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ABSTRACT

Causes of Seeding Failure within the Tooele
Fire Rehabilitation Project in

Northwestern Utah
by

Jeffrey S. Murphy, Master of Science
Utah State University, 1987

Major Professor: Dr. Paul F. McCawley
Department: Range Science

The original purpose of this study was to examine the influences
of ecological site, seeding method and planting season on rangeland
seeding success within the Tooele Fire Rehabilitation Project (TFRP) in
northwestern Utah. The major objective of the TFRP, designed by the
USDI Bureau of Land Management, was to establish a permanent cover of

'Nordan' crested wheatgrass (Agropyron desertorum (Fischer ex Link)

Schultes), 'Luna' pubescent wheatgrass (Thinopyrum intermedium ssp.

barbulatum (Schur) Barkw. and D. R. Dewey) and 'Alkar' tall wheatgrass

(Thinopyrum ponticum (Podp.) Barkw. and D. R. Dewey) on approximately

20,000 ha of rangeland burned by a wildfire in July 1983.

Thirteen combinations of site, method and planting season were

identified within the study area; each was treated as .an experimental
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unit. There were no significant differences (930.05) in seedling
densities between these treatment combinations. Means ranged from 0
to 1.9 seedlings/m2. There was significant variation (P<0.05)
among seedling densities within each treatment combination. Because
of Tow seedling densities and non-uniform seedling establishment
patterns, seedings within the study area were failures. Study effort
was redirected to identify the causes of seeding failure.

Among planting seasons and seeding methods, spring plantings and
broadcast seeding contributed to failure. Most sites within the study
area were suitable for seeding, with the exception of desert shallow
loam. This site should not have been seeded because of steep
topography and shallow soil. Planting during spring, broadcast seeding
and the seeding of low potential sites explained only localized
failure, however.

The absence of crested wheatgrass seedlings within the study area
was a major factor contributing to failure. Only two crested
wheatgrass plants were found on a total of 195 permanently established
transects. Of the three species seeded, crested wheatgrass was the
best adapted to site conditions.

Seeding technique was considered the most important factor causing
failure. Contract workers on the project had no rangeland seeding
experience. Drills were not properly equipped to control seed
placement at the proper soil depth. Seeding was done during periods
when site conditions were unfavorable.

There was no evidence suggesting weather, grasshopper damage or

cheatgrass competition caused failure.

(95 pages)




INTRODUCTION

On July 5, 1983, a wildfire began in northwestern Utah. By the
time it was controlled on July 9, 1983, the fire had consumed
approximately 63,800ha of salt-desert shrub and sagebrush steppe
vegetation in central Tooele County. Most of the base of the Cedar
Mountains was burned, as well as portions of Puddle Valley to the west
and Skull Valley to the east.

Land ownership within the burn was varied and included a mixture
of federal, state, private, Indian and military lands. About 85% of
the burned area was administered by the USDI Bureau of Land Management
(BLM).

Prior to the wildfire, these lands were in poor ecological

condition. Cheatgrass (Bromus tectorum L.) dominated many of the lower

elevation sites. Many areas were described as critically eroded and in
need of stabilization. Following the burn, a plan was quickly
developed by the BLM in which they proposed to rehabilitate 23,000ha.
The Tooele Fire Rehabilitation Plan (TFRP) was a massive project.
It included seeding a perennial grass cover on approximately 15,000ha,
constructing over 105km of new fenceline, repairing 10km of existing
fenceline, establishing 15 spreader dikes and constructing over 40

gully plugs. The objective of this work was to stabilize the condition

of the Skull Valley watershed by reducing soil erosion and minimizing




other on-site damage within this closed basin. The total estimated
cost of the TFRP was $978,650 but the BLM estimated a benefit/cost
ratio of 16.7:1 (BLM, unpublished reportl).

By far the most crucial portion of the TFRP plan was the re-
establishment of a permanent vegetal cover. The BLM estimated that
about 80% of the perennial plant species within the boundaries of the
burn were killed by the fire (BLM, unpublished report). It was feared
that a loss of cover of this magnitude would greatly increase soil
erosion, reduce wildlife habitat and lTivestock forage, and allow weedy
species, such as cheatgrass, to dominate the burned area. To avoid
these undesirable results, a major component of the TFRP was to seed
14,580ha of the burn with perennial grasses. Previous drill seedings
that covered about 350ha within the area indicated a high probability
of success.

The seeding effort began in October of 1983. A mixture of crested

wheatgrass (Agropyron desertorum (Fisch ex. Link) Schult.), pubescent

wheatgrass (Thinopyrum intermedium ssp. barbulatum (Schur) Bark. and D.

R. Dewey) and tall wheatgrass (Thinopyrum ponticum (Podp.) Bark. and D.

R. Dewey) was planted. Both drilling and aerial broadcasting methods
were used for planting. The broadcast treatments were followed by
either chaining or sheep trampling to cover the seed. Fall seeding
work was completed by mid-November. Seeding operations resumed in

April of the following year. The same species mixture was planted

1USDI Bureau of Land Management. 1984. Emergency fire rehabilitation
plan and environmental assessment for the Tooele Fire #6916. Salt
Lake City, Utah.




during the spring as in the fall, but all seeding was done with
rangeland drills. By the time the project was finished in mid-May
1984, approximately 15,000ha of the burn had been seeded through the
combined efforts of four independent contractors.

The seeding project was fraught with problems throughout its
duration. Inexperienced seeding contractors, equipment failure and
subsequent work delays, heavy rains and frost were frequently noted in
BLM project logbooks. In addition, Utah underwent one of the worst
grasshopper population eruptions in recent history during the spring
and summer of 1984, Skull Valley was one of the areas that was most
severely affected. These problems created doubt within both the State
and Salt Lake District BLM Offices as to the success of the
rehabilitation seeding. An evaluation was needed.

The Salt Lake District Office contacted Utah State University in
an effort to secure some form of support in evaluating the seeded areas
within the TFRP. Because a number of different seeding methods were
used across a variety of ecological sites in both spring and fall
planting seasons, their specific request was to have the most
successful treatment combinations identified.

In the fall of 1984, I located several study sites within the
seeded area, established permanent transects and collected seedling
density data. The study objectives were to determine if there was
differential seeding success among: (1) different ecological sites when
seeded by the same method during the same season; (2) different seeding

methods on the same ecological sites planted during the same season;

and, (3) spring and fall planting seasons when seeded by the same




method on identical ecological sites.

During the second period of data collection in spring of 1985, it
became obvious that the seedings within the study area were failures.
Many transects contained no seedlings. When seedlings were present,
densities were very low. Variability in seedling densities on all
treatments was so large it would be difficult to identify differences
among treatments if they existed. As such, any conclusions concerning
the study objectives above would be meaningless or, at best,
unreliable. This made it necessary to redirect the study effort.

The exact cause(s) for the failure of the seeding was unknown.
Many opinions were expressed, ranging from grasshopper-caused seedling
mortality to improper seeding technique. A systematic evaluation might
be extremely valuable to the BLM if the information gained could be
used to plan and conduct future rangeland and fire rehabilitation
seeding projects. Therefore, the objectives of this study were to
document the failure of the TFRP seeding and to examine possible causes

for that failure attributable to weather, site factors and cultural

practices.




LITERATURE REVIEW

The research literature concerning range seeding is extensive,
both in its geographical coverage and research approach. Most early
work was general or descriptive in nature. Prior to about 1950,
recommendations for when, where, what and how to seed rangelands were
determined more though trial and error approaches than by controlled
experiments. More recently, controlled studies have been conducted to
determine why certain seasons, methods, species and sites have proven
more successful or adapted to seeding than others. Both approaches
have been used over a wide area and considerable attention has been

given to semiarid rangelands.

Planting Season

Fall and spring have been the two seasons most extensively
exaﬁined and recommended for seeding in the Intermountain area (Monsen
and McArthur 1985). In 20-30cm precipitation zones, fall is generally
considered the best season for seeding (Douglas et al. 1960, Hull et
al. 1950, Klomp and Hull 1972, Parker 1961, Plummer et al. 1955,
Plummer et al. 1968, Rummell and Holscher 1955, Stark et al. 1946,
Stewart et al. 1939, Vallentine et al. 1963, Walker and Bracken 1938).
In studies that examined differences in seeding success between early
fall (September through mid-October) and late fall (mid-October through

November), the latter period was reported more successful (Kilcher



1961).

Spring seedings in 20-30cm precipitation zones of the
Intermountain area have proven sucessful in some studies. Drawe et al.
(1975) found no difference in success between spring and fall plantings

of Russian wildrye (Psathyrostachys juncea (Fischer) Nevski) in central

Utah. Cook et al. (1967) concluded that spring plantings on the
Benmore Experimental Range in west-central Utah produced more crested

wheatgrass (Agropyron cristatum (L.) Gaertn. and A. desertorum (Fischer

ex Link) Schultes), intermediate wheatgrass (Thinopyrum intermedium

(Host) Barkw. and D. R. Dewey ssp. intermedium), pubescent wheatgrass
and tall wheatgrass seedlings than fall plantings.

Monsen and McArthur (1985) considered planting during the wrong
season as a principal cause of seeding failure. In the 20-30cm
precipitation zone of the Intermountain area, the most favorable
planting season is dictated largely by seed and seedbed ecology. Seed
germination requires favorable temperature and moisture conditions
(Ashby and Hellmers 1955, Ellern and Tadmor 1967, Keller and Bleak
1970, Laude et al. 1952, Wilson et al. 1974). These conditions often
do not occur simultaneously on arid and semiarid rangelands (Evans et
al. 1970). When moisture is most available, often in the winter and
early spring, temperatures are too cold for germination. In late
spring and early summer, temperatures are high enough for germination,
but soil moisture is Timiting. Within this general pattern there is
only a short period of time when temperature and moisture conditions

simultaneously exceed seed germination requirements (Jordan 1983, Young

and Evans 1982). Once germination occurs, the seedlings must grow




rapidly and establish before the dry summer period or perish,

Late fall seeding offers the best opportunity for seeding success
because the seed is in the ground and ready to germinate as soon as
environmental conditions are favorable in the spring (Plummer et al.
1955). After germination, the seedlings have a relatively long period
in which to become established before moisture becomes limiting (Hull
1960, Parker 1961, Plummer et al. 1955, Plummer et al. 1968).

Seeding in early fall offers many of the potential benefits of
late fall seeding, but incurs risk. If temperature and moisture
conditions are favorable shortly after seeding, the seeds may
germinate. The seedlings are then susceptible to winter kill, either
from frost heaving, cold or drought (Hull et al. 1950, Stewart et al.
1939, Vallentine et al. 1963).

The major limitations to spring seeding are practical ones. While
conditions for seed germination and seedling establishment are most
favorable in the spring, it is often too wet to get the seeding
equipment on the ground. Once conditions are suitable, a portion of
the most favorable growing period has past and seedlings have less time
to establish before the dry summer (Hull et al. 1950, Plummer et al.
1968, Vallentine 1971, Vallentine et al. 1963). Stark et al. (1946)
concluded that spring seeding was most successful when rainfall

occurred after planting.

Seeding Method

The two most widely used methods to seed rangelands are drilling
and broadcasting. Where topography and soil conditions permit, drill

seeding is the preferred method of planting (Hull and Holmgren 1964,



Keller 1979, Plummer et al. 1955, Vallentine et al. 1963, Walker and
Bracken 1938). In studies comparing drill and broadcast seeding
methods, drilling produced better grass stands in less time (Douglas et
al. 1960, Drawe et al. 1975, Hull and Holmgren 1964, Hull and Klomp
1967, Klomp and Hull 1972, Nelson et al. 1970). Hull and Klomp (1967)
found that drilling produced 10 times the number of seedlings and
drilled stands reached full production sooner than broadcast seeding.

The reasons drill seeding produces better stands than broadcasting
have been summarized by many authors. Keller (1979) stated that
drilling distributes seed more uniformly and covers the seed better
than broadcasting methods. Better soil coverage of the seed improves
moisture relationships (Walker and Bracken 1938). This happens because
the seed is less exposed to cycles of wetting and drying than if lying
on the soil surface (Plummer 1943) and because the hydraulic
conductivity from the soil to the seed is improved (Evans and Young
1970, 1972, Harper 1977, Harper et al. 1965, Young and Evans 1986).
Drill seeding requires less seed to produce full stands than
broadcasting (Plummer et al. 1955). The drill not only better controls
seeding depth, but also more precisely controls the seeding rate
(Reynolds and Springfield 1953).

Disks are the most common type of furrow openers used for drill
seeding (Vallentine 1971). The standard disk creates a furrow
appproximately 2.,5cm or less in depth. Deep furrow disks are larger
and more concave than standard disks and create furrows from 5-10cm

deep.

In areas receiving under 30cm of precipitation or during years of




below normal rainfall, deep furrow disks have certain advantages over
the standard type. Most noteworthy is that soil moisture is less
susceptable to evaporative loss (Vallentine 1971, Vallentine et al.
1963). McGinnies (1959) reported soil moisture content was
significantly greater in 10cm deep furrows than in furrows 2.5, 5 and
7.5cm in depth. The number of 'Nordan' crested wheatgrass seedlings
was also significantly greater in the 10cm deep furrows. Evans et al.
(1970) compared and measured microclimate differences between furrows
made with deep furrow and standard disks. They found soil moisture
depletion was slower and soil temperature extremes were moderated in
deeper furrows. These soil moisture and temperature changes bring the
seedbed closer to conditions necessary for seed germination (Young and
Evans 1986).

Deep furrow disks can reduce seedling competition with less
desirable plant species, such as cheatgrass. Plummer et al. (1955)
recommended using deep furrow disks in areas where cheatgrass was
common. Klomp and Hull (1972) found that fall drilling with deep
furrow disks produced the best stands of crested and Siberian

wheatgrasses (Agropyron fragile (Roth) Candargy) in areas with

cheatgrass. Evans et al. (1967) reported that deep furrow disks
improved intermediate wheatgrass seedling establishment over surface
drilling in areas without prior cheatgrass control.

While deep furrow disks generally improve seedling establishment
over standard disks in areas with low precipitation or during dry
years, certain problems have been reported. Soil sloughing in coarse

texture soils can bury the seeds too deeply (Plummer et al. 1955).
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Seed burial can also occur during short duration, high intensity
periods of rainfall and these wet conditions can reduce soil aeration
(Vallentine 1971). For these reasons, deep furrow disks are not
recommended for use in coarse texture or unstable soils (Plummer et al.
1955, Vallentine 1971).

Broadcast seeding is often the only method suited for seeding
rough or steep areas where drilling is impractical (Cook 1958, Plummer
et al. 1955, Vallentine et al. 1963, Vallentine 1971), but this seeding
method has produced variable results (Bleak and Hull 1958, Cook 1958,
Koniak 1983).

Several factors, operating singly or in combination, can cause
broadcast seeding failure. The most universally cited factor is
failure to adequately cover the seed with soil (Cook 1958, Pearse et
al. 1948, Plummer et al. 1955, Plummer et al. 1968, Vallentine et al.
1963, Vallentine 1971). Nelson et al. (1970) stated the main deterrent
to germination of broadcast seed was rapid drying of the soil surface
following brief periods of rain. Inadequate removal of competing
vegetation prior to broadcasting has also contributed to seeding
failure (Cook 1958, Evans 1961, Harris 1967). Nelson et al. (1970)
found that bird and rodent depredation of wheatgrass seed significantly
reduced the effectiveness of broadcast seeding.

Several ways of covering broadcast seed have been recommended.

Seeding in aspen (Populus tremuloides Michx.) and Gambel oak (Quercus

gambelii Nutt.) before the leaves fall has given good results (Plummer

et al. 1955, Plummer et al. 1968, Vallentine 1971, Vallentine et al.

1963). Pipe harrows, anchor chains and brush drags have all been used
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to cover broadcast seed (Plummer et al. 1968). Herding livestock
through a seeded area has also been recommended (Plummer et al. 1955,
Stewart et al. 1939). No studies that compared the relative

effectiveness of these methods were found.

Site Suitability

Few studies have attempted to identify, either singly or in
combination, the factors that define a site with high potential for
seeding. As a result, recommendations of where to and where not to
seed have been very general. The most commonly used criteria of site
suitability have been the amount of annual precipitation, selected soil
characteristics and the presence of "indicator" plant species.

Annual precipitation is considered to be the most 1imiting factor
to seeding success in the Intermountain area. In general, 30cm of
annual precipitation is recommended as the lower 1imit for consistent
seeding success (Cornelius and Talbot 1955, Plummer et al. 1955,
Plummer et al. 1968, Stewart 1947, Stewart et al. 1939, Vallentine et
al. 1963). On areas where a portion of the precipitation comes during
the growing season or where infiltration and soil water holding
capacity is higher, precipitation requirements for seeding success may
be as Tow as 20cm (Plummer et al. 1955, Plummer et al. 1968, Shown et
al. 1969).

The ideal combination of edaphic characteristics for seeding has
been summarized by many workers as deep, fertile soils of medium to
fine textures, with high amounts of organic matter and moisture holding

capacities (Plummer et al. 1955, Rummell and Holscher 1955, Vallentine

et al. 1963, Stewart et al. 1939). Few of these recommendations gave
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any indication as to which of these characteristics were most important
in determining seeding success. Rummell and Holscher (1955) considered
soils less than 30cm deep too shallow for seeding. Vallentine et al.
(1963) stated that sandy or rocky soils were not suitable. Several
authors considered sites with greater than 30% slope unsuitable
(Cornelius and Talbot 1955, Plummer et al. 1955, Stewart 1947, Stewart
et al. 1939). Salt-desert vegetation types or soils with greater than
1% soluable salt were not recommended for seeding (Cook 1961, Haas et
al. 1962, Hull 1963, Plummer et al. 1968, Rollins et al. 1968,
Vallentine et al. 1963).

There was an early recognition that some species of plants could
be used as indicators of site suitability for seeding (Stewart et al.
1939). Rummell and Holscher (1955) recommended seeding on areas where

big sagebrush (Artemisia tridentata Nutt.) was 60cm or taller. Shown

et al. (1969) examined seedings throughout the Intermountain West.

They found that a big sagebrush vigor index, based on the height and
density of the plants, was valuable for predicting seeding success.
Plummer et al. (1955) stated that thick, vigorous sagebrush, cheatgrass

or Russian thistle (Salsola kali L.) indicated sites that could produce

high-yielding stands of forage plants. On disturbed areas where

halogeton (Halogeton glomeratus (Bieb.) C.A. May), Russian thistle or

cheatgrass stands have been invaded by juniper (Juniperus sp. L.),
precipitation was considered adequate for seeding (Plummer et al.
1968). Vallentine et al. (1963) stated seeding should not be attempted

on sites supporting shadscale (Atriplex confertifolia (Torr. and Frem.)

Wats.), black sagebrush (Artemisia nova Nelson) or blackbrush
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(Coleogene ramosissima Torr.).

The rationale for using the "indicator" plant approach to predict
site suitability for seeding was that plants act as integrators of site
climate and soil characteristics. These qualities could then be
related to the reduirements of the species available for seeding
(Plummer et al. 1968, Winward 1983).

An extension of the indicator plant approach has been the use of
broad rangeland vegetation types or the ecological site concept as
basis for determining site suitability for seeding (Vallentine 1971).
This is because each broad vegetation type or ecological site
represents a general integration of precipitation, soils, topography,
elevation and native plant species information for each site (Plummer

et al. 1968, USDA Soil Conservation Service 1976).

Seeded Species

Crested wheatgrass is probably the most widely used grass species
for seeding rangelands in the western U.S. It was first introduced
from the U.S.S.R. in 1906 (Rogler and Lorenz 1983).

'‘Mordan' crested wheatgrass, the most widely seeded variety in the
1J.S., was developed and released in 1953 by the North Dakota
Agricultural Experiment Station and the Agricultural Research Service
(Hanson 1972, Rogler 1954). This variety has a number of
characteristics that made it superior to other strains of standard
crested wheatgrass available at the time of its release. These plants
have an erect qrowth habit and are resistant to lodging. Seed is

uniform and of high quality. The seeds also have fewer awns, improving

cleaning, threshing and drilling qualities. Seedling vigor and first-
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year growth were greatly improved over other strains. Stands are
therefore more uniform and develop rapidly. 'Nordan' crested
wheatgrass yields, however, are similar to other varieties (Rogler
1954).

Crested wheatgrass has a wide range of adaptation in terms of
precipitation and edaphic requirements. It needs as 1ittle as 20cm of
annual precipitation to produce successful stands (Plummer et al. 1955,
Plummer et al. 1968, Rogler and Lorenz 1983, Thornburg 1982, Weintraub
1953). Where topography or soil moisture holding capacity increases
precipitation effectiveness, the moisture requirement can be as low as
18cm (Stevens 1983). Walker and Bracken (1938) stated that crested
wheatgrass does well on productive, well drained soils of almost any
texture. Jordan (1981) recommended seeding this grass on soils with
medium to fine textures. Crested wheatgrass does not produce well on
hard clay or coarse sandy soils (Vallentine 1961, Weintraub 1953).

Crested wheatgrass is moderately tolerant of alkaline and salty
soils (Forsberg 1953, Weintraub 1953). Dewey (1962) found that the
germination of 'Nordan' crested wheatgrass seeds was reduced 1.7% at
6,000ppm (8.5mmhos/cm of conductance of the saturation paste extract)
calcium chloride and sodium chloride, 14.4% at 12,000ppm (14.3
mmhos /cm) and 69.7% at 18,000ppm (20.6mmhos/cm). Dewey (1960)
calculated a salt tolerance index of 11.3-12.9mhos/cm for 'Nordan'
crested wheatgrass. The salt tolerance index was the conductance value
at which yields were reduced 50% as compared to yields in unsalinized

plots.

Pubescent wheatgrass, the pubescent form of intermediate
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wheatgrass, is a cool season, rhizomatous grass introduced from the
U.S.S.R. in 1934 (New Mexico State University 1964, Schwendiman 1972b).

'Luna' pubescent wheatgrass was developed and released in 1963 by
the New Mexico Agricultural Experiment Station and the USDA Soil
Conservation Service (Hanson 1972, New Mexico State University 1964).
This variety has better seedling vigor, is easier to establish, has
greater drought and salt tolerance and higher forage yields than other
strains of pubescent wheatgrass available at the time of its release
(New Mexico State University 1964).

Pubescent wheatgrass has a wide range of climatic and edaphic
adaptation, although it is not as tolerant of low rainfall as crested
wheatgrass. Pubescent wheatgrass requires 25-30cm of annual
precipitation to produce good stands (Hafenrichter et al. 1968, Jordan
1981, Plummer et al. 1968, Vallentine 1961). This grass does best on
well-drained, slightly acid to mildly alkaline soils with medium to
fine textures (Jordan 1981, Hafenrichter et al. 1968). Pubescent
wheatgrass is not adapted to wet, poorly drained sites, but it is
better adapted to infertile and alkaline sites than tall wheatgrass
(Weintraub 1953). Dewey (1960) found that pubescent wheatgrass seed
germination under salty conditions and its salt tolerance index was
about equal to crested wheatgrass.

Tall wheatgrass is a late maturing, tall bunchgrass native to
saline meadows and seashores in southeastern Europe and Asia Minor. It
was first introduced into the U.S. from the U.S.S.R. in 1932 (Rogler

1973).

'‘Alkar' tall wheatgrass was developed and released in 1951 by the
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USDA Soil Conservation Service and the Washington, Oregon and Idaho
Agricultural Experiment Stations (Hafenrichter et al. 1968, Hanson
1972, Schwendiman 1972a). This variety has good seedling vigor and is
resistant to stripe and leaf rust.

Tall wheatgrass requires more moisture to remain productive than
either crested or pubescent wheatgrasses. Jordan (1981) stated that a
minimum of 30cm of annual preciptation was needed in the southwest U.S.
Hafenrichter et al. (1968) considered 35cm as the lower requirement,
because tall wheatgrass is later maturing and requires moisture season-
long either through irrigation or in deep, nonirrigated soils with a
high moisture holding capacity. Vallentine (1961) recommended planting
this species on sub-irrigated or naturally wet alkaline sites with a
relatively high water table but not on dry alkaline sites. In areas
that are not sub-irrigated, tall wheatgrass should only be planted
where annual precipitation exceeds 30cm. Weintraub (1953) stated that
high yields were obtained on sub-irrigated sites, but performance was
poor on dry sagebrush and salt-desert shrub range.

Schwendiman (1972a) and Weintraub (1953) stated that tall
wheatgrass was well adapted to alkali and saline soils in the western
U.S. Vallentine (1961) stated that tall wheatgrass can tolerate up to
1% soluable salt. Dewey (1960) found that tall wheatgrass yields were
less affected than either crested or pubescent wheatgrass yields under
artificially salinized conditions. He calculated a salt tolerance
index of 13.9mmhos/cm for tall wheatgrass compared to 11.3-12.9

mmhos/cm for both crested and pubescent wheatgrasses. There were no

differences in the germination ability of tall, crested and pubescent
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vheatgrass seed under salinized conditions (Dewey 1960).
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STUDY AREA

Area Description

The study area was located within a portion of the Tooele Fire
Rehabilitation Project (TFRP) along the eastern base of the Cedar
Mountains and western edge of Skull Valley, approximately 49km south of
Timpie in Tooele County, Utah (Figure 1). Elevation ranges between
1,400m at the valley bottom to 1,700m at the base of the Cedar
Mountains. Slope is mostly less than 5% and the aspect is
predominately east. The 30-year mean annual precipitation recorded at
the Dugway weather station, approximately 10km south of the study area,
was 17.6cm distributed evenly throughout the year (Stevens et al.
1983). The mean annual high temperature is 47.1C and the low 3.3C.

Six ecological sites (Range Inventory Standardization Committee
1983) were identified within the study area by BLM and USDA Soil
Conservation Service personnel. Selected characteristics of each site
are summarized in Table 1 and complete descriptions are provided in the
Appendix. The sites differ primarily in precipitation zone and in
soil texture and coarse fragment percentages resulting from sediment
deposition patterns and fluctuating water levels of historic Lake
Bonneville (Holmgren 1983). Generally, soils located on the Stansbury

and Provo Terraces at the base of the Cedar Mountains are coarse-

textured and gravelly. Valleyward, soil texture becomes finer,
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Figure 1.--Study area location including the three seeding units
within the Tooele Fire Rehabilitation Project.
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Table 1.--Physical and vegetal characteristics (prior to burning) of
the six ecological sites within the Tooele Fire Rehabilitation Project

study area.

Ecological Precip. Nominant plant species
site Elevation (m) zone (cm) (overstory/understory)
Desert flat 1280-1460 12-20 Atriplex confertifolia/
Elymus elymoides
Desert loam 1280-1981 12-20 A. confertifolia/
Oryzopsis hymenoides
NDesert gravelly 1500-1600 12-20 A. confertifolia/
loam Hilaria jamesii
Desert shallow 1525-1830 12-20 A. confertifolia/
loam Hilaria jamesii
Semidesert 1300-1830 20-30 Artemisia tridentata
gravelly Tloam ssp. wyomingensis/
Psuedoroegneria spicata
Semidesert loam 1340-1730 20-30 A. tridentata ssp.

wyomingensis/

Psuedoroegneria spicata
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soluble salt and sodium percentages increase and coarse fragments
disappear from the soil profiles.

Plant community composition within the study area was influenced
most by precipitation zone. Shadscale was the dominant shrub on desert
precipitation zone sites near the Skull Valley floor. Wyoming big

sagebrush (Artemisia tridentata subsp. wyomingensis Beetle and Young)

dominated semi-desert sites at the base of the Cedar Mountains. Major

understory species varied by site (Appendix). Cheatgrass was present

in dense stands prior to the Tooele wildfire, but the stands were

largely confined to areas near the valley floor.

Seeding Detail

Seeding within the study area was done during fall 1983 and spring
1984. Four seeding methods were used and four independent private
contractors participated in the project. Three of these contractors
participated in the actual seeding operation; the fourth was employed
only to broadcast seed by plane. The planting methods included aerial
broadcasting followed by chaining or sheep trampling to cover the seed,
and drilling with standard and deep furrow single offset disk drills.
Row spacing was 30.5cm on standard drill treatments and 45.7cm on deep
furrow seedings. A mixture of 'Alkar' tall wheatgrass, ‘Nordan'
crested wheatgrass and 'Luna' pubescent wheatgrass was used to seed all
sites. The seeding rate for all drill treatments was 6.7kg/ha composed
of equal amounts of the three seeded species. For broadcast
treatments, the seeding rate was 11.2kg/ha composed of 4.5kg of crested

wheatgrass and 3.4kg each for both tall and pubescent wheatgrasses.

The BLM divided the entire burned area into five units to
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facilitate the seeding work. Units Three, Four and Five were located
within the study area (Figure 1). These units varied in size,
contained different ecological sites and were seeded by different
contractors with various combinations of the methods outlined above.

Unit Three was located in the northernmost portion of the study
area on a semidesert gravelly loam ecological site. Its total size was
approximately 3040ha, but only about one-half of this area was located
within the study area.

Unit Three was seeded with standard drills in fall 1983 and spring
1984 by the K and B Excavating Company. Fall seeding with a single
tractor pulling tandem drills began on November 11 and was finished by
November 17, covering 225ha. Spring seeding began on April 18 the
following year and continued until May 15, again by a single tractor
with tandem drills. The total area seeded in spring was 1360ha.

Unit Four was located in the central portion of the study area and
covered approximately 2540ha. Two ecological sites were identified
within this unit. A desert gravelly loam site covered the eastern
portion of the unit between about 1460 and 1615m in elevation. A
desert loam site occurred on the western part of the unit between
approximately 1380 and 1460m.

Approximately 285ha of the westernmost portion of the desert
gravelly loam site were broadcast-seeded in fall 1983. The seed
mixture was broadcast by plane on October 17. Beginning November 8,
two tractors draqged an anchor chain over the area to cover the seed.

This work was completed by November 14.

The remaining portion of the desert gravelly loam site and the
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entire area of the desert loam site, approximately 2230ha in total
combined size, were seeded by Graham Brothers contractors with standard
drills in fall 1983 and spring 1984. Beginning on October 15 and
ending November 21, about 1515ha of the southernmost portion, covering
hoth deseft gravelly loam and desert loam ecological sites, were seeded
by two tractors each pulling tandem drills. Between April 25 and May
13 of the following spring, the remaining 715ha of the desert gravelly
loam site were seeded, again using two tractors pulling tandem standard
drills.

Unit Five was located in the southern portion of the study area.
It was the largest of the three units, approximately 5040ha, and
contained four ecological sites. The desert flat site was the lowest
in elevation, ranging from 1420 to 1450m, followed hy desert qravelly
loam (1430 to 1495m) and semi-desert gravelly loam (1480 to 1525m).

The desert shallow loam ecological site, largely confined to steep
hillsides with rock outcrops, was between 1490 and 1575m.

Several seeding methods were used in fall 1983 and spring 1984 to
seed linit Five. On October 19 and 22, seed was aerially hroadcast on
315ha of the desert shallow loam site within the northwestern corner of
the unit. On November 17 and 18, two tractors operated by employees of
James Buffham draqaed an anchor chain over the area to cover the seed.
Seed was aerially broadcast on October 27 on a second desert shallow
loam site, approximately 390ha in size, Tocated in the southwestern
corner of the study area. After broadcasting, the BLM asked grazing

permittees to herd their sheep over the seeded area in an effort to

cover the seed.
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The largest portion of Unit Five was seeded with drills by K and B
Excavating. Between October 20 and November 16, approximately 1660ha
of the southern portion of this unit were seeded by three tractors each
pulling tandem standard drills. The ecological sites within this area
were desert flat and semidesert loam. In addition, between Novemeber 4
and 16, approximately 260ha of the semidesert loam site along the base
of the Cedar Mountains were seeded with a single tractor and deep
furrow drill. The remaining 1650ha within the northern part of Unit
Five were seeded the following spring between April 18 and May 15. The
desert loam and a portion of the desert gravelly loam sites were seeded
with standard drills pulled in tandem. During the same period, areas

of the desert gravelly loam site along the base of the mountains were

seeded with a single tractor pulling one deep furrow drill.
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METHODS

Six ecological sites were seeded within the TFRP study area (Table
1). Four methods were used to seed the sites including: 1) standard
rangeland drill with single offset disks; 2) rangeland drill with deep
furrow single offset disks; 3) aerial broadcast followed by chaining;
and 4) aerial broadcasting followed by sheep trampling. Depth bands
and packer wheels were not used on any of the drills. Drilling
operations were conducted in fall 1983 and spring 1984. All broadcast
seedings were done during fall 1983.

A1l possible combinations of sites, seeding methods and planting
seasons were not represented within the study area. The basic sampling
units therefore consisted of existing combinations of ecological sites,
seeding methods and planting seasons. Thirteen such combinations
(hereafter referred to as treatment combinations or TC) were identified
within the study area. Table 2 lists the 13 TC and their respective
approximate sizes.

Three permanently established transect clusters were randomly
located within each of the 13 TC. Each of the 39 total transect
clusters consisted of a 50m baseline and five 1 x 15m belt  transects
(Figure 2). These belt transects were spaced at 10m intervals

perpendicular to the baseline and alternated sides along the baseline

length. Transects were oriented parallel to furrows on drill seeded
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Table 2.--Approximate sizes of treatment combinations (sites, planting
seasons and seeding methods) located within the Tooele Fire
Rehabilitation Project study area.

Treatment combination Approx. size (ha)
Semidesert gravelly loam/fall/standard drill 220
Semidesert gravelly loam/spring/standard drill 1360
Semidesert loam/fall/deep furrow drill 260
Semidesert loam/fall/standard drill 1160
Desert gravelly loam/fall/standard drill 470
Desert gravelly loam/fall/broadcast-chained 280
Desert gravelly loam/spring/standard drill 710
Desert gravelly loam/spring/deep furrow drill 900
Desert loam/fall/standard drill 1050
Desert loam/spring/standard drill 1475
Desert flat/fall/standard drill 500
Desert shallow loam/fall/broadcast-chained 320
Desert shallow loam/fall/broadcast-sheep trampled 390

Total estimated ha seeded 9095
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Figure 2.--Schematic representation of transect cluster design
used to sample seedling density within the Tooele Fire
Rehabilitation Project.
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treatments. The first belt transect was always placed on the left side
of the baseline 10m from the baseline startinag point.

Nata were collected during three time periods, beginning the first
week of September in 1984 and 1985 and the second week of June in 1985.
The comhined number of crested wheatgrass, tall wheatgrass and
pubescent wheatqrass seedlings were counted in each of the 195
permanently established transects. During the first data collection
period, I attempted to count grass seedlings by species, but this
proved too difficult to accomplish with a reasonable degree of
certainty. A1l count data were converted to seedlings/m2 so that
drilled and broadcast seeded treatments could be directly compared.

Data analysis was planned as a two-step process. First, all
seedling density data were tested for sianificant differences between
collection periods using analysis of variance (ANOVA) in a repeated
measures desian. In this model, TC and data collection periods were
considered main effects. Transect clusters were treated as a nested
term within TC; transects were a nested subsampling term within
transect clusters. 1 was most interested in the collection period x TC
interaction in this model. If this interaction was not significant,
then the result would be interpreted to mean that there had been no
changes in seedling numbers, and therefore survival, within TC among
the three data collection periods. The ANOVA could then be reduced to
a completely nested design and one time period's data used for all
further analyses. All seedling density data cannot be pooled and used
in this simplified analysis as counts ohtained on permanently

established transects between time periods are not independent of each
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other. If the nested model was used, I decided a priori to use count
data collected during the Tast collection period as it best represented
conditions at the conclusion of study.

The second step in the statistical analysis was to use one degree
of freedom comparisons to test preconceived hypotheses about seeding
success gained from literature review.

These hypotheses and their predicted outcomes are:

1) Semidesert versus desert precipitation zones. If the amount of
precipitation is an important factor controlling seeding success,
then semidesert precipitation zones should be more successful in
terms of seedling density than desert precipitation zones;

2) Gravelly versus non-gravelly ecological sites. Rock-free soils
are considered better adapted to seeding than those with rock. If
this is true, gravelly ecological sites (>35% rock by volume)
should be less successful than non-gravelly ecological sites (<35%
rock);

3) Fall versus spring planting seasons. Fall plantings are generally
considered to be more successful than spring plantings. This
hypothesis tests this idea using several sites and seeding
methods ;

4) Fall versus spring planting seasons when both are seeded with a
standard drill. A test of hypothesis three except using one
seeding method across several sites;

5) Fall versus spring planting seasons within the desert precipitation
zone and seeded with a standard drill. A second test of

hypothesis three for one precpitation zone and one seeding method;



6) Broadcast versus drill seeding methods when both are used to seed
during fall. Broadcast seeding is generally considered inferior
to drill seeding. This hypothesis tests this idea across
several sites;

7) Deep furrow drill versus standard drill when both are used during
fall planting season. Deep furrow disks are considered more
successful for seeding drier sites (<30cm average annual
precipitation) than are standard disks. This hypothesis tests
this idea over a variety of sites with under 30cm of average
annual precipitation.

Hypothesis test results cannot be extrapolated beyond the study area

boundaries, the specific years of this study and the specific sites,

seeding methods and planting seasons examined.

30
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RESULTS

While weather parameters were not monitored within the study
area, monthly precipitation and temperature data for 1983 and 1984 were
available from the Dugway weather station, approximately 10 km south
(Table 3). Monthly temperatures over the study period were about equal
to long term means. January and Febuary 1984 were exceptions;
temperatures were 6.7 and 9.2C lower than respective normals during
these two months. Precipitation was 197% of the 30-year normal in 1983
and 162% of normal in 1984. Between September 1983, one month before
seeding began, and November 1984, the end of the first growing season
after seeding, precipitation was 176% of the long term mean.

Within the total 195 permanent transects, there were only two
crested wheatgrass plants and pubescent wheatgrass appeared to be
totally absent. Therefore, reported seedling densities are composed
almost entirely of tall wheatgrass.

No significant differences (P<0.05) where found in mean seedling
densities between the three data collection periods (Appendix, Table
9). Both the TC and cluster by collection period interactions were not
significant (P<0.05). This was interpreted to mean there were no
significant changes in mean seedling densities counted on permanent

transects between fall 1984 and fall 1985 (Appendix, Table 10).
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Table 3.--Monthly precipitation and temperature data recorded in 1983
and 1984 at the Dugway weather station.

Precipitation (cm)

30-year 1983 % of 1984 % of

Month 1983 1984 mean normal normal
January 2.5 1S 533 192 100
February 3.0 1.0 e 200 67
March 5.0 242 1.6 313 138
April 2 4,7 19 126 247
May 1.2 0.81 | 57 38
June 0.0 247 155 0 180
July 4.8 4,5 T d 436 409
August 4.8 4,7 152 400 392
September 4 1.2 12 100 100
October 1eh 3.0 1.4 107 214
November 1.8 152 1.3 138 92
December 5.9 12 1.4 421 86
Totals 34.4 28.5 175 197 162
Temperature (C)

1983 1984 30-year means
Month high low high low high low
January 4,6 -4,2 -4,2 -14.9 3D -8.2
February 8.2 =153 -1.5 -13.8 7.3 -4.6
March 11.1 1.4 37 -3.3 113 = 2.3
April 127 0.6 14.3 1.4 16.7 72l
May 20.6 4.9 -l i 229 7.0
June 27.8 11.5 27,0 10.0 29.0 11.9
July 33.2 16.4 33,11 15..9 34,7 16.9
August 31.6 17.3 31.9 15,9 32.9 15.6
September 26.9 1.2 27.3 10.4 2701 9.3
October 19.2 3.9 14.7 1.1 19..3 241
November 9.5 -1.7 1051 -2.5 10.1 -3.3
December 159 -5.4 1.8 -10.6 3.8 -7.4

1May 1984 precipitation was estimated using the normal-ratio method
(Paulhus and Kohler 1952).

2Data not available.
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Seedling density data collected during fall 1985 was used for all
further analyses. The data collected during all three periods were not
pooled because seedling counts were not independent between data
collection periods. Such pooling would violate the independence
assumption of the analysis of variance procedure (Glass et al. 1972).
Fall 1985 data was used because it best represented seedling densities
at the conclusion of the study. With the main effect of time removed,
the analysis model was reduced to a nested design. Transects were
considered to be nested within clusters and clusters were nested within
TG,

Nested analysis of variance (Appendix, Table 11) indicated there
were no significant differences (P<0.05) between the 13 TC. Treatment
means ranged from 1.9 to 0 seedlings/m2 (Table 4)., There was
significant variation (Pﬁp.OS) between transect clusters within TC.

Only two of seven one-degree-of-freedom tests were significant
(Table 5). Fall plantings were significantly better (P<0.05) than
spring on the desert gravelly loam, desert flat and desert loam sites
seeded with a standard drill. On all fall plantings regardless of
site, the combination of deep furrow and standard drill seeding methods

was significantly better (P<0.05) than the combination of chained and

sheep-trampled broadcast seedings.
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Table 4.--Treatment combination and transect cluster mean seedling
densities for the Tooele Fire Rehabilitation Project study area.

Ecological site/planting
Trt. season/seeding method Cluster no. Overall cvl
no. treatment combination 1 2 3 mean

i) Semidesert gravelly loam/

fall/standard drill BROTE 2850 e 30l 1.9 88%
2 Semidesert gravelly loam/

spring/standard drill 052 4,5 0.0 1.6 158%
3 Desert gravelly loam/fall/

standard drill Pty et [ TR PR 1.4 56%
4 Semidesert loam/fall/deep

furrow drill B 080 8a (152 1.3 114%
5 Desert flat/fall/standard

drill 1.7 PEqeR 00 %0 89%
6 Desert Toam/fall/standard

drill 0L9% =123 06 0.9 37%
7 Desert gravelly loam/fall/

broadcast-chained 0.7 0.0 0.0 0,2 133%
8 Semidesert loam/fall/

standard drill 0.0 0.1 0.5 0.2 125%
9 Desert shallow loam/fall/

broadcast-chained Q103001020 0.1 100%
10 Desert gravelly loam/spring/

standard drill 0,0 0.0 0.0 0.0 --
11 Desert loam/spring/standard

drill 0.0 0.0 " 00 0.0 --
12 Desert gravelly loam/spring/

deep furrow drill 0.0 " 0.0 0.0 0.0 -
13 Desert shallow loam/fall/

broadcast-sheep trampied 0.0 0.0 0.0 0.0 -

1Coefficient of variation between transect clusters.
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Table 5.--Summary of one degree of freedom comparisons.

Mean density Standard error Coefficient of
Conparisonl (seed1ings/m2) of mean variation (%)

Senidesert vs 1.1 0.30 147
Desert 1 0.17 101
Gravelly vs L/ 02/ 145
Non-Gravelly 0..7 0. 15 89
Fall vs 0.8 011 155
Spring 0.4 0517 335
Fall (SD) vs 190%) 0.15 119
Spring (SD) 0.5 0.23 287
Fall (SD, D) vs 1al® 0.16 100
Spring (SD, D) 0.0 0.01 300
Broadcast (F) vs D= 0.15 120
Dri1l {F) iz 0.05 246
De2p Furrow (F) vs 1.3 0.42 124
Standard Drill (F) 1L 0.15 120

1Comparisons were as follows:

Semidesert vs desert= Semidesert vs Desert precipitation zones
seeded in fall with standard drill

Gravelly vs Non-gravelly= Gravelly vs Non-gravelly sites
irrespective of precipitation zone seeded in fall with standard
drill

Fall vs Spring= Fall vs Spring planting seasons across all sites
and seeding methods

Fall (SD) vs Spring (SD)= Fall vs Spring planting seasons seeded
with standard drill irrespective of precipitation zone

Fall (SD, D) vs Spring (SD, D)= Fall vs Spring planting seasons
within desert precipitation zone seeded with standard drill

Broadcast (F) vs Drill (F)= Broadcast vs Drill seedings across all
sites planted during fall

Deep Furrow (F) vs Standard Drill (F)= Deep Furrow Drill vs
Standard Drill fall seedings across all sites

*Significant at P<0.05
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DISCUSSION

Evidence and Possible Causes
of Seeding Failure

The results strongly suggest seedings within the Tooele Fire
Rehabilitation Project (TFRP) study area were failures. Cook et al.
(1967) considered range seedings with less than 2.7 seedlings/m2 as
poor. The best ecological site/planting season/seeding method
combination within the study area averaged only 1.9 seedlings/m2 and
this was not significantly different (RS&OS) from treatment
combinations averaging 0 seedlings/m2,

Seedling density, however, is only one measure of seeding success.
Uniformity of the seeded stand must also be considered (Hull 1954,
Hyder and Sneva 1954). The significant variation (P<0.05) between
transect clusters suggests non-uniform seedling establishment within TC
(Appendix, Table 11). Only three of 13 TC had seedlings in all three
transect clusters and coefficients of variation between transect
clusters within TC were also large (Table 4). Although the statistical
analysis did not address variation between and within transects within
clussers, my observations during data collection suggest this was large
as w2ll. Not all transects within clusters contained seedlings, even

within clusters where mean seedling densities were high. Often, only

one drill row within a transect would contain seedlings. These
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observations provide additional evidence of non-uniform seedling
escablishment within the study area and, therefore, seeding failure.

If the seedings are considered failures as seedling density and
stand uniformity data suggest, then it is not possible to address the
original objectives of this study. A determination of which ecological
sites, planting seasons and seeding methods were most successful cannot
be made using data from the seedings alone. The next best altern<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>