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INTRODUCTION

Project Design

The Petrified Forest National Park has adopted an

environmentally oriented natural resources policy plan, aimed at the ecol-

ogically sound management of the flora and fauna native to the Park and
suppression of invading exotic vegetation species. In order to maximize

the effectiveness of the plan, the Applied Remote Sensing Program, Office
of Arid Lands Studies, at the University of Arizona was contracted to com-

plete a project which includes a remote sensing analysis of the Par} and a
survey of the literature addr.ssing the vegetation found in the Park area.
The Project Design consists of three phases. The bibliography
represents Phase I, an annotated survey of literature on the plant species
and associated plant communities located within the Park. Natural causes
and sequent occupance patterns responsible for any vegetation change within

the past 100 years on the Park or adjacent areas are documented. Phase II

is the generation of a map of the existing vegetation of the Park. The bib-

liography and the vegetation map will assist in the completion of Phase III,

which is the development of appropriate vegetation management recommendations.
The following report attempts to synthesize the bibliography and vege-
tation maps into an informative and concise narrative. The ecosystem of

Northern Arizona must be studied in order to understand vegetation changes.

Therefore, the narrative examines the roles that geography, climate, and
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soils play in affecting the vegetation of Northern Arizona.

The Area
The Petrified Forest National Park is located in Northeastern Ari-
zona at approximately 109° 45' west longitude and 35° north lattitude, 22

miles east of Holbrook, Arizona. The Park contains 94, 189 acres, the bulk
of which occurs within Apache County. The remaining 22,400 acres lie in

Navajo County. See Figure 1.

The Park was originally established by Presidential Proclamation in
1906 as a natural area. In 1932 it was enlarged to include a part of the
Painted Desert landscape. The additions more than doubled the Park's size
and formed a mile wide and five mile long corridor that connects the north-
ern half, consisting of Painted Desert landscape, and the southern half of
the Park, Which protects the petrified wood.

Within the Park 50,260 aci;es are classifi~Jd as wilderness area by
the National Park Service. These areas are accessible only by foot or horse-
back. The northern wilderness area contains 43, 020 acres in the Painted
Desert. The southern wilderness area contains 7,240 acres of grass and
sagebrush land. Grazing has been excluded from the southern half of the
Park since 1936, consequently this area contains some of the last undisturbed

stands of short grass prairie in Arizona.

Arrangement of the Annotated Bibliography

Several techniques were used in compiling the annotated bibliography.
The Arid Lands Information System at the Office of Arid Lands Studies pro-

vided invaluable information. The Water Resources abstracts stored on the
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RECON Information System maintained by the Energy Research and Devel- .

opment Administration (ERDA) out of the Office of Arid Lands Studies was

also used. Any citation thought pertinent to the history or vegetation of the

Petrified Forest National Park was keyworded on both these recall systems.

The library abstracts searched included:

1)
2)
3)
4)
o)
6)
0

8)

Biological Abstracts 1927-1975
Bioresearch Index 1965-1975

The Agricultural Index 1950-1964
Biological and Agricultural Index 1964-1975
Bibliography of Agriculture 1950-1975
Weed Abstracts 1960-1975

Forestry Abstract:s~ 1950-1975

Herbage Abstracts 1950-1975

Journals and books used that were not mentioned in the abstracts were

taken from other book bibliographies.

The University of Arizona library éspecially the Special Collections

Branch was used extensively. Research was also conducted at the libraries

of the Arizona Historical Society, Northern Arizona University, Museum of

Northern Arizona, Office of Arid Lands Studies, and Petrified Forest Nat-

ional Park.
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GEOGRAPHY

The Petrified Forest National Park is located on the lee slope of the
Colorado Plateau at an elevation of 5,440 feet. The Plateau covers an area
of 10,000 square miles in northern Arizona a.n'd includes portions of Coconino,
Navajo, and Apache counties. The Colorado Plateau is frequently called the
High Plateau or the High Desert Plateau because of its arid climate. Itis
the watershed for the Little Colorado River, and its three main intermittent
tributaries: the Rio Puerco, Zuni River, and Silver Creek.

At the Petrified Forest National Park the Colorado Plateaubis sub-
divided into the Navajo Section or the Mogollon Slope. The Mogollon Slope
is a broad homocline extending from the Mogollon Rim, the southern escarp-

ment of the Colorado Plateau, to the Black Mesa Basin and the Defiance up-

1ift in the north. The Mogollon Rim is a south facing, sheer escarpment 200
miles long ranging in vertical height from 100 feet north_ of Prescott to 2,000
feet between Payson and Show Low. Its elevation above sea level often exceeds
8, 000 feet.

The region® dip of the Mogollon Slope strata is.northeasterly. Locally
in the Petrified Forest National Park area, the land slopes south to the Little
Colorado River and northwest to the Puerco River from a high extending
southwest across the area between the two rivers.

The Petrified Forest National Park is severely eroded into rugged
terrain consisting of badlands, broad valleys, retreat escarpments, and
extensive flat, mesa like highlands. The highland summits show general

accordance and levels of ancient erosion surfaces carved on the underlying



soft, sedimentary material (4, 5, 6, 13, 19, 23, 26, 29; 31, 35, 37, 38,
41,45, 53, 56, 59, 78, 104, 143, 162).

Dr. d. S. Newbefry, the geologist on the Ives expedition to the Col-
orado River, originally named the area from the Little Colorado River to the

Hopi Mesas, as the "Painted Desert." It is a-minor subdivision of the Great

Basin Desert. The ground cover is very sparse, mainly consisting of alkali
sacaton, saltbush, and annuals. The name was derived from the spectacular
displays of color originating from the generally bare clay ground and actively
eroding hills of shale, referred to as badland topography (153, 154). The
north end of the Petrified Forest National Park is a stunning example of the
Painted Desert landscape.

The badland shale was originally laid down as old lake deposits dur-

ing the Upper Triassic geologic time period. The badlands consist of barren,
very severely eroded, hilly, to extremely steep land that is dissected by
many intermittent drainageways. This land is not ordinarily stony, although
in some areas the hills have chunks of pure gypsum on the surface. The
gypsum was exposed from a layer under the shale and was broken off as
underlying material was eroded away. In certain areas enough of the soft
material between and beneath the gypsum pieces eroded away to leave a
mosaic veneer of gypsum that covers the hills.

The soft shale of the badlands is in the Chinle formation. It is gen-
erally banded and multicolored in shades or red, gray, and white. Slopes

are short and complex with the relief ranging from 10 to about 500 feet.



CLIMATE

There are two distinct precipitation periods in the Southwest. Winter
precipitation originates from low pressure systems moving eastward or north
eastward from southern California. Summer precipitation is predominantly
from the Sonoran summer monsoon.

The Mogollon Rim dictates the climate of the Colorado Plateau during

these precipitation periods. Across Arizona there is a gradual reduction of
summer rainfall northward and a decrease in winter precipitation from west

to east.

Winter storms move eastward across Arizona losing precipitation to
the mountains in the southwestern and central parts of the state. However,

the greatest loss of moisture is to the central Mogollon Rim, where the
escarpment is highe:t. The drier air that passes over the Rim, coupled

with the general downward slope of the terrain causes a distinct rain shadow
over the Coloradp Plateau behind the Mogollon Rim. The Mogollon Rim thus
has a wet winter climate on the windward side and a dry winter climate on the

lee side.

Maximum impact of the summer monsoon is generally felt in the south
central portions of the state during July, August, and September. The effect
of the summer monsoon decreases rapidly to the north, but is still a dominant
factor at the Petrified Forest.

The summer monsoon air masses do not show distinct frontal char-
acteristics, consequently there is little rain shadow effect as with winter

storms. However, much of the precipitation falls as a result of convective
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storms and high precipitaticon coincides with points of abrupt topography.
Thus the central part of the Mogollon Rim receives most of the precipitation
of these storms.

. As a result of the orographic effect caused by the Mogollon Rim, the
Petrified Forest average yearly precipitation is only 8. 69 inches, comparable
to the deserts of southern Arizona. The precipitation that does fall is split
equally between the winter frontal storms and the summer monsoon in July,
August, and September.

The different precipitation periods also have very different storm
characteristics. Summer monsoon storms are characteristically véry heavy
and of short duration, causing heavy runoff, erosion, and lqss to evaporation.
A few tropical disturbances originating in the Gulf of California sometimes
occur in the summer. They are typically gentle, long lasting, low volume
rainstorms. North Pacific middle latitude storms of winter are gentle -
showers preceded by strong winds. Less than half of these storms occur as
snow and characteristically there is no notable ground accumulations of snow.

The late fall and spring (May and June) have the lowest precipitation rates.

Droughts during these months are common.

Physiographic position has more influence on precipitation than alti-
tude in general. Small mesas or localized plateaus will receive more prec-
ipitation than neighboring drainages or level areas especially during the sum-

mer monsoon (34, 46, 76, 77, 104, 162, 209).

Temperature

The altitude and dry air at the Petrified Forest causes extreme diurnal

and seasonal temperature variations. Temperatures during the summer



months of July and August range from near 60°F at night' to the low 90's
during the afternoons.

Readings in the low 100's do occur during the summer, especially in
the Painted Desert in the north. The low humidity and clear skies cause the
local éffects of shade or sun to make consi;flerable differences in the ambient
and sensible terhperature.

Due to cold air drainage from the Mogollon Rim, exposure to cold air
from the north, and the altitude; winters at the Petrified Forest can be quite
cold. Mid-winter temperatures range from night time lows in the low 20's
to afternoon highs in the 40's. Occasional subzero weather does occur.
Warm periods during the winter frequently raise the temperature to the upper
60's. Temperatures in the 70's have.been recorded in every month of the

year (104).

-10-



VEGETATION

The geography and climate of the Colorado Plateau causes vertical
and horizontal zonation of the vegetation, ranging from alpine on the San
Francisco Peaks down through semidesert. The altitude changes were used
by Merriam in his work on life zones in 1890. The horizontal zonation of
the vegetation is caused by differences in seasonal distribution of precipi-
tation.

The Petrified Forest only lies 50 miles north of the Mogollon Rim
but due to the rain shadow effect of the Rim in this distance the vegetation
zones change several times. High elevation and precipitation cause the
Mogollon Rim to have a dense Ponderosa pine forest. This pine forest
changes to a Pi'ﬁyon—Jurﬂper forest as the elevation and precipitation decrease.
With further reduction in elevation and precipitation the Piflyon-Juniper forest
in turn is replaced by short grass prairie. The grassland in turn is replaced
by semidesert shrub- vegetation.

The Petrified Forest area has a characteristic precipitation of a dry
spring and wet late summer which favors grass and shrub growth over tree
growth. The heavy summer storms cause surface runoff and erosion which
also favors grass growth. Summer storms usually do not add to ground
water recharge which is needed for tree growth (73, 84, 86, 104, 105, 106,
107, 108, 129, 131, 142, 150, 151, 152, 154, 160, 166, 174, 190).

Charles H. Lowe classifies the vegetation zones that merge at the
Petrified Forest as Upper Sonoran Life Zone (the high elevation plants of
the Sonoran Desert) (154). The specific subzones are the southern extension

of the Great Basin desert scrub and the western most extension of _the plains
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grassland. Robert R. Humphrey further refines this plains grassland into
a short grass prairie zone (124).

The occurrence of these vegetation types is usually dependent upon
local physiographic relief which dictates precipitation amounts. The shal-
low rooted short grass prairie requires greater precipitation so it can usually
be found on higher plateaus. The deep rooted and alkali water tolerant shrubs
of the Great Basin type occupy the drier valleys that usually have a higher
ground water table.

Lowe divides the deserts of Arizona into four zones. The Great Basin
desert scrub zone, found at the high elevations in northern Arizona from
3,000 to 6,500 feet, is the coolest desert of the four and is often called the
"Cool Desert" or ""Cold Desert."

The shrubs have small leaves which are wholly or partly deciduous.
The major shrubs in the Petrified Forest area are sagebrush (Artemisia),
saltbush (Atriplex), mormon tea (Ephedra), rabbitbrush (Chrysothamnus),

and greasewood (S:arcobatus vermiculatus). When these shrubs form pure -

stands, they are usually associated with certain grass species (73, 76, 77,
80, 86, 89, 95, 97; 100, 102, 103, 105, 106, 108, 151, 152, 153, 154, 160,
163, 166, 174, 193, 204, 205, 208, 216, 217, 224).

Greasewood is often associated with alkali sacaton (Sporobolus

airoides) and shadscale (Atriplex confertifolia). All three are extremely

salt tolerant (halophytic) and are commonly found in very low, internally
drained areas, usually old oxbows or floodplains of larger drainages. These
low areas contain very heavy clay soils.

Water percolation through clay is extremely slow and penetration is

shallow. The shallow and slow water penetration does not allow leaching of
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soluble salts from the soil. Clay soil also has a greater cation exchange capacity
than sandy soils. The cation exchange bonds many of the salts to the soil
particles in an insoluble form that cannot be leached out but are readily

absorbed by plants.

Practically all plants in the arid southwest have a tolerance to a given
amount of salt. When this tolerance limit is exceeded the absorbed salts in

the plant will stop the physiological functions of the plant and it will go into
shock and eventually die. The quantity of salts in the soil is not a direct
measurement of whether a plant will live or die. If sufficient moisture is
available, the plant can tolerate higher soil salt levels.

Clay soils can hold more water than other soils. However, the water
usually holds more salts and a great deal of the soil water is unavailable to
most plants. All soil particles exert a tension on a set percent:.ge of the
water present within the soil. This water cannot be used by piants’ due to the
soil bonds. Clay will bind three to four times more water to the soil parti-
cles than will a sandy soil.

A non halophytic plant will die in moist saline clay soils because of the
high accumulation of salts and the inability of the plant to break the electrical
bond the clay particles exert on the water. A halophytic plant has developed
an ability to absorb salts in the soil water and to handle the salts by storing
them in the leaves or secreting them through the stomata as the plant trans-
pires. Consequéntly halphytic plants are able to extract more moisture from
the clay soil and thereby survive the drought periods. Greasewood, shadscale,
and sacaton have perfected their abilitie.s to live and prosper under saline
clay conditions (41,42, 43, 57, 72, 73, 79, 87, 108, 109, 127, 128, 129, 131,
141, 144, 161, 163, 167, 174, 179, 180, 185, 193, 194, 195, 219, 231, 233).
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The very low growing extremely deep rooted (6'-10") saltbush

Atriplex jonesii is found in saline sandy loam soils in association with

sacaton grass. This association is usually in the broad valleys of lower

elevation drainage basins. The sacaton grass has visual dominance in these

S
I

basins due to its height (12''-36") and the low stature@!‘)—ié/f/é. jonesii
(74, 102, 105).

A. jonesii also occurs alone in certain high clay soils that have a
cobble component of 50% or more. No other plant will grow on these loca-
lized soils.

Four-wing saltbush (Atriplex canescens) usually occurs alone in

loamy soils with its associated grasses; blue grama (Bouteloua gracilis),

galleta (Hilaria jame:ii), and alkali sacaton (Sporobolus airoides). . The

life form that will become dominant depends upon the environmental factors
(temperature, precipitation, fire, “etc.) that will favor the growth of one
over the other (62, 63, 207, 230).

| The shrub Ephedra (mormon tea) plays a subdominant role on the
Petrified Forest. Ephedra grows on very sandy soil or on gravelly soil. - It
achieves its most dominant role on the basaltic topped mesas which have very
thin soils.

Rabbitbrush (Chrysothamnus nauseosus) occurs on sand dunes next to

the intermittent stream beds that drain the broad valleys. The older, perm-
anent dunes in these valleys have the thickest stand of rabbitbrush. It prob-
ably is the first perennial on the dunes starting the process of soil dévelopment
(82, 85, 183, 201).

Many species of sage (Artemisia) occur on the Petrificd Forest. All

-14-



species occur on sandy loam to sandy soils. Sand sage (Artemisia filifolia)

is co-dominant with rabbitbrush on sand dunes near basin drainages.

Artemisia bigelovii and A. filifolia are associated with a few grass species

on very sandy loam and sand soils on /mid elevation plateau tops (97, 100, 102,
105).
The other subzone of vegetation on the Petrified Forest is the short

grass prairie. The plains grasslands form a continuous or nearly uninter-

rupted ground cover from 5,000 to 7,000 feet elevation in the northeastern
part of Arizona. Historically Navajo and Apache Counties were covered with

a short grass prairie or semiarid grassland. Due to overgrazing, drought,

and the suppression of fire much of the prairie land has been taken over by

juniper and shrub species. -

Bouteloua gracilis (blue grama) is the dominant species in the short

grass prairie. Hilaria jamesii (galleta) is the usual sub-dominant, however

Muhlenbergia pungens (sandhill muhly) often takes its place. Galleta grass

dominates in low lying, internally drained, saline, clay soil areas occurring
on small mesa or plateau tops.

These species, like the species in the tall grass prairies, have roots
that form a sod in loam soils. These roots are shallow yet so thick that water
usually does not percolate below 24 inches and thus is unavailable to deep

rooted plants. In marginal areas or during extended drought blue grama and

its associates will invade surrounding areas. In time it will take over an
area by stopping water penetration thus killing off deeper rooted plants. Dur-

ing the great drought of the 1930's the short grass prairie greatly extended
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its range into the tall grass prairies of Kansas and Oklahoma.

Short grass prairie is susceptible to invasion in sandy areas because
of the deep water penetration allowed by the sand which favors the growth of
shrubs and tall grasses. Overgrazing or other disturbances in sandy soils
will destroy the sod and allow deeper rooted Artemisia, Guitierrezia, and.
others to invade the short grass prairie (10, 34, 43, 59, 61, 81, 84, 85, 98,
103, 110, 111, 130, 131, 132, 135, 136, 143, 170, 171, 190, 204, 212, 214,
218, 224, 225).

Average precipitation for a short grass prairie is 10-15 inches. The
Petrified Forest has an average precipitation of only 8. 69 inches. Thus it
is an extreme tension zone for the short grass prairie. True short grass
prairie can only be found on the high mesas and plateaus within the Park
where there is é marked increase in localized precipitation (46).

Humphrey divides the short grass prairie of the Petrified Forest
‘area into short grass and sand grass areas based on dominant species and
the soil and climate they prefer. The short grass pr:irie of blue grama and
galleta grasses are found on heavy loam soils subject to water erosion (129).

Sand grass is restricted to sandy-soil areas. At the Petrified Forest
these areas are active sand dunes along channels, old permane‘nt sand dunes,
or developed soils that are very susceptible to wind erosion. The principal

or indicator plants are Indian ricegrass (Oryzopsis hymenoides) and sand

hill muhly (Muhlenbergia pungens).
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MAPPING METHODOLOGY AND NARRATIVE LEGEND FOR THE

PETRIFIED FOREST NATIONAL PARK 1:24,000 VEGETATION MAPS

The vegetation of the Petrified Forest National Park was mapped
primarily by using both dominant species and indicator plant species. Color
aerial photographs (scale 1:24,000 or 1' = 2000') were used as an interpre-
tive base. Vegetation types were identified primarily in the field and subse-
quently delineated on the photographs. The delineations were then transferred
to the planimetrically accurate orthophotoquads.

Vegetation legend development commences with extensive ground
examination followed by synthesis and classification of vegetational types
into units of similarity, and finally the actual development of the symbolic,
technical and descriptive legend. Details have been presented in previous
publications, most notably in Poulton (1970)1. We have adapted a system of
classification which combines vegetation types described by Kuchler2, Lowe,
and Poulton. The subcategories are basically ones commonly used by plant
geographers3. Only those types appearing within the Petrified Forest National
Park appears in the legend, however. Additional information is conveyed

by successive subcategories until

1Poulton, C. E., et al. 1970. "High altitude photography in the analysis
of natural vegetation resources with implications in land use." In: Pet-
tinger, L. R., et al. The application of high altitude photography for
vegetation resource inventories in southeastern Arizona. (Final report,
National Aeronautics and Space Administration, Contract NAS 9-9577,
Earth Observations Division, MSC, Houston). pp. 56-147.

2KXuchler, A, W. 1964, Potential natural vegetation of the conterminous
United States. American Geographical Society. New York. Special
publication, No. 36. 116 pp.

3Pettinger and Poulton (1970) Op. cit. p. 63,
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the class described is specific to the type (154).

Thus, the legend format is hierarchical, leading from the general
to the specific. This kind of system allows great flexibility in mapping. It
allows us to map at a general level (e.g. 310 represents herbaceoué types)
or at a specific level (e.g. 325.12 is a low saltbush type with alkali sacaton
grass), useful for more detailed resource management.

The system is multi-digit. The first three digits define general land

use, plant life-form and broad vegetation formations. A decimal point fol-
lows and additional digits can be added to define the floristics of the vegeta-
tion association. Botanical acronyms (alphameric symbology) are used to
indicate the important plant species.. These acronyms consist of the first

t.7o letters of the generic name followed by the first two letters of the specific

name (e.g. Atca = Atriplex canescens). A complete listing of all botanical

acronyms is located in Figure 2.~

The mapping delineation identifiers incorporate only the last three
digits of the entire multi-digit mapping symbol. This is done for cartographic
clarity. Occasionally, two vegetation types occur within a relatively small
area and are not readily separable on the map. These types are then com-
plexed, which is indicated on the map by a slash between the two association
type numbers.

The three primary land use classes occurring within the Park are

Barren Lands (100), Natural Vegetation (300), and Cultural Land Use (600).
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Indicator or Dominant Species of the
Petrified Forest National Park

Scientific Name Acronym Common Name
Allenrolfea occidentalis Aloc iodine bush
Ambrosia acanthicarpa Amac ragweed

Artemi sia bigelovii Arbi sage

A. filifolia Arfi sand sage

Atriplex ¢anescens Atca fourwing saltbush
A. confertifolia Atco shadescale

A, jonesii Atjo saltbush

A. saccaria S Atsa saltbush

Bouteloua gracilis Bogr blue grama grass -
Calamovilfa gigantea Cagi big reed
Chrysothamnus greenei Chgr rabbitbrush

C. nauseosus Chna ribbitbrush
Cowania mexicana var. Stansburiana - Come cliff rose

Ephedra torreyana Epto . mormon tea

E. viridis . Epvi mormon tea
Eriogonum corymbosum var. glutinosum Erco buckwheat

E. leptocladon . Erlel buckwheat

E. leptophyllum Erle2 buckwheat

Eurotia lanata Eula winterfat
Gutierrezia lucida Gulu snakeweed

G. sarothrae : ; Gusa snakeweed
Haplopappus drummondii Hadr burroweed

Hilaria jamesii Hija galleta grass
Juniperus monosperma Jumo one seed Juniper
Kochia americana " Koam green molly or red sage
Muhlenbergia pungens Mupu ring muhly grass
Oryzopsis hymenoides A Orhy Indian ricegrass
Oxytenia acerosa : Oxac

Parryella filifolia Pafi . dune vetch
Petradoria pumila Pepu ‘Petradoria

Populus fremontii Pofr cottonwood tree
Rhus trilobata Rhtr squawbush or skunkbush
Salix exigua Saex - willow

Salvia pachyphylla Sapa sage (not true sage)
Sarcobatus vermiculatus Save greasewood
Sporobolus airoides Spai alkalai sacaton grass
S. cryptandrus Sper sand drop - seed
Suaeda torreyana Suto quelite-salado or seepweed
Tamarix pentandra Tape tamarisk
Tetradymia canescens Teca horsebrush

Yucca angustissima Yuan yucca

Zuckia arizonica Zuar

Figure 2
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ROUGH DRAFT

The following is a list of the legend units which are mapped within

the Petrified Forest National Park:

Mapping
Symbol Technical and Descriptive Legend

100 Barren Lands. The prominent features of barren lands
are bare mineral soil and/or rocks. Vegetation is lacking
or so widely scattered as to give the overall aspect of a

denuded land.

101.1 Desert pavement associated with flat lands.
Although this type is considered as a barren lands class, some

vegetation may occur. The most frequent species is Atriplex

jonesii with an occasional occurrence of Sporobolus airoides

Atriplex confertifolia and Kochia. americana. Vegetation

cover is less than 5%.

-The desert 'pkavement typically results from wind ero-
sion removing the finer soil particles from the surface leav-
ing the gravel. All soil horizons have a héavy clay content
and are moderately saline. This type is usually associated

with grasslands or shrub-steppe types, especially 325.12,

300 Natural Vegetation. This broad category includes all
types dominated by plants except agricultural or other culti-
vated vegetation. Most species are native although exotics

which have adapted to the local environment may be included.
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Mapping
Symbol

310

313

313.11

Technical and Descriptive Legend

In the Petrified Forest tamarisk (Tamarix pentandra) is

mapped in this class.

Herbaceous Types. . This class includes all vegetation
types dominated by grasses, grass-like plants and/or forbs.
While other life forms may be present, they are subordinates

in terms of aspect.

Grasslands, . Grass species predom-
inate in this sub—class.although shrub or half-shrub species
are usually present. When shrub species approach a co-
dominant status, the overall aspect is a very open canopy

shrub savanna with a moderate to dense grass ground cover.

Dominants: Atca - Bogr - Hija ~ Spai
Others: Epto, Eula, Gusa, Gulu

The association is classified as a grassland vegetation
type and is characterized by a dense ground cover of perennial

grasses with scattered Atriplex canescens,- It is found on the

higher elevation plateaus on well drained loam to clay loam
soils. These soils are classified by the Soil Conservation
Service as the Clovis-Palma association and are derived
from aeolian sand and gravelly alluvium.

Grass species are most prevalent on the heavier clay

soils, often to the exclusion of the saltbush., Hilaria jamesii
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dominates at the higher elevaﬁons while S porobolus airoides

dominates at the lower elevations.

This type, 313.11, is similar to 313,13 (Atjo-grass-
land) but can readily be distinguished by the different saltbush
dominants, The presence of Atca in 313.11 as opposed to
Atjo in 313. 13 can probably be attributed to a lower salinity

and higher sand concentration in the former type. On the

Puerco Ridge, headquarters Plateau and other high elevations,
broad plateau tops, 313.11 is found in a mosaic pattern with a
shrub type, 325.21. A common inclusion in both mapping

units are stands of Eurotia lanata, either pure or with

Artemisia bigelovii and Atriplex canescens.,

Dominants: Atjo - Spai - Erle? - Pafi

Others: Zuar, Save, Atco, Koam, Atsa

Plant cover approaches 25% in the drainages, but only
about 5% on the slopes. It has a greater diversity of plant
species than 101.1 (the Barren Land-Atjo type) and occurs
exclusively in the badland areas. The dominant plant family
is Chenopodiaceae. |

The badland topography is composed of clays derived
from the soft shale of the Chinle formation and is character-
ized by minimal horizon development, low infiltration rate
and severe erosion. This low water availability and sub-
strate instability results in poor plant growth,

Two minor, but very characteristic species occur on

the hill slopes of the badlands during certain seasons, In the

spring, Cymotterus newberryi, a small, herbaceous edible root

perennial appears for a few weeks. Later, following the
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summer rains, the hill slopes have a moderate cover of an

annual saltbush, Atriplex saccaria.

Dominants: Spai - Bogr - Hija - Atjo
Others: Atca (in drainages)

This is a dense grassland association with a relatively
inconspicuous half-shrub componant. The vegetative cover
approaches 54%. Shrubs (usually Atca) are restricted to the
sandier drainages.

313.13 is found at low and middle elevations in sandy
clay loam soil derived from shale or shaley sandstone. It is
distinguished from 325.12, which has a similar appearance
and plant species, by the greater densiity of plant cover and
the greater abundance of Blue Grama ;,nd Galleta grass.
These grass species indicate less éaline conditions than
found in 325,12, This association is found largely in the

southern half of the Park.

Shrub Types. Woody species of low to moderate height
dominate this class. The appearance can range from a sparse
coverage of halfshrubs with minimal herbaceous ground cover,
to dense stands of tall shrubs with an abundant herbaceous
understory. The woody species, however, always dominate

the aspect.
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Halophytic Shrub types. This class includes typés

dominated by salt tolerant woody species. Such types are

v typically found on playas, alkali flats and other areas with

saline soils. Most of the common shrubs belong to the plant

family: Chenopodiaceae.

Dominants: Atca - Epto - Chna - Arbi - Orhy
Others: Eula, Erco, Gusa, Gulu

This is a shrub association of moderate density. It
occurs on similar sandy soils to 325.21, but the slopes are
greater, 324.11 can be distinguished from 325.21 by the

presence of Chrysothamnus nauseosus in 324.11 and the

absence of Artemisia filifolia, an important dominant of

325.21. 324.11 is restricted to high elevation plateaus and

is found only in a few localities on Headquarters Mesa.

Dominants: Save - Atjo - Spai
Others: Atco, Hija, Suto, Atca

This is a halophytic shrub type which occurs in low
lying, saline areas along the Puerco River. The high density

of Sarcobatus vermiculatus makes this association easy to

recognize. There are several small areas of this type along
the Lithodendron Wash, but they were included with either

325.12 or 325.13 on the map.
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Within this type is at least one local occurence of a

Suaeda torreyana-Distichilis stricta association, found in an

extremely saline depression. The salinity and clay content
of this site is so high that large salt crystals appear on the

dry soil surface.

Shrub-Types. Tall shrubs generally dominate this
sub-class but there may be an herbaceous understory. Half-
shrubs can also be included in this category. These types

are the most prevalent vegetation associations in the Park.

325,11 Dominants: Erco - Arbi - Epto - Epvi - Come

Others: Jumo, Arfi, Mupu, Yuan, Rhtr

This is an open woodland association with a shrub
understory and minimal herbaceous ground cover. It occurs
exclusively on the mesa tops and peripheries of Headquarter _
Mesa, Pilot Rock and Chinde Mesa.

Both Headquarter Mesa and Pilot Rock are basaltic
formations, and Chinde Mesa is shale with a strong rhyolitic
component. This area is the only occurrence of Pinus edulis
within the Park. The woodland species, especially Juniper,
appear to be particularly well adapted to the shallow soil and
rock outcrop substrate. In local areas where a deeper soil

has developed, grass and other shrubs predominate.
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325.12 Dominants: Atjo - Spai

Others: Atco, Loam, Hija, Bogr

Atriplex jonesii and Sporobolus airoides are co-

dominants in this association. It occurs at low elevations
adjacent to drainageways, especially in the viéinity of

the Lithodendron Wash., Associated soils are moderately
saline and clayey. This type frequently occurs fn a
mosaic with other floodplain vegetation associations,
notably the minor _riparian (352. 3) and the sand dune type
(325.13).
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This number designates a complex of the sand -dune
vegetation type (325.23) and Atjo-Spai (325.12). These
associations occurred in a mosaic pattern so frequently

that a separate number was assigned to reduce map clutter.

Dominants: Arfi-Arbi-Atca-Bogr-Orhy-Mupu
Others: Epto, Eula, Teca, Gusa, Gulu

This is a shrub community of medium height (1-1. 5 meters)
and density (25%-50% plant cover). It is found in a mosaic pattern
with 313. 11 on relic sand dunes on the high elevation plateaus.

Artemisia filifolia and Muhlenbergia pungens are good

indicators of very sandy soil. It is likely these relict dunes were
caused when drought and overgrazing in the late 1880's all but

eliminated plant cover in the area.

Dominants: Arbi-Erco-Hadr-Pepu-Hija
Others: Epto, Pafi, Gusa Gulu

This is an open shrub association with minimal herbaceous
ground cover. It occurs on mid- to upper elevation light colored
sandstone mesa tops. In particular, this type indicates mesa tops
formed by uptilted sandstone beds. Soils are shallow and coarse
textured with poor horizon development. Common inclusions
within this type are sandstone outcrops and sand duhes.

325.22 is similar to 325. 24 but can be distinguished by

the presence of Eriogonum corymbosum and Petradoria pumila in

the former.
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Dominants: Chna-Arfi-Erleptocladon-Mupu-Orphy-Spai
Others: Atca, Cagi, Amac, Gusa, Gulu

This vegetation type occurs only on active sand dunes.
Shrubs are of medium height (1-1.5 m.) and cover ranges from

moderate to dense. Indicator species are Crysothamnus nauseosus .

and Eriogonum leptocladon.

Chrysothamnus and Artemi:ssia are not co~dominants,

but one or f;he other will dominate on a given dune. Chrysothamnus
tends to dominate on ver3; light colored sand dunes near intermittent
streams, while Artem i.sia tends to dominate darker colored sand

dunes not associated with intermittent streams. The higher salinity
near the streams may be the factor which excludes Artemi Sia from

dominating these dunes.

Dominants: Arbi-Epto-Bogr-Spai
Others: Pafi, Gusa, Gulu

’i‘his association is very similar to 325.22. Differentiating
characteristics of 325. 24 include lower height of shrubs, less
vegetative cover and fewer plant species. Erco and Pepu are
also indicator species for 325. 22.

325.24 occurs on mid to upper elevation sandstone mesas.
Although the soils are similar, the bedding planes associated with
this type tend to be horizontal rather than uptilted, and usually
of greater slope angle. This association is generally restricted

to the southern end of the Park.
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‘ 325.25 Dominants: Erco-Pafi-Sapa

Others: Hija, Arbi, Gusa, Gulu
This half-shrub association is found only on the upper

slopes of Chinde Mesa. Salvia pachyphyllais an indicator

species. The rhyolitic shale parent material is undoubtedly
a major factor in the formation of this vegetation type. The
physiographic aspect is badland topography although the soils

are sandier and there is some horizon development,

325.26 Dominants: Chgr-Erleptophyllum-Hija-Spai
Others: Chna, Pafi, Atco, Zuar, Yuan
An open half-shrub association found on the gently sloping
borders between sandstone mesas (325.21 and 313. 11) and badlands
L (313.12). It also occurs on small sandstone caps in the badlands.

The presence of Chrysothamnus greenei and C. nauseosus differentiate

this type from other sandstone vegetation associations.
On the midslopes of Pilot Rock, a similar type occurs but

Artemi sia bigelovii and Bouteloua gracilis are associated dominants.

325.27 Dominants: Erleptophyllum~-Zuar-Atjo-Hadr-Arbi
Others: Pafi, Spai, Koam, Gusa, Gulu
This is another open half-shrub association. It is
similar in composition to 313. 12, but can be readily distinguished

by the presence of Artemi sia bigelovii and a denser vegetative cover.

This type oeccurs on low elevation sandstone mesas with shallow
L coarse soils of aeolian origin interspersed among rock outcrops.

This association is restricted to the north end of the park.
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Riparian types. . The vegetation types in this sub-class

are associated with waterways, either immediately adjacent to
perennial or intermittant streams, or within the floodplain.

Many of the species have roots extending to the watertable. Others

arefaculative Halophytes existing in areas with poor drainage

resulting in extreme salt accumulation. Floristics range from

the cottonwood (Pofr) to tall salt grasses (Spcr and Cagi).

Dominants: Tape-Saex-Spai
Others: Pofr, annuals

This is a phi'eatophyte type characterized by dense thickets
of tamarisk and willow. Cottonwood trees are scattered throughout
and a ground cover of annual herbs develops seasonally. This

association is important to many wildlife species.

Pofr-Chna-Spai-Save-Atca

This association consists of an open canopy cottonwood
stand with a moderately dense shrub understory. The type is
commonly situated upslope from 352. 1. So.ils are a silty loam
with an increased salinity because it is less frequently flooded
and more poorly drained than the recent alluvium of 352. 1.

The cottonwood trees in both these riparian types are
relict stands of the Puérco River environment prior to the

1880's. At that time, the Puerco was a broad, clear, slow

moving perennial river that rarely flooded. Beaver and the native

Arizona trout were common wildlife inhabitants.

-30-



Mapping |
Symbol . Technical and Descriptive Legend

352.3 Dominants: Atjo-Atco-Hadr-Spcr-Cagi-Tape

Others: Pafi, Chna, Aloc, Save, Mupu, Orhy, Oxac, Gusa, -Gulu
This minor riparian association is the most variable

vegetation type found in the Park. Depending on the size of the

drainage the vegetative structure may vary from low half-shrubs

and scattered tall grasses to tall shrubs, and trees such as
Allenrolfea or Tamarix. Tamarix is only found locally and

never in thickets as found in 352. 1.

352. 3 occurs along minor drainage ways at lbw elevations
throughout the Park on recent alluvial sand to sandy loam soils.
It is characterized by a higher density of plants than the
surrounding plant association and the occasional presence

of Tamarix pentandra, Sarcobatus vermiculatus, Allenrolfea

occidentalis, Oxytenia acerosa and the tall grasses: Sporobolus

cryptandrus and Calamolvilfa gigantea. 352.3 often grades into

325. 12 and 325. 23.

619. 10 Disturbed land
This association includes land areas disturbed by man.
The soil profile is usually destroyed in these areas which prevents

growth. Invader species such as Salsola kali are common.
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HISTORICAL OVERVIEW

The first European explorers of the Southwest, the Spanish, recorded
very little about the vegetation they encountered on their expeditions. How-
ever, the Spanish did exert a significant influence on the natural vegetation
of the region by introducing the Indians to cattle and grazing practices.
American exploration of the region was quite well documented but took
place after the natural physical landscape had already been altered by graz-
ing of Indian livestock. Unfortunately, written accounts of the topography
and vegetation of Arizona before the advent of grazing is not available.

- In 1758, .reports described large number of grazing animals (cattle,
sheep and goats)_on the plains.of Northern Arizona. In 1776, Francisco
Garcés traveled in northern Arizona and documented evidence that the area
was being heavily grazed by herds of sheep, cattle, and goats belonging to
the Hopis (called Moquis in his journal) and Navajos. Garcés hypothesized
that these animals were stolen from settlements in present day New Mexico
or were descendants of the animals lost by' Coronado on his expeditiqn 9, 11,
15, 36).

The Navajos quickly became the dominant herders in Northern Arizona.
Unlike the Hopis, who were mainly farmers, or the Apaches, who stole sheép
and goats only to eat, the Navajos stole stock to augment their existing herds
3, 4, 9, 11, 33, 36).

In the 1830's the plains of Northern Arizona were used by the Mexi-~
cans as a stock trail to drive sheep from New Mexico to California. The
sheep dri_.ves passed through the Petrified Forest area and were heavily

‘raided by both the Navajos and Apaches. To protect the stolen stock the
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Navajos took them into the Painted Desert canyons of Canyon de Chelly and
Chinle Valley (36).

The high plains of Northern Arizona served as a stock trail for years.
The open plains were too susceptible to raids for either Indian or white men
to successfully graze livestock on them. Consequently the area was spared
the serious overgrazing that occurred in the Navajo controlled Painted Des-
ert during the 1700 and 1800's.

The Navajos established their supremacy as stock thieves during the
Spanish colonization of New Mexico and they continued their activities
through the American takeox?er. In an 18 month perjod from 1850 through

1851 the Navajos reportedly stole 47,300 sheep from ranches in New Mexico.
In 1863 the harassed American governor of the area commissioned Kit Carson

to put a stop to the raids. This Carson did by making one raid in the same |
year into Canyon de Chelly and Chinle Valley. He destroyed every crop, ani-
mal, or house belonging to the Navajos that he could find. His campaign was
so devastating that the Navéjos faced starvation that winter and most of the
Nation surrend(\ered before the winter of 1863-1864. Out of the hundred thou-
sands of sheep they had owned less than 2,000 sheep and goats remained
alive. | This removed the biggest threat to stockmen wanting to graze
northern Arizona's high plains and interest in the area picked up considerably
after 1863 (36).

The area had been well explored and mapped by American explorers
in the 1850's. Documentation of American exploration expeditions included
many detailed accounts of the vegetation and physical features encountered

enroute. Lieutenant Fitzgerald Beale, Captain L. Sitgreaves and Lieutenant
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A. W. Whipple kept detailed vegetation accounts of their explorations. These
accounts provide a very good portrayal of the vegetation conditions for
northern Arizona in the 1850's (5, 6, 7, 13, 19, 20, 23, 26, 29, 31, 32).
Beale surveyed the 35th parallel in 1858 for a wagon road through
northern Arizona to California. The wagon road passes through the Petri-
fied Forest just south of the Lithodendron escarpment. In his journal Beale

described the area as a short grass prairie of blue grama (Bouteloua gracilis)

and galleta (Hilaria jamesii) with alkali sacaton (Sporobolus airoides) in the

swales. He speculated that the barea would one day easily carry thousands
of cattle on its lush grasslands (5, 6, 19, 23).

Juan Candelaria was the first to build a permanent ranch in northern
Arizona. Candelaria had driven sheep from New Mexico to California during
the era of Navajo raids. He knew the value of the rangeland and in 1886,
after the Navajo issue was settled, he drove a flock of sheep into the terri-
tory north of St. Johns. His brothers followed him and within two years the
Candelaria brothers' Sheep grazed a fourth of present day Apache and Navajo
Counties (15, 36).

During the same period a few hardy and independent cattlemen drove
small herds into the area also. These ranchers kept their distance from
sheep territory and each other. The range easily supported the livestock and
everyone prospered (3, 4, 9, 11, 12, 15, 16, 17, 21, 30, 36).

The Mormons were the first to colonize the river valleys in northern
Arizona. Their settlements began in the 1870's. The Mormon settlers were
farmers and kept only enough stock to satisfy their immediate family needs.

However, they needed a large continual water supply for their crops. To

-40-



achieve this they settled along the perennial rivers of Northern Arizona,

such as the Little Colorado and Silver Creek, and constructed dams to hold

the waters of these rivers for irrigation projects (22).
The flooding of these rivers had been controlled naturally by broad

floodplains containing thick stands of sacaton, big reeds (Calamovilfa gigantea),

and cottonwood trees. Beaver dams in the river channel slowed the rate of
flow and further diverted flood waters to the floodplain. The flooding effect
was prolonged by the vegetation on the broad floodplains by dispersing the
waters and slowing its rate of flow.

The Mormons wanted the floodplains for farmland and.did not want it
periodically flooded. They cleared the floodplains and built levees and canals
around their fields for protection. This constricted the flooding area which
in turm caused deeper and faster floods. The dams they built on the fivers
retarded some of the water, but the Mormons were unable to build a perma-
nent dam to hold all the flood waters and the dams would wash out each flood
season. The fifteen families that made up the settlement of St. Joe spent
’$110,000 on eight dams that repeatedly washed out. Another settlement,
Woodruff, lost seven dams (22).

| The dams stopped the perennial flow of the rivers causing much of
the floodplain vegetation to die. Many of the beaver were either trapped out

or left for streams with a more reliable water flow. When the Mormon dams

broke allowing water to flow through, the channel no longer had beaver dams
or broad floodplains with the associated vegetation to slow it down and disperse
it and the water traveled downstream in a headwall many feet h.igh. The loss

of vegetation and rapid flow of the flood caused gullies in the channel and
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head cuts that traveled upstream with evéry flood. Once the channels were
gullied the water no longer spread to the floodplain. This further accelera-
ted shrinkage of the floodplain and entrenchment of the channel.

The channel entrenchment lowered the water table causing grass

cienagas to dry up and the floodplain to change. The cienagas were invaded

by deep rooted shrub and tree species. The floodplains which once had flow-
ing water became back water areas. The floods inundated the old floodplain

periodically and left a few inches of silt and standing water. This water did

not drain but evaporated causing a salt buildup. Eventually the area became

so saline that only halophytic plants survived on the floodplain.

Thus the streams and rivers changed from shallow, perennial, slow
flowing rivers with floodplains up to a mile wide containing lush grasses and
cottonwoods, into gullied channels subject to flashfloods with small saline
floodplains containing halophytic shrubs (8, 10, 78, 107).

The high plains or short grass prairie itself did not feel the effects
of the stream entrenchment. In.1885 Will Barnes, who had a ranch east of
Holbrook, described the plains as being so rich in grasses that after his
dattle had grazed an area he cut the remaining blue grama for hay. His
cattle never strayed beyond two miles from his ranch and his closest ranch
neighbors were 20 miles to the north and 50 miles away in the south (3, 4).

_Sheepmen kept their flocks south of the present day railroad line,
near the Mogollon Rim. The Candelaria brother's had been joined by other
sheepmen in the 1870's when a severe drought in California drove all sheep
flocks from the state. Such companies as the Dagg Brothers put thousands

more sheep on the range. Still the sheepmen were able to keep their distance
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from cattlemen and each other and the sheep industry b@med in Arizona.
After the Atchison Topeka and Santa Fe Railroad was built in 1883 along
Beale's Wagon Road, unprecedented riches were made from the sale of wool
and mutton to eastern markets (3, 4, 9, 11, 12, 15, 16, 17, 21, 24, 27, 30,
33, 34, 36).

The tale of these riches made Northern Arizona the pﬁme target for
settlement by "'get rich quick'' cattle and sheep companies. The influx of
these companies was facilitated by the railroad who sold them the huge chunks
of land the federal government had given 1t to build the railroad.

The original sheep and cattlemen in the area were individuals who
valued their independence as much as their well maintained herds of live-
stock. The new cattle companies had no such scruples. They were usually
owned by Easterners or Europeans who hired a foreman to run the ranch.
They were interested only in the profit margin and made it clear they did not
care how that profit was achieved.

Generally Texas longhorns would be acquired for pennies from the
ruined Texas ranges and driven onto the ﬁewly acquired Arizona ranges by
Texas drovers who had fouﬁd the law a little too strict in Texas. These
drovers dumped their cattle on the range and did not listen to their neighboré

complaints over the number of new cattle, the lack of control put on them, and
the fact that these cattle carried Texas fever that decimated cattle herds
that were not immune to it. Sheepmen were flatly told to get out of the country
or be driven 6ut. Feuds and range wars broke out during this time and many
of the original pioneers left the area for other states.

One of the new cattle corporations, the Aztec Land and Cattle Com-

pany, was known locally as the Hash Knife Outfit because of their brand design
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and the carelessness they showed in applying it to other cattlemens' stock.
In 1888, the Hash Knife Outfit bought a range from the railroad that extended
from Flagstaff 90 miles east to Holbrook and was 40 miles wide. They had
stock watering stations farther east than the Petrified Forest and as far
south as the Mogollon Rim. They made it apparent that they considered the
whole plateau theirs, which made the existing ranchers in the area start
guarding their livestock at night. Onto this range they shipped 60, 000 head
of Texas longhorn cows. The range was so rich that the first year they had
a 90% calving rate.

Three wet years occurred from 1887-1890 with phenomenal growth in
cattle and sheep herds. Development companies within Arizona printed books
and pamphlets promoting easy riches, perpetual spring, and abundant riches.
The price of cattle and sheep rose steadily but cattlemen kept stock off the
market, including three year old steers, in anticipation of even higher prices.
Even the original cattlemen were infected with the greed of the boom economy.

In 1891, there was an unprecedented calf drop. Estimates of stock on
the range ran as high as 1,500,000 head. The range was 20 times overstocked
when the summer rains failed. Cattlemen did not dismay for they believed the
rains would come again. The cattle used all available forage during that sum-~
mer and range conditions were bad by the start of winter. The winter preci-
pitation also failed and conditions were at a crisis by spring. A few cattlemen
tried to sell their steers but the market was already sc glutted that the bottom
fell out of the prices and stockmen could hardly give cattle away.

The rains failed again in 1892 and the drought continued through 1894.

Cattle died on the range by the thousands. They ate everything green including
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the roots and water holes dried up everywhere. An estimated 60 to 70 per-

cent of the stock on the range in 1890 had died by 1893. Most of the remain-

ing cattle and sheep were driven out of the state. They left behind a range

- that was denuded of vegetation and was alternately trampled and compacted

or churned up into dust.
In 1894 the summer rains came again. Because the végetation had

been stripped from the land, the rains in turn stripped the soil from the land.

- What streams and rivers the Mormons had not gullied were gullied by the un-

controlled runoff from the rains. The surface horizon from the soil was
stripped off and carried away in the arroyos. Many natural lakes and sinks

in the area were completely silted by the sediment. During dry periods the
wind picked up the soil and sand and dust storms occurred. Sahd dunes formed
on the windward side of mesas and plateaus as well as the drainage valleys.
The whole area took on the appearance of a desert as exotic and native plant
species alike invaded the short grass prairie zone (1, 2, 3, 4, 8, 10, 11, 12,

14, 16, 18, 20, 21, 24, 25, 28, 34, 36, 56, 61, 78, 84, 106, 196, 208, 225).

The Petrified ‘Forest National Park Area Today

Due to droughts and overgrazing by stockmen deep rocted juniper trees
have greatly extended their range northward and the Great Basin Desert scrub
has:extended its range southward into the drainage basins and mesas within
the area. The short grass prairie did come back but its sod cover had been

eliminated and deeper rooted plants gained a foothold. Sand had been blown

E over the soil surface which further made the surviving grass's hold tenuous

or buried the grass completely. The range that had once favored a short

grass prairie vegetation has been-so altered by sand deposition, compaction
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of the soil or the erosion of the top surface horizons, a.ﬁd the gullying of the
streams and consequent lowering of the water table that the prairie grasses
have to struggle to maintain co-dominance with shrubs in most areas (223,
224, 225).

Grasses have again become dominant only on those mesa areas that
receive sufficient localized precipitation to favor the shallow rooted grass
growth.

Fire which favors the growth of grasses because the growing crown
is protected beneath the ground, has been suppressed since 1886. In the
past fhe area was repeatedly burned by Indians hunting game or trying to
drive stock away to steal it. Fire occasionally occurred naturally also.

With a solid grass cover, fire would quickly burn over an area destroying
any invading shrubs. The present vegetation cover of grass and shrub assoc-
iations have large bare ground areas that make it impossible to maintain a
fire that would eliminate shrubs. Therefore fire cannot occur naturally and
help grass re-establish itself (10, 66, 106, 107, 131, 136, 190, 212).

| The sand dunes currently found on mesas and plateaus are now sta-
tionary. They are usually covered by deep rooted shrubs and grasses.
Humphrey's sandgrass prairie association was formed to cover these man
originated associations. In some areas these sand dunes are slowly develop-
ing soil horizons and losing their sand dune characteristics.

The surface waters within the Petrified Forest consist of the Puerco
River and intermittent streams. All these are entrenched in varying degrees
and all had very broad floodplains that are now saline backwater areas con-
taining halophytic shrubs. These areas also have active sand dum;s formed

by the wind as it picks up sand and silt in the stream beds between floods.
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Due to the lack of management on the area sﬁrrounding the Petrified Forest,
the exclusion of grazing on the Petrified Forest has not totally stopped channel
entrenchment.

The Puerco River on the Petrified Forest National Park was not |

. dammed by the Mormons and therefore did not start entrenchment until the

1890's drought. Today it is not as severely entrenched as other rivers nor

is it entrenched as badly at the Petrified Forest as it is upstream in New

‘Mexico. However its old floodplain has become very saline and supports

only salt grass (Distichlis stricta) and halophytic shrubs. Some cottonwood

trees can be found but those on the floodplain are in a losing battle due to the
soil salinity.
The backwater status of the floodplains is intensified by the activities

of the exotic shrub Tamarix pentandra (tamarisk). Tamarisk is a Far East-

ern native phreatophyte that was introduced into Arizona as an ornamental.

It aggressively spread to most water bodies within Arizona where it currently

. is the dominant phreatophyte.

It is found lining the banks of streams and rivers forming dense

thickets. These thickets consist almost entirely of Tamarix pentandra, with

a few scattered willows. Tamarisk thickets tend to raise flood levels by
constricting the river channel and slowing down water flow. This intensifies
the flooding effect in areas where tamarisk thickets are not found. It also
floods the thickets themselves. The flood waters leave sediments behind,
thus-raising the elevation of tamarisk thickets with each flood and forming a

natural levee. This levee raises future flood stages even higher by channel

- constriction and further reduces the amount of water the floodplain receives

(48, 49, 65, 83, 87, 88, 94, 99, 106, 109, 113, 114, 115, 116, 117, 119, 120,
122, 124, 125, 126, 128, 164, 181, 227, 228).
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At the same time tamarisk provides the only woodland on the Pet-
rified Forest. The thickets serve as a sanctuary to many bird and animal
species not found anywhere else on the Park. However if the area could
be returned to its natural floodplain state the cottonwoods and other vege-
tation would serve as a wilderness sanctuary (48, 49).

The exclusion of grazing on the Petrified Forest is allowing the land
to slowly reclé.im itself. The land outside the Park is still actively eroding
“and still being overgrazed. In many areas snakeweed (Gutierrezia spp.), an

unpalatable, noxious weed, is the dominant vegetation type as all other
grasses and shrubs have been eaten by the grazing animals. Not only is the
Petrified Forest a showcase for range condition but it is also a valuable seed
_source for the surrounding areas that cannot grow grasses to maturity for
propagation purposes.

The proposed management techniques will enable the Park Service to
return the Petrified Forest vegetation to as near a natural state as possible.
During the range restoration process and afterwards the Park can be used’ by
governmental agencies involved in natural resources as well as the academic
community and interested public as a model for range restoration. Studies
of the Park could outline recovery stages and rates for use in future range

restoration projects.
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This section of the bibliography reviews the available literature of the
period and documents the change in vegetation, physiography ax:-! land use,
The literature reviewed includes weekly newspapers from the p:-riod, books,
journals and personal papers of the pioneer settlers of the area, particularly
those of William C. Barnes; and cxpansion and development articles and
historical records. Topics covered by this literature include the vegetation
of the time period, the Indians of the area, exploration expecutmns, the cattle

industry and drought. . _ .
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3.

‘Breeders Gazette, Chicago. 390 p.

BarneS‘, ,W. C. T ‘
1913 . . E s ‘;" . T
Western grazing grounds and forest ra.nge.s.

&

A general history of western ranges is followed by a discussion of

individual ranges and their dominant plants. Suggestions for range
care and measures to arrest range deterioration 1nclude the use of
indicator plants and poisonous weeds.

Range management/Indicator pIants/Nomous plants/Plant
communities/Erosion control

Barnes, W.IC.

1930

Winning the forest range.

American Forests and Forest Life 36:.398—400, 466.
Events and tales from the early days of the U, S. Forest Service
are recorded in this volume which also presents descriptions of

land use and vegetation in northern Arizona after 1900.

Forest Service/Forests/Range condition/Plant commumhes/Cattle
industry/Shaep industry .

Barnes, W.C.
1941

Apaches and longhorns.

Ward Ritchie Press, Los Angeles. 210 p.

An exccllent history of land use in Apache County during the late
1800's and early 1900's.. Included. is a description of native
vegetation before intensive grazing began and an account of the

effects grazing has had upon the land and vegetation.

Grazing effects/Apache County/RanO'e condition/Ungrazed
rangeland/Grazed rangeland/Plant commumtles/Vegetatmn change
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_Barnes, w.C.

[Personal papers 1871 1940]
Arizona Historical Society, Tucson,

Will Barne's personal papers include letters, invitations,
magazine articles, newspaper clippings, notes, etc., all
pertaining to the west and Arizona in particular., Of special
interest are his letters and journal entries during the 1880's
drought, These letters contain descriptions of the vegetation
conditions and percent of ground cover in northern Arizona
during the drought, Barnes was'one of the first ranchers in .
northern Arizona and his papers provide a picture of the
topography and vegetation of the region between Holbrook and the
Petrified Forest National Park before the influx of livestock to

the area.

Drought/Range condition/Physical geog'raphy/Grazed rangeland/
Ungrazed rancreland/ Plant commumtes

Beale, E. F,

1858

The report of Edward F1fzgéra.1d Beale to the Secretary of Wa.f
concerning the wagon road from Fort Defiance to the Colorado

River,

U, S. House of Representatives, $5th Congress, 1st Session. -
Executive Document 124,

The journal kept by E, F. Beale as his expedition surveyed the
wagon road from Fort Defiance to the Colorado River in 1858
contains an account of the topography, soils and vegetation along - ..
the entire trek including vegetation characteristics and surface
water of northern Arizona, .

Wagon road/Expedition/Physical geography/Beale/Surface water/

‘Ungrazed rangeland/Vegetation surveys

Beale, E. F,
1858

Wagon road: Forth Smith to Colorado River.
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U, S. Senate, 36th Convress, 1st Sessmn. Executxve Document 42  : c e

Tlus original report ﬁled by E. I-‘ Beale conta.ms a map of his route . .
through northern Arizona and detailed explanations of vegetation, -

- topooraphy and surface water, The data contained in this report

provides anunderstanding of the vegetation of northern Arizona
durmg the 1800's..

Wagon road/Physical geography/Surface water/Beale/ Expechnon/
Uncrrazed rangeland/Vegetation surveys ’

2 Y

Bigelow, J. M.

1856 ’

| Explorahons and surveys to ascerta.m the most prachcable and
economical route for a railroad from the Mississippi River to the

Pacific Ocean 1853-4: Report on the botany of the expedition.

| U. S. House of Representatives, 32nd Congress, 2nd Session,
" Executive Tocument 78. : S

A brief overview of the Petrified Forest area plant community is
included in the botanist's report of Lieutenant A, W, Wlupple'
expedltlon through northern Arizona.

Railroad route/Whlpple/Expedafnon/Vegetatidn sufvey‘

Bryan, K.

1925

2

Date of cha.nnel trenchmcr (arroyo cuttmg) in the arid Southwest.

Science 69(1607) 338 344.

Arroyo formatxon in southern Arizona can be dated from 1880-1890,
and at 1860 in southern Utah, southern Colorado and northern
Arizona, Evidence of arroyo cutting on the Rio Puerco is conflicting
and no estimation of dates of formation can be made without further
review, Causes of arroyo cutting appear to be a combination of
overgrazing, climatic change (drought), and geological uplift as
none of these factors alone can fuﬂy explain this phenomenon.

Pucrco River/Grazing effects/Environmental effects/Gully
crosion/Drought »
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10.

11,

DeLong, Sf R.

1905 B L ;

The history of Arizona from the earhest t1mes known to the people
of Europe to 1903. , _

o "
W}utaker and Rap Co., San Francisco. 199 p.

A very brief cultural history of Apache and Navajo Coun’aes is
included in this general history of Arizona. :

Apache County/ Navajo County/Cattle industry/Sheep industry/
Settlement -

Dittmer, H.J.

1951

Vegetation of the Southwest: past and present

Texas Journal of Science 3(3):350-355.

The present vegetati::n of the Southwest is studied, A survey of
historical records, principally from the middle of the 19th century,
indicates that the Southwest had a much more extensive grassland

vegetation on its plains and mesas than it does today. Vegetative
chanves are explained as the result of recent land use.

Vegetation change/Grazing effects/ Gras sland/Burning

Farish, T.E

1918

History of Arizona.

Filmer Brothers Electrotype Co., San Francisco. 64 P.

Chapters 13 and 14, composed of the reminiscences of the original
pioneers of the area, deal with the history of 1and use in northern
Arizona., Knowledge of former land use patterns is the key to

present problems of land deterioration.

Cattle industry/Sheep industry/Grazing effects
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13.

14,

Ford, R.

Personal letters 1892,

Arizona Historical Society, Tucson.

. Lettei's written on September 8 and 28 and on October 1€, 1892

describe the drought conditions in Arizona and provide-an account

- of range condlhons as affected by the drought and subsequent -

overgrazing of cattle,

Drought/Range conditioh/Overgrazing/ Grazing effects

Fbreman, G; , ed.

1941

A pathfinder in the Southwést.

University of Oklahoma Press, Norman. 298 p;

Lieutenant A.W, Whipple's itinerary during his explorations for a
railway route from Fort Smith to Los Angeles in the years 1853
and 1854, includes a chapter on the topography, soils, and
vegetation of the Petrified Forest area.

Whipple/Expedition/Railroad route/Physical geography/Ungrazed -
rangeland/Vegetation survey

Hackney and Hamill, eds.

July 3, 1886 |

Arizona Silver Belt,

Globe, Arizona, wéekly newspaper.

This general purpose paper covered all newsworthy Arizona topics
from 1878 to the present. Regular news items included range
events, range condition and land use. The paper includes artlc'les .
on land use practlces during the 1880's and the effect cattle and
drought had upon the natural vegetation, Of special interest is

an article published in the July 3, 1886 issue which described the
pPoor range conditions of the area,

R ange condition/Drought/Grazing effects/Environmental effects/
Cattle industry/Political aspects
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Haskett, B.

1936 .

History of the sheep industry in Arizona.

- Arizona Historical Review 7(3):1-49.' : e

Names, dates and facts connected with the introduction of sheep into
northern Arizona are documented in this history of the sheep industry,
The effect of natural phenomena and economic pressure upon the sheep
industry are used to explain the growth or reduction of the industry in
porthern Arizona. No documentation is included on vegetation response

' - to sheep grazing pressure.

Sheep industry

Haskett, B.

1935

Early history of the cattle indusbtrj in Arizona.

Arizona Historical Review 6(3):1-49,

This history of Arizona's cattle industry lists names of ranchers

(by counties) who had a registered brand as of the 1880's. The list

for the Apache County cattle industry is the most detailed. A cattle
census taken from 1883-1895 illustrates the effect the 1880's drought
had upon the cattle industry. Prices paid for cattle were cut in half
forcing ranchers to keep all their stock on the range. This combination
of overstocking and drought decimated the rangeland.

Cattle industry/Apache County/]E)rought/ Grazing effects/ Environrnentall
effects/Political aspects h
Hilzinger,. J.G.

1897

Treasure land: a story.

Afizona Advancement Company, Tucson. 160 p.

This book contains a short chapter én cattle ranching with descriptions

of northern Arizona pasture grasses and ranges. As thisisa
pro-cxpansion and settlement article, reports are embellished



18.

19,

and are not entirely accurate., However, a féehng for the boom
economy and the attitudes of the penod toward exploitation of
grazing la_nds are ev1dent. :

Range condlhon/ Cattle mdustry/ POlltI.C&l a.spects/ Grassla.nd T

Kemp, S.N., ed. - e o N
January 12, 1906 | |

Arizona range news.

Willcox, Arizona, weekly papér.

This weekly paper, which has been published since 1884, emphasizes

‘coverage of cattle and range news in the southern Arizona area

near Willcox. In the 1890's, the drought in northern Arizona received

‘extensive coverage. The January 12, 1906 issue of the paper provided

an in depth account of the range conditions in Arizona and outlined

" the effect cattle were having upon the vegetation.

Range condition/Grazing effects/Drought/Political aspects/Cattle
industry ‘

Lesley, L.B., ed.

1970

"Uncle Sam's camels: the journal of May Humphreys Stacey, supple-

mented by the report of Edward Fitzgerald Beale, 1357-1858.
Rio Grande Press, Inc., Gloriefa, NNew Mexico. 289 p.

May H. Stacey kept this journal as he accompanied Edward Beale -
on the first trip of the United States Army Camel Brigade as it
traveled from San Antonio, Texas, to Bakersfield, California in
1857-1858, The expedition surveyed the wagon road that passes
through the Petrified Forest. A description is given of the
chgtation types and condmons as they occurred along the wagon
roa

Camels/Wagon road/Vegetation survey/BeaIe/Expedmon/
Physical geocraphy/Surface water



Lockett, H.C., and M. Snow

1939 -

Along the Beale trail: a phbtographic account of wasted rangeland.
Haskell Inshtute, Lawrence, Kansas. -

Photocrraphs are used to record surface water and vecetahon
conditions along the Beale wagon road from Grants, New Mexico, to
Flagstaff, Arizona. Each photograph is accompanied by an excerpt
from Beale's diary describing the land and vegetation as it appeared
in the 1800's, The deterioration of range and water resources by
overgrazing and poor land management is photographically illustrated.

Wagon road/Tlustrations/Surface water/Overgraz1n°'/Range condltmn/
Beale/ Grazing effects

Love, C. M.

1916 _ 4

History of the cattle icdustry in the Southwest.

Southwestern Historical Quarterly (Austin), 19(2):370-399; 20(1):1-18.
This general historical overview of the southwestern“cattle business
deals with cattie quality improvement, the search for markets and

the means of moving cattle fo these markets, Causes of range wars
and their effects on the range vegetation and conditions are discussed.
The pros and cons of public domain land use for both grass and timber

are presented in an effort to come to an unbiased decision on its
advisability.

Cattle industry/ Public domain/Land use/Range condition/ Political
aspects .
McClintock, J.H. -

1921

Mormon settlen.xent in Arizona,

Manufacturing Stationers, Inc., Phoenix. 307 p.

The Mormon effect on the land in northern Arizona through
scitlement and 1and development is well documented and expla.med



23.

21,

in this text. The Mormons were the first permanent white settlers
in northern Arizona and inh‘oduced cattle and sheep grazing
_prachces to the region.

» Mormons/SettIement/Sheep industry/Cattle mdustry/Grazmg

effects/Envi ronmental impact
=3

Mollhausen, B. '

1858 .

Diary of a journey from the Mississippi to the coasts of the Pacific.
Longmans, London,

This account of Lieutenant Whipble‘s expedition which searched along
the 35th parallel for a suitable railroad line from Fort Smith,
Arkansas, to Los Angeles, California, was written by the naturalist

present on the trip. Vegetation and terra.m descriptions are given
along the line of march.

Whipple/ Expedmon/Raﬂroad route/ Physm al geography/Vegetation
survey
Morrisey, R.J.

1950

" The early range cattle industry in Arizona.

Agricultural History 24(3): 151-156.

In this review of Arizona cattle raising, special emphasis is placed
upon the overstocking of ranges that culminated with the drought of
1888-1894, The drought destroyed much of Arizona's rangelands
and was particul~rly devastal.i:mtr in the northern part of the state.
The article outliues range use by cattle and general land use during
the era with the resulting effects on native vegetation.

Cattle industry/Drought/Overgrazing/Grazing effects

O'Nefll, W, 0., ed.

November 12, 1885



Hoof and Horn. |

Prescott, Arizona, weekly newspaper.

This newspaper. was devoted entirely to the livestock industry in
Arizona with emphasis on northern Arizona from 1884 to 1889.

For many years it was the cattleman's only source of information.
for news from other areas of Arizona and the national cattle
market, and frequently reported on range and weather conditions
and their consequent effect on cattle. Articles which appeared

jin the November 12 and 19, 1885 issues describe range condifions
during the drought of that year and its effect on cattle and rangeland.
The reports of May 27 and June 17, 1886, elaborate further on land
detenorahon due to drought and overgrazing. '

Cattle mdustry/ Drought/ Overgrazing/ Political aspects/ Grazing

effects

Palmer, General W. J.

1868

Report of survesrské.cross the continent in 1867-1868 on the thirty-
fifth and thirty-second parallels from a route extending the Kansas
Pacific Railroad to the Pacific Ocean at San Francisco and San Diego.

W.B. Selheimer, Philadelphia. 250 p. o .

This is a pro-development publication' written to attract settlers,
farmers and tourists to the area -proposed for the railroad. Reports
on climate, topography and vegetation are very attractively slanted
and not always entirely truthful. However, an accurate picture

of the natural resources in northern Arizona before the white man's
cxploitation is presented,

Railroad route/ Physma.l geography/ Ungrazed rangeland/Political
aspects
Potter, A.C,
1901

A brief 'history of the cattle business in Apache County.

University of Arizona, Tucson, Library Special Collection. [Un-
Published manuseript, ]
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This brief history of the cattle business in Apache County until-
1901 includes the major cattle and sheep outfits ané the number-
of stock each grazed on the range. The emphasis of the pamphlet
is.on prices., Land use and detenoratmn are also discussed.-

Cattle mdustry/Apache County/Sheep mdustry/ Overgrazmg/
Pohtical aspects _ N
e

Potter, A.C.

1905
Report of the Public Lands Commission.

U. S. Senate, 58th Congress, 3rd Session, Executive Document 189, -

The acts and laws that awarded public land to qualified individuals -
are reviewed and their impact assessed from the viewpoint of present
public land and range conditions. To aid in range evaluation,
questionnaires were sent to stockmen who kept cattie on public lands,
The range was found to be in poor condition and recommendations
for governmental control were submitted to Congress. As a result,
Congress acted upon these recommendations and initiated the first
range control laws,

Public domain/Legal aspects/Range evaluation/Grazing effects/
Range management/Political aspects

-

Powell, J. W,

1962

Report on the lands of the arid region of the United States, with a
more detailed account of the lands of Utah. Wallace Stegner, ed.

Harvard University Press, Cambridge, Massachusetts. 202 p.

An account of the arid region of the United States written in 1878

and originally presented by Powell to the U. S. House of Representatives
(5Sth Congress, 3rd Session) in 1905 (House Document 189). Subject:
covered include physical characteristics of the rem.on, suggestions for
land management; rainfall of the western United States; water supply;
questions relahnc to irrigable lands; lands of Utah; land grants in aid

of {nternal 1mprovements and 1rr1°ab1e lands of the Salt Lake drainage
fystem, the valley of the Sevier River, and that portion of Utah drained

.b) the Colorado River and its tmbutanes. The author not only
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30.

31,

considered the character of the land but also the engineering
problems involved in their redemption and suggestions for the

: leglslahve action necessary for sound mana.gement practices. -

Physmal veooraphy/Water resources/Powell/Legal aspects/Land
manacement/Range ma.na.gement

Raine, W.M., and W.C. Barnes., | ' e

1930 B | '

Cattle, | |

Doubleday, Doran and Co’. » Garden City, New York. 340 p.

Northern Arizona is briefly mentioned in this history of thé cattle

~ industry in the West. Land misuse {n northern Arizona and the

lobbying efforts by the cattlemen's orgamzatlon for protective
legislation are discussed,

Cattle industry/Legal aspects/Range management/Political aspects
Simpson, J. H.
1850 '

Report of Lieutenant J. H. Simpson of an expedltwn mto the Nava_]o
Country in 1849,

U. S. Senate, 3lst Congress, lst Session., Executive Document 64,

This report of the expedition that passed south along the Petrified
Forest National Park's eastern border contains a description of
surface water found in the area., Comments on riparian vecretatxon,
size of the river bottom, and esﬁma.ted quantity of water in the
river are included.

Physical geography/Surface water/Rivers/Riparian vegétah’on/
Expedition

Sitgreaves, Captain L.

1853

Report of an expedition down the Zuni and the Colorado Rivers in 1851,
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34,

U. S. Senate, 32nd Congress, 2nd Session. Executive Document 59.

Captain Sltgreaves prepared this report on his expedition that pa§sed ‘

" just south of the Petrified Forest,- The naturalist's report on

vegetation encountered is included supp'lemented by black line

, drawmcs of flowers of the area.

S1tg‘reaves/ Expedition/Tllustrations/Flowers/ Vegetahon survey

Stinson, H.C., a.nd W.N. Carter

1891

- Arizona: A comprehensive review of its history, counties, principal
cities, resources and prospects.

Umvers1ty of Arizona, Tucson, lerary Spec1a1 Collection, [Un—
published manuscript.] .

This composite portrayal of Arizona in the late 1800's offers some

' description of vegetation types present during the era. Information

is presented with the conviction that the grass and timber resources

: of Arizona were 1nexhaustab1e.

Natural resources

Thornber, J.J.

1910

The grazing ranges of Arizona.

Arizona Agricultural Experiment Station, Bulletin 65,

. This bulletin discusses the different grazing ranges in Arizona.

Descriptions of climatic conditions, the importance and uncertainty
of rainfall and forage plant dependance on rainfall ar -accompanied
by black line drawings of the grasses and a history of land abuse -
by stockmen. The remainder of the bulletin pertains to grazing
and a description of a system of cattle managcment for Arizona
rangelands,

Range condition/Climate/Mlustrations/ Cattle industry/ Gra.zing/
Climatic- -vegetal relahonslnps/Preclpxtahon/Grasses/Overgrazmc/
Range management
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Ward, L.E,

1900

Report on the petrified forests of Arizona.

' U. S. Government Printing Office, Washing‘ton; D.C. 23p.

Although the object of this report is to encourage legislation for
the preservation of the petrified wood in Arizona, the description
given of the terrain as it was in 1900 is very thorough. Vedetatmn
descnphons also add to the value of the report.

Physical geography/Legal aspects/Vegetation survey

Wilson, J.A.

1967

 Cattle and politics in Arizona, 1886-1941

Un.iversity of Arizona, Tucson, Ph.D. Dissertation.

This exhaustive research work on land use by the cattle industry
in Arizona documents the use and misuse of grazing lands. Less
cmphasis is placed on the cattle industry in northern Arizona than
in other parts of the state,

Cattle industry/Grazing effects/Political aspects/GI"azing/Overgrazing
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PETRIFIED FOREST NATIONAL PARK:
SPECIFIC STUDIES

This section of the bibliography contains annotations to publications which
cither directly discuss the Petrified Forest National Park or which make
dircct reference to Park vegetation, Investigations made by Ranger George John-
son and other naturalists comprise the bulk of the vegetation studies done within the
Park. Many of these studies record the change of vegetation patterns and recov-
cry rates resulting from exclusion of grazing on Park lands. In a-idition, annota-
tions are included for several studies which were done to support icgislation to
make the area a National Park., Other annotations included in this section discuss -
the soil-plant associations found within the Park.,



Akers, J.P.

1964

Geology and grdund waterinthe central part of Apache .Cotjnty,' Arizona,

U. S. Geological Survey, Washing'ton,‘ D.C., Water Supply Paper 1771;

" Groundwater and its quality as found in the geologic formations

of central Apache County are emphasized in this study. Descriptions

of vegetation, topography, geology and climate of the area supplement

the main discussion on groundwater.

Groundwater/Geology/Apache County/Physical geography

Anonymous .
1966

Petrified Forest National Park, Resources Mainagement Plan,

Petrified Forest National Park Library, Arizona. [Unpublished
manuscript. ] .

The policy, objectives, and goals of the Petrified Forest Resource
Management Plan are explained in detail. Support for the
Management Plan is taken from the known history of land use,
geology, vegetation and climate., The object of the plan is to
rcturn the Park flora and fauna to their natural states as they
existed prior to European settlement and land use. :

Resources Management Plan/Physical geography/Land use/
Pctrified Fore:t National Park

Anonymous

1973

Rare and endangered plants of Arizona,

University of Arizona, Tucson, Herbarium. 32 p. [Unpublished
manuscript, ] , .

Endangered native plants of Arizona are Iisted by their scientific
?w! common names. Plants are subdivided into six major plant
ormu; grasses, grass-likes, forbs, shrubs, succullents, and trees.



40.

i1,

P2 AT L Rk R S T LI s W S N Al o i%y

Several species thought to be unique to the Petrified Forest National
Park area are listed, including Callirrho& in\-:lucrata (poppy mallow),
Eriogonum lachnesynum. (buckwheat), Peteriz scoparia (comote-de-
monte), and Grayia brandegei (hopsage). - - , R

Endangered species/Rare plants/Species list/Callirrhoe involucrata/

Eriogonum/Peteria scoparia/Grayia brandegei
. . e

Bartlett, K.

1943

Edible wild plants of northern krizona.

Plateau 16(1):11-17,

Plants are divided into groups based on the parts of the plants

edible to man. Individual species are listed by scientific and
common name. Accompanying the name is a geographic distribution
of the plant and directions for preparation of the edible parts for

consumption.

Edible pIaﬁts/Sp‘ecies list

Bradfield, M.

-

1968

* Hopi names for certain common shrubs, and their ecology.

Platcau 41(2):61-71,

Shrubs, with their associated grasses, -are grouped into a number
of plant associations. These associations are dependent upon the.
landforns of the region and constitute its principal vegetational
cover, Using the Oraibi Valiey as an example, the paper describes
the landforms, defines the associations into which the common
shrubs are grouped and indicates the relation between the original
plant cover and the current Hopi agriculture. As the soil and plants
are very similar to the Petrified Forest, extrapolation of plant
ansoclations and their probable location in the Petrified Forest

can be estimated, .

~ Shnubs/Plant communities/Oraibi Valley/Hopi/Plant-soil relationships/

J'tysfeal geography/Grasses



Bradfield, M,

1969
Soils of the Oraibi Valley, Arizona, in relation to plant cover,

Plateau 41(3):133-140,
The relationship between the principal plant associati . in
the Oraibi Valley to the soils on which fhey grow ilsag:sn:rfg:gd B
Five soil classes are found there; sand, sandy loam, sandy cl.ay
loam, silty clay, and clay. The differences in vegetational
cover may be due to surface conditions, mojsture-retaining
capacity of the subsoil, and/or salinity of the subsoil., Species
discussed include plants from the genera Atriplex, Erigonum,
Lycium, Sarcobatus, Artemisia, and Chrysothamnus, Similar

soil-plant associations are present in the Petrified Forest ‘
National Park and this article can be used to project expected
soil types or vegetation types when only one component of the
association is known,

Plant-soil relationships/Plant communities/Soil types/Oraibi
Valley/Shrubs .

Campbell, R.S., and I. F, Campbell

1938 L .

Vegetation on gypsum soils of the Jornada Plain, New Mexico.

Ecology 19(4):572-577.

On the Jornada Plain, gypsiferous soils with 60-65 percent calcium
sulfate lack’sg in nitrate and shallow loose quartz sand underlain by
fiypsum,possess chemical and physical characteristics unfavorable
for plant growth. Predominant vegetation on the first soil type
fncludes a few grasses and five herbaceous plants., Sparse vegetation,
tnostly Sporobolus nealleyi, exemplifies scant range forage production
not caused by overgrazing. The gypsum soils of the Petrified

Yorest illustrate similar properties, but with a lower gypsum

content the vegetation effect is much less obvious,

Plant-soil relationships/Gypsiferous soils/Grasses
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Ellison, L.

1960

. Influence of grazing on plant succession of rangelands,

Botonical Review 26(1):1-78.

A review of studies on the effects of grazing in various gég'ions,
jncluding the northern and southern desert shrub regions into which
parts of the Petrified Forest falls. The most recent grazing allowed

on the Petrified Forest National Park took place on the desert shrub

region. , :

Grazing effects/Vegetation change/Shrubs

Harrell, M.A., vand E.B. Eckel

1939

Groundwater resources of the Holbrook region, Arizona.

U. S. Geoiogical Surirey, Washington, D.C., Water Supply Paper
836-B. . :

Groundwater and its quality as found in the geologic formations
of the Holbrook area east of the Petrified Forest National Park
are cmphasized in this study. Descriptions of vegetation,
topography, geology and climate of the area supplement the
main discussion of groundwater. - *

Groundwater/Physical geog*ré.phy/ Holbrook arc:/Geology

Jameson, D. A,
1969

Rainfall patterns on vegetation zones in northern Arizona.
Matcau 41(3):105-111.,

Summer precipitation in northern Arizona is primarily from the
$onoran monsoon, while winter storms are of the same pattern
as :southem California and the Great Basin. These rainfall '
paliems encourage growth of short grass in the Little Colorado
River Basin where winter precipitation is deficient and summer

| Fo25001 rains provide the bulk of the total precipitation.

T



\’w " Climatic- vecretal relationships/Little Colorado Rlver Basin/
Climate/ Pre01p1tat10n/ Grassland .

47,  Johnson, G. E.
<1969

A report on an area excluded from the Petrified Forest National
Park by early boundary fence construction.

Petrified Forest National Park L1bra.ry, Arizona, 7p. [ Unpubhshed
manuscript. ]

The original National Park fence excluded 350 acres of Nationa.l ,
Park owned riparian vegetation along the Puerco River. This report
js an effort to have the fence changed to include the Puerco River
area within the National Park boundary. The Puerco River riparian
vegetation, the only wooded area on the park, is a haven for many
birds and animals. The present fencing requires twice as much
maintenance as would be needed if the fence were changed. The
present fence also allows grazing by cattle alonc the Puerco River

on National Park lands,

Puerco R1ver/R1par1an vecetatlon/ Park boundary/ W11dhfe habitat/
Petrified Forest Natmnal Park/ Grazing effects ,

Johnson, G.E. ' ' .
1970

Report of evaluation of the tamarisk eradication project on Petrified
Forest National Park. '

Petrified Forest National Park- L1brary, Arizona, 4 p. [ Unpubhshed
manuscript, ]

This report evaluates the success of using chemicals to eradicate
tamarisk within the Petrified Forest Nahona.l Park. Based on the
poor tamarisk kill resultsthe eradication project was terminated,

Tama rik/ Chemical control
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Johnson, G.E.

1970
Report on bank stabilization of Puerco River. - :

Petrified Forest National Park Library, Arizona.. 3 vp'. [Unpﬁblished ’

manuscript. Y

Efforts to stabilize the Puerco River bank and channel by entrenching
the channel, building spider jettys, and planting riparian vegetation
have not been as successful as hoped. The report found that
vegetation, especially tamarisk, is doing most to contribute to bank
stabilization and channel permanence, ’

Puerco River/iank stabilization/Riparian vegetation/Tamarix/
Erosion control v AR - ;

Johnson, G.E.

1972

- A report c.)n'a vegetative recovery study made on two study plots in

Petrified Forest National Park.

Petrified Forest National Pérk Library, Arizona. 12 p. [Unpublishe
manuscript. ] v

Two plots of land that had previously been excluded from the Park
were Incorporated by the Park in 1972, Since both plots had been
subjected to heavy grazing pressure, a transect vegetation study
was made of the areas. Observations of plant species and
vepetation conditions were taken at one yard intervals indicating
that plant density did not exceed 34 percent in any of the transects.

Unprotected rangeland/Vegetation inventory

- Johnson, G.E,

1974

'\3’33'22111.1 Number One to a reporton a vegetaﬁve recovery study
tade on two study plots in Petrified Forest National Park.

Petrified Forest National Park Library, Arizona. 10 p. [ Unpublished

- ®anuzcript, )
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Additional work on the transects described by Johnson in his 1972
reports established a pattern of plant species succession. The
methods used were identical to those used in the original survey
and results allowed computation of increases and decreases in -
vegetation and speculation on possible- causes for any change. ’

Revedetahon/Vegetatmn change/Vegetation inventory/ Protected
rangeland ;

Kearney, T.H.

N.D.

Arizona lbcalif.ies of interest to Botanists.

Museum of Northern Arizona, Flagstaff. [Unpublished manuscript.]
Labels from specimens and publications about Arizona plants were
used to compile this listing of localities considered to be ideal for
plant collection. These areas include the Petrified Forest National

Park. This paper illustrates the variety of species present on the
Petrified Forest National Park.

Plant collecting/Species list

Knipe, T.
1944
The status of the antelope herds of northern Ar1zona Pittman-

Robertson Project, Arizona 9-R.

Arizona Game and Fish Comrmssmn, Phoenix, F( 2ral Aid Division.
40 p. .

Vegetation types, climate, range condlhons and principal plants
#re discussed in this study of antelope range in northern Arizona.
Overgrazing was seen to be a severe land use problem in Arizona, -
hllowing exotic and weedy species to easily invade the range.

Overgrazing/Antelope/Physical geooraphy/ Grazing effects/
Invader species



Nequatewa, E.

1943
Some‘ Hopi recipes for the preparation of wild plant foods,

Plateau 16(1):18-20. _
. . - . e

This article provides fraditional recipes for some of the edible wild

plants found in northern Arizona. The classification of foods and

the plant names employed in the article Edible Wild Plants of

" Northern Arizona, by Katherine Bartlett (Plateau, 1943, 16(1):11-17),-

have been used here. R

Edible plants/Species list

Spalding, D.M.

1950

Taxonory of the Petrified Forest National Park,

PctriAﬁed Forést National Park Library, Arizona.

~ [Unpublished manuscript, ] :

The plants found in the Petrified Forest National Park are
categorized, Each sample has the collector's name, location by
county, genus, and species and common names, The list was
checked for accuracy at the Petrified Forest National Monument
herbarium,., Family and species numbers “rom the herbarium
are included. ‘

Species list/Petrified Forest National Park

Thomas, H.E.

1962 ,

Effccts of drought in the Colorado River Basin.

U. S. Geological Survey, Professional Paper 372-F.

The huge Colorado River wafershed, the plateau country in which the
l"ctrmcsl Forest is located, plays a key role in groundwater recharge.
The sedimentary rocks of the region are a prime acquifer for

water conveyance to lowe: elevations. This tends to rapidly drain
the precipitation received by the area causing an arid effect.
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1975

Drought/Groundwater recharge/Colorado River Basin/Geology/
Environmental effects , ]

U. S. Department of Agriculture, Washington, D.C., Soil
Conservation Service |

Soil survey of Apache County, Arizona: central part.

Same as author, 163 p.

A general soil survey of central Apache County which includes the
Petrified Forest National Park, A brief overview of the vegetation
is given. Soils typically associated with certain landforms are

listed.

~ Soil types/Landforms/Plant-soil relationships/Apache County

U. S. Department of the Interioi-, Washington, D,C., National
Park Service

1967

Wilderness recommendations for the Petrified Forest National Park,
Same as author. 46 p. o ' .

This administrative document providés exact locations and explanations
of the Park Service Wilderness Classification System, public hearing
records, and the justification for wilderness declaration of the areas.
Wilderness areas/Petrified Forest National Park

University of Arizona, Tucson, Cooperative Extension Service;
Agricultural Experiment Station

1973

Gulde to improvement of Arizona rangeland.

Same as author, Bulletin A-58. 93 p.

13"". Petrified Forest is located in the Colorado and Green River
Piateau region, The region is divided into four vegctative zones;
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desert shrub, short grass prairie, pinyon-juniper, and western
xeric evergreen forest. The topography, soils, elevation and
climatic parameters of these zones are g1ven. Management
techniques are suggested for each zone. . .~ O R

1,and management/Vegetation zones/Physical geography/Grassland/ |
~ Shrubs/Pinyon-juniper - _ "

Walker, M. V.

1938

wildlife and range survey: Pefriﬁed Forest National Monument
paturalist's environmental assessment,

Petrified Forest National Park Library, Arizona. - tUnpublished
manuscript. ] -

The response of grasses, shrubs, flowering plants and antelope to

four years of fencing protection is carefully documented. Of special
{nterest is the change in vegetation growth and vigor after grazing
was prohibited on the Park lands.

Antelope/Revegétaﬁon/ Protected rangeland




ECOSYSTEM AND RANGE MANAGEMENT

-

The Petrified Forest National Park is at the interface of two biomes,
the short-grass prairie and Great Basin desert scrub, The high altitude,
short-grass prairie dominates in the southern half of the Park, This
grassland is typified by an abundance of short-grasses, mainly blue grama
(Bouteloua gracilis)and galleta (Hilaria jamesii), with intermixings of
saltbushes (Atriplex) or sagebrushes (Artemisia). The northern border of
this grassland is roughly the escarpment paralleling the Lithodendron Wash.
North and west of the escarpment is the region identified as the Great Basin
desert scrub vegetation type. This region is the highest elevation and
coolest desert within Arizona, It is a shrub and grass dominated desert
{n which the vegetation is of relatively low stature, with just a few species
comprising a stand over extensive areas of similar uniform relief. Major
shrubs .:re big sagebrush, (Artemisia), sdltbush (Atriplex), Mormon tea
(Ephedra), greasewood (Sarcobatus) and rabbitbrush (Chrysothamnus).
Geologist J.'S. Newberry further divided part of the Great Basin desert
scrub region within the Petrified Forcst National Park into the Painted
Desert when he accompanied J. C. Iv:s on the Colorado River exploration

of 1876-1878. .

This section of the bibliography confains annotations to publications
vhich investigate the species and associations of the two vegetation zones.

Publications explaining these zones cite the environmental factors which

explain their existance. Available information onthe vegetation zones is
Included to aid in management and preparation of the natural resources
plan and recommendations that will be prepared at a later date.
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Albertson, F. W, and J.E. Weaver |

1946

" Reduction of ungrazed mixed prairie to short grass as a result
of drought and dust, _

Ecological Monographs 16(4):449-463.

Drought, unaided by overgrazmg, reduced an area of mixed prairie
to a disclimax of short grasses over a period of 20 years. Mid-
grasses; little bluestem (Andropogon scoparius), side oats grama
(Bouteloua curtipendula), and western wheat grass (Agroggron
smithii) and tall grasses; big bluestem (Andropogon furcatus),
Indian grass (Sorghastrum mutans), and nodding wild rve (Elymu
canadensis) were totally replaced by blue grama (Boutc‘oua grac1h§)

and buffalo grass (Buchloe dactyloides). Blue grama is more drought

tolerant than other prairie grasses and is the dominant prairie
grass in the Petrified Forest National Park. :

Drought/Grasses/Succession/Environmental effects

Aldon, E.F.

1970

Fourwing saltbush survival after inundation. .

U. S. Forest Sérvice, Albliquerque,, New Me)dcb, Rocky Mount:in

* Forest and Range Experiment Station, Research Note RM-165. 2 p.

Four-week-old fourwing saltbush 'transplants ékperience high mortality
rates if planted in areas subject to inundation for longer than 30 hours,

Atriplex canescens/Viability/Transplants .

Aldon, E. F.
1972

Critical Soil Moisture Levels for Field Planting Fourwmg Saltbush,

Journal of Ranve Management 25(4): 311 312.

Fourwing saltbush (Atriplex canescens) had a survival rate of 80%
when transplanted into alluvial field sites where the soil moxsmre
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‘was at least 14% by weight or at tensions between 1/3 and 2

atmospheres.

Atriptex canescens/Vegetation establishment/Soil Moisture/ .-
Viability/Transplants . S

Aldon, E.F. o , . v s

1975 |
Establishing Alkali Sacaton on Harsh Sites in the Southwest.

Journal of Range Manageme::: 26(2):129-131.

Alkali sacaton (Sporobolus airoides) must be planted in moist soil
during rainy periods. Large seeds must be mulched to maintain

darkness and slow evaporation,

Vegetation establishment/Sporobolus airoides/Soil moisture/
Germination

Arle, H. F.
1960

Saltcedar control with chemicals, In:

Arizona Watershed Symposium, 4th, Phoenix, 1960, Proceedings.
p. 27-29, .

Studies show that single spray applications of herbicide at relatively
low rates (1.25 and 2 pounds per acre of 2,4-D or mixtures of
2,4-D and 2, 4, 5-T) on mature tamarisk or regrowth following
mechanical clearance resultsinahigh percentage kill of top growth
but seldom reduce the plant population. Amine formulation of
2,4-D was much less effective than ester forms of 2,4,5-T at
cquivalent rates, 2,4,5-T acid (silvex) applications are more
cffective than 2,4-D or 2,4, 5-T. After four years experimentation,
n;) ‘hﬁrbicide was found to be effective in completely eradicating
plants, .

‘Tumarix pentandra/Chemical control

Arnnlq, J, F., D.A. Jameson, and E. H. Reid
1964
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The pinyon-juniper type of Arizona: effects of grazmg, fire and

“tree control.

U. S. Department of Agr1cu1ture, Washmgton, D. C., Research

"Report 84, 28p. .

~ Pinyon and juniper have invaded and, .in some areas, taken over

grassland communities within Ar1zona, and densities of established
stands have increased markedly. Characteristics of the pinyon-
Jumper vegetation type, invasions into grasslands, the effects of
jnvasions on other plants, methods used to control invaders,
response of grass and shrub vegetation to tree control, and costs
and resulting benefits of control are described,

Pinus edulis/Juniperus monosperma / Invader species/Plant
relationships/Grazing effects/Burning/Pinyon-juniper control
Arthur, G.B.

1939

Common rangc _plants, Arizona and New Mexico.

Civilian Conservation Corps., Washington, D.C. 118 p.

Keys for identification of grasses, taxonomic descriptions and
palatability tables for grasses, browse plants and weeds are given.

Range plants/Grasses/Weeds/Key/Species list/Browse plants

Ball, E.D,

1936

Food plants of some Arizona grasshoppers.

J ourna.l of Economic Entomology 29(4):679-684.

Many grasshoppers are beneﬁczal in helping check weeds that would
otherwise overrun overgrazed ranges. Grasshoppers eat s-me

- of the worst weeds including burroweed, snakeweed, ragweed,

mallow, creosote bush, atnplex spp. sunﬂower, goldenrod and
arrowweed The majority of the 250 species of Arizona orthoptera
are either interesting or beneficial. Injurious species are few in
number and confined to two groups of omnivorous feeders.

Insects/ Grasshoppers/Weeds
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Bekele, E., R.D. Piepér, and D,D, Dyer

11974

Clipping height and frequency inﬂuence growth respon’s:e of .nitrogen
fertilized blue grama, _

Journal of Range Mandgement 27(4):308-309. o~

Unclipped Bouteloua gracilis used nitrogen fertilizer more efficiently
than when clipped. Clipping of unfertilized plants was much less
effective than clipping of fertilized plants, Fertilizer treatments
can accelerate plant growth enough to weaken the natural vigor of

the plant. -

Bouteloua gracilis/Fertilizer/Plant growth/Clipping

Benedict, H. M. and G. B. Brown

1944

" The growth and carbohydrate responses of Agropyron smithii aﬁd

Bouteloua gracilis to changes in nitrogen supply.

Plant Physiology 19:481-494,

Lack of nitrogen reduced total dry weight of both species, favoring
root growth to top growth while abundant nitrogén favored fop
growth over root growth. Lack of nitrogen increased the sucrose

percentage in both species, when nitrogen was made available
this percentage was reduced. :

Bouteloua gra.cilis/ Plant g‘royvth/Fertilizer

Benson, L.

1969

The cacti of Alliz;na, 3rd Eﬁ&on.

University of Arizona Press, Tucson. 218 p.k

A semi-technical reference on native cacti of Arizona that supersedes

carlier editions. Included are photographs, descript: 1s of cacti
specles and varieties, keys to genera and species, syi:onymous

hames, details on distribution within Arizona, and a chapter on the

.y Y -
cuiture and care of cacti.

Cuctaceace/ Mustrations/Key/Species list
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Benson,- L., and R. A. Darrow

1954

Trees and shrubs of ths.; southwestern deserts.

University of Arizona Press, Tucson and University of New Mexico
Press, Albuquerque. 437 p. ;

Keys to identification are accompanied by geographic distribution
maps, illustrations, description of species and habitat, and information
on the use of wood plants by man and other animals, The introduction
discusses desert climate and physiography. An illustrated profile
through a desert mountain range and basin shows vegetational types

and soil conditions commonly developed on the various land surfaces.

A map shows the arid and semi-arid areas of the southwest; each

area is discussed and the common type of vegetatlon for the area is

presented.

Trees/Shrubs/Vegetation maps/Ilustrations/Plant uses/ Climatic- -vegetal
relationships/Plant-soil relationships/Key

Billings, W.D.

1949 |
The Shadscale Vegetation Zone of Nevada and Eastern California in
Relation to Climate and Soiis. : . .

American Midland Naturallst 42(1):87-109.

A discussion of plant distributions in the shadscale (Atriplex con.ferhfoh)
and associated plant communities, A major emphasis is placed on the
cffect of climate and soils on plant-distribution.

Plant distribution/Plant-soil relationships/C’imatic-vegetal relationships/
Atriplex confertifolia

Bleach, A.T. /et al,
1955

Problems in Artificial and Natural Revegetation of the Ar1d Shadscale
Vegetation Zone of Utah and Nevada.

- Journal of Range Management 18(2):59-65.
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\" Studies were conducted fo assess why revegetation of the arid shadscale
regions was not successful. Climate, soil, and dormancy factors were

 used to evaluate all the shrubs and grasses typical of a shadscale

. community in a search for possible interrelations that may hinder.

revegetation. - , . . . .

ARew.regetation/AtI‘ipleX/ Climatic-Vegetal relationships/ Viability/
Plant-soil relationships/Vegetal relationships & |

75.  Brown, D. . ‘ . /HILLIPSI]
1954 2 '
Methods of surveying and measuring vegetation.

Commonwealth Bureau of Pastures and Field Crops, Bulletin 42,
223 pc ) . *

A systematic treatment of the many and varied vegetation measuring

techniques developed by botanists throughout the world is given.

. These techniques are classified and compared. The discussion is

) directed to the needs of all who study. grasslands. This publication
was a world literature reviéew on the methods used in quantitative

\/ ecological studies and grazing lands from the 1920's to the mid 1950's.,

The book is divided into four major parts: vegetation and its sampling,

botanical analysis, productivity and utilization,

Vegetation Inventory/Sampling techniques/Viability/Plant communities

Brown, D.E., and C.H. Lowe

1974

A digitized computer-compatible classification for natural and
ﬁotcntial vegetation in the southwest with particular reference to
rizona.

Arizona Atademy of Science, Journal 9(2). 11 p.

Brown and Lowe's digitized computer-compatible hierarchy for
natural vegetation classification is explained and examples are

#lven for application techniques. The first digit is natural
vegetation, the second; plant formation, the third; climatic zone,

the fourth; biome, the fifth; community, the sixth; association

and the seventh; composition. The example hierarchial breakdown

in the text is not complete in the fifth, sixth and seventh communities.

Digitized hierarchy/Climatic zone/Plant communities/Biotic
communities/Ecotone



\', 77. BroWn, D.E., and C.H. Lowe
1974

" fThe Arizona system for natural and potential vegetation: illﬁstrated
 summary through tie fifth digit for the North American southwest.

LY ¥
Arizona Academy of Science, Journal 9(3):1-56.,

An illustrated report of Brown and Lowe's digitized computer-
compatible hierarchy for natural vegetation classification. Photographic
examples and short descriptions are used to explain the seven digit

classification system.

Digitized hierarchy/Ilustrations/Biotic communities/Climatic zone/
Ecotone - f :

78. Br)'a'n’ K. ‘
1928 | | : i
Change in plant association by change in ground water level.
Ecology 9(4):474-478.

Arroyo cutting of streams is associated with overgrazing by domestic i
animals where the resultant loss of vegetation greatly increases the 5
crosive power of the streams, The consequent lowerifg of the water

table after the arroyo cutting causes a vegetation change because of the
water loss to the original vegetation,

Grazing effects/Vegetation change/Groundwater/Gully erosion/
- Overgrazing , :

*5.  Clark, L.D. and N.E. West

1971

Further Studies of Eurotia lanata Germination in Relation to Salinity.

The Southwestern Nat#ralist 15(3):371-375.

The germination rate of E. lanata seeds from three sources was
tested at four concentation levels on four salts. Germination

‘dcc rcasefl as salt increased but seeds from different sources
'”i:'-'-'('d different reduction rates. Chloride salts caused a greater.
recdction than sulfate salts.

Cermination/Salinity /Eurotia lanata
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and practice.

Clements, F.E.

1920 B
Plant indicators: the relation of plant communities to process
=

Carnegie Institution of Washington, Publication 290. 388 p.

Plants are used as indicators of past and present events and for
qualitative and quantitative data gathering. This paper presents
a thorough description of indicator plants present in the southwest

and includes information about their significance in range evaluation,

~ Indicator plants/Successibn/Invader species

- Copple, R. F.,b and C,P. Pase

1967

A vegetative key to some common Arizona range grasses.

U. S. Forest Serv&ce, Fort Collins, Colorado, Rocky Mountain
~ Forcest and Range Experiment Station, Research Paper RM-27,

72 p. -

This publication is to kbe used in conjunction with Arizona Range
Grasses (R.R. Humphrey, 1956) or Manual of the Grasses of the

United States (A.S. Hitchcock, 1951). An illustrated key is

presented for the identification of 77 commox f.rizona range and
pasture grasses using their vegetative characteristics. The key is
designed to be used for identification of grasses when no flower
stalks are present,

Grasses/Key/Tlustrations

- Cords, H,P,

1066

- Root temperature and susceptibility to 2,4-D in three species.

- Weeds 12(2):121-124,

'!2:5:'0 is a high correlation between optimum root tempefature
#7d a hgh herbicide kill percentage. Temperatures of 75°F
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resulted in the hlghest death rate after a 2,4-D treatment of rubber

rabbitbrush (Chrysothamnus nauseosus (Pall ) Brltton) Temperatures

of 90°F with Canadian thistle and 60" 75°, and 90°F in Russian
knapweed following 2, 4—D apphcatlons showed the best kill percentage.

Roots/ Chemical control/ Chrysothamnus nauseousus/ Plant physmlogy

Cords, H.P. a.nd A. A. Badiei

1964

Root reserves and suscephblhty to systemlc herbicides in two
phreatophytes.

Weeds 12(4):299-301,

Salt cedar (Tamarix pentandra Pall.) and woods rose (Rosa woodsi
Lindl. var. ultramontana (Wats.) Jeps.) were treated with systemic
herbicides over a two-year period. Periodic root samples were

_taken throughout the two years and analyzed for total available

carbohydrates. No correlation was found between root reserves
and response to the herbicides, This illustrates the fact that
herbicides may top kill these plants for a season.

Tamarix pentandra/Roots/Chemical control/Plant physiology

-

Cox, W.T.

1936

Do droughts explain.the ‘pra.iries?
American Forests 42(12) 556-557.

The article takes the point of view that extended periods of alternating

drought and heavy precipitation over a long term cycle of approximately

300 years are the cause of continued prairies where trees should be
able to survive but don't.

Drought/Grassland/Climatic-vegetal relationships

Dana, J.D,
1563

Oa the orlgn of prairies.



American Journal of Science and Arts, Ser. 2. 40(126):293—304.

An abundance of soil moisture is diréctly connected with a tree

cover and a lack of soil moistiire is connected with a grass cover.
Grass-regions may invade forest regions or vice versa according

to the dryness or moistness of the soil. A change in moisture®
content is capable of changing the vegetation of the affected area.

Grassland/Soil moisture/; Succession

Dayton, W. A,
1931
Important western browse plants.

U. S. Department of Agriculture, ;\ﬁscellanéous Publication 101,
214 p.

Important range pasture browse plants are listed separately with
a brief description of individual characteristics and geographic
distribution. :

Browse plants/Species list/Plant distribution

Decker, J.P.

1961

Salt secretion by Tamarix pentandra Pail.
Forest Science 7(3):214~2117.

Tamarisk salt bloom is secreted by dome-shaped salt glands
fmbedded in epidermal pits. Glands consist of at least two cells
which are non-vacuolate and densely filled with granular material.
Salt initiates as minute, granular, whisker-like columns arising- |
from the glands. Whiskers often deliquesce and recrystallize -
as larger cubes.

Tamarix pentandra/Plant physiology/Salt secretion

Decker, J. P, , W, G.. Gaylor, and F.D. Cole
1462
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\—’ ‘ Measuring transpiration of undisturbed tamarisk shrubs.

Plant Physiology 37(3):393-397,

Evapotranspiration (ET) of Bermuda grass-tamarisk plots increased
linearly with the amount of tamarisk present. A reduction of ET
could be projected if there were a conversion of tamarisk stands

o grass cover. ET generally followed changes of light intensity

and humidity deficit.

Tamarix pentandra/Evapotranspiration/Grasses/Environmental
effects .

. e Detling, J.K. and L. G. Kilboff

1973

Physiological Response to Moisture Stress as a Factor in Halophyte
Distribution.

American Midland Naturalist 90(2):307-318.

Species in four halophytic communities were studied for their photosynthetic
and respiratory response to moisture stress. Suaeda depressa and S.

frut: 'osa had lower water potentials than Sarcobatus vermiculat:s 'nd
Insiichilis spicata. S. fruticosa had a higher photosynthetic ru:is iLan

S, vermiculatus or D, spicata, Relative tolerance to sévere moisture
stress partially controlled species distribution,

Molsture stress/Plant distribution/Drought tolerance/Halophytes,
Plant physiology ' .

Dollahite, J.W., and T.J. Allen

19359 ‘

l'v,"&llnz: perennial broomweed to cattle, swine, sheep, goats, rabbits,
genea pigs and chickens. .

Texas Agricultural Experiment Station, Progress Report 2105, 6 p.

:‘f“"-ff?z trials showed that dried broomweed (Gutierrezia microcephala)
':”;",:""2“5 sofl produces abortions in cows, sheep, angora goats and
ne L: & but not Spanish goats, Baby chicks fed broomweed didn't gain

* £33t and sows had delayed breeding.

Yoxtuus plants/ Grazing/Gutierrezia
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pwyer, D.D., and K. Wolde-Yohannis

1972

.Germinéﬁon, water use, and production of Russian thisﬁe (Salsola

kali L. ). | _ » . =
Agronomy Journal 64(1):52-55. '

Emergence of Salsola kali occurred with 7.6 xgillilit%rs of water
during optimum germination temperatures of 7 to 35°C. Water
efficiency was best at 12 percent field capacity, using only 98

ams of water per gram of dry weight, At field capacity Russian
thistle used 181 grams of water per gram of dry weight of shoot

and root.

Salsola kali/Plant growth/Germination/Water requirements/Plant
physiology
Eckert, R.E., and R. A, Evans

1968

Chemical control of low sagebrush and associated green rabbitbrush.

‘Journal of Range Management 21(5):325-328. .

Low sagebrush (Artemisia arbuscula Nutt, and Artemisia longiloba
(Osterhous) Beetle) was controlled with low volatile esters of 2,4-D
at two pounds per acre. Green rabbitbrush (Chrysothamnus viscidiflorus

(lHook) Nutt.) was effectively controlled with applications of 2,4-D at
three pounds per acre, or a combination of picloram plus 2,4-D,

Artemisia/Chemical control/Chrysothamnus/noxious plants/Shrubs

Emerson, F. W,
1932

The tension zone between the grama grass and pinyon-juniper
associations in northeastern New Mexico.

Fcology 13(4):347-58.

Juaiper is the pioneer invader followed by pinyon. Juniper's horizontal
and vertical root system give it an unrestricted site habitat enabling



it to growon a variety of soils and often on rocky ledges. Difference
in precipitation does not seem to account for geographic distribution.

Juniperus monospe_rma/ Pinus edulis/Invader species/Roots

-

Frost, K.R. Jr., and K.C. Hamilton

1960 |
Report on the Wellton-Mohawk salt cedar clearing studies.

Arizona Agricultural Experiment Station Report 193. 54 p.

Under cutting and raking of salt cedar (Tamarix pentandra) in the

Gila River bottom showed a 99 percent areal cover recuction, an

§S percent density reduction in two months and a 92 percent areal

reduction and 72 percent density reduction in one year. No

reinfestation of wood or bushy species other than salt cedar and

. arrowweed occurred. Soil type and terrain had no effect on regrowth
" but surface water and a high water table produced a large salt

ccdar regrowth that rapidly took over the cleared area within a

few years.

Tamarix pentandra/Mechanical control

Fautin, R, W,
1946

Elo;}i‘c Communities of the Northern Desert Shrub Biome in Western
ta )

Fcological Monographs 16:251-310,

A. study, with Jescriptions of the shadscale, greasewood, Tetradymia,
Furola, black sage, pickleweed and little rabbitbrush biotic
communities in western Utah, The effect of climate and other
ceanvironmental factors on the flora and fauna of the area are discussed.

Notic communi ti.es/ Shrubs/Sarcobatus vermiculatus/Chrysothamnus
rauzconus/Eurotia lanata/Atriplex confertifolia/Climatic-vegetal
telatfonships/Environmental effects



qe

‘oqa

Fcrnzmdez, 0.A. and M, M, Caldwell

11975

Phenology and Dynamics of Root Growth of Three Cool Semi-Desert
Shrubs Under Field Conditions. : .

Journal of Ecology 63(2):703-714,

Atriplex confertifolia, Ceratoides lanata and Artemisia tridentata
occur in almost monospecific stands, Root growth was initiated
scveral days prior to active shoot growth in the spring and root
growth lasted several months after shoot growth terminated in the
fall. A. confertifolia transpires and maintains positive net
assimilation during the hot growing season due to the great depths

the roots penetrate.

toots/Plant growth/Shrubs/Atriplex confertifolia/Artemisia tridentata/
Climatic-vegetal relationships .

Fircman, M. and H. E. Hayword

1952

Indicator Significance of Some Shrubs in the Escalante Desert, Utah.
Botanical Gazzette 114(2):143-155. .

The reliability of the basic assumptions that Artemisia (sagebrush)
irdicates soils well suited for agriculture, Atriplex confertifolia .
(#hadscale) indicates soils less well Suited, and Sarcobatus vermiculatus
(i.:rcasewood) indicates soils unfavorable for agriculture were studied
by examining the soil and environmental factors. Soil pH and salt
content were the factors most stressed.

{ lant {ndicators/Plant-soil relationships/Soil chemical properties/
“allne sofls/Atriplex confertifolia/Sarcobatus vermiculatus/Artemisia

Cardacer, J. L.

Elfeets of thirty years of protection from grazing in desert grassland.

Feology 31(1):44-50,



S—

.

Measurements and observations were taken in 1946 and 1948 on
vegetation in 2 320-acre tract of grassland protected from domestic
animals since 1918 situated near Silver City, New Mexico, at an .
clevation of 5600 feet, Average grass density and vigor increased -
steadily with grazing protection and the grass formed a sod. The
dividing line between formerly plowed and unplowed areas was still
sharp after 15 years and there were different vegetative species

on the formerly plowed areas. Under protection arroyos were
healing; outside of the protected areas they were raw and eroding.

Experimental plots/ Grasses/Gully erosion/Vegetation inventory |

Gary, H.L.

1963

Root distribution of five-stamen tamarisk, seepwillow, and arrowweed.

Forest Science 9(3):311-314., '

Root systems of three phreatophytes were taken from alluvial banks
along the Salt River in central Arizona. Tamarix pentandra occupied
the capillary zone, with some roots in the zone of saturation. -
Scepwillow (Baccharhis glutinosa) was shallow rooted, with branch
roots in the upper soil profile. Arrowweed (Pluchea sericea) had

a lateral type root system., . '

Tamarix pentandra/Phreatophytes/Roots

Gates, D.H./L.A. Stoddart/C.W. Cook
1956 |
Soll as a Factor Influencing Plant Distribution on Salt Deserts of Utah.,

Ecological Monographs 26(2):155-175.

Studies were conducted on the shrub species; Artemisia tridentata,
Atriplex confertifolia, A. nutallii, Eurotia lanat.., and Sarcobatus
epefeulatus, to determine what soil factors, if any, were responsible
lor‘lhc shrui; distribution. Soil factors examined included pH,

€ ’-f*“U‘anble sodium and potassium, base eschange capacity, salts,
€alcium content, permeability and infiltration rates.

3":-!:'.'!‘- sofl relationships/Plant distribution/Shruhs/Artemisia/
o f_;ul:r.\:/ Sarcobatus vermiculatus/Eurotia lanata/Soil physical
brederties/Soil chemical properties
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0 Gesink, R.W., H.P. Allen, and C, A, Lee

1973

 Vegetative r'eSponse to chemical control of broom snakeweed on

a blue grama range.
o

Joum’al of Range Management 26(2):139-143.

'All rates of picloram, alone or with 2,4-D, controlled broom snakeweed

(Gutierrezia sarothrae) on a blue grama range. There was an initial
injury to the grass but with time an over-all renovating effect on the
range occurred associated with the removal of snakeweed.

Guticrrezia/Bouteloua gracilis/Chemical control/Noxious plants/

' Gr;lssl:md

Goodman, P.J. -

1973

Physlological and Eotypic Adaptatibn of Plants to Salt Desert
Conditions in Utah,

Joumal of Ecology 61(2):473-494,

The existence of the artificial boundaries in the "mosaic" vegetation
pattern and the vague boundaries in the ""subdominant species”
vegelation pattern are explained by the existence of broad ranges

of plantccotypes. The specific plant communities examined include
Atriplex, Eurotia, Allenrolfea, Sarcobatus, Suaeda and Salicornia.
Plant distribution/Atriplex/Sarcobatus/Erotia 1anata/Shrubs/Plant
phyelology/Salt tolerance ' :
Gr2ld, Frank W.

1933

Grasnes of Southwestern United States.

- The Unlversity of Arizona Press, Tucson, Arizona: 343 p.

: l{}:!c:m:::]on of fhe role of grasses in Arizona biomes is followed by
::!'"f“ cxplanation of the structure of grasses and Keys to the tribes
=rarrera. Keys to the species accompany listings of all grasses
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nera. The morphology of each species is accompanied by

r ge
g{agk line drawings and an explanation of its biome,

Grasses/Key/Plant morphology/Illustrations/Biotic communities/ .

Species list
« -

Green, C.-R., and W, D, Sellers

1964
Arizona climate.
University of Arizona Press, Tucson. 503 p.

This book is a revision of an earlier edition. Station climatographies
form the bulk of the information presented. The climate for each

~ station is described in summary form and tables are presented for

temperature and precipitation means and extremes, average monthly
temperatures and total precipitation (monthly and annually). An
attempt is made to give the average length of the growing season

for cach station. The text includes an article by William D. Sellers
("The Climate of Arizona") which summarizes physical features, -
precipitation, temperature, relative humidity and temperature-
humidity index, surface winds and cloudiness for the state. There
s n short geographical description of the Petrified Forest National
Park included with the meteorological statistics. .

lt.mson, H.C.
1924
A ttudy of the vegetation of northeastern Arizona.

Uslversity of Nebraska Studies 24:85-175.
In }!xls vegetation study emphasis is placed on the sagebrush zone
*-L.ich {s found below 5200 feet elevation. This area in northeastern

~Arl:iona §s the southern most extension of sagebrush Artemisia-

Atriplex association,
Art (-m!Si:1/.3".1:1'ip'lex/ShrubS/Pkll'lt distribution



;. ¢ Harris, D.R.
\0

1966

Recent plant invasions in the arid and semi-arid southwest of the
United States. :

Association of American Geographers, Annals 56(3):408-422;

Scveral plant communities in the southwest have been drastically
altered within the last century by the rapid spread of a small number
of wood species.” The habitats principally affected have been the
intermediate elevation plateaus and plains that formerly supported
grassland and which now have been invaded on a massive scale

by native shrubs, and the stream courses that are now extensively
occupied by tamarisk, an alien species from Eurasia., Historical
cvidence and field observations suggest that these invasions have
resulted primarily from occupation of the southwest by American
scitlers. The development of commercial livestock ranching led

to increased seed dispersal, overgrazing, and the suppression of
grass fires, the combined effects of which favored the invasion of
grassland by woody plants. Short-term climatic fluctuations towards
greater aridity have tended to accentuate rather than to initiate the

processes of invasion.
Invader species/Grazing effects/Shrubs/Tamarix pentandra/

Unprotected rangeland/Burning/Climatic-vegetal relatic: ships/
Phreatophytes/Plant distribution/Environmental impact/(: >rgrazing

Hastings, J.R./Turner, R. M,
1965

The Changing Mile; An Ecological Study of Vegetation Change With
Time in the Lower Mile of an Arid and Semi-Arid Region.. '

Unfversity of Arizona Press, Tucson, 317 p.

Curveys the principal climatic and ecological features of the Sonoran

Desiert, reviews the regions history, emphasizing the cultural factors
that bear on the problems of vegetation change and arroyo cutting.
Three chapters compare photographic pairs spanning a period of 80
years: oak woodland, desert grassland, and desert. Vegetation
changes and hypothesis that have been proposed are presented and
reviewed, Considerable attention is given to the effects of grazing,
rodenls and jackrabbits, fire, and climatic change. The authors
ceaclude that a new vegetation has resulted from the combination

of climatic and cultural stress during the last 80 years.

*



Vegetation change/Grazing effects/Photo points/Animal damage/
Burning/Gully erosion/Environmental impact/Climatic-vegetal

relationships

Heerwagen, A.

-

1956

| Mixed prairie in New Mexico. In: J.E. Weaver and F W. Albertson,

Eds.
Grasslands of the Great Plains, 284-300.

Johnson Publishing Company, Liﬁcoin, Nebraska.

‘Information about the physiographic characteristics and soils of

this grassland area is provided as is brief information about the
climate. The various grassland communities are characterized

and related to the soil texture. Invasion of the grasslands hy
woodland and shrubs is relatively minor. The most prevalent woody
plant invaders are Juniperus scopulorum and Juniperus m:. :osperma.
Relatively broad ecotones exist where the mixed prairie joins the

desert plains grassland.

Juniperus monosperma/Grassland/Soil properties/Plant-soil
relationships/Invader specics/Plant distribution

Hem, J.D.

1967

Composition of saline residues on leaves and stems of saltcedar

(Tamarix pentandra Pall.). .

U. S. Geological Survey, Professional Paper 491-C,

. Collected tamarisk leaves and stems were analyzed for inorganic

fons. From a few tenths of a percent to more than 3 percent of

- the dry weight of the leaves consisted of inorganic ions which

could be washed off by rainfall. Most samples had a predominance
of sulfate, but where the trees were growing in an area with highly
ta}lnc water, sodium and chloride were the dominant {norganic
anfons,

Tamarix pentandra/Salt secretion/Salinity
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1935 At |
Manual of the Grasses of the United States, -

United States Department of Agriculture, Miscellaneous Publication
No. 200: 1051 p. ' ' o _ e -
Brief discussions of the morphology and nomenclature of grasses are
followed by Keys to the different tribes. Discussions on individual

grasses make up the bulk of the text. Keys to the genus and species
accompany line drawings and the discussions on individual grasses,

Grasses/Plant morphology/Key/Ilustrations/Species list

Hitchcock, A.S., and A, Chase
1951
M:anual of the grasses of the United States.

U. S. Department of Agriculture, Miscellaneous Publication 200.
1051 p.

A discussion of the importance of grasses is followed by descriptions
of subfamilies, genera and species. Keys to the genera and tribes are
{ncluded. Black line drawings and a geographic lpcator map of each
species accompany the descriptions.

Grasses/Illustrations/Key/Species list

Hodgkinson, H.S.

1975 :

Evaluation of Winter fat in Washington, -

Journal of Range Management 28(2):138-141,

Winter fat (Eurotia lanata) is high in nutrition, with a crude protein

conten!; of approximately 17.4% in the fall months. Winter fat can
also withstand up to 80% clipping in the winter months. :

Furotia lanata/Clipping/Forage plants/Nutrients/Plant growth
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\()}Ioilingsxx’orth, E.B., P.C. Quimby, Jr., and D.C., Jarmillo

1973 |
Root plow'herbicide application as’a new incorporation technique,
P

Weed Science 21(2):128-130.

A new method for incorporating herbicides into the root zone of
galtcedar (T amarix pentandra) severed the roots as herbicide

was simultaneously sprayed into the cut-root zone. This method -
ofers more potential for herbicide safety, pollution reduction,
and sclective kills than other methods. .

Tamarix pentandra/Chemical control/Roots/Mechanical control

Horton, J.S.

Inflorescence development in Tamarix pentandra Pallas
(Tamaricaceae).

Southwestern Naturalist 2(4):135-139,

Tamarix pentandra Pallas on the Salt River in Arizona was observed
to bloom in early spring with racemes sprouting on last season's
vwod, Within a2 month terminal panicles appeared on new shoots

and a succession of panicles continued to form until September

vith the last bloom. This shifts the plant from the Aestivales

group to the Vernali-Aestivales group.,

Tamarix pentandra/Flowering/Plant morphology

|\5 lorton, J.S.
1960
Ecology of saltcedar,
Ari{zona Watershed Symposium, 4th, 1960, Proceedings, 19-21.
ii‘!udzcs of tamarisk plants in absolute humidity under tents showed
"'_':‘ a tamarisk area gave off two to three times as much water
#9or as a bermuda grass sod area. The ability of tamarisk seeds

:;’ E‘jfmfna_te on wet soil or on water surfaces and then float to land
feiponsible for its rapid spread. Seedlings grow slowly and
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tible to drought. Above ground parts of tamarisk will . .
ts and shoots if buried in moist soil, but roots left , .

ound after clearing do not sprout, Thus shrubs must be N §

the sprouting zone when the soil is dry to effectively ' W

jt. Spread is somewhat unpredictable but should occur

ubject to overflow in warm months, where seedlings

soil for several weeks and where groundwater is

{n the gT
cut below
¢liminate
{n arcas s
will have wet
avajlable.

entandra/Viability/Mechanical control/Evapotranspiration/
n/Roots/Soil moisture
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Tamarix p
Germinatio

jlorion, J.S.

1064

Lotes on the introduction of deciduous tamarisk.

t*. S, Forcst Service, Research Note RM-16.

"amarix pentandra Pall. was introduced into the United States

RN
}.:z'h‘.g the last century. It has become aggressively naturalized

411 occupies extensive areas of floodplain lands. The earliest
suthentic records of tamarisk in the Southwest was in 1856 when

1t was advertised in nursery catalogues from California. It was

t!~n cultivated as an ornamental and spread naturally from cultivation,

7 amarix pentandra/Invader species

1orton, J.S,
1046 .
I'tollems of land management in the various phreatophyte zones.

f':x‘!ﬂc Southwest Interagency Committee, Albuquerque, New
s!rifco, Meeting August 30, 1966, ' :

t.221 occupied by phreatophytes presents a problem not solely
": plant eradication, but also in land management in order to bring 1
a’«sul proper use of all resources inherent in the west., Tamarisk :
:" :3‘“?('(1:11‘, which is a very common phreatophyte, is discussed
\‘_ respect to origin, ecology and position as an aggressive
iu"“;-'uz’.h)'tc in the west. Cutting of vegetatis-. 2long perennial
'-! “ ;'..-lx nhtittont streams in the southwest wil: ::ave a compounding
)?,r‘- : nce the removal of shade will increase water temperature,
A= vl ereate greater evaporation losses that may not be

:f:-i"‘"-'.‘*:ltec! in full by reduced transpiration from the smaller
b~ of trees,
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cement/Phreatophytes/Tamarix pentandra/Invader species/

}»:J?ggl 2&935 /Environmental impact/Mechanical control

l‘ortJn, J. So
1972 - ) ’ . S
sMapagement problems in phreatophyte and riparian zones.

Journal of Soil and Water Conservation 27(2):57-61.

Riparian and phreatophyte zones of the southwest show a variety

" of influences due to man's activities over the last one hundred

ycars. Previously management of phreatophytes was aimed at
complete removal to increase water supplies, but studies used

as the basis for this action have shown conflicting data in terms

of applying experimental results to the field, Actual figures of
water savings after phreatophyte clearing are lacking. Management
deelsions cannot be based on water yield alone but must consider
such factors as dependent wildlife, invasion by other vegetation,
lunting, esthetics, and increasing recreational demands.

Riparian vegetation/Phreatophytes/Eradication/Environmental
frapact .
Horton, J.S., and J. E. Flood

1962

Taxonomic notes on Tamarix pentandra in Arizona.

Southwestern Naturalist 7(1):23-28.

To help clarify the uncertain relation of Tamarix pentandra Pallas
ts the old world shrub, specimens collected in Arizona have been
Ceseribed in detail, The American species is similar to the
Jussfan Tamarix ramosissima Ledeb, but does not relate to any
tjccles or form listed for Israel, -

Tamarix pettandra/Taxonomy



‘1'0 Horton, J.S., F.C. Mounts, and J. M. Kraft

B {2

1960

seed germination and srleédling establishment of phreatophyte species.

U. S. Forest Service, Rocky Mountain Forest and Range Experiment
Station, Station Paper 48. 26 p. . " 4

Phreatophyte species were studied for viability and environmental
influences on fresh seeds. Seeds of tamarisk and cottonwood lose

their viability rapidly (2 to 4 months) but seeds of seepwillow, broom
baccharis, and arrowhead retained their viability for more than a

year. Viability of both tamarisk and seepwillow seed was prolonged

by cold storage. High temperatures decreased tamarisk seed viability.
Studies of moisture, temperature, and light influences on fresh tamarisk
seed germination showed that germination is dependent upon saturated
soils, temperatures above 100 degrees centigrade reduce germination
to zero, and seeds germinate with and without light. Fresh seeds .
germinate in 24 hours, Seedlings grow slowly and are very sensitive

to drying. In drought tests no tamarisk seedling survived two days of
drought and no seepwillows four days. Studies suggest four to six weeks
of submergence will kill a majority of tamarisk seedlings and a shorter
period will kill seepwillow. The establishment of some seedlings on the
Salt River is described. Appendix of charted data is included.

- Phreatophytes/Germination/ Viability/ Environmental effects/Tamarix

pentandra

Horton, J.S., T.W. Robinsor.. and H. R. McDonald

1964

Guide for surveying phreatophyte vegetation.

U. S. Department of Agriculture, Handbook 266. 37 p.

In the arid and semi-arid region of the western United States, water
losses from stream channels, floodplains, bottom lands and delta
areas by evapotranspiration are serious. In spite of water losses
and creation of additional flood hazards, vegetation growing along
streams or on floodplains may have considerable economic value

- for recreational use, grazing, wildlife, or flood control. Survey

methods have been developed to determine kinds and quantities of plants.

Phreatophytes/Survey methods/Vegetation inventory
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Hughes, E.E.

1965

Basal and stump sprays for control of saltcedar.

I Weeds 13(4):338-340. e
Basal and stump herbicide application of ester and an oil-soluble
amine formulation of silvex proved to be effective in control of
Saltcedar (Tamarix pentandra Pall.)., Trunks two inches or larger
L, ~ were harder to kill than smaller frees and retreatment was often
needed. Cutting larger trees and spraying the stump increased
kill effectiveness.

Tamarix pentandra/Chemical control/Mechanical control

123. Hughes, E.E.

1966
> Research in chemical control of various phreatophytes.
\ Pacific Southwest Inter-Agency Committee, Phreatophyte Subcommittee,
Phreatophyte Symposium, 4th, Albuquerque, N. M., 1966, 19-25.

Problems in chemical treatments of phreatophytes arise from damage
to nearby susceptible crops, inability to kill undesirable species only,
inability of «::c treatment to kill several species located in the same
area or plan:s of the same species in different development stages,
and contamination of surface runoff. Cited briefly are studies (giving
chemicals, concentrations, and results) using basal spray applications
granular and soil-spray herbicides, foliage-applied herbicides, and
dormant-applied spray treatments on saltcedar. Also discusseu are
treatments for control of willows, wild rose, mesquite, g'reasewood
cottonwood, and Russian olive.

Phreatophytes/Chemical control/Shrubs/Trees

124, Hughes, E.E,

1966

Single and combination mowing and spraying treatments for control
of saltcedar (Tamarix pentandra Pall,).

Weeds 14(3):276-278.




126.

127,

None of the first year mow-spray combinations reduced a tamarisk
stand more than eight percent. A second year follow-up spray of
silvex at four pounds per acre increased plant kill up to 60 percent.

Tamarix pentandra/ Meéhanical control/Chemical control

- Hughes, E.E.

1967

Inﬂuence of environment on shoot growth and total carbohydrate
reserves of saltcedar,

Weeds 15(1):46-49.

Environmental factors that may have an effect on the growth of saltcedar
are air and soil temperatures, relative humidity, wind, solar radiation,
barometric pressure, evaporation from a free water surface, water
table height and waste quality. No factor or combination of factors was
found to be responsible for determination of shoot growth or carbohydrate

storage in undisturbed saltcedar (Tamarix pentandra Pall.) or in regrowth

of a treated plant. The experiment could therefore come to no conclusion
as to which factors have an influence on shoot growth and carbohydrate

storage.

Tamarix pentandra/Plant growth/Shoots/Environmental effects/
Plant physiology

Hughes, E.E.

1968

Hygroscopic additives to phenoxy herbicides for control of saltcedar.

Weed Science 16(4):486-488.

When one of three hygroscopic compounds was added to water solutions

of phenoxy herbicides, it significantly increased kill effectiveness in
treatments of saltcedar (Tamarix pentandra Pall.). The increased kill
was effected by rate of additive, temperature, humidity, and herbicide
formulation,

Tamarix pentandra/Chemical control/Environmental effects

Hughes, T.D., J.D. Butler and G.D. Sanks

1975

Salt Tolerance and Suijtability of Various Grasses for Saline Roadsides.

Journal of Environmental Quality 4(1):65-68.
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Grasses were studied for forage yields, seedling survival, and
tolerance to foliar salt applications. Forage yield of Puccinella
distans was least effected by the addition of 20,000 ppm sodium.
The addition of 30,000 ppm salt completely 1nh1b1ted seedling
survival of Agropyron cristatum, A. smithii, Elymus triticoides,
P. distans, P. lemmoni and Sporobolus airoides. There was no
Telationship between salt tolerance and amount of Na in the blades.

p=

Grasses/Salt tolerance/Forage yield/Viability

Hulett, G.K. and G.W. Tomanek

1961

Effects of some environmental factors on germmatlon of saltcedar
(Tamarix pentandra Pall.).

Kansas Academy of Science, Transactions 64(2):96-101.

Saltcedar seeds remain viable for ten months. Seeds germinate
when completely immersed in water or when planted if the top

inch of soil is saturated. . The highest rate of germination occurred

in'a soil with a pH between 5,6 and 7.0; There was only a shght
decrease in germination with a soil pH as low as 2.2,

Tamarix pentandra/ Germination/ Vi ability/ Plant-soil relationships

Humphrey, R.R.
1955

Forage production on Arizona ranges. IV: Coconino, Navajo,
Apache Counties; a study in range condition.

Arizona Agricultural Experiment Statioﬁ, Bulletin 266. 83 p.

Forage production on rangeland is determined by productivity
of the site, weather, and management. This bulletin attempts
to present a general method of dete1 mining range conditions and
to illustrate its application. Range condition factors include
forage production, composition of vegetation, ground cover,
litter, forage vigor, seed production, and degree of erosion.
Four gencralized forage types are recognized in these counties;
grasslands, browse, juniper-pinyon and conifer-aspen fo: st.
Finer breakdowns are necessary because in each case the
subtypes do not intermix, but grow separately under different
soil or climatic conditions.
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Range evaluation/Forage production/Range management/Climatic-vegetal
relationships/Soil properties/Plant-soil relationships/Apache County/
Navajo County , . - '
Humphrey, R.R.

1959

Your range: ifts management.

Univérsity of Arizona, Tucson, Agricultural Extension Service
Special Report 2.

Several articles contained in this volume discuss range management
in the vegetation zones occupied by the Petrified Forest National
Park in addition to reports on other vegetation zones in the state,

Range management

Humphrey, R.R.

1962 |

Range ecology

Ronald Press Company, New York., 234 p. .

A fundamental approach to the principal factors that affect forage
production on the rangelands of North America. Rangelands of the
southwest and west receive major emphasis. The roles of climate,
soils, soil water, physiography, biotic factors, fire and fire control
are discussed separately and their roles in range condition
elaborated. Each factor is shown to be an integral part of range
ecology. ’ , -
Forage production/Plant-soil relationstips/Grasslands/Burning/
Climatic-vegetal relationships/Environmental effects/Soil moisture-

Humphrey, R.R.

1970

Arizona range grasses: their description, forage value and
management,

University of Arizona Press, Tueson, 139 p.
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Originally issued as a bulletin of the Arizona Agricultural Experiment
Station in 1956 and reprinted in 1960, this publication now appears

in revised format as a paper-back book. It contains descriptions

of 71 important range grasses of Arizona and gives their identifying
characteristics, seasonal forage value, and notes on management
practices,

Grasses/Ranve management/ Forage production/Spec1es list

Hyder, D.N., F.A. Sneva, and V.H. Freed

1962

Susceptibility of big sagebrush and green rabbitbrush to 2, 4-D as
related to certain environmental, phenological and phys1olog1cal
conditions.,

Weeds 10(4):288-295.

Mixed stands of big sagebrush (Artemisia tridentata Nutt.) and
green rabbitbrush (Chrysothamnus viscidiflorus (Hook) Nutt,) were
sprayed with butyl ester 2, 4-D herbicidc at rates of 1, 2 and 4
pounds per acre on six dates i~ 1956, 1957 and 1958. Big sagebrush
was easily killed at a rate of two pounds per acre when soil
temperatures and moisture content were satisfactory for vigorous
growth, Eighty percent control of green rabbitbrush occurred with
applications of three pounds per acre after the new twigs were three
1nches long and soil moisture was sufficient for active growth

Artemi sia/Chrysothamnus/Chemical control/Shrubs

Isom, W.H., L.S. Jordan, and W.W, Wright

1967

Chemical control of Russian thistle.

Down to Earth 22(4):12-13.

Complete control of Russian thistle (Salsola kali L.) was observed
with application rates of 0.5 pounds per acre of Tordon hexhicide.

Growth and development of the plant at applications of 0.25 pounds
per acre were very poor. Applications of 0.0625 pounds per acre

resulted in considerable growth control, indicating that application
of 0.25 pounds per acre is the most practical treatment.

Salsola kali/Chemical control/Noxious plants



Jackson, C.V.
1928
Seed germination in certain New Mexico range grasses.

Botanical Gazette 86(3):270-294.
- B -
‘A seed germination study of several range grasses from the Jornada
experimental range indicated that the amount of rainfall during
the growing season affects the vitality of seed. Bouteloua eriopoda
and Bouteloua gracilis do not seed often and most of the florets
are sterile. Sporobolus cryptandrus and Sporobolus flexuosus
seeds have a hard seed coat that retards germination, The seed
coat of Sporobolus airoides is more permeable and therefore germinates
more rapidly.

Grasses/Bouteloua gracilis/Sporobolus airoides/Germination/
Protected grassland/Viability/Experimental plots

Jameson, D. A.
1962

Effects of burning on a galleta-black grama range invaded by
juniper.

Ecology 43(4:760-763. - .

Juniper t{ree invasions of grasslands are greatly reducing grass

production on large areas in the western United States. Grass

fires are being tested among other methods for the control of

 small juniper trees. To test the effectiveness of grass fires in

killing one-seed juniper (Juniperus monosperma (Engelm.,) Sarg.),

two burns were made in January and March, 1956, by the Coconino

~ National Forest in Arizona. A wildfire in June of the same year
on Wupatki National Monument provided additional information.

The burns were in a juniper invaded grassland community of -

galleta (Hilaria jamesii (Torr.) Benth.) and black grama (Bouteloua

eriopoda Torr.). The experiments have shown that juniper invasion

of grassland can be satisfactorily controlled by grass fires.

Juniperus monosperma/Invader species/Burning/Grassland

Jameson, D.A.

1966
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Pinyon-juniper litter reduces growth of blue graina.

Journal of Range Mana.gement 219(4):214-217,

Pinyon and juniper trees reduce blue grama (Bouteloua gracilis)
cover mainly by tree litter rather than canopy shading.

Juniperus monosperma/Bouteloua gracilis/Pinus edulis/Species
interaction/Vegetal relationships/Litter

Jameson, D. A.
1968

Species interactions of growth inhibitors in native plants of northern
Arizona, A

U. S. Forest Service, Rocky Mountain Forest and Range Experiment
Station, Researc!: Note RM-313,

Laboratory experiments tested the radicle growth of newly germinated
seeds of bottlebrush squirrel, blue grama, and ponderosa pine as
affected by extracts from Utah juniper, 'ponderosa pine, pinyon

pine, bottlebrush squirrel, Arizona fescue, and blue grama. The
effect of inhibitors from these - pecies varied with the species of

the test seedlings. Extracts frem tree leaves inhibited blue grama -
growth more than grass extracts did. Utah juniper extracts almost
completely inhibited bottlebrush squirrel tail growth, "Sgedling

growth was less than 20 percent in extracts from pinyon and ponderosa
pine. Results indicate that control of inhibiting plants may be required
before forage plants can become established. .

. Bouteloua gramhs/ Plant growth inhlbltors/ Vegetation establishment/

Species interaction

Jameson, D. A.

1970 -

Juniper root competition reduces basal area of blue grama.
Journal of .Range Management 23(3):217-218,

Juniper root competition was found to slightly reduce the basal
area of blue grama grass.

Bouteloua gracilis/Juniperus monosperma/Roots/Grasses/Species
interaction
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Jameson, D.A.

1970

Value of broom snakeweed as a range condition indicator.

Journal of Range Management 23(4):302-304, e
Changes in populatibn of broom snakeweed (Gutierrezia sarothrae)
on a northern Arizona pinyon-juniper range appeared to be the

result of oscillating population rather than an indication of range
condition. Snakeweed is not a reliable range condition indicator.

Gutierrezia/Indicator plants/Pinyon-juniper

141, Jameson, D.A., and J.D. Dodd

1969

Herbage production differs with soil in the pinyon-juniper type
of Arizona.

) U. S. Forest Service Rocky Mountain Forest and Range Expenment
\, Station, Research Note RM—131

Field observations a.nd data show that herbage production on
Springerville soils in Arizona is similar to productiomon Gem and
Tortugas soils where there are few pinyon and juniper trees, but
that Springerville soils produce much less perennial herbaceous
vegetation than the other soils when there is appreciable tree
cover., From the behavior of experimentally studied corn and .
side-oat grama grasses the differences in the soils observed in
the field did not appear to be due to soil moisture, nitrogen, or
phosphorus content,

Plant-soil relationships/Forage production/Pinyon-juniper/Vegetal
relationships

142, Kearney, T.H., and R. H, Peebles
1960

Arizona flora,

University of California Press, Berkeley. 1085 p.



Includes taxonomic keys for the identification of plant fumilies,
genera and species occurring in Arizona. Approximately-3,370
flowering plants, ferns and fern allies are described. Formal
descrlphons are given of the families and genera, but not species. -
Common names are listed in some cases. The first part of the

text describes the entire state including physiography, climate

and vegetation.

Key/Species list/Climatic-vegetal relationships

Keppel, R.V,
1960
Water yielf from southwestern grassland.

American Association for the Advancement of Science, Southwestern
and Rocky Mountain Division, Committee on Desert and Arid Zones
Research. Contribution 4:39-46.

Water yields from grassland and juniper-pinyon watersheds are
considered for portions of Arizona, Colorado, New Mexico, and
Utah., It has been estimated that only two percent of the water
falling as precipitation reaches a point of downstream use,

Tra: -~'mssmn losses in the channel systems are a significant factor
for :':> highly ephemeral type of flows characteristic of southwestern
Arizcona watersheds, Geology of each individual watershed must

be carefully considered in deciding whether the water lost in the
channel system has percolated to the groundwater table or whether

it was removed by evapotranspiration.

" Grassland/Water yield/Pinyon-juniper/Geology/Evapotranspiration/

Groundwater recharge

Kleirkopf, G.E., A. Wallace and J.W, Cha

1975

Sodium Relations in Desert Plants: 4. Some Physiological Responses

of Atriplex confertifolia to Different Levels of Sodium Chloride.

Soil Science 120(1):45-48.

Atriplex confertifolia seedlings were grown in irrigation water

containing different levels of salt. Fifty milliequivalents per one
sodium chloride treatment gave the maximum yields. Large, '
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succulent leaves w1th mtrogen deficiencies were produced at higher.
salt levels. At 30°C improved water use efficiency was indicated by
decreased transpiration rates.

Atriplex confertifolia/Plant physiology/Salt tolerance/Water
utilization/Salinity

Knipe, O.D.

1968

Effects of Moisture Stress on Germination of Alkali Sacaton, Galleta,
and Blue Grama.

Journal of Range Management 21(1):3-4.

“Alkali sacaton, galleta and blue grama seeds were germinated in media

representative of 0, 1, 4, 7, 10, 13, and 16 atmospheres of moisture
tension. Alkali sacaton was effected the most by moisture stress.
This partially explains why alkali sacaton is found in low lying,
frequently flooded areas. Galleta and blue grama were less effected
by stress and they are commonly found in drier upland areas.

Moisture stress/Germination/Sporobolus airoides/Hilaria jamesii/
Bouteloua gracilis

Knipe, O.D. and H. W. Springfield

1972

Germinable Alkali Sacaton Seed Content of Soils in the Rio Puerco
Basin, West Central New Mexico.

Ecology 53(5):965-968.

Soil samples were collected three times each year for three years from
barren sites and grassed areas in native stands of alkali sacaton
(Sporobolus airoides Torr.). The emerging sacaton seedlings were
counted in both areas and fewer viable seeds were found in the barren
soil than within the stands. However as many as 40-50 seeds/sq. ft
were found in barren sites 25-50 feet from the grass areas.

Viability /Sporobolus airoides/Germination/Plant-soil relatiopships
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Kruse, W, H,

1970

Temperature and moisture stress affect germination of. Gutierrezia
. sarothrae,

Journal of Range Ma_na.geinent 23(2):143-144. . S

Germination of groom sgakeweed (Gutierrezia sarothrae) occurs
best between 60 and 70" F and is inversely related to moisture

stress.,

Gutlerrezm/ Germmatmn/ Moisture stress/Climatic-vegetal
relationships

Laycock, W.A., and T. A. Phillips
1968

Long-term effects of 2, 4-D on la_ncelea.f rabbitbrush and associated
species.

Journal of Range Management 21(2):90-93.

The best kill of lanceleaf rabbitbrus’i (Chrysothamnus viscidiflorus
var. lanceolatus (Nutt,) Greene) when using 2, 4-D occurred when
soil moisture was high and rabbitbrush was almost in fill leaf.
There was no kill with low soil moisture or when rabbitbrush was
in bloom.

Chrysothamnus/ Chemical control/Soil moisture

Little, E. L.
1968

Southwestern trees: a guide to the native species of New Mexico
and Arizona.

U. S. Department of Agriculture, Agricultural Handbook 9.

Trees native to the two states are listed by genus with associated
keys to the species.” Generic characteristics are given along with
more specific species characteristics, Cholla cacti are also
included in this handbook. .

‘Trees/Cactaceae/Species list/Keys
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Livingston, B. E., aﬁd F. Shreve

1921

The distribution of vegetation in the United States, a8 related to
climatic conditions.

Carnégie Institution of Washington, Publication 284. 590 p.

Climatic conditions are used as the basis for vegetation zones
within the United States. The climatic condition of each zone -

is explained individually with explanation of how the vegetation

of the zone is adapted to the climate. Precipitation, temperature,
winds, evapotranspiration and elevation are parameters used in
determining vegetation zones.

Climatic-vegetal relationships/Vegetation zones/Phytogeography

Lowe, C.H.

1961

Biotic communities in the Sub-Mogollon region of the inland
southwest,

Arizona Academy of Science,A Journal 2:40-49,

Five formation-types are represented in the Sub-Mogollon region
of the inland southwest: tundra, forest, woodland, grassland,

and desert. The term formation and formation-type are preferable

" to biome and biome-type. Within the world formation-types there

are a number of formations (biomes) which are arranged with
reference to Merriam's life-zones in the inland southwest. The
biotic community, or any natural assemblage of plants and animals
can occur at any one point in space and time only as the result of
the coincidence of the amplitudes of the genetically controlled
ecological tolerances of the comprised species. Merriam effect (an
indirect environmental factor complex affecting association
discrepancy phenomena within the genetic climax) is briefly discuss:¢
as are other environmental factors affecting vertical and horizontal
biotic gradients. Problems regarding southwestern interformationa
ecotones are discussed. Ecotones are prominent features of the
southwest, where, as inevitable results of the genetic basis of the
climax, they occur between all adjacent biotic communities regardlc

of rank.

Ecotone/Biotic communities/Vegetation zones/Vegetal relationships
Environmental effects/Climatic-vegetal relationships/Evolution
Plant communities
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Lowe, C.H.

1964
Arizona's natural environment.
The University of Arizona Press, Tucson. 136 p.

This zonal breakdown of vegetation within Arizona provides an
illustrated account of the natural settings for the habitats of animals
and plants in the state and a discussion of the systems used by
biologists to classify them. After a brief introcuction which includes
a discussion of habitats, vegetation climax patterns and climate;

the world formation-classes are applied to Arizona. The bulk of

the text is an illustrated breakdown of the life zones found in Arjzona.

Habitats/Illustrations/Vegetation zones/Climatic-vegetal relationships/
Plant communities/Plant distribution/Ecotone
Lowe, C.H., ed.

1964

7 The vertebrates of Arizona.

University of Arizona Press, Tucson. 259 p.

In addition to ecological deécripﬁons of life zones and biotic

communities, faunal areas, floristic elements; and aquatic habitats,
this work includes checklists of fishes, amphibians and reptiles, )
birds and mammals, with details on distribution, habitats, status,
abundance, and other pertinent data.

Vertebrates/Habitats/Vegetation zones/Biotic communities/Ecotone

Lowe, C.H., and D. E. Brown
1973 ’
The natural vegetation of Arizona.

Arizona Resources Information System, Phoenix, Cooperative
Publication 2.

A description of the natural vegetation of Arizona by biotic communities
includes a discussion of vegetation types, geographic distribution,
elevational range, precipitation, temperature and prominent species.
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Possible reasons for geographic distribution of Vecretatlon types
receive major emphasis in the text.

Biotic communiﬁes/Climatic-vegetal relationslﬁpslspe'c'iéé list/
Phytogeography/Ecotone
Martin, N.L.

1973

Common Range Plants-Navajo Reservation Cooperative Extension
Service, The University of Arizona: 4 p.

Most of the common plants found in Northern Arizona are listed by
their common name, scientific name, and Navajo name.

Range plants/Species list

McCleary, J.A. and K. A. Wagner

1973

 Comparative Germination and Early Growth Studies of Six Species

of the Genera Yucca.
American Midland Naturalist 90(2):503-508. .

The effects of temperature and light on seed viability and seedling
growth were studied for Yucca baccata, Y. glauca, Y. angustissima,
Y. Kanabensis, Y. elata, and Y. brevifolia.

Yucca/Germination/Viability/Plant growth/Environmental effects

McCulloch, C.Y.

1966

Cliffrose browse yield on bulldozed pinyon-juniper areas in northern
Arizona.

Journal of Range Management 19(6):373-374.
Where large pinyon and juniper trees were killed 4 to 6 years

earlier by bulldozing, yield of cliffrose hrowse, a deer food,
was 3.5 pounds per acre greater than on untreated sites.
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Most of the vegetation gain represented growth on cliffrose plants
established before treatment and not an increase in population

'~ numbers.,

Cowania Memcana/Browse plants/Range Management/Pmyon—Jumper
control/Mechamcal control

_ McCulloch, C.Y.

1971

‘Cliffrose reproduction after pinyon-juniper control

Journal of Range Management 24(6):468. -

Age classes determined by ring counts showed that stand density
of cliffrose did not increase after bulldozing a sparse stand of
pinyon and juniper trees in northern Arizona. There also was -

no apparent tendency toward gains in chffrose stand density
eleven years after tree control, :

Cowama Mexicana/Piryon-juniper control/Browse plants/Mechanical
control

McDougall, W.B.

1975

S.eed plants of northern Arizona.

Museum of Northern Arizona, Popular Series 8.. 594 p.

The seed plants of northern Arizona are listed by genus with
associated keys to species. General genus characteristics are .

given and species are listed with a brief description.

Seed plants/Key/Species list

McGinnies, W, G., and J. F. Arnold
1939
Relative water requirements of Arizona range plants.

Arizona Agricultural Experimehtal Station, Technical Bulletin
80:165-246.
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Studies determined relative water requirements of range plants,
the correlation of water requirements with various weather

~ conditions, and the relation of relative water requirements to
distribution and abundance of plant species. Water consumption
of individual species are listed in tables throughout the text.

Water requirements/ Chmahc—vegetal relahonsmps/Plant distribution/
Range plants

‘McKell, C.M.

1975
Shrubs, a neglected resource of arid lands.

Science 187(4179):803-809.

Shrubs are the dominant vegetation of many arid and semiarid
regions, yet their use by humans is much less than their potential,
Several misconceptions about shrubs are reviewed and disputed.
Shrubs are not all worthless invaders, spiny and unpalatable to
livestock, and of little feed value, and they should not be eradicated
indiscriminately for range improvement. The various adaptations
of shrubs to arid conditions are summarized, including heat,
drought, and salinity tolerance, efficient root systems, transpir:.ion
reduction, allelopathy, food storage, and rapid regrowth, Sever::

" uses for which shrubs have greater potential are suggested: livesiock

and wildlife feed, special products (such as fibers, oils, and fruits),
wildlife habitat, soil stabilization, ecosystem functioning, and
aesthetic low-mamtenance landscapm

Shrubs/Plant uses/Salt tolerance/Drought tolerance/Roots/Plant
physiology/Plant morphology/Erosion control

Marti-, P.S.

1963

The last 10,000 years: a fossil pollen record of the American
Southwest.

University of Arizona Press, Tucson, 87 p.
Geologic, climatic and vegetation changes are considered in the

light of past evidence and in relation to the fossil pollen record
described herein. - The classic Bryan-Antevs climatic model,
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- which is deeply enmeshed in the literature of southwestern prehistory
and Pleistocene geology, related prehistoric erosion to drought.
However, Martin believes the tree ring data to be misinterpreted
and that fossil pollen and the biogeographic record support a model
in which post glacial erosion is attributable to periods of intense
summer rainfall. He finds no reliable pollen evidence that postglacial
droughts, if tl :y occurred, were sufficient to shift biotic zones
above their present level. He attributes the extinctions of large
mammals in North America 8,000 to 10,000 years ago to the
predatory activities of Paleo-Indians, rather than any changes in
climate.

Ciimate/Vegetation change/Geology/Paleoclimatology/Palynology

163. Mitchell, J.E./N,E. West/R.W. Miller

.1966

Soil Physical Properties in Relation to Plant Community Patterns in
the Shadscale Zone of Northwestern Utah.,

> Ecology 47(4):627-630.

Soils in pure stands of Eurotia lanata and Atriplex confertifolia were
studied to determine their influence on the vegatation pattern.
Homogeneity of the two soils physical properties showed that soils
were not responsible for the plant community diversity.

+ Plant-soil relationships/Plant distribution/Atriplex confertifolia/
Eurotia lanata/Soil physical properties
164. Munns, E.N.
1950
Tamarisk: friend or foe?

American Forests 56(7):18-19,

! _This brief history of the genus Tamarix pays special attention
“ to the advantages and hazards inherent i their use. A history

-’ of a Tamarix invasion of an irrigation dam reservoir is presented.

Tamarix pentandra/Invader species
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Nelson, R. A,

1970

Handbook of Rocky Mountain plants,

Dale Stuart King, Tucson. 331 p. | -

This illustrated handbook contains descriptions of more than 975
different plants in 88 families native to the Rocky Mountains above
5,000 feet from northern Arizona and New Mexico to Canada.,
Special emphasis is given to plants of the national parks and
monuments. Several pages of line drawings explain plant structure,
flower parts and technical terms. Descriptions include details

on size, color and habitat, Indian use, and biological information.
Family and genetic characteristics are emphasized. Introductory
information is given on climate, adaptation of plants, soil building,
landscape shaping, plant succession, and geographic vegetation
zones.,

Rocky Mountain plants/Plant morphology/I\eys/ Plant uses/
Illustratxons/Specms list

Nichol, A.A.
1952
The natural vegetation of Arizona.,

Arizona Agricultural Experlment Statmn, Technical Bulletm 127
189-230.

This description of the natural vegetation of Arizona by biotic
communities includes discussions of vegetation types, geographic
distribution, elevational range, precipitation, temperature, and-
prominent species. The geographic distribution of vegetation

types receives major emphasis, but quantitative data is limited.
Grassland covers about 25 percent of the state, mostly in the
southeastern and northeastern parts where it borders the forestland,
A map illustrates the distribution of natural vegetation types in
Arizona.

Biotic communities/Phytogeography/Vegetation maps/Climatic-
vegetal relationships
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O'Rouke, J.T., and P.R. Ogden

1969

Vegetative response following pinyon—jiuiipef control in Arizona.
Journal of Range Management 22(6):416-418,

Calcium carbonate levels of 13 percent and pinyon-juniper ground

_litter were associated with the lack of sod increase in Bouteloua

gracilis after 4-5 years of pinyon-juniper control,

Bouteloua gracilis/Vegetal relationships/Pinyon-juniper control/
Plant-soil relationships/Soil chemical properties/Litter

Parker, K. F.

1958

Arizona ranch, farm, and garden weeds.

Arizona Agricultural Extension Service, Circuiar 265, 288 p.

A readable and uscul compendium on the weeds of ranch and farm

and those often found along roadsides. Many illustrations aid in
identifying the common weeds. Poisonous and noxious characteristics

are described.

Weeds/Noxious plants/Ilustrations/Species list .

.19, \b* Parker, K. F.

. 1972

. An illustrated guide to Arizona weeds.

University of Arizona Press, Tucson. 338 p.

General information given covers name and classification of weeds
and U. S. Department of Agriculture prohibited and restricted
noxious-weed seeds. The section on weed species of Arizona,
constituting the greatest portion of this work, contains distribution,
descriptions, and detailed drawings. There is a brief list of
references, and an indexby both scientific and common names.

Weeds/Noxious plants/Species lists/Nlustrations
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) Parker, K.W., and G.E. Glendlmng

J

ERNERON Y

1942

General glnde to sahsfactory utilization of the principal southwestern

range grasses.

U. S. Forest Service, Southwestern Forest'ahd Range Experiment
Station, Research note 104.

This paper presents a rating system for range evaluation, Of
special interest is a table that gives a method to quantitatively
evaluate a species' condition by using indicator plants and to draw

conclusions from the evaluation as to what was responsible for the
species' appearance.

Range condlhon/Rantre eva’luahon/lndlcator plants/ Grasses

Pase, C.P,

1966
Grazing and watershed value of native Arizona plants.

American Association for the Advancement of Science, Southwestern
and Rocky ITountain Division, Committee on Desert and Arid Zones
Research. Contribution 8:31-40.

There are nine plant communities in Arizona: southern desert
shrub, semidesert grassland, northern desert shrub, short grass
or plains grassland, chaparral and oak woodland, juniper-pinyon,
ponderosa pine-douglas fir, spruce-fir, and mountain grassland,
For each are given location, vegetation types, grazing value to

‘livestock and wildlife, runoff and erosion patterns from these

vegetations, and water yield potentials. Appropriate studies are
cited bneﬂy when applicable. Important water 3 .2l1d range sources
are in juniper-pinyon, open stands of ponderosa pine, areas ‘
surrounding spruce-fir stands, and mountain grasslands.

Water yield/Forage producﬁoh/Vegetation zones/Shrubs/Grassland/

Pinyon-juniper/Forage plants/Plant communities

1\’\1' Patréw, P, M.

1951

Flowers of the southwest mesas.
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Flowers/ Hlustrations/Spedes list

Southwestern Monument Association, Globe, Arizona, Popular
Series 5. 112 p.

All flowering plants of the Southwest are included with pencil
drawings and a brief description of their characteristics and
geographic distribution,

Paulsen, H.A., Jr., and J.C. Miller

1968

Control of parry rabbitbrush on mountain grasslands of western
Colorado.

Journal of Range Management 21(3):175-177.
Parry rabbitbrush (Chrysothamnus parryi (A. Gray) Greene) was

controlled with a two pound application of Tordon 22-K. Treatments
increased grass cover while decreasing forbs in number and size.

Chrysothamnus/Chemical control .

Pinkey, F.C.
1969

Factors affecting the distribution of Hilaria species i Arizona.
University of Arizona, Tucson, (M.S, Thesis),

Geographic distribution of galleta (Hilaria | .mesii), curly mesquite
(Hilaria belangeri), tobosa (Hilaria mu'ica), and big galleta (Hilaria
rigida)in Arizona were determined. Texture analyses were made
on soils supporting different Hilaria species. Galleta was found -
in the north and east portions of the state, mostly north of the
Mogollon Rim. Mean monthly minimum temperatures were
significantly different for sites on which the four species of Hilari:
occurred. Precipitation and elevation were important factors
correlated with species distribution. Soil texture appeared to be an
important factor in local areas.

Hxlarla/ Plant distribution/Plant-soil relationships/ Chrnatlc-vegetal

. relationships/Soil physical propert1es
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Plu-mmer, A.P., and N,C. Frischknecht

1952

Increasing field stands of Indian ricegrass

Agronomy Journal 44(6):285-289. ,
e

Treating Orvzopsis hymenoides seeds with sulfuric acid increased

sprouting percentage. Both acid and non-acid treated seeds had a

better germination percentage when subjected to moist cold

temperatures for 4-10 weeks. Under clay soil conditions light

acid treatments gave much better seedling stands than the untreated

seed.

Oryzopsis hymenoides/Germination/Seed treatment/Planting
management/Forage production _ ‘

Potter, L.D.

1967

Plant succession with released grazing on New Mexico rangelands.
Journal of Range Management 20(3):145-151.

Line transects were made over alternating grazed and ungrazed
grassland plots in New Mexico. Protected plots had three times

more grass ground cover than grazed plots.

Succession/Grazing effects/Experimental plots/Protected
rangeland : ‘

Rasmussen, D.I.

1941

Biotic Communities of Kaibab Plateau, Arizona.

Ecological Monographs 11(3):229-275.

Surveys ‘the biotic communities of the Kaibab Plateau. The discussion

includes physi.c.al environment, history, description of four major
plant communities and several minor ones, a list of vertebrates
and plants, and a partial list of insects.

Biotic communities/Vertebrates/Insects/Kaibab Plateau
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Rauzi, F., L.I. Painter, and A.K. Dobrenz

1969

Mineral and protein contents of blue grama and western wheat
grass. :

J ournal of Range Management 22(1):47-49.

3

With an increase in maturity both blue grama (Bouteloua gracilis)
and western wheat grass (Agropyron smithii) showed a decline in

" mineral and crude protein levels,

Bouteloua gracilis/Nutrients

Richard, W.H., J.F. Cline and R.0O, Gilbert

1973

Soil Beneath Shrub Halophytes and Its Inﬂuence Upon the Growth of
Cheatgrass.

Northwest Science 47(4):213-21'7.

Cheatgrass was grown under and between the shrubs greasewood
(Sarcobatus vermiculatus) and hopsage (Grayia spinosa). Greasewood
added sodium and hopszge added potassium and both added nitrogen

to the soil from their litter. The cheatgrass produced higher bio-mass
under greasewood with its higher pH and sodium content. The shrubs
provided a richer mineral nutrition to the soil than th® adjacent grass
dominated areas.

Plant-soil relationships/Halophytes/Shrubs/Sarcobatus vermiculatus/
Grasses/Vegetal relationships/Soil chemical proper‘ues/mtter

Riedl, W.A., K.H. Asay, J.L. Nelson and G. M. Telwar
1964 S S

Studies of Eurotia lanata (winter fat).

University of Wyoming, Agricultural Experiment Station. Bulletin
425, 18 p. Laramie, Wyoming.

Germination and seedling tests run in several locations on Furotia

lanata showed large seeds had fast emergence but poorer total
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germination. There was a large range of seedling vigor within sites,
indicating possible superior seedhng-mgor lines. E. lanata grows on
soils with a high pH and relatively high calcium carbonates levels

but which are low in soluble salts and exchangeable sodium. Plants
grew better and were significantly larger mth a 16 hour day and with
at least 40°F night temperatures.

Eurotia lanata/Germination/Viability/Plant-soil relationships "

Robinson, T.W.

1965

Introduction, sprezd and areal extent of saltcedar (Tamarix) in
the western states.

U. S. Geological Survey, Professional Paper 491-A.,

Tamarix are highly water-consuming, salt tolerant, naturalizing

shrubs that have escaped from cultivation and spread rapidly from

one stream val.ay to another. In dense growth along stream channels
it presents a barrier to flood flows and thereby increases sediment
deposition and bank stabilization, Total area of Tamarix growth

has increased from 10,000 acres in 1920 to 1-1/3 million acres in
1965,

Tamarix pentandra/ Invader species

Rogler, G.A.

1960

Relation of seed dormancy of Indian rice grass (Oryzopsis hymenoides
(Roem and Schult) Ricker) to age and treatment.

Agronomy Journal 52(8):470-473.

Oryzopsis hymehoides seed germination rate increased with age

of the seed up to 6 years; thereafter it showed a gradual decrease
for 11 years. Subjecting seeds to a 40 day period of temperatures
from 2-4"C greatly increased germination rates.

O ‘zopsis hymenoides/Germination/Seeds



Rollins, M.B., A.S. Dylla, and R.E. Echert, Jr.

1968

8011 problems in reseedmg a greasewood-rabb1tbrush range 51te.

R

: Journal of Soil and Water Conservatxon 23(3):138-140.

Reseeding the unproductive, variable soils on a greasewood (Sarcobatus
‘vermiculatus (Hook.) Tou.) - rabbitbrush (Chrysothamnus nauseosus
(Pall,) Britton) range with a good replacement species seems to be
economically impractical due to a need for irrigation water and the
use of expensive soil reclamation measures.

Vegetation establishment/Sarcobatus vermiculatus/Chrysothamnus
nauseosus/Plant-soil relationships

154. Sampson, A. W,
1914

) : Natural revegétah‘on of rangelands based upon growth requirements
) and life history of the vegetation.

Journal of Agricultural Research 3(2):93-148.
A revegetation study done in Oregon illustrates scientific procedures,
techniques and research that can be applied to any area where .

revegetation is being considered.

Revegetation/Experimental plots/Range evaluation/Range condition

85. Sampson, A.W.

1919

Plant succession in felaﬁon to range management,

‘U. S. Department of Agriculture, Agricultural Bulletin 791. 76 p.
Overgrazing sets into motion soil processes that effect the normal
development of vegetation. Ground trampeling, soil compaction,
and stock habits also severely effect the vegetahon. A time table

is included for vegetafion recovery in areas that had a stock
concentration, such as holding pens and water tanks.

fin it ——

Succession/Grazing effects/Revegetation/Plant-soil relationships/
Range management



Sampson, A.W.

1923

Range and pasture management,

John Wiley and Sons, New York. 422 p. A "
A practical working knowledge of range management is provided
by systematic instruction on grazing and range control, range
revegetation, forage maintenance, range protection, range

improvements, and research methods used for evaluating range
conditions.

Range management/Revegetation/Range evaluation/Grazing

187. Sampson, A.W.

1924

Native American forage plants.
) ~ John Wiley and Sons, New York.- 426 p.

\,/ } Explains the application of botany principles to range management,
! general structure and composition of pasture plants, laws of plant
: physiology as related to grazing, environment of native forage
plants in relation to pasture management and the classification of
forage plants. The bulk of the text discusses forage genera and
: species with respect to their identity and distribution, growth
! requirements and life history, and their forage value for different
classes of livestock. The text gives a good overall view and would
be of value to the layman botanist or range manager.

Plant physiology/Plant morphology/Range management/Forage
plants/Species list/Grazing
188, Sampson, A. W,

1939

Plant indicators: concept and status.
Botanical Review 3:155-178

Plants as land use and condition indicators give invaluable information
about an area. The natural vegetation of an area can be used to
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- 190,

deduce the topography; the hardier the plant the more fragile the
environment, Keys to using plants for land evaluation are given
with emphasis on range evaluation. Plants can show past damage,
indicate unsatisfactory s011 conditions, and show present range
deterioration. :

‘Indicator plants/Range evaluation

Sampson, A.W.

1952

Range management: principles and practices.
John Wiley and Sons, New York. 570 p.

This study balances considerations of the care and management
of rangelands and grazing animals with the sc.ences upon which -
sound practices must be based. Separate sections emphasize
range management in perspective, native range forage plants,
improvement and management of range and stock and protection
of range resources and range livestock. The book gives corcise
information applicable fo manaoernent of the Petnﬁed Forest
National Park.

Range management/Forage plants/Cattle industry/Grazing

Sauer, C.O.

1950

Grassland climax, fire and man.

Journal of Range Management 3(1):16-21,

The broad climatic-ecological theory is discussed using as an
example grassland climax vegetation. Despite the fact that the
climate remains the same an ecosystem car be changed from

grassland to woods by the suppression of fire,

Climatic-vegetal relationships/Grassland/Succession/Woodland/
Burning



Schmutz, E.M.

1971

Estimation of range use with grazed-class guides.

-~ University of Arizona, Tucson, Cooperative Extension Service and
Agricultural Experiment Station bulletin a-73. 16 p.

o

i The use of photo pointé to ga.ge'vegetation conditions after grazing
i is explained.

i Range evaluation/Photo points/Grazing effects

.9 Schmutz, E.M., and D.E. Little

1970

Effects of 2,4,5-T and picl;')l‘am on broom snakeweed in Arizona,

Journal of Range Management 23(5):354-357,

> On a short grass range in central Arizona brbom snakeweed
(Gutierrezia sarothrae) was controlled with foliar application

\ '~ treatments of 2,4, 5-T at four pounds per acre. Effectiveness
' was dependent upon soil moisture and stage of plant growth. .

Gutierreziz/Chemical control/Noxious plants/Soil moisture

.

133. Shantz, H,L. and R.L. Piemeisel

1940

Types of Vegetation in Escalante Valley, Utah, As Indicators of Soil
Conditions.

USDA, Technical Bulletin No. 713: 46 p.

Plant communities are grouped into non-saline soil associations and

; saline soil associations. Non-saline associations are Sagebrush,

’ Galleta grass, Little Rabbitbrush, Winterfat, Fourwing Saltbush and
Juniper. Saline associations are Shadscale, Greasewood, Salt Grass,
Pickleweed, Red Samphire, Salt Sage, and mixed vegetation on sand
dunes or sand hummocks. Possible reasons for differcnt plant

’ community occurrences within saline or non-saline areas are

discussed. Topographical relations, botanical composition, appearance,

N soil conditions, adaption of plants to soil conditions and possible

sccondary succession of the area is discussed for each plant community.
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Indicator plants/Plant communities/Halophytes/Plant-soil
relationships/Salt tolerance/Saline soils/Shrubs/Plant. physiology

j94.  Sharkawi, H.M. -El and B.E. Michel

1975

L
- Effects of soil salinity and air humidity on CO exchange and
transpiration of two grasses.

Photosynthetica 9(3):277-282.

Increased soil salinity increases the osmotic potential in the leaves of
Bouteloua gracilis and Sporobolus airoides. Reduction of transpiration
with lower humidity was attributed to a high resistance of the stomata
to water vapor loss. Tests were run on the effects of different soil
water osmotic potentials and air humidity on photosynthesis,
respiration, and transpiration of both grasses.

Grasses/Soil Salinity/Plant-soil relationships/Plant physiology/
Sporobolus airoides/Bouteloua gracilis

195, Sinclair, J.D., and A.W. Sampson
1931

Estabhshment and succession of vegetation on d1fferent soil
horlzons.

Hilgardia 5(7):155-196.

Annuals and perennials were grown in soils that were eroded to
the A, B, and C horizons. In all cases growth was definitely
better in the A horizon than the B or C. Growth was better in
the B horizon than the C. This illustrates the importance of
keeping the A horizon intact to achieve maximum plant growth
and the fallacy of using perennialsto stop soil erosion.

Vegetation establishment/Succession/Plant-soil relationships/Soil
erosmn/ Soil physical properhes/ Erosion control

196, Smith, J.G.

- nn

| 1899

Graziﬁg problems in the southwest and how to meet them.
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198.

u. S; Department of Agriculture, Division of Agrostology,
Bulletin 16. : ]

Although the study area for this bulletin was the Texas High Plains,
similar land abuse and vegetation damage were recorded during
this time in Arizona. -The bulletin records the history of land
abuse, its effects and poss1b1e solutions to correct the deteriorating

conditions.
i

Grazing effects/Range management/Range evaluation/Overgrazing/
Cattle industry

Smoliak, S.

1965

A comparison of ungrazed and lightly grazed Stipa-Bouteloua
prairie in southeastern Alberta.

Canadian Journal of Plant Science 45(3):270-275.

Ungrazed land favored a Stipa-Bouteloua cover with large amounts
of surface dry matter and undisturbed underground plant matcrial.
Lightly grazed land resulted in a less productive Bouteloua-" ‘_a}
cover with shorter S E -comata plants increasing. The eco: gic
influence of light grazing favors short-grasses over mid-grasses.

Grazing effects/Bouteloua/Grasses/ Protected rangeland/Grassland

Snyder, L.A., and J.R. Harlan

1953

A cytological study of Bouteloua gracilis from western Texas
and New Mexico. :

Americ;'m Journal of Botany 40:702-707.

A consistent correlation between growth habit and chromosome
number was not found in Bouteloua gracilis. Ecological and
geographical factors showed a correlation to chromosome number
with the polyploids having a greater geoo-raplncal distribution than
the diploids.

Bouteloua gracilis/Plant morphology/Chromosomes/Phytogeography



) sperry, O.E., and E.D. Robinson

q A 1963

o
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Chemical control of perennial broomweed.

Texas Agricultural Experiment Station, College Station, Progress
Report 2273. 7 p. : -

High soil moisture content to stimulate growth and plant vigor
are essential for a satisfactory use of herbicides on perennial
broomweed (Xanthocephalum spp., syn. Gutierrezia spp.).
Amine and ester forms of 2,4-D at one pound per acre gave the

"most consistent kill results, ‘The addition of diesel oil gave

earlier top-kill but lower total plant kills. The addition of
surfactants failed to improve results and in most tests tvo years
of treatment were necessary for eradication.

Chemical control/Gutierrezia/Soil moisture/Noxious plants

Springfield, H. W,
1972 |

Optimum Temperatures for Germination of Winterfat.

Journal of Range Management 25(1):69-70.

-
Seed germination of winterfat (Eurotla lanata) for four consecutive years
were tested at temperatures from 33 — 110" I F Optimum germination
temperatures were found to be from 50 — 80°F. Germination was

almost complete in five days at temperatures higher than 59 F.

Eurotia lanata/Germination

Stark, N.

1968
Spring transpiration of three desert species.
Journal of Hydrology 6(3):297-305.

Dry weight of leaves is a more desirable reference for transpiration
rate of desert plants than is leaf area which is used for broad-leaved
plants. Transpirometer data which are not corrected for weight
differences show that sagebrush (Artemisia tridentata Nutt.) loses




more ~vater per plant per minute than does rabbﬁbrush (Chrysothamnus
nausc-sus albicaulis (Nutt,) Hall and Clen.) on a dry site. With
corr echons for dry leaf welght d1fferences, the reverse is true.

Artemisia tridentata/ Chrysothamnus nauseosus/Shrubs/ Transplrauon/

~ Plant physiology

Statler, G.D.
1967

FEurotia 1anata Establishment Trials,

Journal of Range Management 20(4):253-254,

Late spring pfovéd to be the best time and 1 cm the best planting
depth in studies run on Eurotia lanata germination rates at Laramie,

Wyoming.

Eurotia lanata/Vegetation establishment/Ger minafion

Stevens, G.A.
1943
Russian thistle: life history and growth.

North Dakota Agricultural Experiment Statmn, Fargo, Bu'lletm 326.
20 p.

A description of the life cycle of Russian thistle (Salsola kali) is
emphasized in this report which also includes a short history of
the plant since its introduction into the .:iuericas.

Salsola kali/Photogeography/Noxious plants/Invader species/Plant growth

Stewart G. and W; Keller

1936

A Correlation Method for Ecology as Exemplified by Stud1es of
Native Desert Vegetation.

Ecology 17(3):500-514,



b e . N

206,

205,

e

_ e T iyt '
__gWF; ””’ T Ay, ol T ey, n’}f"-yaf;,v- m?,’?‘iﬁ'ﬁf,aw&?” T

A correlation study determined the relationships between species on
a shrub desert. The dominant species is distinctly influenced by the
presence of different subdominants. -The species studied were:
Atriplex confertifolia, Bouteloua gracilis, Eurotia lanata, Hilaria
jamesii, and Oryzopsis hymenoides. Other genera studied include
Haplopappus, Artemisia, Agrogyron, Cercocarpus, Elymus,
Ephedra, Forsellsia, Gutierrezia, Kochia, and Sporobolus.

Shrubs/Vegetal relationships/Dominance/Grasses

Stokes, S.G.
1936

The Genus Eriogonum: A Preliminary Study Based on Geographic
Distribution,

J.H. Neblett Pressroom, San Francisco: 124 p.
Keys to Eriogonum species found worldwide are accompanied by brief
descriptions of each species. A short section on the Eriogonums biome

and geographical distribution preceed this,

Eriogonum/Key/Species list/Plant distribution

Stubbendieck, J., et al | .
1973

Stoloniferous blue grama,

Journal of Range Management 26(3):230-232,

Bouteloua gracilis formed stolons under natural and greenﬁouse

conditions. Stolon formation was induced by temperature control,
a shortened photo period, and reduced light intensity.

Bouteloua gracilis/Stolons/Plant growth

Stutz, H.C., J.M. Melby, G.K. Livingston

1975

Evolutionary studies of Atrlplex A Relic gigas diploid population of

~ Atriplex canescens.




) American Journal of Botany 62(3):236-245,

! A small endemic population of a gigas form of A, canescers is found on
sand dunes in central Utah, The gigas form is often twice the height of
the normal A. canescens and has a 2u = 18 compared to A. canescens
2u = 36. The normal form is probably an autotetraploid of the gigas
form.

Atriplex canescens/Evolution/Chromosomes/Plant morphology -

Talbot, M.W.

1937

Indicators of southwestern range conditions,

U. S. Department of Agriculture, Farmers Buﬂetin‘ No. 1782.

Range indicators are used as guides to recognize the condition of
a range; non-use, satisfactory use, or abuse, either in the past
or present, Indicators are related not only to forage and its
condition, but also to soil, topography, and climate. Indicators of
) range condition are explained along with their significance, how

7 to detect deterioration in its early stages, and other indicators

N of proper and improper range use.

. Indicator plant/Range eva.luation/Range condition

‘bd\ Thomas, H.E.
1962
The meteorologic phenomenon of drought in the southwest.
.U. S. Geologic Survey, Professional Paper 372-A.
The southwest is separated in to meteorologic zonesbased on topography.
Information for each zone is dealt with individually. Possible reasons
for drought occurrence in each zone are explained by reviewing the
parameters of precipitation and their interactions, types of precipitation,

cause and orographic effects. A short explanation of meteorologic
conditions over the entire southwest proceeds the zonal breakdown.

Drought/Climate




1.

2,

Thompson, W, P,

1912

' The Anatomy and Relahlonsi)ips of the Genus Ephedra. -

Annals of Botany 26(IV):1077-1104.

—An
The anatomical study of the genus Ephedra includes the species E,
altissima, E. californica, E, dlstachya, E. fragilis, E. gerardiana,

E. monostachya, E. trifurca, E E. v1r1d1s, and E. vulgg_n .

-Ephedra/Plant morphology

Tidestrom, I.

1941°

Flora of Arizona and New Mexico

Catholic University Press, Washington, D.C. 897 p.

One of the original works cataloging southwestern flora, this early
publication is of interest as an }ustoncal record of vegetation in

Arizona,

Key/Species list

Trlic:'a, M.J. and J. L. Schuster

© 1969

Effects of fire on grasses of the Texas High Plains,

Journal of Range Management 22(5):329-333.

Fall, spring, and summer burns reduced the total foliage of the.
Plains, however the vigor of desirable grasses such as Bouteloua
gracilis seemed to benefit from the burns while less desirable
grasses declined in number.

Grasses/Burning/Bouteloua gracilis
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Tueuer,‘ P.T. and R. A Evans

1969

Control of green rabbitbrush and big sagebrush with 2, 4-D and
picloram, :

Weed Science 17(2):233-235. « ' e

Picloram applications proved effective for rabbitbrush (Chrysothamnus
viscidiflorus (Hook) control at application rates of one-half and one

pound per acre, but not for sagebrush (Artemisia tridentata Nutt.). The 2,
4-D resulted in poor rabbitbrush control but good sagebrush control.
The combination of 2,4-D and picloram gave good rabbitbrush control

but only fair sagebrush control. After three years of control the

native grass densify was greatly increased,

Chemical control/Chrysothamnus/Artemisia/Grasses/Noxious plants

U. S. Department of Agriculture, Washington, D.C.
1948
Grass: the yearbook of agriculture.

U. S. Government Printing Office, Washington, D.C. 892 p.

From the perspective of grass as ah agricultural crop, thissbook

describes range use and management, diseases of grass and the
effects of insects, .

Grasses/Range management/Diseases/Insects/Forage production/
Plant uses

U. S. Department of Agriculture, Washington, D.C., Agricultural
Research Service

1970

Selected weeds of the United States: agriculture handbook 336.

U. S. Government Printing Office, Washington, D.C. 463 p.
This handbook illustrates, describe§ and locates 224 species of

important weeds in the United States. A general organization by
family name follows a listing of evolutionary complexity, with the

ks st et
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" simplest (Chara) first. Within each family genera and spéc1es are

arranged alphabetically according to scientific name., The common
pame and a description is prowded for each species.

Weeds/Species list/Illustrations/Noxious plants/Key

U. S. Forest Service, Washington, D.C.
1937

Range plant handbook.

U. S. Government Printing Office, Washmgton, D.C. 842 p.

\

Y

Prepared for Forest Service field officers who were not trained
botanists, this book evaluates the relative importance of more than

300 western range key plants as they pertain to grazing, watershed
protective cover and recreation. It also provides s key for ready

field identification of these plants in order to ensure proper manage:unent.

Range plants/Key/Species list/Illustrations/Indicator plants/Forage
plants/ Plant uses/Range management

U. S. Forest Service, Washington, D.C., Management Research Branch

-

1970

Range and wildlife habitat evaluation: a research symposium,
Same as author, Miscellaneous Publication 1147, 220 P.

Thirty papers presented at a U. S. Forest Research Symposium held
in Tempe, Arizona, in May of 1968, discuss forage evaluation for
livestock and wildlife, remote sensing in range and wildlife habitat
evaluation, and status, applications and challenges of range and
wildlife habitat ecology. Extensive bibliographies are included with
most papers.

Range evaluation/Remote sensmcr/B1bhoaraph1es/B10tlc communities/
Wildlife ha.b1tat/ Forage plants
Vasey, G.

1890

 Grasses of the Southwest,
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b ! /IUSDA, Division of Botany, Bulletin No. 12: 200 p.
!

One of the original works on grasses of the arid southwest. There are
no keys and some scientific names have since been changed. The author
takes each of the 100 grasses individually and describes their physical
features. Each grass has an accompanying black line drawing. : 4
P O N

Grasses/Illustrations/Plant morphology/ Sbecies list

Vines, R.A. | | 1
1960 -
Trees, shrubs and woody vines of the southwest.
University of Texas Press, Austin, 1104 p.

Woody plants are listed by genus with associated keys to the species. . =
General genus and more specific species characteristics are presented. ) =3

Trees/Speci es li st/Key/Shrubs
N

i\’ o\f/ozzo, R.D. and E, Halskaylo
Y 1074
Endo- and Ectomycorrhizal associations in Five Populus Spec'fes.
Bulletin of Torrey Botanical Cub 101(4):182—186.

In soils innoculated with mycorrhizal fungi:, Populus fremontii,
P. gradidentata and P. tremuloides formed ectomycorrhiza.

P. deltoides and P. deltoides var. occidentalis formed ecto- and
endomyccorhizae. P. heterophylla failed to form mycorrhizae.

Fungi/Populus/Plant-soil relationships/Symbiosis

."\Wallace, A.

1970

Water usein a glésshouse by Salsola kali grown at different soil
temperatures and at limiting soil moisture.

“»il Science 110(2):146-149,
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,&Weaver, J.E.

~.
.

)

/anspiration and evapotranspiration in Salsola kali were influenced
more by soil temperature than by soil moisture. A tendency for
increased transpirational efficiency indicated a physiological
resistance to water movement across the roots during soﬂ moisture
stress,

Salsola ka.h/Evapotransplratlon/ Moisture stress/Soil temperature/

Water utilization/Plant physiology

&00’ Wallace, A,, W.A. Rhoads, and E. F, Frolich

- 1968 -

Germination behavior of Salsola as influenced by temperature,
moisture, depth of planting and gamma irradiation.

Agronomy Journal 60(1):76-78,.

Salsola kali seeds contain differentiated seedlings which uncoil in

minutes with favorable temperature and moisture, Germination can

oceur at 17°C and 9.1 percent soil moisture with a planting depth
)5 centimeters,

Satsola kali/Germination/Soil moisture/Soil temperature

1919
The ecological relations of roots,
Sarnegie Institution of Washington, Publication 286. 128 p.

This publication classified vegetation into zones and the growth
iabits, root and shoot structures of representative sample species
rom each zone are explained in the text with accompanying drawings.
f interest is the ecological relationship among the root systems of
Il species in a zone. Boutelouu gracilis and Gutierrezia sarothrae
'ere chosen as representative species of the short grass prairie

one. A great deal of researched information necessary for proper
inge management is presented.

sots/Plant growth/Plant mori-tology/Shoots/Bouteloua gracilis/
itierrezia/Illustrations/Vegei tion zones/Range management
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\ =aver, J.E.
.,;\v 1920

Root development in the grassland fofz.ﬁation.

Carnegie Institution of Washington, Publication 292, 151 p.

This publication places the Petrified Forest National Park in the
short-grass or mixed prairie vegetation zone. Root development
of the grasses within the short-grass prairie favors broken sod
with prevalent bare spots. The grass roots occupy these bare spots
and prevent further vegetation growth by absorbing all available
moisture,

Roots/Grasses/Grassland/Plant distribution

’ﬁ‘, Weaver, J.E., and W.E. Bruner
1954

“Wature and place of transition from a true prairie to mixed prairie.

)

/

|

The gradual changes in vegetation from true to mixed prairie or
short-grass prairie are described as they occur over an ecotone
about 50 miles wide in Kansas and Nebraska, Mixed prairie moved _
eastward during the drought years even without the impact of grazing.
This vegetation type is very well adapted to drought conditions and
can be found whenever low precipitation occurs in a prairie situation.

>ology 35(2):117-126.

Drought/Grasses/ Gljassland/ Ecotone

) Wideland, P., E.F. Frolich and A. Wallace

1971

 Vegetative Propagation of Woody Shrub Species from Two Northern
' Mohave and Southern Great Basin Deserts.

- Madiono 21(3):149-152,

" Stem cuttings were used to root 16 desert perennials. Larrea divaricata,
Atriplex hvmeneh tia, A. confertifolia, and Caleogyne ramo-issima
vooted more readily in so11 than in ver m1c.;11te. Some species rooted

)
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\ better with mist rooting while Grayia spinosa, Furotia 1anata;
Ephedra viridis and Thamnosina montana did better under dry

conditions. Ephedra viridis rooted better when bottom heated. - ' ‘ ¥ :

Shrubs/Propagation ' : , (| %2

. . o i

227.  Wilgus, F. and K.C. Hamilton ‘ | ' B
. 13

1962 ~ - i

Gerinination of saltcedar seed.

Weeds 10(4):332-333,

Fresh seed of Tamarix pentandra Pall. germinated at temperatures

from 36° to 132° F., but the ideal range was 66 to 110°F. Seed '
stored at the same relative humidity mamtalned viability best at low
temperatures. Stored at a low relative humidity, viability continued ) b
high for ~ix months over a wide range of temperatures, but viability g
was reduced in 15 days by a relative humidity of 90 to 95 percent.

Tamarix pentandra/Germination/Viability

ZL/ Wilkinson, R.E.
1966 \
Adve_ntiﬁous shoots on saltcedar roots.
Botanical Gazette 127(2/3):103-104.
" Saltcedar (Tamarix pentandra Pall.) roots produced adventitious
shoots that originated near the vascular cambium layer. Root
cuttings produced adventitious shoots in 21 percent of the tests

when buried vertically and in 8 percent of the tests when buried
horizontally,

Tamarix pentandra/Roots/Shoots/Propagation

9,  Willard, E.E., and C.M. McKell

1973

Simulated grazing management systems in relation to shrub growth
responses. ’

\"Jodrnal of Range Management 26(3):171-174,

'y




230.

231.

Little rabbitbrush (Chrysothamnus viscidiflorus (Hook) Nutt.) and
snowberry (Symphoricarpos vaccinioides Rybd.) were clipped for five
years under deferred rotation, alternate rest, and rest-rotation
grazing systems at 30, 60 and 90 percent removal rates. All removal
intensities found increased number of new sprouts and lowered
carbohydrate reserves. Only rabbitbrush reduced the sprout length.

Chrysothamnus/Shoots/ Grazmg systems/ Expenmental plots /Shrubs/
Range management/Grazing effects

Williams, S.E., A.G. Wollum, and E.F, Aldon

1974

Growth of Atriplex canescens (Pursh) Nutt. Improved by Formatlon
of Vesicalararbuscular Mycorrhizae.

Soil Service Society of America Proceedings 38(6):962-965.

The symbiotic association of A. canescens and endomycorrhizal fungi
was studied. Mycorrhizal fourwing saltbush had a greater dry weight
and retained more phosphorus than non-mycorrhizal plants, Plants
that were innoculated with an endomycorrhizal fungus showed greater
growth than uninnoculated plants.

Atriplex ca.nescens/Symbiosis/Pla.nt growth/Fungi

Workman, J.P. and N. E. West
1969

Ecotypic Variation of Eurotia lanata Populations in Utah.

Botanical Gazette 130(1):26-35.

Ecotypic variation in four different Turotia lanata stands was revealed
by large differences in the soil sol. .le salt percentages of the different

Eurotia stands. Seeding experimenis and reciprocal seeding transplants -

showed significant differences in germination and seedling response
dcpending upon origin of the plant or seed and what soil it was planted
in. Seed germination and seedling response was best for each plant
in its ""home soil,"

Plant-soil relationships/Germination/Eurotia lanata/Transplants/
Viability/Saline soils
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Wright, N. and L.J. Streetman

1958

Past performance and future pofential of black grama for southwestern
ranges.

‘Journal of Range Management 11:207-214, e

This review of the previous work on Bouteloua eriopoda is désigned
to appraise its present status, evaluate possible limiting factors,
and suggest possible ways for usage improvement. Aspects of

.management, nutritive value, cytology, growth, and reseeding are

discussed. Bouteloua eriopoda, a major species in Arizona, New
Mexico and adjacent parts of Mexico and Texas, is drought tolerant
both during seedling establishment and as a mature plant, Itisa
dependable and nutritous forage in both summer and winter, withstands
grazing well, is a natural source of reserve feed, provides good soil
protection and spreads easily. :

Bouteloua/Drought tolerance/Range management/Grasses/Forage
plants/Grazing
Zander, A.D.

1967

Some effects of juniper-grass vegetation on soil characteristics
and soil-water relationships in east-centrz! Arizona.

University of Arizona, Tucson, M.S. Thesis.

*This study done in the pinyon-juniper vegetation type describes some

effects of undisturbed juniper litter, lateral juniper roots and -
livestock trampling and grazing on soil characteristics and water
movement into and through the soil profile. Soil bulk density and
compaction were found to be considerably less on undisturbed

juniper litter sites than on those sites influenced by lateral juniper ]
roots and livéstock trampling and grazing. Infiltration and percolation
increased with less bulk soil density.

Grazing effects/Soil moisture/Litter/Pinyon-juniper/Soil/Physical
properties/Soil water movement
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Populus

Powell
Precipitation
Propagation
Protected rangeland

Public domain
Puerco River

Razilroad route

Range condition

Range evaluation

\
Range management

Rénge plants

Rare plants
Remote sensing

Resource Management Plan

Revegetation
Riparian vegetation

Rivers

Rocky Mowntain plants

Roots

72,161,165,
214,216
175
14,16,17,
18,21, 25,
26,27, 28,
30,36

220

29

34,46

226, 228
51, 60,135,
176, 197
21,28

8, 47,49

7,13,23,
26

2,3,4,12,
14,17, 18,
20,21, 34,
170, 184,208
28,129, 170,
184,186,188,
191,196,208,
217
1,28, 29, 30,
34,129,130,
132,157,185,
186,187,189,

- 196,214,216,

223,229, 232
67,155, 160,
216

39

217

38

51, 60,74,
184,185,186
31,47, 49,
118

31

165

82, 83,93,
96,99, 113,
115, 139,161,
923,224,228



