vauquelinia califomica Arizona rosewood 0.0000 *

Trees
Robinia neomexicana New Mexican locust 0.0035
Quercus hypoleuoides silverleaf oak 0.0006
Cupressus arizonica Arizona cypress 0.0000 *
Juniperus deppeana aligator juniper 0.0000 *
Pinus cembroides Mexican pinyon 0.0000 *
Quercus emoryi Emory oak 0.0000 t

Cacti and Accents
Dasylirion wheeleri desert spoon 0.0006
Agave spp. agave 0.0000 *
Ferocactus wislizeni barrel cactus 0.0000 *
Opuntia englemannii prickly pear 0.0000 *
Yucca species yucca 0.0000 *

Total 0.3139

* Plants noted on site (frequency), but not represented in belt transcects.

Non-Specified Plants Nativity** Plant Density 
fnlants/ft2!

Grasses
Eragrostis lehmanniana Lehmann's lovegrass I 0.0673
M elinis repens rubygrass, rose natal grass I 0.0024
Cynodon dactylon Bermuda grass I 0.0000 *
Heteropogon contorta tanglehead N 0.0000 *

Shrubs
Asclepias linaria  - pineleaf milkweed N 0.0065
Baccharis sarothroides desert broom N 0.0029
Chrysothamnus nauseosus rabbitbrush N 0.0029
Datura innoxia sacred .datura ’ n 0.0018
Artemisia tridentata big sagebrush N 0.0006
Gossypium thurberi native cotton N 0.0000 *

Trees

- !■

Cacti and Accents
Agave lechuguilla shin dagger

!

N 0.0000 *

Total 0.0844
** Nativity: N = Native species, I = Introduced species



Table 2.7: Survival rates of container planted trees and shrubs.

PH A SE  II D L A # 1 D LA # 2 D L A # 3 D L A # 4 DLA # 5
(STA. 44+00) (STA. 70+00) (STA. 110+00) (STA. 128+00) (STA. 142+00)

Plant Species, Container Size V P1 PS2 SR3 VP* PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 M ean Survival Rates

C ercid iu m  flo r id u m , 5 gal. 10 13 0.77 3 5 0.60 5 5 1.00 11 13 0.85 7 ! 14 0.50 0.74
C ercid iu m  tn icroph yllu m , 5 gal. 4 9 0.44 10 3 3.33 4 3 1.33 1 2 0.50 2 6 0.33 1.19
P ro so p is  v e lu tin a , 5 gal. 6 11 0.55 5 3 1.67 1 5 0.20 3 7 0.43 5 11 0.45 0.66

PH A SE  H I D L A #  1 
(STA. 205+00)

D L A #  2 
(STA. 215+00)

D L A  # 3  
(STA. 242+00)

D L A #  4 
(STA. 251+00)

D L A  #5 
(STA. 274+00)

D L A  # 6  

(STA. 287+00)

Plant Species, Container Size V P1 PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 Mean Survival Rates
C ercid iu m  m icrophyllum  y 5 gal. 2 13 0.15 2 5 0.40 0.28
F raxinus ve lu tin a , 5 gal. 3 4 0.75 0.75
P opu lu s fr e m o n tii ,  5 gal. 5 2 2.50 2.50
P rosop is  ve lu tin a , 5 gal. 5 7 0.71 8 10 0.80 6 7 0.86 2 . 4 q.5Q 4 3 1.33 4 0 4.00 1.37
Q uercus e m o ry i, 3 gal. - - - - - - 0 4 0.00 3 6 q.so 1 , 4 0.25 0 3 0.00 0.19

PH A SE  IV  D L A # 1 D L A # 2  D L A # 3  D L A # 4  . D L A # 5
(STA. 315+00) (STA. 325+00) (STA. 337+00) (STA. 356+00) (STA. 364+00)

Plant Species, Container Size VP* PS2 SR3 V P 1 PS2 SR3 V P1 PS1 SR3 V P1 PS1 SR3 V P1 PS2 SR3 Mean Suivival Rates
Jun iperu s d e p p ea n a , 3 gal. 6 9 0.67 5 10 0.50 0.58
P ro so p is  ve lu tin a , 5 gal. 7 6 1.17 4 3 1.33 1 0 0.00 # 3 3 1.00 5 6 0.83 0.87
Q uercus em o ry i, 3 gal. 4 15 0.27 5 35 0.14 1 15 0.07 5 19 0.50 9 15 0.60 0.32
Vauquelin ia ca lifo rn ic a , 5 gal. 2 3 0.67 5 3 1.67 3 3 1.00 4 3 1.33 1.17

PHASE V D L A # 1 D L A # 2  D L A # 3  DLA # 4

Plant Species, Container Size 1/P

(STA. 416+00)

1 PS2 SR3 VP

(STA. 426+00)

1 PS2 SR3 VP

(STA. 437+00)

1 PS2 SR3

(STA 472+00) 

V P1 PS2 SR3 M ean Survival Rates
C upressu s a r izo n ica , seedling 0 6 0.00 4 10 0.40 0.20
Jun iperus d e p p e a n a , seedling 0 7 0.00 1 5 0.20 5 21 0.24 0.15
Pinus e d u lis ,  seedling 1 15 0.07 0.07
Q uercus em o ry i, seeding 0 42 0.00 0 18 0.00 0 37 0.00 1 i i 0.09 0.02
Q uercus g r is e a , seedling 0 8 0.00 0 8 0.00 0 22 0.00 0 P 0.00 0.00
Q uercus h y p o teu co id es , seedling 1 9 0.11 0 8 0.00 0 20 0.00 1 15 0.07 0.04
R ob in ia  n eom ex ican a , seedling 2 23 0.09 4 0 4.00 3 0 3.00 31 !9 1.63 2.18
Vauquelin ia ca lifo rn ic a , seedling 0 7 0.00 0.00

1 = Number o f  inventoried viable plants
2  = Number o f planted species indicated in the landscape construction documents.
3 -  Survival Rate
_  = Indicates plants were not specified for this DLA.

Note: Values greater than 1.00 are derived from additional seedling esablishment o f  new plants. Ui
VO



Table 2.8: Survival rates o f salvaged plant species.

PH A SE II  

Plant Species

D L A # 1 
(STA. 44+00) 

V P1 PS2 SR3

DLA # 2  
(STA. 70+00) 

V P 1 PS2 SR3 VP

D L A # 3 
(STA. 110+00)

1 PS2 SR3

DLA # 4
(STA. 128+00) 

V P1 PS2 SR3

DLA # 5
(STA. 142+00) 

V P1 PS2 SR3 M ean Survival Rates

C arn eg iea  g ig a n tea 21 25 0.84 12 10 1.20 9 12 0.75 9 9 1.00 12 1 6  0.75 0.91
F erocactu s w islizen ii 6 13 0.46 4 3 1.33 3 6 0.50 3 4 0.75 4 9  0.44 0.70
F ouqueria  s p len d em 8 19 0.42 5 5 1.00 7 9 0.78 5 5 i.po 9 12 0.75 0.79

' ■ ' '* ; v".
PH A SE H I D L A # 1 DLA # 2 DLA # 3 D L A # 4 ; '  : D L A # 5 DLA # 6 :

(STA. 205+00) (STA. 215+00) (STA. 242+00) (STA. 251+00) (STA. 274+00) (STA. 287+00)

Plant Species V P1 PS2 SR3 V P1 PS2 SR3 VP 1 PS2 SR3 V P1 PS2 SR3 V P1 -PS2 SR3 V P1 PS2 SR3 M ean Survival Rates
A g a v e  sp. 3 9 0.33 0 5 0.00 0 .3  0.00 5: 6 0.83 0.29
D asylirion  w h e e led 4 1 4.00 10 1 10.00 7.00 .
F erocactu s w islizen ii 3 3 1.00 I  4 0.25 0.63

PH A SE IV  D L A # 1 D L A # 2  DLA #  3 DLA #  4  D L A # 5
(STA.315HKI) (STA. 325+00) (STA. 337+00) (STA. 356+00) (STA. 364+00)

Plant Species_______________ V P1 PS2 SR3 V P1 PS1 SR3 V P1 PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 M ean Survival Rates
A g a ve  sp. 6 10 0.60 3 20 0.15 7 10 0.70 5 10 0.50 ; 3 20 0.15 0.42
D asy lir ion  w h e e led 14 14 1.00 24 40 0.60 7 10 0.70 6 10 0.60 10 28 0.36 0.65
F erocactu s w islizen ii 2 10 0.20 0 2 0.00 2 5 0.40 0.20
Yucca sp. 1 5 0.20 8 20 0.40 5 5 1.00 4 5 0.80 5 5 1.00 0.68

PH A SE  V D L A # 1 DLA # 2  DLA # 3  D L A # 4
(STA. 416+00) (STA. 426+00) (STA. 437+00) (STA. 472+00)

Plant Species V P1 PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 V P1 PS2 SR3 M ean Survival Rates
A g a ve  sp. 5 9 0.56 3 7 0.43 11 13 0.85 3,; 10 , P.30 0.53
D asy lir ion  w h ee led 7 11 0.64 3 9 0.33 14 17 0.82 6 6 1.00 0.70
Yucca sp. 0 6 0.00 4 4 1.00 11 11 1.00 3 4 0.75 0.69
1 = Number o f inventoried viable plants (VP).
2 = Number o f  salvaged plants indicated in the landscape construction documents (PS).
3 = Survival Rate (SR).
_  -  Indicates plants were not specified for this D L A

N ote; 1. Values greater than 1.20 are derived from additional seedling establishment o f new plants.
2. A  minimum quantity o f  salvaged shall be 120% o f  the quantity specified in the bid schedule (Appendix A).
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Chapter 5

CONCLUSION AND SUGGESTIONS FO R  FUTURE RESEARCH 

The purpose o f this research was to provide land managers with information about 

the effectiveness o f revegetation programs in warm desert climates. The three specific 

questions used to determine the effectiveness o f the: roadside revegetation o f the Mt. 

Lemmon Highway were: 1) How effective was the revegetation in terms o f which 

specified seeded species were most successful in establishing on disturbed sites? 2) Is 

there any evidence o f non-specified plant establishment on revegetated sites? If  so, how 

pervasive are the established non-specified plants? 3) How successful did salvaged and 

container planted species survive transplantation? Which salvaged and container plants 

performed most or least successfully in terms o f survivability?

The results o f this research indicated that establishment o f the specified seeded 

species in three o f the phases (II, III, and IV) were considerably lower than the 

establishment o f non-seeded (non-specified) species. Furthermore, plant density data 

indicated that this variation was due to the high establishment o f four non-specified 

grasses: Lehmann’s lovegrass, rubygrass, buflfelgrass, and fountain grass. These invasive 

grasses accounted for nearly 80% of the total plant density for these three phases with the 

ratio o f non-specified to specified plants averaging 8.94 to 1. However, Phase V data 

showed nearly opposite results, where invasive grasses only accounted for 18% of the 

total plant density and the ratio o f non-specified plants to specified plants was 0.27 to 1. 

This evidence indicates that Phase V was the most successful in terms of establishment 

for specified seeded species. Reasons for the success o f Phase V were presumably
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caused by two variables: increased elevation and project age. Revegetated areas in Phase 

V  were located at elevations averaging 5030 feet, the highest elevation for all phases.

This created more favorable plant establishment conditions (i.e. increased rainfall, 

decreased temperatures) for specified species and potentially hostile conditions for non- 

specified warm-seasop grass species. Also, this is the youngest o f the evaluated phases, 

planted in 1996, providing less opportunity for invasive plant establishment, thereby 

decreasing competition between specified and non-specified plants.

Individual plant density, data indicated which seeded-species.were most successful 

in terms o f establishment. For grasses, the. most successfully and.consistently established 

species were; blue grama, sideoats grama, and purple three-awn. Also, cane beardgrass 

was found consistently establishing in all phases, however it was only specified in the 

seed mix used in Phase V. Several other seeded grasses that did not consistently establish 

or were not present include; Arizona cottontop, green sprangletop, sand dropseed, 

squirreltail, plains bristlegrass, spike muhley, and plains lovegrass. The absence or low 

establishment o f these grasses is important to note for future revegetation projects. Land 

managers specifying a seed mix are looking for species that have good establishment 

potential and it is inefficient to specify a species that shows poor establishment.

Therefore, it may be more economical to increase the seed rates of species that express 

good establishment potential and delete those that do not.

The most consistently established shrubs were four-wing saltbush, Arizona flattop 

buckwheat, turpentine bush, squawbush sumac, wait-a-minute bush, catclaw acacia, and 

fairy duster. Nearly all other specified shrubs established in all phases, but at lower
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densities. Increasing seed rates o f these species may increase their establishment to the 

desired densities.

Survival data o f container plants revealed five species exhibiting over 100% 

survival: Foothills palo verde, Fremont cottonwood, velvet mesquite, Arizona rosewood, 

and New Mexican honey locust. This evidence suggests seedling establishment from 

adjacent parent plant seed or other sources. Foothills palo verde and velvet mesquite 

were the only species that were both planted by seed and container. The remaining 

species, established from container planting, show-good potential as species that could be 

used the revegetation seed mix, given their survival over 100%. Also, it is important to 

note that species that were planted from larger containers expressed much higher 

survivability than those that were planted in smaller containers.

Survival rate data for salvaged plants indicated that saguaros survived relatively 

well with over 90% survival in Phase II. Agave survival rate data provided interesting 

results that showed an increase in survival with each subsequent phase. Also, site 

observations showed several agaves that had bloomed and senesced. This evidence may 

suggest that salvaged agaves bloom earlier in their life cycle than agaves that grow 

naturally. Desert spoon exhibited very high survival in Phase III at 700%, indicative o f 

successful seedling establishment from the revegetation seed mix or adjacent parent plant 

seed source. Comparatively, Phases IV and V showed desert spoon having lower 

survival rates at 65% and 70%, respectively. This variation was explained by the 

increased planting o f salvaged desert spoon in Phases IV and V. In Phase III only 2- 

desert spoon were transplanted in the evaluated areas, and in Phases IV and V there was a



64

combined total o f 142-transplanted desert spoon. Fishhook barrel cactus survival 

decreased with each subsequent phase, which was likely caused by the increased 

elevation associated with each phase, where it was nearing its elevation limits and most 

likely succumbed to freeze damage.

Other interesting observations from this research were the establishment o f 

unexpected species. Six century plants were found in Phase IV. Century plant is a large 

ornamental agave species found throughout the world, with its origin most likely from 

eastern Mexico (Irish, 2000), They were probably mistakenly planted for the specified 

agaves. Due to their large size and the age o f the project, it is not likely these plants 

established from seed. Two large sweet acacia and one large coolibah were established 

in Phase IV. Sweet acacia and coolibah are common ornamental landscape trees found, 

throughout Tucson and the Southwest. Sweet acacia is native to the southern regions o f 

Mexico and coolibah is native to Australia. Both species volunteered along the roadside 

probably by way o f an automobile undercarriage or bird droppings. Another plant, which 

was found establishing in the first three phases, was the Arizona fishhook cactus. This 

cacti is native to the Sonoran Desert and it was very encouraging to see that this species 

was able to establish on the disturbed roadsides without physical seeding or transplanting. 

Future Research

It is critical to continue monitoring and evaluating revegetation projects in order 

to provide land managers with useful information about revegetation successes and 

failures in the Southwest. For example, evaluation o f additional sites in the region would 

be helpful to determine if the most successfully established species o f this study are as
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successful in other sites. Also, additional investigation relating to other variables such as 

soil nutrients and characteristics may reveal why certain species were more successful 

than others in particular sites.

This research indicated that particular species planted from larger container sizes 

had higher survival rates than those planted in smaller containers. Further investigation 

o f this correlation is needed to determine if this is consistent for other projects as well . 

Also, future monitoring of transplanted agaves would be beneficial for determining, if the 

life expectancy for agaves is reduced due to transplantation.



6 6

Appendix A 

SEED MIXES

Source: F.H.A. 1989-1994. Proposal and Contract for Arizona PFH 39-(l-5) & ERFO. 
3993, General Hitchcock Highway. Pima County, Arizona:



Table A.1: Seed M ix 1
Sonoran Desert Seed M ix (STA. 8+00 +  228+00)
PLANT SPECIES COMMON NAME PLS* Rate (Ibs./acre)
Grasses
A r is t id a  p u r p u r e a purple three-aw n 2.0
B o u te lo u a  c u r tip e n d u la sideoats gram a 2.0
E r a g r o s t is  in te r m e d ia plains lovegrass 0.5
L e p to c h lo a  d u b ia green sprangletop 0.5
S e ta r ia  m a c ro s ta c h y a plains bristlegrass 2.0
S p o r o b o lu s  c r y p ta n d r u s sand dropseed 0.5

Forbs
A s te r  te n a c e tif lo r u s prairie  aster 1.5
B a ile y a  m u ltira d ia ta desert m arigold 1.0
L u p in u s  s p a rs if lo r u s desert lupine 2.0
O e n o th e r a  h o o k e r i yellow  evening prim rose 1.0
P e n s te m o n  p a r r y i Sonoran penstem on . ™ 0.5
P la n ta g o in s u la r is Indian w heat 5.0
S p h a e r a le c e a  a m b iq u a desert globem allow 1.0

Trees & Shrubs
A c a c ia  c o n s tr ic ta * * w hite thorn  acacia 1.0
A c a c ia  g r e g g i i  * * catclaw  acacia 2.0
A m b r o s ia  d e l to d ia bursage 4.0
A tr ip le x  c a n e sc e n s four-w ing saltbush 2.0
C a llia n d r a  e r io p h y llu m  * * fa iry  duster 1.0
C e rc id iu m  m ic r o p h y llu m * * foothills palo verde 2.0
E n c e l ia  f a r in o s a brittlebush 1.0
E r ic a m e r ia  la r ic ifo lia turpentine bush 1.0
E rio g o n u m  fa s c ic u la tu m bush buckw heat 0.5
M im o s a  b iu n c ife ra w ait-a-m inute bush 0.5
P r o s o p is  v e lu tin a * * velvet m esquite 1.0
♦The formula used for determining the quantity of pure live seed (PLS) shall be:

Pounds of seed X (purity X germination) = pounds of pure live seed.
** These species were hand broadcast uniformly over seed areas prior to hydroseeding, except

within twenty feet o f  the outside edge o f the travel lane, or on steep cut slopes.



Table A.2: Seed M ix 2
Desert Grassland - Chaparral M ix I (STA. 228+00 -311+ 00)
PLANT SPECIES COMMON NAME PLS* Rate (IbsVacre)
Grasses
B o u te lo u a  c u r tip e n d u la sideoats gram a 2.0
B o u te lo u a  g r a c i l i s blue gram a 1.0
E r a g r o s t is  in te r m e d ia plains lovegrass 0.5
L e p to c h lo a  d u b ia green sprangletop 0.5
M u h le n b e r g ia  w r ig h tii spike m uhley 0.5
S e ta r ia  m a c r o s ta c h y a plains bristlegrass 2.0
S ita n io n  h y s tr ix squirreltail 1.0

Forbs -

A s te r  te n a c e tif lo r u s prairie aster 1.5
L in u m  le w is ii b lu e flax 3.0
O e n o th e r a  h o o k e r i yellow  evening primrose.. 1.0
P e n s te m o n  b a r b a tu s red penstem on 0.5

Shrubs.
A c a c ia  g r e g g i i  * * catclaw  acacia 2.0
A tr ip le x  c a n e sc e n s four-w ing saltbush 2.0
C a llia n d r a  e r io p h y llu m * * fairy  duster 1.0
D a s y lir io n  w h e e le r i desert spoon 3.0
E r ic a m e r ia  la r ic ifo lia turpentine bush 1.0
E rio g o n u m  fa s c ic u la tu m bush buckw heat 0.5
M im o s a  b iu n c ife ra w ait-a-m inute bush 0.5
*The formula used for determining the quantity of pure live seed (PLS) shall be:

Pounds of seed X (purity X germination) = pounds of pure live seed.
** These species were hand broadcast uniformly over seed areas prior to hydroseedirig, except 

within twenty feet of the outside edge of the travel lane, or on steep cut slopes.
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Table A.3: Seed M ix 3
Desert Grassland - Chaparral Mix II (STA. 311+00 - 450+00)
PLANT SPECIES COMMON NAME PLS* Rate (Ibs./acre)
Grasses
B o u te lo u a  c u r tip e n d u la sideoats g ram a 2.0
B o u te lo u a  g r a c i l is blue gram a 1.0
E r a g r o s t is  in te rm e d ia plains lovegrass 0.5
L e p to c h lo a  d u b ia green sprangletop 0.5
M u h le n b e r g ia  w r ig h tii spike m uhley 0.5
S e ta r ia  m a c ro s ta c h y a plains bristlegrass 2.0
S ita n io n  h y s tr ix squirreltail 1.0
T ric h a c h n e  c a l ifo m ic a A rizona cottontop 1.0

Forbs
A s te r  te n a c e tif lo ru s  - prairie aster. 1.5
G a il la r d ia  p u lc h e lla firewheels 1.5
L in u m  le w is ii blue flax 3.0
P e n s te m o n  c a to n ii  . firecracker penstem on 1.0
P e n s te m o n  p s e u d o s p e c ta b il is desert penstem on 1.0

Shrubs
A c a c ia  g r e g g i i* * catclaw  acacia 2.0
A tr ip le x  c a n e sc e n s four-w ing saltbush 2.0 "
C a llia n d r a  e r io p h y llu m  ** fairy  duster 1.0
C e r c o c a r p u s  m o n ta n u s m ountain  m ahogany 1.0
D a s y lir io n  w h e e le r i desert spoon. 3.0
E ric a m e r ia  la r ic ifo lia turpentine bush 1.0
F a llu g ia  p a r a d o x a A pache p lum e 1.0
M im o s a  b iu n c ife ra w ait-a-m inute bush 0.5
R h u s  tr ilo b a ta squaw bush sum ac 3.0
*The formula used for determining the quantity of pure live seed (PLS) shall be:

Pounds of seed X (purity X germination) = pounds of pure live seed.
** These species were hand broadcast uniformly over seed areas prior to hydroseeding, except

within twenty feet o f  the outside edge o f  the travel lane, or on steep cut slopes.



Table A.4: Seed M ix 4
Desert Grassland - Chaparral M ix III (STA. 190+00 - 192+00 & 241+00 - 244+00)
PLANT SPECIES COMMON NAME PLS* Rate (IbsVacre)
Grasses
B o u te lo u a  c u r tip e n d u la sideoats gram a 2.0
B o u te lo u a  g r a c i l is blue gram a 1.0
E r a g r o s t is  in te r m e d ia plains lovegrass 0.5
L e p to c h lo a  d u b ia green sprangletop 0.5
M u h le n b e r g ia  w r ig h tii spike m uhley 0.5
S e ta r ia  m a c ro s ta c h y a plains bristlegrass 2.0
S ita n io n  h y s tr ix squirreltail 1.0

Forbs
A s te r  te n a c e tif lo ru s prairie aster 1.5
L in u m  le w is ii blue flax 3.0
O enothera hookeri yellow  evening prim rose 1.0
P e n s te m o n  b a r b a tu s red  penstem on 0.5

Shrubs
A c a c ia  g r e g g i i catclaw  acacia 2.0
A tr ip le x  c a n e sc e n s four-w ing saltbush 2.0
C a llia n d r a  e r io p h y llu m fa iry  duster 1.0
C erc id iu m  m ic ro p h y llu m foothills palo  verde 0.5
C e r c o c a r p u s  m o n ta n u s  . m ountain  m ahogany 1.0
D a s y lir io n  w h e e le r i desert spoon 3.0
E r ic a m e r ia  la r ic ifo lia turpentine bush 1.0
E rio g o n u m  fa s c ic u la tu m bush buckw heat 0.5
F a llu g ia  p a r a d o x a Apache plum e 1.0
M im o sa  b iu n c ife ra w ait-a-m inute bush 0.5
P r o s o p is  ve lu tin a velvet m esquite 0.5
R h u s  tr ilo b a ta squaw bush sum ac 3.0
*The formula used for determining the quantity of pure live seed (PLS) shall be: 

Pounds of seed X (purity X  germination) = pounds of pure live seed.



Table A.5: Seed Mix 5
Open Oak Woodland Mix (STA. 399+00 - 512+00)
PLANT SPECIES COMMON NAME PLS* Rate (IbsVacre)
Grasses
A n d r o p o g o n  b a r b in o d is cane beardgrass 0.5
B o u te lo u a  c u r tip e n d u la sideoats gram a 2.0
B o u te lo u a  g r a c i l i s blue gram a 1.0
E r a g r o s t is  in te rm e d ia plains lovegrass 0.5
M u h le n b e r g ia  w r ig h tii spike m uhley 0.5
S e ta r ia  m a c ro s ta c h y a plains bristlegrass . . 2.0
S ita n io n  h y s tr ix squirreltail 1.0
T r ic h a c h n e  c a l ifo m ic a A rizona cottontop 1.0

Forbs
A s te r  te n a c e tif lo ru s prairie  aster 1.5
L in u m le w is i i  - b lue  f lax 3.0
O e n o th e r a  h o o k e r i yellow  evening prim rose 1.0
P e n s te m o n  e a to n ii Firecracker penstem on 0.5
P e n s te m o n  p s e u d o s p e c ta b il is desert penstem on 0.5
S p h a e r a le c e a  a m b iq u a desert globem allow 0.5
G a il la r d ia  p u lc h e lla Firew heels 1.5
L o tu s  r ig id u s deer vetch 0.5
K a tte s tr o m ia  g r a n d if lo r a A rizona poppy 1.0

Shrubs
A tr ip le x  c a n e sc e n s four-w ing saltbush 2.0
C a llia n d r a  e r io p h y llu m fairy  duster 0.5
C e r c o c a r p u s  m o n ta n u s m ountain  m ahogany 1.0
D a s y lir io n  w h e e le r i desert spoon 3.0
E r ic a m e r ia  la r ic ifo lia T urpentine bush 1.0
E rio g o n u m  fa s c ic u la tu m AZ flattop buckw heat 0.5
F a llu g ia  p a r a d o x a A pache p lum e 1.0
M im o s a  b iu n c ife ra w ait-a-m inute bush 0.5
R h u s  tr ilo b a ta Squaw bush sum ac 3.0
B ric k e llia  c a l ifo m ic a 0.5 ■
G a r r y a  w r ig h tii Silktassel 0.5
*The formula used for determining the quantity of pure live seed (PLS) shall be: 

Pounds of seed X (purity X germination) = pounds of pure live seed.
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APPENDIX B

SEEDING AND PLANTING SPECIFICATIONS

Source: F.H.A. 1994. Proposal and Contract for Arizona PFH 39-(5) & ERFO 3993 (1), 
General Hitchcock Highway. Pima County, Arizona.



73

1-123

Arizona PFH 3 9 -1 (5 ) & ERFO 3993(1)

After slope rounding, final grading, and placing of conserved topsoil have been 
completed, all areas affected by construction shall be seeded in accordance with 
Section 625.

Section 625. — TURF ESTABLISHMENT 

Description

625.01 Add the following:

This item also includes mobilization for seeding portions of the revegetation 
areas as they become available for planting as identified in the Storm Water 
Pollution Prevention Plan (SWPPP) and as directed by the Contracting Officer. 
Areas designated by the Contracting Officer for seeding will include all areas 
affected by construction, designated planting areas, obliterated roadways and 
other areas:disturbed during.the planting operation.

Materials

625.02 Add the following:

Materials shall reflec t evidence-of-proper storage and handling. Any materials 
with indications of improper storage or handling (water, heat, chemical damage 
and the like), shall be removed from the s ite  and replaced by the Contractor.
All materials shall be fresh and delivered in unopened containers. Seed shall 
be of the la te s t season's crop and conform to State and Federal seed laws. Seed 
delivered to the job s ite  shall be tagged by the supplier, to reflect the 
percentages of purity, germination, crop and weed seed, for each, of the 
varieties specified.

Three different elevational areas are to be seeded. Each area will have a seed 
mix assigned. All seeds are native and Indigenous to the specific project area 
of the Coronado National Forest.

The required species may be in short supply during the seeding season for th is 
project. Therefore, the Contractor shall enter a contractual agreement (Seed 
Supply Agreement) with a seed collector/supplier that verifies that sufficient 
supply of specified plant materials will be available on or immediately prior to 
the seeding dates. This requirement shall be fu lfilled  immediately following 
award of the contract in order to allow sufficient time for seed collection.
The Contractor shall provide written documentation to the Contracting Officer 
verifying that the required species are available and secured for the project. 
The collection Contractor shall te st the seed for purity and v iab ility  and hold 
the seed in a manner which maintains i t s '  v iab ility . Substitution requests will 
not be considered without sufficient evidence of unsuccessful v iab ility  te s ts . 
Species requested for substitution, i f  any, shall be native and indigenous to 
the project area of the Coronado National Forest. I f  the seed is required to be 
held for more than a year from in itia l testing due to, for example, construction 
schedule delays the seed shall be tested again for v iab ility . The Contractor 
shall compensate the seed supplier a percentage of the seed cost to hold seed 
material and for the seed tests  as specified in subsection 625.12.
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Seed mixtures consisting of the following kinds of pure live seed shall be used:

SEED MIX I (Desert Grassland): Stations 190+00 to 192+00 and Stations 241+00 to
244+00.

Rate
Botanical Name Common Name PLS/Acre

Bouteloua curtipendula Side Oats Grama 2,0
Bouteloua g racilis Bl ue Grama 1.0
Setaria macrostachya Plains Bristlegrass 2.0
Eragrostis intermedia Plains Lovegrass 0.5

•Leptochloa dubia Green Sprang!etop 1.0
Sitanion hystrix Squirreltail 1,0
Muhlenbergia. wrightii Spike Muhley 0.5
Aster tenacetifolius Prairie Aster 1.5
Lihum lewisii Bl ue Flax 3.0
Oenothera hookeri Yellow Evening Primrose 1.0
Penstemon barbatus Red Penstemon 0.5
Atriplex canescens Four Wing Saltbush 2.0
Hapl opappus-1 a r id  fo il us Turpentine Bush 1.0
Mimosa biuncifera Wait-a-minute Bush .. 0.5
Dasyliyion wheeleri Soto! 3.0
Eriogonum fasciculatum Bush Buckwheat* * 0.5

var. poll fo il urn
Acacia greggii Catclaw acacia 2.0
Calliandra eriophylla Fairy Duster 0.5
Cercidium microphyllum Foothills palbverde 0.5
Prosopis velutina Mesquite 0.5

SEED MIX II (Open Oak Woodland): Stations 399+00 - 512+00

Botanical Name

Aster tenacetifolius 
Andropogon barbinodis 
Atrip!ex canescens 
Bouvardia
Bouteloua curtipendula 
Bouteloua g racilis  
Brickellia California 
Cercocarpus montanus 
Calliandra eriophylla 
Dasyliyion wheeleri 
Eragrostis intermedia 
Eriogonum fasciculatum 

var. poll folium 
Eriogonum wrightii 
Fallugia paradoxa 
Gaillardia pulchella 
Garrya wrightii

Rate
Common Name PLS/Acre

Prairie Aster 1.5
Cane Beardgrass 0.5
Four Wing Saltbush 2.0

Side Oats Grama 2.0
Blue Grama 1.0

0.5
Mountain Mahogany 1.0
Fairy Duster 0.5
Soto! 3.0
Plains Lovegrass 0.5

AZ Flattop buckwheat 0.5

Apache Plume 1.0
FI rewheels 1.5
Silktassel 0.5

p
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Haplopappus 1artelfo lius 
Kallestromia grandiflora 
Linum lew isit 
Lotus rigidus

Mimosa biuncifera 
Nuhlenbergia wrightii 
Oenothera hookeri 
Penstemon pseudospactabilis 
Penstemon eatonii 
Rhus trilobata  
Setaria macrostachya 
Sitanion hystrix 
Sphaeralcea ambigua 

(hulled seed only)
Tri chachne cal i fom i ca

Botanical Name

Bouteloua curtipendula 
Bouteloua g racilis  
Eragrostis intermedia 
Haplopappus Tareifoil us 
Lupinus sparsifloras 
Nuhlenbergia rigens 
Nuhlenbergia aontana 
Nuhlenbergia wrightii 
Nuhlenbergia porteri 
Penstemon pseudospactabilis 
Penstemon eatonii 
Sphaeralcea ambigua 

(hulled seed only)

Application rates of seed as specified are for Pure Live Seed (PLS). PLS ts 
determined by multiplying the sum of the germination and hard or dormant seed by 
purity.

Weed content of seed shall not exceed 0.5 percent

Chemical fe r ti l iz e r  shall be a commercially produced pelleted granular form 
State inspected to meet 16-20-0 percentages derived from inorganic sources 
meeting the following guaranteed analysis: Percentage (minimum). Ingredient 
(soluble Nitrogen, available Phosphoric Acid, water-soluble Potash).

Soil conditioner (Gro-Power 5-3-1 or like) shall be slow release, derived from 
organic materials such as decomposed animal, vegetable and mineral matter, shall 
be composted, relatively dry, friab le , and pass a 1-inch sieve, shall not 
contain poultry, animal or human waste, pathogenic viruses, fly larvae.

Turpentine Bush 1.0
Arizona Poppy 1.0
Blue Flax 3.0
Red and Yellow pea
(Deer vetch) CL5
Wait-a-minute Bush 0.5
Spike Huhley 0.5
Yellow Evening Primrose- 1.0
Desert Penstemon 0.5
Firecracker Penstemon 0.5
Squawbush Sumac 1.0
Plains Bristlegrass 2.0
Squirreltail 1.0

Desert globemallow 0.5
Arizona Cottontop, 1.0

id): Stations 670+75 to 674+50

Rate
Common Name PLS/Acre

Side Oats Grama 2.0
B1ue Grama 1.0
Plains Lovegrass 0..5
Turpentine bush 0..5
Desert lupine 1.5
Deergrass 0,5
Mountain Muhley 1.0
Spike Muhley 1.0
Bush muhly 0.5
Desert Penstemon 0.5
Firecracker Penstemon 0.5
Desert globemallow 0.5
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insecticidest herbicides, fungicides or poisonous chemicals that would inhibit 
plant growth; and shall have the following guaranteed chemical analysis:

Charcoal shall be agricultural grade powdered activated charcoal, Gro-Safe or 
equivalent.

The hydraulic seeding mixture shal1 incorporate an approved tackifier which 
shall have strong adhesive characteristics as well as imparting a high lubricity 
to the mixture to allow for the uniform dispersion of the hydroseeding slurry.
It shall also have gelling properties to inhibit the tendency of water and fiber 
to move downhill as they are sprayed on steep slopes. The stabilizer shall 
readily disperse in water without the formation of gel balls and its  properties 
shall not be changed by the addition of fe rtiliz e r to the slurry mix. Binder 
shall be free flowing, noncorrosive powder produced from natural plant gum _ 
marketed under M-Binder, M145 Binder, Terra-Tack, AZ-TAC or approved equal.

The dry mulch materials (straw) shall meet the requirements of subsection 
713.05(a) of these Special Contract Requirements. The straw mulch shall 
incorporate a plantago mucilage mulch tackifier, M-Binder, Terra-Tack A.R. or 
equivalent as approved by the Contracting Officer. The tackifier shall be 
applied as a slurry mixture together with mulch fiber and charcoal In accordance 
with these Special Contract Requirements.

625.03 Turf Establishment Seasons* Add the following:

Seeding shall be accomplished immediately following the completion of the slopes 
under the requirements of the SWPPP Plan and these Special Contract 
Requirements, unless otherwise directed by the Contracting Officer.

625.04 Preparing Seedbed. Add the following:

Seeding is required immediately after the final slope grading is completed. If 
measurable rain fa lls  prior to seeding, the Contractor shall be responsible for 
ripping, blading or loosening the ground surface, or otherwise repairing erosion 
and/or preparing the affected areas for seed, after they adequately dry out and 
prior to seeding.

625.05 Watering. Delete the text

625.07 Seeding. Add the following:

INGREDIENT 
Nitrogen 
Phosphoric Acid 
Water soluble Potash 
Humus
Humic Acids 
Soluble Metallic Iron

PERCENTAGES (MINIMUM)
5
3
1

50
15
1

Construction Requirements
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Do not use seed which has become wet, moldy or otherwise contaminated or 
damaged.

(b) Hydraulic method.

A slurry mixture shall 
acre:

For cut slopes:

SLURRY MIX 

Water
Mulch fiber 
Seed
F ertilize r 
Soil Conditioner 
Tackifier 
Charcoal

The: above slurry mixture shall be applied in one application on cut slopes and 
shall constitute the complete seedingand mulching of one acre of cut slope, 
unless otherwise directed by the Contracting Officer. __

For f i l l  slopes:

SLURRY MIX RATE

Water 1000 gallons*
Mulch fiber 800 pounds
Seed 31.0 or 26.0 pounds
F ertilizer 200 pounds
Soil Conditioner 1000 pounds 
Tackifier 80 pounds

* The actual amount of water shall be adjusted as necessary to  bring the 
mixture to a slurry consistency.

An adequate scale shall be provided by the Contractor to weigh the mix 
proportions.

After the above materials are placed in the hydraulic seeder, the mixture shall 
be allowed to mix in the hydroseeder for 15 minutes before seeding operations 
s ta r t and the mixture shall be completely applied on the cut or f i l l  slopes 
within 40 minutes after the mixing time. The slurry must be adequately 
emulsified and mixed to provide a consistent and uniform spread. The slurry 
shall be spread uniformly within the areas designated by the Contracting 
Officer, maintaining a uniform color and texture.

The Contractor shall submit a batch (tank) mix for the Contracting O fficer's 
approval prior to mixing any seed/mulch slurry. Batch mixing and coverage will

Add the following:

consist of the following proportionate quantities per

RATE

2000 gallons*
1800 pounds 
31.0 or 26.0 pounds 
200 pounds 
1000 pounds 
80 pounds 
100 pounds
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be monitored throughout seeding operations. The Contractor is to coordinate 
monitoring with the Contracting Officer in advance of mixing.

The Contracting Officer will regularly observe the weighing of seed, mixing of 
slurry  mix, and application of seed. The Contractor shall.coordinate with the 
Contracting Officer in advance so these operations can be observed on a regular 
basis.

Seeding shall be done immediately following the final grading of each cut slope 
and each f i l l  slope. The soil surface shall be loose but not wet. . The intent 
is  that no measurable precipitation shall have fallen on these slopes between-. . 
the final slope preparation and the seeding of the slope. The seeding 
Contractor will be required to mobilize frequently to accomplish th is  goal.

Scheduling of seeding mobilization will be coordinated with the Contracting 
Officer a t the weekly construction meetings. In no case shall a decision by the 
Contracting Officer relieve the Contractor from the requirement of seeding prior 
to measurable ra in fa ll.

The Contractor sha ll coordinate seeding operations with slope construction so 
that the tops of cuts and toes of f i l l s  can be reached with hydroseed equipment.

Hoses.could, be used, where., heavy equipment cannot access.

625.08 Mulching, (a) Dry method. Add the following:

Straw mulch and slurry shall be applied on seeded f i l l  slopes by the a ir  blown 
broadcast method or by hand at a uniform rate of 3,500 lbs. per acre. Within 24 
hours a f te r  each area is planted, straw mulch shall be uniformly applied at the 
ra te  of 3,500 Ibs/acre. The straw shall be affixed using a uniform slurry 
mixture of hydrofiber mulch, tack ifie r and charcoal. The tackifying slurry 
shall be evenly sprayed to coat the straw with a minimum of 150 pounds of 
ta ck ifie r , 450 pounds of wood fiber mulch, 100 lbs. of charcoal and water as 
required to  create a uniform slurry mixture.

The slurry mixture shall be applied immediately following the application of the 
straw and within I hour after mixing in the hydraulic seeder. Straw mulching 
shall not be done when wind would remove noticeable amounts of .straw from .• 
designated areas.

625.09 Protection and Caring for Seeded Areas. Add the following:

Provide slope r i l l  erosion repair and weed control for a six month period 
following acceptance of the seeding, as directed by the Contracting Officer.

Any material sprayed on non-designated areas shall be immediately removed by the 
Contractor and at the expense of the Contractor. Non-designated areas include 
pavement, guard ra ils ,  signs, plants, and existing vegetation. If planting has 
occurred prior to seeding, extraordinary care shall be taken to apply hydroseed 
and mulch material around the plants.

625.10 Acceptance Add the following:
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Warrantee:

The Contractor shall guarantee that 75% of the applied tack ifier and straw mulch 
remain in place for a period of 3 months after acceptance. Any areas that have 
less than 75% of the tack ifier or straw mulch remaining shall be reseeded, 
remulched and retacked at the Contractor's expense.

Payment

625.12 Add the following:

Upon submission of Invoices from the seed supplier, up to 10% of the seeding 
cost will be paid the Contractor to hold and te s t the seed in conformance with 
the Seed Supply Agreement.

No separate payment will be made for areas that require reseeding, remulching 
and retacking under the warranty.

Section 626.— PLANTS, TREES,. SHRUBS, VINES, AND 6R0UNDC0VERS

Description

626.01 Add the following:

This work also consists of the following:

1. Removing for salvage, transporting, storing, replanting and watering 
existing prickly pear, agave, yucca, desert spoon, and hedgehog cacti in 
quantities and sizes and at locations as specified on the plans or as 
directed by the Contracting Officer. The Contractor shall u tilize  the 
services of a licensed Contractor in the State of Arizona, with a minimum 
of 2 years experience in salvaging and transplanting native succulents and 
cacti in the Sonoran Desert to perform the salvage and planting work.
Proof of experience shall be provided to the Contracting Officer in the 
form of a l i s t .o f  a minimum of three projects, with owner's name, address 
and phone number, which demonstrate the successful salvaging and 
transplanting of native stock. The licensed Contractor who will perform 
the salvage and planting work shall be approved by the Contracting Officer 
prior to the s ta r t of any salvage work.

Space for a plant storage area will be available at the Prison Camp, 
located at approximately Station 399+00.

2. Furnishing, planting and watering container grown plant material in the 
sizes and quantities as shown on the plans, in locations shown on the 
plans or as directed by the Contracting Officer.

3. Furnishing, placing, and compacting prepared backfill soil as required in 
prepared planting pockets or transplanting pits in accordance with these

. specifications and the details shown on the plans.
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4. Storing, planting and watering Government-furnished seedlings and in the 
quantities and locations shown on the plans or as directed by the CO.

Construction Requirements

626.04 Inspecting and Delivering. Add the following:

All container grown plants shall be tagged by the Contractor with the sc ien tific  
name. All plants found unsuitable in growth or condition, or which are not true 
to name, or true to the plant specified, shall be rejected for use on the 
project a t any time.

626.05 Protection and Temporary Storage. Add the following:

(a) Salvaged Plant Materials. Salvaged native plants shall be selected from 
within the clearing lim its in quantities and sizes necessary to perform the 
work, which shall include the number specified on the plans as well as an 
additional number to account for losses due to mortality. The minimum quantity 
salvaged shall be 120 percent of" the quantity specified in the bid schedule. 
Access shall be en tirely  within the clearing lim its. Protection of surrounding 
areas not within the clearing lim its, including vegetation, shall be the 
responsibility of the Contractor, in accordance with the requirements of 
subsection 107.02;

The Contractor shall select plants to salvage from the plant salvage inventory 
l i s t  provided by. the Contracting Officer, showing the approximate location of 
plants available for salvage. Plants selected by the Contractor shall be 
selected from those on the inventory l i s t ,  and shall be among the most vigorous; 
well-proportioned of the species available at the time of salvage. All plants 
are subject to inspection and approval by the Contracting Officer before salvage 
or planting operations begin. Substitutions shall be submitted to the 
Contracting Officer for approval.

The Contractor shall provide all labor, tools, and materials necessary to remove 
salvaged plants from the ground, protect them as required, transport them to an 
approved holding fa c ility , maintain and store them, water the plants as needed 
while they are in storage, transport them to the planting areas, and plant 
them.

The Contractor shall trim long roots or roots imbedded in rock to remove damaged 
areas. After the final cut, the remaining root shall be structurally  in tact 
with no signs of splintering or shredding. All wounds and/or cuts made to the 
roots shall be treated with powdered sulfur on the same day that the cut and/or 
wound was made.

After the plant has been removed from its  original location, i t  shall be 
hardened off in the shade for a minimum of forty eight hours prior to i t s  being 
replanted into the holding bed. The holding bed shall be composed of a uniform 
mixture of one part existing soil per one part sand with four pounds of soil 
sulphur per cubic yard.
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The Contractor shall water plants in holding bed weekly or biweekly, as needed, 
during dry periods, and monthly during the winter, applying fe r ti liz e r  as 
needed, while plants are in holding area. Water shall be provided by the 
Contractor.

The Contractor shall replace salvaged plants which are damaged by the operations 
of the Contractor, and plants which are not in a vigorous growing condition 
during the holding period. Damage and unacceptable condition includes breakage 
of major limbs (afte r trimming), destruction of. major.root systems, excessive 
scarring, and decline or-death from stress.

Should replacement material be required, the Contractor is responsible for the 
procurement and transportation of the replacement material to the holding 
fac ility . Replacement material may come from plants within the clearing lim its 
i f  approved in advance by the Contracting Officer. The Contracting Officer must 
approve a ll replacement material. The unavailability of plant materials from 
within the clearing limits does not affect the Contractor's.responsibility, and 
i f  replacement stock is not available or not approved, stock must be supplied 
from commercial sources. Planting stock supplied from commercial sources must 
be the exact species as the native plants.

All salvaged stock shall be planted in the same solar orientation that i t  was 
originally growing in the fie ld , with the exception of prickly, pear pads.

The Contractor shall provide all labor, tools, and materials- (except* irrigation 
parts as stated) necessary for the maintenance of the salvage materials during 
the holding period until the final slopes are ready for planting. The 
Contractor shall be responsible for the replacement of salvage material which 
dies or is damaged during the holding period. The Contractor shall provide all 
plants with necessary so il, sand, nutrients and water during the holding 
period. All salvage material from the project shall be stored in one specific 
level location at the holding fac ility .

Salvaged plants hall be stored in the same solar orientation of the ir natural 
location.

(b) Seedlings. Seedlings from Station 1095 to Station 1315 shall be planted 
during a period from July 15, 1996 through October 15, 1996. The Contractor 
shall monitor the local weather conditions and coordinate seedling planting 
according to the optimum conditions, ideally with a s ta rt up date approximately 
2 weeks afte r summer monsoons have begun. Hand watered seedlings shall be 
planted during a period from October 1 through October 31, 1996.

The Contractor shall notify the Contracting Officer a minimum of 14 days prior 
to the desired seedling start-up planting operation. Government-furnished 
seedlings will be delivered to a designated s ite  near Palisade Administrative 
Site within 14 days of notification. The Contractor shall have a holding s ite  
prepared for the seedlings at the time of notification of the Contracting 
Officer. The holding s ite  shall have an area or areas for boxed seedlings 
placed off the ground with adequate ventilation underneath the boxes for a ir  
pruning of roots, and a watering system intact. Seedlings shall be protected 
against wind, sun and animal damage. The storage s ite  shall be well-drained.
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Unless the seedlings can be stored in the shade of surrounding trees, a shading 
structure shall be required.

Upon delivery of the seedlings to the s ite , the Contractor shall remove the top 
one-third of the seedling boxes, being careful not to disturb the seedlings, and 
thoroughly water the seedlings. Thereafter, the Contractor shall water the 
seedlings every 2 to 3 days until they are planted.

Seedlings shall be planted as soon as possible after delivery to the s ite . 
Seedlings are located in irrigated  areas, and in non-irrigated areas, as shown 
on the plans or as directed by the Contracting Officer. All seedling locations 
shall be flagged by the Contractor and approved by the Contracting Officer prior 
to planting. Specific planting locations of the required species within each 
planting area may be adjusted by the Contracting Officer. Seedlings, sha ll. be 
planted according to the deta ils  shown on the plans, with Government-furnished 
tree shelters installed  according to manufacturer's specifications.

Government-furnished stakes shall be-installed to firmly anchor the shelter, and 
shall be attached to the shelter with a provided attachment device to allow the 
shelter to be temporarily removed and reinstalled for inspection of the 
seedling. After insta lla tion  of shelters the top shall be tightly-covered with 
expandable p lastic  netting to  prevent bird entry.

626.06 Excavation for Plant P its and Beds. Delete the text and substitute the 
following:

(a) Layout. Plants shall be planted at the locations shown on the plans or as 
directed by the Contracting Officer. Plants C3, C4, C5, C6, C7, C8, C9, Cll,
CI2 and CI3 shall be planted a minimum of 20 feet from the outside travel lane. 
Plant locations may be shifted to accommodate.field conditions, as approved by 
the Contracting Officer. All plant locations shall be flagged by the Contractor 
for approval by the Contracting Officer prior to planting. The Contractor shall 
notify the Contracting Officer when flagging of each planting area has been 
completed. The Contracting Officer will review and approve or reject the 
flagging within 2 days of notification. I f  rejected, the area will be reflagged 
until the Contracting Officer approves the area for planting.

(b) Excavation. Planting p its  shall be excavated in accordance with the 
planting details shown in the plans. All weeds or other objectionable materials 
unsuitable for backfill shall be Immediately removed from the s ite  and disposed 
of by the Contractor in a manner satisfactory to the Contracting Officer. 
Planting p its  must drain such that water will drain naturally within 1 hour from 
a p it f ille d  to the brim. Should water remain afte r the hour, the Contractor 
shall ensure adequate drainage by excavating 6 inches further or digging a 
6-inch diameter "chimney" to a depth required for good drainage. One p it 
(minimum) per each planting area shall be tested for drainage by the Contractor 
and reported to the Contracting Officer. Additional testing may be requested.by 
the Contracting Officer.

Rock shall be removed to  the depth necessary to permit proper planting, 
according to plans and specifications. Rock excavated from planting p its shall 
be placed outside of the p it . I f  underground construction, obstructions, or
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rock are encountered in the excavation of planting areas, other locations for 
the, planting may be selected by the Contractor only upon approval of the 
Contracting Officer. All damage to underground installations shall be corrected 
by the Contractor.

(c) Backfill. Backfill shall be composed of excavated soil from the planting 
p its  with unsuitable materials removed. If additional backfill is  required to 
compensate for the removal of rocks from the planting p it , backfill in 
accordance with subsection 713.01, Topsoil, shall be furnished by the.. 
Contractor.

Backfill for salvaged plants shall incorporate four lbs. soil sulphur per cubic 
yard of so il.

626.07 Setting P lan ts .D e le te  the text and substitute the following:

Planting p its  shall be backfilled and watersettled to a grade sufficient that, 
in the setting of the plant, the finish grade is level after^settlement, and 
shall be the same as that at which the plants were grown. Plants shall be set 
so that they are in basins to collect water. Plants shall be carefully removed 
from containers so as to prevent breaking or cracking of the rootball (destroy 
container.If necessary). Plants shall be set in a manner so as to assure that 
the rootball shall remain in tact: Trees shall be braced, as required, in 
position until backfilling operations are complete. Plants-shall be set plumb 
and placed to give the best appearance and relationship to adjacent plants and 
from the viewing areas:

Backfilling operations of planting pits shall be completed with the excavated 
soil or furnished topsoil. While maintaining the plumb position of the plant, 
the soil shall be thoroughly tamped and watersettled to eliminate all voids in 
the backfill. The planting areas shall be fine graded as shown in the planting 
detail to form a basin.

Prickly pear cacti can be divided to attain the quantities specified on the 
Material List. All cuts shall be made with a clean, sharp blade. Prickly pear 
shall be planted according to the plans or as directed by the Contracting 
Officer. All plants shall be planted according to the plans and details.

Soil sulphur shall be mixed with the backfill for bare root plants in the ratio 
of 4 pounds soil sulphur per cubic yard backfill soil to prevent fungus.

626.08 Fertilizing. Delete the text and substitute the following:

Two 21-gram 20-10-5 fe r ti liz e r  tablets shall be placed in each planting p it for 
container grown plants (other than seedlings). The tablets shall be placed 
a fte r backfilling halfway up the rootball, approximately 1 inch from 
the root tip s .

626.09 Watering. Delete the text and substitute the following:

All plants in irrigated planting areas shall be watered at the time of planting 
and on a regular basis as needed for optimum establishment and growth,
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approximately 2 to 3 times per week at a rate of 1 gallon per watering day for 
seedlings, 2 gallons per irrigated  salvaged plant (as specified in the plans), 4 
gallons for each 5-gallon container plant and 8 gallons for each 15-gallon 
container plant during the establishment period.

All plants not included in an Irrigated planting area, except seedlings planted 
from Station 1095 to Station 1315, shall be hand watered by the Contractor.
Hand watering shall be provided from S-gallon containers or other approved 
methods at a rate of approximately 1 gallon per minute. Hand watered plants 
shall be watered at the time of pi anti ng and on a regul ar bas is duri ng the ... 
establishment period, approximately 1 gallon bi-monthly for seedlings, 2 gallons 
weekly for salvaged plants, 4 gallons weekly for each S-gallon container plant" 
and 8 gallons weekly for each 15-gallon container plant.

Watering may be temporarily suspended for approximately one week afte r periods 
of ra in fa ll of 0.5-inch or more. Tanks are sized to accommodate two watering 
days per f illed  tank. Manually closing of tank outlets or f illin g  to one-half 
capacity will be required. The Contractor shall be responsible for adjusting 
the quantity of water supplied to th ep lan ts , corresponding to weather 
conditions, to provide the optimum amount of water. Plants will normally need 
to be watered for approximately 20 weeks during any 6-month period.-

All plants in irrigated planting areas shall be watered with a temporary, above 
ground, drip irrigation system installed by the Contractor, in accordance with 
the details  shown in the plans. Tanks shall be located as shown in the plans, 
staked by the Contractor and approved by the Contracting Officer. Locations of 
a ll other equipment, pipe, tubing and emitters shall be established by the 
Contractor and approved by the Contracting Officer at the time of construction.

Irrigation tanks shall be clean and free of cracks, leaks, holes, or other 
defects, and shall be furnished in the minimum sizes and quantities as shown on 
the Planting Chart for Irrigated Areas, in the plans. Tanks sized larger than 
the required gallonage shall be punched at the required water demand height to 
prevent over f il lin g . Tanks shall be in good repair and have a non-ref!ectlve 
fin ish .

Tanks shall be furnished with secured covers, a f i l l  in le t and an outlet in 
accordance with details shown on the plans. Any substitutes or alternatives 
shall be approved by the Contracting Officer. Possible tank suppliers are: 
American Fiberglass, 2533 W. Cypress Street, Phoenix, Arizona 85009, (602) 
278-4505, and Tra-li Fiberglass, Inc., 4315 N. Sullinger, Tucson, Arizona 85701, 
(520) 887-1308.

A limited number of tanks which may meet the above requirements may be salvaged 
and re-used from existing materials available from the Government. The tanks 
are located at the Sellers Administrative Site (MP 18.5) for inspection by the 
Contractor.

Where specified on the plans sleeving shall be provided by the Contractor and 
installed  prior to paving. Irrigation sleeving shall be 2-1nch schedule 40 PVC 
or steel pipe in the lengths specified on the plans or directed by the 
Contracting Officer. All sleeving shall be installed prior to paving.
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Coordination of the Installation of irrigation sleeving, and paving shall be the 
responsibility of the Contractor.

I t  is-the  responsibility of the Contractor to furnish a complete Irrigation 
system as specified, and to provide hand watering of seedlings and other plants 
in non-irrigated locations.

Unless otherwise specified, the construction of irrigation systems shall include 
the furnishing, installing , testing and maintaining (during the contract and.. 
plant establishment period).of all necessary equipment, and all other work in ' - 
accordance with the plans and specifications. All work shall be consistent with 
local codes and standards.

Upon completion of the™plant establishment period and final acceptance of the 
plant materials, water tanks salvaged from Government material shall remain the 
property of the Government and shall be removed, transported and stockpiled by 
the Contractor at the Forest Service Catalina D istrict Ranger Station. All 
other irrigation material shall remain the property of the Contractor and shall 
be removed from the project immediately after™ final acceptance of the plant 
materials by the Contracting Officer.

The systems shall be complete and operative, giving 100 percent coverage to all 
plants located in the Irrigated planting area. AIT irrigation work shall.be 
coordinated with the final slope construction, and shall be in working order 
before planting operations begin—

The Contractor is  responsible for reporting to the Contracting Officer any 
deviations between drawings, specifications and the s ite . Failure to do so 
shall resu lt in relocations, corrections or replacements to be done at the 
Contractor's expense.

Material specified by manufacturer name and/or model number fac ilita tes  a 
description of the materials and established quality, and shall be assumed to be 
followed by the words "or approved equal." No substitutions will be permitted 
which have not been approved by the Contracting Officer. All materials shall be 
new and the best of the ir class and kind unless otherwise noted. Manufacturer's 
lite ra tu re , showing complete specifications and samples must be furnished for 
any materials submitted as "equal* substitutes. Should the specifications.of 
the proposed substitution d iffer from those of the specified equipment, 
calculations must be submitted to prove that the proposed substitutions shall 
perform in accordance with the intent of the original design.

Polyethylene pipe shall be as specified on the Irrigation Material Schedule in 
the plans. The pipe shall be Dura-pol as manufactured by Hardie or an approved 
equal. The pipe shall be homogeneous throughout and free from visible cracks, 
holes, foreign materials, b lis te rs , deleterious wrinkles, dents and variation.

All polyethylene pipe fittin g s  to be installed shall be molded fittings of 
p lastic  material. Fittings shall be compression type fittings designed or sized 
for use with the specific brand of pipe to be used for construction.
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Emitters, check valves, and f i l te r s  shall-be.new material as specified on the 
Irrigation material schedule. Emitters shall be pressure compensating.

Polyethylene pipe shall be installed  (laid adjacent to roadway) in a manner so 
as to be Inconspicuous to highway tra f f ic . All pipe and tubing shall be laid 
neatly and staked in placed as needed to keep i t  stationary^ All pipe shall be 
cut with an approved pipe cutter in a manner so as to  insure a square cut.

The maximum length of runs shall be 300 feet for 1/2-inch polyethylene and 12 
feet for the micro tubing.

At the end of each day's work and at any time during a work day pipe laying is  
stopped, the end of the lines shall be effectively plugged to prevent the 
entrance of any foreign matter of any kind. Including outside water, into the 
pipe. Plugs especially designed for th is  purpose shall be used. Coverings such 
as burlap, cardboard, wood, rocks, etc. will not be permitted:

ATT irrigation  systems will be inspected by the Contracting Officer prior to 
completion. The Contractor shall notify the Contracting Officer a t-le a s t 24 
hours in advance of the time when such inspection is  ready. The irrigation  
lines shall be tested without emitters in place for a period of not less than 1 
hour, and shall show.no loss of water through f ittin g s . All defects evident or 
developing during testing shall be repaired or replaced promptly and the te sts  
repeated. No caulking of screwed jo in ts , cracks or holes will be permitted.

After a ll irrigation piping and equipment are in place and connected and prior 
to the insta lla tion  of emitters, a full head of water shall be used to flush out 
the system for a period of 10 minutes. After the system is thoroughly flushed, 
emitters shall be installed as shown on the plans. On steep slopes, emitters 
shall be placed sligh tly  on the uphill side of the plant to provide optimum root 
coverage. Care shall be taken prior to emitter line and emitter in sta lla tion  to 
keep pipe free of foreign matter. Emitters must be located so as to provide 
water to the root area of the plant.

Coordination of emitters with planting is a requirement. The irrigation  system 
shall be tested, approved and operable at the time of planting.

The Contractor shall maintain the irrigation  systems during the planting and 
plant establishment period including adjusting emitter locations for optimal 
coverage, adjusting lines, flushing lines, patching, repairing or replacing 
damaged components, and all other work required to keep the systems in good 
operational condition.

No provisions have been made by the Government to obtain a source of water for 
th is project, except as specified in Section 207. I t  shall be the Contractor's 
responsibility to obtain all necessary permits and approvals for the supply of 
water.

Payment for water will be made under Item 62508.

626.10 Wrapping. Delete the section in i ts  entirety .
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626.11 Buying and Staking. Add the following tex t:

Stakes shall be 2 inch by 2 inch, or 2" diameter, by 8 feet pressure treated 
douglas f i r  or lodge pole pine or an approved substitute. Staking shall be as 
shown on the detail in the plans. All 15 gallon plants shall be staked unless 
otherwise approved by the Contracting Officer. The Contractor may provide 
additional staking with the approval of the Contracting Officer. Stakes shall 
be placed so as not to pierce the rootball. Wire for fastening trees to stakes 
shall be No. 14 gage, annealed galvanized stee l. Hose to"encase wires shall be 
new, 2-ply reinforced rubber or plastic.garden, hose,.. l/2>inch_di.ameter, in 
6-inch lengths.

626.13 Mulching. Delete the text and substitute the following:

Restoration and Cleanup. Any so il, rock, branches.or other material dropped 
onto paved areas by hauling operations or otherwise, shall be removed promptly, 
keeping these areas clean at all times. Upon completion of planting, all excess 
soil and debris not otherwise disposed of under th is scope of work shall be 
removed from the s ite  or disposed of, as directed by the Contracting;Officer.

After the plant establishment period, the irrigation system, guying and staking 
and woven wire mesh cages shall be carefully removed from the project as 
directed by the Contracting Officer. Any damaged areas shall be repaired in 
accordance with subsection 107.02.

Excess salvaged plants shall become the property of the Contractor, and i f  
possible, should be sold to private parties or agencies, used by the Contractor 
or transferred to public agencies in accordance with the Arizona Native Plant 
Law, under the direction of the State Agricultural and Horticultural Commission, 
1688 W. Adams, Phoenix, Arizona 85007, (602) 271-4373. These requirements 
include obtaining a permit for sale of Individual plants to private en tities .

Permits will not be required for salvage and transplanting existing plants on 
the project in accordance with Section 626.

626.14 Plant Establishment Period and Replacements. Delete the text and 
substitute the following:

The plant establishment period shall begin after all planting and Irrigation 
work, including restoration and cleanup, is completed, reviewed and approved by 
the Contracting Officer. Plant establishment shall include adjustments as 
needed to hand watering, the irrigation system, adjustments to the plants, fine 
grading and/or repair of erosion on the planting areas, weed control, and 
maintenance of the plant basins. The Contractor shall notify the Contracting 
Officer for an approval inspection a minimum of 48 hours in advance. The plant 
establishment period shall be 6 calendar months from the time of approval.

An intermediate Inspection will be conducted by the Contracting Officer after 3 
months of establishment. Plants requiring replacement shall be flagged by the 
Contractor at the direction of the Contracting Officer. Replacement planting 
shall be conducted by the Contractor within 2 weeks following the intermediate 
inspection.



8 8

REFERENCES

A.D.O.T., 2001. The Semidesert Grasslands of Arizona. 
http://www.dot. state:az.us/about/natres/sdgrasl.htm

Bainbridge, David A. 1994. Restoration in the California Desert, Vertical mulch for site 
protection and revegetation, http://www.rohan.sdsu.edu/dept/serg/erosion.html

Bengsson, Stuart A.. 1985, Asarco’s revegetation o f mill tailings overburden wastes from 
open-pit copper mining operations in Arizona. Second Annual Meeting, American 
Society o f  Surface Mining and Reclamation, pp. 164-172.

Brammer, A D . 1978. Steep Slope Design and Revegetation Techniques. Proceedings: 
High Altitude Revegetation Workshop No. 3. Colorado State University, Fort Collins.

Brooks, Margaret Ann. 1993. Evaluation of Roadside Revegetation In Central Arizona-. 
Ph D. diss:, University o f Arizona, Tucson.

Barbour, Michael, G. 1999, Terrestrial Plant Eco/ogy, Third Edition. Menlo Park, CA. 
Addison Wesley Longman.

Brown, David E. 1994. Biotic communities o f  the Southwest. Salt Lake City, UT. 
University o f Utah Press.

Bowden, Laura. 1991. Native Plant Revegetation. Wildflower J. 4 (3): 62-67.

Bugg, Robert L. 1997. Restoring native perennial grasses to rural roadsides in the 
Sacramento Valley o f California: Establishment and Evaluation. United States 
Restoration Ecology. 5(3): 214-228.

Chamber, Jeanne C. 1983. Measuring species diversity on revegetated surface mines: an 
evaluation o f techniques. Ogden, UT. U  S D A , Forest Service, Intermountain Forest 
and Range Experiment Station.

Dickey, Marilyn. 1997. Appraising the View. Landscape Architecture. 87(May): 46-49.

El-Ghonemy, A. A. 1980. Frequency distribution o f numbers o f perennial shrubs in the 
northern Mojave Desert. Soil-Plant-Animal Relationships Bearing on Revegetation and 
Land Reclamation in Nevada Deserts. Provo, Utah. Brigham Young University. 4: 34- 
38.

F.H A . 1989. Proposal and Contract for Arizona PFH 39-(l) & ERFO 3993, General 
Hitchcock Highway. Pima County, Arizona.

http://www.dot
http://www.rohan.sdsu.edu/dept/serg/erosion.html


89

F.H.A. 1989: Proposal and Contract for Arizona PFH 39-(2) & EKFO 3993, General 
Hitchcock Highway. Pima County, Arizona.

F.H.A. 1992. Proposal and Contract for Arizona PFH 39-(3) & EKFO 3993, General 
Hitchcock Highway. Pima County, Arizona.

F.H.A. 1994. Proposal and Contract for Arizona PFH 39-(4) & EKFO 3993, General 
Hitchcock Highway. Pima County, Arizona.

F.H.A. 1996. Proposal and Contract for Arizona PFH 39-(5) & EKFO 3993, General 
Hitchcock Highway. Pima County, Arizona.

Fidelibus, Matthew W. 1993 . Native Seed collection, processing, and storage for 
revegetation projects. San Diego. CA. http://www.sci.sdsu.edu/SERG/ 
techniques/native.html

Fidelibus, Matthew W. 1994. Micfocatchment water harvesting for desert revegetation. 
San Diego, CA. http ://www. sci. sdsu. edu/SERG/techniques/microcatch.html

Fonseca, Julia: 1999. Determining Vulnerable Species Within Pima County, Arizona.
http ://www. co.pima. az.us/cmo/sdcp/ sdcp2/reports/ scigis/vulsp/index. htm

Hansen, Dennis J. 1991. Native Plant Establishment Techniques fo r  Roadside 
Revegetation. Salt Lake City, Utah. Weber State Department o f Botany, School o f 
Natural Sciences.

Harper-Lore, Bonnie. 2000. Roadside Use o f  Native Plants. Washington D C Island 
Press.

Herrick, Jeffery E. 2001. Monitoring Manual for Grassland, Shrubland and Savanna 
Ecosystems. DRAFT. Las Cruses, NM. U.S.D.A.- A.R.S. Jornada Experimental Range.

Hunter, R.B. 1980. Fencing enhances shrub survival and growth for Mojave Desert 
revegetation. Soil-Plant-Animal Relationships Bearing on Revegetation and Land 
Reclamation in Nevada Deserts. Provo, Utah. Brigham Young University. 4: 212-215.

Irish, Mary. Agaves, Yuccas, and Related Plants; A Gardener ’s Guide. Portland, OR. 
Timber Press.

Jackson, Laura L. 1992. Desert Restoration. Restoration and Management Notes. 9 (2): 
71-80.

James, Dan. 1991. Native Grasses in Desert Revegetation. Wildflower J. 4 (3): 44-46.

http://www.sci.sdsu.edu/SERG/


90

James, Dan. 1992. Some Principles and Practices o f Desert Revegetation Seeding. Arid 
Lands Newsletter. Tucson, AZ. University o f Arizona Press. Spring/Summer (32): 22- 
27.

Johnson, Matthew B. 1991. Tree Legumes for Reforestation and Afforestation o f Arid 
and Semiarid Lands. Arid Lands Newsletter. Tucson, AZ. University o f  Arizona Press. 
Spring/Summer (32): 28-31.

Jones, Warren D. 2000. Landscape Plants fo r  Dry Regions; More Than 600 Species from  
Around the World. Tucson, AZ. Fisher Books.

Jordan, G.L. 1967. An evaluation of pelleted seeds for seeding Arizona rangelands. 
University o f Arizona Agricultural Experiment Station Technical Bulletin 183.

Livingston, Margaret. 1992. Factors Influencing Germination and Establishment o f 
Arizona Cottontop, Bush Muhly, and Plains Lovegrass In Southern Arizona. Ph D. diss.. 
University o f Arizona, Tucson.

Leishman, Michelle R. 1994. The role o f seed size in seedling establishment in dry soil 
conditions -  experimental evidence from semi-arid species. J.. o f  Ecology. 82: 249-258.

Mahler, David. 1991. Landscaping for Ecological Restoration: Wildflower J. 4 (3): 73- 
75.

Mielke, Judy. 1993. Native Plants fo r  Southwestern Landscapes. Austin, TX. University 
o f Texas Press.

Miller, Raymond W. 1995; Soils in Our Environment. Seventh Edition. Englewood 
CUffs, NJ. Prentice Hall.

Munshower, Frank F. 1993. Practical Handbook o f Disturbed Land Revegetation. Boca 
Raton, Florida. Lewis Publishers.

N.A. 1996. Results of revegetation testing programs in the California deserts. CA. 
http ://www. ca.blm, gov/GoldenOueen/pub-reva.htm

N.A. 1998. The National Parks Service: Disturbed Lands Revegetation, Thirteen Steps to 
a Restoration Project, http://www.aqd.nps.gov/grd/distland/toolbox/13steps.htm

N.A. 1998. The National Parks Service: Disturbed Lands Revegetation, Revegetation in 
Restoration, http://www.aqd.nps.gov/grd/distland/toolbox/revegetation.htm

Norem, Margaret Alice. 1980: Effects o f time on the revegetation o f copper mine waste. 
Thesis (M S. Plant Sciences), University o f Arizona, Tucson.

http://www.aqd.nps.gov/grd/distland/toolbox/13steps.htm
http://www.aqd.nps.gov/grd/distland/toolbox/revegetation.htm


91

Paschke, M.W. 2000. Revegetation o f roadcut slopes in Mesa Verde. United States 
Restoration Ecology. 8(3): 276-282.

Roundy, Bruce A. 1988. Revegetation of arid and semiarid rangelands. Vegetation 
science applications for rangeland analysis and management. Boston. Kluwer Academic 
Publishers.

Roundy, Bruce A. 1993. Proceedings, Wildland Shrub and Arid Lands Restoration 
Symposium. Las Vegas, NV, O ctober 19-21, 1993; Ogden, UT: Ihtermountain Research 
Station, Forest Service, U.S.D.A.

=■ Roundy, Bruce A. 1995! Revegetation in the Desert Grassland. Tucson, AZ. University 
o f Arizona Press, pp. 265-303

Sheley, Roger 1. 2001. Revegetating spotted knapweed infested rangeland in a single 
entry. J. Range Manage. 54: 144-151.

Soil Conservation Service. 1982. Plant Materials for Use on Surface-Mined Lands in 
Arid and Semiarid Regions, EPA-6000/7-79-134, SCS-TP-157, U.S.D.A., Washington, 
D C .

Strom, Steven. 1998. Site Engineering fo r  Landscape Architects. Third Edition. New 
York. John Wiley and Sons, Inc.

Sullivan, June. 1991. Germination Studies of Desert Wildflower Seeds. Wildflower J. 4 
(3): 47-53.

Taylor, Mark B. 1996. Balancing Safety and the Environment. Land and Water. 
July/August: 24-27.

Tellman, Barbara. 1991. Plant Collecting Ethics. Wildflower J. 4 (3): 31-35.

Tupa, M.J. 1978. Construction and Grading Techniques as They Relate to Revegetation. 
Proceedings: High Altitude Revegetation Workshop No. 3. Colorado State University, 
Fort Collins.

Turner, Raymond M. 1995. Sonoran Desert Plants; An Ecological Atlas. Tucson, AZ. 
The University o f Arizona Press.

U.S.F.S 1951. Final Construction Report, Arizona Forest Highway Project 33: Catalina 
Highway. Pima County, AZ. Coronado National Forest.



92

Wallace, A. 1980a. The challenge o f a desert: revegetation o f disturbed lands. Soil- 
Plant-Animal Relationships Bearing on Revegetation and Land Reclamation in Nevada 
Deserts. Provo, Utah. Brigham Young University. 4:216-225.

Wallace, A. 19806. The role o f  pioneer species in revegetation o f disturbed desert areas. 
Soil-Plant-Animal Relationships Bearing on Revegetation and Land Reclamation in 
Nevada Deserts. Provo; Utah. Brigham Young University. 4: 31-33.

Whitson, Tom D. 1996. Weeds o f  the West. Fifth Edition. Jackson Hole, WY. Pioneer 
o f Jackson Hole.

Wiens, John F. 2000. Vegetation and flora o f Ragged Top, Pima County, Arizona. 
Desert Plants. 16 (2): 1:31.

USD A, NRCS. 2001. The PLANTS Database, Version 3.1 ('http://plants.usda.gov~). 
National Plant Data Center, Baton Rouge, LA 70874-4490 USA.

http://plants.usda.gov~

