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Oregon sweet corn growers face high fertilizer, fuel

and weed control costs; soil compaction, erosion, organic

matter and nutrient depletion; and difficult equipment

operations in muddy fields. An alternative production

system might ease some of these problems.

Testing was begun to evaluate a living-mulch

cropping system for sweet corn (Zea mays L. 'Golden

Jubliee') production in Western Oregon. Several

establishment-year management options for growing sweet

corn with white clover (Trifolium repens L. 'New

Zealand') were tested at three Willamette Valley, Oregon

locations. Production practices tested were: fall,

spring, or summer clover seeding; weed control prior to

clover planting with (a) EPTC (S-ethyl dipropylthio-

carbamate), (b) vernolate (S-propyl dipropylthio-

carbamate) or (c) no control; and clover suppression with

(a) atrazine (2-chloro-4-(ethylamino)-6-(isopropylamino)-



s-triazine), (b) PP333 H2RS,3RS)-1-(4-chloropheny1)-4,4-

dimethyl-2-1,2,4-triazol-l-y1-)pentan-3-01), (c) mowing,

or (d) no suppression. Combinations of these practices

were compared with conventional corn production.

Fall clover planting resulted in the most ground

cover and fewest weeds by summer. Plots where preplant

herbicides were applied had fewer grasses but more

broadleaf weeds compared to plots not receiving a

preplant herbicide application. There was no identified

change in corn yield resulting from the level of weed

infestation.

Where clover was most vigorous, suppression was

necessary to avoid corn yield reductions. Atrazine

proved most effective in reducing clover growth and

allowing corn yields comparable to conventional

practices. Yield reductions due to management system

occurred at one location, and only where the clover

received no suppression treatment.

As the clover becomes better established, more

severe suppression will probably be necessary to avoid

corn yield reductions. Casual observations indicated

increasing populations of rodents. Some form of control

may be required. Overall results indicate that the

system has potential to reduce erosion and suppress weeds

and it may be an alternative to conventional sweet corn

production in the area tested.
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SWEET CORN (Zea mays L.) PRODUCTION IN A WHITE CLOVER
(Trifolium repens L.) LIVING MULCH:

THE ESTABLISHMENT YEAR

INTRODUCTION

Sweet corn for canning and freezing is an important

crop in Oregon. It is grown on 16,188 hectares (40,000

acres) for an average value of $23 million annually.

Ninety percent of this production takes place in the

Willamette Valley. Typically, farmers control weeds with

tillage and herbicides from early spring until the crop

is able to compete with the weeds. After harvest, too

little plant material is left in the field to prevent

erosion, suppress weeds, and maintain soil organic

matter.

While average erosion rates in Oregon are below the

national average, annual losses for the Willamette Valley

can exceed 25 t/ha (11 t/A) (Harward and Kling 1980).

Actual erosion rates for a particular field depend on

many factors 1
.

Oregon's relatively mild winters allow weed growth

throughout the year, thus high weed populations are

common. The cost of fuel and chemicals for controlling

1 The universal soil loss equation for water-caused
erosion (USLE, A=RKLSCP) considers rainfall (R), soil
erodibility (K), length of slope (L), steepness of slope
(S), ground cover (C), and the practiced control (P). A

similar equation for wind erosion includes factors for
local wind climatic factors, width of field, and soil
surface roughness.(184, 186) The amount of freezing and
thawing that occurs can also be a significant factor in
many locales.
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these weeds has increased markedly over the past several

years.

At a workshop held at Oregon State University in the

spring of 1982, researchers from different parts of the

United States and Canada reported their experiences with

living mulches for annual and perennial crops. It was

this workshop, and specifically work reported by

researchers at Cornell University in New York on a system

of growing sweet corn with living legume cover crops,

that inspired the work reported here. This work marked

the beginning of a long-term study to test the

feasibility of growing sweet corn (Zea mays L. 'Golden

Jubilee') in a perennial white clover (Trifolium repens

L. 'New Zealand') live mulch as an alternative to

standard growing practices in western Oregon. Field

trials were begun in the fall of 1982 to assess the

effect of this cropping system on: weed populations, soil

properties, and microclimate. Specific objectives for the

establishment year were to test the agronomic feasibility

of the system and identify potential management options

by examining the combined effects of: (a) clover planting

date, (b) mechanical and chemical means of regulating

clover growth, and (c) weed control.
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LITERATURE REVIEW

Introduction

The need for effective conservation cropping has

become increasingly apparent. Soil erosion is recognized

as a major threat to crop production throughout the

world. Average annual soil loss for the United States is

estimated to be 11 t/ha (5 T/A) (Council on Environmental

Quality 1981). Coupled with the problem of soil loss are

decreases in soil fertility, organic matter, and soil

moisture. The traditional practice of mouldboard plowing

inverts the soil leaving it exposed to the erosive action

of wind and rain, and water loss through surface runoff

and evaporation. Plowing can also stimulate weed growth

by bringing buried weed seeds to the surface where they

may germinate.

Many cropping systems using some form of reduced

tillage have been developed to combat or prevent these

and other problems. Cover crops during the non-crop

season have been used effectively for many years in

annual cropping systems, where they are plowed under as a

green manure or chemically killed prior to planting a

primary crop. In some perennial crops a cover crop is

maintained as a permanent cover or live mulch. A

vigorous live mulch can also suppress weed growth. But

cost-effective management of living mulches to prevent
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competition with the primary crop has often been a

problem.

In recent years mechanical and chemical tools have

been developed that can aid in managing live mulches for

both perennial and annual crops. These, combined with

economic conditions, have stimulated research on

different living-mulch systems. Of the work on annual

crop systems, much attention has been given to corn

production.

Most of the early studies of corn intercropping

systems were with field corn. The objective was land use

optimization by growing two crops simultaneously on land

previously planted to corn only. Mooers (1927) reported

that growing cowpeas (Vigna sinensis (Torner) Savi) or

soybeans (Glycine max (L.) Merr.) with corn was a common

practice in parts of Tennessee. Alfalfa (Medicago sativa

L.) or selected grass sods were grown with wide-row corn

in other parts of the South. But without irrigation

there was often a reduction in grain yield (Mooers 1927,

Mooers 1930, Peterson 1955, Tesar 1956). In 1927, Mooers

reported that advantages of a legume cover, including

soil improvement and the feed value of the legume, were

worth some sacrificed corn yield. Hartwig (1977) agreed

that 10 to 15% yield reduction of corn grown in crown

vetch (Coronilla varia L.) was offset by the ability of

the mulch to add nitrogen to the system, control erosion,

suppress weeds, and serve as a forage. Johnston et. al.
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(1942) reported that clover maintained organic matter and

a "loose, granular soil structure" compared to continuous

corn, where the soil became cloddy and hard to manage and

organic matter decreased from 3.4 to 2.9% between 1931

and 1942. Mt. Pleasant (1982) concluded that leguminous

cover crops in corn provided excellent ground cover and

contributed organic matter and nitrogen to the cropping

system.

Prior to the 1930's, the greatest perceived benefits

from live-mulch cropping systems were nitrogen released

from leguminous cover crops, weed control, and water

conservation. After 1930 and the "Dust Bowl" era in the

U. S., increasing awareness of the impact of soil erosion

led to erosion prevention becoming a primary goal of

cover cropping systems. Later, with the proliferation of

inexpensive petrochemicals, cover crops to provide

fertilizer or suppress weeds became less important. Most

recently, the high cost of petroleum products and a

resurgence of concern over soil erosion have helped

restimulate interest in no-till systems including cover

cropping and live mulching (Unger 1980).

Live mulch species

When considering a species for use as a live mulch,

desirable qualities include: rapid establishment and easy

maintenance; low, dense growth habit; and manageability

for minimizing competition during the corn growing season

(Akobundu 1984, Voelkner 1979). It is also widely agreed
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that the ability to withstand severe suppression without

significant stand reduction is a necessary characteristic

of live-mulch species. Sweet (1982) and Vrabel (1983)

noted summer dormancy would be desirable but warned that

low light intensities, cooler temperatures, and higher

humidity under a corn canopy could prevent normal

dormancy. Cook (1982) described characteristics of

several grasses with potential as living mulches for

different crops in Oregon's Willamette Valley. He stated

that perennial ryegrass (Lolium perenne L.) cultivars

showed good weed suppression, wear tolerance, and being

bunch grasses, were less likely to encroach into the crop

row. Some possible disadvantages of ryegrass are a high

nitrogen requirement and low cold tolerance.

Screening by others searching for a cover crop

compatible with corn identified benefits of legumes over

grasses. Mooers (1927) stated that soil structure was

improved by legume cover crops. Mt. Pleasant (1982)

wrote that corn yield increases as a result of

intercropping would be expected only from interplanted

legumes, with the assumption that nitrogen excreted or

sloughed off from root nodules could be absorbed and used

by corn. In her work with corn polycultures in New York,

legumes provided 45 to 100 kg/ha (40 to 90 lb/A) of

nitrogen to the cropping system. Sweet (1982) suggested

that although red clover (Trifolium pratense L.) was

popular with New York farmers, its "loose, open growth
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habit" was inferior for weed suppression. He found

alfalfa to be difficult to manage as a live mulch.

Nicholson (1982), in her search for species compatible

with sweet corn and cabbage (Brassica oleracea L.),

identified 'Kent' white clover as performing well in both

crops. Vrabel (1981) concluded that white clover was an

"excellent species for use as a living mulch crop in

association with sweet corn". Some of the stated

advantages are disease and insect tolerance; ability to

be effectively suppressed with chemicals; and the ability

to provide nitrogen for the corn. Sweet (1982) noted the

importance of roots as the part of the mulch plant from

which 90% of the benefits are likely to be derived.

Butler et. al (1959) determined that white clover,

because of its stoloniferous habit and extensive turnover

of root and nodule tissue, was capable of providing

greater amounts of nitrogen to an associated grass crop

than either red clover or lotus (Lotus uliginosus L.)

after defoliation. For this reason he concluded that

white clover was "the most useful donor of nitrogen to

associated grasses". Fixing of nitrogen by legumes is

also recognized as an advantage over non-legume species

which require nitrogen for their maintenance (Adams et al

1970, Beale and Langdale 1964). Other sources have

placed the amount of nitrogen produced by legume cover

crops to be between 168 and 252 kg/ha (150 and 225 lb/A)

annually depending on the species and proper rhizobia



8

inoculation. Of this amount, up to 75% may be available

for associated crops (Ebelhar and Frye 1981, Phillips and

Phillips 1984, White et al. 1981, Hoglund and Brock

1978).

Hensen and Tayman (1961) found several legume

species including cicer milk vetch (Astragalus sp.),

crown vetch, and birdsfoot trefoil (Lotus corniculatus

L.) to be slow establishing and overly susceptible to

competition from companion crops or weeds. In comparing

the competitiveness of some common legume forage species,

Blaser et al. (1956) ranked alfalfa and red clover

cultivars "very aggressive"; alsike (Trifolium hybridum

L.) , Ladino (Trifolium repens 'giganteum' L.) clovers

and "Granger" birdsfoot trefoil "aggressive"; and three

cultivars of white clover, "Empire" birdsfoot and big

trefoils (Lotus pedunculatus Cay.) "non-aggressive". He

concluded that significant differences in competitiveness

existed within species.

Competition between intercropped corn and living

cover crops is primarily for nitrogen and water. Kurtz

et al. (1946) found competition for nitrogen between red

clover and corn. Stivers (1956) similarly concluded that

reduced corn yields were caused by competition for

nitrogen from Ladino clover that was strip killed for

corn planting. Adams et al. (1970) found a reduction in

corn yield in the Southern Piedmont region when corn was

grown in a chemically suppressed bermudagrass (Cynodon



9

dactylon (L.) Pers.) or tall fescue (Festuca arundinaceae

Schreb.) sod during a year of less than average

precipitation and no irrigation. Kurtz (1956) found both

legume and grass intercrops competed with corn for

nitrogen and water, and that even with irrigation and

added nitrogen, corn yields never quite equalled

conventional system yields. This led him to believe that

more than nutrient competition was interfering with corn

growth. Box (1979) reported similar results with corn

grown in a strip killed fescue sod. These yield

reductions may be the result of inhibitory residues from

the mulch crop or a previous corn crop (Carley and Watson

1966, Putnam and deFrank 1983).

Mulch regulation

Essential for the success of any living mulch system

is the minimization of competition by the mulch with the

primary crop. Ideally, the mulch should be dormant,

alive but non-competitive, during the corn cropping

season. After corn harvest the mulch should be able to

attain optimum growth to assure maximum beneficial

effects during the off or fallow season. Some means to

suppress the mulch during the corn growing season must be

used. Mechanical, chemical, cultural, or some

combination of these methods have been used. Mechanical

or cultural means alone have usually proven less

effective than either chemical alone or combinations of

two or more methods.
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Suppression requirements of a perennial mulch are

usually less, and different options are available during

the year of mulch establishment. Mulch crop planting

date affects stand establishment and the level of

competition with the primary crop during that first

season. Peterson (1955) reported that alfalfa competed

with corn for food and water when planted at the same

time as corn. Nordquist and Wicks (1974), in their

trials to determine the most productive combinations of

corn types and alfalfa planting dates, reported that

alfalfa stand and yield was highest when planted at the

same time as corn, but corn silage production was reduced

20 to 50% and grain yield from 1 to 3 t/ha (.45 to 1.3

t/A) compared to when alfalfa was planted at last

cultivation or after corn harvest. Pendleton et al.

(1956) similarly concluded that early planting resulted

in the best legume stands but also the lowest corn

yields. He stressed the importance of determining which

of the intercrops was to be favored and managing the

system accordingly. Mt. Pleasant (1982) found that

several legume species seeded prior to corn emergence

reduced corn yields by up to 3136 kg/ha (50 bu/A) when

the cover crops were not suppressed. Seeding after the

corn was 15 to 30 cm (6 to 12 in.) tall had no effect on

yield and provided more than 50% ground cover.

Wide row spacing (152-203 cm) (60-80 in.), strip

tilling, and interrow mowing have been used with some
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success in the Southern part of the U. S. to minimize

competition between grass or legume sods and corn. Low

corn populations, however, usually meant lower yields

(So. Reg. Proj. Prop. 1981, Pendleton et al. 1956, Tesar

1956). Harper et al. (1980) noted that a high negative

correlation exists between corn plant density and

radiation transmission. Transmission of less than 30%

greatly reduced winter growth of a tall fescue intercrop.

This suggests that planting corn in too narrow row

spacing may not allow survival of enough of some mulch

species to gain optimal benefit from the mulch crop. It

has also been reported that low light causes less

nodulation in some legumes and reduced carbohydrate

partitioning to the roots thus lowering tolerance to

environmental stress (Cooper 1977, Peterson 1976).

Shading by a bean (Phaseolus vulgaris L.) crop when

establishing perennial grass mulches was enough to

preclude the need for additional suppression in New York

trials (Hinton and Minotti, 1982).

Researchers at the Rodale Research Center in

Pennsylvania, after experiencing the problems of

controlling a legume mulch in corn by mowing only,

switched the emphasis of their mulch work to summer

overseeding cover crops into growing corn and plowing

them under the following year prior to spring corn

planting (Palada, 1983). Mowing the mulch crop prior to

corn planting makes planting easier and the clippings can
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serve as valuable animal forage. Mowing may promote root

and nodule sloughage, adding nitrogen to the soil for

uptake by the corn, and removal of the clippings may

prevent inhibition of nitrogen fixation by the regrowing

legume mulch (Hoglund and Brock 1978). Conversely,

Hartwig (1977) reported that the addition of 45 kg (100

lb) of nitrogen fertilizer at corn planting helps

suppress crown vetch.

Plant growth regulators and sublethal rates of

herbicides have been recognized as useful tools for

controlling mulch growth. Vrabel (1983) outlined several

promising combinations of sod crops and herbicide

suppressants for use in field corn. Elkins et al. (1979)

found several plant growth regulators and herbicides

useful for "chemical mowing" of tall fescue and Kentucky

bluegrass (Poa pratensis L.) sods that allowed good corn

yields while maintaining 50% of the sod. Elkins also

recognized a need to apply paraquat (1,'1-dimethy1-4,4'-

bipyridinium dichloride) in a band over the corn row at

planting to prevent direct competition from sod growing

in the row. Nicholson (1982) suggested the use of

mefluidide (N -[2,4- dimethyl- 5- [[(trifluoromethyl)

sulfonyl]aminolpheny1)-acetamide) to retard maturation of

perennial grass sods grown with vegetables. Cardina and

Hartwig (1980) found the triazine herbicide combinations

atrazine plus simazine (2-chloro-4,6-bis(ethylamino)-s-

triazine) or cyanazine (2-chloro-4-(1-cyano-1-
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methylethylamino)6-ethylamino-s-triazine) effective for

suppressing crown vetch in corn. The addition of

paraquat did not increase the suppression effect. Most

workers agree that severe suppression is required (Mt.

Pleasant 1982, Vrabel 1983).

Chemical suppression of legume intercrops can have

desirable effects other than the minimization of

competition. Akobundu (1980) stated that the weed

smothering characteristics of centro (Centrosema

pubescens Benth.) and wild winged bean (Psophocarpus

palustris Desv.) mulches grown with corn in Nigeria is

best exploited when their climbing tendency is controlled

with chemical growth retardants. Nitrogen fixation is

also affected by herbicide treatments and defoliation.

Rolston et al. (1976) noted a reduction in nitrogen

fixation in white clover treated with paraquat. This was

thought to be the result of decreased growth and a

decline in photosynthetic assimilates supplied to the

roots and nodules. It was thought that nitrogen fixation

would resume with regrowth. Cardina and Hartwig (1983)

found an inhibition of nitrogen fixation by crown vetch

after suppression by atrazine. They also speculated that

the cause was a reduction in photosynthate with

defoliation, rather than a direct effect on nodule

activity. When white clover was treated with atrazine,

Vrabel (1983) found a rapid decrease in nitrogen fixation

that lasted for 6 weeks followed by recovery within 2
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weeks to a fixation rate higher than that of untreated

plants. When glyphosate (N,N-bis(phosphonomethyl)-

glycine) was used as a suppressant, fixation loss and

recovery were moderate. Akobundu (1980) found a

significant response in corn to nitrogen released from

chemically suppressed centro and wild winged bean.

Workers in Pennsylvania determined that the amount of

nitrogen made available to corn by suppressing a 3 to 5-

year old stand of crown vetch was equal to 112 kg/ha (100

lbs/A) in the first year and diminished to no measurable

effect by the third year (Hartwig 1983). Sweet (1982)

noted that atrazine-suppressed white and Ladino clovers

released about 23 kg (50 lbs) of nitrogen but there was

no nitrogen released from untreated established legumes.

Vrabel (1983) speculated that cessation of nodule

activity in white clover adequately suppressed with

atrazine was coupled with a release of previously fixed

nitrogen in sloughed roots and nodules that then became

available for uptake by the associated corn crop. He

further stated that only severe suppression is likely to

result in nitrogen liberation. Bennett et al. (1976)

showed corn yield decreased when early sod regrowth

occurred because of too low rates of atrazine for

suppression.

Weeds

Weeds are a major problem, particularly during the

establishment phase of a living mulch. Peterson (1955)
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concluded that weeds were "difficult or impossible to

control even with clipping" in an establishing alfalfa

intercrop seeded with corn in Wisconsin. He had hope

however, that herbicides then under development would

help solve this problem. Tesar (1956) noted that weed

competition in an alfalfa and corn system in Michigan

became more severe as corn row width was increased. He

concluded that clipping was a necessary but practicable

solution. Vrabel (1981) stated that high clover seeding

rates and irrigation could help avoid major weed problems

in his white clover and sweet corn system. Mt. Pleasant

(1982) noted that many species otherwise suitable for use

as a live mulch cannot tolerate common corn herbicides

and that use of mechanical control methods is limited by

the presence of the mulch. For establishing legumes in

corn, she used a three part weed control program

consisting of: EPTC for preemergence control of grasses;

application of atrazine plus alachlor (2-chloro-2',6'-

diethyl-N-(methoxymethyl) acetanilide) in a band over the

corn row; and cultivation between corn rows up to the

time of seeding the legume.

The potential of a mulch or cover crop to suppress

weeds has also been recognized. Work by Kurtz et al.

(1952) identified Ladino and red clovers planted as

intercrops in 1947 to still be dense enough to control

weeds in corn 2 years later. If grown longer than 3

years, perennial grasses were judged better than clovers
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for weed suppression. Kurtz et al. also determined that

fall seeded legumes did not produce stands adequate to

control erosion that winter or weeds the following

summer. Elkins et al. (1979) identified good weed

suppression from chemically suppressed perennial grass

sods, but after 3 years a shift to harder to control

perennial weeds was noted. Akobundu et al. (1980), in

Nigeria, identified lowest weed infestations in corn

grown in the tropical legumes Centrosema pubescens and

Psophocarpus palustris compared to conventional and no-

tillage corn production. Cardina and Hartwig (1982)

identified a significant reduction in weed yields in

Pennsylvania with crown vetch as a living mulch for field

corn. At the Rodale Research Center, researchers

reported weed and insect control from a white clover sod

interplanted with corn (Hofstetter and Palada 1981).

Workers in New York also reported weed control benefits

from live mulching in corn and other vegetable crops.

Grass covers suppressed with chemicals were reported to

control broadleaf weeds in cabbage (Hughes and Sweet

1979). Nicholson (1981, 1982) reported on the weed

control potential of several species being screened for

their potential as live mulches for vegetable production

in New York. She found Chewings fescue (Festuca rubra

commutata Gaud.), Kentucky bluegrass, and three cultivars

of dwarf white clover did not significantly reduce sweet

corn yields.
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Other Pests

Although few studies have been conducted to identify

the impact of live mulch systems on insects, nematodes,

pathogens, vertebrates, soil microbes, or other

organisms, casual observations have indicated both

negative and positive effects are likely.

Some workers suggest that the mere presence of an

intercrop may confuse insects that rely on visual or

olfactory clues to recognize host plants and that low

levels of infestation are a result of the insects'

inability to find the host (Ryan et al. 1980, Vrabel

1982, Sweet 1982). Altieri (1980) suggested that low

fall armyworm (Pseudalentia sp.) populations in corn

interplanted with beans, or where selected "weeds" were

allowed to grow, could be the result of changes in the

microclimatic, chemical, or physical environment that

reduce chances of the pest colonizing and establishing on

the "less apparent" corn plants. In addition, the

intercrop may support natural enemies that would prevent

major fall armyworm outbreaks. Wilson (1981) noted

reductions in flea beetle (Epitrix spp.) and aphid

(Aphididae) populations in cabbage grown in a red fescue

(F. rubra L.)or white clover live mulch. There were also

increased numbers of predators trapped in live mulch

plots compared with bare ground. Insect vectors of plant

pathogens are also likely to be affected by a cover crop

(Thresh 1982).



18

Sumner et al. (1981) cites several cases of both

increased and reduced incidence of several diseases for

different intercropping systems in the humid tropics.

This is not surprising as many pathogenic organisms

require specific humidity, light, moisture, temperature,

and air movement conditions. Evidence suggests that some

plant species used as live mulches may be hosts to

pathogenic nematodes which could also infect the primary

crop. Miller (1978), in testing several cover and forage

crops, found alfalfa and alsike clover roots harbored the

largest populations of Pratylenchus penetrans but showed

only moderate necrosis, whereas red clover roots had low

populations but high levels of necrosis. Certain species

with potential as mulch crops may also have nematicidal

properties (Sayre et al. 1965).

Soil organic matter changes under a cover crop will

have a direct effect on soil biological activity. Many

plant pathogens including fungi, bacteria, and nemtodes

can live saprophytically on organic matter present in the

soil. Conversely, Allison (1973), noted evidence for

increases in nematode-parasitic fungi with the addition

of organic matter to field soils. The presence of

earthworms is an indication of a physically and

biologically healthy soil environment. Akobundu and

Okigbo (1984) determined relative earthworm

(Hyperiodillus sp. and Eudrillus sp.) activity in several

corn cropping systems in order to assess general biotic
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activity of soil under several cropping systems. They

found that earthworm activity was lower under

conventional and no-tillage systems with little or no

plant residue, than under any living or dead mulch system

tested.

de Calesta (1982) noted the potential of live mulch

systems to increase rodent damage by maintaining a

favorable habitat year-round. Several baiting and

trapping methods were recommended for control of meadow

mice (Microtus sp.), pocket gophers (Thonomys sp.) and

moles (Scapanus sp.). Richmond et al. (1981), in

evaluating potential live mulch species, noted that moles

preferred white clover and alfalfa as feeding sites over

crown vetch, annual ryegrass, and red fescue. In feeding

trials, voles preferred orchard grass, tall fescue, and

white clover over crown vetch. Vrabel (1983) also

suggested that mice and moles can become a problem in a

white clover and sweet corn system. Rodents prefer

covers having the most extensive canopy.
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MATERIALS AND METHODS

In the fall of 1982, field trials were begun at

three Willamette Valley locations: the Oregon State

University Horticulture and Hyslop Agronomy farms, both

near Corvallis, and the North Willamette experiment

station near Aurora, 80 kilometers (50 miles) north.

Soils data for each location are summarized in Appendix

table 1. Timing of treatment operations and data

collection are summarized in Appendix tables 3 and 4,

respectively.

Treatments (Table 1) consisted of three clover

planting dates: (a) Fall, prior to the spring corn

planting; (b) Spring, about 2 weeks prior to planting

corn; and (c) Summer overseeding immediately after final

corn cultivation.

Clover seedbeds were prepared by rototilling

followed by rolling. Lime- and rhizobium-pelleted clover

seed 2 was drilled with three tractor-mounted double-disk

planters in the fall and spring, or was overseeded by

hand broadcasting in the summer using jars designed to

meter out the pelleted seed at the rate of 11 kg pelleted

mix/ha (9.8 lb/A) or 6.7 kg seed/ha (6 lb/A). Where

seeding was done by tractor, the planters were mounted

off center and 30.5 cm (1 ft) apart. Two passes in

2 Clover seed was prepared following instructions in
Oregon State University Extension Service circular 1086,
Aug. 1981. Making Lime-Pelleted Seeds, by W. S. McGuire
and D. B. Hannaway
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Table 1. Treatment list by location

CLOVER
TRT. PLANTING WEED CONTROL SUPPRESSION

HYSLOP FARM:
1 Fall EPTC 4.5 kg ai/ha atrazine .84 kg ai/ha
2 Fall EPTC 4.5 kg ai/ha mow
3 Fall EPTC 4.5 kg ai/ha PP333 .84 kg ai/ha
4 Fall EPTC 4.5 kg ai/ha none
5 (trt. 1 without EPTC)
6 (trt. 2 without EPTC)
7 (trt. 3 without EPTC)
8 (trt. 4 without EPTC)
9 Spring vernolate 4.5 kg ai/ha atrazine .84 kg ai/ha
10 Spring vernolate 4.5 kg ai/ha mow
11 Spring vernolate 4.5 kg ai/ha PP333 .84 kg ai/ha
12 Spring vernolate 4.5 kg ai/ha none
13 (trt. 9 without vernolate)
14 (trt. 10 without vernolate)
15 (trt. 11 without vernolate)
16 (trt. 12 without vernolate)
17 Summer cultivation none
18 Conventional check (atrazine 2.2 + alachlor 2.8 kg ai/ha)

HORTICULTURE FARM:
1 Spring vernolate 4.5 kg ai/ha atrazine .84 kg ai/ha
2 Spring vernolate 4.5 kg ai/ha mow
3 Spring vernolate 4.5 kg ai/ha none
4 (trt. 1 without vernolate)
5 (trt. 2 without vernolate)
6 (trt. 3 without vernolate)
7 (trt. 1 broadcast seeded)
8 (trt. 2 broadcast seeded)
9 (trt. 3 broadcast seeded)
10 (trt. 4 broadcast seeded)
11 (trt. 5 broadcast seeded)
12 (trt. 6 broadcast seeded)
13 Summer cultivation none
14 Conventional check (atrazine 2.2 + alachlor 2.8 kg ai/ha)

NORTH WILLAMETTE:
1 Fall EPTC 4.5 kg ai/ha mow
2 Fall EPTC 4.5 kg ai/ha none
3 (trt. 1 without EPTC)
4 (trt. 2 without EPTC)
5 Spring vernolate 4.5 kg ai/ha mow
6 Spring vernolate 4.5 kg ai/ha none
7 (trt. 5 without vernolate)
8 (trt. 6 without vernolate)
9 Summer cultivation
10 Conventional check (atrazine 2.2 + alachlor 2.8 kg ai/ha)
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opposite directions, but in the same wheel tracks, were

made in each plot, placing the clover rows about 15.2 cm

(6 in) apart.

Superimposed upon clover planting dates were weed

control treatments of: (a) 4.5 kg ai/ha (4 lb ai/A) EPTC

broadcast for the fall planting, (b) the same rate of

vernolate for the spring planting, or (c) cultivation up

to the time of summer overseeding. Herbicides were mixed

into the soil with a tractor-drawn rototiller and roller

immediately after application. A check of no weed

control was included for each planting date. In late

spring, a 9% glyphosate solution was applied at all

locations to weeds growing above the clover canopy using

a 1.2 m (4 ft) rope-wick boom fastened to a unicycle plot

sprayer chassis and pushed twice in opposite directions

over the entire trial.

Treatments were further broken down into different

methods of clover suppression applied just prior to corn

planting. Suppression consisted of: 2 mowings, atrazine

broadcast at .84 kg ai/ha (.75 lb ai/A), the plant growth

regulator PP333 broadcast at .84 kg ai/ha, and a no-

suppression check for the fall- and spring-planted

clover. Fall-planted clover was mowed and the cuttings

were removed prior to application of suppression

treatments. No suppression was required for clover

overseeded in the summer since the shading effect of the

developing corn plants prevented excessive clover growth.
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Conventional corn production plots, prepared by

rototilling, rolling, and herbicide application were

included in all replications. A 20.3 cm (8 in.) band of

atrazine plus alachlor was applied at 2.2 and 2.8 kg

ai/ha (2 and 2.5 lb ai/A) respectively, over the corn row

in all treatments immediately following corn planting.

The same rates of these herbicides were broadcast in the

conventional plots.

All broadcast applications were applied at 40 psi

using a unicycle compressed air plot sprayer equipped

with a 2.1 m (7 ft), 5-nozzle boom. Band applications

were made using a 20 1 (5.25 gal) knapsack sprayer fitted

with a single lance-mounted nozzle.

The experimental design in all trials was a

randomized complete block with four replications. Plot

size was 4.6 by 6.1 m (15 by 20 ft.).

All plots received 224 kg/ha (200 lb/A) of single

super phosphate (0-20-0 NPK) broadcast on the soil

surface. The fertilizer was incorporated during clover

seedbed preparation with a tractor drawn rototiller and

roller. At corn planting, 672 kg/ha (600 lb/A) of 16 -20-

0 NPK was subsurface banded 5 cm below the soil surface

in the row using a two-row, tractor mounted, dry-

fertilizer bander. An additional 112 kg/ha (100 lb/A)

nitrogen in the form of urea (45-0-0 NPK) was sidedressed

in the corn row at tassling using a hand-pushed

applicator with a single disk opener. 'Golden Jubilee'
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sweet corn was seeded with a two-row, tractor-mounted

planter with double-disk openers at the North Willamette

and Hyslop locations. A one-row double-disk opener, hand

pushed planter was used at the Horticulture farm.

Spacing was 91.4 cm (36 in.) between rows and 23 cm (9

in.) between plants for a population of about 47,840

plants/ha (19,360 plants/A).

Irrigation was applied as needed. Weeds were

counted by species in the spring and summer from two

0.25 m2 quadrats placed randomly within each plot. At

the same time, visual estimates of clover ground cover

were made. Corn height was measured at about 25, 60, and

105 days after seeding (DAS) from five randomly selected

plants per plot. Corn was harvested from three 4 m (13

ft.) rows in each plot and was weighed in the field.

Kernel moisture at harvest averaged 73%.
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RESULTS AND DISCUSSION

Weeds and ground cover

Weed types and numbers in the spring and summer at

the Hyslop and North Willamette locations, where fall-

planted clover had been established, are presented in

Tables 2 and 3. Fall-planted clover did not survive at

the Horticulture farm location, so a seedbed was prepared

a(g4in in the spring, and clover was planted in spring and

summer. Summer weed counts were made at this location

(Table 4). Visual estimates of the percentage of the

plot covered by clover are presented in Tables 2, 3, and

4.

Spring weed-count data (Tables 2 and 3) show there

were many more weeds at the Hyslop location than at North

Willamette. Of the weeds present, grasses were

predominant at Hyslop whereas broadleaf weeds were

proportionally more numerous at North Willamette. At

both locations, annual bluegrass (Poa annua L.) and

shepherd's purse (Capsella bursa-pastoris (L.) Medic.),

bitter cress (Cardamine spp.), and chickweed (Stellaria

media (L.) Vill.), were the grasses and broadleaf species

respectively, that dominated the early weed flora.

Volunteer rape (Brassica napus L.)at the North Willamette

location and volunteer oats (Avena sativa L.) at Hyslop

farm were also present in significant numbers (Appendix



26

Table 2. North Willamette Experiment Station weeds and
clover cover at spring and summer sampling

TREATMENTb WEED COUNTS/.5m 2c CLOVER
COVER
(%)GRASSES BROADLVS.

SPRING (4/22/83)
13 b 35(ns) 38(ns)1. F,E,M

2. F,E,none 7 a 33 30

3. F,none,M 15 b 27 58

4. F,none,none 19 b 28 39

10. conventional 21 b 39

CV (%) 12 7 45

SUMMER (8/25/83)
1. F,E,M 1(ns) 0 a 100 d

2. F,E,none 0 0 a 100 d

3. F,none,M 0 0 a 100 d

4. F,none,none 0 1 a 98 d

5. S,V,M 0 37 b 73 bc
6. S,V,none 0 39 b 55 ab
7. S,none,M 2 52 b 70 abc
8. S,none,none 2 45 b 80 bc
9. Sm,C,none 0 4 a

10. conventional 3 8 a

CV (%) 11 9 15

a common letter do nota Values in a column followed by
differ according to the DMR test at the 5% level.

b Treatment description is abrieviated in the following
order: (time of clover planting), (weed control),
and (clover suppression). F=fall, S=spring, Sm=summer,
E=EPTC, V=vernolate, C=cultivation, M=mow. See Table
1. for detailed description of treatments.

c Dominant weed species at each date are listed in
Appendix table 2. AOV's for weed counts were on data
transformed to LOG

e
(x+10).
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Table 3. Hyslp farm weeds and clover cover

WEED COUNTS/.5m
2c

at spring and

CLOVER
COVER
(%)

summer sampling

TREATMENT
b

GRASSES BROADLVS.
SPRING (4/22/83)
1. F,E,A 20 a 70 b 11 (ns)

2. F,E,M 16 a 68 b 31

3. F,E,P 16 a 82 b 24

4. F,E,(none) 29 a 70 b 20

5. F,(none),A 102 b 34 a 44

6. F,(none),M 107 b 33 a 38

7. F,(none),P 96 b 36 a 31

8. F,(none),(none) 100 b 27 a 28

18. conventional 90 b 31 a
CV (%) 9 8 78

SUMMER (7/22/83)
1. F,E,A 0 a 5 (ns) 58 b

2. F,E,M 0 a 1 63 b

3. F,E,P 0 a 1 63 b

4. F,E,(none) 0 a 1 68 b

5. F,(none),A 0 a 1 48 b

6. F,(none),M 0 a 2 53 b

7. F,(none),P 0 a 3 61 b

8. F,(none),(none) 0 a 1 55 b

9. S,V,A 1 a 1 5 a

10. S,V,M 2 ab 5 28 ab

11. S,V,P 1 ab 2 28 ab

12. S,V,(none) 1 ab 2 25 ab

13. S,(none),A 3 ab 2 3 a

14. S,(none),M 6 be 5 25 ab

15. S,(none),P 10 c 5 25 ab
16. S,(none),(none) 10 c 4 18 a

17. Sm,C,(none) 5 ab 3

18. conventional 1 a 0

CV (%) 95 93 39

by a common letter do nota Values in a column followed
differ according to the DMR test at the 5% level.

b Treatment description is abrieviated in the following
order: (time of clover planting), (weed control),
and (clover suppression). F=fall, S=spring, Sm=summer,
E=EPTC, V=vernolate, C=cultivation, A=atrazine, M=mow,
P=PP333. See Table 1. for detailed description of
treatments.

c Dominant weed species at each date are listed in
Appendix table 2. AOV's for weed counts were on data
transformed to LOG

e
(x+10).
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Table 4.a Horticulture farm weeds and clover cover at summer
sampling

TREATMENTb

GRASSES

WEED COUNTS/.5m
2c CLOVER

COVER
(%)BROADLVS.

SUMMER (7/22/83)
1. SD,V,A 0 a 12 ab 28 ab
2. SD,V,M 0 a 30 bcd 73 ef
3. SD,V,(none) 0 a 25 bcd 75 f

4. SD,(none),A 6 ab 22 bcd 38 bc
5. SD,(none),M 14 bc 27 bcd 70 ef

6. SD,(none),(none) 15 bc 25 bcd 60 ef

7. SB,V,A 0 a 18 abc 13 a

8. SB,V,M 0 a 26 bcd 58 de

9. SB,V,(none) 0 a 30 bcd 45 cd

10. SB,(none),A 10 abc 30 bcd 20 a

11. SB,(none),M 21 c 35 cde 43 bcd
12. SB,(none),(none) 18 bc 39 de 48 cd

13. Sm,C,(none) 15 bc 50 e

14. conventional 1 a 4 a

CV (%) 45 16 23

a Values in a column followed by a common letter do not
differ according to the DMR test at the 5% level.

b Treatment description is abrieviated in the following
order: (time and method of clover planting), (weed
control), and (clover suppression). SD=spring drilled,
SB=spring broadcast Sm=summer, V=vernolate,
C=cultivation, A=atrazine, M=mow. See Table 1. for
detailed description of treatments.

c Dominant weed species at each date are listed in
Appendix table 2. AOV's for weed counts were on data
transformed to LOG

e
(x+10).



29

Table 2). At both locations the number of grasses was

reduced in plots where EPTC had been applied. Also at

both locations, broadleaf weeds tended to increase in

number, compensating in part for the decrease in grass

weeds in the EPTC plots. Thus, the total number of weeds

remained relatively constant in all plots at North

Willamette but there was a reduction in total weed

numbers at Hyslop farm.

Comparing clover cover data reveals varying rates of

establishment among the three locations (Tables 2, 3, and

4). Differences in soil characteristics and local

weather conditions may have caused this variation. A

slight reduction in early clover establishment occurred

in plots where EPTC was applied. Perhaps because of the

effect of EPTC on both clover and weeds, there was no

identifiable early-season weed suppression by the clover.

Summer weed counts indicate a shift from primarily

winter annual species early in the season to mostly

summer annuals. This resulted in a reduction in weed

numbers overall at the Hyslop farm location where winter

annual species dominated the yearly weed flora. At the

North Willamette location, total weed numbers remained

fairly constant since proportionally more summer annual

species made up the yearly weed flora. Annual ryegrass

and annual bluegrass were the most numerous grass species

at North Willamette. Volunteer oats and annual bluegrass

were the prevalent grass species at Hyslop farm.
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Groundsel (Senecio vulgaris L.) and pigweed (Amaranthus

sp.) were the most common broadleaf weeds at both

locations.

By summer, better weed suppression by well

established fall planted clover was observed, compared to

treatments where clover was spring planted and not as

well established. This was most evident at North

Willamette where vigorous clover gave 100% ground cover.

Although not as apparent because of less vigorous clover

stands and lower preexisting weed populations, there also

were fewer weeds where clover was planted in the fall at

Hyslop farm. The number of weeds in these plots was

equal to or less than in the conventional practice at the

same locations. At all locations, there were usually

more weeds in plots where clover was spring or summer

planted, and thus not well established, than in the

conventional plots. By summer, there was no apparent

effect of the EPTC or vernolate on the number or type of

weeds. At Hyslop farm, stands of clover planted in the

fall or spring were reduced by atrazine applied as a

mulch suppressant. Other suppression treatments,

including mowing and PP333, had no measured effect on

either weed numbers or clover stand. The only

differences in the number of weeds in the treatments at

Hyslop farm, were higher numbers in plots planted to

clover in the spring where no herbicides were applied to

control weeds or suppress clover. Other treatments did
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not differ from the conventional check with respect to

numbers or types of weeds present. At North Willamette,

vernolate applied in the spring may have resulted in

slight but statistically insignificant reductions in the

number of broadleaf, and thus total weeds present by

summer, when compared with the spring-planted plots.

At the Horticulture farm site where there were

spring and summer clover plantings only, weed populations

were similar to North Willamette in that there were more

weeds than at Hyslop farm and that most were broadleaves.

Annual bluegrass was the most common grass and pigweed,

annual cruciferous, species and pigweed were the dominant

broadleaves. Canada thistle (Cirsium arvense (L.) Scop.)

was also present in patches at this location. There were

fewest grass weeds in plots where a preplant application

of vernolate was made. The combination of vernolate

applied preplant plus atrazine applied as a mulch

suppressant was most effective in reducing total weed

numbers. Clover cover at the Horticulture farm followed

the same pattern as the equivalent treatments at Hyslop

farm except that overall there was three to four times

more clover. As with the Hyslop farm location, where

atrazine was applied clover stand was reduced.

Corn growth and yield

Because of planting difficulties and resulting poor

stands, corn was not harvestable at the North Willamette

location. Therefore, growth and yield data were not
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collected at this location. Corn growth data recorded at

the Hyslop and Horticulture farms is reported in Tables 5

and 6.

At the Horticulture farm, planting problems resulted

in erratic stands. Where necessary, plants from outside

the harvest area but within the plot border, were

harvested to replace missing plants. Harvest was

standardized at 40 plants per plot or an estimated 36,800

plants/ha (14,892 plants/A) at this location.

All plants within the designated sample area were

harvested at Hyslop farm for an average of 41 plants per

plot and 37,720 plants/ha (15,265 plants/ha).

At 25 DAS, corn was tallest at both locations in

plots where clover was growing most vigorously. This

etiolation was apparently a response to competition with

the clover for light and the effect was reversed by the

second sampling date. Early competition between the

clover and corn did not reduce corn yield. At both

locations, corn height at harvest was greatest where

atrazine was used to suppress clover. At the

Horticulture farm, plots with the tallest corn tended to

be the highest yielding.

There were no statistically significant effects on

yield by any of the treatments at the Hyslop farm

location. Corn yield averaged 20.1 t/ha which is above

the Willamette Valley average of 19.3 t/ha for

conventionally grown sweet corn. Data from the
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Table 5. Hyslop farm corn growth and yielda

TREATMENT b
SAMPLE HEIGHT (cm)

DAS

YIELD
(t/ha)
123 DAS25 DAS c

60 DAS 105
1. F,E,A 24 cde 139 cde 226 be 21.3(ns)
2. F,E,M 31 g 122 abc 210 a 20.8
3. F,E,P 25 de 111 a 199 a 17.2
4. F,E,(none) 29 fg 120 abc 202 a 19.0
5. F,(none),A 26 ef 134 bcd 223 b 20.8
6. F,(none),M 30 g 122 abc 209 a 19.4
7. F,(none),P 31 g 121 abc 202 a 17.6
8. F,(none),(none) 27 efg 115 ab 201 a 18.1
9. S,V,A 21 abc 156 f 242 d 19.4
10. S,V,M 21 abc 146 def 237 cd 22.1
11. S,V,P 20 ab 141 def 230 bcd 21.7
12. S,V,(none) 21 abc 153 ef 241 d 19.7
13. S,(none),A 22 bcd 154 ef 238 cd 20.8
14. S,(none),M 20 ab 154 ef 239 cd 19.0
15. S,(none),P 21 abcd 155 ef 233 bcd 21.3
16. S,(none),(none) 22 bcd 160 f 240 cd 22.1
17. Sm,C,(none) 22 bcd 154 ef 244 d 21.7
18. conventional 18 a 148 def 239 cd 19.9

CV (%) 10 8 4 11

a Values in a column followed by a common letter do not
differ according to the DMR test at the 5% level.

b Treatment description is abrieviated in the following
order: (time of clover planting), (weed control),
and (clover suppression). F=fall, S=spring, Sm=summer,
E=EPTC, V=vernolate, C=cultivation, A=atrazine, M=mow,
P=PP333. See Table 1. for detailed description of
treatments.

c DAS = days after seeding.
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Table 6. Horticulture farm corn growth and yielda

SAMPLE HEIGHT (cm) YIELD
(t/ha)
109DAS

d

TREATMENT b

25 DASc 60 DAS 105 DAS
1. SD,V,A 32 (ns) 165 cd 223 cd 22.8 bc
2. SD,V,M 34 137 a 203 a 20.2 ab
3. SD,V,(none) 32 141 ab 201 a 16.6 a

4. SD,(none),A 31 154 bc 223 bcd 22.2 bc
5. SD,(none),M 31 146 ab 206 a 21.2 bc
6. SD,(none),(none) 31 152 bc 206 a 19.1 ab
7. SB,V,A 32 171 d 231 d 22.1 bc
8. SB,V,M 31 141 ab 207 a 19.7 ab
9. SB,V,(none) 30 151 bc 212 abc 16.8 a

10. SB,(none),A 30 163 cd 225 cd 22.9 bc
11. SB,(none),M 30 151 bc 213 abc 21.9 bc
12. SB,(none),(none) 34 154 bc 210 ab 17.2 a

13. Sm,C,(none) 30 165 cd 226 cd 24.9 c

14. conventional 30 176 d 239 d 25.1 c

CV (%) 7 6 5 12

a Values in a column followed by a common letter do not
differ according to the DMR test at the 5% level.

b Treatment description is abrieviated in the following
order: (time and method of clover planting), (weed
control), and (clover suppression). SD=spring drilled,
SB=spring broadcast Sm=summer, V=vernolate,
C=cultivation, A=atrazine, M=mow. See Table 1. for
detailed description of treatments.

c DAS = days after seeding.

d Area yield was estimated based on2a standard of 40
plants and a harvest area of 11 m .
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Horticulture farm experiment indicated that clover

suppression was necessary to prevent corn yield losses.

Atrazine was most effective in maintaining yields that

were equal to conventional practice. Any treatment

combination that did not include clover suppression

resulted in the lowest corn yields. Where the only form

of suppression was mowing, and vernolate had been

applied, corn yields were also lower than the check

treatment. Where the clover was overseeded between corn

rows after cultivation, corn yields equalled that of the

check, indicating that clover was unable to establish

competitive growth under a rapidly establishing corn

canopy.

In no case were clear relationships found between

corn yield and the number of weeds present at either

sampling date. There were, however, no yield differences

between any of the treatments at the Hyslop farm location

where, overall, there were few weeds present during the

corn season.

Other observations

At the Horticulture farm, no differences were found

between the same treatments whether clover was drilled or

broadcast seeded.

An estimated partial budget for selected treatments

based on real and estimated variable costs is provided in

Appendix table 5. In addition to the figures presented,
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other potential short- and long-term benefits and costs

should be considered. For example, at the North

Willamette location, the fresh weight of clover top

growth removed prior to corn planting averaged 13 t/ha

for an estimated market value of $172. Even with this

top growth removed, organic matter is added to the soil

from roots and the remaining top growth. No estimate of

its value has been made. It is also likely that nitrogen

is made available to the corn by the clover.

On the negative side, some rodent and slug activity

was observed in corn planted in living clover. No

attempt was made to assess the level and impact of any

damage they might have caused.
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CONCLUSION

In spite of planting delays caused by weather and

machinery problems, this study provided evidence that

growing sweet corn in white clover living mulch may be a

useful alternative for farmers in Oregon's Willamette

Valley. Management, potential benefits, and drawbacks of

the system need clarification. This is particularly the

case when considering a specific site and maintenance

beyond the first year. From this study it was learned

that there is need for refinement of all aspects of

management of the system.

Different techniques and timings need to be tried

for establishing clover with corn. Data from the

Horticulture farm indicated that there was no difference

between drilling and broadcast seeding clover. Other

seeding methods for both clover and corn should be

compared and the system continually adapted to new

equipment and methods. Equipment capable of applying

fertilizer and planting corn through an established

ground cover could be evaluated in future studies. The

lack of proper equipment complicated this study, caused

delays, and made the gathering of realistic data

difficult.

Although in this study the clover seed was pelleted,

this may be an unnecessary step for commercial production
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as there is likely an abundant supply of the proper

innoculum present in most Western Oregon soils.

Temperature data were not collected, but cooler

spring soil temperatures under the mulch may necessitate

delaying corn planting compared with conventional

systems. Soil moisture and drainage are likely to be

affected by the live mulch, particularly after a few

years growth. Wetter soils under a mulch may be more

subject to compaction by machinery and also have an

effect on crop water use patterns. Future studies should

determine what these effects might be and develop

strategies for dealing with them.

Supression of the clover is an essential part of the

system. Even with thin first-year clover stands,

inadequate suppression can cause reduced corn yields. In

this study, the effect of suppression with atrazine

the most effective of the treatments tried was not

apparent 1 month after application. By then, clover in

these plots had begun to grow into the corn row and was

not visually distinguishable from non-suppressed clover.

In all treatments, atrazine plus alachlor banded over the

corn row may have prevented greater reductions in corn

yield. Even though the clover stolons spread into the

treated corn rows, they did not take root there. As the

clover becomes better established in subsequent years,

suppression will probably become even more critical.

These conclusions are consistent with those of other
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researchers studying corn living mulch cropping systems

(Mt. Pleasant 1982, Vrabel 1983). As the study

continues, researchers should test higher rates of

atrazine and search for new suppression tools.

Changing population patterns of weeds, insects,

pathogens, and other organisms deserve further

examination. During this study, rodent activity was

noticed at all locations. Gophers seemed to be more

numerous where there was clover than in adjacent fields

that were either bare or conventionally tilled and grown

to other crops. Field mouse activity seemed to increase

through the growing season. Tunnels or "runs" through

the clover were visible by harvest. There was evidence

of chewing on corn ears and brace roots. Studies should

be undertaken to determine the level and impact of this

damage.

At the Hyslop farm location there seemed to be a

pattern to slower establishment of the clover. A

previous oat crop, plowed under prior to fall clover

planting may have affected the clover. The breakdown of

this straw may have interfered with rhizobium

innoculation and nodule activity or immobilized nitrogen

needed by the germinating clover.

Benefit cost relationships must be examined.

There is little doubt that clover maintained as a cover

during the non-crop season will help prevent erosion and

inhibit weed establishment. However, in order to
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properly assess the system's viability, all physical,

chemical, biological, and economic characteristics of the

site must be considered. Profit is the "bottom line".

For an accurate determination, economic factors will have

to be assessed on a specific farm basis. Cost and value

information need to be examined from all experimental

work as well, in order to estimate potential of the

system. Appendix table 5 provides information from which

relative benefit/cost relationships can be made for

treatments in this study. Based on the results of this

study, a "best alternative" management scheme for growing

corn in established clover, may include mowing the clover

prior to suppression with atrazine at 1.0 kg ai/ha. The

clover could be removed and sold as "green chop". Using

the figures in Appendix table 5 and assuming that the

remaining clover roots and top growth provide half of the

sidedressed nitrogen, there is an increased net return of

$217/ha compared with conventional sweet corn farming

(Table 7).

As this study continues, many of these factors will

be examined in detail to assess the likely impact of the

system and attempt to optimize the efficiency of what may

be a viable alternative for Willamette Valley sweet corn

growers.
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Table 7. Partial budget comparison of variable costs
($/ha).a

CROPPING SYSTEM

L. Mulch Conventional

Gross returns:
corn 1468 1468
clover ("green chop") 172

Input costs:

clover seed
clover planting
plow
disk (2x)
mow & haul clover
glyphosate
atrazine (2.2 kg ai/ha)
alachlor (2.b 8 kg ai/ha)
suppression
nitrogen sidedress

NET RETURN

8

17

30
16
3 (band)
6 (band)
5

36

28
27

11 (bc)
28 (bc)

72

1519 1302

a Based on estimates in Appendix table 5. and the
following assumptions: established clover; clover
clippings sold fresh; clover provides 1/2 of
nitrogen sidedress requirement. bc = broadcast.

b Clover suppressed with atrazine broadcast at 1 kg
ai/ha.
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Appendix table 1. Soils characteristics by location

LOCATION

HYSLOP HORT. FARM N. WILL.

SERIES Woodburn Chehalis Willamette
TEXTURE a

sl scl sl

pH 6.10 6.50 5.70
ORGANIC MATTER (%) 2.50 3.70 2.60
TOT. NITROGEN (%) 0.12 0.17 0.09
NITRATE (ppm) 2.50 6.60 3.60
PHOSPHORUS (ppm) 122.00 29.00 134.00
POTASSIUM (ppm) 253.00 163.00 267.00
SULPHATE (ppm) 10.50 4.10 7.20

a sl = silty loam, scl = silty clay loam
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Appendix table 2. Dominant weed species by type, location,
and time of sampling

Location Grass

N. Willamette
Spring Poa annua L.

Lolium multiflorum
Lam.

Summer

Hyslop
Spring

Summer

Hort. farm
Summer

L. multiflorum
P. annua
Holcus lanatus L.

P. annua
Avena sativa L.

A. sativa
P. annua

P. annua
L. multiflorum
Echinochloa crus-
galli (L.) Beauv.

Broadleaf

Capsella bursa-
pastoris (L.)Medik.

Cardamine sp.
Stellaria media (L.)
Cyrill.
Brassica napus L.

Senecio vulgaris L.
Amaranthus sp. L.
Polygonum spp.
B. napus

Cardamine sp.
C. bursa-pastoris
S. media
Anthemis cotula L.

S. vulgaris
Amaranthus sp.
Navarretia squarrosa
(Esch.) H.& A.

Hypochoeris
radicata L.

Amaranthus sp.
A. cotula
Rumex crispus L.
Cardamine sp.
Cirsium arvense
(L.) Scop.

a Weeds are listed in descending order of occurrence
within type category.
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Appendix table 3. Schedule of events

EVENT

PLANT
N. Willamette

LOCATION
Hyslop Hort. Farm

Clover 10/12/82, 10/13/82,
5/18/83, 5/17/83, 6/1/83,
8/17/83 8/11/83 8/18/83

Corn 7/12/83 6/28/83 6/27/83

FERTILIZE
0-20-0 10/5/82, 10/13/82,

5/15/83 5/15/83 5/25/83
16-20-0 7/12/83 6/28/83 6/27/83
45-0-0 8/17/83 8/17/83 8/21/83

WEED CONTROL
EPTC 10/5/82 10/6/82
Vernolate 5/18/83 5/17/83 5/20/83
Glyphosate 5/10/83 5/15/83 6/30/83
Atrz.+Alclr. 7/13/83 6/29/83 7/1/83
Cultivation 8/17/83 7/28/83 7/30/83

SUPPRESSION
Atrazine 7/7/83 7/10/83
PP333 7/8/83
Mow 6/24/83, 6/27/83, 6/26/83,

7/11/83 7/28/83 7/30/83

HARVEST 10/27/83 10/11/83
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Appendix table 4. Schedule of data collection

DATA LOCATION
N. Willamette Hyslop Hort. Farm

WEED COUNT
Spring 4/22/83 4/22/83
Summer 8/25/83 7/22/83 7/22/83

CLOVER COVER
Spring 4/22/83 4/22/83
Summer 8/25/83 7/22/83 7/22/83

CORN HEIGHT
First 7/21/83 7/21/83
Second 8/22/83 8/22/83
Third 10/8/83 10/7/83

YIELD 10/27/83 10/11/83
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returnsa

COSTS
ITEM UNIT COST RATE/ha COST/ha

Seed (clover) $0.86/kg 6.7 kg $5.77

Herbicides
EPTC $ 9.45/kg ai 4.48 kg ai $42.33
vernolate $ 7.49/kg ai 4.48 kg ai $33.54
atrazine $ 5.10/kg ai 0.84 kg ai $ 4.28
atrazine $ 5.10/kg ai 2.24 kg ai $11.40
alachlor $ 9.92/kg ai 2.80 kg ai $27.77
glyphosate $54.17/kg ae 0.31 kg ae $15.60

Nitrogen Fertilizer
112 kg N/ha $71.6145-0-0 $285.00/t

Machinery operation
$27.68plow

disk (2x) $27.18
cultivate $17.54
plant clover
mow & haul
clover

$16.68

$30.00

RETURNS
ITEM UNIT VALUE YIELD/ha VALUE/ha

Clover $13.23/t 13.0 t $ 171.96
Corn $76.06/t 19.3 t $1468.00

a Estimates are based on data compiled by the
Extension Economic Office, Oregon State University
and local retail values.
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Appendix table 6. Analysis of variance

MS

for data in

F
a

Table 2.

a. grasses on 4/22/83

Source SS DF
treatment 484 4 121 6.7
replication 180 3 60
error 216 12
total 881 19

18

LSD
.05

= 6.4

b. broadleaves on 4/22/83

Source SS DF MS F

treatment 420 4 105 1.4
replication 117 3 39
error 899 12
total 1437 19

75

c. percent cover on 4/22/83

Source SS DF MS F

treatment 1642 4 547 2.4
replication 2392 3 797
error 2027 12

total 6061 19
225
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Appendix table 6 cont. Analysis of variance for data in
table 2.

d. grasses on 8/25/83

Source SS DF MS F
a

treatment 35.7 9 3.97 1.16
replication 7.5 3 2.49
error 92.8 27 3.44
total 136.0 39

e. broadleaves on 8/25/83

Source SS DF MS F 4.*
treatment 16862 9 1874 13.5
replication 647 3 216
error 3735 27 138
total 21244 39
LSD

.05
= 18.8

f. percent cover on 8/25/83

Source SS DF MS F **
treatment 8538 7 1220 15.0
replication 138 3 46
error 1713 21 82
total 10388 31
LSD

.05
= 15.1

a * and ** indicate significance at the 5 and 1%
levels.
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Appendix table 7. Analysis of variance for data in
table 3.

a. grasses on 4/22/83

Source SS DF MS F
a

treatment 56329 8 7041 36.3
replication 854 3 285
error 4658 24 194
total 61841 35
LSD

.05
= 20.3

b. broadleaves on 4/22/83

Source SS DF MS F
treatment 14879 8 1860 7.9
replication 11194 3 3731
error 5644 24 235
total 31717 35
LSD

.05
= 22.4

c. percent cover on 4/22/83

Source SS DF MS F
treatment 2886 7 412 .84
replication 371 3 124
error 10272 21 489
total 13530 31
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Appendix table 7 cont. Analysis of variance for data in
table 3.

d. grasses on 7/22/83

Source SS DF MS F
a

treatment 720.6 17 42.4 4.4
replication 7.7 3 2.6
error 488.3 51 9.6
total 1216.6 71

LSD
.05

= 4.4

e. broadleaves on 7/22/83

Source SS DF MS
treatment 206 17 12.1
replication 12 3 3.9
error 521 51 10.2
total 738 71

F

1.2

f. percent cover on 7/22/83

Source SS DF MS F

treatment 28268 15 1885 8.4
replication 826 3 275
error 10142 45 225
total 39237 63

LSD
.05

= 21.4

a * and ** indicate significance at the 5 and 1%
levels.
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Appendix table 8. Analysis of variance for data in
table 4.

a. grasses on 7/22/83

Source SS DF MS F
a

treatment 3213 13 247 4.11"'

replication 43 3 14
error 2336 39 60
total 5592 55
LSD

.05
= 11.1

b. broadleaves on 7/22/83

Source SS DF MS F

treatment 6501 13 500 3.6
replication 3224 3 107
error 5456 39 140
total 15182 55
LSD

.05
= 16.9

c. percent cover on 7/22/83

Source SS DF MS F **
treatment 18623 11 1693 14.3
replication 623 3 208
error 3902 33 118
total 23148 47

LSD.05 =15.6

a * and ** indicate significance at the 5 and 1%
levels.
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Appendix table 9. Analysis of variance for data in
table 5.

a. corn height at 25 days after seeding

Source SS DF MS F
a

4.*

treatment 1163 17 68.4 12.3
replication 74 3 24.5
error 284 51 5.6
total 1521 71
LSD

.05 = 3.4

b. corn height at 60 days after seeding

Source SS DF MS F
treatment 18827 17 1107 7.9
replication 267 3 89
error 7136 51 140
total 26230 71
LSD

.05
= 16.8

c. corn height at 105 days after seeding

Source SS DF MS F **
treatment 18862 17 1110 15.2
replication 788 3 256
error 3734 51 73
total 23363 71
LSD

.05
= 12.2

d. corn yield

Source SS DF MS
treatment 819 17 48
replication 468 3 156
error 1336 51 26
total 2623 71

F

1.8

a * and ** indicate significance at the 5 and 1%
levels.
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Appendix table 10. Analysis of variance for data in
table 6.

a. corn height at 25 days after seeding

Source SS DF MS F
a

treatment 87.2 13 6.7 1.6
replication 33.6 3 11.2
error 161.1 39 4.1
total 282.0 55

b. corn height at 60 days after seeding

Source SS DF MS F

treatment 7198 13 553 7.3
replication 1124 3 375
error 2945 39 76

total 11269 55
LSD

.05
= 12.4

c. corn height at 105 days after seeding

Source SS DF MS F

treatment 7521 13 579 6.0
replication 1237 3 412
error 3789 39 97

total 12547 55
LSD

.05
= 14.1

d. corn yield

Source SS DF MS F

treatment 1956 13 150 4.9
replication 148 3 49

error 1190 39 31

total 3293 55

LSD
.05

= 7.9

a * and ** indicate significance at the 5 and 1%
levels.


