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Lateral diffusion of S-ethyl N-ethylthiocyclohexanecarbamate
1
(cycloate) is essential for satisfactory weed control with injection

type incorporation in sugar beet (Beta vulgaris Linn.) production.

Previous field experience with injection incorporation has indicated

that sufficient lateral diffusion for satisfactory weed control has not

occurred under all field conditions. Researchers who have been
closely associated with injection incorporation of cycloate have

attributed soil physical properties as the most important factor
limiting lateral diffusion.
Studies were conducted in the greenhouse to investigate the

effects of soil texture, irrigation methods, and weed densities on the
lateral diffusion of cycloate. In these studies barnyard grass
1Trade name is Roneet.

(Echinochloa crusgalli (L.) Beauv.) was the indicator plant used in

the bioassay analysis.
Onyx silt loam (3. 57% 0.M.), Shano silt loam (.71% 0.M.), and
Quincy loamy sand (.49% 0.M.) type soils were used to determine the

influence of soil texture on the extent of lateral diffusion. Approximately 40% more lateral herbicide movement and 50% more growth

inhibition occurred with Quincy loamy sand than in the silt loam soils.

Cycloate injected into moist soils consistently resulted in

greater distances of lateral diffusion and more rapid herbicidal
activity than when injected into dry soil and followed by an irrigation.

This effect was noted with all soil textures.

Both sprinkler and sub-type irrigations restricted the lateral
diffusion of cycloate in silt loam soils to the extent that barnyard
grass growth was not inhibited in the beet row between the lines of
herbicide injection. This effect was not noted with furrow irrigation.

The normal water movement under furrow irrigation aided in the de-

sired lateral herbicide diffusion.
Delaying the application of an irrigation for 24 hours after
cycloate was injected into Quincy loamy sand did not reduce the
herbicide movement by flowing water.

Barnyard grass seedlings at high densities restricted cycloate
diffusion and reduced the herbicidal effect. These results may have

been caused by a reduction in herbicide concentration by plant

adsorption over the points of injection; thus lowering the diffusion
gradient to the extent that cycloate did not diffuse in lethal concen-

trations.
In fine textured soils weed control was consistently better
when cycloate was incorporated by mixing rather than injection type
incorporation. Benefits from mixing type incorporation will be even

more significant if an irrigation is required for crop seed germination.
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THE LATERAL MOVEMENT OF CYCLOATE AS AFFECTED BY
THREE SOIL TYPES AND FOUR METHODS OF IRRIGATION
WHEN APPLIED TO THE SOIL BY
INJECTION INCORPORATION
INTRODUCTION

Injection method of incorporating S-ethyl N-ethylthiocyclo-

hexanecarbamate (cycloate) for control of annual weeds in sugar

beets (Beta vulgaris Linn.) was first used successfully near Moses
Lake, Washington in the spring of 1966 (Francom, 1968). Until that
time cycloate was banded and incorporated in the row with power-

driven rotary equipment. The power rotary incorporators lacked

popularity because of the initial cost, maintenance expense, and

loss of soil moisture necessary for early seed germination in those
areas where planting dates preceded the time irrigation water was
available.

Injector incorporation is designed to apply cycloate on each
side of the beet row. The injectors apply the herbicide in rows

2-1/4 inches apart and two inches deep. They are mounted on the
front cultivator bar with the planting units mounted directly behind,

so the beet seeds are placed in the center, between the two injector
fins.

Weed control in the beet row is dependent on lateral movement
of the herbicide. Observations in commercial beet fields revealed

2

that the lateral movement necessary for desired weed control does
not occur under all conditions.

A review of the literature shows that very little research has
been reported on lateral diffusion and leachability of thiolcarbamate

herbicides in the soil. Available evidence suggests that diffusion in

soil water, diffusion in the air-space of the soil, and transport by
flowing water are the only means of herbicide transport in the soil.
Leaching has been recognized as a major path for loss of many

herbicides from the soil. However, movement of herbicides in the
soil is not restricted to vertical directions only and the phenomenon
of lateral movement is commonly observed in band spray applica-

tions when symptoms of herbicidal activity are detected at a con-

siderable distance from the narrow sprayed band. This lateral
movement of herbicides might take place with the lateral flow of

water, as occurs with furrow irrigation, or by diffusion of the
herbicide in the air or water phases of the soil.
Research by Koren, Foy, and Ashton (1969) with S-ethyl
dipropylthiocarbamate (EPTC), S-propyl butylethylthiocarbamate

(pebulate), cycloate, and S-(2,3-dichloroally1) diisopropylthiocarbamate (diallate) indicated that distance of herbicide movement

was directly related to the water solubility of the herbicides and

inversely related to the organic matter content of the soil. The
distance of diffusion in the five soils studied was greatest in sand
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followed by fine sandy loam, clay loam, adobe clay, and peaty muck.

They concluded that organic matter was the major factor limiting
diffusion because of its high adsorptive capacity. Diffusion was also

limited to a lesser degree by adsorption on the clay colloid.
Hartley's concept (1964) is that air diffusion is not important
over distances of more than a few centimeters and that the flow of

water usually will transport the herbicide much farther.

Observations in preliminary field trials, especially on finetextured soils revealed narrow ribbons of weeds growing between
the points of cycloate injection. This indicates that lateral move-

ment of the herbicide is inhibited under some conditions and thus

fails to give adequate weed control. Such factors as soil textures
and methods of irrigation may be responsible for inhibition of lateral
movement.

The primary objective of this thesis investigation was to
measure the distance and direction of movement of cycloate follow-

ing injection incorporation in three soils and under four methods of

irrigation. It is hoped that the findings of this study will help to
understand those conditions under which injection incorporation can

be used beneficially in commercial sugar beet production.
The experiments were conducted under greenhouse conditions.

Bioassay with barnyard grass (Echinochloa crusgalli) as the indicator

plant was used to determine herbicide movement. The three soils

4

and irrigation methods studied were those being used within the beet
growing sections of Yakima Valley, Washington.

The recording of the results was done by linear measurement,
graphic representation, and photographs indicating the distance and
direction of herbicide movement based on the growth response of the

indicator plants.
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LITERATURE REVIEW

Physical and Chemical Properties of Cycloate

The physical and chemical properties of cycloate are sumrnarized in a technical bulletin from Stauffer Chemical Corporation. 2

The chemical name and structure of cycloate is as follows:
S-ethyl N-ethylthiocyclohexanecarbamate

0

C2H5

C2H5 S-C-N

The technical form is a liquid with a typical thiocarbamate odor
(sulphur). Solubility in water is 100 ppm. It is miscible in most

organic solvents including acetone, benzene, kerosene, isopropanal,
methanol, and other alcohols. The primary formulations are an
emulsifiable concentrate containing six pounds per gallon active
ingredient and a granular formulation containing 10% cycloate by
weight. The pure chemical has a boiling point at 145-146°C at 10 mm

of mercury. Cycloate is a highly volatile material with a vapor pressure of 2 X 10-3 mm of Hg at 25 o C. Because of its highly volatile
2Ro-neet Herbicide Technical Bulletin. Stauffer Chemical

Company, Agricultural Research Center, P. 0. Box 760, Mountain
View, California.
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characteristic it requires rapid and complete soil incorporation.
Thiolcarbamates in the Soil
The degree of weed control obtained by injecting cycloate on

each side of the beet row is dependent on whether the herbicide moves

far enough in a lateral direction so that the treatment meet in concentration sufficient to control weeds within the beet row. Experimental evidence indicates that both the direction and the extent of
movement following injection incorporation are affected by flowing

water (Hartley, 1964) and variations in soil characteristics.
Numerous workers (Fang et al., 1961; Bailey and White, 1964;
and Vernetti and Freed, 1963) have shown the effects of soil adsorp-

tion on the performance of particular thiolcarbamates. Ashton and
Sheets (1959) showed an inverse relation between injury to oats
(Avena sativa) and adsorption of EPTC by various soil types. Simi-

lar studies (Jordan and Day, 1962) also suggested a negative correlation between toxicity of EPTC and percent organic matter. No correlation was found between toxicity of EPTC and either pH, cation

exchange capacity, or clay content.
The interactions of EPTC with montmorillonite clay have been
described by Mort land and Meggitt (1966).

They suggest EPTC ad-

sorption to clay may involve a coordination of the EPTC to the exchangeable metal ion through the oxygen of the carbonyl group.
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Koren, Foy, and Ashton (1969) compared the degree of adsorp-

tion of EPTC, pebulate, and cycloate on seven different adsorbants
varying from washed sand to charcoal. They found that pebulate was

more strongly adsorbed than the others regardless of the type of adsorbant. This indicates that soil alone is not the only factor affecting

adsorption. Slight variations in chemical structure can also cause

important effects. Other thiolcarbamates such as diallate are also

relatively ineffective in soils high in organic matter and clay content. 3
Soil moisture is believed to compete with thiolcarbamates for
adsorption sites on the soil particles (Antognini, 1958). Thus, less
adsorption and more lateral movement may be obtained when cyclo-

ate is injected into a moist rather than dry soil. Mort land and
Meggitt (1966), observed that when an EPTC-montmorillonite clay

complex was immersed in water, the EPTC could be completely dis-

placed from the soil particles.
The lateral diffusion and leachability of thiolcarbamates have

been studied to a limited degree by Hartley et al. (1964). They stated

that herbicide transport in the soil occurs by three processes:

(1)

diffusion in soil water, (2) diffusion in the air space of the soil, and
(3) transport by flowing water. Herbicide movement is not restricted

to vertical directions. Lateral movement of thiolcarbamates has also

3

Anon (undated) Avadex. Monsanto Data Book.
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been observed in banded applications (Baker, 1967).

The vapor pressure of thiolcarbamates is an important factor
affecting the movement of these herbicides (Vernetti and Freed,
1963). Diffusion in the soil air space, which occurs between time of

herbicide incorporation and the application of irrigation has been
shown to be strictly dependent on the vapor pressure of the herbicide
(1969). After irrigation the effect of vapor pressure on the extent of

diffusion is reduced. The water solubility of the herbicide then determines the amount of herbicide movement which occurs in the flowing

water.
Unpublished data obtained through personal communication re-

vealed that the degree of diffusion is greatest in sand followed by

sandy loam, clay loam, and least in those soils high in organic

matter. 4 Koren, Foy, and Ashton (1969), reported that in sand the
lateral diffusion in a circular direction from a treated spot measured
10.5 cm in diameter compared to 4.8 cm for a peaty muck soil.
In general it seems that the movement of thiolcarbamate herbi-

cides is directly related to the water solubility of the herbicides and
inversely related to the organic matter content of the soil (1969).
Based on these concepts it would seem logical to assume that injection incorporation is most applicable to conditions where lighter
4

Dawson, J. H., Research Agronomist, U.S.D.A., Prosser,

Washington.
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textured soils prevail and where moisture is adequate at time of
herbicide application to germinate beet seeds without the need of
subsequent moisture.
Incorporation of Thiolcarbamates by Soil Injection
Stauffer Chemical Company's thiolcarbamate, herbicides have

been used successfully on a commercial basis as soil incorporated
applications since the introduction of EPTC in 1958 (Baker, 1967).
Additional thiolcarbamate herbicides introduced since 1958 are:

pebulate, diallate, triallate (S-2,3,3-trichloroally1 diisopropylthiocarbamate, vernolate (S-propyl dipropylthiocarbamate), molinate
(S-ethyl hexahydro-1H-azepine-l-carbothioate, and cycloate for use

as soil incorporated treatments in various crops.
Many different kinds of equipment have been used to incorpor-

ate these thiolcarbamate herbicides. Most common are the farm

implements, such as the disc, power-driven rotary tiller, and
ground-driven tillers used to incorporate broadcast applications.
More sophisticated equipment has also been devised specifically for

banding and incorporating these herbicides in special crops.
Even with widespread use of soil incorporated selective herbi-

cides in this manner there still remains a number of unsolved prob-

lems associated with their use. A few of these are:
(1)

Most equipment commonly available for soil incorporation
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is not adequate for all soil types.
(2)

Initial cost of special equipment is high.

(3)

Operating speeds of special equipment are low.

(4)

Accurate placement of the herbicide in bands is often
difficult with ground-driven tillers.

(5)

Maintenance cost of some equipment is expensive.

(6)

Incorporation by some equipment causes loss of valuable

soil moisture.
(7)

Most methods of incorporation are not suitable for use

after crop emerges.
Many of the problems associated with soil incorporation have
been overcome by the use of soil injection equipment first developed

cooperatively by the U.S. Department of Agriculture and state weed

control specialists and cotton mechanization engineers at the Delta

Branch Experiment Station, Stoneville, Mississippi (Baker, 1967).
The injection equipment is lightweight and economical. It can

be attached to a planter and operated at the usual planting speed. It
does not require heavy power or an extra tractor commonly needed
for other incorporation equipment. This allows for fast and easy
application of the herbicide. Other advantages realized are:
(1)

Speed of operation is not critical as it is with many types
of incorporation equipment.

(2)

Easily adjusted for depth and spacing to fit any row width
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and soil contour.
(3)

Practical method for large and small farm operations.

(4)

Less working of soil means a minimum loss of soil

moisture.
(5)

Effective on various soil types.

(6)

Assures accurate placement of chemicals below the soil
surface so that the chemical is not lost because of vapor
loss or photodecomposition.

Commercial use of this method of incorporation has been limited to certain uses of vernolate and EPTC in the Southwest region of

the United States, which includes the Mississippi Delta (Baker, 1967).

The latest success with injection incorporation came as a result of
experiments conducted with sugar beets (Beta vulgaris) in 1967
(Schweizer and Weatherspoon, 1967). Since that time its popularity

as a method of incorporating cycloate has steadily increased.
Francom (1968) reported that 78% of the total beet acreage in the
Columbia Basin in Washington was treated with band injected EPTC

or cycloate. The 1969 season saw this percentage increase to 90%
of the planted acreage in both the Columbia Basin and Yakima Valley

districts of Washington.

The following sketch indicates the theoretical pattern of herbi-

cide distribution resulting from injecting the thiolcarbamate chemicals
along side the beet row.

1z

5" to 7" weed control band

Soil surface

i
2" deep

4 Ribbon of herbicide
2 -1/4"

)1

Illustration taken from an unpublished paper presented at the "American Society of Sugar Beet
Technology" meetings at Phoenix, Arizona, Feb.
1968.

The illustration shows that the seed is placed in an area of
low herbicide concentration, giving the small seedling an advantage

because of selective herbicide placement.
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GENERAL MATERIALS AND METHODS

The lateral movement of cycloate as influenced by three soil
types and four methods of irrigation was determined under greenhouse conditions. The three soils used were Onyx silt loam, Shano

silt loam, and Quincy loamy sand. A Ritzville sandy loam soil was
collected also but was later discarded because it was contaminated
with herbicide residues. These soils were collected from areas near
Prosser and Yakima, Washington and are representative of those
soils being used for commercial sugar beet (Beta vulgaris) production. All soil was prepared by air drying and sifting through an

eight-mesh screen for uniformity of particle size. Table I shows
the analyses of the soils used in this experiment.
Table I. Chemical and mechanical analysis of three soils.

Soil pH

0. M.
percent

Onyx silt loam

8. 0

3. 57

Shano silt loam

7. 8

Quincy loamy sand

7. 7

Soils

Percent
sand

Percent

Percent

silt

clay

46. 49

44. 75

8. 76

. 71

36. 57

55. 98

7. 45

. 49

76.65

19. 71

3. 64

Three methods of applying irrigation water were used in this
study. They included furrow, sprinkler, and sub irrigation. These

are the methods used commercially in the sugar beet production
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area where cycloate has been injected. An additional treatment was
included in which the soil was moistened to near field capacity prior

to the injection of cycloate. No subsequent water was applied.
The experiments were conducted in wooden boxes 16" long,
10" wide, and 6" deep. The soil was compacted uniformly as it was

added to the boxes to aid in uniform water movement within each

treatment. The bottom of the boxes were perforated with 1/4-inch
holes and covered with a screen. This allowed the water to move in

a vertical direction to provide drainage and to aid in the sub-irrigation treatment.

The water was applied in the furrow irrigation treatments to a
wedge shaped area constructed across one end and for the full depth

of the box (Plates I and II). A framed 12-mesh screen was used to
hold the soil in place, forming the furrow, and to allow the water to

move freely into the treated soil.
Water in the furrow was maintained at near the soil surface
level until the wetting front had moved across the box to the injection

line farthest from the irrigation furrow. This procedure is illustrated
in Figure 1.

Simulated sprinkler irrigation treatments were applied using
the greenhouse automatic spraying system (Plate III). Three-

quarters of an inch of water was applied to each treatment through

8003 nozzles at 20 p.s.i. The time to apply three-quarters inch of

15

Plate I. Typical box used in furrow irrigation treatment.

Plate II. View showing soil wetting front in Onyx silt loam soil.

16

Points of cycloate injection
Furrow

Direction of
water movement

Figure 1. Top view of box showing irrigation furrow, points
of cycloate injection, and direction of water movement.

4

0

0 -t

2-1/4" apart

Soil surface
Seeding depth
3/4"
Cycloate
(2." deep)

Figure 2. Cross section of box showing herbicide placement
in relation to seeding depth and soil surface.
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Plate III. Automatic spray system used to simulate sprinkler
irrigation.

Plate IV. Method of applying sub-irrigation.
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water varied depending on the infiltration rate of each soil. At no
time was the water allowed to stand on the soil surface.
Sub-irrigation was accomplished by placing the wooden box

containing herbicide-treated soil in a small metal pan (Plate IV).
Water height was maintained in the pan so it came in contact with the

soil in the bottom of the treated box. At the first sign of moisture
on the soil surface the box was removed from the pan. The water
that had been taken up by the soil continued to move by capillary

action until the entire soil surface was uniformly moistened.

For those treatments receiving no irrigation after herbicide
application the soil was moistened to near field capacity prior to
being put in the boxes.

Cycloate was applied at the rate of four pounds active ingredient

per acre in 40 gallons of water. The amount of herbicide used was
determined by assuming the treated band to be 4.5 inches wide. A
1 cc tuberculin syringe with a 26-gauge hypodermic needle was used
to apply the emulsion (Plate V). The soil was moistened in the im-

mediate area where cycloate was applied to reduce the amount of

initial adsorption to dry soil particles.
The positioning of the herbicide in relation to seeding depth

and the soil surface is illustrated in Figure Z.
The soil was added to each box in three separate layers: from
the bottom of the box to the herbicide application depth, from the

19

Plate V. View showing syringe, needle, and moistened lines where
cycloate was applied

Plate VI. View showing the arrangement of treatment box on top
of larger box to aid in subsequent irrigations.
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herbicide treatment to the seeding depth, and the final seed covering.
The second layer of soil was added immediately following herbicide

application to prevent loss by volatilization. All treatments except

Experiment III, which will be discussed separately, were irrigated
within one hour after cycloate was applied.

Bioassay analysis was used to determine the distance cycloate

moved in a lateral direction. Barnyard grass was chosen as the indicator plant because of its high susceptibility to cycloate injury.
Eleven grams of seed were spread uniformly over the surface of the
box (1031 sq. cm).

During the observation period the treated boxes were kept on
top of soil contained in larger wooden boxes. The moisture needed to

sustain plant growth in the treated boxes was added to the soil in the
bottom box (Plate VI). This method was considered to be more

representative of field conditions and eliminated the need of adding

water to the surface which may have interfered with normal herbicide
movement.

When the emerged seedlings had developed to the growth stage

where herbicidal injury was clearly evident, the extent of cycloate
movement was determined by linear measurement.

Any deviations from the methods and materials described in this
section will be discussed under the specified experiment.
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EXPERIMENT I. INFLUENCE OF SOIL TYPE AND METHODS
OF APPLYING IRRIGATION WATER ON THE
LATERAL MOVEMENT OF CYCLOATE

Field observations in sugar beet growing areas of Washington
have revealed variations in weed control within the beet row where
cycloate was injection incorporated. In some fields complete weed
control was obtained. In others, cycloate injection incorporation

resulted in weed control only in narrow bands on each side of the
beet row. This resulted in ribbons of weeds within the beet row and

the benefit from herbicide treatment was essentially nil. Dawson
and Francom 5 have suggested that the variations in weed control

occurring in commercial beet fields are due to differences in soil
texture and organic matter content. These are important factors
known to affect the lateral diffusion of cycloate.

In this experiment the lateral movement of cycloate in three
different soils of varying texture and organic matter was studied.

Each soil was irrigated by four different methods. The major objective of this study was to determine those soil textures and irrigation
practices that are most adaptable to injection incorporation.

5

Personal communications. J. H. Dawson, Research Agronomist USDA, Prosser, Washington and Farrel J. Francom, Agric.
Supt. Utah-Idaho Sugar Co., Moses Lake, Washington.
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Materials and Methods

The soils used in this study were classified as Quincy loamy
sand, Onyx silt loam, and Shano silt loam. The major difference
between the two silt loamy was organic matter content, Onyx being
approximately 4% organic matter compared to 1% for Shano silt
loam.

Each soil was prepared by injecting cycloate and planting barn-

yard grass seed as described in the general methods and materials
section. Furrow, sprinkler, and sub-type methods of irrigations

were applied to each soil. In an additional treatment for each soil

type, cycloate was injected into moist soil and was not irrigated
after the herbicide was applied. For this treatment enough water
was added to bring the soil moisture to near field capacity before
being placed in the treatment box.

The distance of lateral diffusion was determined by a linear
measurement of the band width over the points of injection, as shown
by an inhibition of grass growth.
Results

The results of this experiment are summarized in Table II.
The lateral movement of cycloate following injection incorporation

was affected by both soil texture and method of irrigation. Cycloate
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Table II. Effect of three soil textures and four methods of irrigation
on the lateral movement of cycloate expressed as band

widths and grass height measured over the point of injection where inhibition of grass growth occurred.
Band width
(cm)

Soil type

Onyx silt loam
Furrow irrigation
Sprinkler

Grass height
(cm)

5. 7

3.3

3. 8*

3. 8

Sub

5. 0*

3. 5

No

6. 5

2. 1

Furrow irrigation
Sprinkler

5.8

3. 0

4. 0*

3.3

Sub

5.2

2. 7

8.5

1.7

9. 4

1.3

10.5
8.4
12.8

2.0

Shano silt loam

No

11

Quincy loam sand

Furrow irrigation
Sprinkler
Sub
No

1.3
.5 (coleoptile)

*Indicates that grass was still growing in a narrow band between the
points of cycloate injection at the time of evaluation.
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injected into moist (near field capacity) soil without a subsequent

irrigation was the most effective treatment with all soil types. This

treatment resulted in the greatest lateral movement of cycloate.
In addition growth inhibition of the grass appeared sooner than in

other treatments.
Table II also shows that with the same irrigation treatment
approximately 40% more lateral herbicide movement and 50% more

growth reduction occurred in the Quincy loamy sand soil than in silt

loam soils. Under field conditions better results would be expected

from injection incorporation in coarser textured soils regardless of
irrigation method because of less adsorption and larger pore spaces.
The extent of lateral movement between the two silt loam soils was

very similar when irrigation was applied. However in the no

irrigation treatment more lateral diffusion occurred in Shano soil

which was lower in organic matter content. Also the grass was
stunted more quickly in the band areas of the Shano silt loam soil
than in the Onyx silt loam soil.

An important point expressed from this study is that with the

silt loam soils, lateral movement was not sufficient with sprinkler

or sub irrigation to result in satisfactory grass control between the
two points of cycloate injection (Plate VII). Sub-irrigation may move

the herbicide closer to the soil surface resulting in insufficient depth
to allow enough lateral diffusion to overlap the beet row.
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Three-quarters of an inch of water applied by sprinkler irrigation
was probably not enough water to leach cycloate, but enough to cause

a puddling of the silt soil particles over the soil surface which could
have reduced soil air spaces and interfered with herbicide diffusion.
Results show that when cycloate is injected into fine textured

soils, furrow irrigation is more efficient in moving the herbicide

across the beet row than either sprinkler or sub-irrigation. Although it is evident that cycloate does move in the direction of the
wetting front away from the furrow, it is doubtful that it would move

far enough to interfere with weed control in the beet row.

RONEET

INJECTED
ONYX

QUINCY

SILT LOAM
_1

No
RIGATION

Plate VII.

The ability of cycloate (Roneet) to diffuse laterally from
points of injection is expressed by band width and the
height of grass growth within the band area. The three
pictures compare the lateral movement of cycloate in
Quincy loamy sand and Onyx silt loam soils under furrow,
sprinkler and no irrigation treatments. Note the shifting
of the treated band in the direction of water flow under
furrow irrigation. The white and red markers indicate
the lines where cycloate was injected.

RONEET

QUINCY INJECTED
LOAMY SAND

ONYX

SILT LOAM

FURROW

IRRIGATION

RONEET

QUINCY INJECTED
LOAMY SAND
SPRINKLE

ONYX

SILT LOAM
IRRIGATION

RONEET

INJECTED
ONYX

SILT LOAM

IRRIGATION

RONEET

INJECTED
ONYX

SILT LOAM

Figure VII Continued. The effect of four methods of irrigation on
the lateral movement (band width) and height of grass
growth in the band area with Onyx and Shano silt loam
soil. The no irrigation treatment has resulted in both
a wider band and more growth inhibition, indicating in-

creased diffusion rates. Note the narrow ribbon of
grass growth in the center between the two lines of
cycloate injection under sub-type irrigation. The
white and red markers represent lines where cycloate
was injected.
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EXPERIMENT II. COMPARISON OF INJECTION AND SOIL
MIXING AS METHODS OF INCORPORATING
CYCLOATE

The purpose of this study was to compare the effectiveness of
cycloate following incorporation by injection and soil mixing.
Materials and Methods

Onyx silt loam soil and furrow irrigation were the treatments

used in this experiment. Onyx silt loam soil was chosen because in
preliminary studies, injection incorporation was much less effective
in inhibiting barnyard grass growth in fine-textured than in a coarsetextured soil.
The mixing incorporation treatment was prepared by mechanically mixing 1.2 ml of the emulsion with the volume of soil in a band
2" X 4.5" X 10". This gave a rate of four pounds of active material

per acre in 40 gallons of water. The same quantity of material was
applied in the injection treatment. Results were evaluated by

measuring the height of barnyard grass occurring in the treated band.
The furrow irrigation, seeding procedure, and injection of
cycloate were conducted as described in the general methods and

materials section.
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Results

Cycloate was much more effective in inhibiting barnyard grass
when mixed with the soil. The coleoptile of the barnyard grass

emerged to the soil surface, but the true leaves did not protrude
through the coleoptile. The plant injury was uniform over the full
width of the treated band.

In the injection incorporation treatment the barnyard grass
continued to grow in the treated band until the true leaves reached

an average height of 4. 5 cm. At this time the grass in the treated
band stopped growing but remained green. The grass located out
of the treated band continued to grow (Plate VIII).

In both incorporation treatments the treated band was shifted

in the direction the irrigation water moved. However, the location
of the treated band was influenced to a greater extent by flowing
water when cycloate was incorporated by injection than when incorporated by mixing with the soil.

Figure 3.

These results are illustrated in
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ONYX

FURROW

\

IRRIGATION

Plate VIII. Effectiveness of two methods of incorporation in
reducing barnyard grass growth.
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Area of
reduced growth

9.6 cm
Furrow

Direction of water movement

Points of cycloate injection
(5. 7 cm apart)

Injection inc.

Area of
reduced growth

11.0 cm
Furrow

11.4 cm
treated band

)

Mixing inc.

Figure 3. Top view indicating the lateral shifting of cycloate by
furrow irrigation when incorporated by injection and
and soil mixing.
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EXPERIMENT III.

LATERAL MOVEMENT OF CYCLOATE
WHEN INJECTED INTO MOIST AND DRY
SOIL

In this study the lateral movement of cycloate was evaluated

following injection into air dry soil and into moist soil.
Materials and Methods

Shano silt loam soil was used in this experiment. Following

injection the air dry soil treatments were irrigated by furrow,

sprinkler, or sub-irrigation. The irrigation water was applied within one hour after cycloate injection. In one additional treatment in

this experiment irrigation water was withheld for seven days after
cycloate was injected then furrow irrigated to study its movement in

dry soil.

Sprinkler, sub, and no irrigation treatments were applied to
the treatments where cycloate was injected into moist soil. Furrow

irrigation was eliminated in the moist soil because of problems encountered with the soil settling and cracking at the wetting front.

The procedures used in injecting the herbicide, in seeding, and
in applying irrigation water were the same as described in general
methods and materials.
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Results

More lateral movement and less barnyard grass growth was
observed where cycloate was injected into moist soil. Cycloate was
more easily moved by flowing irrigation water when injected into

moist soil than when injected into air dry soil. These observations

indicate that the presence of soil moisture at the time of injection
reduced the amount of cycloate adsorbed on the soil particles and

may be an important factor affecting the results obtained from injection incorporation.

When applied to moist soil, cycloate moved farthest by diffusion

in the treatments which were not irrigated after herbicide injection.
The least amount of lateral movement was measured in the sub-

irrigated treatment. Lateral movement under sprinkler irrigation
was intermediate between the no irrigation and sub-irrigation treatments.

There was no difference in lateral movement following sub and

sprinkler irrigation when cycloate was injected into dry soil. When
furrow irrigation was used the treated band was shifted in the direction

the water moved during wetting of the soil as illustrated in Figure 4.

As expected, less lateral movement was observed in the treatment not irrigated for one week following cycloate injection into dry
soil. The results from treatments in this experiment can be
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compared in Table III.
Area of
reduced growth
Furrow

Direction of water movement
Points of injection

1. 2cm

Figure 4. Diagram showing movement of cycloate
under furrow type irrigation.
Table III. Lateral movement of cycloate when injected into both

moist and dry soil followed by sub, furrow or sprinkler
irrigation.

Irrigation
treatment

Moist Soil
Width of
Height of
band' (cm) grass (cm)

Dry Soil
Width of
Height of
band (cm)
band (cm)

Sub

6.2

2.2

5.1

3.0

Sprinkler

8. 0

2. 2

5. 1

3. 0

5.4

3.0

4. 42

3 . 52

Furrow

No irrigation
1

9.6

2.0

Width of band over point of injection where inhibited grass growth
occurred due to cycloate injury.
2
Refers to treatment that was furrow irrigated one week following
cycloate injection.
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EXPERIMENT IV. LATERAL MOVEMENT OF CYCLOATE
WHEN IRRIGATED AT ZERO OR 24 HOURS
AFTER INJECTION

The objective of this experiment was to determine whether or
not cycloate movement due to flowing water was influenced in coarse

textured soils by delaying irrigation for 24 hours after herbicide
application.

Materials and Methods

This experiment consisted of five treatments: (1) injection of
cycloate into moist soil with no subsequent irrigation, (2) and (3)

furrow or sprinkler irrigation applied immediately to dry soil after
cycloate injection, and (4) and (5) furrow or sprinkler irrigation
applied to dry soil 24 hours after cycloate injection.
Quincy loamy sand, a coarse textured soil with very low

organic matter content was used for this study.

The injection of the herbicide, planting, and irrigation proce-

dures were the same as those described in general materials and
methods.

Results

The 24 hour waiting period between injection and furrow or

sprinkler irrigation did not reduce lateral movement of the herbicide
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(Plate IX). Evidently very little cycloate was adsorbed on this coarse

textured soil or it was rapidly displaced from the soil colloids by the
water.

As in previous experiments the greatest amount of lateral diffusion and the quickest inhibition of grass growth occurred in the

treatment where cycloate was injected into moist soil without a subsequent irrigation. In this treatment the grass did not grow beyond

the coleptile stage. Growth inhibition occurred in a uniform band
16.25 cms wide.

Where furrow irrigation was used, the band width was narrowed to 13.0 cm and shifted in the direction of water movement until
one edge of the band was directly over the point of herbicide injec-

tion nearest the irrigation furrow (Plate X). The barnyard grass in
this treatment continued to grow to a height of 1.5 cm.

It appears that when sprinkler irrigation followed the treatment, cycloate was moved by flowing water to a depth greater than
the original injection depth. This conclusion is based on two observa-

tions; (1) lack of a sharp break in plant growth between the treated
band and the non-treated area and (2) a restoration of plant growth
within the treated band. The results of these observations have been

attributed to a dilution of the cycloate concentration as it diffused

from the deeper depths toward the soil surface.
This same effect was not observed with silt loam soils and
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KONEET

INJECTED
QUINCY

LOAMY SAND

FURROW IRRIGATION

Plate IX. Delaying irrigation for 24 hours after cycloate injection
did not reduce herbicide movement by water.

RONEET

IINJECTED
QUINCY

LOAMY SAND

IRRIGATION

Plate X. Showing the shifting of the treated band in the direction
of water movement during furrow irrigation.
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would probably occur only in coarse-textured loamy sand soils

where large air spaces, low adsorption capacity, and lower moisture
holding capacities are encountered.
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EXPERIMENT V. EFFECTS OF WEED DENSITY ON THE
LATERAL MOVEMENT OF CYCLOATE

The objective of this study was to determine if weed density

affects the lateral movement of cycloate when injection incorporated.
Materials and Methods

Four different weed densities were used in this experiment.

Barnyard grass seed was weighed into 2-, 5-, 8-, and 11-gram
packets. One packet of seed was planted in each box by spreading
the seed uniformly over the box area (1031 sq. cm) and covered
with 0.75 inch of soil. The soil used in this study was a clay loam

river bottom soil obtained from the East Farm which is located just
east of the Willamette River near Corvallis. The soil was sifted

through an eight mesh screen. Water was added to bring the soil
moisture to field capacity before the soil was placed in the treatment boxes. After the soil was in place in the boxes cycloate was in-

jected into the moist soil as described in the general materials and
methods section.
Results

The results of this experiment are shown in Table IV and Plate
XI.

Lateral diffusion of the cycloate was reduced as the weed densi-

ties increased. At the two-gram seeding rate enough lateral diffusion
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of cycloate occurred to inhibit barnyard grass growth between the

two points of injection. As the seeding rate was increased from five
to eleven grams the distance of diffusion decreased proportionally

from 5.0 to 2.3 cm. Increasing amounts of grass growth appeared
between the two points of cycloate injection as shown in Plate XI.
Table IV. Linear measurement of the inhibitory zones of plant
growth caused by the diffusion of cycloate when injected

into soil containing different plant densities.
Seeding rate
(grams)

Distance of
diffusion (cm)

2

6.0

5

5.0

8

3.0

11

2.3

A logical assumption is that a high plant population removes
more herbicide from a given soil than a low population. Increasing
amounts of plant adsorption could reduce the herbicide diffusion

gradient, partially explaining the apparent reduction in cycloate diffusion with increasing plant densities. Less injury to plants at higher

seeding rates would also occur because of reduced herbicide availa-

bility per unit area of root surface for a given dosage. Based on
these assumptions it seems evident that the reduced amount of

Plate XI. Lateral diffusion of cycloate is reduced as the plant

density is increased. Note the amount of grass
growth occurring between the points of cycloate injection at the higher planting rates.
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Weed Density
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lateral diffusion of cycloate in high weed densities could be overcome

with increased herbicide rates.
Seedling counts at the two gram seeding rate were approximately 200 plants per square foot. This is probably a higher population than would occur normally in commercial fields. However, in
this experiment we were working with barnyard grass which is highly

susceptible to cycloate injury. If, in commercial fields, broadleaf
species were the dominant weeds higher rates of cycloate diffusion

may be required to reach herbicidal concentrations. Under the
described conditions lateral diffusion may be affected at much lower
weed densities than 200 per square foot.
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DISCUSSION AND CONCLUSIONS

The incorporation of cycloate by injecting it into the soil on

each side of the sugar beet row is a new practice in sugar beet production. Within a brief history of only three years its use has ex-

panded from a trial basis of a few hundred acres in central Washington

to many thousand acres located in all sugar beet growing areas
throughout the western states.
Injection incorporation of cycloate has gained the majority of

its popularity for two reasons: (1) initial cost and maintenance ex-

pense is much less than for power-rotary type incorporators and (2)

it conserves soil moisture, which is generally lost with tools that

stir the soil.
The weed control obtained from injection incorporation is

generally rated as inferior to the weed control obtained when cyclo-

ate is incorporated by mechanical soil mixing. This is especially

true when cycloate is incorporated into finer textured soils.
Basically the difference between the two methods of incorpora-

tion is that injection incorporation is dependent on lateral diffusion

to move the herbicide to the area where weed control is desired.
When incorporation is accomplished by soil mixing the herbicide is
present throughout the treated band. Since injection incorporation is

dependent on lateral diffusion, some risk is presently involved
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because all factors that affect diffusion have not been determined.

Several factors were studied to determine their effect on the
lateral movement of cycloate following injection. Soil texture had a
profound influence on the distance that cycloate moved by diffusion

through the soil. Cycloate moved in a lateral direction much farther

in the coarser textured loamy sand than in the silt loam soils. This
would be expected because the fine textured silt and clay soils have

more adsorptive sites and thereby inactivate the herbicide in the soil

to a greater extent.
Regardless of soil texture maximum diffusion occurred when

cycloate was injected into moist soils. This suggests that early
sugar beet plantings made on fall-prepared seedbeds with adequate
moisture for seed germination would be the most favorable condition
for injection incorporation. Injection of cycloate into moist soil

showed greater lateral movement than injection of cycloate into air
dry soil even when an irrigation was applied immediately following
cycloate application. The dry soil evidently reduced the herbicidal

activity of cycloate by adsorption and the irrigation caused the soil to
settle enough to reduce the number and size of the pore spaces which

are necessary for diffusion.

Sprinkler and sub-irrigation restricted lateral diffusion of
cycloate in silt loam soils resulting in a narrow ribbon of grass
growing between the two lines where cycloate was injected.
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Three-quarters inch of water applied by sprinkler irrigation did not
leach the herbicide in the silt loam soil. However, as the water
moved downward into the soil it carried fine silt particles and

deposited them in pore spaces, thus restricting herbicide diffusion.
The ribbon effect caused by sub-irrigation was attributed to the
physical movement of the herbicide toward the soil surface by the

irrigation water. The positioning of the herbicide at a shallower
depth near the soil surface did not allow for enough lateral diffusion
to reach the midpoint between the two lines of cycloate injection.

Furrow irrigation resulted in more lateral movement of the
herbicide than other methods of irrigation compared in this experiment. There was some shifting of the herbicide band in the direction

of water movement, but uniform weed control resulted throughout the

band area. Unless an abnormal amount of water was applied, the
shifting effect could be beneficial in fine-textured soils by aiding in

the desired lateral movement of the herbicide. If the flow of herbicide could be regulated to apply a slightly higher rate through the

injector shank adjacent to the furrow, the concentration of the herbicide in the beet row area would be increased. This could result in

better weed control in soils which have low air diffusion rates. Before consistent weed control can be obtained from injection incorpora-

tion, specific injection depths and placement distances from the beet
row will need to be worked out for each soil texture and method of

46

irrigation.
Weed population was an important factor in determining herbicide diffusion following injection incorporation. High weed densities

restricted the lateral diffusion of cycloate and caused effects similar

to those described as occurring under sprinkler and sub-type irrigation. In greenhouse studies, when cycloate was injected into moist

clay loam soil the lateral movement was proportional to the weed
population. Although the weed population in this experiment was

probably higher than encountered under normal field conditions, it

must be remembered that barnyard grass is highly susceptible to
cycloate injury. If broadleaf weeds were the dominant species,

higher concentrations of cycloate would be needed for a lethal dose.

Consequently lower broadleaf populations could restrict lateral diffusion enough to lithit the effectiveness of injection incorporation.
Weed control in preceding crops to reduce weed populations may be

an essential practice before optimum results can be obtained from
injection incorporation.
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SUMMARY

Greenhouse studies were conducted to determine the influence

of soil texture, weed densities, and methods of irrigation on the
lateral movement of cycloate when injection incorporated. Onyx silt
loam (3.57% 0.M. ), Shano silt loam (. 71% O. M.) and Quincy loamy

sand (.49% 0.M.) were the soils used in this study. Diffusion was

measured in each soil type following furrow, sprinkler, or sub-

irrigations. The extent of lateral diffusion in moist and dry soils
was compared.

Barnyard grass was used as the indicator plant in all studies.
The results obtained were:
1.

Cycloate diffused laterally over greater distances in
Quincy loamy sand than in the finer-textured silt loam
soils.

2.

Cycloate showed greater and more rapid lateral movement
when injected into moist soil without an irrigation.

3.

On silt loam soils, lateral diffusion of cycloate following

sprinkler and sub-irrigations was insufficient to inhibit
grass growth in the beet row between the two points of
cycloate injection.
4.

Furrow irrigation was the most effective method of irrigation for moving cycloate across the beet row on fine
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textured soils. The lateral diffusion of cycloate was aided
by the direction of water movement under furrow type

irrigation.
5.

High plant population decreased the lateral diffusion of
cycloate.

6,

Delaying the application of irrigation water for 24 hours
after injection of cycloate did not influence the movement
of herbicide by flowing water in Quincy loamy sand soil.

7.

Coarse-textured soils are better adapted to injection incorporation of cycloate than fine textured soils, In silt

loam or clay loam soils the cultural practices used in
conjunction with injection incorporation such as method of

irrigation, application to moist or dry soil, and weed
density will affect the lateral diffusion of cycloate and are

important factors in determining the success of the treatment.
8.

Better weed control was obtained in fine-textured soils
when cycloate was mixed with the soil than when injected.
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