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This research was conducted to determine the effects of

temperature and competition on seedling root and shoot growth of

cheatgrass (Bromus tectorum L.) and 5 collections of Idaho fescue

(Festuca idahoensis. Elmer). For the temperature study, seedlings

were grown in environmental chambers with 16 hours day/8 hours night, at

temperatures of 5, 10 and 15°C. Root depth was weekly recorded during 9

weeks growth period. Seedlings were destructively harvested after 63 days

and evaluated for root and shoot characteristics. At all temperatures,

cheatgrass exhibited greater above and below-ground biomass, root depth,

total root length, daily root depth rate and shoot height than Idaho

fescue. Seedlings of the 5 Idaho fescue collections produced fewer roots

and grew slower than seedlings of cheatgrass. As a group, the Idaho

fescue collections showed similar root and shoot growth and produced more

tillers than cheatgrass, except at 5°C. As temperature increased from 10

to 15 °C, shoot growth of Idaho fescue increased while that of cheatgrass

was similar.



For the competition study, seedlings were grown in pots in a

greenhouse with planting ratios of Idaho fescue to cheatgrass of 1:0, 1:5

and 1:10, and under 2 watering regimes. Seedlings of Idaho fescue were

established from transplants grown two months ahead of cheatgrass. Shoot

height, tiller and leaf number were weekly recorded. Seedlings were

harvested after 49 days and evaluated for aboveground dry weight.

Competition from cheatgrass depleted soil moisture and reduced growth of

Idaho fescue. Cheatgrass had greater aboveground dry weight and shoot

height than Idaho fescue. However, Idaho fescue had greater tiller and

leaf number than cheatgrass. In addition, when competing with cheatgrass,

remnant Idaho fescue plants were less adversely affected in aboveground

dry weight and shoot height than Idaho fescue plants from pristine areas.

These results indicated that remnant Idaho fescue plants may be a

different ecotype occurring in response to competition and may better

tolerate the effect of the interference from cheatgrass. This information

may serve as a basis for reestablishment of Idaho fescue in Central Oregon

rangelands.
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EFFECT OF TEMPERATURE AND COMPETITION ON SHOOT AND

ROOT GROWTH OF CHEATGRASS (BROMUS TECTORUM L.)

AND 5 COLLECTIONS OF IDAHO FESCUE (FESTUCA IDAHOENSIS. ELMER)

INTRODUCTION

Rangeland is a land area characterized by native vegetation

which is predominantly grasses, grass-like plants, or shrubs suitable

for grazing and/or browsing. It includes lands revegetated naturally or

artificially providing a forage cover managed like native vegetation

(Range Term Glossary Committee 1974). It is the largest land category

in the world (43%) (Lewis 1973). Rangelands are the source of many

resources including forage, water, wood, and recreational areas. These

resources are vital to the survival of human and animal populations.

However, there are limits to their ability to sustain the over use.

Such resources can have a low potential for production unless there is a

good and continuing management.

Growth of human and animal populations has placed considerable

pressure on natural resources, and has in many cases led to its

degradation. Loss of plant species and decline in vegetation on arid

lands are ones of the factors which have diminished this change. Forage

plants are the most important animal diet in the world. They grow

during different seasons of the year. Grasses build soil and protect

lands from wind and water erosion. Native forage plants and livestock

have a close and a complex relationship in the delicately dependent

balance with their environment.



2

We judge the range condition by the amount of native perennial

grasses existing in the range. Unfortunately, today many native grasses

have been lost due to severe grazing. On many of the world rangelands,

we see a continuous loss of perennial vegetation, which is being

accompanied by an invasion of annual weeds (Valentine 1989).

On rangelands of North America, a large scale change of

vegetation communities has occured, and still in the process of

occurring. Substantial acres in the Intermountain West, once dominated

by sagebrush steppe communities, are now dominated by alien annual weeds

such as medusahead (Taeniatherum asperum) and cheatgrass (Bromus

tectorum L.) (Evans and Young 1970). Overgrazing by livestock has

accelerated fire frequencies, and other poor land management practices

such as abandonment of cropland which has resulted in a significant

alterations of native plant communities. These alterations are

particularly evident in Oregon where cheatgrass has dominated sites

previously occupied by perennial grasses such as Idaho fescue (Festuca

idahoensis Elmer). The net effect of the vegetation changes has been

the decline of both the productivity and the aesthetic appeal of many

rangelands. Over the past twenty years, interest in restoring disturbed

ecosystems has grown rapidly (Jorden et al. 1987). This public interest

has recently been extended to the Intermountain West following the

publicity surrounding reports of the low ecological conditions of some

rangelands in this region (Sheridon 1981). Some restoration plans for

rangelands of Central Oregon, include promoting the establishment of

native perennial species such as Idaho fescue (Krueger et al. 1991).
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In central Oregon, it was observed that populations of Idaho

fescue persist in ecosystems dominated by alien weeds such as

cheatgrass despite heavy grazing and competition pressure. These

populations may have persisted by being less palatable, resistant to

grazing or tolerant to competition from cheatgrass. The first

explanation may be less probable since this species is fairly palatable

over most of its range (Dragt 1987). So, Idaho fescue populations must

tolerate some levels of defoliation and cheatgrass competition. If this

is true, remnant populations might be a potential source of genetic

material for the ecological restoration of degraded rangelands.

The knowledge of how Idaho fescue plants respond to the interference of

defoliation and competition is essential to the planning of land

management strategies. However, reduced frequency of Idaho fescue

populations across most of its range in central Oregon is evidence that

the understanding of how to maintain this grass is incomplete. Attempts

to establish native perennial bunchgrasses into cheatgrass stands have

met with limited success. Consequently, physiological studies focusing

on Idaho fescue plants and their competitive interactions with annual

weeds are urgently needed.

The objective of the present research was to determine the

effect of temperature and competition on seedling root and shoot growth

characteristics of five Idaho fescue collections from Central Oregon.

Four of the collections: BLN, LP, MCC, CMB, came from areas which

appeared to be in poor ecological conditions, while one collection

'Island' came from an area reported by Driscoll (1964) to be in pristine

conditions. Cheatgrass was collected from Combs Flat, Central Oregon
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rangelands. In order to meet the objective of this research, the

following investigations were performed:

1. Investigation of seedling root and shoot growth responses of

five Idaho fescue collections and cheatgrass at three constant

temperatures (5, 10, and 15°C). This experiment assessed: (1) root

depth (2) total root length (3) below and above ground biomass and (4)

daily root depth rate. Such information helped to determine if there was

any ecotypic difference among the Idaho fescue collections and to

predict their competitive ability with cheatgrass. Radosevich and Holt

(1984) indicated that under dryland agricultural conditions, differences

in root development among weeds and grasses ultimately determines the

outcome of competition. Grasses that have the potential for early and

rapid root growth relative to that of associated weed species, should

maintain their competitive advantage for water and nutrients throughout

the growing season.

2. Investigation of the effect of cheatgrass competition on

seedling growth of five Idaho fescue collections grown in the greenhouse

under 2 watering regimes and 3 densities 1:0, 1:5 and 1:10 (Idaho

fescue: cheatgrass). This experiment assessed: (1) shoot height, (2)

tiller number, (3) leaf number, and (4) aboveground dry weight. Such

information helped to provide a basis for understanding the differential

competitive ability between the 5 collections of Idaho fescue: Island

(IS), Lone Pine (LP), Mc Coin Orchard (MCC), Blanchard Well (BLN), and

Combs Flat (CMB) and between Idaho fescue and cheatgrass to better

access site resources and increase absorption of water and nutrients,
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especially under conditions of continious disturbance. By comparing

the growth parameters of the 1 collection of Idaho fescue from high

undisturbed areas (IS) and the 4 Idaho fescue collections from the

disturbed areas (LP, BLN, MCC and CMB) we may better understand their

competitive ability and select an ecotype which better tolerate stresses

from defoliation and competition against cheatgrass. Thus, if the

results will support the initial hypothesis, this research will be

a basis for restoration of Idaho fescue species in degraded rangelands

of Central Oregon and a model for reestablishment of native perennial

grasses.
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CHAPTER I

Effect of Temperature

on Shoot and Root Growth of Cheatgrass and

5 Idaho Fescue Collections

Abstract

Rooting characteristics are important for competitive

effectiveness in range plants. This study was conducted to determine the

effects of temperatures on seedling root and shoot growth of cheatgrass

(Bromus tectorum L) and five collections of Idaho fescue (Festuca

idahoensis Elmer). Four collections of Idaho fescue were collected from

degraded sites while the fifth Idaho fescue collection, 'Island', was

collected from a site in a high ecological condition. Seedlings were

grown in growth chambers with 16 hours day/8 hours night, at

temperatures of 5, 10 and 15°C. Root depth was recorded in a weekly

basis during a nine weeks growth period. Seedlings were harvested after

63 days. Tiller and leaf number, below and aboveground biomass and

total root length were evaluated. At temperatures of 5, 10 and 15°C,

cheatgrass seedlings produced a greater mass of roots and shoots than

the five Idaho fescue collections. The five collections of Idaho fescue

had similar root and shoot growth characteristics within temperatures at

all three temperatures. As a group, the Idaho fescue seedlings produced

fewer roots and grew slower than seedlings of cheatgrass. However, all

five Idaho fescue collections produced more tillers than cheatgrass,

except at 5°C. Cheatgrass shoot growth decreased between temperatures
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of 10 and 15°C, while the Idaho fescue seedlings growth increased as

temperature increased. These results indicated that cheatgrass exhibit

greater root and shoot growth mass, but few tillers than the five Idaho

fescue collections.
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Introduction

On many rangelands of the world, loss of native perennial

vegetation has been accompanied by invasion of aggressive annual weeds.

One example of large scale vegetation change has occurred and is still

in the process of occurring on rangelands of Oregon. On substantial

hectacrages, Idaho fescue (Festuca idahoensis Elmer) has been replaced

by various undesirable species, including the annual cheatgrass (Bromus

tectorum. L). This has led to a loss of desirable forage, and interest

in trying to find ways to enhance rangeland recovery (Jordan et al.

1987, Humphrey 1945, Daubenmire 1942).

Idaho fescue is a cool season perennial bunchgrass indigenous to

a variety of environments in nine Western states. It is an important

constituent in describing synecological associations in the

Intermountain West (Doescher 1986, Tisdale et al. 1969, Eckert 1957).

Idaho fescue plants are an excellent forage for both wildlife and

livestock (Stubbendieck et al. 1986, Vavra and Sneva 1978). Cheatgrass

is an annual species introduced from Eurasia to North America (Mack and

Thompson 1982, Young et al. 1972, Piemeisel 1951). Despite its wide

distribution, competitive growth, and forage production, cheatgrass has

many undesirable characteristics such as short growth period, yearly

forage production fluctuations and high fire hazard (Aguirre and Johnson

1991, Young et al. 1987, Klomp and Hull 1972). Cheatgrass seeds

germinate in the fall or early spring over a wide range of moisture and

temperature conditions (Aguirre and Johnson 1991, Thill et al. 1979).
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Efforts to reestablish native perennial grasses on lands

dominated by cheatgrass, have met with limited success. Reasons for

this include strong seedling development exhibited by cheatgrass.

Cheatgrass seedlings have been shown to be able to grow faster at cold

temperatures, even with little water and produce better roots which

exhibit greater depth, total length and higher biomass than native

perennial species (Melgoza and Nowak 1991, Aguirre and Johnson 1991,

Svejcar 1990, Harris 1977). The sooner roots penetrate the soil, the

greater the probability of successful establishment. As a result, rapid

root penetration at low temperatures, may be essential in successfully

establishing perennial grasses such as bluebunch wheatgrass when the

winter annual cheatgrass is abundant (Aguirre et al. 1991, Dewitt 1969).

In spite of the apparent advantage that cheatgrass has over

native perennial grasses, observations suggest that individuals of Idaho

fescue persist on highly degraded sites (Doescher-personal

communication). Because Idaho fescue has been shown to develop ecotypes

based upon geographic segregation (Tisdale 1959, 1960 ) and local

environmental conditions (Doescher 1983), I speculated that these

remnant population may in fact represent ecotypes (Turresson 1922) that

have better seedling growth characteristics than Idaho fescue from

undisturbed sites. Specifically, I hypothesized that roots of Idaho

fescue remnant plants may be able to grow better at cold temperatures,

which may let them persist on degraded rangelands and be more effective

competitors with cheatgrass (Harris 1967). The objective of the present

study was to compare the influence of temperature on seedling root and

shoot development characteristics of cheatgrass and Idaho fescue.
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Materials and Methods

Seeds of Idaho fescue and cheatgrass collected in 1989 from five

different locations in Central Oregon, were used in the root and shoot

growth experiment. The five Idaho fescue collections were from different

locations near Prineville, Oregon: (1) Island, (2) Lone Pine, (3) Mc

Coin Orchard, (4) Blanchard Well, and (5) Combs Flat. The cheatgrass

collection was from Combs Flat (Appendix 13). All sites, except for the

Island, have been subject to livestock grazing for the last 125 years

(Driscoll 1964). The soil material used in the experiment was brought

from Combs Flat, one of the five locations, on June 19, 1991.

In order to obtain seedlings of approximately the same age,

germination tests were run to determine the length of time required for

each species to germinate. Seed germination assays of the five Idaho

fescue and one cheatgrass collections, were conducted twice in the

greenhouse. The Idaho fescue seeds started germination after 7 days,

while the cheatgrass seeds germinated after 3 days.

The root growth experiment was conducted during the fall of 1991

in controlled environment chambers, at three constant temperatures of 5,

10 and 15°C). A photoperiod of 16 hours was used, with constant

illumination of 1000 Ft-c at the plant level. Plants were grown in

glass tubes (51 mm outer diameter and 60 cm long for the 5°C treatment,

and 51 mm outer diameter and 90 cm long for the 10°C and 15°C

treatments).

The glass tubes were closed at the bottom with a rubber stopper

that contained a small opening to allow water drainage. Glass tubes
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were filled with soil from the Combs Flat collection area. To prevent

the exposure of roots to light, they were protected by covering the

whole glass tube, except the top opening, with aluminum foil. The soil

was watered to field capacity two days prior to the start of the

experiment. Each collection was separately sown in glass tubes in pure

stand by placing five seeds on the soil surface and covered with 1 cm of

dried soil, wetted and allowed to germinate for 10 days under greenhouse

conditions. In order to obtain seedlings of approximately the same age,

cheatgrass was sown 5 days after Idaho fescue.

On September 10, 1991, glass tubes were moved to growth chambers

for temperature treatments. The tubes were placed in wooden racks at an

angle of 17° from the vertical to ensure that the roots grew against the

glass tubes. After 7 days seedlings were thinned to one seedling per

glass tube (Day 1) and the experiment continued for 63 days. Rooting

depth was measured and recorded on a weekly basis. To avoid drying of

the upper soil layer and the formation of a surface crust, the top soil

surface for each individual plant was wetted once a week at the end of

each day of the data collection.

Plant height, tiller and leaf number were measured at the end of

the experiment. Glass tubes were soaked in water for three days, then

the soil and roots were removed. The roots were separated from the soil

by washing with a fine mist and catching the roots on 75 mm mesh screen.

Total root length was estimated by recording the total weight of the

whole fresh root of each plant, then taking three identical subsamples

from the top, the middle and the bottom of the root and measuring their

length and total weight. Finally, developing equations to calculate the
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total root length. The above- and below- ground tissues were oven dried

at 80 °C for two days before being weighed.

Data Analysis

The study was conducted as a randomized completly block design

for each of the three temperatures (5 , 10, and 15°C) and six

collections (5 Idaho fescue and 1 cheatgrass). Individual seedlings of

each collection were randomly placed in 5 glass tubes. Then the five

glass tubes were placed in three rectangular frames with thirty

receptacles (locations). The 30 locations were divided into 5 blocks.

Each block constitutes 6 locations. Glass tubes (1 tube for each

collection) were randomly assigned to location within each block. The

three rectangular frames were randomly assigned to three growth chambers

(5, 10, and 15°C). Root depth was evaluated using a repeated measures

ANOVA using the Statistical Analysis Systems (SAS Institute Inc. 1987)

program. Analysis were performed separately for each temperature.

Other parameters total root length, above- and belowground dry weight,

shoot height, leaf and tiller number were analyzed using SAS program.

Analysis of variance and multiple comparison tests (least square

difference/ LSD), were used to identify significant differences among

means. Main effects and interactions were considered to be significant

if (P< 0.05). Only significant differences are reported in the text.
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Results

Analysis of variance revealed significant differences in root and

shoot growth between cheatgrass and Idaho fescue. Only leaf number and

ratio of root to shoot dry weight exhibited no significant differences

to 5, 10 and 15°C. No collection by temperature interactions were

detected for the analysis of any parameter (Table 1-1).

Root Depth

Root depth for both cheatgrass and Idaho fescue collections

increased as temperature increased. At 5°C, there were no significant

differences at weeks 2, 3 and 4 between cheatgrass and Idaho fescue. At

the 3 temperatures, root depths are shown separately for each collection

(Table 1-2 to 1-4 and Appendix 1-1 to 1-6). At temperatures of 5, 10

and 15°C, cheatgrass seedlings exhibited greater root depth than those

of Idaho fescue collections. At the end of 9 weeks growth period, roots

of cheatgrass penetrated to an average depths of 34.0 cm at 5°C, 88.0 cm

by week 8 at 10°C, and 88.0 cm by week 7 at 15°C (bottom of the glass

tube).

No collection by temperature interactions occurred for root

depth. Nevertheless, certain trends existed within the five Idaho

fescue collections and should be mentioned. At 5°C and at the end of 7

weeks, roots of the (BLN) collection penetrated deeper than roots of the

other Idaho fescue collections. However, at 15°C and at the end of 9

weeks, root depth of the (IS) and (BLN) collections were not different
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from that of cheatgrass. Their roots penetrated deeper than the roots

of the (CMB), (MCC) and (LP) collections.

Total Root Length

At temperatures of 5, 10 and 15°C, root length of cheatgrass

exceeded that of Idaho fescue. However, root length amongst the five

Idaho fescue collections exhibited no significant differences

(Table 1-5). As temperature increased from 10 to 15°C, root length of

cheatgrass did not have an evident increase. However, as temperature

rose, there was an evident increase in root length amongst the Idaho

fescue collections (Appendix 1-7).

Above-ground Biomass

At the end of 9 weeks, the above ground biomass of cheatgrass was

greater than Idaho fescue collections at all temperatures, except for

the (IS) collection at 15°C. Few differences were evident amongst the

Idaho fescue collections. As temperature increased, the aboveground

biomass of the Idaho fescue collections increased, except for the (IS)

and (MCC) collections. At temperature of 10 and 15°C, the (IS)

collection had greater aboveground biomass than those of the other Idaho

fescue collections (Table 1-6). Interestingly, as temperature increased

from 10 to 15°C, the aboveground biomass of cheatgrass declined.

However, the above-ground biomass of Idaho fescue increased as

temperature increased (Appendix 1-8).
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Below-ground Biomass

At temperatures of 5 and 10°C, cheatgrass exhibited greater

below-ground biomass than those of Idaho fescue. However, no

differences among cheatgrass and the (IS), (BLN) and (LP) collections

were found at 15°C. Little differences were detected amongst the Idaho

fescue collections. At 15°C, the (IS), (BLN) and (LP) collections had

greater below-ground biomass than those of the other Idaho fescue

collections (Table 1-6 and Appendix 1-9).

Daily Root Depth Rate

At temperatures of 5, 10 and 15°C and over 9 weeks, daily root

depth rate of cheatgrass was greater than that of Idaho fescue, except

with the (IS) and (BLN) collections at 15°C. At 10 and 15°C, the (IS)

collection had greater daily root depth rate than the other collections

of Idaho fescue (Table 1-6). Daily root depth rate of cheatgrass was

maximum at 10°C. While daily root depth rate of the five Idaho fescue

collections was greatest at 15°C (Appendix 1-10).

Shoot Height

At the end of 9 weeks, shoot height of cheatgrass was greater

than that of Idaho fescue, except those of the (IS) and (BLN)

collections at 5°C, and the (IS), (LP) and (MCC) collections at 10°C. At

5°C, the (IS) and (BLN) collections had greater shoot height than of the

other collections of Idaho fescue. However at 10°C, the (IS), (LP) and
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(MCC) had greater shoot height than the (CMB) and (BLN) collections

(Table 1-7).

As temperature increased from 10 to 15°C, the shoot height of all

collections decreased, except that of the (CMB) collection (Appendix 1-

11).

Tiller Number

At 5°C, cheatgrass exhibited the highest levels of tiller

production, but did not differ from the (BLN) collection. At 10 and

15°C, cheatgrass produced fewer tillers than the Idaho fescue

collections. Important differences for tiller number were not detected

among the five Idaho fescue collections, except for the low number of

tillers produced by the (CMB) collection at 5°C. As temperature

increased, tiller number increased amongst the five Idaho fescue

collections. However, cheatgrass tiller number reached a maximum at 10°C

(Appendix 1-12).



Table 1-1. Significance levels for the sources of variation for various plant characteristics in a
complete randomized block design ANOVA for cheatgrass and 5 Idaho fescue collections grown
under 3 levels of temperature.

Temperature

Plant
Characteristics 5°C 10°C 15°C

Total Root Length * ** **
Root Dry WT ** ** NS
Root Depth (T * C) ** ** **

W1 * ** **
W2 NS ** **
W3 NS ** **
W4 NS ** **
W5 ** ** **
W6 ** ** **
W7 ** ** **
W8 ** ** **
W9 ** ** *

Daily Growth ** ** *
Ab Dry WT ** ** **
Height ** ** **
Tiller ** NS **
Leaf NS NS NS
Root Shoot Ratio NS NS NS

** Significant at the 0.01 level of probability.
Significant at the 0.05 level of probability.

NS Not significant at the 0.05 level of probability.
(T * C) Time * Collection.

Root Depth: Values for root depth were analyzed as a repeated measure design.



Table 1-2. Root depth (cm) of six grass collections over a 9 week growth period at 5°C.

Week
No.

Grass Collections

(MSE)Cheatgrass Island
Blanchard

Well Combs Flat Lone Pine MCC Orchard

*
1 14.2 a 7.6 b 10.8 b 5.8 b 5.2 b 6.2 b 18.49
2 15.8 a 8.2 a 11.2 a 6.8 a 6.2 a 7.0 a 27.97
3 17.4 a 10.0 a 12.8 a 8.0 a 7.2 a 8.0 a 35.10
4 18.8 a 10.0 a 13.8 a 9.2 a 7.8 a 10.0 a 34.47
5 24.2 a 13.2 b 16.4 b 10.0 b 9.2 b 10.6 b 33.48
6 25.0 a 14.4 b 17.6 b 10.4 b 10.2 b 11.6 b 37.72
7 28.2 a 15.0 be 19.2 b 11.0 bc 10.8 c 13.0 be 40.41
8 31.8 a 15.0 b 19.6 b 11.0 b 11.0 b 13.0 b 48.71
9 34.0 a 16.0 b 20.4 b 11.0 b 12.2 b 13.4 b 52.43

* Means in the same row followed by the same letter are not significantly different at the 0.05 level of
probability using Fisher's Protected LSD.

CO



Table 1-3. Root depth (cm) of six grass collections over a 9 week growth period at 10°C.

Week
No.

Grass Collections

(MSE)Cheatgrass Island
Blanchard

Well Combs Flat Lone Pine MCC Orchard

*
1 37.2 a 20.2 b 15.6 b 13.6 b 16.4 b 18.2 b 42.88
2 46.8 a 25.8 b 19.2 b 16.2 b 22.6 b 23.2 b 74.57
3 57.6 a 28.4 b 24.4 b 18.6 b 24.4 b 24.8 b 82.14
4 70.4 a 31.8 b 28.4 b 21.8 b 27.8 b 29.2 b 65.39
5 72.8 a 33.8 b 32.6 b 23.4 b 35.2 b 32.0 b 89.73
6 80.4 a 37.0 b 33.2 b 26.8 b 36.8 b 34.6 b 65.61
7 86.4 a 40.8 b 36.6 b 31.8 b 42.0 b 41.6 b 81.40
8 88.0 a 45.2 b 40.2 b 34.4 b 44.8 b 44.4 b 86.90
9 88.0 a 52.0 b 42.4 b 38.0 b 51.2 b 47.0 b 111.04

* Means in the same row followed by the same letter are not significantly different at the 0.05 level of
probability using Fisher's Protected LSD.



Table 1-4. Root depth (cm) of six grass collections over a 9 week growth period at 15°C.

Week
No.

Grass Collections

(MSE)Cheatgrass Island
Blanchard

Well Combs Flat Lone Pine MCC Orchard

*

1 37.4 a 26.4 b 16.8 bc 15.2 bc 16.2 bc 19.0 bc 66.42
2 62.8 a 29.0 b 25.0 b 18.4 b 19.8 b 26.0 b 80.62
3 73.2 a 33.0 b 31.0 b 22.2 b 28.2 b 30.2 b 99.94
4 82.4 a 41.4 b 35.0 b 28.0 b 33.6 b 36.6 b 110.17
5 83.8 a 51.4 b 43.4 bc 33.4 bc 40.2 bc 42.2 bc 126.21
6 86.0 a 58.8 b 50.0 bc 38.0 bc 47.2 bc 48.8 bc 167.05
7 88.0 a 65.6 b 56.8 b 50.6 bc 53.4 b 53.4 b 213.07
8 88.0 a 73.6 ab 69.2 bc 54.6 bc 60.6 bc 59.8 bc 150.60
9 88.0 a 77.6 ab 73.0 abc 57.4 bc 68.4 bc 64.6 bc 158.71

* Means in the same row followed by the same letter are not significantly different at the 0.05 level of
probability using Fisher's Protected LSD.

O



Table 1-5. Total root length (cm) of six grass collections at 5, 10 and 15°C at the end of 9 weeks
growth period.

Grass Collections

Blanchard
Temp. Cheatgrass Island Well Combs Flat Lone Pine MCC Orchard (MSE)

*
5 1086.4 a 192.4 b 129.9 b 60.4 b 50.3 b 75.0 b 309968

10 9146.8 a 2561.4 b 2085.5 b 1805.6 b 2436.6 b 3200.2 b 1961739
15 9481.0 a 4591.0 b 3607.0 b 2714.0 b 4278.0 b 3807.0 b 5565513

* Means in the same row followed by the same letter are not significantly different at the 0.05 level of
probability using Fisher's Protected LSD.



Table 1-6. Root depth (cm) of six grass collections over a 9 week growth period at 5°C.

Week
No.

Grass Collections

(MSE)Cheatgrass Island
Blanchard

Well Combs Flat Lone Pine MCC Orchard

Aboveground Biomass (gm)

*
5 0.072 a 0.016 b 0.019 b 0.010 b 0.015 b 0.023 b 0.0003

10 2.277 a 1.177 b 0.610 bc 0.544 bc 0.736 bc 0.967 bc 0.2168
15 1.485 a 1.1110 ab 0.694 bc 0.591 bc 0.896 bc 0.758 bc 0.1107

Belowground Biomass (gm)

5 0.032 a 0.014 b 0.013 b 0.003 b 0.006 b 0.004 b 0.00008
10 1.650 a 0.761 b 0.567 b 0.479 b 0.577 b 0.725 b 0.12670
15 1.697 a 1.483 ab 1.255 ab 0.858 b 1.175 ab 0.953 b 0.28589

Daily Root Depth Rate (cm/day)

5 0.540 a 0.254 b 0.324 b 0.174 b 0.194 b 0.213 b 0.0132
10 1.397 a 0.825 b 0.673 bc 0.603 c 0.810 bc 0.746 bc 0.0280
15 1.397 a 1.232 ab 1.159 abc 0.911 c 1.090 bc 1.025 bc 0.0399

* Means in the same row followed by the same letter are not significantly different at the 0.05 level of
probability using Fisher's Protected LSD.



Table 1-7. Shoot height (mm) and tiller number of six grass collections over a 9 week growth period.

Grass Collections

Week Blanchard
No. Cheatgrass Island Well Combs Flat Lone Pine MCC Orchard (MSE)

Shoot Height (mm)

*
5 118.0 a 91.0 abc 96.0 ab 64.0 c 80.0 bc 63.0 c 477.0

10 169.0 a 151.0 ab 120.0 b 81.0 c 145.0 ab 139.0 ab 747.7
15 164.0 a 123.0 b 108.0 b 103.0 b 129.0 b 101.0 b 533.9

Tiller Number

5 4.4 a 2.6 bc 3.4 ab 2.0 c 2.6 bc 2.4 bc 0.9
10 21.2 b 55.8 a 49.8 ab 40.8 ab 49.4 ab 62.6 a 531.8
15 21.8 b 67.6 a 58.8 a 54.8 a 55.4 a 71.2 a 404.3

* Means in the same row followed by the same letter are not significantly different at the 0.05 level of
probability using Fisher's Protected LSD.
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Discussion

The initial hypothesis was that remnant populations of Idaho

fescue persist on degraded rangelands because root development would be

better under a range of temperature conditions than root development of

Idaho fescue plants from pristine areas. This hypothesis was based upon

the work of Harris (1967), who concluded that the ability to grow roots

at cool temperatures may be a major factor contributing to the

competitive success of cheatgrass. Thus, it was felt that, if

persistent ecotypes survived on degraded sites in competition with

cheatgrass, then they might exhibit the ability to grow roots at cool

temperatures.

Based upon my results, I would reject the hypothesis stating that

seedlings of remnant Idaho fescue collections exhibit better root growth

at cold temperatures than do populations of Idaho fescue from pristine

areas. The five collections of Idaho fescue assessed in the present

study with only a few exceptions, responded similarly in root and shoot

growth characteristics at temperatures of 5, 10 and 15°C. As a group,

Idaho fescue seedlings produced fewer roots, and their roots grew slower

than cheatgrass. These results are consistent with those of Harris

(1967, 1977), Svejcar (1990), Melgoza and Nowak (1991) and Aguirre and

Johnson (1991), who reported that cheatgrass grew well at temperatures

as low as 3°C. Cheatgrass root development at cold temperatures was

more rapid than those of native perennial species. Cheatgrass had

greater root growth than bluebunch wheatgrass and that was generally

associated with greater leaf growth (Harris 1967). Cheatgrass was more



25

efficient (per unit of biomass) in producing leaf area and root length

than Agronvron desertorum and that was probably one of the factors

contributing to the competitive advantage of cheatgrass seedlings

compared to seedlings of perennial bunchgrasses (Svejcar 1990).

Cheatgrass successfully competed with established native perennials,

needle-and-threadgrass (Stipa comata Trin and Rupr) and rabbitbrush

(Chrysothamnus viscidiflorus (Hook.) Nutt) and partially reduced the

root systems of the native species (Melgoza and Nowak 1990). Cheatgrass

elongated adventitious roots earlier at cold temperatures (10/5°C), and

exhibited greater total root length than `Hycrest., a hybrid cultivar of

crested wheatgrass (Agropyron desertorum * Agropyron cristatum),

`Whitman', a cultivar of bluebunch wheatgrass (Pseudoroegneria spicata)

and 'Secar', a cultivar of snake river wheatgrass (Elymus lanceolatus)

(Aguirre and Johnson 1991).

An interesting result of the present study was that cheatgrass

decreased in shoot growth as temperature increased from 10 to 15°C.

Typically, cool season plant species continue to grow and produce top

growth as temperature increases. Ellern and Tadmor (1966) observed that

temperatures at the range of 4 to 10°C delayed early seedlings growth in

several range plants including crested wheatgrass.

Mc William et al. (1970) found that growth rate declined as temperature

decreased from 24/19 to 15/10°C for tall fescue (Festuca arundinacea

Schreber) and Italian rye grass (Lolium multiflorum Lam.). Hsu et al.

(1985) reported that compared with growth at 25 and 30 °C, seedling

growth of perennial warm season grasses was reduced considerably at

20°C. Aguirre and Johnson (1991) stated that seedling growth of
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cheatgrass, Hycrest and Whitmar, declined markedly at 10/5°C, compared

with 15/5 and 20/5°C temperatures. In the present study, seedlings of

the five Idaho fescue collections were similar in shoot growth response

to that found in other cool season species.

Although cheatgrass did produce greater root and shoot growth at

the three temperatures, the Idaho fescue collections exhibited one major

advantage. At temperatures of 10 and 15°C, the five Idaho fescue

collections produced greater number of tillers than cheatgrass. This

result may be ecologically significant given that, when seedlings of

Idaho fescue establish, they may quickly increase their vegetative size

and occupy an increasing amount of space. This would allow the Idaho

fescue seedlings to better access site resources. Such response of the

Idaho fescue collections, is unlike that of the other perennial

bunchgrasses. Hycrest, Whitmar and Secar exhibited slower leaf and

tiller development and lower leaf area, compared to cheatgrass (Aguirre

and Johnson 1991). Rapid shoot development in cheatgrass was associated

with earlier branching of the primary roots, a greater number and order

of branching of seminal roots and earlier elongation and branching of

adventitious roots. Cheatgrass had greater leaf development and leaf

area production than Hycrest and Whitmar, although differences were

small at the 10/5°C treatment (Aguirre and Johnson 1991). In the

present study, cheatgrass exhibited the highest level of tiller

production at 5°C. Aguirre and Johnson (1991) stated that the early

elongation and branching of adventitious root axes in cheatgrass

probably contributed to enhance above-ground and seedling performance

through the increased absorption of water and nutrients.
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Conclusion

Seedling growth of remnant Idaho fescue plants did not appear to

have an advantage in root and shoot growth characteristics compared to

the collections from a pristine area. Cheatgrass exhibited greater root

and shoot growth characteristics than the collections of Idaho fescue,

except in tiller production at high temperatures. If Idaho fescue can

be established through artificial seedlings or during optimum growing

conditions, rapid tillering may be one factor aiding the reestablishment

of this species on degraded rangelands.
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CHAPTER II

Effect of Competition on Shoot Growth

of Cheatgrass and 5 Idaho Fescue Collections

Abstract

This research was conducted to determine the effect of

competition from cheatgrass (Bromus, tectorum L.) on shoot growth of 5

collections of Idaho fescue (Festuca idahoensis. Elmer). Four Idaho

fescue collections were collected from grazed and degraded rangelands

while the fifth collectionsIsland' was from a site in high ecological

condition. Seedlings were established in pots in a greenhouse under 2

watering regimes and with planting ratios of Idaho fescue to cheatgrass

set at 1:0, 1:5 and 1:10. Idaho fescue seedlings were established from

transplants grown two months ahead of cheatgrass. Shoot characteristics

were evaluated on a weekly basis during 7 weeks. Competition from

cheatgrass depleted soil moisture and reduced growth of Idaho fescue.

Cheatgrass had greater above-ground dry weight and shoot height than

Idaho fescue. However, at all levels of competition, Idaho fescue

exhibited greater tiller and leaf number than cheatgrass. In addition,

when competing against cheatgrass, Idaho fescue plants from remnant

populations were less adversely affected in above-ground dry weight and

shoot height than plants from pristine areas. These results suggest that

remnant Idaho fescue seedlings may better tolerate competition from

cheatgrass. Selection of plants from degraded sites may prove useful in

improving seedling establishment of native perennial bunchgrasses.
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Introduction

Prior to settlement, the vegetation of Central Oregon was in

dynamic balance with its environment and rangelands plant communities

provided a valuable source of forage for animals prior to settlement.

However, with settlement and the associated changes in the ecological

processes which shaped the vegetation, sagebrush steppe communities have

been altered, and now include areas dominated by alien annual weeds such

as cheatgrass (Bromus tectorum L.). Mack (1981) reported that past

heavy grazing and farming coupled with the competitive characteristics

of cheatgrass, have led to the loss on substantial hectacrages of

perennial grasses such as Idaho fescue (Festuca idahoensis Elmer.). As

a result, there has been an overall decline in desirable forage and

aesthetic appeal on these lands (Jordan et al. 1987, Evans and Young

1970). Interest is growing in trying to restore rangelands to former

native communities (Jordan et al. 1987, Sheridon 1981). Before

reestablishing native perennial bunchgrass stands and expending more

costly resources, evaluation of selected perennial bunchgrass such as

Idaho fescue for their abilities to produce and maintain a stand, would

be of value in the revegetation of these areas (Borman et al. 1991).

Idaho fescue is a cool season perennial bunchgrass indigenous to

a variety of environments in Western regions of the United States. It

is an important constituent in describing synecological associations in

the Intermountain West (Doescher 1986, Tisdale et al. 1969, Eckert

1957). Perennial Idaho fescue plants are an excellent forage for both

wildlife and livestock (Stubbendieck et al. 1986, Vavra and Sneva 1978).
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Cheatgrass is an introduced annual grass that invaded and now dominates

millions of acres of the Intermountain West, and is still expanding its

areas of invasion (Johnson and Aguirre 1991, Young et al. 1987 and

Mack 1981).

Attempts to establish native perennial grass species into natural

stands of cheatgrass have met with limited success most likely due to a

high levels of competition from cheatgrass. Numerous studies have

documented the extremely aggressive and highly competitive nature of

cheatgrass (Johnson et al. 1991, Young et al. 1987, Mack 1981).

Competition from cheatgrass has important long-term implications.

Cheatgrass successfully competes with established native perennial

grasses and partially reduces their root systems (Melgoza et al. 1991).

In spite of the apparent competitive advantage of cheatgrass over

native perennial bunchgrasses, it has been observed that individual

Idaho fescue plants on North American rangelands (Central Oregon)

persist on highly degraded sites under conditions of heavy grazing and

high densities of cheatgrass. Based upon the ability of Idaho fescue to

develop ecotypes within geographic locations (Tisdale 1959) and local

environment conditions (Doescher 1985), I speculated that remnant Idaho

fescue populations may in fact represent ecotypes (Turesson 1922) that

developped better shoot growth characteristics than Idaho fescue plants

from pristine areas. Thus, remnant Idaho fescue plants would better

tolerate competition from cheatgrass. Specifically, I hypothesized that

when competing against cheatgrass for soil moisture and nutrients,

remnant Idaho fescue plants would exhibit less reduction in shoot growth

than plants from pristine areas. The objective of the present study was
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to determine the effect of cheatgrass competition at 3 planting

densities and under two watering regimes on seedling shoot growth in 5

Idaho fescue collections.
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Materials and Methods

Mature seeds of Idaho fescue and cheatgrass collected in 1989

from five different locations in Central Oregon, were used in the

competition experiment. The five Idaho fescue collections were from

different locations near Prineville, Oregon: (1) Island, (2) Lone Pine

(3) Mc Coin Orchard, (4) Blanchard Well, and (5) Combs Flat. Cheatgrass

seeds were collected from Combs Flat (Appendix 13). All sites, except

for the Island, have been subject to livestock grazing for the last 125

years (Driscoll 1964). The soil material used in the experiment was

brought on June 19, 1991, from Combs Flat, one of the five collections'

sites.

The competition experiment between the five Idaho fescue

collections (IS, BLN, LP, CMB, and MCC) and cheatgrass was conducted in

the greenhouse during the fall of 1991. On September 17, 1991, two

seedlings of each Idaho fescue collection previously grown under

greenhouse conditions, were transplanted into one pot to establish ahead

of time of cheatgrass seedlings. Two days before the transfer of Idaho

fescue seedlings to the pots, all pots were watered to field capacity.

During the transfer, The top soil surface of each pot was covered with

one centimeter of dried soil and wetted to avoid the formation of a

surface crust. After one week, the Idaho fescue seedlings were thinned

to one seedling per pot On October 2, 1991, seeds of cheatgrass were

sown surrounding the Idaho fescue seedlings at 3 ratios 1:0, 1:5, and

1:10. On October 8, 1991, cheatgrass seedlings were thinned to one

seedling. Idaho fescue was considered as an "indicator species" with a
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constant density (D-1). Cheatgrass was a "surrounding species" with a

variable density (0, 5, and 10). The distance between seedlings of Idaho

fescue and cheatgrass seedlings was maintained constant. Plants were

grown for 7 weeks under 2 watering regimes. Watering regime one (WR1)

consisted of watering the pots to field capacity once every week.

Watering regime two (WR2) consisted of watering the pots to field

capacity once every two weeks. The original field capacity of the soil

in pots was determined based on the measurements of wet and oven dry

weight (72 hours) for twelve pots selected at random. To bring each pot

to its field capacity and to determine the amount of water needed based

on the initial field capacity during each watering date, six pots per

block representing the two watering regimes and the three densities,

were randomly chosen and their wet and dry weights were measured. The

amount of water needed was added using a graduated plastic bottle. The

soil material used for the experiment was the same soil used for the

root growth experiment.

Beginning October 22, 1991 (Day 1), plant height, tiller and leaf

number were recorded at one week intervals, and the experiment continued

until day 56. During this period, the mean daily temperature in the

greenhouse varied from 18 to 24°C. At the end of the experiment,

destructive sampling of Idaho fescue and cheatgrass plants provided a

measure of dry weight (leaves and stems summed). The above-ground

tissues were oven dried for 2 days at 80°C and weighed.

Data Analysis

The study was conducted as a Split-Split Block Design with
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density and watering regimes as main Split-Block factors and collection

as Split-Plot factor. The treatment constituted of

5 Idaho fescue Collections, 3 cheatgrass Densities (0, 5, and 10) and 2

Watering regimes. Treatments were randomly assigned to four blocks (or

benches) in the greenhouse. Shoot height, tiller and leaf number were

evaluated using a repeated measures ANOVA using the Statistical Analysis

Systems (SAS Institute Inc. 1987) program. The above-ground dry weight

was analyzed using a Randomized Block Design.

Analysis of variance and the multiple comparison test (least

significant difference /LSD) were used to identify significant

differences among means (Steel and Torrie 1980). Main effects and

interactions were considered to be significant if (P< 0.05). Only

significant differences are reported in the text.
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Results

The 3-way (watering * collection * density) and 2- way

(watering * collection) interactions were not significant for any

seedling characteristics. The 2-way (watering * density) interaction

was only significant for the aboveground dry weight. A significant 2-

way (collection * density) interaction was observed for both the

aboveground dry weight and shoot height (Table 2-1).

Above- ground Dry Weight

At the end of 7 weeks growth period in the greenhouse, Idaho

fescue collections growing in competition with cheatgrass at 1:5 and

1:10 planting ratio (Idaho fescue:cheatgrass), did not differ in above-

ground dry weight (Table 2-2). However, with no cheatgrass, (1:0), the

`Island' collection had a greater aboveground dry weight than the other

Idaho fescue collections.

When comparing Idaho fescue response within collections to

increasing levels of competition from cheatgrass, the Island collection

exhibited a different response than the other Idaho fescue collections.

The above-ground dry weight of the 'Island' collection decreased at both

1:5 and 1:10 ratios, whereas the (BLN) and (MCC) collections only

decreased from control to 1:10 ratios. the above- ground dry weight of

the (LP) and (CMB) collections, increased from control to 1:5 ratio and

decreased at 1:10 ratio. In addition, the (LP) and (MCC) at 1:5

ratio exhibited a greater above-ground dry weight in comparison with

1:10 ratio (Appendix 2-1).
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With respect to cheatgrass response, an increasingly greater

total above-ground dry weight was shown at 1:10 ratio. No significant

differences were observed in above-ground dry weight of cheatgrass in

response to competition from the various collections of Idaho fescue

(Table 2-3) and (Appendix 2-2).

With no cheatgrass, as a group, the Idaho fescue collections

produced greater aboveground dry weight when watered once every two

weeks than when watered once every week (Table 2-4). In competition

with cheatgrass, Idaho fescue collections produced the highest

aboveground dry weight when watered once every week. As cheatgrass

density increased, Idaho fescue aboveground dry weight decreased at both

watering regimes (Appendix 2-3).

Shoot Height

During the 7 week study period, shoot height of both cheatgrass

and Idaho fescue showed a weekly increase (Figures 2-1 to 2-5). Shoot

height of Idaho fescue was smallest at 1:0, intermediate at 1:10 and

highest at 1:5 planting ratios. With no cheatgrass, seedlings of

`Island' collection exhibited the highest shoot height during the study

period (Figure 2-1). In competition with cheatgrass, Idaho fescue

collections did not differ in shoot height when grown at the same

planting ratios (Figures 2-2 and 2-3).

When comparing Idaho fescue response within collections to

increasing levels of competition with cheatgrass, the 5 Idaho fescue

collections exhibited a substantial increase in shoot height from 1:0 to

1:5 ratio. However, from 1:5 to 1:10 ratio, Idaho fescue collections
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showed different responses in shoot height. Although, the shoot height

of the (IS), (CMB) and (LP) collections decreased, the (BLN) and (MCC)

collections exhibited similar shoot height at both 1:5 and 1:10 ratios

(Table 2-5) and (Appendix 2-4).

With respect to cheatgrass response, a decreasingly lower shoot

height was shown at 1:10 ratio (Table 2-6). But, at both 1:0 and 1:10

ratios, cheatgrass exhibited greater shoot height than Idaho fescue. No

significant differences were observed in shoot height of cheatgrass in

response to competition from the various Idaho fescue collections

(Appendix 2-5).

Tiller Number

Tiller number of both cheatgrass and Idaho fescue increased

weekly during the 7 weeks study period (Figure 2-6). Tiller number of

Idaho fescue seedlings was smallest at 1:10, intermediate at 1:5, and

highest at 1:0 planting ratios (Idaho fescue: cheatgrass). With no

cheatgrass, Idaho fescue exhibited greater tiller number than with

cheatgrass (Appendix 2-6). However, remnant Idaho fescue collections

did not differ in tiller number from 'Island' collection. In

competition of Idaho fescue exhibited greater tiller number than

cheatgrass seedlings. However, Idaho fescue collections did not differ

from each other when grown at the same levels of cheatgrass competition.

At both 1:5 and 1:10 ratios, cheatgrass seedlings had similar tiller

number (Table 2-7).
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Leaf Number

Leaf number increased on a weekly basis for both cheatgrass and

Idaho fescue. Leaf number of Idaho fescue was smallest at 1:10,

intermediate at 1:5 and highest at 1:0 planting ratios (Figure 2-7).

With no cheatgrass, remnant Idaho fescue plants did not differ in leaf

number from plants of pristine areas. However, the 5 Idaho fescue

collections exhibited greater leaf number with no cheatgrass than with

cheatgrass. In competition, Idaho fescue collections had more leaves

than cheatgrass. However, Idaho fescue collections did not differ from

each other in leaf number when grown at the same planting ratios

(Appendix 2-7). At both 1:5 and 1:10 planting ratios, cheatgrass

exhibited similar leaf numbers (Table 2-8).



Table 2-1. Significance levels for the sources of variation for various plant characteristics
in split-block ANOVA for 5 Idaho fescue collections grown in greenhouse at 1:0,
1:5 and 1:10 planting ratios (Idaho fescue:cheatgrass).

Source of Above DRWT Shoot Height Tiller Number Leaf Number
variation -df

Block (B) 3 ** NV ** **
Water (W) 1 NS NV NS NS
Error (E) 3
Density (D) 2 ** ** ** **
Error B 6
WD 2 ** NV NS NS
Error C 6
Collec. (C) 4 ** ** NS NS
WC 4 NS NS NS NS
CD 8 ** ** NS NS
WCD 8 NS NS NS NS

** = Significant at the 0.01 level of probability.
NS = Not significant at the 0.05 level of probability.
NV = Not valid.



Table 2-2. Effect of density and collection on above-ground dry weight (gm) of 5 Idaho fescue collections
grown in greenhouse at 1:0, 1:5 and 1:10 planting ratios (Idaho fescue: cheatgrass) at the endof 7 weeks growth period.

Idaho fescue Collections

Density Island Blanchard Well Combs Flat Lone Pine MCC Orchard (MSE)

*

MO 0.5666 Aa 0.3303 Ab 0.2656 ABb 0.2906 ABb 0.3261 Ab 0.011F1C5 0.3712 Ba 0.3619 Aa 0.3639 Aa 0.3442 Aa 0.3391 Aa 0.011F1C10 0.2467 Ca 0.2213 Ba 0.2115 Ba 0.2110 Ba 0.2042 Ba 0.011

* Means followed by the same capital letter within a column are not significantly different at
the 0.05 level of probability using Fisher's Protected LSD.

* Means followed by the same lower case letter within a row are not significantly different at
the 0.05 level of probability using Fisher's Protected LSD.

F1C0 = Planting ratio of Idaho fescue to cheatgrass (1:0).
F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).
F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).



Table 2-3. Effect of density and collection on above-ground dry weight (gm) of Cheatgrass grownin greenhouse with 5 Idaho fescue collections at 1:5 and 1:10 planting ratios
(Idaho fescue: cheatgrass) at the end of 7 weeks growth period.

Idaho fescue Collections

Density Island Blanchard Well Combs Flat Lone Pine MCC Orchard (MSE)

F1C5 1.9633 Aa 1.9181 Aa 2.0140 Aa 1.8031 Aa 1.7350 Aa 0.011F1C10 2.4655 Ba 2.1892 Ba 2.1390 Ba 2.0779 Ba 2.0008 Ba 0.011

* Means followed by the same capital letter within a column are not
the 0.05 level of probability using Fisher's Protected LSD.

* Means followed by the same lower case letter within a row are not
the 0.05 level of probability using Fisher's Protected LSD.

F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).
F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).

significantly different at

significantly different at



Table 2-4. Effect of density and watering regimes on above-ground dry weight
(gm) of 5 Idaho fescue collections grown in greenhouse at 1:0,
1:5 and 1:10 planting ratios (Idaho fescue:cheatgrass) at the end of
7 weeks growth period.

Watering regimes

Density 1 Week 2 Weeks (MSE)

*
F1CO 0.3203 Aa 0.3913 Ab 0.011
F1C5 0.4071 Ba 0.3049 Bb 0.011F1C10 0.2548 Ca 0.1830 Cb 0.011

Means followed by the same capital letter within a column are not significantly
different at the 0.05 level of probability using Fisher's Protected LSD.

Means followed by the same lower case letter within a row are not significantly
different at the 0.05 level of probability using Fisher's Protected LSD.

F1CO = Planting ratio of Idaho fescue to cheatgrass (1:0).
F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).
F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).

1 Week = Watering regime once every week.
2 Weeks = Watering regime once every two weeks.



Figure 2-1. Effect of density and collection on shoot height (mm) of 5 Idaho fescue collections grown ingreenhouse with no cheatgrass.
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Figure 2-2. Effect of density and collection on shoot height (mm) of 5 Idaho fescue collections grown ingreenhouse at 1:5 planting ratio (Idaho fescue:cheatgrass).
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Figure 2-3. Effect of density and collection on shoot height (mm) of 5 Idaho fescue collections grown ingreenhouse at 1:10 planting ratio (Idaho fescue:cheatgrass).
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Figure 2-4. Effect of density and collection on shoot height (mm) of cheatgrass grown in greenhouse withIdaho fescue collections at 1:5 planting ratio (Idaho fescue:cheatgrass).
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Figure 2-5. Effect of density and collection on shoot height (mm) of cheatgrass grown in greenhouse withIdaho fescue collections at 1:10 planting ratio (Idaho fescue:cheatgrass).
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Table 2-5. Effect of density and collections on shoot height (mm) of 5 Idaho fescue
collections grown in greenhouse at 1:0, 1:5 and 1:10 planting ratios
(Idaho fescue: cheatgrass) at the end of the 7th week growth period.

Density

Idaho fescue Collections

Island Blanchard Well Combs Flat Lone Pine Mcc Orchard

F1C0
F1C5
F1C10

*
276.2 Aa
321.8 Ba
302.0 ABa

191.2 Ab
318.7 Ba
291.1 Ba

191.2 Ab
323.1 Ba
290.8 Ca

182.5 Ab
311.7 Ba
277.8 Ca

190.3 Ab
308.2 Ba
283.0 Ba

Means followed by the same capital letter within a column are not significantly
different at the 0.05 level of probability using Fisher's Protected LSD.

Means followed by the same lower case letter within a row are not significantly
different at the 0.05 level of probability using Fisher's Protected LSD.

F1CO = Planting ratio of Idaho fescue to cheatgrass (1:0).
F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).
F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).



Table 2-6. Effect of density and collections on shoot height (mm) of cheatgrass grown
in greenhouse with 5 Idaho fescue collections at 1:5 and 1:10 planting
ratios (Idaho fescue: cheatgrass) at the end of the 7th week growth period.

Idaho fescue Collections

Density Island Blanchard Well Combs Flat Lone Pine MCC Orchard

*
F1C5 340.0 Ab 343.3 Ab 348.0 Ab 336.9 Ab 333.0 Ab
F1C10 310.0 Bb 302.0 Bb 303.0 Bb 289.5 Ab 290.3 Bb

* Means followed by the same capital letter within a column are not significantly
different at the 0.05 level of probability using Fisher's Protected LSD.

* Means followed by the same lower case letter within a row are not significantly
different at the 0.05 level of probability using Fisher's Protected LSD.

F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).
F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).



Figure 2-6. Effect of density on tiller number of 5 Idaho fescue
collections grown in greenhouse at 1:0, 1:5, and 1:10
planting ratios (Idaho fescue:cheatgrass).
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Table 2-7. Effect of density on tiller number of cheatgrass grown in greenhouse with 5 Idaho
fescue collections at 1:5 and 1:10 planting ratios (Idaho fescue: cheatgrass)
over a 7 weeks growth period.

Density

Weeks

First Second Third Fourth Fifth Sixth Seventh

F1C5

F1C10

(MSE)

1.76 a

1.00 a

5.09

2.78 a

1.64 a

5.64

2.80 a

2.54 a

9.10

3.52 a

2.84 a

21.29

4.20 a

3.06 b

27.50

5.08 a

3.48 b

43.50

5.40 a

3.74 a

79.26

* Means followed by the same letter within a column are not significantly different at
the 0.05 level of probability using Fisher's LSD.

F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).
F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).



Figure 2-7. Effect of density on leaf number of 5 Idaho fescue
collections grown in greenhouse at 1:0, 1:5, and 1:10
planting ratios (Idaho fescue:cheatgrass),
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Table 2-8. Effect of density on leaf number of cheatgrass grown in greenhouse with 5 Idaho fescue
collections at 1:5 and 1:10 planting ratios (Idaho fescue: cheatgrass) over a 7 weeksgrowth period.

Density

Weeks

First Second Third Fourth Fifth Sixth Seventh

F1C5

F1C10

(ESE)

4.20 a

4.00 a

20.41

5.00 a

4.68 a

21.98

8.34 a

7.72 a

84.41

11.40 a

9.61 a

166.34

17.74 a

11.48 a

263.45

20.04 a

14.80 a

443.43

24.38 a

17.40 a

831.21

* Means followed by the same letter within a column are not significantly different
at the 0.05 level of probability using Fisher's LSD.

F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).
F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).
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Discussion

The initial research hypothesis was that remnant Idaho fescue

plants persist on degraded rangelands because they are more effective

competitors with alien weeds such as cheatgrass than Idaho fescue plants

from a pristine area. Specifically, when competing against cheatgrass

for soil moisture and nutrients, remnant Idaho fescue plants would

exhibit less reduction in shoot growth than Idaho fescue plants from

pristine areas. This research hypothesis was based upon the observation

that on degraded rangelands, remnant Idaho fescue populations persist

under conditions of heavy grazing and high densities of cheatgrass.

The results of the present study support the initial research

hypothesis stating that remnant Idaho fescue plants exhibited

characteristics which able them tolerate competition with cheatgrass to

a greater degree than plants from a pristine area. This relationship

was evident at the (1:5) level of competition, where Idaho fescue plants

from remnant populations were either similar or higher in aboveground

dry weight than with no cheatgrass. In contrast, Idaho fescue plants

from the Island collection exhibited a marked decline in aboveground dry

weight.

Relative to research which has documented the responses of

perennial bunchgrasses separately to defoliation effects (Archer et al.

1991, Mullahey et al. 1991, Polley et al. 1988, Delting et al. 1983,

Coppock et al. 1983 a, Quinn et al. 1967, Peterson 1962), or to intra-

interspecific competition (Melgoza et al. 1991, Butler et al. 1988,

Garman 1985, Berendse 1985, Archer et al. 1984, Mueggler 1970), I have
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found no studies which have examined the responses of native perennial

bunchgrass populations which were subject to historical levels of

herbivory and competition, to the effect of competition with alien weeds

such as cheatgrass. However, others have shown interspecific

differences in competition ability among some perennial competing

against cheatgrass. Buman et al. (1988) stated that 'Hycrest', a

cultivar of Hybrid crested wheatgrass [Agropyron cristatum (L.) Gaert. x

A. desertorum (Fisch. ex Link) Schult.] exhibited similar temperature

requirements for germination, similar shoot and root dry weight, leaf

area, and maximum root length as cheatgrass in a seedling competition

experiment. Aguirre and Johnson (1991) reported that 'Hycrest'

seedlings were more effective competitors with cheatgrass than seedlings

of `Whitman' bluebunch wheatgrass [Pseudoroegneria spicata

(Pursh) Love].

Results of the present study are not be surprising based on past

research which has documented the development of ecotypic variation in

arid land species (Rice et al. 1992, 1991, Doescher et al. 1983, Clay

1975, Ward 1969, Lodge 1962, Bradshaw 1960, Kemp 1937, Stapledon 1928,

Gregor and Sansome 1926, Turesson 1922). Typically these studies have

evaluated ecotypic development in response to climatic and site factors

(Rice et al. 1992, 1991, Doescher 1983, Stocker 1975, Tisdale 1962), and

in response to herbivory (McNaughton 1992, Archer and Pyke 1991, Pierson

and Mack 1990, Butler and Briske 1988, Polley and Delting 1988, Carman

1985, Delting et al. 1983, Quinn and Miller 1967). Through genetic

selection, remnant plants appear to have developed specific

physiological and morphological mechanisms which allow them to tolerate
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cheatgrass competition under the stressful and relatively less

productive environments which exist in Central Oregon. What is unique

in our study is that there appears to exist ecotypes of a species where

abundance has declined during the past 100 years. Reasons cited for

this decline include the interaction of low tolerance to herbivory (Mack

and Thompson 1982, Mack 1981) and competition from introduced alien

weeds (Rice et al.1992, Aguirre et al. 1991, Melgoza et al. 1991, Mack

and Thompson 1982, Baker 1972, Harper 1965, Salsbury 1961). These

results suggest the possibility of genetic selection for tolerance to

stress caused by competition and may indicate an evolutionary response

in the native grasses of the Pacific Northwest to the introduction of

alien competitors.

With respect to the interactive factor of herbivory and its

possible impact upon ecotype selection in Idaho fescue and at no

competition, plants from pristine areas exhibited greater shoot height

compared to remnant plants of Idaho fescue. This result is supported by

(Carman et al. 1985, Polley et al. 1983, McNaughton 1979a, 1979b, Warwik

et al. 1978, Quinn et al. 1967, Lodge 1962, Stapledon 1928) who reported

that frequent and intensive defoliation of plant populations often

selects for shorter and more prostrate individuals than that which

occurs in nondefoliated or less frequently defoliated plant populations.

However, when comparing Idaho fescue responses within collections to

increasing levels of competition, all collections of Idaho fescue showed

an increase in shoot height from the control 1:0 to 1:5 ratio. The

remnant Idaho fescue collections exhibited 40% increase, while the

collection from the pristine area, only showed 14% increase in shoot
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height. This suggests that competition which had greater negative

impacts on the growth of Idaho fescue from the pristine area, may

interact with defoliation to make this ecotype more susceptible to loss

under conditions of heavy grazing and competition. The interaction of

defoliation and competition was previously assessed by Mueggler (1970)

who found that the detrimental effects of clipping on Idaho fescue

decreases as competition decreases. He stated that partly reducing

competition more than compensated for the effects of heavy clipping on

herbage and flower production, and eliminating competition more than

offset the effects of extreme clipping. Mueggler (1970) added that

apparently, under a normal climatic condition, healthy Idaho fescue

plants may achieve their potential height growth even under the

competition stress from associated vegetation.

In the present study, Idaho fescue collections did not differ

from one another in tiller and leaf number as a result of cheatgrass

competition. As cheatgrass density increased, tiller and leaf number

declined. Aguirre and Johnson (1991) and Romo and Eddleman (1987)

reported that perennial bluebunch wheatgrass, Junegrass, squirreltail,

Hycrest and Whitmar produced more tillers and leaves at no competition

than at competition with weeds. Unlike other studies, in competition

the 5 Idaho fescue collections exhibited greater tiller and leaf number

than cheatgrass. This may be a significant ecological advantage to the

establishment of Idaho fescue seedlings by rapidly increasing their

vegetative size, occupying an increasing amount of space and getting

better access to site resources.
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In contrast to Idaho fescue, the aboveground dry weight, shoot

height, tiller and leaf number of cheatgrass were not affected. At both

1:5 and 1:10 ratios (Idaho fescue:cheatgrass), cheatgrass exhibited

greater aboveground dry weight and shoot height than Idaho fescue. These

results are supported by (Aguirre et al. 1991, Melgoza et al. 1991,

Svejcar 1990, Valentine 1989, Young et al. 1987, Harris 1967, Evans

1961). However, cheatgrass did exhibit similar tiller and leaf number at

both levels of competition.

With respect to watering regime effects, with no cheatgrass Idaho

fescue produced greater aboveground dry weight when watered once every

two weeks than when watered once every week. In competition with

cheatgrass, Idaho fescue produced greater above-ground dry weight when

watered once every week. Hennessy et al.(1984) reported that the timing

of precipitation is as important as the total amount. As cheatgrass

density increased, the above-ground dry weight of Idaho fescue decreased

at both watering regimes. Melgoza et al. (1991) reported that

competition for water between cheatgrass and native species at the soil

surface would be intense if both draw water at the same time and in a

limited water resources conditions. Cline et al. (1977) stated that

cheatgrass is more effective in drawing water from soil surface early in

the spring than perennial grasses. In this study, the soil used for

plant growth was from one of the sites of the Idaho fescue collections.

Mueggler (1970) stated that the availability of soil, water and

nutrients for plants grown in pots would primarily depend upon the

watering regime, and upon the amount and fertility of the soil within

the pot.
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Conclusion

Plants of Idaho fescue from remnant populations were less

adversely affected in aboveground dry weight and shoot height than

plants from pristine area. In addition at all levels of competition

with cheatgrass, remnant Idaho fescue plants produced more tillers and

leaves than cheatgrass. Although remnant plants were not only subject

to competitive pressures as degraded sites, but also to a high degree

impact of historical herbivory, they may be better able to tolerate the

interactive effects of competition and defoliation than plants from

pristine area. Morphological measurements of suggested that Idaho

fescue from the degraded areas have characteristics found in more

tolerant populations. With respect to cheatgrass, no competition

effects from the various Idaho fescue collections were noted on above-

ground dry weight and shoot height. But, at both levels of competition,

cheatgrass exhibited less tillers and leaves than all collections of

Idaho fescue.

Based upon tillering capacity and tolerance of weed competition,

together, I suggest that ecotypic development has occurred in response

to competition in Idaho fescue species from Central Oregon. This

information, if genetically well supported, will serve as a basis to

select plants for revegetation purposes. Thus, to improve seedling

establishment of perennial grasses, attention should be placed on

selecting ecotypes that exhibit an ability to resist grazing and

tolerate weed competition.
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SUMMARY AND CONCLUSIONS

At temperatures of 5, 10 and 15°C, cheatgrass (Bromus

tectorum L.) exhibited greater root and shoot growth characteristics

than Idaho fescue (Festuca idahoensis Elmer), except in tiller number at

high temperatures. This result indicated that cheatgrass grew well and

more rapidly at cold temperatures than Idaho fescue. Therefore, rapid

root and shoot growth at low temperatures was not important

characteristic of remnant Idaho fescue persisting on degraded

rangelands. The present lack of evidence for populations

differentiation among Idaho fescue collections in root growth

characteristics, would not eliminate the possibility that such

differences may exist. We may need larger number of populations

examined and longer period of time in research.

In competition conditions, cheatgrass depleted soil moisture and

reduced growth of Idaho fescue. The above-ground dry weight and shoot

height of cheatgrass were not affected by the various Idaho fescue

collections. This suggested that cheatgrass is an aggressive competitor

and is more effective in drawing water and nutrient than perennial

bunchgrasses. However, at both levels of competition, Idaho fescue

exhibited greater tiller and leaf number than cheatgrass.

This may be ecologically significant given that, increasing vegetative

size would allow Idaho fescue plants to occupy more space and have

better access to site resources. In addition, Idaho fescue plants from

remnant populations were less adversely affected in above-ground dry

weight and shoot height than plants from pristine areas. This is a
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signal that remnant plants may better tolerate the effect of

competition.

Based upon to tolerance of remnant plants of Idaho fescue to

cheatgrass competition, together, I suggest that ecotypic

differentiation has occurred in Idaho fescue populations from Central

Oregon. In addition, the high tillering capacity of Idaho fescue may

serve as a basis for its reestablishment in rangelands if competition

from cheatgrass is reduced. However, because defoliation by large

herbivores is present on rangelands of Eastern Oregon, future studies

need to address the close association between defoliation and

competition effects between Idaho fescue ecotypes.
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Appendix 1-1. Root Depth of Blanchard Well Collection at 3
Temperatures.
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Appendix 1-2. Root Depth of Cheatgrass Collection at 3 Temperatures.
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Appendix 1-3. Root Depth of Combs Flat Collection at 3 Temperatures.
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Appendix 1-4. Root Depth of Island Collection at 3 Temperatures.
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Appendix 1-5. Root Depth of Lone Pine Collection at 3 Temperatures.
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Appendix 1-6. Root Depth of McCoin Orchard Collection at 3
Temperatures.
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Appendix 1-7. Total Root Length (cm) of 6 Grass Collections at 5, 10,
and 15°C at the End of Nine Weeks Growth Period.

12000

T. 10000 -

12i ) 6000 -

o 6000 -
0
C4

7:$ 4000 -o

2000 -

0 re

CH IS LP MCC

Collections

.1=

BLN CMB



Appendix 1-8. Aboveground Biomass (gm) of 6 Grass Collections at 5,
10, and 15°C at the End of Nine Weeks Growth Period.
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Appendix 1-9. Belowground Biomass (gm) of 6 Grass Collections at 5,
10, and 15°C at the End of Nine Weeks Growth Period.
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Appendix 1-10. Daily Depth Rate (cm/day)of 6 Grass Collections at 5,
10, and 15°C at the End of Nine Weeks Growth Period.
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Appendix 1-11. Shoot Height (mm) of 6 Criss Collections at 5, 10, and
15°C at the End of Nine Weeks Growth Period.

180

160

140

120

100

80

60

40
CH IS LP MCC

Collections
BLN CMB



82

Appendix 1-12. Tiller Number of 6 Grass Collections at 5, 10, and 15'C

at the End of Nine Weeks Growth Period.
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Appendix 2-1. Effect of Density and Collection on Aboveground Dry
Weight (gm) of 5 Idaho Fescue Collections Grown in
Greenhouse at 1:0, 1:5, and 1:10 Planting Ratios (Idaho
fescue: cheatgrass).
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Appendix 2-2. Effect of Density and Collection on Aboveground Dry
Weight (gm) of cheatgrass Grown in Greenhouse with 5
Idaho Fescue Collections at 1:5 and 1:10 Planting
Ratios (Idaho fescue: chiatgrass).
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Appendix 2-3. Effect of Density and Watering Regimes on Aboveground
Dry Weight (gm) of 5 Idaho Fescue Collections Grown in
Greenhouse at 1:0, 1:5, and 1:10 Planting Ratios (Idaho
fescue: cheatgrass).
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Appendix 2-4. Effect of density and collections on shoot height (mm) of 5 Idaho fescue
collections grown in greenhouse at 1:0, 1:5 and 1:10 planting ratios
(Idaho fescue: cheatgrass) over a 7 weeks growth period.

Collections
/Density

Weeks

First Second Third Fourth Fifth Sixth Seventh

Island
F1C0 165.9 811.8 200.3 214.7 226.2 253.4 276.2F1C5 164.8 202.6 243.1 279.0 304.2 316.6 321.8F1C10 165.3 208.1 250.4 277.3 294.6 298.8 302.0Blanchard Well
F1C0 113.7 125.0 139.1 152.5 158.7 172.2 191.2F1C5 152.3 186.9 228.5 269.7 297.4 311.9 318.7F1C10 154.4 192.1 232.7 257.6 277.0 284.5 291.1Combs Flat
F1C0 117.5 125.0 137.2 146.6 163.4 175.0 191.2F1C5 152.7 190.1 230.5 273.6 296.9 314.9 323.1F1C10 151.1 189.5 229.6 256.6 275.7 286.4 290.8Lone Pine
F1C0 113.4 122.2 129.4 141.9 152.8 163.1 182.5F1C5 151.3 186.9 223.6 259.6 284.4 303.2 311.7F1C10 150.7 186.7 225.1 251.9 268.4 273.0 277.8MCC Orchard
F1C0 116.9 127.8 139.4 148.1 158.1 171.6 190.3F1C5 164.1 197.6 236.4 272.9 297.2 305.5 308.2F1C10 151.5 188.8 225.1 250.3 264.8 272.3 283.0

(MSE) 250.5 338.3 439.3 535.6 672.3 714.1 813.3

* Means followed by the same letter within a column are not
level of probability using Fisher's Protected LSD.

F1CO, F1C5, F1C10 = Planting ratios of Idaho fescue to

significantly different at the 0.05

cheatgrass (1:0, 1:5, 1:10).



Appendix 2-5. Effect of density and collections on shoot height (mm) of cheatgrass grown in
greenhouse with 5 Idaho fescue collections at 1:5 and 1:10 planting ratios
(Idaho fescue: cheatgrass) over a 7 weeks growth period.

Collections
/Density

Weeks

First Second Third Fourth Fifth Sixth Seventh

Island
F1C5 162.9 206.4 252.6 292.0 320.9 334.2 340.0F1C10 166.1 210.9 256.1 284.5 302.9 306.9 310.3

Blanchard Well
F1C5 157.9 197.7 244.8 291.2 323.1 337.8 343.3F1C10 156.2 196.7 240.1 266.8 287.6 295.0 302.1

Combs Flat
F1C5 158.1 200.7 246.6 295.7 322.5 342.1 348.0F1C10 153.6 195.1 238.4 266.2 286.4 297.3 303.0

Lone Pine
F1C5 154.2 194.6 237.1 278.7 306.6 327.9 336.9
F1C10 153.4 192.1 233.1 262.1 279.9 284.5 289.5

MCC Orchard
F1C5 170.3 208.4 252.1 293.2 321.0 329.9 333.0F1C10 151.4 191.1 229.5 256.3 271.8 279.3 290.3

(MSE) 250.5 338.3 439.3 535.6 672.3 714.1 813.3

* Means followed by the same letter within a column are not significantly different at the
0.05 level of probability using Fisher's Protected LSD.

F1CO, F1C5, F1C10 = Planting ratios of Idaho fescue to cheatgrass (1:0, 1:5, 1:10).



Appendix 2-6. Effect of density on tiller number of 5 Idaho fescue collections grown in
greenhouse at 1:0, 1:5 and 1:10 planting ratios (Idaho fescue: cheatgrass)over a 7 weeks growth period.

Weeks

Density First Second Third Fourth Fifth Sixth Seventh
PICO 9.96 a 10.98 a 13.76 a 17.96 a 23.08 a 29.58 a 37.84 aF1C5 2.76 b 3.57 b 4.91 b 6.06 b 7.18 b 8.52 b 9.14 bF1C10 2.10 b 2.77 b 3.88 b 4.48 b 4.88 b 5.45 b 5.83 b
(ESE) 5.09 5.64 9.10 21.29 27.50 43.94 79.26

* Means followed by
the 0.05 level of

the same letter within a column are not significantly different at
probability using Fisher's Protected LSD.

F1CO = Planting ratio of Idaho fescue to cheatgrass (1:0).F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).



Appendix 2-7. Effect of density on leaf number of five Idaho fescue collections grown in
greenhouse at 1:0, 1:5 and 1:10 planting ratios (Idaho fescue: cheatgrass)
over a 7 weeks growth period.

Weeks

Density First Second Third Fourth Fifth Sixth Seventh

F1C0 19.90 a 22.08 a 35.80 a 48.50 a 64.29 a 87.55 a 109.34 aF1C5 7.28 b 8.46 b 13.88 b 18.17 b 22.85 b 29.21 b 33.92 bF1C10 5.93 b 6.88 b 11.36 b 13.95 b 16.39 b 20.24 b 22.10 b

(MSE) 20.41 21.98 84.41 166.34 263.45 443.43 831.21

* Means followed by
the 0.05 level of

the same letter within a column are not significantly different at
probability using Fisher's Protected LSD.

F1CO = Planting ratio of Idaho fescue to cheatgrass (1:0).
F1C5 = Planting ratio of Idaho fescue to cheatgrass (1:5).
F1C10 = Planting ratio of Idaho fescue to cheatgrass (1:10).
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Appendix 1-13. STUDY AREA CHARACTERISTICS

Climatic Characteristics

Central Oregon area the focus of this study, is a roughly

triangular area bound by Madras on the northwest, by Redmond to the

southwest, and by Prineville to the east. The regional climate of the

study area is continental, modified by marine air currents from the

Pacific Ocean. It is semi-arid and characterized by low annual

precipitations, dry summers with warm days, cool nights and cool-to-

cold relatively snow-free winters. The annual precipitation varies

greatly by locality and by year. At Redmond, 20 miles north of Bend

and in the central of the area, the average annual precipitation based

on 29 years of record, is 8.54 inches. Approximately 88% of the

annual precipitation occurs as rain and snow, fairly evenly

distributed from October through June. The summer months, frequently

are completely dry. The precipitation occurring during the summer is

ineffective for the perennial plant growth because of low intensity

storms (less than 0.25 in per storm) and of high day temperatures

(exceeding 80°F). Temperatures are fluctuating, and freezing is

possible in any month of the year. This untimely climatic sequence,

undoubtedly influenced plant growth, particularly herbaceous species

and resulting in a climatic bias of the vegetation data (Driscall,

1964). The average growing season lasts about 100 days (NOAA 1981-

89). The effective environment of Idaho fescue in the study area

varies markedly between August and November. August temperatures and

light regimes favor growth. But, the available moisture is a limiting
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factor. September and October are more moist than August, but

moisture still limited, day length shorter, and temperature may be

cool. During November, when day length is short and mean minimum

temperatures are below freezing, the Idaho fescue growth is probably

inhibited. To germinate and to establish in Central Oregon during

late summer and fall, Idaho fescue requires a "pulse" such as wet

August and/or a warm november, as a process in the dynamics of plant

populations in arid and semi-arid regions ( Baindrige and Virginia

1990).

Edaphic Characteristics

Central Oregon soils are generally shallow and stony. There are

three physiographic subdivisions based on soil parent material: (1)

soil derived from wind laid and mixed igneous and pumice sands or

pumice is scattered throughout the soil profile, (2) soil derived

mostly of igneous materials comprised of rhyolitic and esitic or

basaltic lava which occurred over long periods of geologic time, and

(3) soil derived primarily from sedimentary materials, which were

water deposited during the Eocene and Oligocene epochs (Kellogg 1927).

The five sites from where the five Idaho fescue collections' seeds

were collected were: (1) MCC. coin Orchard (MCC), (2) lone Pine (LP),

(3) Blanchard Well (BLN), (4) Combs Flat (CMB), and (5) Island (IS),

respectively having the following soil descriptions: (1) PrE, (2)

CtF, (3) GrD, (4) GbE, and (5) IS site.
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Description of Collections Areas

1. Soil Description of (MCC) Site

Prag cobbly loam, 5 to 40 percent slopes (PrE). This soil has

North facing slopes and it is in long, narrow, irregularly shaped

areas. It has the profile described as representative of the series.

Runoff is medium, and hazard of erosion is moderate. Capability unit

VIe, North Exposure range site, wildlife group 4 (S.C.S and F.S,

Oregon Exp. St. 1970).

2. Soil Description of (LP) Site

Curant and Tub silt loams, 40 to 70 percent slopes (CtF). This

undifferentiated group consists of about 55 to 75 percent curant soils

and 15 to 30 percent tub soils. These soils occur in a variable

pattern in long, narrow areas and generally have North facing slopes.

They commonly occur together where slopes are Northwest facing, and in

some areas where slopes are North and Northeast facing, the tub soil

is not present. The curant soil has the profile described as

representative of the curant series, but the surface layer is

nongravelly silt loam, 2 to 12 inches thick. Runoff is rapid, and the

hazard of erosion is high. Capability unit VIe, steep North range

site, wildlife group 4 (S.C.S and F.S, Oregon Exp. St. 1970).

3. Soil Description of (BLN) Site

Gribble cobbly loam, 5 to 20 percent slopes (GrD). This soil is

in irregularly shaped areas on terraces. Runoff is medium and the
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hazard of erosion is moderate. Capability unit VIe, shrubby rolling

range site, 4 (SCS and F.S, Oregon Exp. St. 1970).

4. Soil Description of (CMB) Site

Gem very stony loam, 6 to 40 percent slopes (GbE). Nearly half

the acreage of this soil is in the Lone Pine area. The rest is in the

watershed of McKay and Johnson Creeks and in an area South and East

Prineville. The surface layer is slightly darker on Northerly slopes

than it is on Southerly slopes. The depth to bedrock ranges from 12

to 26 inches. On this soil runoff is slow to rapid. Permeability is

moderately slow, and the hazard of erosion is moderate to severe. The

soil has low to moderate fertility and moisture holding capacity.

Root growth is shallow to moderately deep ( S.C.S and Oregon Exp. St.

1955).

5. ,Soil Description of (IS) site

Serie II: deep, non stony phase.

Deep, nonstony, sandy loam regosol overlying a stony, loamy B2

horizon. The entire solum was a structureless sandy loam. Internal

drainage was very rapid, indicated by the mildy alkaline reaction (PH

7.5) of the deepest sandy material. Calcareous deposits, very common

in soil of low precipitation regions, were not found in the soil

except in the buried horizon. These factors indicated a droughtly

soil environment, even though available water storage capacity in the

2 to 14 inches was 1.54 inches, in a greater amount than some of the

other soils. Most plant roots were concentrated in the upper 16
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inches of the soil. The amount of bare soil was (55%) and the surface

occupied by root crowns of herbaceous perennial, was (3.1%). The

surface soil was extremely loose, requiring a minimum of traffic to

create excessive disturbance. There was a low quantity of organic

matter and total nitrogen in A horizon (Driscoll 1964).



RESEARCH PLANNING

I. Root Growth Experiment
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Timing

Month Day

June 19

June 28

July 17

July 28

August 27

August 28

September 3

September 10

September 17

September 25

October 3

October 11

October 19

October 27

November 4

November 12

November 20

November 28

Activity

END OF EXPERIMENT

- Soil Brought from site (Combs Flat).

- First Idaho fescue and cheatgrass germination
essai in greenhouse.

- Second germination essai.

- Filled glass tubes with soil for Combs Flat.

- Watering glass tubes to field capacity.

- Seeding of Idaho fescue directly in the glass
tubes (5 seeds per tube) in greenhouse.

- Seeding of cheatgrass directly in glass tubes
(5 seeds per tube) in greenhouse.

- Transferring of glass tubes to 3 growth
chambers (5°C, 10°C, 15°C).

- Thinning of Idaho fescue and cheatgrass
seedlings to one seedling per glass tube.

- First data collection for root depth.

- Second data collection for root depth.

- Third data collection for root depth.

- Fourth data collection for root depth.

- Fifth data collection for root depth.

- Sixth data collection for root depth.

- Seventh data collection for root depth.

- Eighth data collection for root depth.

- Ninth data collection for root depth.
1) root depth
2) plant height, tiller & leaf number
3) start washing root & measurement of root

length
4) above- & belowground biomass measurement
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II. Competition Experiment (Fall 1991)

Timing

Month Day Activity

August 28 - Filling pots with soil from Combs Flat.

September 15 - Watering pots to field capacity.

September 17 - Transplanting of Idaho fescue seedlings to pots
(2 seedlings/pot/hole/collection).

October 2 - Seeding of cheatgrass (2 seeds/plant/hole) in
the pots around Idaho fescue with cheatgrass
seedlings (d1=0, d2 -1, d3-10).

October 8 Thinning of seedlings to one seedling/plant/
hole: all pots were watered to field capacity.

October 22 Collection of first data (plant height, tillers
& leaf number) & watering (WR1).

October 29 Collection of second data (H,T,L) & watering
(WR1 + WR2).

November 6 - Collection of third data (H,T,L) & watering
(WR1).

November 14 - Collection of fourth data (H,T,L) & watering
(WR1 + WR2).

November 21 - Collection of fifth data (H,T,L) & watering
(WR1 + WR2).

December 6 - Collection of seventh data (H,T,L) & watering
(WR1 + WR2).

1) clipping aboveground tissues
2) recording fresh weight
3) recording dry weight

END OF EXPERIMENT


