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In conventional cropping systems in the Willamette Valley, slow

establishing grass species, such as Kentucky bluegrass (Poa

pratensis L.) are planted in the spring and seed is not harvested

until the following year. Due to increasing annual production

costs, it is necessary to generate a cash return from each field

each production year. This can be achieved by establishing the

grass seed crop with a cereal companion crop either in fall or

spring.

The objective of this study was to identify the suitability of

establishing grass seed crops with cereal companion crops in the

Willamette Valley. To realize this objective, combinations of

companion crop species, seeding rates, planting arrangements and

grass species were examined for suitability in a companion cropping

system. In addition, competitive effects of the companion crop on

undersown grasses were studied.

Three field experiments were conducted at two locations in the

Willamette Valley over a two-year period (1980-1982). Percent light

transmittance was measured in companion crop canopies developed

under different seeding rates (67.2 and 100.8 kg/ha) and planting

arrangements (parallel with and across grass rows) and in different



types of companion crops (winter wheat, spring wheat and spring

barley). Soil water potential was determined to investigate

moisture patterns due to crop competition. Tiller samples were

taken from undersown grasses and from these samples the following

growth parameters were determined: tiller number, tiller height,

leaf weight and leaf area per tiller, Specific Leaf Weight (SLW),

and Leaf Area Index (LAI). Companion crop and grass seed yields

were determined to obtain information for the economic feasibility

of the companion cropping system.

Parallel planting of the grass and companion crops gave higher

light transmittance values than cross planting. However, no bene-

ficial effects on grass crop growth parameters were detected.

Companion crop seeding rates did not result in different percent

light transmittance values, or was there an effect on growth para-

meters of undersown Kentucky bluegrass and orchardgrass (Dactylis

glomerata L.). Soil water potential was higher in Kentucky blue-

grass plots established with a companion crop at Gervais than in

plots established without a companion crop. Tiller number for

Kentucky bluegras was suppressed by the companion crop for the

experiment in Gervais. Tiller number and LAI for Kentucky bluegrass

and orchardgrass was lower when established with a companion crop in

the fall of 1981 at Hyslop Farm. Tiller height, leaf weight and

leaf area per tiller of Kentucky bluegrass was higher when estab-

lished with a wheat companion crop at Gervais. Leaf weight per

tiller and SLW of orchardgrass were suppressed by the wheat com-

panion crop at Hyslop Farm. Differential effects on growth para-



meters due to different companion crops were not detected. Low

companion crop yields did not offset a lower subsequent Bristol

Kentucky bluegrass seed yield in Gervais. This resulted in a lower

mean annual gross return for the bluegrass seed crop when estab-

lished with a companion crop. Wheat companion crop yields were

approximately 10,000 kg/ha and 6,300 kg/ha when planted with Ken-

tucky bluegrass and orchardgrass, respectively, at Hyslop Farm.

Grass seed yields were not obtained for this study due to time

constraints.

Further investigation is needed to study the effect of

companion crop planting arrangements on undersown grasses. The

necessity of irrigation and nitrogen fertilization immediately after

companion crop harvest for companion cropping systems in the

Willamette Valley also need to be further investigated.
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ESTABLISHMENT OF GRASS SEED CROPS
WITH CEREAL COMPANION CROPS

INTRODUCTION

Grass seed crops of slow establishing species, such as Kentucky

bluegrass (Poo pratensis L.) and fine fescue (Festuca rubra L.), are

generally established in the spring. The first seed is harvested in

the summer of the next year. With the ever rising costs of crop

production and increasing land prices, it is desirable to obtain an

economic return in every production year. This may be achieved by

establishing the grass seed crop with a companion crop which is a

common practice in several European countries. Several species have

been used in the past as companion crops. In the last decade, it

became apparent that cereal crops, mainly winter wheat (Triticum

aestivum L.), are the crops that best supply both adequate economic

returns in the first year and a satisfactory stand of the undersown

grass.

This study was initiated to determine the possibility of

utilizing the companion cropping system for the Willamette Valley.

Three experiments were conducted to identify kinds of cereal com-

panion crops, seeding rates and planting arrangements which, to-

gether, could result in adequate economic returns for both the

companion crop and the undersown grass the following year.
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LITERATURE REVIEW

The method of establishing a herbage seed crop with a companion

crop is a widely used practice in several European countries, such

as Denmark, Sweden, Great Britain and the Netherlands. Extensive

research has been done in those countries to find the optimum

management practices for getting a well established grass seed field

along with an acceptable companion crop yield. In the United States

and Canada, this practice has not been used to a great extent. Most

of the work done on companion cropping in the U.S. and Canada is

associated with establishing a forage crop (such as alfalfa) under a

cereal companion crop (Kilcher and Heinrichs, 1960; Nielsen et al.,

1981).

The conventional method for establishing a grass seed crop of a

slow establishing species, such as Kentucky bluegrass (Poo pratensis

L.) and red fescue (Festuca rubra L.), in the Pacific Northwest, is

to plant the crop in the spring. This means that the first seed

cannot be harvested until the next year. This method puts a heavy

burden on the average annual return from a grass seed crop. The

decision whether or not to sow the grass seed crop with a companion

crop is, therefore, made on the basis of economic considerations,

rather than on the basis of determining the more certain method of

establishment (Griffiths et al., 1967).

Species Used as Companion Crops

Evans (1951) described the characteristics of an ideal com-

panion crop. It should be fairly resistant to lodging, because a
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lodged crop can severely damage the young developing grass seedlings

growing underneath. The companion crop should not possess too dense

a foliage, for grass seedlings are sensitive to low light intensity,

but the foliage should be dense enough to prevent growth of weeds.

Evers and Sonneveld (1953) mentioned that a suitable companion crop

must be early maturing so it can be harvested early. This gives the

undersown grass a chance to develop into a sturdy plant and build up

a strong root system for the winter (Evans, 1951). The longer the

companion crop competes with the grass, the greater is its detri-

mental effect on subsequent tillering and yield. In choosing the

companion crop, one must also consider the type of grass that will

be undersown. Slow establishing grasses require different companion

crops than rapidly establishing species (Evans, 1951). Bax (1980)

mentioned that for Kentucky bluegrass in the Netherlands, one can

use winter wheat (Triticum aestivum L.), flax (Linum usitatissimum)

and peas (Pisum arvense) as a companion crop, but spring wheat,

spring barley (Hordeum vulgarum L.) and poppyseed (Papaver

somniferum) are not suitable. Red fescue can be undersown with

winter wheat, flax, peas and poppyseed, but this practice is not

successful with spring wheat and spring barley. Perennial ryegrass

(Lolium perenne L.) can be undersown with all the companion crops

mentioned above because it establishes rapidly. Meijer (1979a)

reported that two-thirds (11,300 ha) of the total hectares of grass

seed grown in the Netherlands is now planted with a companion crop.

In the past, growers could choose from a variety of crops to be used

as companion crops. Flax, peas, spinachseed (Spinacia oleracea),
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poppyseed and rapeseed (Brassica napus) were used extensively, but

their acreage has declined sharply during the last 10-15 years due

to economics. Flax has been the most important companion crop for

slow establishing species such as Kentucky bluegrass and red fescue.

Since the decline in acreage of flax, winter wheat has become the

most important companion crop for those species in the Netherlands

(Meijer, 1980).

Bor and Vreeke (1974) reported that Kentucky bluegrass cv.

Prato sown without a companion crop on 13 April and 9 June yielded

1800 and 2300 kg seed/ha in the following year. When sown on

October 21 under winter wheat, it yielded 1300 kg/ha in the second

year (first grass seed harvest). Yield of the winter wheat was not

reported. Michaelis (1968) mentioned that in Germany barley, rye

and rape are best suited as companion crops for fall planting, and

barley, rape and flax (for oil) are suitable for spring plantings.

In Denmark (Andersen, 1949), several methods of establishing a

grass seed crop are used in which the grass is sown in the spring

with barley as a companion crop. In one method, grass is undersown

alone in rows 40 to 50 cm apart. In a second method, a mixture of

grass and clover is undersown with barley. In the first harvest

year, barley is harvested. The second year crop is used for forage

(grass + clover). In the third and fourth year, grass seed is

harvested. Anderson reported seed yields of orchardgrass (Dactylis

glomerata), meadow fescue (Festuca pratensis L.) and timothy (Phleum

pratense L.) for the years 1931 to 1946 for methods one and two:

for all three species, method one gave the highest average yields
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for the third and fourth harvest year. Those yields were reported

as 100%. The yields with method two were 88% for orchardgrass, 84%

for meadow fescue and 94% for timothy.

Nordestgaard (1979) compared the effect of undersowing Kentucky

bluegrass for seed production in various companion crops and sowing

without a companion crop. The companion crops he used were winter

rape, oil flax, field bean (Phaeolus vulgaris), winter wheat, spring

barley and spring wheat. The trials were carried out in the years

1973-78. Where winter rape and winter wheat were used as companion

crops, Kentucky bluegrass was seeded at the same time as the

companion crops in the fall. In one treatment, winter wheat was

planted in the fall and Kentucky bluegrass sown between the wheat

rows in the spring. The other companion crops were all seeded in

the spring (mid April), at the same time as the bluegrass. The

check (grass alone) was planted in June. The five-year average

yields for the first year of seed growing were highest for the check

(600 kg/ha). Yield after winter rape was 500 kg/ha, after oil flax

430 kg/ha, after field bean 410 kg/ha, after winter wheat 360 kg/ha,

after spring barley 340 kg/ha, and after spring wheat 270 kg/ha.

The yield was lowest where the bluegrass was planted in the spring

in a standing wheat crop (160 kg/ha). A three-year average yield

was recorded for the second seed growing year. Yields for the plots

that had been established under peas, oil flax and field beans were

the same as for the check (740 kg/ha). Winter rape, winter wheat,

spring wheat and spring barley showed significantly lower yields

(600, 570, 610 and 620 kg/ha, respectively).
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Schwanbom and Froier (1949) did an extensive literature search

on clover and grass seed production practices that were used or had

been used up until that time in Sweden. They stated that, almost

without exception, grass seed crops were planted with a cereal nurse

crop (the word nurse crop has the same meaning as companion crop).

The kinds of spring cereal companion crops used were not mentioned.

An experiment conducted by Schwanbom was reported. In this

experiment, he compared establishing Kentucky bluegrass with and

without a companion crop. It was found that the best results for an

economic total yield from the seeding year up to and including the

third harvest year were obtained where the grass had been sown in a

companion crop with another crop (red or white clover), provided

that the crop (grass plus clover) has yielded satisfactory during

the first harvest year. The economic return on the companion crop

was not taken into consideration for economic total yield.

Schwanbom and Froier (1949) mentioned that according to

Nilsson, bentgrass (Agrostis stolonifera L.) should be sown with a

companion crop. Sowing bentgrass with red clover and taking a hay

or seed cut in the first harvest year has no advantage. Bentgrass

planted without a companion crop does not have an advantage either.

The best companion crops for bentgrass in Sweden were soybeans

(Glycine max. L.) and garden peas in this experiment. The garden

peas were either harvested green or left to ripen.

Johansen (1970) reported several trials that were carried out

in Sweden during the years 1965-69. A number of different methods

of establishment of Kentucky bluegrass for seed production were
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described. Fields were established as pure stands with and without

a companion crop as well as bluegrass/white clover mixtures with and

without a companion crop. The type of companion crop was not

mentioned. First, second and third year seed yields were determined

and compared for the different methods of establishment. It was

concluded that "no economic loss is likely to be involved in the

establishment of P. pratensis without a companion crop as opposed to

undersown layers containing white clover." Lowest yields for first

year harvests were obtained from seeding bluegrass alone under a

companion crop.

Cedell (1975) reported the establishment of different Kentucky

bluegrass varieties under barley, winter wheat, winter turnip rape

(Brassica campestris), broad bean (Vicia faba) and field pea (Pisum

arvense) as companion crops. Winter wheat and barley had consider-

able adverse effects on grass seed yields in the following year.

Seed yields of crops established in winter turnip rape or in broad

bean were equal to or higher than those from fall planted grass. In

the same experiment, red fescue, variety Rubin, was tolerant of

establishment with a companion crop. This variety yielded 930 kg/ha

when sown without a companion crop and 860 kg/ha when established in

barley.

Canode and Van Keuren (1963) reported work done on establish-

ment of crested wheatgrass (Agropyron desertorum) and orchardgrass

(Dactylis glomerata) for seed production using pea and barley

companion crops. The trials were carried out under irrigation in

Washington. Yield reduction from seeding crested wheatgrass with
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barley was observed in four subsequent years (1958-61). Planting

crested wheatgrass with peas did not result in any subsequent yield

reduction. No differences were found in the seed yield of orchard-

grass seeded in the spring with or without companion crops.

Orchardgrass yielded 680 kg/ha in the first year after seeding.

Pardee and Lowe (1963) studied the feasibility of producing

grass seed under the humid conditions of the northeastern United

States. At Ithaca, New York, five grasses were seeded alone and

with winter wheat and winter barley companion crops in the fall of

1956. The following spring, the grasses were again seeded alone and

with oats as a companion crop. First year returns of either grass

seed or grain yield of the companion crop were compared. Orchard-

grass did not produce a first-year return. Estimated crop value of

timothy exceeded that of winter barley, but was lower than the value

of the winter wheat companion crop. Bromegrass did not produce

enough seed to exceed the estimated crop values of any of the three

companion crops. First-year returns were used as the primary basis

of comparison, because second- and third-year grass seed yields were

not significantly affected by the different establishment methods.

The effects of a wheat companion crop on the seed yields of

Russian wild ryegrass (Lawrence, 1967) and crested wheatgrass

(Lawrence, 1969) in Canada were reported. The production of wheat

did not compensate for the decreased yield of the Russian wild

ryegrass crop. For crested wheatgrass, the wheat yield more than

compensated for any decreased grass seed yields in subsequent years.
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Roberts (1964) found that the higher seed yield from orchard-

grass planted in March without a companion crop was not sufficient

to counterbalance the financial return of the oat companion crop.

The work was done in Wales, Great Britain. The same was found when

barley was used as a companion crop (Griffiths et al., 1967) for

orchardgrass. In France, winter wheat and spring barley are common-

ly used as companion crops for establishing orchardgrass and red

fescue seed crops (Debrand, 1981).

When and How to Plant the Grass Seed Crop

With a Cereal Companion Crop

Fall and spring plantings. The kind of companion crop deter-

mines when it should be planted, either in the fall or in the

spring. For the grass there are several options. When a fall

companion crop is used, the grass can either be planted in the fall

at the same time with the companion crop, or in the spring, after

the companion crop has been established (Debrand, 1981).

Nordestgaard (1979) reported that, if planted in the spring

into a winter wheat companion crop, Kentucky bluegrass yielded 160

kg/ha . When planted in the fall at the same time as winter wheat,

it yielded 360 kg/ha. In the same experiment, Kentucky bluegrass

yielded 270 kg/ha after being planted in the spring with a spring

wheat companion crop. Bax (1980) mentioned that planting Kentucky

bluegrass or red fescue with winter wheat has the highest rate of

success when they are planted both at the same time in the fall.
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Pardee and Lowe (1963) found that fall plantings of bromegrass

were less successful than spring seedings. Comparing fall and

spring plantings is often not justifiable, because different com-

panion crops have to be used in fall and spring. Different growth

habits of winter and spring cereals show a variety of different

effects on the establishment of the undersown grass. There is

agreement in the literature that slow establishing species, such as

Kentucky bluegrass and red fescue, should be planted in the fall.

For rapidly establishing species, such as orchardgrass and brome-

grass, such an agreement cannot be found.

Planting arrangements. The companion crop can be sown parallel

with or at right angles to the grass rows. Michaelis (1968) men-

tioned that it is better to sow the grass seed across the drill rows

of the companion crop. Evers and Sonneveld (1953) did not find an

advantageous effect for planting across the grass rows as opposed to

parallel planting. They used oats as a companion crop for red

fescue, orchardgrass and meadow fescue (Festuca pratensis).

Lawrence (1967, 1969) obtained the same type of results with crested

wheatgrass and Russian wild ryegrass when planted with a winter

wheat companion crop.

When parallel planting is being used, several arrangements can

be applied. Evers and Sonneveld (1953) alternated one row of oats

with one row of grass or one row of grass with two rows of oats. No

significant differences were found in the development of the grass

after harvest of the companion crop for the different planting

arrangements. Lawrence reported no differences in seed yields of
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Russian wild ryegrass (Lawrence, 1967) and crested wheatgrass

(Lawrence, 1969) when planted at different parallel arrangements

with a winter wheat companion crop.

Row widths and seeding rates of the cereal companion crop.

Meijer (1979a) reported the effect of various seeding rates and row

widths of a winter wheat companion crop on the seed yields of winter

wheat and the first year seed yield of creeping red fescue. Seeding

rates were 80, 120 and 160 kg/ha. Row widths of 25 cm and 37.5 cm

were used. Highest wheat yields were obtained with 120 kg/ha

planted in 25 cm rows. Grass seed yielded most where wheat had been

planted at 80 kg/ha in 37.5 cm rows. In this experiment, wheat

planted at 160 kg/ha in rows 37.5 cm apart gave the best combination

of wheat and grass seed yields: 7400 kg wheat/ha and 1150 kg

creeping red fescue/ha.

In another experiment, Meijer (1981) found that Kentucky

bluegrass yielded 1165 kg/ha after being planted under winter wheat

at 80 kg/ha in rows 37.5 or 50 cm apart. The higher seeding rate

(165 kg/ha) and narrower row spacings (12.5 and 25 cm) decreased the

grass seed yields from 7 (165 kg/ha in 50 cm rows) to 35% (165 kg/ha

in 12.5 cm rows). Wheat yields were not reported.

In the Netherlands (Meijer, 1980), one generally obtains the

best results for both wheat yields and grass seed yields when wheat

is planted at 100-120 kg/ha in rows 25 cm apart.

In some work done in Canada, Lawrence (1969) did not find

significant effects of various row spacings of the winter wheat
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companion crop on the subsequent seed yield of crested wheatgrass.

Earlier work (Lawrence, 1967) had shown similar results for winter

wheat planted with Russian wild ryegrass.

Competition for Light

The literature shows a considerable amount of work done on the

shading effects within a crop canopy and in pastures. Donald (1961)

summarized some of this work. Milthorpe (1961) discussed the nature

of interspecific plant competition. He used the term competition

"to describe those events leading to the retardation in growth of a

plant which arises from association with other plants."

In the case of using a cereal companion crop to establish a

grass seed crop, the type of competition is interspecific. Donald

(1961) mentioned that the most important aspect of competition for

light is the physical position of the foliage of the crop: (1) for

the interception of light energy and (2) relative to the foliage of

competitors. When a companion crop is used, its foliage is dis-

played to advantage due to its greater stature than that of the

undersown grass (Donald, 1961).

For this study, we are interested in the effects of shading by

the companion crop on the growth of the undersown grass. Williams

(1963) pointed out that the leaf area to leaf weight ratio is a

sensitive indicator of competition for light. He also stated that

this is to be expected, considering the known response of a deve-

loping leaf to low light intensity is a high area to weight ratio

and vice versa. Mitchell (1953) reported similar results for work
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done with ryegrass (Lolium spp.). Raising the light intensity

increased dry weight per unit leaf area, and the length and median

width of leaves followed a complex pattern of response to light.

Light intensity also has an effect on the rate of tillering.

Ryle (1961) found that lower light intensity markedly reduced the

number of tillers of timothy. Similar results were found for

perennial ryegrass and meadow fescue by Ryle (1967) and Patel and

Cooper (1961). Mitchell (1953) showed that increasing the light

intensity from 700 f.c. to 2,000 f.c. nearly quadrupled the number

of ryegrass tillers produced.

Meijer (1979b) measured the amount of light that reached

Kentucky bluegrass undersown with a winter wheat companion crop.

The wheat was planted at two different row spacings, 12.5 and 37.5

cm. A higher percentage of the total amount of available light

reaching the grass was found to be associated with a larger number

of bluegrass tillers produced. The percentage light transmittance

seems a good measure for pointing out the differences between crops

for suitability as companion crops (Meijer, 1982, personal communi-

cation).

Milthorpe (1961), in reporting some work from Blackman and

Wilson, stated that the relative growth rate of most plants is

rarely reduced by shading until the visible radiation falls to

100-150 cal/cm2/day. To my best knowledge, there is no information

available about the minimum amount of light required by an under-

growing grass species to be able to survive, i.e., maintain its

vital tissues.
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Control of Weeds and Volunteer Cereals

When a cereal companion crop is used for establishing a grass

seed crop, the problem of weed control is complex. One has to find

herbicides that protect both the cereal and the undergrowing grass,

while at the same time grass weeds have to be controlled.

Debrand (1981) concluded that it is possible to control grass

weeds in a grass seed crop growing in a companion crop in France.

Timing of herbicide application depends on the method of establish-

ment. Seeding the grass in the spring into a fall planted cereal

gives good opportunities to control grass weeds in the fall, four

and a half months before the grass is planted. When orchardgrass is

to be planted in the spring, weeds can be controlled three weeks

before planting with isoproturon. Grass weeds can be controlled

after emergence of orchardgrass and red fescue with diclofop-methyl

or isoproturon. This method was applied in all three planting

systems: (1) cereal planted in the fall, grass in the spring; (2)

both cereal and grass planted in the fall; and (3) both cereal and

grass planted in the spring. Effective control was seen in

undersown red fescue when applications of methabenzthiazuron were

made after the grass was planted but before it emerged. It was also

mentioned that the same herbicide was effective when applied after

harvest of the companion crop.

In some earlier work done in France (Anonymous, 1979b), it was

emphasized that control practices against grass weeds in a companion

cropping system are a lot different from those being carried out in
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grass seed fields that are being planted without a companion crop in

the fall.

Several different herbicides were used in both experiments

(Anonymous, 1979b, and Debrand, 1981) such as simazine, methabenz-

thiazuron, ethofumesate, diclofop-methyl, difenzoquat and isopro-

turon. Some of them are registered in the United States for certain

grass seed crops, others are not.

Verhage (1980) pointed out that a good way to prevent weed

problems in the companion cropping system is to start in a clean

field. When this is not possible, a soil applied herbicide can be

incorporated prior to planting the cereal. Six weeks after this

application, grass can be sown. The soil applied herbicide commonly

used is methabenzthiazuron, which is not available in the United

States.

Control of broad-leaved weeds with isoproturon and diclofop-

methyl was successful for orchardgrass, red fescue and tall fescue,

interplanted with wheat or barley companion crops (Anonymous,

1979a).

Volunteer cereal plants are an additional problem when dealing

with companion cropping. The effect of controlling volunteer winter

wheat in a Kentucky bluegrass seed crop was reported by Sijtsma and

Baart (1975). Treatment with TCA (trichloroacetic acid) increased

grass seed yields by 135% and with TCA + diuron by 156%. TCA can

also be used in a red fescue seed crop established with winter wheat

(Wolfert, 1973). Effectiveness of volunteer wheat control with TCA

depends on time of application. A late application (last part of
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October) may cause severe injury to the Kentucky bluegrass and red

fescue. TCA is not registered in the U.S.A. for grass seed crops.

Volunteer wheat is often controlled with ethofumesate

(Nortron), in sugarbeets and established grasses for seed (Anony-

mous, 1980) in the United States. It is mentioned that ethofumesate

can not be applied to Kentucky bluegrass stands that are less than

one year old. No information is available for the use of this

herbicide in a grass seed crop, that is established with a wheat

companion crop, to control volunteer wheat.
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MATERIALS AND METHODS

Three companion cropping experiments were conducted during the

1980-81 and 1981-82 growing seasons. The first experiment was

carried out in a farmers field near Gervais, Oregon. The other two

experiments were established at the Hyslop Crop Science Field

Laboratory near Corvallis, Oregon.

Establishment of a Kentucky Bluegrass Seed Crop

With a Winter Wheat Companion Crop at Gervais

The experimental site was located in a 9.6 ha field on the

Deconinck farm near Gervais, Oregon. The soil is classified as an

Amity silt loam. Detailed weather data for the area were obtained

from the North Willamette Experiment Station, Aurora, Oregon (Ap-

pendix Table 1).

The field was planted on 11 Oct. 1980, with soft white winter

wheat (Triticum aestivum L.), variety Stephens, at 89.6 kg/ha in

rows 30.5 cm apart. On 15 October, Kentucky bluegrass (Poa

pratensis L.), variety Bristol, was seeded at right angles to the

wheat rows at 5.6 kg/ha with a row spacing of 30.5 cm. The blue-

grass rows were seeded from east to west with a band of activated

charcoal sprayed over the top.

On 22 Apr. 1981, experimental plots were arranged in the field

in a Randomized Block Design with six replications. The treatments

were grass + wheat and no companion crop. No companion crop plots

were created by pulling the wheat plants out of the soil by hand.

Plot dimensions were 2.1 by 4.9 meters.
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The experimental site received the same cultural practices as

the rest of the field during the 1980-81 and 1981-82 growing

seasons. Details about the cultural practices are listed in

Appendix Table 2.

Light transmittance. Photosynthetically active radiation (PAR)

was measured on 20 May, 10 June and 17 July with a LI-COR LI-191SB

Line Quantum Sensor. The sensor features a sensing bar that is one

meter in length. The LI-191SB has the quantum (photon) response

through the wavelength range of 400-700 nm for PPFD (photosynthetic

photon flux density) as generally preferred for PAR measurements.

Output is in units of micro einsteins ( E), micro moles and photons

per m
2
per second (m

-2
s
-1

), where 1 E m
-2

s
-1

= 1 mol

m-2 s-1 = 6.02 x 1017 photons m-2 s-1. Direct unit

readouts were recorded from a LI-COR LI-1776 Solar Monitor.

Ten pairs of measurements were taken in each grass + wheat

plot, five on each long side of the plot. The first reading of each

pair was taken by holding the sensor in a level position above the

wheat canopy. The second reading was taken close to soil level,

just above and parallel with the bluegrass rows. From the paired

readings, the amount of PAR reaching the grass was calculated as a

percentage of the PAR measured above the wheat canopy.

Soil moisture. In the first week of May 1981, gypsum moisture

blocks were placed at 15.2, 30.4, 45.6 and 60.8 cm depth in the

center of four plots (two replications for each treatment).

Readings were taken with a Delmhorst KS-1 Soil Moisture Tester.

Meter readings were transformed to soil water potential values
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(bars) with a conversion table in the KS-1 users manual. A total of

15 readings were recorded, starting on 26 May. The last reading was

taken 5 days after the wheat was harvested.

Tiller sampling for growth parameter analyses. On 20 May and

10 June 1981, two 30-cm sections of two grass rows were sampled from

each plot. For each sample, the following measurements were deter-

mined:

- Number of tillers.

- Leaf area for 10% of the total number of tillers per sample.

Leaf area was measured with a LI-COR portable area meter.

- Plant height of 10 tillers. Those tillers were selected

as being a representative subsample of the initial sample

The height was measured as the distance from the crown of

the tiller to the tip of the longest leaf.

- Dry weight of the sample. This was determined by placing

the samples in an oven for 24 hours at 103°C.

Means of the two samples were calculated for each plot. Number

of tillers per meter of row, mean plant height, leaf area and leaf

weight per tiller, Leaf Area Index (LAI) and Specific Leaf Weight

(SLW) were calculated in order to assess the nature of the effects

of shading by the wheat crop on the undersown grass plants.

On 27 May 1982, a 20-cm section of grass row was sampled from

each plot. The number of vegetative and fertile tillers were

counted to get an idea about potential grass seed yields for the two

treatments.
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Wheat and grass seed harvest. Wheat was harvested on 22 July

1981. Four rows were cut per plot with a Cinco motorized cutter

bar. The heads were threshed with an Almaco S.B.T. small bundle

thresher. The area harvested per plot was 5.9 m2.

On 8 July 1982, the Kentucky bluegrass was harvested. A strip

1 m wide was cut over the length of each plot, i.e., across the

bluegrass rows. Total area harvested per plot was 4.9 m
2

. The

grass was collected in burlap bags and air-dried for several weeks

before being threshed.

Statistical analysis. The data for number of tillers per m of

row, tiller height, leaf weight and leaf area per tiller, SLW and

LAI were analyzed per sampling date and least significant differ-

ences (LSD) were determined. The same data were analyzed for the

two sampling dates combined, using sampling dates as subplots. An

analysis of variance was also conducted for the data from tiller

samples taken on 27 May 1982, and for grass seed yield in 1982. All

differences reported are significant at the 5% level of

probability, unless otherwise indicated.

Non-Replicated Trial for Screening Combinations

of Grass Seed Crops With Cereal Companion Crops

The screening trial was planted on 15 Apr. 1981 at Hyslop Crop

Science Field Laboratory near Corvallis. The soil at Hyslop Farm is

classified as a Woodburn, silty, clay loam soil. The normal annual

precipitation is 1016 mm with 70% of this occurring during the five

months of November through March, while less than 5% of that occurs
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during the three summer months. (Details of weather data in Appen-

dix Table 3.)

Fawn tall fescue (Festuca arundinacea L.), Jamestown chewings

fescue (Festuca rubra L. var. commutata), Pennlawn creeping red

fescue (Festuca rubra L.) and Potomac orchardgrass (Dactylis

glomerata L.) were seeded at 11.2 kg/ha in 30.5-cm rows. Bristol

Kentucky bluegrass was planted at 5.6 kg/ha in 30.5-cm rows. All

grasses were seeded in rows going from east to west with a tractor

mounted Danish drill. In addition, Bristol Kentucky bluegrass was

planted at 5.6 kg/ha in rows 30.5-cm apart going from north to

south.

Steptoe spring barley (Hordeum vulgare L.) and Fielder soft

white spring wheat (Triticum aestivum L.) were used as companion

crops. Three seeding rates were planted for each companion crop:

134.4, 100.8 and 67.2 kg/ha for barley and 112.0, 84.0 and 56.0

kg/ha for wheat. For each seeding rate, companion crops were

planted without grass and each grass was planted without a companion

crop. Companion crops were planted in rows 30.5 cm apart, in the

north-south direction. This meant that in one part of the trial,

the companion crops were planted across the rows of five grasses,

and in another part, they were planted parallel with the Kentucky

bluegrass rows.

Before planting, 89.6 kg N per hectare was applied. The

companion crops did not develop well, due to the late planting date

and early drought. Therefore, the trial was irrigated with 76 mm

water on 25 June. After harvest of the companion crops, the straw
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and stubble were removed with a flail-chopper. After this practice,

the experimental site was irrigated with 90 mm of water on 17 Aug.

1981. The bluegrass was sprayed with 2.2 kg diuron per hectare and

the rest of the grasses with 1.7 kg simazine for weed control.

Fertilizer was applied in the fall in the form of 16-20-0 (NPK) at

224 kg/ha. In the following spring, 40-0-0-6 (NPKS) was applied at

140 kg/ha.

In the spring and summer, the plots were kept clean from weeds

by hand hoeing. After the grass seed harvest in June and July of

1982, the plots were removed.

Light transmittance. PAR measurements were taken with a LI-COR

Model LI-191SB Line Quantum Sensor. Ten pairs of readings were

recorded for each seeding rate in both companion crops at five

different dates. The sensor was held parallel with the grass rows.

This meant that in the plots where the companion crop rows were

planted across the grass rows, the sensor had to be pushed through

the companion crop rows to get a bottom reading. In this case, the

sensor always pointed in the east-west direction. In the other

plots, where companion crops and bluegrass were planted parallel to

each other, the sensor was pointed in the north-south direction.

The amount of PAR reaching the grass was calculated as a percentage

of the PAR above the companion crop canopy. This percentage was

expressed as percent light transmittance through the companion crop

canopies.

Soil moisture. Soil moisture was determined on 2 July 1981,

and 1 Aug. 1981. Soil cores of 45.7 cm long were taken with an
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Oakfield
soil probe. Each sample was split into three subsamples:

0-15.2 cm,
15.2-30.5 cm and 30.5-45.7 cm. Moisture

content in each

section was determined after drying the subsamples
in glass jars in

an oven at 103°C for 24 hours. Moisture
content was

expressed as a

percentage
by weight,

i.e., wet weight minus dry weight divided by

dry weight x 100.

Samples were
taken in the cross-planted

orchardgrass
and

Kentucky bluegrass
plots, one for each

companion crop
seeding rate.

A sample was also taken from the no-companion
crop plots. No

samples were
taken from the no-grass plots.

Tiller sampling
for growth parameter analyses.

Two 30-cm

sections of two orchardgrass
rows were sampled from each companion

crop seeding
rate and the no-companion

crop treatment on 3 June, 25

June and 1 Aug. The following measurements
were determined

for each

sample:

- Total number of tillers.

- Leaf area for 10% of the tillers per sample,
with a LI-COR

Portable
Area Meter.

- Plant height of 10 representative
tillers.

- Dry weight of the sample.
Samples were

dried in an oven at

103°C for 24 hours.

Mean values per plot for each quantity were calculated.
From

those
values, mean plant height,

LAI, SLW,
and number of tillers per

m of row were determined.

Companion crop
and grass seed harvest. The spring

barley was

harvested on 10 Aug. 1981, and the spring
wheat on 14 Aug. 1981.
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Three sections of 1.2 m of row were cut with a sickle from the

center of each plot. Harvested area per plot was 1.11 m2. The

heads were threshed with an Almaco S.B.T. small bundle thresher.

Kentucky bluegrass was harvested 7 July 1982. The other four

grasses were harvested during the last week of June 1982. A one m

wide strip was cut across each plot (2.4 m
2
). The grass was

collected in burlap bags and air dried for several weeks, before

being threshed.

Statistical analysis. Statistical analyses were not conducted

since there were no replications in the experiment.

Establishment of Kentucky Bluegrass and Orchardgrass Seed Crops

With a Winter Wheat Companion Crop at Hyslop Farm

Two similar experiments were planted on 21 Oct. 1981 at Hyslop

Crop Science Field Laboratory near Corvallis. In one experiment,

Stephens winter wheat was used as a companion crop with Potomac

orchardgrass. In the other experiment, Bristol Kentucky bluegrass

was undersown with Stephens winter wheat. The seven treatments

were: (1) 100.8 kg/ha of wheat, planted parallel with the grass

rows, (2) 100.8 kg/ha of wheat, planted across the grass rows, (3)

67.2 kg/ha of wheat, planted parallel with the grass rows, (4) 67.2

kg/ha of wheat, planted across the grass rows, (5) 100.8 kg/ha of

wheat, no grass, (6) 67.2 kg/ha of wheat, no grass, and (7) no

companion crop. Treatments were arranged in a Randomized Block

Design with six replications.
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The wheat was planted with a hand propelled Planet Jr. in rows

30.5 cm apart. Both orchardgrass and Kentucky bluegrass were carbon

seeded with a four-row planter. Seeding rates were 10 kg/ha for

Kentucky bluegrass and 22.4 kg/ha for orchardgrass. Plot size was

2.4 by 4.3 meters.

In the cross-planted treatments, the wheat was planted prior to

the grass to prevent breaking up the carbon band over the grass

rows. Wheat in the parallel planted treatments was drilled after

the grass to ensure planting the wheat rows accurately between the

grass rows. Grasses were planted in the north-south direction.

Wheat rows in the cross-planted treatments were planted in an

east-west direction.

Before planting, 224 kg/ha of 16-20-0 (NPK) was applied. An

application of 2.2 kg diuron per hectare was made 5 days after

planting. On 10 Mar. 1982, 196 kg/ha of 40-0-0-6 (NPKS) was applied

with a handpulled Gandy fertilizer spreader. Dinoseb was applied at

1.9 L/ha on 1 Apr. 1982, to control creeping speedwell (Veronica

filiformis Sm.) This practice severely damaged both the wheat and

the grass in one replication of each experiment. Those replications

were, therefore, not considered in the data analyses.

Both experiments were irrigated on 1 June for 5 hours (51 mm).

After wheat harvest, the straw and stubble were removed by flail

chopping. Urea (46-0-0) was applied at 110 kg/ha on 30 July to the

Kentucky bluegrass experiment. The next day, this experiment was

irrigated for 3 hours (38 mm). The same treatment was given 2 days
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later. The orchardgrass experiment received 38 mm of water on 3 and

9 Sept.

Light transmittance. PAR was measured with a LI-COR Model

LI-191SB Line Quantum Sensor. Direct unit readouts were recorded

from a LI-COR Model LI-1776 Solar Monitor. Six pairs of readings

per plot were taken between 12:15 and 1:00 p.m. in the Kentucky

bluegrass experiment. Similar measurements were taken between 1:00

and 1:45 p.m. for the orchardgrass experiment. Measurements were

started on 19 Apr. 1982 and finished on 19 July 1982. Recordings

were made on 17 different dates.

The sensor was held parallel with the grass rows in every plot,

i.e., in the north-south direction. Three pairs of readings were

taken at each short side of the plot for a total of six pairs of

readings per plot. In the no companion crop treatment, six readings

were taken at grass level only.

The amount of PAR reaching the grass was calculated as a

percentage of the PAR measured above the wheat canopy.

Soil moisture. On 29 Apr. 1982, 27 gypsum moisture blocks were

installed in each experiment. The blocks were soaked in water for 5

hours and air-dried for 18 hours. Before being placed in the soil,

they were soaked again for 3 to 4 hours. Blocks were placed at

three depths: 15.2, 30.4 and 45.6 cm. Holes were made with an

Oakfield soil probe, which has a 24 mm diameter, equivalent to that

of the gypsum blocks. After the blocks were placed in the holes,

the holes were filled with dry soil. The soil was compacted to

obtain proper placement of the blocks.
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Three blocks were installed in three replications of three of

the seven treatments. The treatments in which the blocks were

placed were: (1) 100.8 kg/ha wheat planted parallel with the grass;

(2) 100.8 kg/ha wheat, no grass; and (3) no companion crop.

Readings were taken with a Delmhorst KS-1 Soil Moisture Tester.

Sixteen sets of readings were recorded during May, June and July of

1982.

Tiller sampling for growth parameter analyses. A 20-cm section

of grass row was sampled from five of the seven treatments in each

experiment on 4 Apr., 5 May, and 28 June of 1982. No samples were

taken from the no-grass treatments. The number of tillers per

sample was determined. A subsample of 10 representative tillers was

taken. From this subsample, the following measurements were deter-

mined:

- Plant height: the distance (in cm) between the crown and

the tip of the longest leaf.

- Total leaf area (in cm
2
), measured with a LI-COR Portable

Area Meter.

- Total dry weight. Each subsample was dried in an oven at

103°C for 24 hours.

Number of tillers per meter of row, mean plant height, leaf

area and leaf weight per tiller, LAI and SLW were determined to

express the effects of shading from the companion crop on the growth

habit of the grass plants.
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Wheat and orchardgrass harvest. The wheat in the orchardgrass

experiment was harvested on 23 July 1982. For the Kentucky

bluegrass experiment, the wheat was harvested on 27 July 1982.

Four sections of 1 m of row were harvested per plot. The stand

of the wheat was not uniform in each plot and the row sections

harvested were selected as being representative for each individual

plot. The area harvested per plot was 1.2 m2.

Wheat was cut with a sickle and threshed with an Almaco S.B.T.

small bundle thresher.

Orchardgrass plots established without a companion crop were

harvested on 30 June 1982. Seed heads in four sections of 3 m of

row were cut and air dried for several weeks before being threshed.

The area harvested per plot was 7.3 m
2

.

Statistical analysis. Analyses of variance were conducted for

the number of tillers per m of row, tiller height, leaf weight and

leaf area per tiller, SLW and LAI for each sampling date. The same

data were analyzed for the three sampling dates combined, using

dates as subplots. Companion crop yield data were analyzed for both

grasses. All differences reported are significant at the 5% level

of probability unless otherwise indicated.
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RESULTS AND DISCUSSION

Establishment of a Kentucky Bluegrass Seed Crop

With a Winter Wheat Companion Crop at Gervais

Light transmittance. The amount of light transmitted through

the winter wheat companion crop canopy was 13.7%, 22.2% and 27.6% on

20 May, 10 June and 17 July, 1981, respectively. This increased

transmittance was caused by the senescence of the wheat leaves.

Senescence started early due to a heavy Septoria leaf blotch

(Septoria tritici) infestation, enhanced by a high level of precipi-

tation in the early part of June. Light transmittance was not

recorded in late April and early May, therefore, the lowest canopy

light transmittance during this experiment is not known.

Soil moisture. Soil moisture observations from gypsum blocks

were similar at the 15.2 and 30.4 cm depths, (Figures 1 and 2).

These soil moisture curves are not extended beyond -15 bars. The

calibration table for the soil moisture meter does not give soil

water potential values that are associated with meter readings below

0.6. During the last week of May and the first week of June, soil

water potential (bars) decreased for both the grass + wheat and no

companion crop plots at both depths. During this early growth

period, soil water potential was higher for the plots without a

companion crop. Precipitation between the 5th and the 20th of June

brought the soil water potential up to near field capacity (-0.15

bars) for both treatments at 15.2 and 30.4 cm depths. After 15

June, the soil moisture pattern was reversed from the period late



.2

.3

.4

.6

.8
1.0

ac
w
t-- 1.5

1.83 2
..7.1

o 3
co 6

10

15

MAY JUNE
20 2 5

'..--r

31 5 10 20 215 30
I I I

1r
I I

30

JULY

ir 7 , 1r 15

31

I

Treatments:

O no companion crop

grass + wheat

Figure 1. Soil water potential at 15.2 cm depth during May,
June and July in Bristol Kentucky bluegrass grown with and
without a companion crop. Gervais, 1981.



MAY JUNE JULY

31

20 25 31 10 15 20 25 30 5 10 15 20 25 31

.2 -
-.3

.4 -

-.6

-.8

-1.0

I I 1 I I I

Treatments:
O no companion crop

grass + wheat

Figure 2. Soil water potential at 30.4 cm depth during May,
June and July in Bristol Kentucky bluegrass grown with and
without a companion crop. Gervais, 1981.



32

May-early June: soil water potential was higher in the grass +

wheat plots during this later period. A similar reversal was

observed at the 45.6 cm depth (Figure 3) after 25 June and at the

60.8 cm depth (Figure 4) after 8 July. The lower soil water poten-

tial in the grass + wheat plots early in the season may have been

caused by a high demand on soil moisture by the companion crop. The

wheat crop evidently prevented a high evaporation rate in the grass

+ wheat plots later in the season. This caused soil water potential

to be higher in those plots than in the plots without a companion

crop.

The effect of the wheat companion crop on the evaporation rate

was most dramatic at the 45.6 and 60.8 cm depths. The quantity of

additional moisture in the grass + wheat plots that became available

to the shallow rooted undersown Kentucky bluegrass is not known.

At the 15.2 cm depth, soil water potential was lower then -15

bars (wilting point) during the last week of July for the grass +

wheat plots and during all of July for the no companion crop plots.

This indicates that bluegrass in the plots established without a

companion crop were under water stress during a longer period than

the grass + wheat plots, assuming that the Kentucky bluegrass plants

only utilize the moisture present in the top 15 cm of the soil.

Tiller sampling for growth parameter analyses. The effects of

the companion crop on six growth parameters of the undersown blue-

grass are summarized in Table 1. The companion crop had no effect

on the number of tillers per meter of row on 20 May. On 11 June,

however, the companion crop had suppressed tiller development and
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Table 1. Effects of a wheat companion crop on six growth parameters of Bristol Kentucky bluegrass at two
sampling dates. Gervais, 1981.

Sample
date Treatment

Tiller Leaf weight
Tillers height per tiller

Specific
leaf weight

Leaf area
per tiller

Leaf area
index

no comp. crop

20 May grass+wheat

LSD
.05

no comp. crop

11 June grass+wheat

LSD
.05

Combined analysis
LSD t

.05

no/m cm mg mg/cm
2

cm
2

292 7.6 20.3 8.5 2.52 0.23

206 16.9 22.3 4.9 4.89 0.38

NS 4.4 NS 2.5 1.26 NS

407 8.6 27.9 10.1 2.91 0.52

187 24.6 39.2 5.8 7.26 0.45

125 2.0 6.4 3.2 1.39 NS

66 1.8 5.1 NS NS 0.11

This LSD allows for comparison of values within each treatment over the two sampling dates.

CTI
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there were 220 fewer tillers when a companion crop was used. The

number of tillers increased between the two sampling dates in the

plots without a companion crop, but not in the grass + wheat plots.

These results coincide with the findings of Ryle (1961, 1967) for

timothy, perennial ryegrass and meadow fescue. Meijer (1979b) found

that a lower light intensity was associated with less tiller devel-

opment in Kentucky bluegrass.

Tillers were taller and possessed more leaf area per tiller in

the grass + wheat plots on both sampling dates. Tiller height

remained constant between sampling dates in the no companion crop

plots, but increased in the grass + wheat plots. Leaf area per

tiller remained constant in the plots without a companion crop, but

increased in the grass + wheat plots (differences significant at the

6% level of probability).

Leaf weight per tiller was the same for both treatments on 20

May 1981, but was higher for the grass + wheat on 11 June 1981.

This was probably caused by a fewer number of tillers in the grass +

wheat plots on 11 June, since less dry matter was used to develop

new tillers. For both treatments, leaf weight per tiller increased

between sampling dates. This indicated that growth was still taking

place, even though the undergrowing grass had to compete for mois-

ture, light and nutrients with the winter wheat companion crop.

Specific leaf weight (SLW = leaf weight divided by leaf area)

was higher for the no companion crop plots at both sampling dates.

The changes in SLW between sampling dates were not significant for

either treatment. A constant SLW over time of development was also
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found by Aase (1978) for winter wheat and by Frey and Moss (1976)

for barley. This is in disagreement with Watson (1937) who stated

that the leaf area to leaf weight ratio (the inverse of SLW) should

decrease over time.

There was no difference between the two treatments for Leaf

Area Index (LAI) on either sampling date, although LAI increased

over time for plots established without a companion crop. LAI takes

into account the number of tillers per unit area, leaf area per

tiller, and the area sampled. On both sampling dates, the greater

number of tillers per meter of row may have compensated for a lower

leaf area per tiller in the no companion crop plots, resulting in

the same LAI for both treatments. Several workers have discussed

the relation between LAI and dry matter production (crop growth

rate, net photosynthesis). The change of LAI over time has also

been extensively investigated. Watson (1956) showed that LAI's for

wheat, barley, sugarbeet (Beta vulgaris L.) and potato (Solanum

tuberosum L.) peaked at different times during their growing season

and then dropped, due to leaf senescence. Pearce et al. (1965)

reported an increasing LAI with time of development for orchard-

grass.

From the tiller samples taken on 27 May 1982 (Table 2), no

differences between treatments were found for number of fertile

tillers per m of row, number of vegetative tillers per m of row and

dry weight per fertile tiller. Dry weight per vegetative tiller was

higher for the grass + wheat treatment. These results indicate that

the detrimental effect of the companion crop on tiller numbers of
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Table 2. Effect of a wheat companion crop in 1980-'81 on tiller
numbers and tiller dry weight of the Bristol Kentucky
bluegrass seed crop in 1982. Gervais, 27 May.

Treatment
Tillers Dry weight per tiller

Fertile Vegetative Fertile Vegetative

no/m mg

no companion
crop

grass+wheat

511

533

1353

1409

173.9

181.4

38.2

42.5

LSD
.05 NS NS NS 4.1

C.V.(%) 21.9 17.2 9.8 6.8
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the undersown grass in the 1980-81 growing season was mitigated in

the spring of 1982. An equivalent number of tillers must have been

present for both treatments before the onset of vernalization in the

winter of 1981-82, since the number of fertile tillers was the same

on 27 May 1982.

Wheat and Grass Seed Yields. The wheat crop yielded 3075 kg/ha

in 1981. Other wheat fields on the same farm yielded approximately

5000 kg/ha. This difference may have been due to the lower seeding

rate of the companion crop field and severe weed problems. Weeds

were not effectively controlled in the companion crop field, because

the farmer feared that the undergrowing grass might have been killed

by a herbicide application in the spring of 1981.

Grass seed yields obtained in 1982 were different between

treatments at the 5% level of significance (LSD.05 = 200 kg/ha).

The no companion crop plots yielded 1111 kg/ha and the grass + wheat

plots (during 1980-81) 833 kg/ha. The yield data do not agree with

the findings from the tiller samples taken on 27 May 1982. Since

the number of fertile tillers and dry weight per fertile tiller were

the same for both treatments, equivalent yields for each treatment

might have been expected. The yield difference may have been due to

changes in yield components, such as number of florets per spikelet,

number of spikelets per panicle, 1000-seed weight and/or a low

percent seed set for tillers established with a companion crop. The

yield results agree with the findings of Bor and Vreeke (1974), who

found that Kentucky bluegrass fields established without a companion
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crop yielded 500-1000 kg/ha more in the second summer after the

fields were established.

To determine whether the establishment of the Kentucky blue-

grass seed crop with a winter wheat companion crop was advantageous

over establishment without a companion crop, the wheat yield of 1981

(3075 kg/ha) has to be compared to the reduction in grass seed yield

of 1982 (278 kg/ha). The extra costs for cleaning up the wheat

straw and stubble also have to be subtracted from the return on the

wheat crop. The cost vs return analysis should be based on three

years (wheat the first year, grass seed the second and third year)

to determine the suitability of the companion cropping system for

the Willamette Valley. Within the time frame of this study it was

not possible to make this three-year analysis. However, a cost vs

return analysis based on two years is given in Table 3. The mean

annual return per hectare was $84.50 higher when the Kentucky

bluegrass seed crop was established without a companion crop. This

result was due to the extremely low wheat yield in 1981. If the

wheat yield of any other field on the same farm (5000 kg/ha) is used

in the analysis, the mean annual return per hectare is $69.50 higher

for the field established with a companion crop. A higher wheat

yield could have had a more detrimental effect on the subsequent

grass seed yield. However, this is not likely since the increased

competition due to weeds may have approximated the effects of a

heavier companion crop.

The price per kg for Kentucky bluegrass in Table 3 is a high

contract price. This high price had a considerable effect on the
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Table 3. Comparison of the gross returns over two years from Bristol
Kentucky bluegrass established with and without a wheat
companion crop. Gervais, 1981-82.

Gross returns
Crop Yield Price With comp. crop Without comp. crop

kg/ha $/kg $/ha

Wheat 3,075 0.16 492
(1981)

bluegrass 1,111 2.09 2,322

1st harvest

year (1982) 833 2.09 1,741

Extra Costs
t

-30
Total (over two years) 2,153 2,322

Mean (per year) 1,076.50 1,161.00

For cleaning up the companion crop residue (baling, raking and one
extra propane treatment).
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difference in mean annual gross return for the two establishment

methods. When the open market price per kg in 1981 (approximately

90¢/kg) is used in the calculation, using the same wheat and grass

seed yields, the mean annual gross return equals $90 in favor of

establishing with a companion crop. The break-even price for Ken-

tucky bluegrass, given the low wheat yield and the 278 kg/ha grass

seed yield difference, is $1.48 kg. Prices lower than this break-

even price make establishment of Kentucky bluegrass with a companion

crop economically feasible for this experiment.

The main objective for establishing a grass seed crop with a

companion crop is to generate a cash flow each year. Even if the

mean annual gross return on a 2- or 3-year basis is lower for

establishing with a companion crop, the cash flow that's generated

from the companion crop provides income for the grower and may be a

strong reason for using the companion cropping system.

Summary. A reduced number of tillers, tiller elongation and an

increase in leaf weight and leaf area per tiller were indications of

the effects of the wheat companion crop on the undersown Kentucky

bluegrass. The effects were probably caused by a low light inten-

sity under the companion crop canopy. Sufficient moisture was

available in the plots with a companion crop during most of the

spring and summer of 1981. Moisture stress, therefore, had less

effect than shading on the development of the undergrowing grass.

A low wheat yield due to Septoria leaf blotch and a heavy weed

infestation did not offset a lower subsequent Bristol Kentucky

bluegrass seed yield. This resulted in a lower mean annual gross
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return for the bluegrass seed crop when established with a companion

crop.
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Non-Replicated Trial for Screening Combinations

of Grass Seed Crops With Cereal Companion Crops

The screening trial was established in spring, 1981 to obtain

preliminary information on combinations of companion crop species,

seeding rates, planting arrangements, and grass species for suit-

ability in a companion cropping system to determine a range of

treatments for planning subsequent experiments. Interpretation of

results was restricted since no replications were used.

Light transmittance. The percentage light transmittance

through the companion crop canopies is shown in Figures 5a and 5b

and Figures 6a and 6b. Transmittance values were high for both

companion crops in both planting arrangements at all five dates.

This may be explained by the poor development of the companion

crops, due to the late planting date (15 Apr. 1981). Light trans-

mittance values were similar at all three seeding rates for the

wheat companion crop. In barley, light transmittance values tended

to be higher for the lower seeding rates in both planting arrange-

ments at all five dates.

Soil moisture. Percentages soil moisture (Figures 7 and 8) by

weight did not differ substantially over the levels of seeding rates

of each companion crop. There were no obvious differences between

the two grasses with the same companion crop, nor between the two

companion crops with the same grass. There was a trend towards

higher moisture contents at greater depth for all treatments.

Percent moisture decreased from 2 July 1981 to 1 Aug. 1981 for all

treatments studied.
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Soil moisture seemed adequate for all treatments, since water

stress symptoms were not observed.

Tiller sampling for growth parameter analyses. Measurements on

the tiller samples taken from orchardgrass at three different dates

are summarized in Table 4. Since each row of data expresses a value

based on a different, non-replicated treatment (companion crop,

seeding rate, sampling date), somewhat inconsistent results were ob-

served. Therefore, interpretation must be restricted. Values for

tiller height, SLW and LAI did not show trends other than an in-

crease in all three values for each treatment over time. Number of

tillers per m of row was most suppressed at the high seeding rates

for both the barley and wheat companion crops. Differences between

the no companion crop and all other treatments for tillers per m of

row and LAI were apparent. Considering the poor development of the

companion crops, an effect on the undergrowing grass was not ex-

pected. It was observed, however, that the growth of orchardgrass

was restricted even in treatments where competition was considered

to be minimal (lower seeding rates).

Companion crop and grass seed yields. Companion crop yields in

1981 (Table 5) increased with increasing seeding rates. Barley

yielded more than wheat at each seeding rate, but yields were low

for both companion crops. The no grass plots yielded the same as

the plots with grasses at all seeding rates, indicating that the

undersown grasses did not have an adverse effect on companion crop

yields. Yield differences were not observed between the two higher
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Table 4. Effects of companion crops on four growth parameters of
Potomac orchardgrass at three sampling dates in the spring
of 1981 at Hyslop Farm. (No replications were used)

Companion crop
and its seeding
rate

sample
date Tillers

Tiller
height SLW LAI

kg/ha no./m cm
2

mg/cm

3 June 337 15.5 6.8 0.40

No companion crop 25 June 493 29.8 4.7 3.01

1 Aug. 517 34.7 13.5 5.56

3 June 240 12.8 5.2 0.24

Barley, 134.4 25 June 270 19.4 4.3 1.34

1 Aug. 103 28.1 17.5 0.64

3 June 250 15.7 5.2 0.32

Barley, 100.8 25 June 217 30.8 4.3 0.95

1 Aug. 223 31.4 12.5 2.00

3 June 183 12.8 6.9 0.14

Barley, 67.2 25 June 353 29.3 4.1 1.56

1 Aug. 213 30.9 10.5 2.40

3 June 97 9.1 4.4 0.07

Wheat, 112 25 June 213 25.6 3.7 0.75

1 Aug. 140 21.8 12.1 0.57

3 June 237 13.0 5.2 0.19

Wheat, 84 25 June 230 32.0 4.0 1.14

1 Aug. 177 38.2 12.5 1.86

3 June 187 12.0 6.2 0.16

Wheat, 56 25 June 420 31.8 4.1 2.27

1 Aug. 170 27.7 14.7 1.80
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Table 5. Yields of Fielder spring wheat and Steptoe spring
barley, planted at three seeding rates with five grasses
for the companion crop screening trial. Hyslop Farm,
1981. (No replications were used).

Companion crop

Wheat Barley

Seeding rate (kg/ha)

Grass species 56 84 112 67.2 100.8 134.4

kg/ha

Orchardgrass
t

744 1256 1139 960 1166 1839

Tall fescue
t

1462 1166 1337 1659 2673 1579

Chewings fescuet 1166 1229 1363 2359 2233 3220

Creeping red fescuet 1417 1265 1363 1453 2009 3014

Kentucky bluegrasst 646 1112 1274 2251 2198 2413

Kentucky bluegrasst 1193 1462 1592 1902 2785 2435

No grass 1197 1162 1014 1659 1915 1570

Mean 1035 1236 1297 1749 2139 2296

t

Grasses sown across the companion crop rows.

Sown parallel with the companion crop rows.
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seeding rates for both wheat (84 and 112 kg/ha) and barley (100.8

and 134.4 kg/ha).

Grass seed yields obtained in 1982 (Table 6) showed consider-

able differences between the no companion crop plots and the six

plots established with a companion crop in 1981. This difference

was greatest for Kentucky bluegrass and can partly be explained by

the presence of a large weed infestation in all bluegrass plots

except the control throughout the 1981-82 growing season. Effects

of companion crop seeding rates on subsequent grass seed yields were

not apparent.

Summary and recommendations. Early planting is probably

necessary for spring cereals to serve as suitable companion crops

during grass seed crop establishment. Late planting gave low yields

of both wheat and barley, though barley yields were higher. This

may indicate that barley gives a higher cash return and may be the

better companion crop, since barley did not have a more adverse

effect on the undersown grasses than wheat. Orchardgrass, tall

fescue, chewings fescue and creeping red fescue may be established

with a spring cereal companion crop. Kentucky bluegrass might

better be established with a companion crop in the fall.

Further investigation is needed to clearly identify the effects

of companion crop seeding rates and planting arrangements on the

undersown grass. The companion crop seeding rate that results in an

adequate cash return along with a well-established grass seed crop

has yet to be identified.



Table 6. Grass seed yields in 1982 for the companion crop screening trial at Hyslop
Farm, planted in the spring of 1981. (No replications were used).

Grass species

Companion crop in 1981

Mean

Wheat
No

companion
crop

Barley

Seeding rate (kg/ha) Seeding rate (kg/ha)

56 84 112 67.2 100.8 134.4

kg/ha

Orchardgrass
t

997 939 898 1017 902 980 861 942

Tall fescuet 1599 1854 1456 2071 1899 1616 1784 1754

Chewings fescuet 504 623 324 664 697 402 390 515

Creeping red fescuet 677 792 611 1001 599 796 664 734

Kentucky bluegrassi 291 324 312 804 283 156 271 349

Kentucky bluegrasst 320 160 115 693 250 172 336 292

Grass sown across the companion crop rows.

t Sown parallel with the companion crop rows.
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Establishment of Kentucky Bluegrass and Orchardgrass Seed Crops

With a Winter Wheat Companion Crop at Hyslop Farm

Light transmittance. Percent light transmittance was compar-

able for both grasses during April and May (Figures 9 and 10). In

June and July, higher light transmittance was observed for all four

companion crop treatments with orchardgrass than with Kentucky

bluegrass. Percent light transmittance values were highest during

April and May with Kentucky bluegrass at both seeding rates. In

contrast, percent light transmittance values were higher in most of

June and July for the orchardgrass experiment.

In both grasses, wheat rows in parallel planted plots were

seeded from north to south as opposed to the east-west orientation

in cross-planted plots. Row orientation and the time of day the

readings were taken (12:00 p.m.), may have caused the differences in

percent light transmittance between planting arrangements for both

grasses at either seeding rate. Three wheat rows were crossed for

each reading above the grass canopies. Light transmittance values

in cross-planted plots may have been lower because of the dense

wheat canopy at intersections of wheat and grass rows.

Differences in light transmittance between orchardgrass and

bluegrass were due to differential tiller height (Figures 13 and

14). The taller orchardgrass tillers received more light than did

the shorter Kentucky bluegrass.

With bluegrass, companion-crop seeding rates did not have an

effect on percent light transmittance at either planting arrange-

ment. In orchardgrass, transmittance over the entire season was
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Figure 9. Percent light transmittance through the wheat canopy.
Wheat planted at two seeding rates and two planting arrangements
with Bristol Kentucky bluegrass. Hyslop Farm, 1982.
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Figure 11. Effects of two wheat seeding rates and two planting
arrangements on tillers per m of row of Bristol Kentucky blue-
grass at three sampling dates. Hyslop Farm, 1982.
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slightly higher for 100.8 kg/ha in the cross plantings. It was

expected that a lower seeding rate would be associated with a higher

light transmittance. Lower seeding rates might be expected to

create a less dense canopy, and therefore less shading. Low seeding

rates may have resulted in more vigorous tillering.

Light transmittance was never lower than 10% in either grass

species. According to Meijer (personal communication), trans-

mittance values of less than 10% have been found to cause growth

stagnation of Kentucky bluegrass in companion cropping experiments

in the Netherlands. Visual observations of the experiment at Hyslop

Farm indicated that the undersown grasses continued to grow through-

out May and June.

The variability between observations within companion crop

treatments was probably related to variability in the wheat stands.

Observation sites were selected at random on each date to get a good

indication of the percent light transmittance for the entire plot,

and this may have caused the variations within each percent light

transmittance curve.

Soil moisture. Soil moisture readings, taken from gypsum

blocks between 18 May and 23 July were not dependable, but are

presented in Apprendix Tables 12 and 13. Meter readings ranged from

0.7 to 0.0 in most of the treatments for both grasses. These

readings are associated with soil water potential values of -15 bars

and lower. According to Brady (1974), gypsum blocks give reasonably

accurate moisture readings over the range of -1 to -15 bars. Other

sources indicate gypsum blocks are not accurate below -2 bars of
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soil water potential (Anonymous, 1975). The observed readings must

be considered inaccurate according to these reports.

Tiller sampling for growth parameter analyses. Results for

analyses of tiller samples are reported in Figures 11 through 22.

1. Tillers per m of row

The companion crop reduced the number of tillers produced by

both grasses, the reduction being greater in Kentucky bluegrass than

in orchardgrass (Figures 11 and 12). Row direction and seeding rate

had no differential effect on tillering. According to the combined

analysis, there was a significant increase in Kentucky bluegrass

tiller number over sampling dates in the plots established without a

companion crop (Figure 11).

Orchardgrass produced significantly more tillers between 11 May

and 28 June when established without a companion crop (Figure 12).

The same figure shows that more tillers were produced in orchard-

grass with treatment 4 (67.2 kg/ha of wheat, planted across the

grass rows) between 8 April and 11 May than between 11 May and 28

June. There was no increase in tiller number on 28 June indicating

a cessation of tillering.

When established without a companion crop, Kentucky bluegrass

produced more tillers than orchardgrass.

Reduced tiller number due to competitive effects was also found

by Meijer (1979b) and Ryle (1961, 1967) which is in agreement with

the findings of the Gervais experiment.

2. Tiller height

Companion crop seeding rates and planting arrangements did not
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have a significant effect on tiller height for either grass (Figures

13 and 14). A trend was observed for increased tiller height of

Kentucky bluegrass on 18 June (differences significant at the 10%

level of probability). This was in contrast with the experiment in

Gervais, where significant differences were observed.

One sample per plot was taken from both grasses, whereas two

samples per plot were taken for the experiment in Gervais. The

lower sampling rate may have resulted in less precision in detecting

the effect of the companion crop on tiller height.

Tiller height was greater for orchardgrass than for Kentucky

bluegrass.

3. Leaf area per tiller and leaf area index (LAI)

Leaf area per tiller for both grasses was not affected by

companion crop seeding rates and planting arrangements, except on 11

May in orchardgrass (Figures 15 and 16). On this date, higher leaf

areas per tiller were observed in treatment 4 and the plots estab-

lished without a companion crop. This may have been due to less

competition for water and nutrients, resulting in a higher growth

rate for the orchardgrass. However, if competition was less severe

at the low seeding rate, similar effects would have been observed in

treatment 3 (67.2 kg/ha of wheat, parallel with the grass rows).

Leaf area per tiller did not change significantly over time for

either grass, but was greater for orchardgrass.

All companion crop seeding rates and planting arrangements sup-

pressed LAI for both grasses on 8 April and 28 June (Figures 17 and

18). On 11 May, a trend toward reduced LAI's caused by the com-
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panion crop was observed; companion crop effects were different at

the 9% level of probability for orchardgrass and at the 11% level of

probability for Kentucky bluegrass. Significant increases in LAI

over time of development in Kentucky bluegrass established without a

companion crop were observed (Figure 17). Orchardgrass showed a

significant increase in LAI over time (Figure 18) for all companion

crop treatments, except treatment 1 (100.8 kg/ha of wheat, planted

parallel with the grass). Increasing LAI for orchardgrass was also

found by Pearce et al. (1965) and for the experiment in Gervais.

Leaf area index was calculated using tillers per m, leaf area

per tiller and area sampled. Leaf area per tiller did not change

for either grass species; the effect of the companion crop on LAI

was, therefore, solely due to increasing tiller numbers (Figures 11

and 12) with time of development.

Leaf area per tiller was smaller for Kentucky bluegrass than

for orchardgrass, as was LAI. LAI in orchardgrass was less sup-

pressed by the companion crop than in Kentucky bluegrass.

4. Leaf weight per tiller and specific leaf weight (SLW)

Kentucky bluegrass tillers were heavier on 8 April (Figure 19)

in the plots established without a companion crop and with treatment

2 (100 kg/ha of wheat, planted across the grass rows). This partly

coincides with the findings for the experiment in Gervais, where

bluegrass tillers were heavier on 11 June when estabished with a

companion crop. The effect of the high companion crop seeding rate

on per tiller leaf weight was mitigated by 11 May.
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Both companion crop seeding rates and both planting arrange-

ments resulted in a lower SLW for Kentucky bluegrass on 8 April

(Figure 20). This effect had disappeared by the next sampling date.

Specific leaf weight did not increase with time of development,

which was in disagreement with Watson (1937). Aase (1978) and Frey

and Moss (1976) observed constant SLWs for wheat and barley, respec-

tively. Similar results were found for the experiment in Gervais.

Both companion crop planting arrangements at 100.8 kg/ha

seeding rate suppressed leaf weight per tiller of orchardgrass on 11

May (Figure 21). The same effect was observed for 67.2 kg/ha

seeding rate in the parallel planting only. A trend, (differences

significant at the 7% level of probability) indicating suppressed

leaf weights per tiller by all companion crop seeding rates and

planting arrangements, was observed on 28 June. Higher leaf weight

per tiller for orchardgrass established without a companion crop was

in contrast with the findings in Gervais for Kentucky bluegrass.

This may be attributed to the different growth habit of orchard-

grass. Companion crop seeding rates and planting arrangements

suppressed tiller numbers to a lesser extent for orchardgrass than

for Kentucky bluegrass. The effect of interspecific competition

was, therefore, probably expressed in a higher leaf weight per

tiller rather than a higher tiller number for orchardgrass estab-

lished without a companion crop.

Specific leaf weight of orchardgrass (Figure 22) was suppressed

on 8 April by the high companion crop seeding rate at both planting

arrangements and by treatment 4. On 11 May, all companion crop
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treatments suppressed SLW. A trend (differences significant at the

8% level of probability) indicating supppressed SLW by all companion

crop treatments was found on 28 June. Specific leaf weight did not

increase with time of development, which coincides with the results

for bluegrass in both this experiment and the experiment in Gervais.

A constant SLW over time was in disagreement with Watson (1937).

Lower SLW for orchardgrass established with a companion crop

coincides with lower leaf weights per tiller.

Leaf weight per tiller was higher for orchardgrass than for

Kentucky bluegrass. Specific leaf weight was similar for both

grasses.

Wheat and orchardgrass yields. Significant differences between

treatments for wheat yields (Tables 7a and 7b) were observed in the

Kentucky bluegrass experiment, but not in the orchardgrass experi-

ment. In the Kentucky bluegrass experiment, yields were highest for

the plots established without grass, planted at 100.8 kg/ha and

lowest for 67.2 kg/ha of wheat planted across the rows. Differences

between the highest wheat yield and wheat yields from the other four

treatments were not significant. The same was observed for the

differences between the lowest yielding treatment and the remaining

four treatments.

Wheat yields were extremely high in the Kentucky bluegrass

experiment. This was a result of harvest method. Each plot was

harvested separately by hand. Bias may have occurred in selecting

the rows considered representative for the plots, since it was hard

to tell which rows were representative for each treatment in each
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Table 7a. Yield of Stephens winter wheat in companion
crop tests with Bristol Kentucky bluegrass.
Hyslop Farm, 1982.

Planting
Seeding rate arrangement Yield

kg/ha kg/ha

100.8 parallel
t

10,236 ab

100.8 across 10,097 ab

100.8 no grass 11,319 a

67.2 parallel 10,212 ab

67.2 across 9,129 b

67.2 no grass 10,253 ab

No companion crop1 0

Mean 10,208

LSD
.05 1,257

C.V. = 9.3%

t
Means followed by the same letter are not
significantly different at the 5% level of
probability.

Not included in the analysis.
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Table 7b. Yield of Stephens winter wheat in companion
crop tests with Potomac orchardgrass.
Hyslop Farm, 1982.

Seeding rate
Planting
arrangement Yield

kg/ha kg/ha

100.8 parallel 6,731

100.8 across 5,810

100.8 no grass 6,275

67.2 parallel 6,701

67.2 across 5,607

67.2 no grass 6,993

No companion crop 0

Mean 6,353

LSD
.05 NS

C.V. = 14.0%

Not included in the analysis
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replication. The wheat yields in the orchardgrass experiment

probably give a more accurate indication of the actual yields on a

per hectare basis. Both experiments showed that wheat yields were

not affected to any great extent by lowering the seeding rate or

undersowing a grass species.

It was observed from the Kentucky bluegrass yields in the

experiment at Gervais that the undersown grass had recovered well

after being stressed under the companion crop. From this we would

expect that the same would happen for the experiment at Hyslop Farm.

The higher yields for the wheat at Hyslop Farm may very well com-

pensate for a somewhat lower projected grass seed yield in 1983 in

all plots established with a companion crop.

The orchardgrass plots established without a companion crop

yielded 83 kg/ha in the summer of 1982.

Summary and recommendations. Tiller number and LAI were

suppressed by all companion crop seeding rates and planting

arrangements in both Potomac orchardgrass and Bristol Kentucky

bluegrass. However, companion crop seeding rates and planting

arrangements did not have differential effects on either undersown

grass for these two growth parameters. Tiller height and leaf area

per tiller of both grasses were not affected by the Stephens winter

wheat companion crop. Leaf weight per tiller and SLW of Kentucky

bluegrass were suppressed by companion crop treatments early in the

season, but this effect was no longer apparent later in the season.

Leaf weight per tiller of orchardgrass was suppressed by companion
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crop treatments later in the season, whereas SLW was suppressed over

the entire part of the season in which samples were taken.

Orchardgrass received more light than bluegrass during June and

July. There was less suppression of tillers in orchardgrass than in

Kentucky bluegrass. There was thus more vigorous tillering and a

higher LAI for orchardgrass when established with a companion crop.

Both grasses received more light when planted parallel with the

companion crop rows. Higher light transmittance in parallel planted

plots did not have an apparent effect on any of the growth para-

meters of either undersown grass. Higher light transmittance

through the wheat canopy at the high seeding rate (100.8 kg/ha)

planted across orchardgrass rows, did not have an effect on the

growth parameters determined. Light transmittance was the same in

bluegrass at both companion crop seeding rates. This coincides with

the findings that none of the Kentucky bluegrass growth parameters

were differentially affected by companion crop seeding rates.

The competitive effects of the companion crop for soil moisture

could not be determined due to inaccuracy of soil moisture observa-

tions.

Companion crop yields were not affected to a great extent by

seeding rate, nor did undersowing a grass have an effect.

The method of planting the companion crop for this experiment

resulted in a poor and variable wheat stand within companion crop

treatments and between experiments. Higher light transmittance in

parallel plantings did not affect the undersown grass differently

than in cross plantings. However, it may be speculated that growth
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of the undersown grass can benefit from a higher percent light

transmittance through the wheat canopy. Therefore, it may be

necessary for future experiments to develop a drill that plants both

the companion crop and the the grass at the same time in parallel

rows.
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General Discussion

Future growth parameter studies would benefit from more exten-

sive sampling per plot at each date. Given time constraints, it

might be most efficient to only determine tiller number and tiller

dry weight. These parameters probably give sufficient indication of

the effects of the companion crop on the undersown grass.

The effect of the companion crop on soil moisture for the

Gervais experiment is of interest. A better method for determining

soil moisture should be developed to further investigate this

effect. The oven-dry method may be best suited and most accurate

for this purpose.

The undersown grasses were irrigated in all three experiments

as soon as the companion crops were harvested and the straw removed.

Nitrogen was applied to the Kentucky bluegrass for the experiment

established in the fall of 1981, before it was irrigated. Further

experimentation may be necessary to evaluate the need for irrigation

and nitrogen fertilization for companion cropping systems in the

Willamette Valley.

Good results are obtained with companion cropping systems in

European countries due to a climatic pattern that is different from

the Willamette Valley. Summer rains in Europe supply sufficient

moisture for the undersown grass after companion crop harvest. In

addition, companion cropping is advantageous in European countries,

because grass seed stands are not maintained as long as in Oregon.

Therefore, it is felt necessary in Europe to obtain a cash return
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each year, rather than choosing the more certain method of estab-

lishing the grass seed crop in the spring without a companion crop.

Weed control practices. Visual observations of the Gervais

experiment and the fall planted experiment at Hyslop Farm indicate

that the success of the companion cropping system depends on good

weed control at planting time.

Herbicides used for the experiment in the Bristol Kentucky

bluegrass field at DeKoninck's farm in Gervais are presented in

Appendix Table 2. A number of herbicides were used to control both

grassy and broadleaf weeds. Weed problems were severe in this

field, partly because the field was one of the dirtier ones on the

farm (Ron DeKoninck, personal communication). Another reason was

the limited opportunity to control broadleaf weeds in the spring

after establishment, because of the chance of killing the under-

growing grass along with the weeds. A diuron application immedi-

ately after planting controlled weeds fairly well. Two diuron

applications in the fall after harvest of the companion crop cleaned

up the field fairly well, except for wild oat (Avena fatua L.) in

certain parts of the field. Problems with volunteer wheat did not

occur.

Diuron was applied after planting both the companion crop and

the grasses for the experiments at Hyslop Farm in the fall of 1981.

Except for speedwell, which was controlled with dinoseb, there were

no problems with broadleaf weeds. The field on which the experi-

ments were conducted was clean from the start, which was the reason

for not having too many broadleaf weed problems.
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Volunteer wheat was a problem in both fall planted experiments

at Hyslop Farm. This could have been prevented by harvesting more

carefully to limit seed loss due to shattering. A good herbicide

for controlling volunteer wheat in grass seed crops that are

established with a companion crop does not seem to be available in

the United States. Ethofumesate (Nortron) may be used for this

purpose. This herbicide is soil active and, therefore, has to be

applied at an early stage after harvest of the companion crop. At

that early stage, the grass is probably still too weak to withstand

ethofumesate and might be severely damaged. Ethofumesate has to be

applied to a wet soil, because it chemically decomposes when it

stays on the surface too long (Dave McAuliffe, Crop Science graduate

student O.S.U., personal communication). This might also limit the

use of this herbicide for volunteer wheat control, unless irrigation

is available after harvest of the companion crop.

Volunteer wheat can be controlled using glyphosate (Roundup) in

a weed wiper, when the height difference between the volunteer wheat

plants and the grass is sufficient.
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SUMMARY AND CONCLUSIONS

Three experiments at two locations in the Willamette Valley

were conducted throughout the 1980-81 and 1981-82 growing seasons to

study the possibility of establishing grass seed crops with cereal

companion crops.

Tiller number of Kentucky bluegrass was suppressed by the wheat

companion crop for the experiment at Gervais. Tiller number and LAI

for Kentucky bluegrass and orchardgrass were suppressed in the fall

planted experiment at Hyslop Farm. Kentucky bluegrass tiller

height, leaf weight and leaf area per tiller increased when planted

with the wheat companion crop at Gervais. This was not observed for

orchardgrass and Kentucky bluegrass at Hyslop Farm. Leaf weight per

tiller and SLW of orchardgrass were suppressed by the wheat com-

panion crop at Hyslop Farm.

The fall planted experiment at Hyslop Farm indicates that

planting grass and companion crop in parallel rows allows for a

higher light transmittance through the companion crop canopy, at

least during the time of day when light readings were made. How-

ever, no positive effects of higher light transmittance on the

growth parameters of the undersown grasses were detected. Companion

crop seeding rates and planting arrangements did not have differ-

ential effects on growth parameters of Kentucky bluegrass and

orchardgrass. It is of interest to determine whether subsequent

grass seed yields will be differentially affected by these companion

crop treatments.
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At Gervais a greater quantity of soil moisture was found in

companion crop plots than in plots without a companion crop.

Moisture data were not obtained at Hyslop Farm due to inaccuracy of

gypsum block readings.

Companion crop yields in 1981 were low for the Gervais experi-

ment due to Septoria leaf blotch and a heavy weed infestation. Low

wheat yields in 1981, and an expected lower grass seed yield in 1982

for the plots established with a companion crop, resulted in less

mean annual cash return.

Due to harvest method, companion crop yields were very high

(approx. 10,000 kg/ha) for the experiment with Kentucky bluegrass at

Hyslop Farm. The experiment with orchardgrass resulted in companion

crop yields of approximately 6,300 kg/ha, which may give a more

accurate indication of the actual companion crop yields. Seeding

rates did not have an apparent effect on companion crop yields.

Higher companion crop yields may very well result in a higher mean

annual cash return for both Kentucky bluegrass and orchardgrass seed

crops estabilshed with a companion crop in the fall.

Orchardgrass, tall fescue, chewings fescue and creeping red

fescue may be established with wheat or barley companion crops in

the spring, provided that companion crop yields are sufficient to

give an adequate cash return.

Good weed control at planting time is necessary for the com-

panion cropping system to be suitable in the Willamette Valley.
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Appendix Table 1. Precipitation, evaporation and temperature data
for Gervais from April 1981 through July 1982.
Data recorded at North Willamette Experiment
Station, Aurora.

Precipitation Evaporation

Mean monthly temp.

Max. Min.

°Cmm/mouth

Apr. '81 58.2 + 26.9 16.3 5.4

May '81 56.6 + 49.5 18.6 7.5

June '81 106.2 + 15.7 22.0 9.0

July '81 4.8 +158.0 26.7 11.6

Aug. '81 0.8 +201.4 29.4 12.0

Sep. '81 66.5 + 55.9 24.7 8.8

Oct. '81 105.2 53.8 17.3 4.9

Nov. '81 136.9 -115.1 11.9 4.3

Dec. '81 259.1 -240.8 9.8 2.0

Jan. '82 158.5 -140.2 6.3 0.3

Feb. '82 176.3 -132.8 9.8 0.7

Mar. '82 79.2 - 16.8 13.0 1.4

Apr. '82 135.1 30.7 14.3 2.3

May '82 22.6 +143.3 20.6 6.4

June '82 21.8 +124.0 24.4 11.2

July '82 8.6 +145.3 25.7 10.6



Appendix Table 2. Cultural practices carried out on DeKoninck's Kentucky bluegrass field during the
1980-81 and 1981-82 growing season. Field was established with a winter wheat
companion crop in the fall of 1980. Gervais.

Fertilizers Herbicides

Date Type+Rate/ha Date Type+Rate in A.I./ha Date

10/01/80 224 kg of 16-16-16 10/16/80 1.7 kg diuron (Karmex) end of
July 81

03/15/81 291.2 kg of 30-0-0-6 09/15/81 0.6 2,4-D ester and
0.28 kg dicamba (Banvel)

11/22/81 224 kg of 10-20-20
10/03/81 2.5 kg diuron (Karmex) Aug. 81

02/07/82 22.4 kg N in the form
of Solution 32 11/09/81 1.4 kg diuron (Karmex)
(56 liters)

11/05/81 1.1 kg difenzoquat methyl Sept. 81
03/14/82 246.4 kg of 30-0-0-6 sulfate (Average)

04/31/82 26.9 kg N in the form
of Solution 32

01/30/82 1.1 kg barban (Carbyne) 03/29/82

(67.3 liters) 03/29/82 0.6 kg 2,4-D/MCPA and
0.28 kg dicamba (Banvel) 04/31/82

09/22/82 1.1 kg diuron (Karmex)
Aug. 82

09/28/82 0.6 kg 2,4-D ester and
0.28 kg dicamba (Banvel)

Other

Practice

Baled and removed
straw, raked twice
and removed straw
by flail chopping.

Irrigated twice
for total of 76
mm.

Propaned three
times.

.5 kg nickel-
sulphate per ha.

1.1 kg nickel-
sulphate per ha.

Opened burned the
field once and
propaned once.
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Appendix Table 3. Precipitation, evaporation and temperature
data for Hyslop Farm from April 1981 through
July 1982.

Precipitation Evaporation

Mean monthly temp.

Max. Min.

°Cmm/mouth

Apr. '81 60.2 66.0 15.2 4.8

May '82 75.9 112.0 18.1 6.8

June '81 65.5 144.8 21.2 9.1

July '81 2.5 199.1 26.5 10.7

Aug. '81 0.3 177.0 29.4 11.2

Sep. '81 78.5 121.7 25.1 8.5

Oct. '81 140.2 53.1 16.6 4.9

Nov. '81 170.9 12.5 4.3

Dec. '81 355.1 9.3 2.8

Jan. '82 183.1 6.1 0.4

Feb. '82 180.8 9.6 1.6

Mar. '82 89.9 12.5 2.0

Apr. '82 116.1 85.1 14.3 2.4

May '82 12.4 151.9 20.1 5.9

June '82 38.4 145.8 23.5 10.6

July '82 10.9 176.0 25.5 10.8
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Appendix Table 4. Analysis of variance for six growth parameters of
Bristol Kentucky bluegrass, determined from tiller
samples taken at two dates. Gervais, 1981.

Growth

parameter

Sample

dates

Source of variation

Treatments Reps. Error

df MS F df MS df MS

Tillers per 5 May 1 22188 4.11 5 5593 5 5394
meter of row 6 June 1 146794 20.8** 5 3343 5 7071

Tiller 5 May 1 260.4 29.9** 5 7.2 5 8.7
weight 6 June 1 764.8 435.7** 5 3.3 5 1.8

Leaf weight 5 May 1 11.2 1.8 5 10.4 5 6.2
per tiller 6 June 1 385.3 20.8** 5 23.2 5 18.5

5 May 1 40.5 13.9* 5 2.1 5 2.9LAI
6 June 1 54.7 12.1* 5 10.6 5 4.5

Leaf area 5 May 1 16.8 23.3** 5 2.5 5 0.7
per tiller 6 June 1 56.9 46.7** 5 1.6 5 1.2

5 May 1 0.06 3.45 5 0.02 5 0.02
LAI

6 June 1 0.01 0.90 5 0.03 5 0.01

*,**Significant differences at the 0.05 and 0.01 probability levels,
respectively.
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Appendix Table 5. Analysis of variance combined over two sampling dates
for six growth parameters of Kentucky bluegrass,
which were determined from tiller samples taken at
Gervais in the spring of 1981.

Growth
parameters Source df MS F LSD

.05
t

Tillers per TreatmentsxDates 1 27405 10.56** 66
meter of row Errort 10 2594.9

Tiller TreatmentsxDates 1 66.3 35.32** 1.8
height Error 10 1.88

Leaf weight TreatmentsxDates 1 132.5 8.46* 5.1
per tiller Error 10 15.7

SLW TreatmentsxDates
Error

1

10
0.53
3.92

0.14

Leaf area TreatmentsxDates 1 5.93 4.53
per tiller Error 10 1.31

LAI TreatmentsxDates
Error

1

10

0.067
0.007

9.34* 0.11

t
LSD05 = t.05 (df=10) 2EMS , where n=6 (Reps.).

tThis is a pooled error term containing the MS's of Reps.xDates and
TreatmentsxReps.xDates.

* **
' Significant differences at the 0.05 and 0.01 probability levels,

respectively.
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Appendix Table 6. Analysis of variance for four growth parameters
and seed yield of Bristol Kentucky bluegrass.
Growth parameters determined from tiller
samples taken on 27 May 1982. Gervais.

Growth
parameter

Fertile tillers
per m of

row

Vegetative
tillers per m.
of row

Dry weight
per fertile

tiller

Dry weight
per vegetative

tiller

Kentucky
bluegrass seed
yield (1982)

Source df MS F C.V.

0/0

Reps. 5 41952 1.20 35.8
Treatments 1 1518.8 0.04

Error 34858.7

Reps. 5 260994 2.85 21.9
Treatments 1 9252.1 0.10

Error 5 91427.1

Reps. 5 1122 3.73 9.8
Treatments 1 168.8 0.56

Error 5 301.1

Reps. 5 96.2 12.70** 6.8
Treatments 1 55.0 7.27**

Error 5 7.6

Reps. 5 20349 1.12 13.9
Treatments 1 231852 12.74*

Error 5 18200

* **
Significant differences at the 0.05 and 0.01 probability
levels, respectively.



Appendix Table 7. Analysis of variance for six growth parameters of Bristol Kentucky
bluegrass, determined from tiller samples taken at three dates in
1982. Hyslop Farm.

Growth
parameters

Sample
dates

Source of variation

C.V.

Treatments Reps. Error

df MS F df MS df MS

70

Tillers per 8 Apr. 4 150909 26.32** 4 2536 16 5732 28.1
m of 11 May 4 289534 10.79** 4 74264 16 26846 46.2
row 28 June 4 651618 69.02** 4 5874 16 9442 27.8

Tiller 8 Apr. 4 0.94 2.33 4 1.20 16 0.40 13.5
height 11 May 4 7.42 1.16 4 5.09 16 6.37 28.7

28 June 4 23.21 2.16 4 7.14 16 10.75 23.0

Leaf weight 8 Apr. 4 14.47 6.09** 4 7.04 16 2.37 5.4
per 11 May 4 46.55 1.00 4 118.3 16 46.48 21.6

tiller 28 June 4 113.04 0.69 4 180.2 16 163.9 29.9

Specific 8 Apr. 4 1.70 4.79** 4 1.36 16 0.35 10.2
leaf weight 11 May 4 2.18 0.74 4 11.89 16 2.93 17.8

(SLW) 28 June 4 0.29 0.07 4 24.57 16 4.16 15.1

Leaf area 8 Apr. 4 0.15 1.90 4 0.27 16 0.078 17.3
per tiller 11 May 4 0.57 0.61 4 0.74 16 0.945 28.9

28 June 4 0.69 0.37 4 2.01 16 1.876 39.5

Leaf area 8 Apr. 4 0.055 16.88** 4 0.002 16 0.003 35.1
index 11 May 4 0.099 2.27 4 0.092 16 0.044 89.9
(LAI) 28 June 4 0.898 14.62** 4 0.091 16 0.061 62.8

**
Significant differences at the 0.01 probability level.
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Appendix Table 8. Analysis of variance combined over three
sampling dates for six growth parameters of Bristol
Kentucky bluegrass, determined from tiller samples
taken in the spring of 1982. Hyslop Farm.

Growth
parameter Source df MS F LSD

05
t

Tillers/m
of row

Tiller
height

Leaf weight
per tiller

SLW

Leaf area
per tiller

LAI

TreatmentsxDates
Errort

TreatmentsxDates
Error

TreatmentsxDates
Error

TreatmentsxDates
Error

TreatmentsxDates
Error

TreatmentsxDates
Error

8

32

8

32

8

32

8

32

8

32

8

32

51605
17516

6.18
4.47

48.36
68.74

1.15
4.91

0.471
0.768

0.168
0.050

2.95**

1.38

0.70

0.23

0.61

3.38**

169

0.285

LSD
05

= t
.05

v/ 2EMS
(df=40) , where n=5 (Reps.)

This is a pooled error term, containing the MS's of RepsxDates
and RepsxTreatmentsxDates.

**
Significant differences at the 0.01 probability level.



Appendix Table 9. Analysis of variance for six growth parameters of Potomac orchardgrass,
determined
Farm.

from tiller samples taken at three dates in 1982. Hyslop

Source of variation

Growth Sample Treatments Reps. Error
parameters dates df MS F df MS df MS C.V.

%
Tillers per 8 Apr. 4 57285 6.41** 4 13093 16 8931 37.8
m of row 11 May 4 35904 2.21 4 33534 16 12257 46.7

28 June 4 129522 16.92** 4 26267 16 7655 34.7

Tiller 8 Apr. 4 11.5 2.50 4 15.5 16 4.6 3.4
height 11 May 4 26.5 1.51 4 180.7 16 17.6 15.3

28 June 4 20.4 1.10 4 175.7 16 18.5 13.7

Leaf weight 8 Apr. 4 120.5 1.73 4 51.6 16 69.8 31.4
per tiller 11 May 4 2552 5.25** 4 7144 16 486.4 19.6

28 June 4 9718 2.73 4 25023 16 3555 28.5

Specific 8 Apr. 4 1.25 4.78** 4 0.17 16 0.26 2.4
leaf weight 11 May 4 12.99 4.19* 4 0.33 16 3.10 21J

(SLW) 28 June 4 24.12 2.53 4 20.66 16 9.52 31.0

Leaf area 8 Apr. 4 4.05 1.42 4 2.64 16 2.86 5.4
per tiller 11 May 4 18.08 2.99* 4 91.18 16 6.05 17.6

28 June 4 4.03 0.10 4 119.2 16 39.0 29.6

Leaf area 8 Apr. 4 0.40 5.30** 4 0.13 16 0.076 51.5
index 11 May 4 1.96 2.46 4 2.16 16 0.798 64.7
(LAI) 28 June 4 7.51 7.39** 4 3.87 16 1.016 54.9

*,**Significant differences at the 0.05 and 0.01 probability levels, respectively.
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Appendix Table 10. Analysis of variance combined over three sampling
dates for six growth parameters of Potomac

orchardgrass, determined from tiller samples
taken in the spring of 1982. Hyslop Farm.

Growth
parameter Source df MS F LSD

05
t

Tiller/m
of row

Tiller
height

Leaf weight
per tiller

SLW

Leaf area
per tiller

LAI

Treatments Dates
Errors

TreatmentsxDates
Error

TreatmentsxDates
Error

TreatmentsxDates
Error

TreatmentsxDates
Error

TreatmentsxDates
Error

8

32

8

32

8

32

8

32

8

32

8

32

13005.6
5557.3

5.36
19.63

2197.2
2252.7

5.35
5.00

9.02

18.05

1.31
0.40

2.34*

0.27

0.98

1.07

0.50

3.27**

95

0.809

fi

LSD = t.05 'EMT , where n=5 (Reps.).
.05 .05

n

This is a pooled error term, containing MS's of Reps.xDates
and TreatmentsxRepsxDates.

* **
' Significant differences at the 0.05 and 0.01 probability levels,

respectively.
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Appendix Table 11. Analysis of variance for yields of
Stephens winter wheat in companion
crop tests with two grases. Hyslop
Farm, 1982.

Undersown
grass

Source of
variation df MS

Bristol Treatments 5 2413710 2.66*
Kentucky Reps 4 3251650 3.58*
bluegrass Error 20 907095

Potomac Treatments 5 1530508 1.93
orchard- Reps 4 2021530 2.55
grass Error 20 791571

*
Significant differences at the 0.05 probability level.



Appendix Table 12. KS-1 Soil Moisture tester readings (means over three replications) in
three companion crop treatments at three depths in Bristol Kentucky
bluegrass. Hyslop, Farm, 1982.

Companion crop treatments

100.8 kg/ha of wheat, parallel
with grass rows

100.8 kg/ha of wheat
no grass

no companion crop

Depth of placement for gypsum blocks (cm)

Date 15.2 30.4 45.6 15.2 30.4 45.6 15.2 30.4 45.6

18 May 0.43 0.50 0.62 0.43 0.48 0.67 0.72 1.18 5.98
24 May 0.30 0.34 0.38 0.25 0.30 0.37 0.37 0.78 3.92
3 June 1.68 0.58 0.18 2.55 0.67 0.22 5.32 5.40 2.97
7 June 0.55 0.48 0.30 0.63 0.60 0.27 1.33 1.87 2.87
11 June 0.20 0.38 0.25 0.20 0.30 0.18 0.35 1.43 3.20
15 June 0.27 0.30 0.22 0.22 0.27 0.18 0.98 1.50 2.83
18 June 0.15 0.25 0.17 0.10 0.25 0.15 0.27 1.08 2.75
22 June 0.15 0.25 0.17 0.10 0.23 0.12 0.22 0.57 2.18
25 June 0.07 0.20 0.13 0.10 0.15 0.08 0.17 0.37 1.68
28 June 0.07 0.17 0.13 0.08 0.13 0.07 0.32 0.38 1.40
30 June 0.10 0.20 0.13 0.13 0.15 0.10 0.25 0.40 1.33
7 July 0.12 0.22 0.17 0.10 0.18 0.12 0.12 0.27 1.07
12 July 0.08 0.22 0.17 0.07 0.10 0.07 0 0.20 0.70
19 July 0.08 0.22 0.17 0.15 0.22 0.08 0.03 0.20 0.48
21 July 0.08 0.22 0.13 0.15 0.20 0.07 0.02 0.17 0.38
23 July 0.07 0.22 0.15 0.12 0.15 0.10 0.02 0.17 0.38



Appendix Table 13. KS-1 Soil Moisture Tester readings (means over three replications) in
three companion crop treatments at three depths in Potomac orchard-
grass. Hyslop Farm, 1982.

Companion crop treatments

100.8 kg/ha of wheat, parallel
with grass rows

100.8 kg/ha of wheat,
no grass

no companion crop

Depth of placement of gypsum blocks (cm)

Date 15.2 30.4 45.6 15.2 30.4 45.6 15.2 30.4 45.6

18 May 0.70 0.63 1.57 0.72 0.97 1.33 0.55 1.05 3.28
24 May 0.43 0.48 0.75 0.57 0.68 0.75 0.38 0.70 1.12
3 June 1.57 0.35 0.30 2.18 0.43 0.30 2.45 1.37 1.73
7 June 0.77 0.80 0.62 1.12 0.58 0.33 0.92 1.28 0.78

11 June 0.25 0.23 0.20 0.42 0.40 0.30 0.32 0.80 0.48
15 June 0.35 0.32 0.22 0.77 0.45 0.27 0.52 0.77 0.43
18 June 0.22 0.30 0.22 0.42 0.38 0.27 0.23 0.57 0.33
22 June 0.18 0.27 0.20 0.32 0.32 0.23 0.18 0.28 0.23
25 June 0.15 0.23 0.18 0.30 0.32 0.22 0.13 0.35 0.15
28 June 0.18 0.32 0.15 0.32 0.23 0.20 0.17 0.28 0.15
30 June 0.23 0.25 0.18 0.35 0.30 0.20 0.22 0.33 0.15
7 July 0.22 0.23 0.17 0.35 0.32 0.20 0.18 0.32 0.13
12 July 0.18 0.25 0.15 0.32 0.25 0.18 0.03 0.27 0.10
19 July 0.20 0.25 0.15 0.35 0.30 0.18 0.03 0.25 0.08
21 July 0.20 0.22 0.13 0.38 0.32 0.18 0.03 0.25 0.07


