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THE CONTROL OF COLONIAL BENTGRASS
IN KENTUCKY BLUEGRASS TURF

INTRODUCTION

Bentgrasses, Agrostis sp. L., have been recognized as weeds in

Kentucky bluegrass, Poa pratensis L., turf. Their different colors

and textures, aggressiveness and colonization create an undesirable

balance of turf species within the sward.

No cultural practices have effectively controlled bentgrass in

bluegrass turf. Herbicide studies have indicated that selective

control of bentgrass in bluegrass turf may be possible. The results

of most reported studies are inclusive.

This study was conducted to determine the effects of selected

herbicide treatments on Highland colonial bentgrass, Agrostis tenius

Sibth., growing in association with Kentucky bluegrass in three com-

petitive conditions. These conditions were zero competition, circum-

ferential competition and direct competition.
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LITERATURE REVIEW

In the maintenance of most turf areas, the objective is to develop

a sward which is of high quality throughout the year. Several char-

acteristics are used to determine its quality. Of these, density and

uniformity are basic requirements (13). Other characteristics listed

by Roberts (44) are color, vigor, recuperative potential of plants,

growth rate, frequency of plant species and resistance to weed inva-

sion, insect attack, and disease infection. In the final anaylsis,

he states that the only standard for quality rating of turf is its

usefulness for its intended purpose.

In the United States the principal lawn grass in the cool humid

regions and in the cool dry regions where adequate irrigation water

is available is Kentucky bluegrass, Poa pratensis L., (23, 25).

Kentucky bluegrass spreads by rhizomes and produces a dense green

uniform sward of medium texture (13). It survives extremes of heat

and cold and is fairly resistant to disease.

Creeping red fescue, Festuca rubra L., and Chewings fescue,

Festuca rubra var. communtata, rate next to Kentucky bluegrass as the

most popular grasses in this area (25). They form a dense sod, blend

well with Kentucky bluegrass, and impart a finer texture to the

sward (13). The tough bristle-like leaf of these fescues is highly

resistant to wear (38). The fescues are also valuable in mixtures

for their shade tolerance (13).

Colonial bentgrass, Agrostis tenuis Sibth., is used mainly in

lawns, while Creeping bentgrass, Agrostis palustris Huds., is used for



3

greens. The bentgrasses are aggressive grasses spreading by stolons

and rhizomes. They produce a vigorous turf with high density in areas

of mild summer temperatures. They are relatively susceptible to

diseases and frequently develop distinct colonies when grown in

association with other grasses.

The production of a sward which contains a balanced mixture of

several species of grasses is desirable. A mixture minimizes the

-affects created by diseases or unfavorable environmental conditions

on any one species in the mixture. The minimal effect of diseases on

a mixed seeding was noticed by Beard (4) when variety trials were

conducted under shade conditions where susceptibility to diseases

was high. Nelson (40, p. 9) reports that the severity of diseases on

bluegrass was reduced by blending bluegrass varieties. Beard (4)

found that several turf mixtures growing under shade conditions had

higher densities than any species seeded alone.

One of the most critical periods in lawn care is encountered

during the establishment period. Since Kentucky bluegrass establishes

slowly, it is often planted with faster growing grasses (25). These

provide cover and prevent weed invasion while the bluegrass is be-

coming established. De France and Simmons (16) observed that the

addition of fine fescue seed with bluegrass provided protection for

the bluegrass against wind and rain. Funk and Engel (22) found that

the inclusion of creeping red fescue or ryegrass, Lolium sp., in

mixtures with Kentucky bluegrass aided weed control during the

establishment period.
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Factors of Competition

Grass and weed species found in a sward compete with one another

for moisture, nutrients and light. When seed mixtures are used, the

possible deleterious effect of a competitive species on the desired

grass is a logical evaluation of a mixture. The quality of a lawn seed

mixture is usually defined in terms of the quantity of permanent grass

seed in the mixture (14).

Clements, Weaver and Hanson (10) state the success of species in

competition with each other is determined by their life form. The

most important feature of the life form is duration. This is followed

by rate of growth. The most effective expression of the rate of

growth in perennial grasses is the expanse and density of shoot and

root systems and the depth of the root systems.

Schreiber and Williams (47) suspect roots of giant foxtail,

Setaria faberii Herrm., yellow foxtail, Setaria glauca (L.) Beauv.,

and crabgrass, Digitaria sanquinalis (L.) Scop., contain substances

which are inhibitory to corn. Omid (41, p. 101) found the roots of

quackgrass, Agropyron repens (L.) Beauv., contained substances which

caused a stunting of shoots and roots and a chlorosis of alfalfa

seedlings.

Sprague (49) found the formation of new roots of Kentucky blue-

grass and Colonial bentgrass to be closely correlated with temperature.

Spring bluegrass growth began appoximately two weeks earlier than

bentgrass. This was attributed to a higher minimum temperature at

which Colonial bentgrass growth could proceed. Under New Jersey
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conditions new roots on Kentucky bluegrass were produced until May 4,

while root growth on colonial bentgrass continued intermittently until

June 15. The maximum root weight of Kentucky bluegrass occurred in

early May, and of Colonial bentgrass about two weeks later. Most of

the roots of both species were found in the upper nine inches of soil

when the turf was cut at a 7/8 inch height. The maximum root weight

was double that at the beginning of the season. Thus at least one-

half of the entire root system is newly generated each spring.

Beard and Daniel (5) observed that the number of roots and color

of an eight-year-old sod of Old Orchard creeping bentgrass was most

responsive to temperature. The soil temperature at a depth of six

inches was most highly correlated with root growth. Light intensity

was also highly correlated to root activity. They observed that most

root initiation and growth occurred in the spring.

Daniel and Roberts (13) state that bentgrasses are more tolerant

of high temperatures than bluegrasses. Their shorter root system may

be related to their wilt and susceptibility when temperatures exceed

90 °F. In general, bentgrasses have been found less susceptible to

ice injury than bluegrasses (13).

Carroll (9) found little difference between Agrostis, Festuca,

and Poa species in survival from drought. South German mixed bent-

grass and Agrostis alba were exceptions and received more injury

than other bentgrasses. Machlis and Torrey (33) state that generally

in higher plants resistance to drought is closely correlated with

resistance to cold.

Lunt, Yunger and Oertli (32) found Seaside creeping bentgrass
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and Alta tall fescue, Festuca arundinacea Schreb., to have a higher

salinity tolerance than Kentucky bluegrass and Highland colonial

bentgrass, which were of similar salinity tolerance.

Root growth of Merion Kentucky bluegrass was greatly reduced

in soils where the oxygen diffusion rates were less than 5 to 9 x 10-8

g./cm.2/min. Penncross creeping bentgrass and goosegrass, Eleusine

indica L., grew well at rates below 5 x 10-8 g./cm.2/min. (52).

Periodicity

Those grasses or weeds that are most competitive during a given

period of time because they are best adapted to the environment will

thrive and spread at the expense of the other plants (14). Since the

environment changes throughout the year, grass species will constitute

varying percentages of the total population (28).

Vaartnou (50, p. 63) observed a significant reduction of basal

tillers in the spring of five genotypes of Agrostis grown in clones at

Medford, Oregon compared to the fall.

Madison (34) found the percentage of a grass species in a mixed

population to vary as much as 25% in one month. This change in

percentage of population has an effect on the density and quality of

the turf (44).

The increase in percentage of bentgrass in a bluegrass turf

reduces the quality of the turf. Fults and Chamberlain (21, p. 1)

state that bentgrass is slow to green up in the spring and becomes

dormant early in the fall, thus producing off-color undesirable spots.

There are distinct color and texture differences during the summer
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months which make bentgrass undesirable. Juska and Hansen (29) state

that the quality of bentgrass is reduced by the formation of thatch,

browning during the summer period, loss of leaves, disease suscepti-

bility, colonization, and aggressiveness. These characteristics of

bentgrass cause it to be considered a weed in bluegrass turf.

Difficulty has been experienced adjusting maintenance practices

to create and maintain a desirable mixture of bentgrasses with either

bluegrasses or red fescues. Musser (37) observed significant reduc-

tions in the percentage of Kentucky bluegrass regardless of the

percentage of the bentgrass in the seed mixture. These reductions

occurred at all levels of soil acidity and available phosphorus. He

attributed the increase of bentgrass in mixtures with Kentucky blue-

grass to the wider soil adaptation and more aggressive habit of bent-

grass. The Kentucky bluegrass percentages in these turf mixtures

declined steadily throughout a four year period.

Juska and Hansen (29) found that Kentucky bluegrass and red fescue

did not compete favorably with colonial bentgrass in mixtures contain-

ing as little as five percent bentgrass. The bentgrass invasion was

accentuated in bluegrass varieties which were weakened by disease.

The competitive ability of Merion bluegrass was distinctly superior

to that of common Kentucky bluegrass. Merion's resistance to bentgrass

invasion was related to its resistance to leaf spot, Helminthosporium

vagans Drechsler.

Davis (14) found that when Astoria bentgrass was seeded with

bluegrass the sod became essentially all bentgrass after three years.

The bluegrasses involved in this experiment were more resistant to
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bentgrass invasion when mowed at a two-inch height than when mowed

at a three-quarter inch height. Common Kentucky bluegrass was the

least resistant to Astoria bentgrass invasion. Merion Kentucky

bluegrass and Pennlawn creeping red fescue were more resistant.

Selectivity of Herbicides

Herbicides have been effectively used to control broadleaf weeds

and crabgrass in turf. The effects of the herbicides on desirable

grasses have been variable. In some instances the herbicide has

caused considerable damage to one species of grass while causing no

apparent injury to other species. Therefore, it has been anticipated

that some herbicides might selectively control, or at least reduce

the aggressiveness of bentgrasses in Kentucky bluegrass turf.

The selectivity or non-selectivity of a herbicide depends upon

many factors. Ashton, Harvey and Foy (3, p. 2-9) state that leaf

properties, growth habits, differential absorption, differential

translocation, biophysical-biochemical factors, position of the herbi-

cide in the soil, and selective herbicide placement may influence

selectivity.

Merkle and Davis (35) found that extreme moisture stress did not

affect foliar absorption of picloram and 2,4,5-T in beans, but did

markedly reduce the movement of these herbicides within the plants.

Roberts, Markland and Pellett (44) state that under favorable soil

conditions some susceptible plants develop roots below the zone of

herbicide activity and escape injury. Neidlinger, Furtick and

Goetze (39) observed that injury in Kentucky bluegrass seed fields
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by bensulide occurred only where extremely high soil moisture existed.

Robocker and Canode (46) believe the retention of IPC and

dicamba by 1/2 inch of bluegrass straw was the most important factor

in reducing the effectiveness of these materials in downy brome,

Bromus tectorium L., control.

Davis (15) obtained best control of bentgrass in a mixed bent-

grass-bluegrass sod with a summer application of silvex at six pounds

per acre followed by vertical mowing. Effectiveness of this treatment

varied with seasons. Bentgrass was never completely controlled, and

the small amount that remained eventually recovered. Engel (20)

states Kentucky bluegrass survives mechanical thinning better than

bentgrass. He also feels that cool season fertilization has aided

survival of Kentucky bluegrass in a mixed bentgrass-bluegrass sod.

Silvex at 1.5 pounds per acre and in combination with 2,4-D at

1.5 pounds per acre was found harmful to bentgrass (18).

Callahan and Engel (7) observed that foliage treatments of 1/2,

1, 1-1/2, and 3 pounds per acre of 2,4-D, silvex, and 2,4-DB produced

tissue abnormalities in the apical regions of colonial bentgrass roots

grown in solution. Silvex and 2,4-D at 1, 1-1/2 and 3 pounds per

acre usually caused highly disrupted cellular disorders which re-

sulted in plant death within 20 days.

Perry and Upchurch (42) state that 2,4-D is degraded in root

environments more rapidly than the trichlorinated phenoxy compounds.

Bluegrass recovered from leaf injury better than bentgrass when

ammonium sulphate and potassium cyanate were applied to a mixed

sward. Ammonium sulphate at 100 pounds per 1,000 square feet and
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potassium cyanate at 20 pounds per 1,000 square feet applied in water

solutions showed excellent contact topkill of the mixed sward

(26, p. 1-2). Neither of these treatments effectively eradicated

bentgrass.

Hodgson et al. (27, p. 62) reported that a desirable stand of

Kentucky bluegrass remained after treatment with 80 pounds of dietha-

nolamine salt of 2,4-D per acre on May 24 and July 18 in Wyoming.

Cords (11) found soil temperature to be a significant factor in

the susceptibility of rubber rabbitbrush, Chrysothamnus nauseosus

(Pall.) Britton, and Canada thistle, Cirsium arvense (L) Scap., to

2,4-D. The susceptibility of Russian knapweed, Centaurea repens L.,

was less responsive to temperature.

Roberts (43, p. 20) states that rates of 1.5 ounces and 3 ounces

of mecoprop per 1,000 square feet can be used safely on bluegrass

lawn turf. On bentgrass greens 1.5 ounces per 1,000 square feet

injured Astoria colonial bentgrass and the creeping bentgrasses.

Injury consisted of a loss of green color accompanied by a chlorotic

condition. It required two weeks for the bentgrass to recover. None

of the injured grass was killed, however.

Bingham and Schmidt (6) observed that dicamba at the rate of two

pounds per acre applied to a Seaside creeping bentgrass turf and to

a mixed bentgrass turf caused injury. Bluegrass was unaffected by the

same rate of dicamba. Dicamba applied at 1/2 pound per acre to a bent-

grass putting green during July and August caused temporary discolora-

tion for two to four weeks.

Vanden Born (51) found that dicamba was more effective when
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absorbed by the rhizomes or roots of quackgrass than when foliar ab-

sorbed. He states that for greatest shoot inhibition the dicamba

must reach the rhizomes at the first stage of shoot development.

He found no advantage in repeated applications of dicamba at lower

rates over a single application of an equal total amount at an

earlier date.

Canode and Rohocker (8) observed no visual injury to Delta or

Newport Kentucky bluegrass from dicamba or 2,3,5-TBA applied at various

times and rates under seed field conditions. However, spring applica-

tions of dicamba at one, two, three and four pounds per acre, endo-

thal at four and five pounds per acre, and 2,3,6-TBA at three pounds

per acre reduced seed yields of Delta Kentucky bluegrass. A major

component of seed yield is tiller number. Tiller number is also

important in turf quality as a factor in competition and density.

Canode and Robocker (8) found a significant reduction in the germina-

tion of the Delta Kentucky bluegrass seed from spring applications

of dicamba and 2,3,6-TBA. No significant reduction in seed germina-

tion was found with the fall applications of these materials.

Neidlinger, Furtick and Goetze (39) found that September applica-

tions of terbacil above .2 pounds per acre and bromacil above .4

pounds per acre caused injury of Newport and Merion Kentucky bluegrass

seed fields. Under seed field conditions Lee (31) observed Merion

Kentucky bluegrass to be tolerant of terbacil at 1.5 pounds per acre.

Newport and S2 Kentucky bluegrass were injured at one pound per acre.

Park and Delta Kentucky bluegrass were injured at 3/4 pound per acre.

Cornman, Madden and Smith (12) observed a thinning of creeping
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bentgrass turf of about 30% when Dac 893 at the rate of 12 pounds per

acre was applied. This application had no effect on Merion or common

Kentucky bluegrass. Rates of 24 pounds and 36 pounds per acre severely

injured bentgrass and destroyed most of the Pennlawn creeping red

fescue. However, the bentgrass recovered by September. The Merion

Kentucky bluegrass was thinned about 30% by mid-September by these

higher rates. No thinning was observed in the common Kentucky blue-

grass. Mower and Cornman (36) found a slight to moderate injury to

turf when 20 pounds of a DCPA formulation of unknown concentration

per 1,000 square feet was applied. The turf injury was due to a

failure of the creeping red fescue and bentgrass in the population to

recover from the application. They observed that Kentucky bluegrass

was not injured and continued to develop until later in the season.

Jagschitz and Skogley (28) found that formulations of DCPA in a

colonial bentgrass, Kentucky bluegrass and creeping red fescue turf

decreased both the fescue and bentgrass populations in the mixed turf.

Duich, Shoop and Fleming (17) observed that neither 11 or 22 pounds

of DCPA per acre caused injury to common Kentucky bluegrass or Newport

Kentucky bluegrass. The bentgrass and creeping red fescue were

severely thinned proportionately to the rate of application.

Mower and Cornman (36) observed that creeping red fescue and

bentgrass in a mixed turf were injured by a late March application of

DMPA at 16 pounds granular formulation of unknown concentration per

1,000 square feet. The Kentucky bluegrass was not injured by this

treatment. Duich et al. (19) found no injury on common or Newport

Kentucky bluegrass by the use of DMPA at the rate of 15 or 30 pounds
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per acre. Both the colonial bentgrass and creeping red fescue in

these plots were severely thinned by the above rates. The injury

was proportionate to the rate of application. Duich, Shoop and

Fleming (17) report that DMPA at 32 pounds per acre in both the emul-

sion concentrate formulation and the granular formulation practically

eliminated the bentgrass in the treated areas. Cornman et al. (12)

reports that DMPA at 15 pounds per acre had similar effects on a

mixed bentgrass, bluegrass, and fescue turf as did DCPA, but that the

effects were intensified. Although the bentgrass was thinned by 30%,

it recovered from this injury. Rates of 15, 30 and 45 pounds of DMPA

per acre removed almost all of the creeping red fescue from the mixed

stand. DMPA at 30 and 45 pounds per acre thinned Merion Kentucky

bluegrass and common Kentucky bluegrass by 30%. Ahrens, Lukens and

Olson (1) observed that April applications of DMPA at 30 pounds per

acre caused general thinning of a colonial bentgrass, Kentucky blue-

grass, and creeping red fescue turf into July. This thinning was

hardly evident in September of the same year. Repeat applications of

20 pounds per acre did not thin a bluegrass-fescue turf,

Lee (30, p. 8-13) in a study on the effect of diuron on the seed

yields of perennial turf grasses grown in the Willamette Valley found

that Merion, common, Delta, Park, Newport, Cougar, and Troy varieties

of Kentucky bluegrass showed considerable tolerance to five annual

fall applications of diuron at rates of up to four pounds at each

application. Highland colonial bentgrass also showed considerable

tolerance to diuron, but Astoria colonial bentgrass showed only

moderate tolerance. Both of the creeping bentgrass varieties included
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in this study, Seaside and Penncross, were severely injured by diuron

at all rates of application.

Splittstoesser and Hopen (48) observed a difference in the toler-

ance of two selections of creeping bentgrasses, Cohansey and lagreen,

to siduron. They attributed the greater tolerance of Cohansey creep-

ing bentgrass to its faster growth rate. Siduron inhibited new root

growth and decreased root respiration of lagreen.

These citations indicate that several herbicides may have the

ability to selectively remove bentgrasses from bluegrass turf. Their

effectiveness may be related to the management practices, dates and

rates of herbicide application, and formulation of material.
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MATERIALS AND METHODS

The objective of this study was to determine the effects of

selected herbicide treatments on Highland colonial bentgrass grown

under different competitive turf conditions with Kentucky bluegrass.

The study was conducted at the Southern Oregon Experiment

Station, Medford, Oregon. The soil is classified as Central Point

sandy loam. It is sedimentary, having been derived from sandstone,

granitic and metavolcanic rock. The pH is 6.1, the cation exchange

capacity is 15.80 milliequivalents per 100 grams, and the organic

matter content is 3.89%.

The climate of Medford consists of mild, wet winters and hot,

dry summers. The average annual temperature is 54°F., ranging from

37°F. in January to 72°F. in July. Maximum summer temperatures are

often more than 90°F. and not infrequently over 100°F. Minimum

winter temperatures are near 32°F. Average annual precipitation is

20.7 inches (Appendix Tables 1, 2, 3).

The experiments were designed in a randomized block with three

replications, using plots three feet by four feet.

Three conditions of Highland colonial bentgrass competition

with Delta or Merion Kentucky bluegrass were studied. Zero competi-

tion was exemplified in plots containing either pure stands or

circular plugs of bentgrass in bare soil. Circumferential competition

was exemplified in plots of Delta or Merion Kentucky bluegrass sod

into which circular plugs of bentgrass were placed. Direct competi-

tion was exemplified in plots of mixed seedings of bentgrass with

Delta or Merion Kentucky bluegrass.
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The pure and mixed stands of bentgrass and bluegrass were

established in April, 1966. The pure stands of bluegrass and bent-

grass were seeded at three pounds and two pounds per 1,000 square

feet, respectively. The mixed stands of bluegrass and bentgrass

were seeded at three pounds per 1,000 square feet using a mixture

of 97% bluegrass and 3% bentgrass.

In December, 1966, plugs of bentgrass were placed in the Delta

Kentucky bluegrass, Merion Kentucky bluegrass, and bare plots. Three

plugs, four inches in diameter and six inches in depth, were placed

in each plot at one foot intervals.

Irrigation, fertilization, and mowing practices conducted

during the experiment were consistent with good bluegrass manage-

ment practices.

All herbicide treatments were applied with a two-wheeled com-

pressed air plot sprayer with a three foot boom. Both foliar active

and soil active herbicides were sprayed at a carrier rate of 77

gallons per acre and at a pressure of 40 pounds per square inch.

The chemical name and formulation of herbicides are listed in

Appendix Table 4,

The summer treatments were applied July 12, 1967. Fall treat-

ments were applied October 21, 1967, and winter treatments were

applied January 18, 1968.

The summer treatments were evaluated January 24, 1968, The

fall and winter treatments were evaluated June 12, 1968,

Results on the mixed stands were determined by the numbers of

tillers of bluegrass and bentgrass per three inch plug. Three: plugs



17

per treatment were evaluated from each plot.

Maximum plug diameters were used to score the effects under zero

competition in the bare plots. Evaluations on circumferential compe-

tition were scored on plug size using the following rating system:

1. No live bentgrass evident

2. Area of live bentgrass less than original area

3. Area of live bentgrass equal to original area

4. Area of live bentgrass greater than original area.

Visual observations on Delta Kentucky bluegrass, Merion Kentucky

bluegrass and Highland colonial bentgrass were taken on January 3,

February 29, and May 1, 1968. The rating system assigned the Delta

Kentucky bluegrass and Merion Kentucky bluegrass was:

1. No appreciable change in appearance

2. Slight discoloration

3. Considerable browning

4. Few live tillers

5. No live grass evident.

The rating system assigned the Highland colonial bentgrass was:

1. No live grass evident

2. Few live tillers

3. Considerable browning

4. Slight discoloration

5. No appreciable change in appearance.

The test of significance for all of the treatments in this study

was based on the Duncan's multiple range test at the 5% level of

significance.
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RESULTS AND DISCUSSION

The control of Highland colonial bentgrass in Kentucky bluegrass

varied with the date and rate of herbicide application and with the

competitive condition. If selective control of bentgrass in Kentucky

bluegrass turf is to be satisfactory, only minimal damage to the

bluegrass can be tolerated. Hence, the first phase of the study

considered the tolerance of bluegrass to the herbicide.

Kentucky Bluegrass Tolerance

The summer treatments showed no significant increase or decrease

of bluegrass tiller numbers when compared to the check in the Delta

Kentucky bluegrass-bentgrass stands (Table 1). In the Merion Kentucky

bluegrass-bentgrass stands all the summer treatments, with the excep-

tion of 2,4-D oil soluble amine at 20 pounds per acre, significantly

increased the bluegrass tiller numbers compared to the check (Table 2).

The high tolerance of bluegrass to these phenoxy compounds concurred

with the observations of Davis (15) and Hodgson et al. (27, p. 62).

Several fall and winter treatments significantly reduced the

number of tillers of bluegrass growing in the Delta Kentucky bluegrass-

bentgrass stands (Table 3). Of these, the fall treatments of diuron

at 8 and 12 pounds per acre, terbacil at four pounds per acre, and

bromacil at four pounds per acre, and the winter treatments of diuron

at four and eight pounds per acre damaged the Delta Kentucky bluegrass

stand to an unacceptable level. Although the fall treatment of broma-

cil at two pounds per acre and the summer and fall treatment of silvex

at 40 pounds per acre also significantly reduced the tiller numbers,
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Table 1. Delta Kentucky bluegrass tillers in bluegrass-
bentgrass mixture.1

Treatment Lbs./acre

Average tiller
number/3"

diameter lug2

2,4-D oil soluble amine 10 72.7

2,4-D water soluble amine 10 70.6

2,4-D oil soluble amine 40 68.7

2,4-D water soluble amine 20 68.5

Silvex 10 68.2

Silvex 40 67.8

2,4-D water soluble amine 40 67.6

Silvex 20 65.2

Check 59.4

2,4-D oil soluble amine 20 59.2

1 Sprayed July 12, 1967. Evaluated January 24, 1968
2Averages not connected by same line are significantly

different at 5%.

Table 2. Merion Kentucky bluegrass tillers in bluegrass-

bentgrass mixture.1

Treatment Lbs./acre

Average tiller
number/3"

diameter plug2

2,4-D water soluble amine

Silvex
2,4-D water soluble amine

20

20

10

71.4

69.3
67.6

2,4-D oil soluble amine 10 63.0

Silvex 10 62.4

Silvex 40 58.0

2,4-D oil soluble amine 40 56.6

2,4-D water soluble amine 40 55.8

2,4-D oil soluble amine 20 54.2

Check 44.6

1Sprayed July 12, 1967. Evaluated January 24, 1968

2Averages not connected by same line are significantly

different at 5%.
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Table 3. Delta Kentucky bluegrass tillers in bluegrass-
bentgrass mixture.'

Treatment Lbs./acre

Average tiller
number/3"

diameter plug

DCPA Fall 16 69.1

Silvex Summer & Fall 20 67.2

Sindone Fall 8 66.7

Silvex Summer 40 66.5

DCPA Fall 24 65.4

Sindone Fall 16 65.4

Silvex Summer 20 65.2

DCPA Fall 32 63.0

Check 61.2

Sindone Fall & Winter 8 59.5

Silvex Summer & Fall 10 59.4

Silvex Summer 10 57.2

Terbacil Fall 2 55.1

Bromacil Winter 1 52.8

Bromacil Winter 2 49.3

Silvex Summer & Fall 40 48.1

Bromacil Fall 2 47.0

Terbacil Fall 4 21.1

Bromacil Fall 4 9.8

Diuron Fall 8 3.4

Diuron Winter 4 2.2

Diuron Winter 8 0

Diuron Fall 12 0

I Evaluated June 12, 1968
2Averages not connected by same line are significantly

different at 5%.
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the stands were visually acceptable. No treatment significantly

increased the tiller number over the check.

An unacceptable reduction in bluegrass tillers in the Merion

Kentucky bluegrass-bentgrass stands also resulted from the fall

treatments of diuron at 8 and 12 pounds per acre and the winter

treatments of diuron at four and eight pounds per acre (Table 4).

Although the fall treatments of terbacil and bromacil at four pounds

per acre significantly reduced the bluegrass tiller numbers, the

stands were visually acceptable. In fact, the Merion Kentucky blue-

grass stands treated with bromacil had a deeper green color.

The visual ratings of the diuron treatments on Delta and Merion

Kentucky bluegrass grown in the pure stands showed similar results

(Table 5). The fall treatments of diuron at 8 and 12 pounds per acre

and the winter treatments of diuron at four and eight pounds per acre

damaged the bluegrass stands to an unacceptable level. These results

and the findings of Lee (30) indicated that the range of selectivity

of diuron on Highland colonial bentgrass growing in Kentucky bluegrass

turf was very limited, if at all. Becuase of these results, diuron

was not considered further as a possible selective herbicide in this

study.

Several treatments which showed no adverse effects to the tiller

numbers also scored well in the visual ratings. Fall treatments of

DCPA at 16, 24 and 32 pounds per acre showed no phytotoxic effects

during the observation period. These results agreed with those of

Mower and Cornman (36), Jagschitz and Skogley (28) and Duich, Shoop

and Fleming (17). The fall treatments of sindone at 8 and 16 pounds
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Table 4. Merion Kentucky bluegrass tillers in bluegrass-
bentgrass mixture.1

Treatment Lbs./acre

Average tiller
number/3"

diameter plug2

Silvex Summer & Fall 20 75.3

DCPA Fall 24 69.3

Silvex Summer & Fall 10 68.3

Silvex Summer 20 66.5

Silvex Summer 10 65.2

Sindone Fall 8 62.8

DCPA Fall 32 62.0

Silvex Summer & Fall 40 61.4

Sindone Fall & Winter 8 60.3

Bromacil Winter 2 60.2

Sindone Fall 16 60.2

DCPA Fall 16 59.7

Terbacil Fall 2 59.2

Bromacil Fall 2 59.0

Bromacil Winter 1 57.6

Check 55.3

Silvex Summer 40 53.8

Terbacil Fall 4 41.8

Bromacil Fall 4 36.1

Diuron Fall 8 12.0

Diuron Winter 4 3.8

Diuron Fall 12 0

Diuron Winter 8 0

I Evaluated June 12, 1968.
2Averages not connected by same line are significantly

different at 5%.
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Table 5. Effect of treatment on appearance
Merion Kentucky bluegrass.1

of Delta and

Treatment

Lbs./

acre

Jan. 3,
1968

Feb. 29
1968

May 1,
1968

Diuron Fall 8 3.7 3.3 5

Diuron Fall 12 4 4 5

DCPA Fall 16 1 1 1

DCPA Fall 24 1 1 1

DCPA Fall 32 1 1 1

Bromacil Fall 2 4 2 1

Bromacil Fall 4 5 2.3 1.7 (4)

Terbacil Fall 2 4 2 1

Terbacil Fall 4 4 2.3 2.3 (3)

Sindone Fall 8 1 1.3 1

Sindone Fall 16 1 1.3 1

Sindone Fall F Winter 8 1 1 1

Diuron Winter 4 1 4.3

Diuron Winter 8 1.7 5

Bromacil Winter 1 1 1.3

Bromacil Winter 2 1 1.3 (2)

Silvex Summer & Fall 10 3 1.7 1

Silvex Summer & Fall 20 4 2.3 1

Silvex Summer & Fall 40 4 3 1

Silvex Summer 10 1 1 1

Silvex Summer 2 20 1 1 1

Silvex Summer 40 1 1 1

Check 1 1 1

1
When differences between Delta and Merion bluegrass exists,

Delta's rating is in parenthesis. Visual ratings of
1 - No appreciable change in color to 5 - No live grass
evident.
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per acre and the fall and winter treatment of sindone at eight pounds

per acre showed no appreciable damage during the observation period.

In view of the findings of Canode and Robocker (8) the effect

on the competitiveness of the bluegrass against other potential

tolerant weed species in the treated area is a serious consideration.

The early phytotoxicity to the bluegrass varieties, which is evident

in the visual ratings by the summer and fall treatments of silvex and

the fall treatments of bromacil and terbacil, may have serious

limitations for these treatments. The difference in the tolerance

of Delta and Merion Kentucky bluegrass to several treatments, in

particular the fall treatment of bromacil at four pounds per acre,

accentuates the need for the identification of the bluegrass variety

in the area to be treated. This differential tolerance of Kentucky

bluegrass varieties and bentgrass varieties was also observed by

Lee (30, p. 8-13; 31) and defines the need for more information on

varietal susceptibility.

Colonial Bentgrass Control

The control of colonial bentgrass was considered in three levels

of competition; zero, circumferential and direct. As stated pre-

viously, the fall and winter diuron treatments were not considered

because of their severe phytotoxicity on both varieties of Kentucky

bluegrass.

Zero Competition

Visual ratings scored on May 1, 1968, showed the fall treatments
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of bromacil and terbacil at four pounds per acre and the winter

treatments of bromacil at one and two pounds per acre had no live

bentgrass evident (Table 6). The fall treatments of bromacil and

terbacil at two pounds per acre and the summer and fall treatment of

silvex at 40 pounds per acre caused severe injury early in the year

but contained some live bentgrass on May 1, 1968.

The slight effect of the DCPA, sindone, and summer silvex

treatments on bentgrass which was seen in the visual ratings also

appeared with the plugs in bare ground (Table 7). Of these treat-

ments, only the summer treatment of silvex at 40 pounds per acre

significantly reduced plug size compared to the check.

As in the solid stands, the fall treatments of bromacil and

terbacil at four pounds per acre and the winter treatment of bromacil

at two pounds per acre showed no evidence of live bentgrass. Other

treatments included in this best control group were the fall treat-

ments of bromacil and terbacil at two pounds per acre and the winter

treatment of bromacil at one pound per acre. The summer and fall

treatments of silvex at 40, 20 and 10 pounds per acre also showed a

significant reduction in plug size compared to the check.

A comparison of the two types of plots which exemplified zero

competition showed that a better measurement of treatment effect on

the competitiveness of bentgrass was obtained with plug measurements

than with the solid stands.

The results at this point indicated that the winter treatment

of bromacil at two pounds per acre was the best treatment.
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Table 6. Effect of treatment on appearance of Highland
colonial bentgrass.1

Lbs./ Jan. 3, Feb. 29, May 1,

Treatment acre 1968 1968 1.968

Diuron Fall 8 1 1.7 1

Diuron Fall 12 1 1 1

DCPA Fall 16 3.7 4.7 4.7

DCPA Fall 24 3 4.7 4.7

DCPA Fall 32 3 4.3 4,3

Bromacil Fall 2 1 2 2

Bromacil Fall 4 1 2 1

Terbacil Fall 2 1 2 2

Terbacil Fall 4 1 1.7 1

Sindone Fall 8 2.7 2 3,7

Sindone Fall 16 2.7 2 3.7

Sindone Fall & Winter 8 3 3 4.3

Diuron Winter 4 3 1.7

Diuron Winter 8 2.7 1

Bromacil Winter 1 3.7 1

Bromacil Winter 2 2 1

Silvex Summer & Fall 10 1.7 1.7 3.1

Silvex Summer & Fall 20 1 1.3 3

Silvex Summer & Fall 40 1 1 2

Silvex Summer 10 5 5 5

Silvex Summer 20 5 5 5

Silvex Summer 40 5 5 5

Check 5 5 5

1Visual ratings of 1 - No live grass evident to 5 No appreciable

change in color.



Table 7. Average bentgrass maximum plug diameter under

zero competition.1

Treatment

Plug diameter

Lbs./acre (inches)2

Bromacil Fall 4 0.0

Terbacil Fall 4 0.0

Bromacil Winter 2 0.0

Bromacil Fall 2 0.2

Terbacil Fall 2 0.3

Bromacil Winter 1 1.1

Diuron Fall 12 1.3

Diuron Winter 8 2.6

Diuron Fall 8 3.0

Silvex Summer 4 Fall 40 9.4

Silvex Summer & Fall 20 11.7

Diuron Winter 4 12.7

Silvex Summer and Fall 10 13.8

Silvex Summer 40 15.6

DCPA Fall 32 16.2

Silvex Summer 20 17.3

Silvex Summer 10 17.7

Sindone Fall 8 18.0

Check 18.5

Sindone Fall & Winter 8 18.6

DCPA Fall 16 20.1

Sindone Fall 16 20.1

DCPA Fall 24 21.1

I Evaluated June 13, 1968.
2Averages not connected by same line are significantly

different at 5%.

27
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Circumferential Competition

The combined effects of circumferential competition by Delta

Kentucky bluegrass and the herbicide treatments showed a significant

reduction in the occupancy of the bentgrass plugs by all treatments

(Table 8). Of interest was the absence of live bentgrass in only

two selective treatments, the summer and fall treatment of silvex

at 40 pounds per acre and the fall treatment of bromacil at four

pounds per acre. Included in the best control group were the winter

treatment of bromacil at two pounds per acre and the fall treatment

of DCPA at 32 pounds per acre.

Occupancy ratings of the bentgrass plugs in the Merion Kentucky

bluegrass also showed the effect of circumferential competition on the

herbicide treatments (Table 9). The only selective treatment in which

no live bentgrass was evident was the summer fall treatment of silvex

at 40 pounds per acre. Other selective treatments in the best control

group were the fall treatments of bromacil and terbacil at four pounds

per acre, the winter treatment of bromacil at two pounds per acre

and the summer and fall treatment of silvex at 20 pounds per acre.

Poorer control in general was obtained by the lower rates of

bromacil and terbacil under circumferential competition than under

zero competition. It is unlikely that this was due to herbicide

retention by the thatch layer as observed by Robocker and Canode (46)

since the solid bentgrass stand in zero competition also contained

thatch. More likely, the earlier spring root growth of bluegrass

and resultant absorption reduced the herbicide concentrations in the
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Table 8. Visual rating of bentgrass plug occupancy in
Delta Kentucky bluegrass.'

Treatment Lbs./acre Visual rating2

Diuron Fall 12 1

Diuron Fall 8 1

Bromacil Fall 4 1

Silvex Summer & Fall 40 1

Diuron Winter 4 1.3

Diuron Winter 8 1.3

Bromacil Winter 2 1.3

DCPA Fall 32 1.4

Terbacil Fall 4 1.6

Terbacil Fall 2 1.6

Silvex Summer & Fall 20 1.6

Sindone Fall 16 1.7

Sindone Fall & Winter 8 1.8

Silvex Summer & Fall 10 9
,-

Bromacil Fall 2 2.1

Silvex Summer 40 2.1

Silvex Summer 10 2.2

Sindone Fall 8 2.3

Bromacil Winter 1 2.3

DCPA Fall 16 2.4

DCPA Fall 24 2.5

Silvex Summer 20 3

Check 3.6

1Evaluated June 12, 1968.
`Averages not connected by same line are significantly

different at 5%. Visual ratings of 1 - No live bentgrass

evident to 4 - Area of live bentgrass greater than

original area.
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Table 9. Visual rating of bentgrass plug occupancy in
Merion Kentucky bluegrass.'

Treatment Lbs./acre Visual rating2

Diuron Fall 12 1

Diuron Fall 8 1

Diuron Winter 8

Silvex Summer & Fall 40 1

Terbacil Fall 4 1.1

Bromacil Fall 4 1.2

Bromacil Winter 2 1.2

Silvex Summer & Fall 20 1.2

Karmex Winter 4 1.8

Sindone Fall & Winter 8 2.1

Silvex Summer & Fall 10 2.1

Sindone Fall 16 2.3

DCPA Fall 32 2.4

Silvex Summer 40 2.4

DCPA Fall 16 2.5

DCPA Fall 24 2.5

Bromacil Fall 2 2.5

Terbacil Fall 2 2.5

Bromacil Winter 1 2.5

Sindone Fall 8 3

Silvex Summer 20 3.4

Silvex Summer 10 3.4

Check 3.8

'Evaluated June 12, 1968.
9-Averages not connected by same line are significantly

different at 5%. 1 No live bentgrass evident to 4 - Area

of live bentgrass greater than original area.
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root zone of the bentgrass. The deeper green color observed in

the Merion Kentucky bluegrass stands treated with bromacil would

further indicate selective absorption.

The added factor of competition resulted in better control of

bentgrass with the summer and fall silvex treatments and the higher

rates of DCPA and sindone. These results showed that the effect of

the herbicides on the competitiveness of species within a sward is

of noteworthy consideration.

Direct Competition

The effects of the herbicide treatments and competition were

further dramatized under direct competition. The summer and fall

treatment of silvex at 40 pounds per acre and the fall treatment of

bromacil at four pounds per acre were the only two treatments that

showed no evidence of live bentgrass in the Delta bluegrass-bentgrass

stand (Table 10). These two treatments were also the only two treat-

ments that showed no evidence of live bentgrass under circumferential

competition with Delta bluegrass.

The results of the treatments in the Merion Kentucky bluegrass-

bentgrass stand showed that the fall treatment of silvex at 40 pounds

per acre and the fall treatment of terbacil at four pounds per acre

were the only selective treatments that showed no evidence of live

bentgrass tillers (Table 11). These two treatments were also the

best treatments under the circumferential competition conditions.

The greater effectiveness of bromacil in Delta Kentucky bluegrass

and of terbacil in Merion Kentucky bluegrass, which was observed under
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Table 10. Bentgrass tillers in Delta Kentucky bluegrass-
bentgrass mixture.'

Treatment

Average tiller
number/3"

Lbs./acre diameter plug2

Diuron Fall 12 0

Bromacil Fall 4 0

Silvex Summer & Fall 40 0

Diuron Winter 8 0

Silvex Summer & Fall 20 .3

DCPA Fall 32 .5

Sindone Fall 16 .6

Silvex Summer & Fall 10 1

Diuron Winter 4 1.2

Diuron Fall 8 1.3

DCPA Fall 24 2

Bromacil Winter 2 2.4

Terbacil Fall 4 3.2

DCPA Fall 16 3.3

Terbacil Fall 2 4

Bromacil Fall 2 4

Sindone Fall & Winter 8 4.2

Silvex Summer 40 4.5

Bromacil Winter 1 5.5

Sindone Fall 8 5.6

Silvex Summer 20 6

Silvex Summer 10 10.5

Check 16.4

'Evaluated June 12, 1968.
2Averages not connected by same line are significantly

different at 5%.
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Table 11. Bentgrass tillers in Merion Kentucky bluegrass -
bentgrass mixture.1

Treatment

Average tiller
number/3"

Lbs./acre diameter plug 2

Diuron Fall
Terbacil Fall
Silvex Summer & Fall
Diuron Winter
Silvex Summer & Fall
Diuron Winter
Diuron Fall
DCPA Fall
DCPA Fall

12

4

40

8

20

4

8

32

24

0

0

0

0

.3

.7

.8

1.1

1.4

Bromacil Fall 4 1.8

Terbacil Fall 2 2.1

Bromacil Winter 2 2.1

Sindone Fall 8 3.4

Silvex Summer & Fall 10 4.5

Bromacil Fall 2 4.5

DCPA Fall 16 5.2

Sindone Fall & Winter 8 5.6

Sindone Fall 16 6.1

Bromacil Winter 1 8

Silvex Summer 20 11.5

Silvex Summer 40 13

Silvex Summer 10 13.8

Check 17

I Evaluated June 12, 1968.
2Averages not connected by same line are significantly

different at 5%.
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circumferential competition, was accentuated in direct competition.

A greater selective absorption would be expected with the greater

density of bluegrass roots throughout the sampled area. Apparently,

the selective absorption occurred on a variety basis, that is, Merion

Kentucky bluegrass absorbed more bromacil and Delta Kentucky bluegrass

absorbed more terbacil. Of particular interest was the difference in

the tolerance of these varieties to the selectively absorbed herbi-

(ides.

The importance of the herbicide's effect on the competitiveness

of the species within the sward was also seen. Treatments of DCPA

at 32 and 24 pounds, which had little or no effect on the bentgrass

in the solid stands, showed good control in the mixed stands.

Results obtained with the summer and fall treatment of silvex

at 20 pounds per acre showed the highest average bluegrass tiller

number and very good bentgrass control. A comparison of the total

amount of silvex applied in the summer and fall treatments versus the

summer only treatments showed the greater effectiveness of the split

application. This was probably due to a greater concentration in

the root zone at the first stage of root development rather than an

advantage in split applications.

Contrary to the observations of Callahan and Engel (7) the

bentgrass under turf conditions was not killed by foliar treatment

with the phenoxy herbicides (Table 12, 13). In fact, summer treat-

ments gave relatively poor control.

Visual observations of the mixed stands throughout this study

gave the impression that the bentgrass population was less in
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Table 12. Bentgrass tillers in
bentgrass mixture.1

Delta Kentucky bluegrass-

Treatment Lbs./acre

Average tiller
number/3"

diameter plug2

Silvex 10 14.1

2,4-D water soluble amine 40 15.2
2,4-D oil soluble amine 40 16.0
2,4-D water soluble amine 20 18.1

2,4-D oil soluble amine 20 19.5
Silvex 20 21.7

2,4-D oil soluble amine 10 24,2

Check 26.6
2,4-D water soluble amine 10 27.8

Silvex 40 28.4

1
Sprayed July 12, 1967. Evaluated January 24, 1968.
2Averages not connected by same line are significantly

different at 5%.

Table 13. Bentgrass tillers in Merion Kentucky bluegrass-
bentgrass mixture.1

Treatment Lbs./acre

Average tiller
number/3"

diameter plug2

2,4-D water soluble amine 20 20.0

2,4-D oil soluble amine 40 27.2
2,4-D water soluble amine 10 28.5

2,4-D water soluble amine 40 30,1

2,4-D oil soluble amine 10 35,4

Silvex 20 37.2

Silvex 10 40.5

Check 43.4

2,4-D oil soluble amine 20 43.6

Silvex 40 53.8

1Sprayed July 12, 1967. Evaluated January 24, 1968.
2Averages not connected by same line are significantly

different at 5%.
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Merion Kentucky bluegrass than in Delta Kentucky bluegrass. Tiller

counts did not agree with these observations. The broader leaf and

darker color of Merion Kentucky bluegrass, no doubt, camouflaged

the bentgrass.

Several herbicides were identified as selective on bentgrass in

Kentucky bluegrass turf. It was established that the control varied

with competition, time of application and variety of bluegrass. The

selection of a treatment would depend upon the amount of bentgrass

present, the degree of control desired, the species of bentgrass and

varieties of Kentucky bluegrass involved and the allowable damage to

the turf area.

The rates and dates of application need to be refined, Winter

or early spring application of the herbicides which caused visual

injury through early spring might cause less bluegrass injury without

reducing the effectiveness of the bentgrass control. The application

of bromacil and terbacil after the initiation of bluegrass growth in

the spring may improve the effectiveness of the low rates of these

herbicides. Higher rates of DCPA and sindone would also be appro-

priate in future studies. The results also established the need for

future studies to include the three competition conditions,
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SUMMARY AND CONCLUSIONS

Several herbicides were applied to a Highland colonial bentgrass-

Kentucky bluegrass turf to selectively kill the bentgrass. The bent-

grass was grown in zero, circumferential and direct competition with

both Delta and Merion Kentucky bluegrass.

Treatments were evaluated by visual observations and tiller

numbers. Results varied with the date of application, type of com

petition and variety of bluegrass.

In zero competition the best result was obtained with the

winter treatment of bromacil at two pounds per acre. In circumfer-

ential and direct competition, the best result was obtained with the

summer and fall treatment of silvex at 20 pounds per acre.

Several treatments might have been more effective if applied in

the late winter. This could have possibly reduced the duration of

the visually observed damage. The summer phenoxy treatments gave

relatively poor bentgrass control. Fall and winter diuron treatments

showed no selectivity.

Additional tests with DCPA, silvex and bromacil applied in the

fall and winter need to be conducted. Before the adoption of

chemical control of bentgrass in Kentucky bluegrass, additional

information on the tolerance of other Kentucky bluegrass varieties

and bentgrass species needs to be determined.
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Appendix Table 1. 1966 Climatic Summary, Southern Oregon Experiment Station, Medford, Oregon.

Month

Temperature

Rainfall
inches

Soil mean
temperature

at 4"
°F.

Average Extreme
Low
°F.

High
°F.

Mean
°F.

Low
°F.

High
°F.

January 30.9 46.5 38.7 16 57 4.02 39.9

February 30.0 52.7 41.4 19 65 .35 41.4

March 33.1 62.0 47.6 21 81 1.47 46.75

April 34.7 73.1 53.9 29 84 .55 53.25

May 40.7 79.0 59.9 30 92 T 64.5

June 46.1 80.6 63.4 33 101 .53 67.7

July 47.9 86.8 67.4 42 98 .97 71.65

August 48.6 90.7 69.7 44 100 .19 75.35

September 45.8 83.5 64.7 35 98 1.44 70.4

October 35.6 71.5 53.6 23 92 .78 58.55

November 37.3 55.2 46.3 25 76 5.41 49.35

December 34.0 47.4 40.7 24 61 3.05 43.5



Appendix Table 2. 1967 Climatic Summary, Southern Oregon Experiment Station, Medford, Oregon.

Month
Low
°F.

Average
High
°F.

Temperature

Mean
°F.

Extreme
Low
°F.

High
°F.

Rainfall
inches

Soil mean
temperature

at 4"
°F.

January 32.9 47.3 40.1 22 58 4.45 40.8

February 30.4 53.1 41.8 24 62 1.14 43.15

March 32.6 56.5 44.6 21 69 2.31 45.65

April 34.3 56.4 45.4 28 66 2.17 50.0

May 40.4 76.4 58.4 30 92 .92 60.65

June 47.5 84.5 66.0 36 100 .36 71.4

July 51.6 92.7 72.2 45 104 0 78.75

August 52.5 97.2 74.9 46 104 0 77.85

September 46.4 89.5 68.0 38 98 .32 74.05

October 38.3 68.3 53.3 31 80 2.14 61.05

November 34.2 55.3 44.8 19 69 .88 50.9

December 28,8 42.5 35.7 11 51 3.47 39.5



Appendix Table 3. 1968 Climatic Summary, Southern Oregon Experiment Station, Medford, Oregon,

Month
Low
°F.

Average
High
°F.

Temperature

Mean
°F.

Extreme
Low
°F.

High
°F.

Rainfall
inches

Soil mean
temperature

at 4"
°F.

January 29.0 46.7 37.9 16 60 1.83 40.5

February 35.0 60.4 47.7 22 76 2.53 48.0

March 34.8 64.4 49.6 25 72 .83 51.75

April 33.8 68.2 51.0 28 87 .84 53.85

May 40.5 73.5 57.0 30 85 1.12 59.9

June 47.5 84.6 66.1 36 102 .19 68.7

July 51.5 92.5 72.0 42 101 0 77,55

August 52.4 84.6 68.5 43 99 1.80 74.45

September 44.6 84.9 64.8 31 98 .57 72,4

October 35.3 69.0 52.2 26 86 1.03 60.3

November 37.6 51.3 44.5 26 63 3.19 51.1

December 32.3 45.3 38.3 21 62 4,15 42.6



Appendix Table 4. Chemical Name and Formulation of Herbicides.

Herbicide Chemical Name Formulation

Bromacil

DCPA

Diuron

Silvex

Sindone

Terbacil

2,4-D

5-bromo-3-sec-butyl -6-methyluracil

dimethyl 2,3,5,6-tetrachloroterephthalate

3-(3,4-dichloropheny1)-1,1-dimethylurea

2-(2,4,5-trichlorophenoxy) propionic acid

(isomers of 1,1-dimethy1-4,6-diisopropy1-
5-indanyl ethyl ketone)

3-tert-butyl -5-chloro-6-methyluracil

N- -Oleyl 1,3-propylenediamine salt of
2,4-Dichlorophenoxyacetic acid

2,4-D dimethylamine salt of 2,4-Dichlorophenoxy-
acetic acid

80% wettable powder

75% wettable powder

80% wettable powder

4 lbs. per gallon oil
soluble amine

50% wettable powder

80% wettable powder

4 lbs. per gallon oil
soluble amine as
emulsifiable concentrate

4 lbs. per gallon
water soluble amine


