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Influence of Post-Harvest Burning, Thinning,
Shading and Residue Management on the Subsequent

Growth and Seed Yield of Festuca rubra L.

INTRODUCTION

Grass seed production is an important part of the seed industry

and important to the economy of the state of Oregon. Currently more

than 40 percent of the total U.S. supply of grass and legume seeds is

produced by Oregon farmers, who receive 30 to 31 million dollar's in

sales each year from the more than 121,400 hectares in grass and

legume production (Middlemiss and Coppedge, 1970). Primary production

of grass seed is in the Willamette Valley.

The practice of post-harvest field burning was introduced to the

Willamette Valley in 1945 as a control measure for prevention of blind

seed disease then infecting some 90 percent of the 20,234 hectares of

perennial ryegrass being grown in Western Oregon (Anonymous, 1969).

Growers soon discovered the benefits of open field burning for other

grass seed crops. It was subsequently adopted not only for disease

control but also to prevent sod-binding, to remove crop residues, to

control weeds and to stimulate high seed yields.

Because of the smoke from field burning, with resultant visibility

reduction and possible health hazard, seed crop residue disposal has

become a pressing technological problem currently challenging engineers,

agronomists and seed growers. Alternatives to grass burning are pre-

sently the subject of extensive investigations.

It has long been recognized that burning of perennial grass fields
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can result in an increase of subsequent seed production. The basis

for this stimulation has not been established and any information con-

cerning the plant response to field burning would be invaluable in

finding workable alternatives. Therefore, one objective of the present

study was to establish the physiological-ecological changes that take

place as a result of burning in fine fescue (Festuca rubra L.).

A second objective was to study changes in light intensity,

temperature level, plant density and other factors which may be related

to plant response to burning.

Fine fescue was selected for study because annual burning results

in substantial increases in seed yield (Chilcote, 1969).
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LITERATURE REVIEW

Approaches to the study of grassland burning have been varied

and lack uniformity in purpose and procedure. This may account, par-

tially at least, for the wide disparity in results obtained by others.

The recent review by Daubenmire (1968) illustrates this clearly.

The emphasis of this literature review is centered on five main

areas: first, the changes in the environment as a result of burning;

second, the effect of fire on the growth of perennial grass plants;

third, the effect of burning on plant communities; fourth, mowing and

grazing effects on growth and seed yield of grass plants, and lastly,

other environmental factors affected by open field burning.

I. Effects of Burning on Environment

1. Temperature at the time of burning

a. Air temperature

Air temperatures during grassland fires vary greatly depending

upon the type, amount, and disposition of fuel that has accumulated on

the ground (Hopkins et al., 1948), the season in which burning is

carried out and the weather condition at the time of burning (Iwanami

and Iizumi, 1966b; Iwanami, 1969). Iwanami and Iizumi (1966b) carried

out an experiment to study the relationship between the amounts of

fuel and the temperature at the time of burning in the natural Miscan-

thus grassland. They observed that the highest temperature in the

plots with 0.2, 0.4, 0.8, and 1.2 kg of fuel per square meter was 406,
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570, 863 and 877°C respectively. Similar results were obtained by

McArther (1963). He reported that when the fuel quantity per unit area

was doubled, flame intensity, flame height and rate of fire spread

increased accordingly.

Iwanami (1969) in Japan noted that spring burning of Miscanthus

grassland in 1966 resulted in higher maximum temperatures than autumn

burning in 1964. The maximum temperatures recorded in spring burning

on the plots with 530 gm (D.W.) fuel per square meter were 789°C,

712°C, and 652°C at the height of 11 to 17 cm from the ground. With

autumn burning, the amounts of fuel were 350 to 950 gm (D.W.) per square

meter and the maximum temperature recorded at the height of 20 cm was

345°C.

The height at which maximum temperature occurs varies between

headfires and backfires. Byram (1958) reported that the maximum

temperature with the headfire occurred at an average height of 40 cm

above the soil surface whereas the maximum temperature in backfires

occurred at an average height of only 10 cm. During a headfire started

at 2:30 p.m. with a wind velocity of 0.5 m/sec on the plots with

various amounts of dry grass, Iwanami and Iizumi (1966a) recorded a

maximum temperature of 570°C at a height of 8 cm. In a backfire under

similar conditions, a maximum of 877°C was obtained at 8 cm. Thus the

height at which maximum temperature occurred for both headfire and

backfire was the same, but the maximum temperature of the backfire was

considerably higher.
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b. Soil temperature

Soil temperatures are much less affected by fires. In New South

Wales, Australia, maximum soil temperature during the late winter burning

of mature native pasture was 75.5°C at 1 mm below soil surface. Marked

temperature rises were recorded only in the upper 1 cm of soil (Norton

and McGarity, 1965). Although the highest temperature was recorded in

the plot on which the greatest amount of fuel was burned, they were

not able to establish a correlation between the rise of soil tempera-

ture and the quantity of material burned.

Iwanami (1969) in Japan reported that the maximum temperatures

at the soil surface with Zoisia spp. burning increased 25°C to 55°C.

The temperature at a depth of 2 to 5 cm under the soil surface did not

change. Iwanami (1969), during his study on grassland burning of

Miscanthus spp., found seasonal differences in maximum temperatures

at the soil surface. The maximum temperature ranged from 21°C to 132°C

in the autumn, and from 56°C to 187°C in the spring. The temperature

at the depth of 1 cm under the ground surface was limited to 10° to

o
i15 C increase in temperature during burning. At a depth of 4 cm, no

change in temperature was detected.

Cook (1939) in the Transvaal, South Africa, also found little rise

in soil temperatures during field fires, even at depths of only 0.51 cm.

According to Heyward (1938) there was usually little or no temperature

rise below 1.27 cm during grassland burning. He further reported that

maximum temperatures are reached even in a small plot 3 x 3 meters in

size; thus small plots are as good as larger ones for burning studies.



6

2. Effect on post-burning micro-environment,

Almost every aspect of micro-environment is altered by burning a

grassland. Sometimes the habitat is severely damaged to the extent

that the original vegetation may not return (Daubenmire, 1968). In

the case of perennial grasses the alteration of environment due to

burning is usually temporary and the original status can be restored

promptly by regeneration of shoots. Although there is much documented

data concerning fire alteration of the environment, no study has been

reported which describes accurately the kind and degree of microclimate

alterations caused by fire with the exception of limited temperature

studies.

In the prairie of the east-central United States maximum mid-

afternoon springtime soil temperatures have been found to be 2.2° to

9.8°C higher on burned plots than on unburned plots. The unusual

warmth normalizes as plant cover develops during the first season after

burning (Kucera and Ehrenreich, 1962). Increased soil temperatures in

burned areas have also been reported by Hansel (1923), Ehrenreich (1959),

Aldous (1934), Ehrenreich and Aikman (1963), Curtis and Partsch (1950),

and Old (1969).

Grant et al. (1963), in their burning studies on dominant Molina

communities of southeast Scotland, measured minimum and maximum temper-

atures of Molina tussock crown areas after burning. They reported that

the overall average temperatures on unburned plots were 3.3°C minimum

and 13.9 °C maximum, while the readings of burned plots were 2.8°C

minimum and 17.2°C maximum. They observed also that the average soil
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temperature at 7.62 cm depth for burned plots was 2°C higher than that

of unburned plots.

Similar results were obtained by Ehrenreich and Aikman (1963), who

reported that on burned plots of native prairie grass in Iowa, maximum

air temperature at a height of 2.5 cm was raised 5.6°C during the day,

and that the minimum generally lowered at night. Even in the arctic,

grassland burning results in higher soil temperatures in spring causing

an earlier melting of ice (Fridriksson, 1963).

3. Organic matter

Contrary to commonly expressed opinion, Cook (1939) in the Trans-

vaal in his 6-year study found no appreciable difference in the organic

matter content of the soil between burned and unburned plots. This is

in agreement with Aldous (1934) who found that burning over a 5-year

period caused no decrease in organic matter of the soil.

Moore (1960) in Nigeria found that the organic matter content was

actually increased by 30% in early burned plots over late burned plots.

Both burned plots had organic matter contents higher than the unburned

plot after 30 years of treatment.

Although most studies on tall grass prairie have indicated that

spring burning has a stimulatory effect on dry matter production,

Daubenmire (1968) stated that the cause of this stimulation remained

obscure. He further noted that the renewal of a normal litter cover

following the burning of grassland required 2 to 6 years in the prairies

of the eastern United States.



8

4. Soil fertility

Some workers in the United States agree that the ash deposit from

burning increases the amount of available P, Ca, and Mg (Ahlgren, 1960

and Jordan, 1965). Curtis and Partsch (1950) obtained slightly signi-

ficant relations between the ash increment and the number of inflores-

cences produced by Andropogon gerardi following fire in Wisconsin.

Although the suspicion that ash-fertilization may be significant in

post-burn stimulation has often been expressed, no other work supports

this notion. Moore (1960) who studied soil changes in the derived

savanna zone of Nigeria during 30 years of burning treatment found

that nitrogen and soluble phosphorus content were higher in the burned

plots than in the unburned, but that total phosphorus content showed

little variation.

Cook (1939) in South Africa found that 6 years of grassland

burning had little or no effect on soil pH or on the amount of soluble

salts, although there was a slight loss of nitrogen. Even though

native prairie grass burning in Iowa released sufficient amounts of

bases to raise the soil pH, no increase in exchangeable K could be

measured (Ebrenreich and Aikman, 1963). Norman and Wetselaar (1960) at

Katherine, Australia, calculated that the loss of nitrogen from burning

native pasture amounted to a little over 4.484 kg per hectare. However,

considering the return of nitrogen in rain and fixation of nitrogen by

soil micro-organisms, they concluded that the annual loss from burning

was negligible. Morris (1968) who studied the effects of burning on

coastal bermudagrass sod found that burning had no effect on soil
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nitrogen content during his 3-year study.

II. Effects of Burning on Plants

1. Plant injury and damage

In nature, plants possess a wide range in their tolerance to fire.

Variables that affect relative fire tolerance include thickness and

composition of sheaths, growth form, sprouting ability, and the

characteristics of typical growing sites including fuel accumulation

(Starker, 1934). In eastern Idaho Blaisdell (1953) observed that

rhizomatous grasses were stimulated by burning, whereas shallow rooted

bunch-type species were damaged by the same fire. Conrad and Poulton

(1966) in Oregon also reported that wildfire was much more detrimental

to Festuca idanoensis than to Agrophyron spicatum. They pointed out

that the buds of F. idahoensis are closely spaced and located at or

above the ground surface so that they are extremely susceptible to fire

damage, whereas in A. spicatum the buds are widely spaced and are

situated below the ground surface where they are protected.

According to several workers, the thermal death point at the

cellular level for most grasses lies between 50°C and 55°C (West, 1965).

Byram (1958) considered 60°C as a reasonable approximation of the

lethal temperature for the plant as a whole. Hare (1961) argued that

the term "lethal temperature" has little meaning, unless the time factor

is also indicated.

Season of burning is an important determinant of plant damage.

This relationship between damage and phenology probably accounts for
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the widely observed phenomenon of fire damage in Poa pratensis grown

in the east-central prairie of the United States, whereas associated

species are stimulated (Curtis and Partsch, 1948). Cook (1965) in

Transvaal, South Africa, and West (1965) in Natal found that the later

the date of burning after the start of rain, the greater the damages

to grasses. When individual perennial grass species were burned at

different season, the month of treatment had a great effect on the

degree of injury (Wright and Klemmedson, 1965).

The amount of fuel also determines the degree of plant injury.

The greater the amount of fuel the greater the damage when other

conditions are equal (Conrad and Poulton, 1966,and Iwanami and Iizumi,

1966b).

2. Chemical composition

Plowes (1957) found that the average crude-protein content of new

growth for 20 common grasses on burned areas was 19% of the dry matter.

Mes (1958) has shown that the feeding value of new growth on burned

sites is actually higher than that from unburned areas. According to

her findings, when plants were cut or burned in August or September,

the new growth had higher water, nitrogen and ash content than that of

unburned plants.

Kucera and Ehrenreich (1962) reported that burning prairie grass

had no significant effect on the quality of the new foliage based on

chemical analysis. However, Melling and Kucera (1965) in Missouri

reported consistently higher nitrogen content of Andropogon spp. on

unburned prairie sites during the month of May over plots burned the
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preceding April. The higher nitrogen concentration in the foliage from

unburned plots were attributed to slower growth and less biomass pro-

duction compared to burned plots. They also reported higher K values

on unburned areas and no significant difference in foliar content of

phosphorus.

These results differ from those reported by Old (1969) who found

that foliar P and N in May were significantly higher on plots burned

in April than on unburned areas of Illinois prairie and that the differ-

ential had disappeared in July.

Daubenmire (1968), commenting on the contradictory results of

chemical analysis, pointed out two factors to be considered for the

evaluation of such results. First, season of burning may determine the

chemical composition as was shown by Old (1969). Second, the increase

or decrease expressed as percent dry matter may be reversed depending

on whether they are expressed on a land area basis or plant basis.

For example, in Missouri the reduced ash content of shoots appears to

be a consequence of greater dry-matter production by the plants rather

than reduced mineral uptake per unit of land area (Melling and Kucera,

1965).

3. Phenology

Whether new shoots on a burned plot appear earlier than that in

an unburned plot has long been a subject of controversy. Hansel (1923)

in Kansas, Ehrenreich and Aikman in Iowa (1963), Melling and Kucera

(1965), Kucera and Ehrenreich (1962) in Missouri, and Cook (1939) in

South Africa supported the conclusion that "shooting" was earlier in
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burned plots and that this precocity was due to the higher maximum

soil surface temperatures on the burned areas. Hansel (1923) further

noted that this earliness in relation to season may disappear during

the course of the first season.

Ehrenreich (1959) reported that pre-spring burning encouraged

earlier shooting and flowering.

Dix (1960) in North Dakota and Norton and McGarity (1965) in

Australia have noted that grassland burning did not advance the

appearance of regrowth in the subsequent growing season.

4. Growth and floweringi

While most workers are agreed that "shooting" and flowering are

earlier on plots burned during the dormant season, their opinion with

regard to the total inflorescence production from burned versus unburned

is rather conflicting. Most studies, regardless of geographical loca-

tion, show either a dramatic increase in yield, seed stalk production,

and basal area, or a drastic decrease in the same factors.

Ehrenreich in central Iowa (1959) observed that prairie plants

began to grow 2 to 3 weeks earlier on burned plots and produced more

and taller flower stalks than on unburned areas. Late August burning

in the same area has resulted in an increase of seed stalk production

by 7 times in Andropogon gerardi and by 8 times in Sporobolus heter-

olepis and A. scoparius (Ehrenreich and Aikman, 1957). Spring burning

in northeastern Iowa has resulted in a yield of 1.7 times the usual

annual production (Aikman, 1955).

By burning a dry shallow soiled prairie in April, Dix and Butler



13

(1954) obtained increases in seed stalks of 25 times in Soporobolus

heterolepis, and 6 times in Andropogon gerardi but seed stalk yield in

Sorohastrum nutans was reduced by 75%. Resulting cover estimates no

change in A. Berardi, a 30 fold increase in S. heterolepis, and a reduc-

tion of 86% in S. nutans. Similar results were obtained by others (Dix,

1960; Curtis and Partsch, 1948).

In eastern Idaho, Blaisdell (1953) observed that the shoots of

perennial grasses were dwarfed in the first post-burn season, but the

productivity in the burned areas was higher because of increased tillers

and thickening of plant organs. Similar results were obtained by Burton

(1944).

Old (1969) reported that burning of Illinois tall grass prairie

caused a 2 to 3 fold increase in dry matter production and a 10 fold

increase in flowering stalks. May-burn in Illinois has shown a signi-

ficant increase in living shoot biomass and flowering stalk production

of prairie grasses (Hadley and Kieckhefer, 1963).

Controlled burning in March and April in sandy sites of northwestern

Wisconsin increased grasses and forbs 3 times and resulted in a 1,121 kg

per hectare increase in above ground dry weight production over unburned

areas (Vogl, 1964).

Kucera and Rbrenreich (1962) reported that burned plots in central

Missouri showed dramatic increases in dry matter production and number

of flowering stalks.

In southern Africa, West (1965) rioted that either in a wet region

or in areas where moisture was available through irrigation, the clonal



14

base of perennial grasses was observed to increase after burning, then

to decline subsequently as litter accumulated.

5. Seed yield

Burton (1944) in Georgia has reported that burning sods of Bohia

and Bermuda grass has resulted in increased seed yields. Musser (1947)

who obtained similar results from burning red fescue litter in the fall

concluded that the increase in seed yields was directly related to a

reduction in diseases and insect pests. According to Canode (1965),

burning straw and stubble in the fall is one of the management practices

which helped to maintain intermediate wheatgrass seed production.

Pumphrey (1965) observed that removal of post-harvest residue of Kentucky

bluegrass and red fescue either by burning or by mechanical means prior

to regrowth initiation significantly increased seed yields the following

year. Conversely he noted that burning after the start of regrowth

markedly reduced seed yields.

Chilcote (1968) also observed a sharp increase in seed yield of

some cool season grasses in Oregon due to post-harvest burning. In

the case of chewings fescue early burning resulted in an increase in

seed yields more than 3 times that from an unburned plot in 1967. He

later pointed out that all grass species did not react the same way to

field burning (Chilcote, 1969). His results show that the seed yield

of fine fescue and bentgrass from early burn treatments (August) was

more than 3 times that of unburned plots. However, the seed yield res-

ponse to yearly burning was not so dramatic in orchardgrass, bluegrass

and perennial ryegrass.
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III. Effects of Burning on Plant Communities

1. Changes in species

Differences in species response to the same fire has been reported.

McMurphy and Anderson (1965) working in the Kansas Flint Hill area found

that winter and spring burning first caused an increase in Andropogon

scoparius which was later dominated by A. gerardi. Their study showed

that all burning regardless of burning season was detrimental to Poa

pratensis. West (1965) stated that burning during the dormant season

prevented the accumulation of litter, excluded herbaceous weeds, pre-

vented woody species from invasion and tended to maintain a healthy

grassland. Essentially identical conclusions were made by Scott (1951)

and Humphrey (1958).

In many instances grassland burning favors forbs over both annual

and perennial species (Aikman, 1955; Bently and Fenner, 1958), but there

are exceptions in which grasses are favored at the expense of forbs

(McMurphy and Anderson, 1965; Cook, 1965). McMurphy and Anderson

reported that late spring burning reduced the forb population in the

Mississippi Valley.

2. Plant density

Although there are numerous data involving quantitative changes

in grassland communities subsequent to burning, most of these studies

are related to the grassland productivity rather than the changes in

plant and tiller density per se. No detailed study has been reported

regarding density relationships.
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IV. Effects of Mowing or Grazing on Plant Response
as Related to Field Burning

The mowing of grasslands, followed by removal of the straw and

stubble, often accomplishes most of the conspicuous changes brought by

burning, and therefore is of significance in experimental work aimed at

understanding the ecology of grassland burning.

At Escourt in Natal, southeastern Africa, annual mowing maintained

grassland condition in much the same way as annual burning (West, 1965).

O'Connor and Powell (1963) in New Zealand reported that responses to

burning and to mowing were the same in Chionochloa rigida grasslands.

According to Pumphrey (1965) there was no difference between mechanical

removal and burning of residue to maintain high seed yields in Kentucky

bluegrass and red fescue. He further noted that partial removal of the

residue had an intermediate effect between no removal and complete

removal. Canode (1965) who obtained an identical response from both

burning and mechanical removal of Agrophyron residue stated that the

effect of two treatments appeared to be similar. Close-mowing and

complete straw removal increased the productivity and flower stalks per

unit area the following year, as did burning of residue. The stimula-

tion in productivity decreased in 3 years in both treatments if no

further treatment was applied (Penfound, 1964).

The observation of slightly higher seedstalk production with

burning as compared with clipping by Curtis and Partsch (1950) led them

to suspect that direct heat from the fire at the time of burning may have

had some stimulative influence.
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Sharp (1964) reported that by limiting nitrogen to 50 lbs per acre

per year and removing vegetative growth to within three inches of ground

following harvest, he could maintain seed yields of creeping red fescue

at the highest level (about 213 kg per hectare) at Big Flats, New York.

In the Peace River region of Alberta and British Columbia, autumn

grazing of creeping red fescue seed fields at moderate stocking rates

produced excellent animal gains, while only slightly reducing the sub-

sequent seed yields (Pringle et al., 1969). Similar results were found

in England in a grazing trial involving five grass species. December

grazing improved seed yield of red fescue but winter grazing from Decem-

ber to March tended to reduce stand vigor and seed yields for all species

(Green, 1956).

V. Some Other Environmental Factors Affected
by Open Field Burning

1. Spacing

Comprehensive reviews on spacing were published in 1949 by Schwanbom

and Froier (1949) and by Garrison (1960). They indicated that most cool

season grasses produce more seed in wide row spacings than in broadcast

or solid stands. McGinnies (1971) reported that a 45.72 or 60.96 cm

row spacing for crested wheatgrass was adequate for seed production in

northern Colorado.

However, some cool season grasses produce more seed in solid stands

than in rows. This response has been observed for meadow fescue (Festuca

clatior L.) by Roberts (1961) for colonial bentgrass (Agrostis tenuis)
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by Austenson and Peabody (1964) and for Italian ryegrass (Lolium multi-

florum) by Schwanbom and Froier (1949). Austenson and Peabody (1964)

found no difference in the seed yield of red fescue (Festuca rubra L.)

grown in solid stands and in 107 cm rows. Canode (1968) obtained the

highest seed yields from 30 cm row spacing and concluded that row spacing

did not influence the seed yields of red fescue (Festuca rubra L.).

Cook et al. (1967) compared "thick" stands with "thin" stands of range

grass species and found that thick stands produced more seed-heads per

unit area but that thin stands produced more spikelets per seed-head and

more seed per spikelet.

2. Shading

The effect of removal vs. non-removal of clippings was studied by

Old (1969). She reported that both total production and flowering rate

were significantly increased by removal of the clippings. This stimu-

lation was ascribed to the removal of shade from dead vegetation. She

also reported that artificial shading of burned areas under greenhouse

frames lowered flowering rate significantly.

The influence of light intensity on inflorescence development in

four perennial grasses (perennial ryegrass, meadow fescue, orchardgrass

and timothy), has been studied by Ryle (1961, 1966, and 1967). His

studies show that shading delays or inhibits the onset of reproduction,

reduces the proportion of shoots which attain flowering and decreases

the size of the ears, of all grasses studied. The effects were more

marked in some species than in others. Of the four species ryegrass

is least influenced by shading.
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The effect of low light intensity in decreasing tiller number in

grasses and cereals was described by Mitchell (1953a, 1953b), Friend

(1966), and Ryle (1967).

3. Residue

Residue remaining after harvest in seed fields of perennial grasses

presents a serious management problem. In Wisconsin, Dix and Butler

(1954) reported that total dry matter production on mulched areas was

60% of that where stubble was mowed and removed. Larson and Whitman

(1942), working in South Dakota reported that forage yields varied

directly with the depths of natural mulch. From studies in Nebraska,

Weaver and Rowland (1952) reported a reduction of 26 to 53% in total

yield of Andropogon gerardi from mulched stands when compared with un-

mulched stands. In east-central Illinois, Old (1969) reported that

application of mulch to burned area lowered flowering rate significantly

and that the response was proportional to thickness of mulch. However,

in this study she showed that five weeks delay of mulching on a burned

plot increased almost 3 times as many panicles as the plots mulched

immediately and the numbers of panicle were almost the same as unmulched

burned area. From this result she concluded that flowering response

was controlled by environmental conditions at the beginning of the

growing season rather than at the time of flowering.

Low seed yields under crop residue vs. residue removed plots have

also been reported by Hardison (1960), Pumphrey (1965), Chilcote (1968).

Reasons offered for this reduction in seed yield were disease and insect

infestation (Hardison, 1960), shading of the regrowth (Pyle, 1967; Old,
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1969) and phytotoxicity of the plant residue (Guenzi, 1962; Stroh and

Sundberg, 1971).
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CLIMATE OF THE PLOT LOCATION

The experimental plots are located in the mid-Willamette Valley

of western Oregon. The annual average precipitation of the valley

floor totals approximately 40 inches (Anonymous, 1971). Rainfall is

mostly winter incident with approximately 70 percent of the annual total

occurring during the five months, November through March, while only

5 percent occurring during the three months, June through August. The

winter temperatures are mild with an average January minimum of -0.6°C

and maximum of 5.6°C. Summer temperatures are also moderate with an

average July maximum of 26.0°C and a minimum of 10.0°C. The photo-

period of this area changes from 8 hours in December to 16 hours in

June.

Temperature and precipitation for this area are given in Appendix

Table 1 as a summary of the weather data from October 1970 through

March 1971.
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MATERIALS AND YTHODS

Two series of experiments were conducted during the years of 1969

and 1971 to study the effects of burning upon creeping red fescue

(Festuca rubra L.). They were as follows: SERIES I. A comparison

of burned and unburned creeping red fescue clones and plant populations.

SERIES II. Effects of post-harvest environmental factors on the subse-

quent regrowth, tillering, inflorescence production and seed yield of

red fescue.

SERIES I

A Comparison of Burned and Unburned Creeping Red
Fescue Clones and Plant Populations

The experiments in this series were designed to observe and compare

burned and unburned plots for changes in plant population, tillering,

rooting pattern, rate of inflorescence development, density, plant

morphology, dry matter production, and seed yield. Three field loca-

tions were selected: one at Albany. Oregon, and two locations at the

Hyslop Agronomy Crop Science Farm, Corvallis, Oregon. Greenhouse and

growth chamber studies were also conducted on the Oregon State Univer-

sity campus, Corvallis, Oregon.

The Albany field was a four-year old row planting of "Roland 21"

(Steinacher) creeping red fescue owned by R. L. Schmidt and located one

mile northwest of Albany, Oregon. The 7.29 hectare site of red fescue

had been used for field burning research related to seed production

since 1967, one year after its establishment in 1966.
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The location at the Hyslop Crop Science research station was an

8-year old planting of "Rainier" red fescue. This approximately half-

hectare site had been used for seed production and subjected to yearly

burning prior to this study.

The other plot was a 4-year old Rainier red fescue stand also

located at the Hyslop Station. This one hectare site was originally

established as a soil conservation measure and therefore was maintained

as a turf during the years of 1965 and 1969. The vegetative growth was

kept short by frequent mowings and the plot had no burning experience

prior to this investigation.

Experiment 1. Studies on tillering, panicle development and seed yield
in burned and unburned red fescue stands.

The following procedure was followed in collection of observations

from the various experimental locations:

A) Clonal investigation

1. A set of 9 well established "Roland 21" red fescue clones were

selected in each of the 61 x 61 m burned and unburned plots on

March 2, 1970. The selected clones were marked with colored

wire tied loosely around the clone so that the clone was

centered inside. Total tillers in each clone were counted.

Vegetative tillers, panicle density, rate of panicle develop-

ment, number of panicles per clone, and seed yield per clone

from burned and unburned plots were evaluated separately.

2. Two sets of 12 "Rainier" red fescue clones in the 4-year old
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unburned field were labeled on April 1, 1970 in the same manner

as described in "1" with the wire-ring (8 cm in diameter) and

the tillers in each clone were counted immediately. An area

containing a set of 12 clones as burned on August 10, 1970,

while the other location with another set of 12 clones was

left unburned. Observations were made with respect to tiller-

ing rate, total tiller production, rate of panicle emergence,

total inflorescence production and seed production per clone.

The results were examined and evaluated.

B) Population studies

1. Six randomly placed 91.44 x 91.44 cm quadrats were located

in each of the burned and unburned "Roland 21" red fescue plots

for the study of change in ground cover, dry matter production

and seed yield.

2. Two sets of six 8,361.27 cm2 (91.44 x 91.44 cm) quadrats were

placed in an 8-year old planting of "Rainier" red fescue on

October 21, 1969. One set of 6-quadrats was randomly placed

in a plot that had been continuously burned including the

summer of 1970. The other set was placed in a plot which had

been continuously burned except for the summer of 1970. Dry

matter production and seed yield were determined and evaluated

during the years 1970 and 1971. Seed yields in 1970 and 1971

were compared for the two locations.

3. Changes in tiller population were also examined throughout

the life cycle of the 4-year old Rainier red fescue by taking
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a set of 25 random plugs (8 cm in diameter) from burned and

unburned plots respectively, at approximately two-week inter-

vals. All the tillers present in the plugs of burned and un-

burned plots were counted and the mean vegetative and repro-

ductive tiller numbers per plug were calculated. Seed yield

estimates from clonal and population quadrat studies were

correlated with harvested plot seed yield.

Experiment 2. Effect of temperature during induction period on the
flowering response of red fescue.

Two approaches were used to test the idea that temperature differ-

ences during the induction period was an important cause for the variation

in flowering potential of red fescue under burned versus unburned condi-

tions.

1. In the fall of 1969 a typical "Roland 21" creeping red fescue clone

was selected from a group of clonal samples taken from the Schmidt

farm, Albany, Oregon. In order to reduce variability, a set of 30

single tillers were divided from the selected clone and propagated

in one gallon cans. The propagules were placed on a greenhouse

bench for a period of 2 months until the plants were well established.

Sixteen uniform plants were selected out of these 30 propagules. A

set of 8 cans was then placed in a 61.0 x 91.4 x 30.5 cm wooden

box. The spaces between cans were filled with vermiculite and the box

was placed in a growth chamber at 4-5°C constant temperature. The

other 8 plants treated in the same manner were placed in a growth
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chamber with fluctuating day (13°C) and night (4-5°C) temperature.

Light intensity (3,000 f.c.) and photoperiod (8 hours) were kept

uniform in both chambers. The samples were taken out 14 weeks

later (April 2, 1971) and placed outside the greenhouse. The

number of reproductive and vegetative tillers in each clone were

counted and evaluated at harvest.

2. Three "Rainier" fescue clones were removed from the 4-year planting

of red fescue at Hyslop Agronomic Crop Science Research Farm, with

a 15.24 cm in diameter soil sampler. Forty tillers were selected

out of each clone and propagated similar to those of Experiment 1.

All three sets of 40 cans were placed on a greenhouse bench and

watered regularly until the transplants were well established.

Starting on October 2, 1970, nine samples (3 cans of each clone)

were moved out to the field bi-weekly and placed adjacent to the

4-year old red fescue plot. Observations on the rate of inflorescence

production were made. The number of panicles in each pot was counted

at harvest.
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SERIES II

Effects of Post-harvest Environmental Factors on
the Subsequent Regrowth, Tillering, Inflorescence
Production and Seed Yield of Red Fescue.

Based on the information obtained from the literature reviews and

field observations, an experiment was established to study the effects

of the environment on creeping red fescue (Festuca rubra L.) seed

production. Attempts were made to elucidate the possible factors

associated with benefits of burning to seed yield. Experimental treat-

ments were designed to determine what factors might be of major impor-

tance in growth, tillering, dry matter production and finally seed yield.

In the spring of 1969, plots were established in the 4-year old

"Rainier" red fescue field (Figure 1). In order to aid in the conduct

of the planned experiment, a uniformity trial was established.

A) Uniformity trial

Seed and straw yield in 1970 was obtained on a subplot basis and

evaluated according to the experimental design. This was done for two

reasons: first, to detect any locational variation that might exist

with the selected area, and second, to be able to evaluate the 1971

yield in light of 1970 production data so that the degree of change in

a one-year period could be accurately measured and related to the

previous season. The results may be found in Appendix Table 2. The

variation in seed and straw yield among subplots ranged from 698.72 to

806.51 kg/hectare for seed and from 4,438.83 to 4,768.24 kg/hectare for

straw and stubble. An analysis of variance for yields of seed and straw
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Figure 1. A view of "Rainier" red fescue used for field burning experi-

ments. This picture (top) was take in the fall of 1969

several days after fertilization (green area on the left

behind stake). The same field at boot stage in late April

of 1970 (bottom) showing uniform growth.
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indicated that variation observed was not significant.

B) Experimental treatments

The treatments were replicated four times using a randomized

block-split plot design as shown in Figure 2. Whole plot treatments

consisted of burning, mechanical method of residue removal, and undis-

turbed plots after seed harvest. Subplots consisted of 7 treatments,

with each of the subtreatments randomly placed in main plots. Subplot

treatments were as follows:

Treatment 1. "Check": Treatment the same as the main plots.

Treatment 2. "Sand": Plots covered with 16-mesh quartz sand to elim-

inate an open black surface.

Treatment 3. "Shading": Plots covered with one or two-ply unbleached

muslin (56 x 64 threads/inch).

Light reduction was as follows:

One-ply muslin....56-60%

Two-ply muslin....73-75%

Treatment 4. "Thinning": A verticut renovator was run over the plot

several times with the litter being raked off.

Treatment 5. "Straw": The amount of residue collected from a subplot

of mechanical removal plot was spread over the plot

(approximately 3,696 kg/ha).

Treatment 6. "Charcoal": A water slurry of activated carbon (West

Virginia Rap and Paper Manufacturing Co.) was sprayed

uniformly over a plot by using a pressurized portable

sprayer to simulate the black surface following burning
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(approximately 400 gm activated carbon/plot).

Treatment 7. "Hand cleaned": For a burned plot, the ashes were swept

off right after burning. In an unburned and mechanical

residue removal plot the residue was raked off and litter

around each clone was removed.

Sub-plots were 2.74 x 5.49 m in size (Figure 3). Final straw and

seed yields were obtained by harvesting duplicate of 0.61 x 4.88 meter

strips from the middle of each subplot with a mechanical harvester

cutting 5.5 cm to 8.0 cm above ground. The samples were collected

directly in sacks, air-dried for 3 weeks on outdoor racks and later put

in a drying bin at 33°C for some 15 hours before threshing. Seeds were

cleaned 5 times by using a screen (1/16 x 1/4) with full opening of air

vent in a "clipper" cleaner. The final seed samples were bulked and

sent to the seed testing laboratory to evaluate the seed quality (see

Appendix Table 3).

Straw weight was calculated by subtracting seed weight from the

total dry weight of each sample.

Vegetative and reproductive tiller and panicle density of each

burned, unburned and mechanically removed plot was estimated by removing

eight 7.62 x 30.48 cm random sod samples from the subplots and counting

all the tillers and panicles present in each sample. The panicle per-

cent was calculated according to the following formula: number of

panicle/total tiller x 100. In addition, panicle length, seed weight

per panicle and weight of 1,000 seeds were also obtained from these

samples.
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Figure 3. Subtreatment layout within the main plots. Center row

represents one replication which consists of three main

plots: unburned (front), straw removal (center) and burned

(back).
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Micro-environment data

Along with the main experiment, soil and air temperature studies

on both the burned and unburned areas were carried out from October 9,

1970 through March 20, 1971 by using four Rustrak temperature recorders.

The measurements of air and soil temperatures of both burned and unburned

control plots were made with the use of thermistors. The temperature

sensors or thermistors (manufactured by CAL-R., Inc.) were shielded with

tygon tubes (5 mm in diameter) filled with silicone adhesive and placed

at 2.54 cm above and below ground and at the ground surface. Since the

temperature in the study regime varied greatly, 6 to 8 replications

were made for each measurement. The output of each thermistor was

recorded at two-hour intervals.
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SERIES I

A Comparison of Burned and Unburned Creeping
Red Fescue Clones and Plant Populations

RESULTS AND DISCUSSION

Experiment 1. Studies on tillering, panicle development and seed yield
in burned and unburned red fescue stands.

Clonal investigations

A clonal study involving "Roland 21" red fescue was incomplete due

to a late start (March 20, 1970) in labeling the clones. Therefore, no

information was available in regard to the rate of tillering and the

total plant population at the onset of regrowth in the late fall and

winter. However, it was possible to speculate on the changes at the

early stage of regrowth with studies of "Rainier" red fescue clones in

both burned and unburned plots, which had been observed through the

complete growing cycle from the time of burning to the day of harvest

the following year.

1. Tillering

Visual observation on the labeled clones in unburned plots of

Rainier red fescue showed that the unburned clones possessed more

living tillers than those in the burned area at early stage of regrowth

in the fall. This was due to survival of considerable number of vege-

tative tillers in unburned clones while the tillers in the burned clones

were virtually eliminated by fire. Therefore, tillering of the unburned

clone in the fall mainly consisted of growth resumption of existing
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tillers at the initial stage and later it was slowly transformed to

lateral tiller production. The rate of tiller production in unburned

clones was somewhat slower, yet tended to increase as the season pro-

gressed reaching its peak in mid-April. The tiller population was

highest on May 4, 1971, and then started declining with an increase in

the appearance of inflorescences (Figure 4).

Tillering of the burned clones at the earlier stages of the growth

cycle mainly consisted of the generation of new tillers from dormant

tiller buds which were attached at the base of old stems (Figure 5).

This new tiller production did not happen until mid-September. The dor-

mant tiller buds were apparently activated by light rain which occurred

several days prior to tiller appearance. The tillering pattern following

this event was very similar to that of the unburned clones. But the

rate of change was much more drastic as shown in Figure 4. Tillering

rate of the burned clones during the months of January and February

was much more rapid than the unburned and resulted in a larger tiller

population by the early part of February. Tillering continued into the

early part of May. The population reached its maximum of 78 tillers

per clone on May 4. This was an increase of 10 more tillers per clone

over the unburned.

Although the increased tillering observed in burned clones was

quite significant over that in the unburned, the response was far less

than that observed in subsequent studies. The overall reduction in

tillering response of the labeled clones in burned and unburned areas

was undoubtedly due to handling injury received during bi-weekly
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Figure 5. Tiller buds shown at the base of old stem of "Rainier" red

fescue. Picture taken in mid-August, 1971.
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countings. The suspected injury was much more severe to those tillers

in the burned clones because of their high tiller density and shorter

stature as compared with those in the unburned clones.

The labeled clone study showed that the difference in tillering

of burned and unburned clones was not so drastic. This type of tillering

response was in a way expected because of technical problems involving

clonal studies. In contrast to the burned clones possessing distinct

clonal identity, the unburned clones were hardly distinguishable due to

sod-forming characteristics. Therefore, clone labeling in unburned

areas naturally led to the selection of isolated clones. The selected

unburned clones were not much different from the burned clones as far

as clonal identity was concerned. The difference in tillering response

between burned and unburned clones could likely be more drastic if the

burned clones had no severe handling injury and if the selection of

unburned clones were different.

2. Morphology and fertile tiller production of burned and unburned clones

The immediate effect of burning on the labeled clones was reduction

in size and damage to the clones. In some cases, complete destruction

of the clones occurred. The data in Table 1 show that in Group 1, a loss

of 6 clones resulted due to burning: a reduction of 50%. This is to

be expected since the open spots commonly seen in the burned grass field

are the direct result of clonal destruction by field burning.

This was not the only change observed in the burned clones. The

shape, size and growth pattern were also different. All the clones of

both Rainier and Roland 21 red fescue tended to maintain their compact
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Table 1. Effect of burning and unburning treatment on the tiller numbers,

inflorescence, and seed yield of labeled clones of Rainier

red fescue during the 1970-1971 season, Corvallis, Oregon.

Group 1 Clones Group 2 Clones

Season 1969-70 1970-71 1969-70 1970-71
Pre-burn
season

Post-burn
season

Treatment Unburned Burned Unburned Unburned

No. of clones 12 6 12 12

No. of vegetative
tillers

334 262 346 365

No. of panicles 87 55 56 26

No. of total tillers 421 316 402 391

% of panicles 18.79 17.94* 14.42 5.45

Panicle length (cm) 8.53 7.69 8.25 8.54

Wt. of seed/panicle 0.063 0.061 0.062 0.066

(gm)

1,000 seed wt. (gm) 1.04 1.13 0.99 1.28**

Final tiller and panicle count were made on June 18, 1970 and June 23,

1971.

* Significant at 5% level

** Significant at 1% level
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circular form during the two-year observation period. In the case of

Roland 21 red fescue, the average clonal area of the burned clone was

71 cm
2

. This was less than half the clonal area of the unburned (Table

2). However, the tiller numbers of the burned clone exceeded those of

the unburned. The burned clones were erect and short in height. This

characteristic in shape was a reflection of the individual tillers in

the clone. The growth pattern of burned clones was such that during

the early stages of growth, generation of primary tillers determined

the size of a clone while the later stages involved filling the space

within the determined boundary with the later developing lateral tillers

resulting in a compacted tiller bunch. Growth of Rainier fescue clone

was restricted to 3 to 7 cm in height until flower initiation.

In contrast to the burned clones, the clones in the unburned area

tended to spread out, enlarging in size by rhizomes and in some cases,

stolen formation (Roland 21 only). The degree of rhizome formation was

greater in Roland 21 clones than in Rainier clones. Continuation of

this change eventually resulted in a loss of clonal identity, which was

a common phenomenon in unburned plots of Roland 21 red fescue. In

addition, tillers within the unburned clones were much longer in length,

mainly due to extended leaves and leaf sheaths (Table 3). Continuation

of growth although quite slow, was evidenced by increased length of

tillers within the clones as the season progressed even after the initia-

tion of flowering.

Results in Table 3 show the difference in dry weight of whole

plants, tillers, and roots of red fescue from burned, unburned plots.
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Table 2. Summary of labeled clone observations with regard to tiller

number, tiller density, clonal area, and panicle length of

"Roland 21" creeping red fescue from burned and unburned plots

in 1970, Albany, Oregon.

No. of
1

Clonal Tiller No. of Panicle
tillers area no. per panicles length

(cm2) cm2 per cm
(cm)

Burned plot:
Clone no.

1 993 204.19 4.82 0.59 14.51
2 562 147.34 3.25 1.53 14.69

3 265 18.49 12.11 3.79 17.35
4 212 26.08 6.75 3.41 13.75

5 274 37.12 7.06 3.18 11.77
6 335 75.51 4.08 2.66 17.18

7 277 28.89 9.55 4.19 13.78
8 312 47.44 6.31 1.26 18.11

9 377 53.97 6.98 3.34 15.29

sum 3,607 639.03 60.84 23.95 136.43
Ave. 400.78 71.00 6.76 2.66 15.16

Unburned plot:
Clone no.

1 648 280.65 2.22 0.53 15.52
2 503 185.45 2.49 0.83 18.74

3 374 179.27 2.01 0.13 17.92
4 376 175.78 2.09 0.03 17.47

5 349 106.14 3.07 1.07 14.76
6 229 61.46 3.35 1.09 21.22
7 56o 242.94 2.31 0.39 15.28
8 331 108.89 3.04 0.50 14.12

9 162 20.07 1.82 3.54 17.08

sum 3,532 1,360.65 22.40 8.11 152.11
Ave. 392.44 151.18 2.47 0.90 16.90

'Tiller counts were made on March 18, 19, 20, 23 and 24, 1970.
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The individual tiller weight from the unburned plot was about 3 times

that from a burned area. This difference in weight was mainly due to

the greater weight of aerial parts.

Leaves from burned and unburned plots showed distinct morphological

differences. In contrast to the short and somewhat wider leaves of

burned plants at the early stage of growth, the unburned tillers had

long, narrow and prostrate leaves. Unburned tillers had approximately

2.5 leaves per tiller, slightly less than the number on tillers from

burned plots (Table 3).

Roots in unburned areas were brownish in color and appeared to be

senescing (Figure 6). Many surviving tillers in the unburned area were

based on these old root systems. Appearance of fresh root tissue was

sporadic and later in the season. However, all the roots in the burned

area appeared new and vigorous from the start and grew rapidly during

the early part of the growing season and continued throughout the winter

months. The lower shoot-root ratio (1.69) of the burned plant as com-

pared with that in the unburned (3.02) indicates a greater portion of

the whole tiller weight was in root tissue.

Burning also resulted in significant differences (p> 0.05) in the

number and percent of inflorescences in the clones of both Roland 21

and Rainier varieties (Table 4). In Rainier red fescue, the burned

clones produced more than twice as many inflorescences as the unburned

clones. Although not as dramatic, burned clones of Roland 21 produced

nearly twice as many inflorescences.

The influence of burning on inflorescence production was more
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Table 3. Observations on leaf, shoot, root, whole tiller growth of

Rainier red fescue from burned, and unburned plots, Corvallis,

Oregon.

Burned Unburned

Shoot: Length (cm) 6.13 13.73

Weight (gm) 5.41 18.19

Root: Length (cm) 7.90 8.00

Weight (gm) 3.20 6.11

Whole Length (cm) 14.03 21.73

tiller: Weight (gm) 8.61 24.21

Leaf number/tiller 2.96 2.53

Shoot-root ratio 1.69 3.02

1. Figures are the average values based on 300 to 400 tillers randomly

selected from 10 plug samples of each burned and unburned red

fescue and estimated.

2. Samples taken on March 23, 1971.



44

Figure 6. Clones of "Rainier" red fescue from burned (right) and
unburned (left) plots. Note the vigorous root growth of
burned clones as compared to that of the unburned which

are mostly old. Both samples taken on March 22, 1971 (top).
Tiller samples in lower photo were taken January 21, 1971.



Table 4. Comparison of inflorescence production in burned and unburned clones of red fescue.

BURNED UNBURNED
Total Number of % Total Number of %

Clone no. tillers inflores. inflores. Clone no. tillers inflores. inflores.

Rainier red fescue'

1 46 3 6.52 2 20 1 5.00
2 67 18 26.87 3 31 1 3.23
5 45 8 17.78 4 65 4 6.15
7 33 5 15.15 5 17 4 23.53
9 7 1 14.29 8 51 5 9.80

12 74 20 27.03 10 81 5 6.17
11 52 6 11.54

x 45.33 91.7* 17.94 x 45.29 3.71 8.19

Roland 21 red fescue

1 993 120 12.08 1 648 150 23.15
2 562 225 40.04 2 503 154 30.62
3 265 7o 26.42 3 374 24 6.42
4 212 89 41.98 4 376 6 1.6o
5 274 118 43.07 5 349 114 32.66
6 335 201 60.00 6 229 67 29.26
7 277 121 43.68 7 56o 95 16.96
8 312 6o 19.23 8 331 54 16.31
9 377 180 47.75 9 162 71 43.83

400.78 131.56 32.14 x 392.44 81.67 20.81

1
Only those clones which produced panicles were compared.

* Significant at the five percent probability level.
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striking when individual clones were examined. In the case of Rainier

red fescue, panicle production by two burned clones (No. 2 and No. 12)

exceeded that of all the unburned clones combined by more than twice in

number. With this fact in mind, it is not difficult to understand why

field burning produces more seed over the unburned, knowing that seed

yield per panicle of the burned and the unburned are almost equal (Table

1).

It is also interesting to note that the Rainier fescue clones in Table

4 that survived burning did not always produce a greater number of fertile

tillers. Variations in fertile tiller production among the burned clones

were much greater than that among the unburned, ranging from one panicle

in clone No. 9 to 20 in clone No. 12. It is apparent that such a varia-

tion in panicle numbers among burned clones can only be explained as a

result of burning injury to some of the clones.

Based on data in Table 4, a general conclusion can be drawn; first,

burning tends to increase inflorescence production but by no means is

it absolute. Second, burning in some cases can damage or injure the

clones. Depending on the degree of burning injury, the flowering res-

ponse may vary from zero to moderate. In such case, burning could have

very little meaning in achieving floral promotion. Although most unburned

clones of both Rainier and Roland 21 varieties produced considerably

fewer number of panicles, a few unburned clones in both varieties showed

an exceedingly large number of panicles compared with other unburned

clones and in some cases inflorescence production in such clones exceeded

that of the burned. This may also indicate that burning is not an



essential requirement for high inflorescence production. Among the

burned Rainier red fescue clones, the heavy panicle producers were

those which had been subjected to light burning so that no actual

damage to any part of the clone was inflicted by fire. Clone No. 12 of

Rainier fescue (see Table 4) was a good example. Burning removed litter

on and around the clone, which was indicated by a light ash cover.

Enough residue remained near the ground surface to protect the dormant

tiller buds from fire. This clone alone produced almost 60% of all

the panicles produced by other burned clones. The panicles produced

by clone 2 and 12 exceeded by 2 times the number of the panicles produced

by the rest of the burned clones.

The reduction in number of panicles and seed yield of Rainier red

fescue clones in both burned and unburned plots in 1971 as compared

with that of 1970 was due to a handling injury of the individual tillers

within the clones by bi-weekly counting process. Therefore, the overall

average inflorescence percentage, 17.94 of the burned clones in 1971

(Table 1), was a reduction of slightly less than one percent over the

previous year. This reduction appears to be a result of combination

of clonal loss, fire damage, and handling injury. However, the reduc-

tion of panicle numbers observed in the unburned clones during 1971

was not due to clonal loss or damage by fire because no burning Ilad

been involved. The reduction in panicle numbers over the previous

year, in this case, could be due to either physical injury or non-

burning treatment. Since it is likely that handling injury during

the observation period is less severe in the case of unburned tillers,
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simply because of their large size and less density within a clone, it

is reasonable to think that the major cause of reduction in inflorescence

production was the unburned treatment itself.

Some of the variations observed among the clones within the burned

and the unburned plot of Roland 21 red fescue are also worth mentioning.

Clone 1 and 8 (Table 2) in the burned plot produced not only fewer fertile

tillers but also exhibited delayed heading compared with other clones

in the same group. Both clone 1 and 8 showed a late start in regrowth

apparently due to severe burning injury which was indicated by the

small amount of residue remaining around the plants. A completely black

surface and only a few short tillers present in the clones relative to

the other clones in the area was also evident. However, in the unburned

set, clones 2, 5, 6 and 9 had a high percent of inflorescence produc-

tion almost equal to that in burned clones. Observations revealed that

these four clones were either covered by a small amount of residue or

isolated from other clones or both.

These observations again indicate that burning per se may not be

an important factor in the increase of reproductive tiller production.

It is more likely that the micro-environment surrounding individual

clones may determine the ultimate fate of the tillers within the clone.

It is also noted that fertile tiller production was not directly related

to the vegetative tiller population within a clone in both varieties.

This means that individual tiller condition may also play a far more

significant role in fertile tiller production than tiller population

itself.



3. Panicle emergence

There was a significant difference in heading of burned and unburned

clones. Clones of Roland 21 red fescue in the burned area started

heading on March 16, 1970, about 2 weeks ahead of unburned clones in

the same field (Figure 7). This difference of heading time did not

have any effect on the completion of heading in both plots; both sets

of clones completed heading by June 20,1970. However, seed maturity of

the late emerged heads was delayed considerably in the unburned plots

(Figure 8). In the case of Rainier red fescue, the burned clones

started heading only 3 to 4 days earlier than the unburned clones. The

first appearance of inflorescences in burned clones was recorded in

April 23, 1971. The heading rate of labeled clones was much slower

than the rest of the clones. This delayed response was again possibly

due to injury received by handling during periodic tiller countings.

4. Seed yield

Data on seed yield for Rainier red fescue clones preceding and sub-

sequent to burning treatments are shown in Table 5. The average seed

yield per clone in both varieties showed a slight increase in the case

of burned clones. However, in the unburned clones a substantial reduc-

tion of seed yield resulted. It is not clear whether the described changes

were solely due to burning or non-burning treatment because of the varia-

tion of the clonal responses within each group of clones. The burning

of clones of Rainier red fescue in 1971 not only resulted in a reduction

of clone number but the size of some surviving clones was also reduced

perhaps due to burning injury. This, in turn, resulted in seed yield
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Figure 7. Inflorescence emergence pattern of burned and unburned clones, Festuca rubra L. (Roland 21).

Average of 9 similar size clones.
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Figure 8. Panicles from clones of Roland 21 red fescue: burned (3

clones on the left) and unburned (3 clones on the right) at

harvest. Note delay in seed maturity of unburned panicles

and difference in maturity within a clone.
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reduction. Variation from various clonal injuries considerably weakened

the treatment effect.

In addition to such a variation of clonal responses, lack of uni-

formity between Group 1 and 2 clones complicated the interpretation of

this result. However, the effect of unburned treatment on 1971 seed

yield of Group 2 clones of Rainier fescue was unquestionable. The main

cause of reduced seed yield was due to a reduction in number of panicle

production. The data (see Table 1) indicate that seed yield per head

and 1,000 seed weight of the unburned clones slightly exceeded those

of the burned. This difference in seed yield, and weight per panicle

between burned and unburned clones may reflect difference in availability

of substrate distribution for individual panicles within a clone. In

burned clones where a large number of panicles and vegetative tillers

were competing for substrates, it is reasonable to expect smaller

panicles with less weight. On the other hand, the panicles in the

unburned clones were fewer in number, therefore, resulting in somewhat

larger panicles with more and heavier seeds. Even with this advantage

in panicle size and seed weight, the unburned clones produced far less

seed.

The differences in yield potential of burned and unburned clones

of Roland 21 (Table 6) were apparent in that the number of fertile

tillers were markedly reduced without burning while burning tended to

maintain a high percentage of reproductive tillers. Such a trend was

clear when the clones of Rainier fescue were examined (Table 5). All

the surviving clones in the burned area gave high seed yields except for
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Table 5. Seed yield and number of panicles produced by the burned and

unburned clones of "Rainier" red fescue compared with yields

the season preceding treatment.

Clone Total
No. tillers

Yield in 1970
(Pre-burn season)

No. of Seed
panicles yield (gm)

Yield in 1971
(Post-burn season)

No. of Seed
panicles yield (gm)

GROUP 1 (clones in the scheduled burning area)

1

2

3
If

5
6

7
8

9
10
11
12
Ave.

32 6

33 7
61 9
41 5
37 7
15 5
19 If

53 14
20 3
29 1

44 8

81 18
7.25

.44

.48

.71

.21

.41

.30

.21

.71

.25

.06

.64
1.08
.46

3
18
dead
dead
8

dead

5
dead
1

dead
dead
20
9.17

.16
1.01

.51

.28

. 05

1.32
. 56

GROUP 2 (clones in the scheduled non-burning area)

1 23

2 22

3 29
4 62

5 32
6 33

7 35
8 38

9 12
lo 38

11 37
12 41

Ave. 33.50

7
1

6
4
9
2

3

3
1
4

9

Z.67

.41 0

.09 1

.43 1

.45 if

.32 if

.14 0

.19 0

.20 5

.18 0

.29 5

.38 6

.4o 0

.29 2.17**

.06

. 07

.27

.25

.34

.32

.41

.14**

** Significant at the 1% probability level
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Table 6. Comparison of seed yields, number of panicles produced by the

burned and unburned clones of "Roland 21" red fescue in 1970.

Clone No. of total No. of Seed

No. tillers' panicles yields (gm)

1 993 120 11.42

2 562 225 32.17

Group 1 3 265 70 10.29

(Burned 4 212 89 10.23

clones) 5 274 118 15.21

6 335 201 14.53

7 277 121 19.48

8 312 60 15.32

9 377 180 28.88

Ave. 400.78 131.56* 17.16

1 648 150 21.12

2 503 154 12.82

Group 2 3 374 24 4.75

(Unburned 4 376 6 2.16

clones) 5 349 114 12.52

6 229 67 6.4o

7 *560 95 11.76

8 331 54 3.7o

9 162 71

Ave. 392.44 81.67 9.18

1
Total tiller count was made on March 19, 22, and 23, 1970.

* Significant at the 5% probability level.
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two clones. The seed yield in clone No. 2 is more than twice that of

the previous season. On the other hand, every unburned clone was lower

in seed yield except for clone No. 8 and 10.

It is possible that seed yield potential is influenced by genetic

factors. However, such an assumption can hardly be accepted as a major

source of yield difference in this study. If the assumption were true,

those clones which produced high seed yield in 1970 should also have

produced higher yield in 1971 compared with other clones. As shown in

both burned and unburned clones of Rainier variety, such evidence is

lacking. However, the yield data for Rainier clones indicate the changes

in yield in 1971 over the previous season. That is, clones in the burned

area generally produced more seed yield whereas clones in the unburned

plot were considerably lower in yield. The only reasonable answer for

such a change has to be the treatment imposed on them.

In the case of Rainier fescue, the data were at least partially

obscured by a high mortality of the burned clones. Six dead clones out

of 12 by burning is a loss of 50 percent. Such a high mortality may

seldom occur under practical conditions. This was apparently due to

this author's deliberate attempt for the labeled clones to be subjected

to burning. As a result relatively heavy amounts of straw were laid

on those clones prior to burning, which created intensive heat during

field fire to injure the clones.

This study also revealed that the panicles of the unburned clones

were not only delayed in maturity but also the variation in maturity of

these panicles within a clone was much greater than the burned clones
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(Figure 8).

Population Studies

The responses of clones of both varieties in the preceding studies

were considerably weakened by the handling injury from bi-weekly counting.

In addition to the kind of variation from fire and handling injures,

variation from hasty selection of clones may also be responsible for

the inconsistent data. In order to avoid any possible misjudgement.

additional observations were made by plug samples to more realistically

assess tillering patterns and seed yield on a unit area basis.

1. Tiller population dynamics: burned vs. unburned plots

The tiller number of Rainier red fescue varied with the season.

This apparent seasonal trend in tiller numbers was a result of many

interacting factors which influence this process.

The data shown in Figure 9, 10 and 11 not only present the seasonal

pattern of red fescue tillering but they also show the changes brought

about by burning. Physical change in burned grass community from the

unburned state is immediately realized by the absence of most living

vegetation, and litter. Black ground surface is also an indication of

physical change. Therefore, it is probable to assume that tiller buds

in the burned area are subjected to an entirely different environment

by burning and such environmental change may likely be a major factor

influencing fate of surviving tiller buds in the burned areas. Changes

in the surviving tillers by field burning may occur long before the

resumption of growth in the fall. The data in Figure 10 partially
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Figure 10. Burned (top) and unburned (bottom) plots of Roland 21 red

fescue. It is estimated that the tiller population in the
upper quadrat (burned) exceed by more than twice the

population in the lower quadrat (unburned).
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explain some of the changes observed in burned red fescue plots. From

mid-July to the early part of September no tillers were present in the

burned area, whereas, the unburned plot maintained a stable tiller pop-

ulation during the same period and this condition remained until the

later part of January of the following year. The appearance of new

tillers in the burned area started in the early part of mid-September,

a few days after first light rains. Thereafter, the tillering rate

accelerated as the season progressed so that by mid-November the tiller

population in the burned plot was already equal to that in the unburned

plot and by mid-December the population was almost doubled that of the

unburned. The difference in tiller population between burned and

unburned was distinct in both varieties of red fescue and this was

undoubtedly a major factor contributing to a greater number of inflor-

escences produced in the burned plots. Tiller population dynamics

observed by plug samples showed much more drastic change in the burned

plot as compared with that observed in the clonal study.

In contrast to this overwhelming superiority in tillering capacity

of the burned area, the reduction of clonal production was obviously due

to burning (Figure 10). In spite of a sizeable reduction in clone

numbers and slower start in regrowth, the remarkable increase of tillers

in the burned area was due entirely to a faster rate of axillary tiller-

ing of the individual shoots in the existing clones. The ability of

plants in the burned clones to produce more tillers than that in the

unburned, seemed to be the major key factor related to burning. Burning,

therefore, appeared to create a condition which resulted in a slight
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reduction of clonal density. Yet it increased the tiller density within

the existing clones to such an extent that the overall tiller population

far exceeded that of the unburned. The dramatic population increase in

the burned plots between late September and mid-January was quite a

contrast to a rather constant population in the unburned plots during

the same period of time (Figure 9).

The population increase during or after the month of February may

not have any significant contribution to the seed yield of the current

crop but it may have some value from the standpoint of survival of

clones under severe environmental stress such as drought. Although the

population study in the burned and unburned plots of Roland 21 red

fescue was limited due to the time factor involved, the result in

Figure 11 seemed to indicate essentially identical trends as was shown

in the "Rainier" fescue.

2. Seed yield

The effect of post-harvest burning of straw and stubble on seed

yield of Roland 21 red fescue is shown in Table 7. It is apparent from

this table that burning was an influential factor in increasing seed

yields significantly. The great difference in seed yield of this variety

between burned and unburned treatment was mainly due to reduction in

yield on the part of unburned plot while the burned plot maintained its

productivity by a regular burning treatment. This result suggests that

over a period of years productivity can be maintained by yearly burning.

Somewhat contrasting results were obtained with Rainier fescue seed

yield (Table 8). In location 2, seed yield was decreased by burning
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Table 7. The influence of burning upon the production of Roland 21

creeping red fescue seed and straw in 1970, Albany, Oregon.

Treatment Burned+ Unburned
++

Seed yield
(kg/ha) 1,423.87** 541.60

Straw & stubble
(kg/ha) 9,214.68 8,129.43

% of seed wt. 13.38 6.25

Plot was subjected to yearly burning since 1966.
++

Plot had no experience of burning since 1966.

** Significant at the 1% probability level.

Table 8. Seed yields from burned and unburned plots of "Rainier" red

fescue during the year of 1970 through 1971, Corvallis, Oregon.

Location 1 Location 2

Season 1969-1970 1970-1971 1969-1970 1970-1971

Treatment Burned Unburned Burned Burned

Seed yield
(kg/ha)

Straw yield
(kg/ha)

566.81 735.47 548.84 539.00

2,577.94 3,437.39

Note: Burning was done on August 20, 1970, three weeks after harvest.
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while the yield in Location 1 in 1971 improved slightly without burning.

This contradictory result can be explained on the basis of burning

injury. The clonal density of both locations was extremely low as was

seed yield. It was apparent that yearly burning and other cultural

treatments since 1962 had reduced clonal population to such an extent

that a low seed yield was obtained. The slight increase of seed yield

of Location 1 in 1971 may well be due to increased tiller population

stimulated by a change in management practices in conjunction with no

burning. These results suggest that burning could produce an adverse

effect on seed yield depending on the conditions at the time of burning

and management practices. Further study is needed to determine what

factors are involved in destroying clone population to such an extent

that seed yield of grass species are affected adversely.

3. Seed yield estimates on data obtained from clonal and field popula-
tion studies

Labeled clones in burned and unburned plots of Roland 21 red fescue

were thoroughly examined as to clone base, ground coverage, seed yield

per clone, seed yield per cm
2
, and clone base characteristics (Table 2).

Results showed that, although the average size of a burned clone base

was less than a half of the unburned, the seed yield from the burned

clones of Roland 21 fescue exceeded twice that of the unburned clones.

Based on this data and quadrat studies, yields of both burned and

unburned plots were calculated and compared with the actual seed yields

from the fescue field. The results shown in Table 9 indicate that

yield estimates based on clonal and quadrant study were well in
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Table 9. Comparisons of clonal base area, ground cover, seed yield per

clone, seed yield per unit area (cm2), and calculated seed
yields per hectare based on information from clonal study,
and from quadrat samples and actual yields from both burned

and unburned plots of Roland 21 creeping red fescue, Albany,

Oregon, 1970.

Burned Unburned

Area of a clone base
(clone size: cm2) 71.00 151.18

Ground coverage by a clone (cm
2

) 873.64 1,647.92

% of clone area/ground cover 8.13 9.2o

Seed yield per clone (gm) 17.16 9.18

Seed yields per cm
2

of clone

base (gm) 0.24 0.06

Total covered area of
6 quadrats (cm2) 39,019.68 45,755.22

Total clone area of
6 quadrats (cm2) 3,172.30 4,209.48

Calculated yield/hectare based
on clonal study (kg/ha) 1,517.84 513.59

Seed yield/hectare based on
quadrat samples (kg/ha) 1,423,87 541.60

Actual plot seed yield/hectarel

(kg/ha) 1,378.72 474.88

Note: Calculations are based on the data collected on April 20, 1970 for
area coverage and for seed yields from harvest on June 29, 1970.

1 Actual plot seed yield was based on strip samples by mechanical har-

vester. Three 5-meter strips were taken from each of the burned and

unburned plots.
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agreement with the actual seed yield.

4. Density of vegetative and reproductive tillers

The density of vegetative and fertile tillers in burned, unburned

and mechanically removed areas were significantly different. The panicle

number of 49.07 per 929.03 cm2 in the burned plot shown in Table 10 was

more than 2.5 times that of the unburned. The lowest vegetative tiller

density was also observed in the burned plot. This finding agrees with

the data observed in the tiller population dynamics (see Figure 9).

Table 10. Comparison of vegetative tiller, inflorescences, total tillers
per 929.03 cm2 and % fertile tiller in burned, unburned, and
mechanically removed plots of "Rainier" red fescue. Samples
taken on May 27, 1971, Corvallis, Oregon.'

Burned per

929.03 cm
2

Unburned per

929.03 cm
2

Mechanically

removed per

929.03 cm
2

No. of vegetative tiller
2

257.35 323.00 420.85

No. of inflorescence 49.07** 18.82 46.0o**

Sum of tillers 306.42 341.82 466.85

Length of panicle (cm) 10.27 10.61 9.82*

Seed yield (gm/quadrat) 9.49** 4.4o 6.27**

% fertile tiller 16.01 5.51 10.93

1
Alive tillers only at the time of counting. Seedlings are not counted.

2
Average of eight 929.03 cm

2
sod samples for each treatment.

*Significant at the 0.05 level of probability.

**Significant at the 0.01 level of probability.
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It was observed that tillering started in late fall and continued

until heading time. The event of heading not only stopped tillering

processes but also accelerated the death of existing vegetative tillers

starting with many of the newly emerging young tillers first. The death

rate was proportional to panicle density. In other words, more panicles

in a clone resulted in a fewer surviving vegetative tillers at harvest.

Therefore, the pattern of tiller mortality was directly associated with

the number of inflorescences present in the clones. Even in the burned

area, many clones which made a late start in regrowth failed to produce

inflorescences and many vegetative tillers in such clones often survived

through the summer drought without any appreciable reduction in number.

Panicle density of the mechanically removed plot in Table 10 was

also considerably higher and almost comparable to that of the burned.

However, seed yield of this plot was lower than the burned plot. This

reduced seed yield of the mechanically removed plot was mainly due to

smaller panicles and a certain degree of unfilled seed. Although no

quantitative data are available on the amount of unfilled seed, a

large amount of unfilled seed was collected from samples of these plots

during the cleaning process. It is reasonable to assume that the com-

petitive pressure for substrates and other factors in the mechanically

removed area had been much greater than the burned plot due to substan-

tial numbers of surviving seedlings and reduction in seed yield resulted.
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Experiment 2. Effect of temperature during induction period on the
flowering response of red fescue.

Effect of Field Exposure on Inflorescence Production

From results shown in Figure 12, it is apparent that clones exposed

for a longer period of time in the field gave the greatest number of

inflorescences. Number declined progressively as the exposure time

was shortened. No clones exposed after mid-March produced any inflor-

escences, which may indicate that the induction requirements of this

genotype are rigid and a major controlling factor in inflorescence pro-

duction.

The data also showed that there were considerable variations among

the clones within the same variety with regard to flowering potential.

This type of variation apparently indicates genetical difference among

the selected clones. Propagules from clone B gave the highest number

of inflorescences regardless of the dates of exposure.

The results indicate the importance of a certain definite exposure

period to cool field environment for effective inflorescence production.

From this information it is safe to assume that the tillers exposed

early in the fall are more likely to be reproductive the following

season. Based on this information it is not difficult to determine

why the burned clones with less injury produce a greater number of

inflorescence. The key seems to be the tiller production at an early

stage of the growth cycle so that they can be exposed longer to the

inductive environment.

The results in the present experiment agree with the results
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Figure 12. The dates of plant exposure to outdoor environment during induction period and its effect on
the inflorescence production.
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Langer (1956) obtained working with timothy. He found that tillers

exposed later in the season produced a smaller percentage of inflores-

cences and in mid-summer no tillers produced panicles.

Controlled Environment Studies

The effect of controlled temperature exposure during the induction

period on the subsequent inflorescence production is shown in Table

11. This study under controlled environment clearly indicates that the

fluctuation of temperature from 13°C by day to 5°C by night produced

more panicles than when temperature was kept constant at 5°C, provided

that the light intensity remained the same. This could be an indication

that a low temperature at night was a major controlling factor for

floral induction in this species while a high daytime temperature

indirectly aided floral induction providing a faster rate of tiller

development. This data somewhat agree with the results obtained by

other workers (Mitchell et al., 1960), who reported that tillering

of perennial ryegrass and orchardgrass increased by high day tempera-

ture and low night temperature. Variations observed within the

group may suggest a difficulty in making generalization of this process

by temperature alone. Further study is needed for clear understanding

of the induction and initiation process.
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Table 11. Effects of temperature during induction period on inflores-

cence development of "Roland 21" creeping red fescue.

Sample No.
No. of
panicles

Ave. panicle
length (cm)

Total tiller
no.

% of
panicles

Temperature 4-13°C

FU 206 A 31 13.85 254 12.2

FU 207 A 23 14.69 240 9.6

FU 208 A 45 9.60 216 20.8

FU 212 A 8 14.59 526 1.6

FU 215 A 41 15.54 128 32.0

FU 218 A 47 14.97 241 19.5

FU 226 A 37 16.20 310 11.9

FU 227 A 47 14.39 244 19.3

Average 34.88 14.23 269.87 15.9

Temperature 4-5°C

FU 203 A 0 0.0 341 0.0

FU 213 A 2 15.65 739 0.3

FU 214 A 10 9.73 657 1.5

FU 216 A 41 15.99 215 19.9

FU 217 A 21 12.27 344 6.1

FU 221 A 4 14.38 488 0.8

FU 222 A 31 14.01 996 3.1

FU 223 A 51 13.54 895 5.7

Average 20.00 13.65 584.37 4.6
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SUMMARY AND CONCLUSION

Studies were conducted to investigate the influence of burning

on tiller development, fertile tiller production and finally on seed

yield of red fescue. A set of clones was selected and labeled from

each of the burned and unburned plots. Observations were made from

these selected clones with regard to tillering, morphology, fertile

tiller production and seed yield. In addition to these clone based

studies, tiller population change in both burned and unburned plots

was estimated by taking plug samples at biweekly intervals. A quadrat

technique was also used to estimate population density and ground

cover. Seed yield was evaluated from clones and field stand samples.

The results of this study showed that post-harvest burning of

red fescue stimulated early season tiller production which appeared

to be beneficial for floral induction and initiation. As a result

burning increased the inflorescence population resulting in higher

seed yield.

The clonal studies of burned and unburned red fescue showed that

unburned clones had a slower response in tillering during the growth

period and gave a poorer fertile tiller production resulting in low

seed yield. Burned clones showed accelerated tillering in the early

stage of growth cycle and this, in turn, provided a marked increase

of panicle numbers which had direct positive influence on seed yield.

However, post-harvest burning of red fescue did not always

result in a high seed yield. Adverse effects of burning on seed yield
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were observed where excessive stand thinning occurred.

The effect of burning was not only limited to the increase of

tiller number and fertile tiller production but also to the morphology

of the plant including root growth. Burned fescue maintained its

clonal identity while the unburned clones lost identity to form a

complete sod.

The significant difference in tiller population between burned

and unburned plots at the onset of the floral induction period seemed

to be a major factor causing a difference in seed yield. This conclu-

sion was based on the fact that the fertile tiller production in the

burned area exceeded by 2 to 3 times that of unburned plots and the

effectiveness of induction was closely related to the time of exposure

as well as age of the tiller. The tiller numbers in the burned area

during the months of December, January and February were twice as many

as those in the unburned.
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SERIES II

Effects of Post-harvest Environmental Factors on
the Subsequent Regrowth, Tillering, Inflorescence

Production and Seed Yield of Red Fescue

RESULTS AND DISCUSSION

1. Effects of various straw removal methods on seed and straw yield

The average seed yield of burned, unburned and mechanical removal

plots was 1,031.01, 438.22 and 700.82 kg per hectare respectively. This

change was a great increase over 1970 in the case of the burned plot,

whereas it was a drastic reduction for the unburned plot (Table 12).

Analysis of variance for the yield of 1971 showed that the variation

observed in the data was highly significant (Appendix Table 6 and 7)

which was proof of real change.

Changes observed in this experiment were expected and support

the works of other researchers (Chilcote, 1968; Canode, 1965; Pumphrey,

1965). The increase in seed yield on burned plots is thought to have

been caused by removal of residue which affected the regrowth through

micro-environmental changes. These changes stimulate tillering and

result in greater inflorescence production, and high seed yield. Based

on these results, it appears that seed yield increase is proportional

to the degree of residue removal from the plot and burning is considered

to be the most effective means of removing all residue.

2. Effects of first year burning versus non-burning on seed yield

Effects of first year burning, non-burning and mechanical removal
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Table 12. Seed and straw yields of Rainier red fescue as influenced

by treatments applied the previous season, Corvallis, Oregon,

1971.

Post-harvest
treatments

Seed yields
(kg/ha)

Yields of
residue
(kg/ha)

Residue burned

1. Control
2. Sand
3. Muslin shade
4. Thinned
5. Residue cover
6. Charcoal
7. Cleaned

Average
LSD 5% 257.49
LSD 1% 350.46

Residue mechanically removed

1,019.63
1,238.44

650.94**
1,139.01

966.19
1,106.65
1,096.24
1,031.01

1. Control
2. Sand
3. Muslin shade
4. Thinned

5. Residue cover
6. Charcoal
7. Cleaned

Average
LSD 5% 119.75
LSD 1% 162.99

Residue not removed

1. Control
2. Sand
3. Muslin shade
4. Thinned
5. Residue cover
6. Charcoal
7. Cleaned

Average
LSD 5% 195.60
LSD 1% 266.22

729.09
868.07*
447.57**
800.99

593.52*
725.67
740.80
700.82

14:41134:90

4,810.98
4,433.20

4,999.21
4,637.4o
4,528.07

,733- 9

4,824.43
4,389.28
4,646.12
4,664.12
4,243.68
3,887.04

6 .2
3 .27

472.98 6,005.46
500.12 5,884.54
228.56* 4,986.40
668.73* 4,516.87
355.30 5,127.09
408.48 5,370.85

4 7 22_713_-.22
3 .22 5,395.60

Total dry
matter
(kg/ha)

% of
seed
wt.

5,333.32 19.12
6,049.42 20.47
5,084.14 12.80
6,138.22 18.56
5,749.96 19.35
5,634.72 19.64
6a212:24 16.84

5,785.81

5,553.52 13.13
5,257.35 16.51
5,093.69 8.79
5,465.11 14.66
4,837.20 12.27
4,612.71 15.73
4,510.05 16.43
5,047.09 13.89

6,478.44 7.3o
6,384.66 7.83
5,214.96 4.38
5,185.60 12.90
5,482.39 6.48
5,779.33 7.07

L21112Z 6-87
5,833.82 7.51

* Significant at the .5% probability level.
** Significant at the 1% probability level.
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on the seed yield of Rainier fescue are shown in Table 13 and Figure 13.

In contrast to a relatively uniform seed yield of plots 1, 2 and 3 in

1970 (analysis of variance showed no difference), the seed yield

difference among the plots in1971 was so great that it was quite unreal-

istic to consider any factor other than main treatments which was res-

ponsible for these changes.

Burning resulted in an increase of over 280 kg per hectare over

the yield of the previous year. The increase was highly significant

(p > 0.01). On the other hand, unburned plot yield was only 472.98 kg

per hectare which was a reduction of more than 280 kg per hectare. This

was again a highly significant reduction as compared to the yield of

1970. Mechanical removal of straw and stubble essentially maintained

the yield level of 1970. Although it is common to observe a substan-

tial yearly seed yield variation in this area due to environmental

effects such as cold temperature, rain, wind and drought at critical

stages of the life cycle, the variations obtained in this experiment do

not appear to be related to any of such environmental influences. Mech-

anical residue removal essentially maintained the seed yield level of

1970 and was the same treatment as in 1969.

Based on the uniformity trial data in 1970, it is considered that

plots 1, 2 and 3 are uniform. In view of the fact that the treatment

of plot 3 in 1970 was the same as the previous year, it is logical to

conclude that the changes in Plot 1 and 2 were also due to treatments.

The data in Table 13 also indicate that something other than

burning may play a role in seed yield increase since plot 3 (mechanical



Table 13. Effects of first year burning, non-burning, and mechanical removal of residue on the seed
yield and relation to pre-treatment yields of Rainier red fescue in 1971, Corvallis, Oregon.

Plot 1 Plot 2 Plot 3

Year 1970 1971 1970 1971 1970 1971

Treatment Pre-treat Burned Pre-treat Unburned Pre-treat Mowed (mechan-

(Residue ically removed)

left)

Seed yields
(kg/ha) 698.10 1,019.63** 753.78 472.98** 760.30 729.09

Straw & stubble
yields 4,565.22

(kg/ha)

4,313.69 4,640.29 6,005.46 4,734.15 4,824.43

% seed weight 13.26 19.12 13.97 7.30 13.84 13.13

** Significantly different at the .01 probability level.
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Figure 13. The effect of burning upon inflorescence production in a
4-year old sod of "Rainier" red fescue. Heavy panicle
production in a burned plot (top) is quite a contrast to
that in an unburned plot (bottom front). Also note a

delay in heading of the unburned red fescue (bottom front).
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removal of residue) without burning resulted in a significant increase

over the unburned plot. The obvious difference between plot 2 and 3

(both unburned) was the amount of straw residue present. It is quite

possible to relate seed yield with the amount of residue present in the

plots. The data seems to indicate seed yield increase is somehow related

to the amount of straw removed. This idea is further evidenced by the

data shown in Table 14.

Table 14. Seed yield of Rainier red fescue in 1971 from burned, unburned,

mechanically removed, and hand-removed plots, Corvallis, Oregon.

Treatment

Mechanical Hand

Burned Unburned removal removal

Seed yield

(kg/ha) 1,106.85 453.75** 765.91* 1,269.03*

(control)

*, ** Significant at the 5% and 1% probability levels, respectively.

From the standpoint of seed yield, hand removal of residue turned

out to be the best treatment (Table 14). In the hand removal plot

virtually no residue was left whereas some residue could still be found

within and around the crown area of plants in the burned plot. This is

an indication that field burning may not be an essential practice for

grass seed production provided that there is a way of removing residue

and controlling disease and other pests as effectively and efficiently

as field burning.
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3. Effect of various micro-environment modification treatments on
seed yield

An analysis of variance (see Table 12) indicated that subplot

treatment effects were highly significant. Some of these treatments

resulted in a significant increase or decrease in seed yield from the

control. However, the treatment which had a profound influence on seed

yield was the shading treatment. This suggests that light intensity is

a factor of major concern during the fall and winter. As was pointed

out earlier, seed yield was directly related to the number of inflor-

escences produced. Muslin shading treatment gave the lowest inflorescence

production among all subtreatments. This finding confirms the earlier

reports by Pyle (1967) and Old (1969). Pyle reported that shading just

before initiation of the inflorescence in grasses delayed or inhibited

the onset of reproduction and reduced the proportion of fertile tillers

and that the effects were more marked in some species than in others.

For instance, the ear-bearing capacity of ryegrass was least influenced

by shading. In fescue, however, few main shoots developed an inflor-

escence in the lowest light intensity. According to Old (1969) arti-

ficial shading with plastic covers in burned areas during the first 2.5

months of the growing season depressed inflorescence production by up

to 8c%.

The fact that inhibition of flowering was possible under muslin

cover (see Table 15) in the absence of straw residue, while mulching of

burned plots did not seriously affect inflorescence production, indicates

that shading with straw and stubble is most influential in the reduction
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of inflorescence production.

Table 15. Effect of muslin shading on the seed yields of Rainier

fescue in burned, unburned and mechanically removed plots.

Treatment

Seed yield (kg/ha)

One-ply muslin Two-ply muslin

Burned 650.94 552.91

Mechanically
removed 447.57 284.64

Unburned 228.56 225.75

Straw mulching on the plots of burned, unburned and mechanical

removal had different effects on seed yield of Rainier fescue. Straw

and stubble application on burned plots did not depress flowering and seed

yield of red fescue whereas the same treatment in unburned and mechanical

removal plots resulted in further reduction in seed production. A

reasonable explanation for litter effect on burned plots could be that

the straw mulch in the burned plot made direct contact with the soil

surface and after some period of time the mulch settled and resulted in

a thin surface layer of the ground leaving no gap between this layer

and the ground surface. Once the regrowth came through this layer, the

condition was very similar to burned from the standpoint of new tillers.

In contrast, straw mulching on the unburned and mechanical removal plots

created a layer which was completely separated from ground leaving a

large gap between this layer and the ground surface and giving more of

a shading effect. The degree of this shading effect was much greater
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in the case of unburned plots resulting in a greater reduction in seed

yield. The toxic substance theory proposed by some workers (Stroh et al.,

1971) does not appear applicable in explaining seed yield reduction of

unburned grass fields.

Sand spread subtreatment showed a tendency to increase seed yield.

This treatment was originally designed to eliminate black spots in the

burned plot. The possible explanation of the sand treatment effect

on the seed yield may be related to soil moisture conservation during

early stages of the growth cycle. Sand cover as a barrier to soil

moisture evaporation from the ground surface may be effective in helping

regrowth. Reflection of sunlight from quartz sanded surface also may

be an added benefit by lowering soil temperature and increasing light

intensity which may increase photosynthetic efficiency. This was sus-

pected from the fact that plots covered with sand showed earlier appear-

ance of new growth and regrowth was continuously superior to the other

treatment plots.

There is no question about the influence of exposed soil surface

on soil temperature increase during day time. This author observed

that snow cover on the burned plot melted away much faster than on the

unburned. However, charcoal evidently had little influence, if any,

on seed yield of this grass. This result may indicate that ash formed

by field burning had little influence on seed production. As pointed

out earlier it is likely that the black surface created by burning could

indirectly influence plant growth and development by increasing soil

temperature but the effect of such influence was not reflected in seed
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yield in those plots.

A possible explanation for the insignificant effect of charcoal

treatment may be that the sprayed charcoal is unstable once it gets dry

or wet. The charcoal cover can easily be dispersed by wind or rain. If

such an event occurs early in the season, the treatment effect most

likely was nullified.

One other treatment which showed a significant increase in seed

yield was thinning. This treatment resulted in removal of residue

exposing the crown area as well as reducing tiller density and thus

may have simulated burning to some degree. It is difficult, however, to

pinpoint which of these factors was responsible for seed yield increase

in this case.

Lastly, "sweeping" the plot which was designated as "cleaned"

treatment resulted in maintenance of seed yield. This treatment in

burned and mechanical removal plots actually resulted in a better seed

yield than the respective control plots. Since "sweeping off" the plots,

particularly from the burned area, eliminated any possible ash contribu-

tion to soil fertility, this treatment could have given lower seed yield

if the opinion of some workers (Curtis and Partsch, 1950) who thought

that the increase of seed yield from burning was due to increase in soil

fertility from the ash was correct. Based on this study, it is ques-

tionable that soil fertility is significantly effected by burning in

terms of the following seasons' seed yield.
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4. Panicle density and seed yield

The data shown in Table 16 give the actual number of panicles

present per unit area (929.03 cm
2

i) in each of the subplots and the seed

yield from the respective subplots. The seed yield of the seven subplots

were closely related to the panicle density. Correlation of panicle

and seed yield was significant at the 1% level. This agrees with the

literature (Mitchell, 1970).

As was shown in the clonal study in SERIES I, reduction of panicle

density tends to increase the seed weight and the number of seeds per

panicle. However, the contribution to final seed yield by these com-

ponents is very small relative to panicle density.

5. Micro-environment studies

Soil temperature studies were limited to a period of about five

months from October, 1970, through February, 1971. Because of the failure

of the temperature recorders and the problems associated with the thermo-

couple sensors, it was not possible to make a complete recording of

temperature from both burned and unburned areas of red fescue plots.

However, sufficient information was gathered to describe the differences

in temperature between burned and unburned areas. Figure 14 and 15

show that the weekly average of day and night temperature at ground

surface and 2.5 cm soil depth of both burned and the unburned area were

considerably different. At ground level day temperature of the burned

area was considerably higher than that of the unburned whereas the night

time temperature of the burned at the same level was not so high as

compared with the unburned plot. This resulted in a greater temperature



Table 16. Comparison of inflorescence density and seed yields of "Rainier" red fescue influenced
by various subtreatments in burned, non-burned and residue mechanically removed plots,
Corvallis, Oregon, 1971.

Treatment

Burned Unburned
Mechanically
removed

Panicle
density

per
929.03cm

2

Seed
yield
(kg/ha)

Panicle
density

per
929.03cm

Seed
yield
(kg/ha)

Panicle
density

per

_939.03=

Seed
yield

2
(kg/ha)

1. Control 196.26 1,019.63 75.26 472.98 184.01 729.09

2. Sand spread 258.63 1,238.44 64.26 500.12 213.14 868.07

3. Muslin cover 32.26 650.94 2.01 228.56 5.26 447.57

4. Thinning 206.89 1,139.01 136.13 668.73 168.76 800.99

5. Straw cover 144.51 966.19 30.76 355.30 81.51 593.52
6. Charcoal

spread 199.76 1,106.65 56.26 408.48 169.76 725.67

7. Clean-up 261.75 1,096.24 58.26 433.37 204.51 740.80

Main plot
means 185.73 1,024.58 60.42 438.22 146.71 698.31

LSD 1% = 9.56** LSD 1% = 9.83 **

Mean
panicle
density

per
2

929.03cm

151.84

178.68

13.18

170.59

85.59

141.93

174.84

Mean
seed
yield
(kg/ha)

725.63

868.88

442.36

863.72

638.33

746.93

756.81

130.95 720.38

LSD 1% = 9.48** LSD 1% = 9.55**

** Significant at the 1% probability level.
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variation between day and night for the burned plot as compared to the

unburned. On the other hand, the average day and night temperatures at

2.5 cm soil depth of burned and unburned plots show a somewhat different

picture. In this case both day and night temperatures of the burned

area are considerably lower than those of the unburned (see Figure 15).

However, actual temperature readings indicate that the burned plot

temperature around 1-2 p.m. is 2-3°C higher than that of the unburned

even under rainy weather. This indicates that a greater temperature

fluctuation occurs in the burned area even at this depth.

Although overall temperatures at 2.5 cm depth of the burned plot

appeared to be considerably lower than the unburned, it is important

to keep in mind that the highest temperature of a day was always found

in the burned plot.

In an attempt to evaluate the fluctuating temperature between day

and night of the burned and unburned plot, the weekly average of the

temperature range was plotted in Figure 16. The data showed that the

burned plot had a higher temperature range than the unburned plot,

which is a clear indication of a greater variation in temperature between

day and night.

At this stage it is not clear what significance these changes

in temperature may have to grass seed production. Tillering and floral

induction could be influenced by this difference in the temperature

environment. Actual temperature readings of both burned and unburned

plots of red fescue at ground and one inch below ground level during

the first 18 days of November are shown in Figure 17 and 18.
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Among the many environmental factors affecting tillering and

reproduction of red fescue under the Willamette Valley conditions,

temperature and light intensity during the fall and winter would seem

to be most important. During the winter months in the Willamette Valley

of western Oregon, the soil is completely saturated with rain water.

Therefore, water status is the same under burned or unburned fescue

plots. However, light intensity under constantly cloudy weather condi-

tions can be a major factor as was shown in this experiment. Particularly

under unburned field conditions where straw and stubble remained, the

impact of this residue on the living tillers are very similar to the

muslin shading. Considering the already limited light intensity under

rainy weather of winter season, the presence of residue in the unburned

perennial grass field is an added deprivation of light energy so needed

for photosynthesis. The reduction of tillering and inflorescence pro-

duction of the unburned plant observed in these studies are all closely

related with this factor. The light intensity studies on tillering

and fertile tiller production by other workers also indicate the impor-

tance of light. Mitchell (1953b) who subjected S23 and short-rotation

ryegrass to light of 700 and 2,000 f.c. intensity for 10 hours daily

found that in both species, the tiller numbers at equivalent stages

were significantly greater at the higher light intensity. Based on

these findings, one would expect more tillers in the burned plot where

the light intensity is considerably higher than the unburned plot.

Considering light intensity of about 600 f.c. at ground level of the

burned plot under drizzle conditions, the measured light intensity of
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150 to 200 f.c. at the unburned plot under similar conditions was more

than a 50% reduction; this is somewhat comparable to the effect of

muslin shading on the burned area.

Ryle (1967) reported that 75% reduction of light intensity during

induction and initiation periods of meadow fescue resulted in 61% reduc-

tion of the fertile tillers over the control which was subjected to

natural light. He further reported that 5C light reduction during

the same period had no effect on fertile tiller production. Reduction

of light intensity in the early stage of growth according to Ryle, had

far greater influence in reproductive tiller production than in later

stages. Therefore, a reduction of 75% natural light in the earlier

stage of the growth cycle resulted in more than 60% reduction, whereas

the same amount of reduction in the later stage resulted in no decrease

in fertile tillers with the same species.

Light intensity is probably not the only factor. In the case of

fertile tiller production, factors other than light can play a signi-

ficant role during floral induction. For instance, the temperature

difference between the burned and the unburned plot is an obvious

factor to be examined in light of reproductive tiller production.

Vernalization requirement of cool season grasses for reproductive

tiller formation is well known and this low temperature requirement

varies depending on the species, condition and age of the plants and

likely a host of other factors which are not yet examined adequately.

According to Evans (1960) vernalization in Lolium perenne may

proceed with day temperature as high as 23°C, provided the night
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temperature is kept below 10°C. Hiesey (1953) also reported that

flowering in Poa compress would occur at temperatures of up to 30°C,

provided the night temperature was kept below 10°C but failed completely

when the night temperature was above 17°C irrespective of the day

temperature. These findings suggest that inhibitory effect of high

temperatures are clearly confined to the dark period.

The temperature at ground surface and 2.5 cm depth of both the

burned and unburned plot, in a sense, represents an important part of

plant environment due to the fact that shoot apices and tiller buds

often lie close to the soil surface. The greater increase in day

temperature and lower night temperature of the burned plot was not only

advantageous from the standpoint of plant growth and tillering but it

is significant from the fact that it may provide a better environment

for vernalization of the existing tillers.

Drans (1964) pointed out that with many cool season grasses,

lower night temperatures, particularly soil temperature, often increased

growth. The tillering of orchardgrass, perennial ryegrass, and Agrostis

tenuis was markedly increased by lowering the night temperature from

7.2°C to 1.7°C (Mitchell et al., 1960) and slightly with a rise in

day temperature from 7°C to 15°C.

Therefore, the lower night temperature of the burned plot appears

as a more favorable environment for growth, tillering and vernalization.

Coupled with these advantages in growth, tillering and vernaliza-

tion, the importance of high light intensity and notably high daytime

temperature of the burned area should not be overlooked. Growth,



tillering and reproductive tiller development will largely depend on

availability of adequate resources of carbohydrates determined by the

relative rates of photosynthesis and respiration. All in all, the

factors influencing plant growth and development seemed exceedingly

favorable under a "burned" environment.

FUrther studies with regard to light intensity, temperature,

photosynthetic efficiency, carbohydrate reserves on both burned and

unburned areas should add significant contribution to the present line

of study. It is the author's feeling that the daily fluctuation of

temperature in the burned plot may have an added significance for the

production of fertile tillers. The importance of daily temperature

fluctuation for the benefit of increased flowering response was reported

by Grant at al. (1963). However, no serious attempt was made to test

this idea.

SUMMARY AND CONCLUSION

The object of this research was to determine what factors are involved

in increasing seed yield of red fescue from post-harvest burning. In

order to examine various environmental factors associated with post-

harvest field conditions, an experiment was set up on the burned and

unburned red fescue plots. To simulate or to intensify burned or

unburned field conditions, charcoal, straw, sand, muslin shading,

thinning and cleaning treatments were applied to burned, unburned and

mechanical residue removal plots of red fescue.
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A complete removal of straw and stubble either by burning or

mechanical means resulted in highest seed yield which seemed to indicate

that burning per se had nothing to do with the increase in seed yield.

The micro-enviromental changes followed by residue removal, apparently

stimulate production of large numbers of tillers before or during the

floral induction period. Coupled with increased tiller population at

the early stage, the daily temperature fluctuation, namely higher day

and lower night temperature created by residue removal, favored

effective induction resulting in a significant increase in number of

inflorescences. The seed yield increase in burned and residue removed

plots was totally due to an increase of panicle numbers.

The environmental factors which were believed to be responsible

for an effective tiller development and inflorescence production are

mainly: 1) temperature, 2) light intensity and 3) possibly nutritional

status before or during floral induction and initiation.

Among all the changes brought about by field burning, residue

removal is the most influential and critical factor for the destiny of

the regrowth tillers. Regeneration of tillers from dormant buds,

lateral tiller production, floral induction and initiation all seem to

be affected by residue removal. Changes in light intensity, soil

temperature, nitrogen availability and hosts of other things are

directly related to crop residue. Therefore, the major importance of

field burning must be placed on the effective removal of straw and

stubble. No other means is as effective and economical as open field

burning as far as residue removal is concerned.
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Other than crop residue removal, burning also reduces intra and

interspecies competition. It was not uncommon to observe many weeds,

particularly perennial species, disappearing in the burned plot whereas

the same species was still present in the unburned plot. Most signi-

ficantly, burning also eliminated new seedlings of red fescue. Thinning

of red fescue clones by burning may have a beneficial effect in some

cases by easing off competition for light and nutrients and by providing

a better environment for fertile tiller formation.

Disease, insects, and rodents undoubtedly can be controlled by

field burning. However, no attempt was made to evaluate effectiveness

of burning with respect to these problems.
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Appendix Table 1. Weather data for Hyslop Farm September 1970 to March 1971.

Day
Temperature (F°)

Max. Min.

Soil Temp. (e)
at 2"

Max. Min.

Soil Temp. (e)
at 4"

Max. Min.

Precipi-
tation
in inches

Daylight
hours

September 1970
1 80 50 91 67 82 67 0 13:14

2 65 45 74 61 70 62 0 13:12

3 76 49 89 62 78 63 .09 13:09

4 66 52 72 61 68 61 .13 13:06

5 65 45 75 57 68 58 .23 13:03

6 63 51 68 58 63 58 T 13:00

7 67 58 68 62 65 61 .03 12:57

8 66 51 71 59 66 59 T 12:54

9 69 48 8o 55 72 57 0 12:51

10 78 45 81 55 74 57 0 12:48

11 82 5o 82 58 75 57 0 12:45

12 76 53 8o 57 73 59 0 12:42

13 7o 43 77 53 7o 55 0 12:39

14 67 33 76 52 69 54 0 12:36

15 71 34 76 52 69 54 0 12:32

16 71 37 75 52 68 54 0 12:29

17 78 44 81 56 73 58 0 12:27

18 75 51 75 58 68 59 T 12:24

19 68 44 70 56 66 57 .03 12:21

20 68 46 69 57 65 57 .54 12:18

21 67 47 72 55 65 56 .02 12:14

22 69 47 76 56 69 56 0 12:11

23 70 41 67 55 64 55 T 12:08

24 62 38 69 51 65 52 0 12:05

25 64 43 71 51 64 51 0 12:02

26 76 51 73 52 67 52 0 11:58

27 86 40 80 57 73 57 0 11:56



Appendix Table 1 (continued)

Temperature (F°)
Day Max. Min.

Soil Temp. (e)
at 2"

Max. Min.

Soil Temp. (e)
at 4"

Max. Min.

Precipi-
tation
in inches

Daylight
hours

28 85 4o 8o 56 73 58 0 11:53

29 79 4o 75 55 69 56 0 11:50

30 80 42 75 55 69 56 0 11:47

October 1970
1 75 44 74 56 68 57 0 11:43

2 77 41 75 55 69 56 0 11:40

3 89 41 77 55 71 52 0 11:37

4 74 4o 77 56 7o 57 0 11:35

5 59 48 63 56 6o 56 T 11:31

6 61 41 63 53 6o 53 T 11:28

7 61 29 68 49 63 49 0 11:25

8 63 32 67 48 61 49 0 11:23

9 69 46 71 56 66 56 0 11:19

10 65 46 65 55 62 55 0 11:16

11 7o 4o 73 54 66 54 0 11:13

12 70 36 70 52 65 52 0 11:11

13 62 37 67 5o 63 51 0 11:07

14 68 4o 66 49 61 5o 0 11:04

15 77 52 70 53 65 53 o 11:01

16 76 32 72 51 66 52 0 10:58

17 7o 36 68 51 63 51 0 10:55

18 63 43 64 51 58 51 .64 10:52

19 62 4o 63 5o 58 5o .01 10:49

20 55 45 56 5o 52 50 .33 10:46

21 57 47 57 51 55 56 .17 10:44

22 52 43 53 48 51 48 .68 10:40

23 51 47 50 49 49 49 .69 10:37

24 55 4o 54 47 52 47 .61 10:35



Appendix Table 1 (continued)

Temperature (F°)
Day Max. Min.

Soil Temp. (e)
at 2"

Max. Min.

Soil Temp. (e)
at 4

Max. Min.

Precipi-
tation
in inches

Daylight
hours

25 55 40 55 47 51 47 .31 10:31

26 47 40 49 45 47 46 .58 10:29
27 49 36 53 46 5o 46 .01 10:26

28 50 31 52 43 49 43 0 10:23

29 57 28 53 41 49 41 0 10:20
30 59 30 53 41 48 42 0 10:17

31 53 31 5o 41 47 41 .01 10:14

November 1970
1 65 35 56 45 54 45 0 10:12

2 67 38 55 45 52 45 0 10:09

3 7o 37 56 45 52 45 0 10:06

4 65 41 55 46 5o 45 .14 10:04

5 57 46 56 5o 51 48 .33 10:00

6 57 41 56 48 52 48 .34 9:58

7 59 46 56 48 53 48 .01 9:56

8 56 5o 55 50 52 49 .17 9:52

9 55 48 56 51 52 51 .15 9:5o

lo 54 39 54 48 51 47 .29 9:48

11 52 43 52 48 49 48 .97 9:45

12 58 42 56 48 52 48 .39 9:43

13 58 32 55 42 51 43 .02 9:41
14 48 35 5o 43 47 43 0 9:38

15 51 34 48 43 46 43 0 9:36

16 56 39 5o 43 48 43 .51 9:34

17 59 37 55 45 51 45 0 9:31

18 5o 39 5o 45 47 45 .06 9:29 0
19 54 45 52 45 5o 45 .05 9:27 0,

20 53 43 52 46 5o 46 T 9:25



Appendix Table 1 (continued)

Day
Temperature (F°)

Max. Min.

Soil Temp. (e)
at 2"

Max. Min.

Soil Temp. (e)
at 4,1

Max. Min.

Precipi-
tation
in inches

Daylight
hours

21 49 28 49 4o 47 4o T 9:22

22 43 31 46 34 43 38 T 9:21

23 33 30 38 37 38 37 .53 9:19

24 58 33 5o 36 47 36 1.71 9:17

25 6o 37 53 44 50 44 .57 9:15

26 49 34 49 42 46 42 .11 9:13

27 45 39 43 42 43 42 .7o 9:12
28 47 34 46 4o 44 40 .08 9:10

29 50 29 46 38 44 38 0 9:09

30 43 3o 42 38 40 38 .17 9:06

December 1970
1 42 33 41 38 4o 38 1.21 9:05

2 39 31 39 37 38 37 .49 9:04

3 42 33 40 38 39 38 .78 9:02

4 46 26 43 36 4o 36 .45 9:01

5 52 28 43 37 40 37 .27 9:00

6 58 48 51 42 45 4o .12 8:59

7 55 47 51 42 47 45 .66 8:57

8 52 35 50 43 47 43 .02 8:56

9 44 4o 46 43 44 43 .03 8:55

lo 48 39 48 44 45 43 .23 8:54

11 49 31 44 40 43 40 .29 8:53

12 48 30 46 37 42 37 0 8:52

13 36 30 38 36 37 36 .07 8:52

14 47 31 44 38 41 38 .07 8:52

15 45 4o 43 39 40 39 .76 8:51

16 55 40 45 42 42 41 1.47 8:50

17 45 30 44 37 41 37 .27 8:50



Appendix Table 1 (continued)

Temperature (F°)
Day Max. Min.

Soil Temp. (e)
at 2"

Max. Min.

Soil Temp. (e)
at 4"

Max. Min.

Precipi-
tation
in inches

Daylight
hours

18 45 27 42 37 39 37 0 8:50
19 32 28 36 35 35 35 0 8:49
20 37 28 36 35 35 35 .4o 8:5o

21 41 36 38 34 38 34 .17 8:49

22 44 3o 42 36 4o 36 T 8:50
23 43 34 41 36 39 36 0 8:49

24 44 31 43 37 40 37 0 8:50
25 44 32 44 38 4o 36 0 8:49
26 39 34 40 39 39 38 0 8:50
27 4o 34 39 39 38 38 .23 8:51
28 46 37 42 4o 39 38 .32 8:51
29 46 36 42 40 40 39 1.47 8:51
3o 46 36 42 4o 4o 38 .8o 8:52

31 49 38 45 41 43 41 1.89 8:53

January 1971
1 44 29 45 37 42 37 0 8:54
2 36 27 38 36 36 35 0 8:55

3 31 27 35 34 34 34 0 8:56

4 35 25 35 35 34 34 0 8:57

5 36 22 35 35 34 34 0 8:58
6 35 22 35 34 34 34 0 8:59

7 34 28 35 34 33 33 .08 9:00
8 42 33 38 34 35 34 .18 9:01

9 48 40 43 37 40 37 .55 9:03

10 50 39 46 42 43 41 .15 9:04

11 43 32 43 38 41 38 .55 9:05 H
12 35 29 38 36 38 37 .97 9:08 00

13 32 20 35 34 34 34 .76 9:09



Appendix Table 1 (continued)

Soil Temp. (e) Soil Temp. (e) Precipi-

Temperature (e) at 2" at 4 tation Daylight

Day Max. Min. Max. Min. Max. Min. in inches hours

14 34 30 36 36 35 34 1.01 9:11

15 43 34 36 35 35 34 1.37 9:12

16 49 4o 41 35 38 33 .75 9:14

17 58 42 47 41 43 40 .83 9:16

18 51 47 48 47 45 44 .71 9:18

19 57 51 52 47 48 45 .62 9:20

20 52 35 52 41 49 41 .24 9:22

21 46 33 47 39 44 39 .10 9:24

22 46 37 45 39 42 39 .13 9:26

23 45 39 43 41 41 4o .25 9:28

24 49 41 48 42 44 41 .02 9:30

25 45 42 44 43 42 42 1.18 9:32

26 48 41 46 43 44 42 .24 9:35
27 53 35 53 42 47 39 .02 9:37
28 41 36 44 41 42 41 0 9:4o

29 4o 35 44 41 42 4o 0 9:42
3o 46 35 48 42 44 4o 0 9:44

31 64 43 55 44 49 42 0 9:47

February 1971
1 49 44 5o 47 47 46 .03 9:5o

2 51 31 53 41 48 41 T i 9:52

3 47 30 46 38 43 38 .02 9:55
4 43 33 44 38 41 38 .77 9:58

5 47 29 46 38 42 38 .20 10:01

6 44 31 45 37 41 35 .06 10:03

7 43 27 45 36 41 35 0 10:06 H
8 43 27 45 36 41 36 0 10:09 ,D

9 45 29 45 36 41 36 .03 10:11



Appendix Table 1 (continued)

Temperature (e)
Day Max. Min.

Soil Temp. (e)
at 2"

Max. Min.

Soil Temp. (e)
at 411

Max. Min.

Precipi-
tation
in inches

Daylight
hours

lo 5? 35 48 37 45 36 .45 10:14

11 58 37 51 42 41 41 .03 10:16

12 57 38 52 43 47 45 0 10:19

13 62 39 52 43 47 42 0 10:22

14 61 41 55 46 51 45 0 10:25

15 51 42 48 44 45 43 .54 10:28

16 51 33 51 41 47 41 .25 10:30

17 49 35 48 41 45 40 T 10:35

18 53 39 52 43 47 42 .04 10:36

19 49 30 47 39 43 39 .38 10:40

20 47 31 47 38 43 38 .03 10:43

21 43 29 44 38 42 38 0 10:45

22 44 35 44 38 42 37 .23 10:49

23 50 33 48 40 44 39 .01 10:51

24 49 38 45 4o 42 39 .06 10:54

25 50 32 48 38 45 39 .45 10:58

26 42 28 44 37 41 37 .35 11:01

27 36 30 37 36 36 35 1.28 11:04

28 36 25 36 35 35 34 .14 11:07

March 1971
1 42 12 35 35 34 33 T 11:10

2 4o 18 35 34 34 33 T 11:12

3 41 34 35 34 35 34 .31 11:16

4 44 32 47 36 42 36 .3o 11:19

5 4o 3o 41 36 38 35 .32 11:22

6 46 30 45 36 41 35 .12 11:24 i-,

7 47 37 43 37 40 36 .04 11:28
1-10

8 48 27 49 37 44 37 .04 11:31



Appendix Table 1 (continued)

Day

Temperature (e)
Max. Min.

Soil Temp. (e)
at 2"

Max. Min.

Soil Temp. (e)
at 4"

Max. Min.

Precipi-
tation
in inches

Daylight
hours

9 47 3o 5o 37 45 36 .05 11:34

lo 46 38 45 41 42 4o .27 11:36

11 49 37 47 41 44 40 .66 11:40

12 52 4o 46 4o 43 39 1.28 11:43

13 48 36 47 4o 43 4o .38 11:46

14 5o 37 53 41 47 39 .22 11:50

15 50 32 51 38 47 39 .04 11:52

16 47 34 51 39 46 38 .06 11:55

17 51 29 52 38 48 38 0 11:58

18 50 33 53 37 48 38 0 12:02

19 57 37 53 38 48 38 0 12:05

20 61 3o 57 38 5o 39 0 12:08

21 58 37 55 39 44 40 0 12:11

22 57 41 55 41 5o 41 .37 12:14

23 55 47 53 47 48 45 .26 12:17

24 60 4o 57 46 48 44 .15 12:20

25 53 38 56 44 47 44 T 12:24

26 50 42 47 45 45 44 .63 12:27

27 52 39 55 44 5o 43 .12 12:29

28 52 4o 54 44 54 44 .08 12:32

29 55 44 53 46 48 45 .10 12:36

30 59 4o 55 45 50 44 .24 12:39

31 50 32 53 41 48 41 .12 12:42
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Appendix Table 2. Seed and straw yield and % seed wt. of "Rainier"
red fescue in the year of 1970 before treatments,
Corvallis, Oregon.

Yields of

Planned straw & Total dry

treatment Seed yields stubble matter % seed

no. (kg/ha) (kg/ha) (kg/ha) wt.

Area to be burned

1 698.10 4,565.22 5,263.32 13.26

2 722.08 4,495.27 5,217.35 13.84

3 709.70 4,609.76 6,319.46 13.34

4 735.47 4,434.88 5,170.35 14.22

5 737.05 4,541.98 5,279.03 13.96

6 805.80 4,672.92 5,478.72 14.71

7 793.18 4,744.67 ,5,537.85 14.32

Ave. 743.05 4,580.67 5,323.73 13.95

Area of mechanical removal

1 760.30 4,734.15 5,494.45 13.84

2 780.12 4,660.03 5,440.15 14.34

3 732.10 4,514.06 5,246.16 13.95

4 692.16 4,630.38 5,322.54 13.00

5 755.98 4,763.99 5,519.97 13.70

6 719.81 4,522.19 5,242.00 13.73

7 739.55 4,506.60 5,246.15 14.10

Ave. 740.00 4,618.77 5,358.77 13.81

Non-residue removal area

1 753.78 4,640.29 5,394.07 13.97

2 711.23 4,608.07 5,319.30 13.37

3 751.27 4,618.56 5,369.83 13.99

4 740.39 4,700.81 5,441.20 13.61

5 761.08 4,615.49 5,376.57 14.16

6 724.21 4,601.68 5,325.89 13.60

7 719.24 4,717.25 5,436.49 13.23

Ave. 737.31 4,643.16 5,380.48 13.70
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Appendix Table 3. Results of germination and purity tests of Rainier

red fescue seed from burned, unburned and mechanical

removal plots, 1971.

Result of
germination test %

Result of
purity test %

Burned 96 Pure seed 98.20

Crop seed 0.09

Inert matter 1.62

Weed seed 0.09

Unburned 97 Pure seed 98.66

Crop seed 0.10

Inert matter 1.21

Weed seed 0.03

Mechanical 96 Pure seed 98.43

removal Crop seed 0.32

Inert matter 1.19

Weed seed 0.06

Appendix Table 4. Analysis of variance for the seed yield of Rainier

red fescue in 1970.

Source of variation df Sum of square Mean square

Replication 3 31,111.67 10,370.56 1.058

Main plot 2 166.68 83.34 0.008

Rep x Main (error a) 6 58,804.19 9,800.69

Treatment 6 1,600.51 266.75 0.385

Main x Treat 12 11,771.52 980.96 1.417

Rep x Treat
Rep x Main (error b)

x Treat

54 37,378.04 692.19

Total 83 140,832.63
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Appendix Table 5. Analysis of variance for the straw yield of Rainier
red fescue in 1970.

Source of variation df Sum of square Mean square F

Replication 3 52,444.03 17,481.34 0.85

Main plot 2 9,149.12 4,574.56 0.22

Rep x Main (error a) 6 123,324.78 20,554.13

Treatment 6 12,247.80 2,041.30 0.29

Main x Treat 12 85,784.68 7,148.72 1.02

Rep x Treat
Rep x Treat (error b)

x Main

54 374,290.36 6,949.82

Total 83 658,240.75

Appendix Table 6. Analysis of variance for the seed yield of Rainier
red fescue in 1971.

Source of variation df Sum of square Mean square

Replication 3 221,548.48 73,849.49 4.31

Main plot 2 4,101,677.17 2,050,838.58 119.77**

Rep x Main (error a) 6 102,740.53 17,123.42

Treatment 6 1,127,693.69 187,948.95 16.82**

Main x Treat 12 161,411.81 13,450.98 4.31

Rep x Treat
Rep x Main (error b)

x Treat

54 603,363,78 11,173.40

Total 83 6,318,435.48

** Significant at the 1% probability level
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Appendix Table 7. Analysis of variance for the straw yield of Rainier

red fescue in 1971.

Source of variation df Sum of square Mean square F

Replication 3 5,162,786.87 1,720,928.96 13.84

Main plot 2 12,566,615.94 6,283,307.97 50.55**

Rep x Main (error a) 6 745,797.81 124,299.64

Treatment 6 2,247,667.63 374,611.27 0.67

Main x Treat 12 9,511,645.12 792,637.09 1.41

Rep x Treat
Rep x Treat (error b)

x Main

54 30,305,241.09 561,208.17

Total 83 60,539,754.46

** Significant at the 1% probability level

Appendix Table 8. Analysis of variance for the seed yield of Rainier
red fescue; effects of main plot treatments, 1971.

Source of variation df Sum of square Mean square

Replication 3 12,924.71 4,308.23 2.95

Main plot 2 401,612.98 200,806.49 137.68**

Main x Rep (error) 6 8,750.96 1,458.49 1.00

Total 11 423,288.65

** Significant at the one percent probability level
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Appendix Table 9. Analysis of variance for the seed yield of Rainier

red fescue; effects of subplot treatment.

UNBURNED

Source of variation df Sum of square Mean square

Subtreatments 6 350,489.54 58,414.92 11.053**

Error 21 110.983.97 5,284.95

Total 27 461,473.53

LSD 5% = 106.92 LSD 1% = 1.45.53

** Significant at the 1% probability level

BURNED

Source of variation df Sum of square Mean square

Subtreatments

Error

Total

6 552,637.62 92,106.27 3.77*

21 513,118.99 24,434.24

27 1,065,756.61

LSD 5% = 229.90 LSD 1% = 312.91

* Significant at the 5% probability level

MECHANICAL REMOVAL

Source of variation df Sum of square Mean square

Subtreatments 6 372,033.54 62,005.59 4.40**

Error 21 296,091.48 14,099.59

Total 27 668,125.02

LSD = 174.64 LSD 1% = 237.70

** Significant at the 1% probability level
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Appendix Table 10. Analysis of variance: Effects of muslin shading
on the Rainier red fescue seed yield of burned,

unburned, and mechanically residue removed plots

in 1971.

Source of variation df Sum of square Mean square F

One-ply muslin shading

Replication 3 27,402.99 9,134.33 4.33

Treatment 2 338,877.04 169,438.52 80.28**

Error (Rep x Treat) 6 12.664.22 2,110.70

Total 11 378,944.25

Two-ply muslin shading

Replication 3 34,491.64 11,497.21 2.95

Treatment 2 132,817.83 66,408.92 17.01**

Error (Rep x Treat) 6 23,418.14 3,903.02

Total 11 190,727.61

** Significant at the 1% probability level

Appendix Table 11. Analysis of variance for the seed yield of Rainier
red fescue from plots of straw residue burned,
unburned, mechanically removed, and hand removed.

Source of variation df Sum of square Mean square

Replication 3 22,988.16 7,662.72 2.05

Treatment 3 1,214,470.30 404,823.43 108.43**

Rep x Treat (error) 9 33,601.02 3,733.45

Total 15 1,271,059.48

** Significant at the 1% probability level
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Appendix Table 12. Values of simple correlation coefficients (r)

between panicle density and seed yield of the

Rainier red fescue.

Obtained
r values

Values of r at the
1% level of signi-
ficance'

1971

Burned red fescue .936** .874

Unburned red fescue .983** .874

Mechanically removed
red fescue

.948** .874

1970

Plot A (pre-burn season) .993** .798

Plot B (pre-burn season) .998** .798

Clonal samples .949** .708

1 "r" values at the 1% level of significance were taken from Tables 7,

6, 1, "Statistical Methods" by George Snedecor, 1956.


