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Field and controlled environment chamber studies were carried out
to evaluate modes of action of post-harvest treatments on the development and seed yield of cool season grasses.

Red fescue (Festuca rubra

L.) was used as the primary test species.

There was no difference in total biomass production of red fescue
as influenced by either burning or mechanical removal of post-harvest
residue.

Burning did cause a shift in biomass distribution resulting

in a 168% increase in seed yield.

Variation in the number of fertile

tillers per unit area accounted for 69% of the seed yield variation.
Burned plots produced 582

fertile tillers m

removed plots produced 392 fertile tillers m

-2

while mechanically

-2
.

Statistical analysis

indicated that most of the differences in seed yield due to treatment
were accounted for by the number of fertile tillers per unit area.

Mechanical removal of residue resulted in the development of one
axillary tiller per 10 primary tillers of red fescue by December.
Burning significantly increased the rate of 16 axillary tillers per 10
primary tillers by the same date.

This clearly suggests an increased

availability of substrates for fall plant development.

This in turn

may have contributed to a greater number of fertile tillers in the
spring.

The overall effect was higher seed yield.

Linn perennial ryegrass (Lolium perenne), Merion bluegrass (Poa
pratensis), Highland bentgrass (Agrostis tenuis), and Alta tall fescue
(Festuca arundinacea) all showed a significant increase in the number
of axillary tillers developed by November as a result of burning postharvest residue as opposed to mechanical removal.
Light energy received by the individual tiller appears to be a
This

major factor influencing early tiller development in red fescue.
factor can be strongly influenced by tiller density.

Controlled

environment studies suggest that at a tiller (seedling) density of 2 per
2

100 cm , 47 axillary tillers per 10 primary tillers are produced.

When

2

the density is increased to 100 per 100 cm , only 8 axillary tillers per
10 primary tillers are produced.

showed that at 1800 pwatts cm

-2

Parallel experiments with light energy
2

and 2 seedlings per 100 cm

tillers were produced per 10 primary tillers.

,

48 axillary

At 900 gwatts cm

2

under

the same conditions only 25 axillary tillers per 10 primary tillers were
produced.

A reduction in the day temperature from 19 C to 9 C and night

temperature from 14 C to 6 C did not affect this light energy-axillary
tiller production relationship.
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GENERAL INTRODUCTION

Open field burning of grass seed fields in August and September, as
a post-harvest management practice in the Pacific Northwest, was first
proposed in the 1940's.

Controlling blind seed disease, ergot and seed

nematodes were put forth as the original justifications for burning
(Hardison, 1964).

As burning became more widespread, it was soon noted

that the grass seed fields, especially the perennial varieties,
benefitted not only by disease control but by weed control, reduction of
pests such as mites, insects and rodents, and provided an inexpensive
means of removing

unwanted residual straw and stubble.

Chilcote (1969)

noted that seed yield production was stimulated by burning but not
solely as a result of pest and disease control.

The removal of straw

and stubble appears to be related to increased seed yield by causing a
favorable change in the microenvironment, affecting the growth and
development of the surviving plants.

It is to this point--how does

burning affect the seed yield potential of perennial grasses--that this
thesis is directed.

Red fescue was selected as the major test species due to its
greater seed yield response to open field burning (Table 1).

Other

species of grass were used in a limited study concerned with fall tiller
development.

A field experiment using red fescue treated with several residue
removal techniques was initiated to observe changes in plant development
and shifts in seed yield components.

It soon became apparent that fall

tiller development was being strongly influenced by post-harvest burning.

Table 1.

Seed yield of different grass species subsequent to various
post-harvest residue removal methods (Chilcote, 1969).

Kilograms per Hectare
PostHarvest
Treatment

No Removal

Chewings
Fescue

282

Creeping
Red
Perennial Highland
Merion
Latar
Fescue
Ryegrass Bentgrass Bluegrass Orchardgrass

409

Raking

908

434

785

406

800

1138

967

Chopper
Removal

362

747

1035

402

1119

1178

Early
Burning

1035

1243

1278

596

1303

1263

Consequently, greenhouse experiments were conducted to examine the
effects of plant density, light quantity and temperature on the early
development of the red fescue seedling.

It was hoped that these trials

would provide an insight as to how these factors and seed yield may be
interrelated.
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EFFECTS OF POST-HARVEST TREATMENTS
ON RED FESCUE GROWTH AND SEED YIELD POTENTIAL

INTRODUCTION

Studies on the effects of removing post-harvest residue by burning
have repeatedly shown benefits in terms of high seed yield and quality
of many perennial grasses (Canode, 1965; Chilcote, 1967, 1968, 1969;
Musser, 1947; Pumphrey, 1965).

The mode of action of burning through

which these high seed yields are realized is not completely understood.
An unburned field where the occurrence of disease and pest are relatively
The magni-

low, will not produce yields comparable to a burned field.

tude of the yield increase due to burning, sometimes two- to threefold,
convincingly suggests that factors other than diseases and pests are
strongly influencing seed yield.

A perennial grass seed field where burning post-harvest residue is
not practiced develops a predictable seed yield pattern.

Sharp (1965)

noticed a steady decline of seed yield in red fescue after the first
year which was the highest.

Pumphrey (1965) reported an initial

increase of seed yield in red fescue during the first two years of
production.

Presumably, yields decreased as the stand became older.

Canode (1972) working with bluegrass reported a steady decline in seed
yield from the second to fifth year.
Apparently, seed yield tends to increase or peak during stand
establishment and then steadily decline as it becomes older.

The peak

in terms of occurrence, magnitude and longevity varies according to
species and environmental conditions.

Associated with this phenomenon is an increase in tiller density.
A so-called "sod binding" effect also develops which apparently is an
interaction of high root densities and a build up of plant residue
referred to as "thatch".

Lambert (1964) noted that in meadow fescue and timothy, the number
of tillers per unit area increased over years.

Higher tiller numbers

per unit area were observed with lower plant densities.

He also stated

that the percentage of fertile tillers was generally higher with lower
plant densities and lower tiller numbers per unit area.

If seed yield

decreases as tiller density increases as Lambert suggests, then one may
speculate that burning has an effect on tiller density as well as "sod
binding", manifesting itself in terms of seed yield.
The cause-effect relationship between residue removal, tiller
density and seed yield is obscured by the inherent complexity of factor
interaction affecting seed yield (fall environmental conditions, overwintering factors such as survival and tiller induction, and spring
conditions affecting fertile tiller initiation, to name just a few).
Consequently, fall and spring growth habits were evaluated in
relation to the effects of various post-harvest treatments designed to
alter tiller density and light reception.

Axillary tiller development

provided insight on the ultimate effects of the post-harvest treatments.
Specifically, this study was undertaken not only to identify
factors influencing seed yield, but to determine how these factors were
affected either directly or indirectly by post-harvest treatments,
especially burning.

METHODS AND MATERIALS

This study was conducted in a field of Festuca rubra L. var.
Rainier, at the Hyslop Experimental Farm near Corvallis, Oregon, during
the 1971-72 growing season.

The stand was kept mowed (8 cm high) during

the first two years of growth.

During the third growing season the

stand was allowed to set seed and was then harvested.

During the fourth

growing season, Kim (1973) applied treatments similar to those described
in this study.

The sward was five years old at the initiation of this

experiment.

Post-Harvest Treatments
Two main treatments were established using a split plot design with
four replications.

Open burn of the post-harvest residue was the first

treatment and represents the common cultural practice for grass seed
fields.

Mechanically removed straw was the other treatment and was

selected as an alternative to burning.

Residue was removed from the

latter treatment by hand raking, leaving only 3 cm high stubble.

This

treatment was designed to remove some residue but without the effects of
burning.

Both main treatments were applied during the second week of

August, 1971.

The main plots were further subdivided into five sub-treatments
applied during the third week in August, 1971.
I.

These were:

Control

These plots were designed to provide a standard and consisted of
main plot treatments only.

7

II.

Stripping

The nonselective removal of thatch and plant material was hoped to
"open" the stand by reducing tiller density and the "sod binding" effect
of accumulated plant litter.

The treatment consisted of grooves (1 cm wide x 4 cm deep) cut into
the grass sod with a modified dethatching unit.

These grooves were

approximately 20 cm apart and traversed the plot in two directions,
producing a grid pattern (Figure 1).

Residue material, mainly thatch,

was removed by a commercially available garden vacuum unit (Figure 2).
The treatment was considered to be a less severe form of the
"dethatching" treatment.
III.

Dethatching

The "dethatching" treatment was applied with a commercially
available unit that had cutting blades 0.1 cm in width and spaced 6 cm
The plot was cross-hatched into a grid pattern similar to the

apart.

"stripping" treatment.

The objective of this treatment was to further reduce tiller
density by increasing the intensity of the "stripping" treatment.
IV.

Close Cutting

Reduction of the shading effect from stubble and excessive fall
growth without disturbing the sod thatch, was the primary objective of
this treatment.

To achieve this, a series of close mowings 4 cm in

height with a rotary mower were used.

Mowing was done once a month in

September, October, November and December.
removed.

All clipping residue was

8

Figure 1.

The cross-hatching effect resulting from the "stripping"
Mid-September 1971.
treatment in a burned plot area.

Figure 2.

Removal of plant residue from a mechanically removed plot with
a garden vacuum unit. Mid-August 1971.
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V.

Shading

Grass stands containing high plant densities, such as those that
have not been burned, have a considerable amount of mutual shading from
stubble and plant growth.

The reduction of light intensity in this

treatment was designed to approximate this shading and to produce a
light stress on the plants.

The burned plots would receive the benefits

of the burn, but the ensuing plant growth would develop under light
conditions similar to those occurring under an unburned situation.
Wooden frames 2.5 m x 2.5 m covered with a cloth muslin were used
as shades.

The shades were supported 15 cm above the uppermost part of

the canopy (Figure 3).

Shading was imposed in early September before

fall regrowth and remained until early April before rapid spring growth
occurred.

Incoming light energy was reduced by approximately 85%

(Appendix I).

Cultural Practices
Atrazine at 2.42 kg ha

-1

was applied on 12 October 1971 for weed

control.

Based on soil test recommendations, 660 kg ha
applied in November and 73 kg ha

-1

-1

of 16-20-0 was

of ammonium sulfate was applied in

March.

Harvesting
Panicles from four 1 m

2

sub-samples of each 3mx6mtreatment

plot were harvested by hand in mid-July 1972.

Total vegetation from one

of the four sub-samples was taken at the same time (Figure 4).

Seed

yield, number of fertile tillers per unit area, 500 seed weight, number

10

Figure 3.

Muslin shade used to reduce incident light in a burned plot
of red fescue. October 1971.

11

Figure 4.

Example of a "control" sub-plot of red fescue with all vegetation removed.
July 1972.
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of seeds per fertile tiller (calculated) and total dry matter (fertile
tillers, leaves and seed) produced were subsequently determined.

Fall Tiller Development
The number of axillary tillers produced per tiller unit was
observed during the fall.

In November, samples were taken only from the

burned and mechanically removed "control" plots.

All sub-treatments

were sampled in December.

A tiller unit was defined as an individual shoot plus axillary
tillers that were initiated during the current season's growth.
Depending on the age of the parent plant, it is plausible that this
tiller could be classed as a secondary, tertiary, etc., tiller (Barnard,
1964).

This tiller unit in most cases develops from a tiller bud

observed in late summer (Kim, 1973).

Tillers developing subsequent to

and in association with the "primary" tiller arising from this bud
during the current growing season were identified as axillary tillers
(Gillet, 1964).

Tiller number was the total number of tillers per tiller unit, one
primary shoot plus axillary tillers, resulting from the current season's
growth.

Only tillers that could be clearly identified with the naked

eye with a minimum amount of dissection were counted (Figure 5).

The

number of tiller units per clone and unit area were not recorded.

Root Weights

Clonal plugs 5 cm in diameter and 12.6 cm deep were taken from the
"burned" and "mechanically removed" control treatments on 2 September
1971.

Thatch material was discarded and the plugs divided laterally

13

4

Figure 5.

Example of a red fescue tiller unit (primary shoot plus
axillary tillers) from the mechanically removed "control"
plot. November 1971.
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into five equal discs, representing sections from the ground surface
From each of these, roots were washed out, dried for 24 hours

downward.

at 80 C and weighed.

Evaluation
Where appropriate, the analysis of variance, least significant
difference, "t" statistic, correlation and multiple regression were
calculated with the aid of the Oregon State University OS -3 computer
statistical subsystems.

Seed yield components were analyzed using linear regression models
and assumed the following expression:

yi = ai + [bi

x(1)i] + [bi

x(2)i] + [bi

x(3)i]

where:

yi

= seed yield

x(1). = number of fertile tillers per unit area
x(2). = number of seeds per fertile tiller
x(3). = seed weight
= observation number
a.

= point of intercept

b.

= partial regression coefficient

Using the above notations, residuals represent unaccountable variation of the source of seed yield and are expressed in terms of multiple
coefficients of determination (R

2
).

+ R2
+ R2
R
= 100 - [R2
]
x(1)
x(2)
x(3)
residual
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Coefficients of determination from a multiple regression model
(Sokal, 1969) were calculated by:

2

R

x.

x.

r

= [

x.1 -y.

yi
where:

= standard deviation of yield component x.

s

x.

= standard deviation of the yield y.

s

1

Yi
b.

= regression coefficient from the multiple regression
formula

r

= correlation coefficient between yield component x. and
yield yi
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RESULTS AND DISCUSSION

Fall Axillary Tiller Development
The fall growing season started sometime in late September due to
rainfall and temperature conditions.

By early October, new "primary"

tillers in all treatments had been initiated and were developing (Figure
6).

By mid-November plants in the burned plots had developed 1.1

axillary tillers per tiller unit which was significantly (P <.01) higher
than plants in the mechanically removed plots which had not developed
any axillary tillers (Table 2a).

Four weeks later in mid-December, a

further increase in axillary tiller numbers was noted for the burned
"control" while the mechanically removed "control" treatment was just
showing signs of axillary tiller development (Table 2b).
Axillary tillering for the stripped and dethatched treatments
across burned and mechanically removed treatments showed a significant
(P< .05) reduction compared to the control.

This was due in most part

to the influence of the burned treatments, where axillary tillering was
significantly (P <.05) reduced, while the mechanically removed treatments indicated no significant reduction due to stripping or dethatching
(Table 2b).

Although the stripping and dethatching treatments were designed to
lower plant density, the non-selectivity of the process was apparently
at fault.

Figure 7 illustrates this point further.

Considering that dethatching blades are 6 cm apart and clones of
red fescue may range from 8 cm (Clone A) to 14 cm (Clone B) in diameter

with an average tiller density of 1 tiller per cm2 (Kim, 1973), the
dethatching treatment on the average may only influence about 1/20th of

17

I

""tra.

Figure 6.

,-4r.likw

Burned "control" plot of red fescue depicting fall regrowth.
6 October 1971.
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the clonal area.

That being the case, dethatching would not be uniform

or selective in the sense that it would leave tiller unit density
between blades virtually untouched.
This could explain why no effect on axillary tillering was noted
under the mechanically removed situation.

The harshness of the

stripping and dethatching treatments may have caused additional physical
injury to tillers and clones subjected to post-harvest burning.

This

additional injury may have caused the reduction in axillary tillering.
Shading in both main treatments entirely eliminated any axillary
tillering (Table 2b, Figure 9), strongly suggesting a relationship
between light energy and tiller development, a proposition well
supported in the literature for many other grass species (Gardner, 1942;
Langer, 1963; Barnard, 1964).

Leaf and stem elongation were promoted in

both main treatments (Figure 3) as a result of shading.
Close cutting had a significant effect on tillering capacity (Table
2b).

Regrowth in the fall in terms of height was small.

After the

mowing in October, little plant material was produced through December
that could effectively be removed by mowing.
Stubble and loose residue were easily removed by mowing prior to
regrowth in the fall.

Basal bud density (therefore, regrowth tiller

density) was not affected.

Continued mowing reduced the number of axillary tillers (Table 2b)
produced during the fall.

Since leaf material was being removed, it

seems reasonable that substrates may have been diverted to replace leaf
material.

Since leaf development under these conditions may be a

stronger sink, axillary tiller development would then suffer.

19

Table 2a.

Axillary tiller production of red fescue as influenced by
post-harvest residue removal treatments.

24 November 1971.

Number of Axillary Tillers
Per Tiller Unit

Treatment

Burned

Mechanically Removed

0

(Average of 10 observations)

** Significantly different at 1% level of probability from paired
(Calculated from paired "t" test.)
observation.

Table 2b.

Axillary tiller production of red fescue as influenced by
post-harvest residue removal treatments.

Treatment

15 December 1971.

Number of Axillary Tillers Per Tiller Unit
Mechanically Removed
Burned

Control

1.60

0.10

0.85

Dethatched

0.33 *

0.10 NS

0.22 *

Stripped

1.07 *

0.20 NS

0.63 *

Close Cut

0.73 *

0.03 *

0.38 *

Shade

0

*

0.75 **

0

*

0

0.09 **

(Average of 30 observations)

* Significantly different at 5% level of probability from CONTROL
** Significantly different at 1% level of probability from paired
observation
NS No significant difference

*
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Figure 7.

Effective path of dethatching blades used to reduce tiller
density in red fescue.

Path of Dethatching Blade

I

6 cm

I

6 cm

50 Tiller
Units

150 Tiller
Units
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Seed Yield and Seed Yield Components
The total biomass produced per unit area was not influenced by
either burning or mechanical removal of residue (Table 3).

A signifi-

cant shift in the partitioning of this weight was noted when a burning
treatment was imposed.
of non-seed dry matter.

Seed weight drastically increased at the expense
To understand the source of this shift, it is

beneficial to examine the influence of residue removal treatments on
the components of seed yield, namely:

1) number of fertile tillers per

unit area, 2) number of seeds per fertile tiller, and 3) seed weight.
An increase was noted in the number of fertile tillers per m

2

(P <.01) from 392 for the mechanically removed treatments to 582 for the
burned treatments (Table 4) and the number of seeds per fertile tiller

(P<.05) from 337 for the mechanically removed treatments to 424 for the
burned treatments.

The seed weight was not significantly influenced by

either treatment.

Using multiple regression analysis to determine multiple coeffi2

cients of determination (R ), 69% of the seed yield variation could be
accounted for by variation in the number of fertile tillers per unit
area, 29% by the variation in the number of seeds per fertile tiller and
1% by variation in seed weight (Table 5).

The variation in the number of fertile tillers per unit area as a
contribution to seed yield variation was significantly reduced (9%) by
the burned treatment (Table 5).

This reduced influence caused a shift

towards more dependency on seed weight in relation to seed yield (Figure
8, Table 6).

However, seed yield in both burned and mechanically

removed plots for the most part responded to variation in the total

22

Table 3.

Partitioning of dry weight in red fescue as influenced by
post-harvest residue removal treatments, 1972.

Biomass Produced (kg ha-1)
Treatment

Seed

Dry Matter

Total

Burned

552

8326

8878

Mechanically Removed

296

8590 NS

8886 NS

* Significantly different at 5% level of probability from BURNED
(Based on "t" test.)
treatment.
NS No significant difference from BURNED treatment
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Table 4.

Effects of burning and mechanical removal of post-harvest
residue on seed yield and yield components of red fescue,
1972.

Treatment

Yield
-1
kg ha

Number
Fertile
Tillers
m2

Number
Seeds/
Fertile
Tiller

500 Seed
Weight
(g)

Burned

552

582

424

0.5551

Mech. Removed

296 *

392 **

337 *

0.5502 NS

* Significantly different at 5% level of probability from BURNED
** Significantly different at 1% level of probability from BURNED
NS No significant difference from BURNED
(Based on "t" test)

24

2

Table 5.

Coefficients of determination (R ) from a multiple regression
model of seed yield components of red fescue as influenced by
post-harvest residue management practices, 1972.

Source of Seed Yield Variation (%)

Treatment

No. Panicles
Per
Unit Area

No. Seeds
Per
Panicle

Seed
Wt.

Residual

Burned

69.0

29.0

1.0

1.0

Mech. Removed

74.0

23.0

1.0

2.0

Combined (Burned +
Mech. Removed)

70.0

27.0

1.0

2.0
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Figure 8.

Interrelationships of seed yield components and seed yield in
red fescue.

= seed yield per plot

y
x

x
x

y

x

= fertile tillers per plot
1

= seed weight (500)
2

= seeds per fertile tiller
3

P
P

= standardized partial pathway coefficient

r

= correlation coefficient

x
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Table 6.

Path coefficient analysis of the direct influence of seed
yield components as affected by post-harvest residue removal
treatments, 1972.

Coefficients
Treatment

Mech. Removed

All

Burned

0.74

0.74

0.79

0.04

0.10

0.014

0.35

0.40

0.34

r

0.20

0.09

0.33

r

0.15

0.31

0.09

0.57

0.46

0.40

0.95

0.93

0.94

0.14

0.04

0.27

0.76

0.72

0.66

0.02

0.01

0.02

Relationship

P

yxl
P

yx

2

P

yx3
x1x2

x2x3
r

r

r

r

x1x3

xly

x2y

x3y

Residual
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number of fertile tillers produced, overshadowing seed weight influence.
Fertile tiller initiation appears to be completed by late February
in red fescue (Kim, 1973).

If this is the case, the number of fertile

tillers per unit area and ultimately seed yield are influenced most by
factors or conditions prior to that date.

Tiller mortality after floral initiation was not assessed.

Because

of the large difference in panicle numbers between burned and mechanically removed plots, it is unlikely that tiller mortality had a major
influence on total seed yield variation.

Dethatching subsequent to burning significantly (P <.01) reduced
seed yield as compared to the control (Table 7).

The reduction can be

directly attributed to a lower number of fertile tillers per unit area.
The number of seeds per fertile tiller and 500 seed weight were not
significantly affected.

Apparently this treatment caused physical damage to tillers that
had survived the late summer burning.

It was noted earlier that

axillary tillering was also reduced by this treatment.

This strongly

suggests that factors influencing fall axillary tiller development are
ultimately expressed in terms of the seed yield potential of that plant.
The shading treatments were so severe that no reproductive tillers
were initiated and consequently there was no seed produced (Figure 9).
Reduction in light energy has been shown to reduce fertile tiller
production in perennial ryegrass (Lolium perenne L.) and meadow fescue
(Festuca pratensis Hud.) (Ryle, 1967; Spiertz, 1972), as well as other
species (Aspinall, 1963; Friend, 1963).
not fully understood.

The cause of this reduction is

Milthorpe (1963) did observe a relationship
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Figure 9.

Fertile tiller production of no-shade burned plot (right)
versus no fertile production of shaded burned plot (left) in
red fescue. May 1972.
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Table 7.

Effects of post-harvest treatments on seed yield and yield
components of red fescue, 1972.

Treatment

Yield
-1
kg ha

Number
Fertile
Tillers
m2

Number
Seeds/
Fertile
Tiller

500 Seed
Weight
(g)

BURNED
Control

608

630

426

0.5571

Dethatched

344 **

408 **

376 NS

0.5638 NS

Stripped

632 NS

668 NS

437 NS

0.5450 NS

Close Cut

627 NS

623 NS

455 NS

0.5547 NS

0

0

Shade

0

0

MECH. REMOVED
Control

319 **

403 eci:

362 NS

0.5523 NS

Dethatched

230 **

342 **

303 *

0.5546 NS

Stripped

352 *

437 **

370 NS

0.5541 NS

Close Cut

279 **

384 **

314 *

0.5400 NS

Shade

0

0

0

0

* Significantly different at 5% level of probability from BURNED
Control
** Significantly different at 1% level of probability from BURNED
Control
NS No significant difference from the BURNED Control
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between light intensity and the rate of vegetative primordia production
by altering available energy substrates but did not have the opportunity
to elucidate the effects on reproductive primordia production.
Since shading reduced incoming light energy for a considerable
period of time during the fall and winter in this experiment, it is
difficult to isolate any particular phase of plant development that may
have been affected so as to cause a reduction in fertile tiller production.

One may ponder that photosynthesis was reduced to such a point

that available substrate was low, limiting proper tiller and primordia
development (Table 8).

To say that it affected floral initiation or

induction would be purely speculative.

Further investigations should

be conducted to identify and explain the relationship between substrate
reserves and floral induction and initiation.

Root Weights

Root weights taken prior to fall regrowth were determined in an
attempt to identify the effects of burning post-harvest residue.

Root

weights were obtained on 3 September 1971 from the burned and mechanically removed plots.

Due to the time of sampling, weights only reflect

the previous season's growth.

Laude (1953) reported that cool season grasses go into a dormant
or near dormant condition during the summer due to high temperatures
and low soil moisture.
summer dormancy.

when sampled.

Red fescue grown in this trial exhibited this

Because of this, the roots appeared dead or non-active

An effort was made to identify dead to live root ratios

using the triphenyltetrazolium chloride test (Knievel, 1973) but failed
(Appendix II).

Consequently, results reported here indicate only total
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root mass.

Total root mass in the top 2.5 cm zone (Table 9) was significantly
(P <.05) higher in the burned plots as compared to the mechanically
removed plots.

This top zone included a portion of the tiller basal

area due to the location of the primordia in relation to the soil
surface.

The increase in plant mass could indicate a greater amount of

tillers per tiller unit.

Alternately, the increase could be a result

of organic reserve storage resulting from substrates that were in excess
during the previous growing season.

Smooth brome grass is known to

store organic reserves in the tiller base region as the growing season
progresses (Paulsen, 1969).

If this occurs in red fescue, it is

reasonable to assume that this region may also store these organic
reserves and would account for the observed increase in plant mass.
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Dry matter production of red fescue as influenced by

Table 8.

mechanical and burning cultural practices, 1972.

Dry Matter (Excluding Seed) kg ha-1
Treatment

Burned

Mechanically Removed

Control

7810

8385 NS

Dethatched

7815 NS

8391 NS

Stripped

8431 NS

8736 NS

Close Cut

9264 NS

8849 NS

Shade

4887 **

5199 **

** Significantly different at 1% level of probability from BURNED
Control
NS No significant difference from BURNED Control
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Table 9.

Root weights of red fescue plugs (19.6 cm2) as influenced by
post-harvest residue removal treatments.

2 September 1971.

Weight (g) of Roots
Root Zone
(cm)

Burned

Mechanically Removed

0.0- 2.5

1.28

0.93 *

2.5- 5.1

0.47

0.38 NS

5.1- 7.6

0.30

0.25 NS

7.6-10.1

0.26

0.19 NS

10.1-12.6

0.44

0.17 NS

* Significantly different at 5% level of probability between BURNED
and MECHANICALLY REMOVED treatments
NS No significant difference between BURNED and MECHANICALLY REMOVED
treatments
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FALL TILLER DEVELOPMENT OF SEVERAL COOL SEASON GRASSES
AS AFFECTED BY POST-HARVEST RESIDUE REMOVAL TREATMENTS, 1972

INTRODUCTION

Observations reported earlier in this dissertation concerning fall
axillary tiller development of red fescue indicated a change in the rate
of development as affected by post-harvest residue removal treatments.
Axillary tiller development was apparently accelerated by the burning
treatments.

If fall tiller development is associated with spring

fertile tiller production, then management practices may be developed to
exploit this response to a greater extent.

A number of investigators have reported earlier tiller development
resulting from burning (Ehrenreich, 1963; Kucera, 1962; Koelling, 1965).
Essentially no information is available concerning the development of
the tiller unit per se.

Is the increase due to the subsequent develop-

ment of a larger number of pre-existing meristems or are there a greater
number of axillary tillers produced?

The source of this tiller increase

is of prime importance in understanding the effects of burning on plant
development.

A study was, therefore, undertaken to substantiate the effect of
burning or mechanical removal of post-harvest residue on fall axillary
tiller development of red fescue and several other cool season grasses.
It is reasoned that if more tiller units develop a greater number of
axillary tillers prior to winter, that because of this greater number of
tillers and possibly a greater amount of available organic reserves, the
tiller unit(s) may be more receptive to floral induction, be able to
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better survive overwintering and support an earlier and more vigorous
floral development in the spring.

This greater number of floral tillers

would then be the basis for a potentially higher seed yield.
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METHODS AND MATERIALS

Five perennial grasses were observed:

Cascade red fescue (Festuca

rubra var. commutata Gaud.), Highland bentgrass (Agrostis palustris),
Newport bluegrass (Poa pratensis), Linn perennial ryegrass (Lolium

perenne), and Alta tall fescue (Festuca arundinacea).

The red fescue

and bentgrass plots were located near Silverton, Oregon.

The remaining

three species were located in the Willamette Valley near Harrisburg,
Oregon.

All grasses were subjected to either field burning of post-harvest
residue in mid-August 1972 or straw removal (mechanically removed) at
the time of harvest.

Three dates (four for red fescue and bentgrass) were selected for
observation of the number of visible axillary tillers in each grass
species.

Results were expressed as the average number of axillary

tillers per tiller unit.
2

Three 19.6 cm

plugs were sampled from each plot.

From these three

plugs, 12 tiller units were observed for the number of axillary tillers.
A tiller unit was defined as a primary shoot plus axillary tillers that
were initiated during the current season's growth, normally from a
tiller bud that had developed during the previous season's growth.
Analysis of variance and the least significant difference were
utilized to determine differences within species as a result of treatment and time of year.

37

RESULTS AND DISCUSSION

Axillary tiller development associated with open field burning
became evident by 10 October (Figure 10a-e).

By that date, axillary

tiller numbers for perennial ryegrass were significantly higher (P<.01)
than the mechanically removed treatment.

Red fescue, bluegrass and

bentgrass all showed an increase in axillary tiller numbers due to
burning, but were not significantly higher than the mechanically removed
residue treatment.

Axillary tiller development in tall fescue was not

apparent by this date.

However, by 7 November sampling results showed significantly larger
numbers of axillary tillers due to burning in all of the grasses under
observation.

It is interesting to note that there was no axillary

tillering in the tall fescue under the mechanically removed treatment.
A sampling in December was not conducted because of difficulty in
distinguishing individual tiller units.

Growth had developed to such a

stage that separation and identification of the original shoot (primary)
could not be clearly made.

Axillary tiller development in red fescue was not as pronounced as
that observed the previous year.

The observations made under this study

were on a stand of red fescue much younger than the stand observed the
year before.

Higher tiller density and root "binding" were not obvious

in the younger stand.

Consequently, the magnitude of axillary tillering

between the two treatments in the younger stand was not expected to be
as great as in the older stand.
Early axillary tiller development was promoted by burning in all of
the grasses studied except for tall fescue which developed at a later

38

Fall axillary tiller development of several cool season grass
species at three dates as affected by post-harvest residue
removal treatments. Willamette Valley, Oregon, 1972.1

Figure 10.
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date.

This development trend continued through the fall.

It is felt

that this increased axillary tiller production is an indication of a
more rapid phenological development of the tiller unit during the fall.
Auda (1966) reported that greater tillering in orchardgrass was associConsequently,

ated with higher carbohydrate levels in the stem bases.

associated with this axillary tillering, organic reserves or at least
available substrates per tiller unit may also be greater in the burned
treatments for grasses observed in this study.

The increase of the number of fertile tillers per unit area has
been associated with higher seed yields in bluegrass (Canode, 1972),
red fescue (Kim, 1973) and prairie grass (Old, 1969).

Thus, any factor

influencing the number of fertile tillers may be expected to influence
seed yield.

Floral induction and initiation of tillers is expressed in

the number of fertile tillers produced during the spring.

It seems

reasonable that the amount of organic reserves or the stage of phenological development of the plant in the fall would have a direct
influence on floral induction and initiation and, consequently, fertile
tiller production.
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RED FESCUE SEEDLING DEVELOPMENT AS AFFECTED
BY SEEDLING DENSITY, LIGHT INTENSITY AND TEMPERATURE

INTRODUCTION

The rate of fall tillering in red fescue appears to be strongly and
positively influenced by post-harvest residue removal by burning (Kim,
1973).

Burning could cause this response by two general modes of

action.

The first is by a direct influence on the tillers and buds present
at the time of burning, causing some change within the tiller resulting
in a different growth pattern.

"Thermal shock" describes this direct

effect very well.

Alternately and perhaps more logically, tillering may be affected
indirectly by burning.

Examples of this "secondary" effect may be:

1) a change in tiller unit density by selective tiller mortality, 2) a
change in air and soil temperature regimes subsequent to burning off the
residue, 3) a change in nutrient and water availability, 4) a change in
light intensity regimes.

Work described herein was directed toward the indirect factors
related to burning.

Langer (1963), in a review of tillering in herbage

grasses, listed eight factors affecting tillering:

1) genotype, 2) tem-

perature, 3) light intensity, 4) water supply, 5) mineral nutrition,
6) flowering, 7) growth regulators, and 8) cutting.

Emphasis was placed

on the effects of light, plant density and temperature regime on
tillering and certain other growth responses.
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METHODS AND MATERIALS

All studies in this section were conducted in the greenhouse and
growth chambers with red fescue (Festuca rubra var. commutata Gaud.,
Cascade).

Seeds were planted in either potting soil or washed sand.

The seedlings that subsequently developed were considered to be a close
approximation of a field tiller unit described earlier (See Fall Tiller
Development--Methods and Materials).

Both started from a relatively

simple cellular structure, either an embryo or a tiller bud, with food
reserves for initial growth and developed into an essentially selfCare must be exercised in extrapolating

sufficient plant (tiller unit).

the results to field conditions since the study was of short duration
and conducted under controlled environmental conditions.

Density and Dry Matter Production
Tiller unit density variation, in this case seedling density, may
have an effect on seedling dry matter production per unit area.

This

experiment was designed to identify such a relationship.
Seeds were planted in trays (25 cm x 34 cm) filled with potting
Seedbed preparation was very critical in order to get uniform

soil.

germination.
firmly.

After the soil was placed in the trays, it was tamped down

Seeds were then spread on this firm soil surface.

The seeds

were sprayed with a fine water mist to hold them firmly in place while
an additional 0.5 cm of soil was spread and tamped.
method, uniformity in germination was achieved.

By utilizing this

Four densities--6, 36,

2
60 and 100 seeds per 100 cm --were planted with four replications.

The trays were placed in a greenhouse, 21 C day, 15 C night and
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approximately 14 hours daylight, and allowed to grow for nine weeks
after emergence.

The seedling tops were then removed, dried and

weighed.

Density and Tiller Production
Planting and growing conditions were the same as in the Density and
Dry Matter Production section except that five different densities (20,
2

80, 640, 1360 and 2140 seedlings per 100 cm ) were used.

Nutrient and

water stress caused by changing seedling density was minimized in this
trial by using an automatic sub-irrigation system and irrigating once
a day with a 50% nutrient solution (Appendix VI), using sand for a
rooting medium (Appendix III).

At nine weeks after emergence, the seedlings were harvested.

The

number of tillers, average leaf length and top dry weight produced per
seedling were then taken.

Results are expressed as an average of 30

observations.

Light Energy and Seedling Development
The objective of this experiment was to determine the relationship
between light energy and tiller development, as well as top and root dry
matter of red fescue seedlings.
2

Six seeds per 100 cm

were planted in washed sand and grown, using

the automatic sub-irrigation system as described above, in a controlled
environment chamber with a 14 hour and 21 C day, and a 14 C night.
After emergence, muslin cloth shades were placed 10 cm above the seedlings.

A range of light energy between 1448 pwatts cm-2 (400-500 + 600-

700 nm) and 2366 pwatts cm-2 (400-500 + 600-700 nm) was achieved in 16
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varying steps.

From each light regime, 10 seedlings were harvested six weeks after
emergence and the number of axillary tillers, top dry weight and root
dry weight per seedling were taken.

Correlations between light energy

and axillary tillers, top and root dry weight of seedlings were
calculated.

The Relationship of Seedling Density, Shading and Temperature to Tiller
Production, Top Growth and Root Growth
The interactions between seedling density, light energy and temperature as related to tiller density were the prime objectives of this
study.

Seeds of red fescue were planted at densities of 2 and 100 per cm 2
in 10 cm square plastic pots filled with soil.

Two identical growth

chambers were utilized to provide two temperature regimes, 9 C day, 6 C
night and 19 C day, 14 C night, each with a 14 hour day.

Sixty pots of

each density were equally divided between two light intensities in each
growth chamber.

The higher energy treatment resulted in a light

intensity of 1800 Awatts cm 2 (400-500 + 600-700 nm) while a muslin
shade treatment reduced energy reception to 900 Awatts cm
600-700 nm).

-2

(400-500 +

Seedlings were watered every other day with 20 ml per pot

of 20% nutrient solution (Appendix VI).

Six weeks after emergence, the number of tillers, top dry weight
and root dry weight per seedling were determined.
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RESULTS AND DISCUSSION

Density and Dry Matter Production
Total dry matter per seedling decreased from 0.22 g at 6 seedlings
per cm

2

to 0.04 g at 100 seedlings per cm

2
.

The rate of decrease in

dry matter per seedling was more rapid at lower densities and decreased
less rapidly at higher seedling densities (Figure 11).
tions were made on plants growing in potting soil.

These observa-

Clearly, factors

such as light intensity, nutrient availability, water availability,
temperature or allelopathic interaction were being affected by the
increased seedling density.

A parallel study was conducted in an attempt to further reduce
nutrient and water stress by using a sub-irrigation system (See Red
Fescue Seedling Development--Methods and Materials, Density and Tiller
Production).

Information from this study indicated a similar plant

density and seedling dry matter production relationship (Table 10).
This suggests that water and nutrient stress were not important factors
affecting dry weight production per seedling.
appear to have any effect on dry weight.

Temperature did not

Therefore, light appears to be

the most important competition factor.

Density and Tiller Production
The number of tillers produced per seedling as affected by seedling
density showed the same relationship as dry matter production, namely a
greater number of tillers at lower seedling densities.
per 100 cm

2
,

At 20 seedlings

3.7 axillary tillers per seedling were produced in 9 weeks.

This was significantly reduced to 0.8 axillary tillers per seedling at
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Figure 11.

Red fescue seedling weight versus density grown under greenhouse conditions.
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Table 10.

Effect of varying plant densities on the number of axillary
tillers, plant dry weight and leaf length for red fescue
seedlings using a sand sub-irrigation rooting system (nine
weeks of age).

Density
(Plants/
100 cm2)
20

Number of Axillary
Tillers Per Plant

Total Dry Weight
Per Plant (g)

0.24\

3.7\

Leaf Length
Per Plant (cm)

22.5\
**

**
80

0.8:
* *

640

0.0(
NS

1360

0.0<
NS

2140

*

0.0/

0.07\

0.02/
\NS

17.07
\

0.02<

17.0<

NS

NS

NS

0.02/

** Significant difference at the 1% level of probability

(Based on "t" test)

/
\

**

Significant difference at the 5% level of probability

NS No significant difference

20.3

16.3/
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80 seedlings per 100 cm

2
.

At 640 seedlings per 100 cm

2

and greater,

there were no axillary tillers produced (Table 10).
It is interesting to note that a significant (P < .01) correlation

of 0.86 was noted between the number of axillary tillers and total dry
weight per seedling (Figure 12).

This strongly suggests that there is

a limit to the dry matter a tiller may accumulate and that this limit is
easily reached at seedling densities somewhere below 80 seedlings per
100 cm

2
.

Due to this weight limitation and a possible accumulation of

substrates, tillering may be enhanced (Aspinall, 1961; Patel, 1961).
The response noted here may be related to field observations indicating
that under burned conditions where initial fall tiller unit density is
reduced, light penetration is not restricted and subsequent axillary
tiller development per tiller unit appears to be enhanced.

Light Energy and Seedling Development
A significant correlation (P< .05) of 0.55 between the number of
axillary tillers and light energy was observed.

As light intensity

increased, the number of axillary tillers observed after six weeks
growth increased (Figure 13).

This generally supports the literature

which indicates similar increases in other pasture grasses (Black, 1957;
Mitchell, 1953).

Significant (P <.05) correlations between fresh root

weight (r = 0.53) and top dry weight (r = 0.57) with light intensity
were also noted (Figures 14 and 15).

The light intensities of this study were sub-normal, approximately
50% of daylight intensity observed during the fall growing season.
Because of this, it is difficult to evaluate the true magnitude that the
influence of light intensity may have on tiller development in the
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Figure 12.

The relationship between total dry weight and tiller numbers
per seedling of red fescue under growth chamber conditions
six weeks after emergence.
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Figure 13.

The relationship between light intensity and tiller numbers
per seedling of red fescue under growth chamber conditions
six weeks after emergence.

7.97

bo

o

r = .5535 *

6.63

1-

k

1-

(I)

4.95

4-i

0

P
w

3.28

1.60
1448

1668

1907

Light Energy
(pwatts cm 2)

* Significant at the 5% level of probability

2127

2348

50

Figure 14.

The relationship between light intensity and root dry weight
per seedling of red fescue under growth chamber conditions
six weeks after emergence.
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Figure 15.

The relationship between light intensity and top dry weight
per seedling of red fescue under growth chamber conditions
six weeks after emergence.
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field.

However, it appears that a relationship does exist at the lower

light intensities and that seedling development patterns are affected
at those levels.

Due to shading by residual plant materials and mutual shading of
tillers, it is conceivable that at least in a mechanically removed or
unburned situation, light intensities within the stubble may be within
the ranges of this study.

How much light energy

The question becomes:

effectively reaches the growing tillers during the early stages of fall
regrowth?

Clarification of this point is needed to further understand

the relationships between light intensity and seedling development
observed here.

The Relationship of Seedling Density, Shading and Temperature to Tiller
Production, Top Growth and Root Growth
Results indicate that a drop in temperature (during the day to 10 C
from 19 C and during the night to 8 C from 14 C) did not affect axillary
tillering in red fescue regardless of light intensity or seedling
density factors (Table 11).

Langer (1963), reviewing the literature

concerning the effects of temperature on tillering, indicated a general
reduction in tillering with a drop in temperature.

He qualified the

observation by stressing the importance of the interaction of other
environmental factors, especially light intensity.

The significance

appears to be the amount of substrate available for tiller development.
Kim (1973), working with red fescue and tillering, noted that a greater
amount of tillering occurred when the difference in day and night
temperature increased.
tillering.

The lower night temperatures presumably enhanced

This would tend to agree with the literature.
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Table 11.

Effect of light intensity, seedling density and temperature
on axillary tiller development of red fescue under growth
chamber conditions for six weeks.

Number of Axillary Tillers Per Seedling
Light Intensity
(pwatts/cm2)

1800

2 Seedlings/100 cm2
Lo Tempi-

Hi Temp2

4.8

4.7

1
2

2.5/

Lo Temperature Regime:
Hi Temperature Regime:

Lo Tempi-

2.5/

NS

0.4/

6 C night

14 hour day

19 C day, 14 C night

14 hour day

9 C day,

** Significant difference at the 1% level of probability
NS No significant difference

2

Hi Temp2

0.8

0.8

it
900

100 Seedlings/100 cm

NS
0.4
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It is assumed that substrate availability strongly influences
tillering.

However in red fescue seedlings grown under the conditions

of this experiment, substrate availability apparently was not being
directly affected by cooler temperatures.

However, when considering the

interaction of light intensity and seedling density, there was a significant (P< .01) effect on tillering at the higher temperature.

No

interaction was noted between density and tillering at the lower temperature.

Consequently, temperature per se did not affect tillering but did

cause a change in the relationship between light intensity and seedling
density.

Red fescue seedlings (2 seedlings per 100 cm2) grown at the lower
temperature regime (9 C day and 6 C night) showed a reduction in top
growth from 0.29 g per seedling to 0.13 g per seedling due to a 50%
reduction in light energy and to 0.04 g per seedling due to a high
seedling density (100 seedlings per 100 cm2).

The root dry weight was

reduced from 0.29 g per seedling to 0.13 g per seedling due to light
reduction and to 0.05 g per seedling due to high seedling density (Table
12).

Generally, it would appear that higher light intensity increased
tillering and dry matter production.

Light energy perceived by an

individual tiller was the environmental factor being affected most by
tiller density.

Low temperature tended to reduce the interaction

between seedling density and light intensity.
In applying this information to field burning, one might speculate
that burning could reduce tiller density, thus increasing light interception per tiller unit as well as causing a generally warmer daytime
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temperature within the canopy during the fall.

This change in condi-

tions may enhance fall axillary tillering and associated organic reserve
storage.
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Table 12.

Effect of light intensity and seedling density on top and
root dry weight of red fescue seedlings grown in growth
chambers for six weeks at low temperatures.

Light Intensity
(pwatts/cm2)
1800

Dry Weight/Seedling (g)
Roots
Tops
2
Seedlings/100 cm
Seedlings/100 cm
2
100
2
100
0.744--**-->0.03

T
**
4

900

1

Temperature:

1

**

NS
4

0.244.--**--21.07

9 C day, 6 C night

0;129*--**--0t05

t

sli

0.134 ** -0.04

14 hour day

** Significant difference at the 1% level of probability
NS No significant difference

1

NS
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SUMMARY

Field and growth chamber studies were conducted to evaluate the
effects of post-harvest treatments, especially burning, on growth and
seed yield of red fescue (Festuca rubra L.) and other cool season
grasses.

Red fescue seed yield was influenced most by the number of fertile
tillers per unit area.

Nearly 69% of seed yield variation could be

attributed to this factor alone.

Burning, as opposed to mechanical

removal of harvest residue, not only resulted in a greater number of
fertile tillers per unit area but increased the number of seeds per
panicle and seed yield.

Clearly, factors influencing fertile tiller

production in red fescue appear to be important in determining seed
yield.

Fall axillary tiller production was enhanced by burning in red
fescue, bentgrass, bluegrass, perennial ryegrass and tall fescue.
Increased axillary tiller production was an indication of more rapid
phenological development.

This increased rate of phenological develop-

ment may have had a beneficial effect on floral induction and initiation.
Light energy received by red fescue tiller units appears to be the
major environmental factor affecting axillary tiller development, therefore fertile tiller production and seed yield.

Burning caused a

reduction in primary shoot density, thus reducing light competition.
Competition for light in the mechanically removed plots was increased
not only by increased plant density but by residual stubble and plant
material.

Field treatments designed to lower primary shoot density were not
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successful.

Dethatching and stripping were ineffective in increasing

axillary tiller development or seed yield in mechanically removed plots.
These two treatments injured plants that survived burning, causing a
reduction in axillary tillering and seed yield.

Monthly clipping of

fall plant regrowth through December did not affect seed yield in either
burned or mechanically removed plots.
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Appendix I.

Perception of incoming light to red fescue plots with and
without shade screens.

Hyslop Farm, Corvallis, Oregon.

21 September 1971.

Light Energy
(pwatts cm
Treatment

Shade

No Shade

400-500 nm

-2

nm

600-700 nm

-1
)

700-800 nm

Light Intensity
(foot candles)

5.2

7.5

7.9

1200

47.5

54.0

24.0

8850
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Appendix II.

ESTIMATING RATIO OF LIVE TO DEAD ROOT SAMPLES FROM PLUGS
BY THE TRIPHENYLTETRAZOLIUM CHLORIDE METHOD

The following procedures were used in an attempt to determine live
to dead root ratios from root plugs taken from a perennial grass field.
The attempt basically failed due to the inability to develop a reliable
calibration curve (Table 1).

Table 2 represents sample readings from

burned and mechanically removed post-harvest residue plots of red
fescue.

However, due to the lack of a calibration curve, proper evalu-

ation of the data could not be conducted.

Sample Preparation
1.

Plugs 5 cm x 10 cm are taken from the grass field under study.

2.

Remove thatch from plugs.

3.

Divide remaining plug laterally into two equal parts, A and B.

4.

Sub-divide part A and B into horizontal sections approximately
2.5 cm in thickness.

5.

Wash each of these discs with water to remove all soil and
residue material, leaving only root material.

6.

Use sections from A to determine fresh weight, dry weight and
percent moisture.

7.

Determine fresh weights of B (these samples are used for TZ
evaluation).

TZ (Tetrazolium) Evaluation
1.

Weigh out a sub-sample (1-5 g fresh weight) of roots from sample
B.

Chop quickly into approximately 1 cm long pieces with a
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razor blade.

Care should be taken not to expose the sample to

the air for more than 30 seconds.
2.

Place chopped plant material into a 20 ml test tube containing
5 ml of TZ stock solution.

[TZ stock solution = 0.6% (w/v)

triphenyltetrazolium chloride in 0.5 M phosphate buffer (pH
7.4) to 100 ml plus 0.05% (v/v) x-77 wetting agent.]
3.

Evacuate test tube 1-2 minutes, then allow to incubate for 24
hours at 30 C.

4.

After incubation, pour TZ solution from the test tube.

Rinse

remaining plant material with 10 ml of distilled water.
Discard TZ solution and washings.
5.

Add 20 ml of 95% ethanol to plant material in the test tube.
Boil for 6 minutes to remove formazan (red in color) from plant
material.

Formazan is the product of the reaction between TZ

and live plant material.
6.

Remove plant material and ethanol extract from test tube and
filter through Whatman's No. 1 filter paper into a 50 ml
volumetric flask.
ethanol.

Rinse plant material with 15 ml of 95%

Collect all extract and washings into the volumetric

flask, then bring to volume with ethanol.
7.

Determine percent transmission at 490 gm from an alliquot out
of the volumetric flask.

8.

Calculate total amount of live roots in sample by:
Total dry weight (g)

Fresh wt. of total sample
f live roots = [ Fresh wt. of sub sample

(g) (Sample Preparation, Step 7)
] x [Wt. (g) live roots of
(g) (1-5 g, TZ Evaluation, Step 1)
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sub-sample (Calibration Curve)] x [% dry weight (Sample Preparation, Step 6)]

Calibration Curve
1.

Additional plugs are taken at the same time treatment samples
are collected.

2.

Using representative plugs, wash with water and remove all soil
and residue material.

3.

Separate by hand approximately 15 g of live roots from the
washed material.

Care should be taken to keep these live roots

moist.
4.

After separating live roots, take 100 g of the remaining
material and boil in water for 8 minutes.

This fraction will

be used as fresh dead roots.
5.

Prepare six standard samples as follows:

Sample

6.

Fresh Live Root
Wt (g)

Fresh Dead Root
Wt (g)

Total Sample
Wt (g)

1

3.75

11.25

15.00

2

3.00

12.00

15.00

3

2.25

12.75

15.00

4

1.50

13.50

15.00

5

0.75

14.25

15.00

6

0.00

15.00

15.00

Determine percent transmission for each sample using the TZ
evaluation scheme.

Prepare an appropriate graph plotting

percent transmission versus fresh live root weight.
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Table 1.

Fresh live weight and percent transmission of standard samples
prepared for the TZ test with red fescue roots (average of 10
observations).

Transmission at 490 pm

Fresh Live Root
Wt (g)

( %)

35.0
75.0
65.0
85.0
94.0
89.0

3.75
3.00
2.25
1.50
0.75
0.00

Table 2.

Root dry weight, percent transmission and adjusted percent
transmission

1

from burned and mechanically removed residue

plots of red fescue at four depths (average of 6 observations).
September 1971.

Treatment/Depth
( cm)

Root Dry Weight

Transmission

Adj. Transmission

(g)

(%)

(%)

0.44
0.28
0.18
0.16

68.05
69.82
84.13
81.77

29.94
19.31
14.72
13.36

0.34
0.17
0.16
0.14

61.31
79.25
81.28
84.45

20.85
13.07
13.01
12.10

Burned
2.5
5.0
7.5
10.0

Mechanically Removed
2.5
5.0
7.5

10.0

1

Adjusted transmission = root dry weight x percent transmission
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Appendix III.

A FULLY AUTOMATIC SUB-IRRIGATION SYSTEM
FOR GLASSHOUSE AND GROWTH CHAMBER USE

1/

An automatic sub-irrigation system was developed to provide a
technique for growing plants for experimentation.

The sub-irrigation

system has three advantages:
1.

Controlled and reproducible application of nutrient solution.

2.

Freedom from weighing containers or measuring nutrient solution
volumes.

3.

Rooting medium is at or near field capacity throughout the
growing period.

4.

System is fully automatic.

5.

System allows flexibility in size, shape and number of plant
containers with no modifications.

Design and Construction
The system (Figure 1) provides nutrient solution through subirrigation to containers in which plants are rooted in sand or some
other appropriate rooting medium.
the lower (holding) reservoir (2).

The submersible pump (1) is placed in
Upon activation of the pump by a

remote timer (3), nutrient solution is pumped into the upper reservoirs
(9) through connecting 1 cm black rubber hose (4).

Solution inflow into

the upper reservoir is adjusted so that it is greater than the upper
reservoir drain flow (12) but less than the drain flow plus stand pipe
1/

This is an excerpt of an article prepared for publication by P.

C. Stanwood, Dr. D. 0. Chilcote and John C. Phillips.
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overflow (13).

The level (10) thus obtained is normally held for 10-15
When

minutes to allow sufficient sub-irrigation of the containers (5).

the pump is deactivated, nutrient solution, including that in excess of
field capacity of the rooting medium, returns by gravity flow to the
lower reservoir.

The lower reservoir and pump can feed several upper

reservoirs depending on reservoir and pump capacity.

Our system employs

four identical upper reservoirs, only one of which is depicted in Figure
1.

A layer of coarse sand or perlite (6) (2 cm deep) can be placed on

the surface of the rooting medium (7) to reduce algal growth.
Alfalfa, wheat and several perennial grass species have been
successfully grown from seed in both the glasshouse and large walk-in
growth chambers with this system.

Alfalfa stem cuttings have also been

rooted in sand using this system.

Such propagules developed into

normal, vigorous plants.

Materials List

Items

Approximate
Cost

Submersible pump (Little Giant, Model 1)

$ 35

Timer, 24 hour (Paragon time-switch, Model 3001)

45

Lower reservoir (plastic trash can, 2 each @ 100 liters)

10

Upper reservoir (metal trays, 4 each of 28 gage galvanized
sheet metal with length, width and depth of 48 cm,
126 cm and 6 cm, respectively)

80

Miscellaneous hoses and connecting pipes

15

Total cost for a 4-reservoir system (minus plant containers)

$185

69

3

Figure 1.

Diagram of automatic sub-irrigating sand culture system:
1)

Electric submersible pump; 2) Lower storage reservoir;

3) Timing mechanism; 4) Connecting flexible black hose;
5) Container for growing plant; 6) Coarse sand or perlite;
7) Fine sand #30; 8) Support for plant containers and
cover for upper reservoir; 9) Upper reservoir; 10) Maximum
solution level; 11) Bench or table; 12) Upper reservoir
drain; 13) Overflow standpipe; 14) Solution return.
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Appendix IV.

Fall axillary tiller development of several cool season
grass species as affected by post-harvest residue removal
treatments, Willamette Valley, Oregon, 1972-73.

Removal
Treatment

Number of Axillary Tillers/Tiller Unit by Date
2/19
9/26
10/10
11/7
12/5

P. Ryegrass
Mech. Removed
Open Burn

0.0
0.0

0.1
0.8 **

Tall Fescue
Mech. Removed
Open Burn

0.0
0.0

0.2

0.0

0.1 NS

1.5 **

0.0

0.1 NS

0.1
0.3 NS

1.7
2.4 NS

Bluegrass
Mech. Removed
Open Burn

0.0
0.2 NS

0.0
0.4 NS

0.4

Bentgrass
Mech. Removed
Open Burn

0.0
0.0

0.3
0.8 NS

0.8
3.1 **

0.1
0.6 NS

1.8
0.8 NS

Red Fescue
Mech. Removed
Open Burn

Orchardgrass
Mech. Removed
Open Burn

0.4
1.5 *

0.9
0.3

4.7

0.6

2.5 **

1.6
4.4

2.6 **

0.0

0.2

2.4 **

* Significant difference at 5% level of probability from MECH. REMOVED
Significant difference at 1% level of probability from MECH. REMOVED
NS No significant difference from MECH. REMOVED
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Appendix V.

Effects of post-harvest residue removal treatments on seed
yield and yield components of red fescue, 1972.

Treatment

Yield
-1
kg ha

Number
Fertile
Tillers
m2

Number
Seeds/
Fertile
Tiller

500 Seed
Weight
(g)

Control

514

517

394

0.5547

Dethatched

287 **

374 *

339 NS

0.5592 NS

Stripped

492 NS

552 NS

403 NS

0.5496 NS

Close Cut

453 NS

503 NS

384 NS

0.5473 NS

Shade

0

0

0

0

* Significant difference at 5% level of probability from CONTROL
** Significant difference at 1% level of probability from CONTROL
NS No significant difference from CONTROL

