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Weed control on the highway system enhances the beauty of the 

state and provides additional safety for the motoring public. 
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RECOMMENDATIONS* 

The evaluation of herbicides for the most effective and economical 

means of weed control on the highway system is a continuous process. 

Numerous herbicides currently available and combinations of these have 

been only partially evaluated, some of which could be more effective and 

economical than the ones currently recommended. Each year new herbicides 

are developed and should be evaluated immediately if maximum efficiency 

and economy in weed control on the highway system is to be achieved. 

Recommendations for weed control and eradication based upon these 

initial findings must be sub j ect to revision with the accumulation of 

additional data. The evaluations of various herbicides for weed control 

and eradication on Oklahoma highways obtained in these preliminary 

investigations serve as the bases for these recommendations. All 

chemicals currently recommended for weed control and eradication 

on Oklahoma highways are listed in the tables at the end of this 

section. 

BROADLEAF WEED AND ANNUAL GRASS CONTROL 

1. Sandbur control . The post-emergence herbicides ammonium methanearsonate 

{AMA), calcium acid methyl arsenate (CMA), monosodium acid methanearsonate 

(MSMA), and disodium methanearsonate (DSMA) each with one retreatment 

7 to 20 days after the initial application are equally effective in the 

control of sandburs on Oklahoma highways. A surfactant should be added 

at the rate of one percent by volume to those materials that do not contain 

a surfactant in the manufacturers formulation. These herbicides 
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should be applied in enough water to make 40 gallons of so luti on per 

acre plus 0.4 gallon of surfactant as needed. In these experiments 

only MSMA was formulated with a surfactant by the manufacturer. 

Based upon actual plant count in these investigations, although not 

statistically different AMA consistently seemed to be more effective 

than the other organic arsonates. If competitive with the other 

herbicides in cost per acre AMA would be suggested for san dbur 

control on Oklahoma highways. 

2. General Broadleaf Weed and Annual Grass Control. The pre-emergence 

application of atrazine is recommended first for the control of 

both broadleaf weeds and annual grasses commonly found on Oklahoma 

highways� Diuron, although not as widely effective in these 

experiments, is the secon d pre-emergence herbicide recommended for 

both broadleaf weed and annual grass control. To control only 

broadleaf weeds the herbicides Banvel-D (dicamba), 2,4-D amine, 

and 2,4,5-T amine are recommended. Based on cost per acre for 

effective bradleaf weed control 2,4-D generally would be the least 

expensive. Caution should be exercised in the use of the phenoxy 

compounds particularly such as 2,4-D, and 2,4,5-T in areas where 

sensitive crops or trees are growing to avoid drift. It would be 

advisable to apply these herbicides when there is no wind or at 

least when the wind velocity is less than 10 miles per hour. 

3. Alfalfa and Sweetclover Control. The herbicides recommended for 

the control of these plants on the highway system are 2,4-D amine, 

2,4,5-T amine, and Banvel-D (dicamba). 
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JOHNSONGRASS CONTROL 

The organic arsonate herbicides disodium methanearsonate (DSMA), 
and monosodium acid methanearsonate (MSMA) are recommended for the 

selective control of johnsongrass on Oklahoma highways. These herbicides 

should be applied two or three times per year in enough water to make 

40 gallons of solution per acre plus a surfactant at the rate of one 

percent by volume with those materials that do not contain a surfactant 

in the manufacturers formulation. In these experiments 0 .4 gallon of 

surfactant was added to the DSMA solution only as MSMA was formulated 

with a surfactant by the manufacturer. Plants appear the year 

following treatment are primarily from seed and will require repeated 

applications of the herbicide as before for control. The most effective 

control of j ohnsongrass will be obtained with these herbicides when 

the plants ar'e treated when 12 to 18 inches tall and actively growing, 

and when the sun is bright and the temperature is ao0r or higher. 

SOIL STERILIZATION 

The herbicides recommended for the suppression of all plant growth 

especially be:rmudagrass on shoulders and under guardrails of the 

Oklahoma highway $ystem are bromacil, borocil, TCA Inhibited, Borea 

T-10, and a combination of TCA and bromacil. 

}': In or0der that the information in this publication may be more useful, 

was necessa.1•y to use tradenames of products, rather than 

complicated chemical identifications. As a result it is unavoidable 

in some cases that similar products whi.ch are on the market under 

other tradenames may not be cited. No endorsement of named products 

is intended$ nor is critic.ism implied of similar products which are 

not mentioned. 
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SUGGESTED CHEMICALS 
FOR 

BROADLEAF WEED AND ANNUAL GRASS CONTROL 

Herbicide•'• 

Atrazine +++ 
(Pre-Em)· 

Picloram + 
(Tordon) 
(Pre-Em) 

Diuron +++ 
(Pre-Em) 

Banvel-D -t 
(Post-Em) 

2 ,i+-D Amine -t 

2 " 5 T Ami' rie -t , ... -

CMAH 

MSMA +T 

DSMA ++ 

Chemical 

2-chloro-l+-Ethyl
amino-6-isopro·py 1-
amino-5-triazine 

tf-Amino-3,5,6-
trichlol'Opicolinic 
acid 

3(3,4-dichlorophenyl)
l,l-dimethy lure a 

2-methoxy-3,6-di
chlorobenzoic acid 

Dimethylamine salt of 2 ,4-
dichlorophenoxy acetate 

Triethylamine salt of 2 ,4,5-
tt'ichlorophenoxy acetate 

Calicum acid 
methanearsonate 

Monosodium acid 
methaneal:'sonate 

Ammonium 
methanearsonate 

Disodium methanearsonate 

Form 

Liquid 

wp 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

wp 

% Active 
Ingredient 

80 

4 lbs. per gal. 

80 

l+ lbs. per gal. 

4 lbs. per gal. 

1+ lbs. per> gal. 

1 lb. per gal. 

Pounds or gallons of 
Commercial Material 
Per Acre 

3.75 

l pint 

3.75 

l quart 

1 quart 

1 quart 

3. 7 gal. 

2 lbs. per gal. l gal. 

1.4 lbs. per gal. 2.7 gal. 

63 4.0 

r1 In order that the information in this table may be more useful, it is sometimes necessary 

to use trade names of products, r>ather than complicated chemical identifications. As a rerult 
it is unavoidable in some cases that similar products wh.i.ch are on the market unde:r:' other 

tradenames may not be cited. No endorsement of named products is intended, nor iii c:dticism 
implied of similar products which are not mentioned. 

'lo� WP :i: Wettable Powder 

All he1'bicides are to be applied in 40 gallons of solution per acre. 

+ Broadleaf weed control 
+-t Annual grass control 
+++ Broadleaf weed and annual grass control 
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SUGGESTED CHEMICALS 
FOR 

COMPLETE PLANT SUPRESSION ON OKLAHOMA HIGHWAY RIGHTS or WAY 
·-·--·--------�------------· 

% Active 
Form** Ingredient 

Pounds of 
Commercial material 

Herbicide�� 

Borocil 

Dromacil 

TCA Inhibited 

TCA & Bromacil 

Borea T�lO 

Chemical 

Disodium Tetra.borate 
Penta.hydrate� & Disodium 
tetraborate decahydrate, 
and Bromadl 

(5-bromo�3-sec-butyl-6-
methyluracil) 

Sodium Trichloroacetate 

(See Above) 

Sodium metaborate and 
monuron 

G 

SP 

SP Ii. 
WP 

WI? 

Acre Foot Mile 

98 334 

Hyvar >Hvs 48 
50 

Hyvat> X 
so 

91 165 

(See Above} 88 & 
20 (of 50%) 
88& 
12.5 (of 80!5) 

58 862 

40.4 

5.8 

20.0 

10.6 & 
2.4 

10.6 & 
l. 5 

* In order that the information in this table may be more useful, it is sometimes necessary 
to use tradenames of products, rather than complicated chemical identifications. As a 

result it is unavoidable in some cases that similar products which are on the market under 
other tradenames may not be cited. No endorsement of named products is intended, nor is 
criticism implied of similar products which are not mentioned. 

�"" G = Granular 
WP= Wettable Powder 

SP = Soluble Powder 

All herbicides are to be applied in a minimum of 100 gallons of water per acre. 
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Herbicide 
Percent 
Active 

SELECTIVE WEED CONTROL** 
Atrazine SO\ 
Picloram 4 lbs/gal. 
Diuron 80% 
Banvel-D 4 lbs/gal. 
2,4-D amine 4 lbs/gal. 
2,4,5-T amine 4 lbs/gal. 
CMA l lb/gal. 

>t MSMA 4 lbs/gal. 
.,._ AMA 1.4 lbs/gal. 
t! DSMA 63% 

SOIL STERILAITS*'** 
Borocil 98\ 
Bromacll Hyvar x-.ws 50\ 

�x BO\ 
TCA Inhibited 91% 
TCA & Bromacil ( See aho"8) 

Berea T-10 58\ 

COST PER ACRE OR FOOT MILE OF RECOMMENDED 
HERBICIDES BASED ON CURRENT WHOLESALE PRICES 

FOR SMALL QUANTITIES* 

Amount of Commercial 
Material/Application 

Acre Foot Mile Acre 

3.75 pounds 
1.0 pints 
3.75 pounds 
l.O quart 
1.0 quart 
1.0 quart 
3.7 gallons 
3.0 quarts 
2. 7 gallons 
4.0 pounds 

33'J lbs . 

48 lbs . 

30 lbs. 
165 lbs. 

$9.26 
$7.75 
$9.56 
$6.25 
$0.75 
$2.41 

$12.40 
$3.56 

$16.17 
$1.44 

40.4 lbs. $140.28 
5.8 lbs .  $165.60 
3.6 lbs. $154.50 

20.0 lbs .  $ 58.58 

Cost 

88 lbs & 20 lbs. 50\ 
88 lbs & 12.5 lbs 80\ 
862 lbs .  

10.6 lbs .  & 20 lbs. soi $31.24 & $69.00 = $100.24 
10.6 lbs & 1.5 lbs 80\ $31.24 & $64.38 = $95.62 
104.3 lbs. $2.4.98 

* Cost p.e.r pound �ml..ly is mw.ch less · wlffm �s �made of trucltload, carload, or tank car lots. 

** These herbicides should be applied. in enough water to make 40 gallons of solution per acre. 

Foot Mile 

$16.97 
$20.01 
$18.54 
$ 7.10 
$ 3.76 + $8.28 =$12.04 
$ 3.76 & 7.73 = $11.49 
$26.06 

*** These herbicides should be applied in water in a 111inimum of 100 gallons of solution per acre or 12.1 gallons per foot mile. 



WEED CONTROL AND ERADICATION 

ON 

OKLAHOMA HIGHWAYS 

by 

Wayne W. Huffine, Lester W. Reed, and Gary W. Roach 
Oklahoma Agricultural Experiment Station 

Oklahoma State University 
Stillwater, Oklahoma 

INTRODUCTION 

The highway program in Oklahoma requires modern, efficient 

methods of establishment and maintenance of desirable vegetation on 

the rights-of-way if it is to provide maximtmi services with a minimum 

of expenditure. Herbicides are being used successfully in most 

areas to minimize hand labor in the maintenance programs around 

guardrails and signposts, to reduce the frequency of mowing, and to 

improve the effectiveness and reduce the costs of weed control on 

grass-covered areas. Current maintenance programs in some states 
utilize herbicides for the control of broadleaved plants and weedy 

grasses, sometimes in combination with growth inhibitors . These 

modern programs commonly reduce maintenance costs while improving the 

stand of grass. 

A problem common to many states is the infestation of roadsides 

with johnsongrass (SorghUTP halepense L.). This plant, considered a 

noxious weed on most crop land, spreads by seeds and underground stems 

(rhizomes), and is detrimental to both the appearance of roadsides 

and the drivers' safety. To combat this problem highway maintenance 
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divisions frequently employ mechanical mowing of johnsongrass as a 

means of control. Mowing newly established lawns regularly with a 

lawn mower and at the usual low height of clip, will require one or 

more years to effectively reduce or eliminate johnsongrass from the 

area. Such a frequency of mowing applied to the vast highway system 

would make the cost for the control of johnsongrass prohibitive 

in most cases even with maximum effecti 1eness. 

Soil sterilization, or complete plant suppression, is currently 

employed in many highway maintenance programs for more effective and 

economical maintenance of guardrails and shoulders. The complete 

suppression of plant growth is used for the protection of highways 

where s e vere damage could result if plant growth in the aspha1t.1.c 

surface or shoulders were not controlled. 

MF.THODS OF WEED CONTROL 

Two methods are generally available for the control of weeds in 

grass·-i.�overed areas• these are mechanical or chemical. Both methods 

have been n�ed with success. The principal cbjecti ve here is to use 

the most satisfactory and economical method for weed control on the 

various highway areas. 

Successful weed control by mechanical methods generally is 

restricted to those weeds that perpetuate themselves by seed. W.ith 

careful timing of the rr.owing operations to coincide with the flowering 

periods of the many weeds, the repeated removal of the flowers� 

preventing seed production should ultimately eliminate the weeds 

from an area. Failure to remove all flowers however, enables the 

common roadside weeds to produce enough seed to perpetuate the 
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problem for many years. Weeds that reproduce vegetatively must be 

mowed frequently enough to prevent flowering, and the normal production 

and accumulation of foodstuffs to ultimately lead to starvation and 

death of the plant while preventing seed production for future 

infestation. A proposed mowing schedule for weed control on Oklahoma 

highways where me::hanical methods are deemed best is included in the 

appendix. 

The improper use of mechanical equipment for supposedly weed 

control purposes adds greatly to the maintenance costs of the highway 

system. The exposure of bare soil on slopes from the tearing action 

of the tractor, and the destruction of desirable grasses on the 

flats from frequent and low mowings, permits and encourages weed 

invasion and growth along the highway. Soil erosion is accelerated 

by these practices also. 

Weed control with chemicals has become a common practice in 

recent years. Generally this is the most satisfactory and economical 

method of weed control. These weed-killing chemicals, or herbicides 

are classified according to their effects on plants. Contact herbicides 

kill those plant parts that are covered with the chemical. They are 

effective against annual weeds but only burn off the tops of 

perennial plants. Herbicides such as 2,4-D that can be absorbed by 

either the roots or above-ground parts and moved throughout the plant 

system upsetting the plant's growth and metabolic processes are 

referred to as systemic herbicides, growth regulators, or translocated 

herbicides. Chemicals that prevents the growth of green plants when 

present in the soil are referred ·:o as soil sterilants. 
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WEED CONTROL AND ERADICATION 

The principal objectives of this part of the research proj ect 

were to find the most satisfactory and economical methods to control 

weeds on the Oklahoma highway system. To achieve these objectives 
several factors were ta be evaluated. The major items of concern 

involved chemical and mechanical means of weed control, and were 

to concentrate on: 

A. Chemical control of weeds, 

l. The evaluation of selective herbicides for weed control. 
2. The evaluation of non-selective herbicides for soil 

sterilization. 
3, The evaluation of chemical growth regulators as a 

substitute for mowing. 

B. Mechanical control of weeds. 

1. Determination of proper time to mow for weed control in 
each geographical area of the state. 

2. Determination of height and frequency of mowing required 
for weed control in various highway areas. 

FINDINGS AND CONCLUSIONS 

The research results in this report, even though involve.d with 

a common investigation, will be presented as three separate studies 

for the purpose of clarity and convenience. 

PART I 

BROADLEAF WEED AND ANNUAL GRASS CONTROL 

Mo:r•e than 15, 000 miles of state and federal highways and roads 

are presently maintained by the Oklahoma Department of Highways. 

Mowing represents one of the major maintenance costs annually for 

this highway system, In the five-year period 1960-1964 an average of 
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2L�4 ,608 acres were mowed annually at an average cost of more than 

$843,000.00 per year. The loss of life in mowing accidents each 

year is of even greater importance. 

The availability of herbicides that are effective in the selective 

control of many plants, offers possibilities for their successful and 

economical use in the maintenance of Oklahoma's highways. The use 

of chemicals for weed control in combination with an effective fertil

ization program {see Part I, "Causes and Control of Soil Erosion on 

Oklahoma Highways," and Part II of this research report, "Maintenance 

of Vegetative Ground Covers on Oklahoma Highways") would enhance 

soil stabilizatfon fo!' ernsion control and beautification while 

substantially !'educing costs of highway maintenance. 

With tourism being encouraged in Oklahoma, all aspects of our 

highway sy stem must be considered if the program is to be successful. 

As our state and federal roads and highways are increasingly used, the 

rest areas and roadside parks will be visited more frequently. 

Roadsides also be utilized to a greater extent either from 

intent:i.onal rest stops or for emergency purposes. 

Weeds which are to be found on the highway rights-of-way generally 

detract fr•om the overall beauty of the area, or may inflict physical 

pain if brought into contact with a person. One such plant of this 

nature is the sandbur (Cenchrus ;e_audflorus Benth.} which produces 

numerous spiny burs that virtually renders an area unusable by man 

or animal. 

In 1966 the first of several experiments was initiated to 

evaluate pre-emergence and post-emergence herbicides and their combina

tions for the selective control of sandburs on the roadside in 
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Sand.burs (white marks in top photo ) that infest roadsides and 

res t  areas can be effectively controlle d (bottom photo ) with 

selective herbicides that permits the erosion resistant bermudagrass 

to take over . 
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Broadleaf weeds and annual grasses (top photo) can be effectively 

controlled on the highway system (bottom photo) with selective 

herbicides that permits the erosion resistant grasses to thrive 

and reduces the total cos ts of maintenance . 
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l 
bermudagrass turf . The re s ults of the s e herbicide evaluat ions for 

the select i ve control of sandburs in bermudagras s turf are shown in 

Figures l through 5 .  

The post-emergence herbi cides were signifi cantly more e ffective 

than the pre-emergence materials tested , or a combination of the two 

for san dbur control as shown in Figure 5 .  The organic arsonates , 

P�A ( ammonium methanearsonat e ) at 3 . 8  pounds active ingre dient 

( a . i . ) /acre showe d complete sandbur control with MSMA ( monosodium 

aci d  methanearsonate ) at 2 . 0  lbs . , DSMA ( disodium methanearsonat e )  

at 2 . 5  lbs . , and CMA ( calcium acid methy l  arsonat e ) at 3 . 7 lbs . 

a . i . /acre equally as effe ct i ve . 

Only t he po s t - emerg enc e  herbi cides from the initial investigat ion 

were evaluated in s ubsequent studies along with two other post-

emerg ence mat erials , another organi c  arsenate DSMA ( di sodium 

m ethanearsonate ) at 2 . 5  lbs ., an d Monex ( M SMA plus Di uron [ 3 ( 3 , 4--
dichlorophenyl ) - 1 , 1  dimethylurea ]  at 1 . 2 lbs . a . i . / acre . The post-

emergence herbi ci de s  use d in 1 966 and 1 9 6 7  were all sat i s factory in 

the contro l  of s an dburs in berrnudagras s turf with only slight 

di fferences indicat e d  between material s or rates .  

An experiment was init iat ed in 1 9 6 6  to evaluate s everal pre-

emergence and post-emergence herbi cides for the control of broadleaf 

weeds and annual gra s s e s  in ce .1tral Oklahoma at the intersect ion o f  

1 Roach , Gary W .  1 9 6 8 . Herbicide Evaluat ion for the Selective Control 

of Sandbur in Bermudagras s  Turf . Unpubli s hed M . S . The s i s . Oklahoma 

State Univers ity . 



310 

305 

300 

� 
z 
<i:: 

� 35 

� 
� 30 
z 
<: 
U) 

� 25 
H 
..:I 

'""' 
0 20 
.,,, 

� 
� 

� 15 

10 

5 

I � 1� I� I� I� ,�I nm sm mn llJ lllJ I� 
O At!A MSliA t·)ONEX fu . DSMA CHECK AiiA CViA i�SMA DSHA MONEX CHECK 

3.5 2.0 1.2 3.7 2.5 3.8 3.7 2.0 2.5 1.2 
Lbs. Active Ingredient/Acre Lbs. Active Ingredient/Acre 

SH-152 B!i; miles west of Binger July 12, 1967 SH-152 8 miles west of Binger July 25, 1967 

Figure 1. The effect of various post-emergence herbicides on the control of sandbur in established 

berrnudagrass on SH-152 shoulders west of Binger, Oklahoma. 

ID 



191 185 
Cl) 
f-t -
z 
< 
...J 30 Q. 

0:: 
::> 
1%:1 
Q 25 
� 
Cl) 

� 
� 20 
...J 

""" 
0 

Ck:: 15 
t..:l 
O'.l 
::c 
::> 
z 10 

5 

0 
DSMA 

2.5 
AMA 
3.8 

CMA 
3.7 

MSMA 
2.0 

Mon ex 
1.2 

Pounds of active ingredient/acre 

Check 

Figure 2. The effect of various post-emergence 1-;erLicides applied June 15, 1967 
and retreated July 10, 1967, on the control of sandbur in established 
bermudaerass on SH-33 shoulders 3.5 miles west of US-177 near Perkins, 

Oklahoma, on July 24, 1967. 
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US- 1 7 7  and US- 6 2  we st of Meeker . The re s ult s of thi s inve s t igat ion 

are shown in Figures 6 , 7 ,  and 8 .  The pre - emergence herb i c i de s  

Tor don ( p i cloram ) , Tritac-D ,  Diuron , Fenac , and Sima z ine applied in 

March 1 9 6 6 , and the post-emergence material Banvel-D ( dicamba ) applied 

two months later in May pro duce d more than 7 5 %  control o f  all broadleaf 

weeds when evaluat e d  several months later in mi d-August . The control 

of annual grass e s  was not as good as expected with a 72%  contro l  with 

Diuron at 3 lbs . ai/acre as the mos t effective treatment . 

A s imi lar experiment to the one described above was s tarted a 

year e arlier ( 196 5 ) on US- 2 7 0  near Shawnee . The obj e ct i ve s  o f  this 

experiment were to evaluate pre - emergence and pos t - emergence herbi cides 

for broadleaf weed and annual gras s control , and to mea s ure resi dual 

activity i f  any of the herbicides to determine the application frequency 

required for satisfactory weed control . Each experimental unit or 

plot was ent ire ly treat e d  with its re spe ctive herbicide in 1 9 6 5 , 

but in 1 9 6 6  only two-thirds o f  the orig inal area was treated making 

a total of two treatments for thi s  portion and in 1 9 6 7  one -third of 

the original treatment area was retreated mak ing a total of three 

suc ce s s i ve annual treatments on th is part . The re sults of these 

evaluations are shown in Figure s 9 through 2 1 .  The treatments were 

evaluated twice in each of the years 19 6 5  { two bars at the le ft for 

each entry ) , and 1 9 6 6  ( two center bars ) ,  but only once in 1 9 6 7  as 

indi cated by the one bar at the extreme right for each entry .  An 

arbitrary fig ure of 90% was established as the minimum for sat isfactory 

broadleaf wee d  an d annual gras s control. 

Atrazine at 3 lbs . a i / acre applied as a pre-emergen ce herbicide 

in early April as shown in Figure 9 ,  provi ded about 96%  control of 
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App ll cat16n Dat e s  

I April 12 , 1965 

May 17 , 1965 

� April 6 ,  1966 
�. Ju ly 2 8 ,  1966 I April 11 , 1967 

. 
July 17 , 1967 
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*Atrazine 3 . 0 lbs . ai/acre 

Figure 9. ' The e ffect of various herbicides and their res i dual activity on 
the control of broadlea f weeds and annua l grasses app lied p re 
emergen ce on April 1 2 , 196 5 ,  April 6 ,  1966 , and Apr i l  11 ,  196 7 , 
and the post -emergence treatments on May 1 7 , 196 5 ,  July 28 ,  1966 , 
and July 17 , 196 7 , on US- 2 70 j ust south of I-40 near Shawnee ,  
Oklahoma . 
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Application Date s  I I * 

** 
Pre- emergence April 12 , 1965 April 6 ,  1966 I Apvil 11 ,  1967 
Post-emergence May 17 , 1965  July 2 8 , 1966 J uly 17 , J.967 
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Figure 10 . The effect of various herb i cides and t h e i r  res i dual activity on the 
contrcl of broadleaf weeds and annual grasses applied pre ·· emergence 

on Apri l 12 , 196 5 , April 6 ,  J. 96 6 , and April 11 , 1967 , and the post

emergence treatment s on May 1 7 ,  1955 , July 2 8 , 1 9 6 6 , and July 1 7 , 
:L96 7 ,  o n  US- 2 70 j ust south of I - 4 0  near Shawnee ,  Oklah om a .  



Application Dates 

* Pre -emergence 

** Post-emergence 

Ill April 12 , 196 5 

ml May 17 , 1 9 6 5  
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Figure 11 . The e ffect of various herbi cides and their re s idual activity on the 
control of broadleaf weeds and annual gras s e s  applied pre-emergence 
on April 12 , 1 96 5 , April 6 ,  1966 , and April 11 , 196 7 , and the post 
emergence treatments on May 17 , 196 5 ,  July 2 8 ,  1966 , and J uly 17 , 1967 , 
on US- 270 j ust south of I - 4 0  neac Shawnee , Oklahoma . 
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Application Dates 
* Pre-emergence I April 12 .  "" � Ap•il • •  1966 �Ap�il 11 , 196' 

** Post-emergence May 11. 196 5  July 2s . 1966 July 17 , 1967 
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Figure 12 . The effect of various herb i c i des and their residual activity on the 
control of broadleaf weed$ a:1d annual grasses applied pre-emergence 
on April 12 , 1965 , April 6 ,  1966 , and April 11 , 1967 , and the post
emergence treatments on May 17 , 196 5 ,  July 2 8 ,  1966 1 and July 1 7 ,  
196 7 ,  on US-270 just south of I-qO near Shawnee , Oklahoma . 
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Application Dates 

* Pre-emergence 

** Post-emergence I April 12 , 196 5 
May 17 ,  1 9 6 5  

� April 6 ,  
�July 28 , 

1966 

1966 I April 11 ,  1967 
July 17 , 1967 
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Broadleaf Annual Grasses llroadleaf Ann ual Grasses 

1•fena c  l. 0 lb .  ail acre *Simazine 1 . 5  lb . a i /acre 

Fi gure 1 3 .  The effect of various herb i c i de s  and t h e i r  re s idual activity on 
the control o f  broadle af weede and annual gras s e s  applied pre
emergence on Apri l 12 , 1 96 5 ,  /,pril 6 ,  1966 , and April 1 1 , 1 9 6 7 , 
an d t h e  pos t - emergence tre atme·nts on May 17 , 196 5 , July 2 8 ,  1966 , 
and July 17 , 196 7 on US- 2 7 0  j u.st south of I - 40 near Shawnee ,  
Oklahama . 
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Application Dates 

* Pre-emergence 

** Post-emergen ce 

Broad!eaf 

April 12 , 1965 

May 17 , 1965 

Annual Grass e s  

**Diuron 3 . 0  lbs . ai/acre 

I April 6 ,  l 966 
July 28 , 1966 

Broadleaf 

I April 11 , 1967 
July 17,  1967 

Annual Gra s ses 

**Banvel-D 1 . 0  lbs . ai/acre 
Fig ure 14 , The e ffe ct of various herbi cides and their re s i dual activity on the 

control o f  br<>adleaf weeds and annual grasse s applied pre-emergence 
on Apri l 12 , 196 5 ,  Apri l 6 ,  1% 6 ,  and April 11 ,  196 7 , and the pos t 
emergen ce treatments o n  May 17 , 196 7 ,  J uly 2 8 ,  196 6 ,  and July 17 , 
1 9 6 7 ,  on US-270 j ust s outh of I-40 near Shawnee , Oklahoma . 



Application Dates I April 12 , 1965 
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Figure 1 5 .  The effect of various herbicides and their residual activity on the 
contro l of broadleaf weeds and annual grasses applied pre-emergence 

on April 12 , 196 5 , April 6 ,  1966 :, and April 11 , 196 7 ,  and the post
emergence t reatments on May 17 , 1965 , July 28,  1966 , and July 17 , 
196 7 ,  on US-270 j ust south of I-40 near Shawnee , Oklahoma . 
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Appli cat ion Dates 

I A. pril 12 , 1965 

May 1 7 , 1965 
"' Pre-emergence 

"'"' Post-emergence I April 6 ,  1966 
July 2 9 ,  1966 

Apr il 11 ,  1967 

,J uly 1 7 , 196 7 
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Broad lea f Annual G1'asses Broadleaf Annual Grasses 

*Tritac 2 . 0  lbs . ai /acre *Trifluralin 1 . 0  lbs . · ai /acre 

figure 1 6 .  The e ffect of various herbicidos and their  res i dual activity on the 
control of broadleaf weeds and annual grasses applied pre -emergence 
on April 12 , 1965 , April 6 ,  1%6 , and April 11 , 1 9 6 7 , and the post
emergence treatments on May 1 7 , 1 9 6 5 , July 2 8 ,  1966 , and July 17 . 
196 7 ,  on US- 2 70 j us t  south of 1-40 n e at' Shawnee , Oklahoma . 



Application Date s  

I � April 6 ,  

� July 2 8 ,  I April 11 ,  1967 
J uly 17 , 1967 
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April 1 2 , 1 9 6 5  

May 1 7 ,  1 9 6 5  
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Figure 1 7 .  The e ffect of various herbicides and their residual activity on 
the control of broadleaf weeds and annual gr>as s e s  applied pre
emergence o n  April 1 2 , 196 5 ,  Apri l 6 ,  19 66 , and April 11 , 196 7 ,  
and the pos t -emergence treatments on May 17 , 196 5 ,  July 2 6 ,  196 6 ,  
and July 17 , 1 96 7 ,  on US-270 just south of I-40 near Shawne e , 
Oklahoma 
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Application Dates 

I April 6 ,  

July 2 13 ,  IApril . 1 1 , 196 7  
July 1 7 ,  1967 
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** Post-emergen ce 

April 12 , 1 9 6 5  
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**Tritac-D 3 , 5 lbs . ai /acre ••*Tri.tac- D 2 .  O lbs .  ai/ acre 

Figure 1 8 .  The e ffe ct o f  various herbici des and the i r  resi dual activi ty on 
the control of broadleaf wee d s  an d annual gras s es applied pre 
emergence on April 12 , 196 5 ,  April 6 ,  1966 , and April 11 , 196 7 ,  
and the po.st-emergence treo:i.tments on May 1 7 , 198 5 J:  July 2 8 ., 1966 "' 
and July 17 , 196 7 ,  on us-::no j us t  south of I-40 n ear Shawnee , 
Oklahoma . 
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Application Dates 
* Pre-emergence 

,·,,� Pos t- .,mergence I April 12 , 1 96 5  
May 1 7 ,  1 96 5  I April 5 ,  

July 2 8 ,  
1966 
196 6 I April 11 ,  196 7 
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'"'Banvel- D 2 . 0  lbs . a i / acre •'d:At razine 1 .  5 lbs . a i /  acre 

fi gure 1 9 .  The e ffect o f  various he rbicid e,; and t he i. r  r•es i d ual act ivity on 
t h e  control of broad l e a f  weeds cmd ann ual g ra s s e s  app l i e d  p re 
emergence o n  Ap Pi l 1 2 , 196 5 ,  A :>ril  6 ,  1 96 6 , and April ll , 1 96 7 ,  
an d  the post-emergence treatme n t s  on i lay 1 7 , 1 9 6 5 , J uly 2 8 ,  1966 , 
and J uly 1 7 , 1 96 7 ,  on US - 2 7 0  j ct;:t s o ut h  of I - 40 near Shawn e e , 
Oklahoma . 
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Application Dates 

* Pre-emergen ce 

** Post-eme rgence I April J.2 , l.965 
May 1 7 ,  196 5  I April 6 ,  

JuJ.y 2 8 , 
1966 
1966 I April 1 1 ,  1967 

July 17 , 1967 
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B:roadleaf Annual Grasses Broadleaf Annual Grasses 

.** Antrazin e  .. 3 ._0 _ lbs . a i / acre Check 
Figure 20 . The effect of various herbi cides and their res i dual activity on 

the control of broadleaf wee d s  and annual grasses app li e d  pre
emergence on April 12 , 196 5 ,  April 6 ,  1966 and April 11 , 196 7 , 
and t:he pos t-emergence trea-tments on May 17 , l. 96 5 ,  July 2 9 ,  1966 "' 
and JuJ.y 17 , 196 7 ,  on US-2 7 0  j us t  south of I -40 near Shawnee ,  

Oklahoma.  
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Figure 21 . The e ffe ct of various herbicides and the ir residual activity on the 
control of broadleaf wee ds and annual grasses applied pre-emergence on April 12 , 1 96 5 , April 6 ,  1966 , and April 11 , 1 96 7 ,  and the pos t
emergence t re atment s  o n  May 1 7 ,  196 5 , July 2 8 ,  196 6 ,  and July 17 , 
1 96 7 ,  on US-270 j us t  south of I-40 near Shawnee , Oklahoma . 
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all broadleaf weeds and 9 7% control the annual grasses  as shown 

by the bar graph at the left for each plant group when f i:i:st e valuated 

in May 1 96 5 .  Some seven weeks later 92%  of the broadleaf plants and 

96% of the annual gras ses had been contro lled as shown by the second 

bar graph from the left each plant group . One year later this 

herbicide control.led 5 5% of the broadleaf weeds and 6 2 %  of the 

annual 

portion of 

experimental 

when uated on May 2 3 ,  1966  as shown by the lower 

center bar graph for each entry . That portion of the 

( twc1-thirds o.f the orig inal area ) that was reftreated 

about week s earlier provided control for 9 5 %  of the broadleaves 

and 88% o f  the annual gras ses  as shown by upper portion of the 

central two areas were aga:tn evaluated in 

August 1 96 6  that a:t"ea treated 16 months earlier showed 6 7 %  contro l 

of the weeds and 87% of the ann ual gras ses as shown by the 

lower port i.on of the bar graph from the right . The retreated 

portion of provi ded 9 3% control each for the broadleaf p lants 

and the annual grasses as shown in the upper portion of the se cond 

bar graph Er'om the 

s t  exhibited about 73% 

annual gras r.;es  as shown 

graph o The area. 

In 1 96 7  the area treated two years before 

we,ed contro l 61% o f  the 

the lower portion of the right-hand bar 

Anril of the two orevious vears s howed a 
� � J 

cont:::1ol of of the b:roadleaves and 8 3% of the annual grasses as 

depicted by the ion of bar on the right . 

Treatment in fo:r thre e consecutive year·s provided 9 396 control 

of the broadleaf weeds and 8 9 %  of the annual gras ses as shown by the 

upper o f  the t-hand. bar 
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The pre�emergence applicat ion of atrazine at 3 . 0 lbs . a . i . /acre 

generally is  adequate for the control of 90%  or more broadleaf weeds 

and annual grasses as indicate d by the s e  data . A poss ::i.bility exists 

of bui lding-up enough residual activity after 3 or mor·e annual treatments 

to permit treatments on alternate years or perhaps even less frequently . 

The full e valuation of the res i dual activity of these herbicides could 

not be achieved in the three years of this experiment . Picloram at 

the rate of 0 . 5 lbs . a . i . /acre wi ll provi de 90% or better control of 

the broadleaf weeds commonly found o n  the highway system as indi cate d 

by the s e  data . After three consecutive app licat ions of atrazine at 

1 . 5 lbs . a . i . /acre , s imazine at 3 . 0 lbs . , or diuron at 4 lbs . a control 

of 9 0% or more of the broadleaf weeds was at·tained j ust  as p ro duced 

by one applicat ion o f  atrazine at 3 . 0 lbs . a . i . /acre , or 0 , 5 lbs . , o f  

picloram . Two of the mos t e ffec t i ve herbic i des for the se lect i ve 

control o f  broadleaf p lants and weedy gras se s  that Sinkler
2 found in 

his prelim inary inves t igat i on , tritac and tritac�D were closely 

approaching the 90% le ve l  of broadleaf weed control after three annual 

app lications o f  2 . 0  lbs . a . i . /acre . The post - emergence applicat ion 

of those herbid. de s  at the rates evaluated in thi s experiment was 

general ly not satisfactory for the control o.f broadleaf wee ds or annual 

grass e s  on the highway system . 

The weeds found to be most common in e arly spring in the experiment 

on US- 270 near Shawnee in central Oklahoma we re h enbit ( Lamium 
amplexica ule ) ,  woolly plantain ( Planta�o purshii ) ,  and vetch (Vida_ spp . ) .  
The wee ds most commonly found in mid- s ummer at this location were 

2 sinkler , Max Dee , 1 9 6 6 . Herbi cide Evaluat ion for Weed Control on 

Oklahoma Highways . Unpublished M . S .  Thesis . Oklahoma Stat e  Univers ity . 



33 

p erenn ial ragweed (Ambrosia psilostachya ) ,  hap lopapp us ( Haplopappus 
ciliatus ) ,  lespedeza ( Lespedeza j aponica ) , buttonweed ( Diodi a ter�E) , 

conyza ( Conyza canadens i s ) , buffalo bur ( Solanum ros tra tum , annual 

Two that are common in appearance on the roads ides and 

medians of nume2'ous Oklahoma highways a re alfalfa ( Me�_icago sati va , 

and yellow sweetclover (Melilotus These important 

forage legumes are becoming weed problems for the 

Highway Department and se:i:ive to j frequent and costly mowing 

the highway 

for the 

we I"e .initiated to evaluate se veral 

control of alfalfa. and sweetc lover , 3 

One experiment was located on SH- 5 1  wes t  of 

central Oklahoma , the othe r was on SH- 81 s o  1th of Kingfisher . The 

materials found to be most effective in pre l iminary investigation 

for the cont:ro l of and sweetclover were 1 . 0 lb . a . i .  

o f  2 , '+-D er 2 , 4 , 5 -T , 7 . 5  lbs . of Fenac , or 0 . 7 5 lbs . of Banvel- D 

The herbicides found to be most e ffe ctive for the control of 

sandb ux's on the Oklahoma highway system are the post - emergence 

the o:rganic arsonat e s , AMA ( ammoni um  me than ears onate ) at 

3 ,  8 lbEL , MSMJ.\. (monosodium methanearsonate ) at 2 . 0  lbs . 

a ,  i .  , DSMA ( disodi um methane arsonate ) at 2 ,  5 lbs . a .  i .  I acre , and 

3 
Bhrommalee ,  Narong , 196 8 .  The Effect of Six Herbicides  on the Control 

of Alfalfa and Sweet clover' on Oklahoma Highways . Unpubli shed M .  S ,  

The sis . Oklahoma Stat e Univers ity . 
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CMA ( calcium ac i d  methy l  arsenate ) at 3 . 7 lbs . a . i . /acre . The s e  

herbi cides must b e  reapp lied at least once at a 7 to 2 0  day interval 

for the most e ffe ctive control . 

The pre - emergence app lication of atrazine at the rat e of 3 . 0 

lbs . a . i . /acre was found to be e ffective for the control of both 

broadle af weeds and annual g ras ses commonly found on Oklahoma highways . 

Broadle af wee ds were e ffective ly controlled also with the pre - emergence 

herbicides p i c loram ( Tordon ) at 0 . 5 lbs . a . i . / acre , and diuron at 3 . 0 

lbs . a . i . /acre . The post- emergence herbicide dicamba ( Banvel-D ) 
at 1 . 0 lbs . a . i . / acre , was effect i ve in the contro l  of broadleaf weeds 

in these  experiments . Diuron applied as a pre - emergence herb i c i de 

at the rate of 3 . 0 lbs . a . i . /acre was found to be e ffect i ve in the 

control o f  annual grass e s  o n  the highway system .  

Alfalfa and sweetclover were e ffectively controlled with the 

post-emergence app lications of 1 . 0 lb . a . i . /acre of 2 , 4-D or 2 , 4 , 5- T ,  

7 . 5 lbs , a . i . /acre o f  Fenac , or 0 . 7 5 lbs . a . i . /acre of dicamba 

( Banvel-D ) .  

PART II 

SO I L  STERILIZAT ION 

Soi l  steri li zation is  commonly us ed in s e veral state h ighway 

maint enance programs for more e fficient and economical maintenance 

o f  guardrails , s ignposts ,  and s houlders . In the se areas all � lant 

growth i s  suppressed for the safety of the motoring public , and the 

p re s e rvat i on of the highway through the protect ion of the asphaltic 

shoulders . The potent i al benefit s of these chemi cals are offset in 

s ome cases by the improper application of the mat erials , or by the 
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growth in asphaltic shoulders ( top photo ) and under 

can be effectively controlled with herbici des (bottom 
) that sterilize the soil. 
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downs lope movement from the p lace of applicat ion , killing all vegetation , 

thereby leaving the s o i l  exp o s e d  to eros ion and perhaps ultimate 

los s of the highway at that point . 

The p lant spe cies commonly found and oftentime s quite di fficult 

to control on Oklahoma highways are common bermudagras s ( Cynodon 
dactylon ) an d j ohn songras s ( Sorghum halepen s e ) .  These become 

troublesome on the highway shoulders particularly when the rhi zomes 

or s hoots break through the asphaltic surface and open a channel 

for water p enetration into the roadbed .  

Six experiment s  were con duct ed to evaluate various soil 

steri lants for the eliminat ion o f  all vegetation , espec ially 

berrnudagrass on highway shoulders and aro und guardrails . Thes e  

inve s t igat i ons were located generally through the central portion o f  

the state . One exp eriment was located near Chickasha on the sh oulder s 

of SH- 9 2 . Twelve chem i cals were app lie d  ini t ially in March 196 5 

and the p lots retreated in June 1966 at one-half the initial rate . 
The re s ults o f  thi s investigation are shown in Figure s  2 2  through 2 8 .  

Although the complete e valuation of these chemicals could not be made 

in the brief period of thi s  invest igat ion the re s ult s tend to indicat e 

the most e ffective materials for the s uppre s s ion of b ermudagra s s  are : 

bromacil at the rate of 2 4  lbs . a . i. / acre , TCA at 1 5 0  lbs . , urox at 

3 0 0  lbs . , Monobor- chlorate at 1740  lbs . , borocil at 327 lbs . , Borea 

T- 10 at 5 0 0  lbs . , and a comb 5 nat ion of 8 0  lbs . a .  i. /ac;:re of TCA and 

5 lbs . of bromacil. These data are generally in agreement with thos e  

obt ained by Sinkler
2 who found the mos t promis ing herbicides for s o i l  

steri li zation to be chlorea , Monobor - chlorate, ureabor , Borea T-10 , 

boroci l ,  prometone , and TCA . He also noted that lateral movement from 
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F i p; ure 2 8 .  The effect of va rious chemicals applied on March 26 , 19 6 5 , 
and retreated at on e-half rate June 17 , 1 9 6 6 , in the control 

of berr�udagra s s  on SH-92 shoulders near Chi ckasha , Ok lahoma . 
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the treated band occurred consistently with chlorea , Borea T-10 , 

monuron , bromaci l ,  urox , and ureabor. 

An evaluation of chemi cals for the complete s uppre s s ion of p lant 

growth un der guardra i ls was in itiated in June 1 9 6 4  on US- 2 7 0  near 

Wewoka. The re sults of the se eval uat i ons are shown in Figures 29 

through 36 . Litt le pre cipitat ion occurred at this locat ion in 1 9 6 4  

unt i l  August , after wh ich a total of 15 inches was recorded by the 

mi ddle of November2 • The se data although only pre liminary for the 

complete evaluat ion of these material s indicate thos e treatment s and 

rates that we re most effe ctive in the kill of bermudagrass also 

moved downs lope ki l ling an area larger than the originally inte.nded 

band of soil sterili zation with the exception of TCA at the rate of 

2 5 0  lbs . /acre . The chemi cals that seemed to be the most effect i ve 

were Borea T- 1 0  at 2 5 0 lbs . a . i . / acre , urox at 300 lbs . , mon uron 

at 5 2  lbs . , ureabor at 1200 , bromacil at 2 0  lbs . , boracil at 218 

lbs . , and a combination of 6 5  lbs . of TCA and 8 lbs . a . i . /acre of 

bromaci l .  

An experiment was initiated i n  June 1 9 6 4  t o  evaluate various 

chemicals as soil steri lants for the control of bermudagrass p rincipally 

on SH- 5 1  west of Sti llwater in no1 th-central Oklahoma . The re sults of 

these e valuations are shown in Figures 37 through 49 . Although 

the chemicals have not been fully evaluated the most effective 

mat erials as in dicated by the s e  data were : bromac i l  at 24 lbs . a . i . /acre , 

urox at 300 lbs . , prometone 40 lbs . , ureabor 1200 lbs . , chlorea 1 9 2 0  

lbs . , borocil 2 1 8  lbs . , the combinat ion of 80 lbs . TCA and 10 lbs . 

bromaci l ,  and TCA alone at 300 lbs . a . i . /acre . 
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Figure 2 9 . The e ffe ct of various chemicals applied June 29 , 1964 , on the control of bermudagrass around 
guardrails on US- 270 n e ar Wewoka , Oklahoma.  
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Figure '36 . The effect of various chemical.s applied June 2 9 ,  1964 , on the control of 
bermudagrass around guardrails on us.;.270 ne ar Wewoka , Oklahoma . 
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A s imi lar inves tigation to the one des cribed above was initiated 

in June 1964 on the shoulders of SH- 9 9  near Drumright . The results 

of these evaluat ions are shown in Figure s 50 through 54 . Although 

these chemicals were not fully evaluat ed the s e  data tend to indi cate 

e ven though e ffect ive in killing bermudagrass in the treated band , 

the herbi cides chlorea , borocil , and urox at all rates tested and the 

high rate of 1 740 lbs . a . i . /acre of Monobor-chlorate , monuron , Berea 

T-10 , bromac i l ,  ureabor , prometone , and the combination of bromacil 

and TCA would be arbi trarily considered unsatis factory for use on 

highway shoulders be caus e o f  the exces s i ve downslop e movement that 

created potential eros ion problems . In this experiment prometone at 

40 lbs . a . i . /acr•e , urox at 398 lbs . , monuron at 24 J..hs . ,  and a 

combinat ion of 1 2 . 3  lbs . a . i . /acre of bromac i l  and 98 . 7  lbs . of TCA 

all exhibited good plant suppre s sion two years after the initial 

app li cation . 

Another experiment was in.:'. t iated on SH-99 in J une 1 9 6 5 , this one 

near Wynona in north-central Oklahoma to evaluate several herbi cides 

for use as soi l steri lants on highway shoulders . A se cond app li cation 

of these materials at one -half the original rate was made in 1966 , 

one year later . The res ults o f  these evaluat i ons , although not 

comp lete are shown in Figures 5 5  through 65 . These data indicate 

the most e ffe ctive herbicides for the control of bermudagras s 

particularly in this area are TCA at 1 5 0  lbs . , urox at 300 lbs . , and 

bromacil at 24 lbs . a . i . /acre . The downslope movement of urox at this 

rate was cons i dered exces s i ve and would be undes irab le on s lopes 

such as thes e . 
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55 . The e ffect of various chem icals app lied on March 30 , 1 9 6 5 , 
and retreated at one -half r•ate June 15 , 1 9 6 6 , in the control 
of Bermudagrass on Sil-99 s h o ulders near Wynona ,  Ok lahoma . 
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In December of 196 5 an expe riment was initiated on US -177 about 

fi ve miles south of the int ersection with US - 6 6  west of Chan dler in 

central Oklahoma to evaluate several chem icals as soil steri lants on 

hig hway shoulders and their app licat ion in mi d-winter . The res ult s 

of these evaluations although not comp lete are shown in Figures 66 

through 71 . Th ese data indi cate the mos t effective herbi cides for 

the erad i cation of bermudagras s when applied near the first of the 

year are Urox HX at 16 lbs . a . i . / acre , bromacil at 24 lb s . , borocil 

at 327 lbs . , monuron at 64 lbs . , and ureabor at 800 lbs . The mos t  

downslope movement of chem i cals seemed t o  occur with Bere a T-10 , 

ureabor , bromac i l ,  boroci l ,  monuron , urc x , and prometone .  Sink ler
2 

reported chem ical movement downs lop e s imilar to that found in this 

experiment .  

The he:r•bi c i des found to be the most effective in the s upp re s s i on 

of plant growth especially bermudagras s on shoulders and under 

guardrails of the Ok lahoma highway system are bromacil at 24 lhs . 

a .  i .  /acre , bor·acil at 3 2 7  lbs . , TCA at 1 5 0  lbs . , Berea T-10 at 5 0 0  

lbs . , and a combinat i on o f  8 0  lbs . TCA and 1 0  lbs . broma c i l .  These 

chem icals and rates alone and in combination poss ibly will change with 

further evaluat ion . 
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PART I II 

JOHNSONGRASS CONTROL 
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The abundance of j ohnsongras s seems to increase each year along 

Oklahoma highways . When allowed to grow , the p lants may become so 

tall an d dense as to restrict the drivers ' view on curves , crossings , 

and intersection s .  In addition t o  the driving hazards that may be 

creat ed by j ohnsongrass , the plants detract from the general beauty 

of the area ,  and serve as a source of infestation into adj acent 

crop land of this noxious weed .  A substant i al portion of the mowing 

cos ts on Ok lahoma hiahways is expended for the intended control of 

j ohnsongras s .  Even though this could be accomplished eventually by 

frequent mowing at low he ight s , the expense would be prohibitive . 

The rhi zomes ordinarily become extens ive and repeatedly send new growth 

above ground for a long period even when the p lants are mowod. 

The nat ure of the rhi zomes ( under1round stem1 ) of j ohn1on1ra11 

is s uch as to make the p lant a per1i1tan t  perennial . It 1pread1 

both by seeds and rhi zome s .  The control of j ohnaonara11 with a herbicide 

would normally require either that the herbi cid• be translocated 

throughout the plan t sys tem , or that the soil be completely sterilize d.  

Although there are several soil sterilants which will kill the rhi zomes 

of j ohnsongrass , they also wi ll kill the desi�able erosion resistant 

bermudagrass commonly found growing in close association even though 

sparse . 

Two experiments were ini tiated in August 1963 to evaluate th�ee 

herbi cides for the selective control of j ohnsongrass on the Oklahoma 

highway system . The herbici des Monobor-chlorat e-D at the rates 

of 643  and 1089 lbs . a. i . /acre , dalapon at 10 an d 15 lb . rate s , 



Johnsong�ass ( top photo ) commonly found in s ome areas of the 

hi ghway sys tem can be effe ctively controlled with selective herbicides 

( bottom photo ) that permits the eros ion res istant bermudagrass to 

gx-w up and take over ( left center-lower photo ) .  
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and DSMA at 1 . 9  and 3 . 2 lbs . ai . / 1 0 0  gallons of water app l i e d  at a 

rate to comp let e ly wet the foli age were use d in the experiments on 

I- 3 5  south of SH- 5 1  near Mulhall , and on SH- 3 3  west of US- 1 7 7  

interse ct ion near Coyle , both in north central Ok lahoma . The se were 

retreated four t imes in 1964 as deemed n e cessary for the mos t e ffe ctive 

control . The chemicals and rat es us e d  in each expe riment are shown in 

Table I .  In 1 9 6 4  two addi tional experiments were init iate d .  One that 

was dis carded before eva luat ions could be made was locat e d  on SH- 18 

north of SH- 51 intersection near Pawnee in north central Ok lahoma . The 

other was located on US- 6 4  we st of Sand Springs in the northeast part 

of the state . One retreatment was made in the fall of 1 9 6 4  on the 

experiment locat e d  near Sand Springs . None was made on the expe riment 

locate d  near Pawnee .  

The res ults of the s e  pre liminary evaluations of herbi cides for the 

sele ctive control of j ohnsongras s are sh own in Tab les I I , I I I , and IV . 

These data as report e d  by Sinkler
2 

in di cate the most effe ctive control 

of j ohnsongrass was obt ained with treatments of Monobor- chlorat e ,  or 

Monobor-ch lorate- D .  All herbi cide treatments tended t o  cause a 

subs tantial reduction in j ohnsongrass stands at the end of the treatment 

period . Mowing did not con s i stently enhance or inhibit the effe ctivene s s  

of these herbi c i de s . 



TABLE I 

DATES OF HERB I C I DE APP L I CAT I ON AND SURFACTANTS USED IN 196 3 FOR THE CONTROL 

O F  JOHNSONGRAS S ALONG STATE HIGHWAY 3 3  AND INTERSTATE 35 

Application 
Date 

Aug . 22-2 5 , 19 6 3  

Aug. 26-2 8 , 19 6 3  
October 6 ,  1 9 6 3  

Herbicide 

Monobor- chlorate - D  
Dalapon 
DSMA 
Same herb i c i des 
Dalapon 
DSMA 

October 11 , 1 9 6 3  Same 
May 16 , 1964 Dalapon 

June 2 3 ,  1964 

Aug . 6 ,  1964 

August 8 , 19 6 4  
Sept . 16 , 1964 
Sept . 17,  1964 

DSMA 

DSMA 
Dalapon 

DSMA 
Dalapon 

Monobor-chlorate 
Same as SH- 3 3  
DSMA 
Dalapon 

Monobor-chlorate 

Sept . 2 2 ,  1964 DSMA 
October 17 , 1964 DSMA 

Dalapon 

Rate /Acre 
Lbs . A. I .  

643 & 1089/acre 
10 & 1 5 /acre 
1 . 9  & 3 . 2 / 1 0 0  gal . 
Same rates 
1/10 gal . 
1 .  9/ 100 gal . 
Same 
1/10 gal . 
1 .  9 /  100 gal . 

1 . 9  & 3 . 2 / 1 0 0  gal . 
10 & 15 /acre or 
spot treatment 

1 . 9  F. 3 . 2/100 gal . 
10 & 1 5 / acre or 
spot treatment 
Spot treatment 
Same as SH- 3 3  
1 . 9 & 3 . 2 / 100 gal . 
10 & 15 /acre 

214 & 42 8/acre 

1 . 9  & 3 . 2 / 100 gal . 
1 . 9  & 3 . 2 / 100 gal . 
1 & 2 / 10 gal . 

Surf act ant 

None 
Dow ' s Dynawet 
Dow ' s  Dynawet 
Same 
Dow ' s Dynawet 
Dow ' s Dyna wet 
Same 
Dow ' s  Dynawet 
Dow ' s Dyna wet 

Dow ' s  Dynri.wet 
Dow ' s  Dynawet 

Depes te r  Herbicide Sur f .  
Depester Herbicide Sur f .  

None 
Same as SH- 33 

Rate 

0 . 5% 
0 . 37% 
Same 
1% 
0 . 32% 
Same 
1% 
0 . 37% 

0 . 37% 
1% 

0 . 2% 
1% 

Dow ' s  Dynawet O . ?% 
Dow ' s  Dynawet ,except plots 1% 
1 ,  13 , & 2 4  with Depester 
Herbicide Surf. 
None 

Depester Herb icide Surf . 
Emuls i fying Agent A 
Emulsi fying Agent A 

0 . 2 % 
1% 
1% 

Experjment 

SH- 33 
SH- 3 3  
SH- 3 3  
I - 3 5  
I .., 3 5  
I - 35 
SH- 3 3  
SH- 3 3  
SH- 3 3  

I - 35 
I - 3 5  

SH- 33 
SH- 3 3  

·sH- 3 3  
I - 3 5 
I - 35 
I - 35 & SH- 3 3  

I - 3 5  & SH- 3 3  

SH- 3 3  
I - 3 5  & SH- 3 3  
I - 3 5  & SH- 3 3  
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TABLE II 

THE EFFECT OF THREE HERBICIDES ON THE RELATIVE STAND OF JOHNSONGRASS 

REPORTED IN PERCENT IN MOWED AND UNMOWED PLOTS FOLLOWING RETREAT-

MENTS IN 1964 ( TWO RETREATMENTS WITH DALAPON AND DSMA , AND 

ONE WITH CBM ) AS SCORED ON SEPTEMBER 18 , 1964 IN THE 

TEST ON I - 35 NEAR MULHALL ROAD . 

RETREATMENT RATE 
LBS . A .  I .  I ACRE RELATIVE DENSI TY 

HERBICIDE AUGUST 6 & 8, 1964 Mowed 

Check 100 

DSMA l . 9 lbs . /acre 75 

DSMA 3 . 2  lbs . /acre 92 

Dalapon 10 lbs . /acre 6 7  

Dalapon 15 lbs . /acre 67  

CBM Spot treatments 62 

CBM Spot treatments 25 

IN PERCENT** 
Unrnowed 

81 

5 8  

6 7  

50 

33  

6 9  

5 0  

**Treatment differences are significant at the one percent leve l of 
probability . 
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TABLE I I I  

THE EFFECT O F  THREE HERBICIDES O N  THE RELATIVE STAND OF JOHNS ONGRAS S 

REPORTED IN PERCENT IN MOWED AND UNMOWED PLOTS FOLLOWING RETREAT-

MENTS IN 1964 ( TWO RETREATMENTS WI TH DALAPON AND DSMA , AND ONE 

WI TH CBM ) AS SCORED ON SEPTEMBER 22 , 1964 IN THE TEST ON SH- 3 3  

NEAR COYLE . 

RETREATMENT RATE RELATIVE 
AUGUST 6 ,  1964 DENSITY IN PERCENT** 

HERB ICIDE LBS . A .  I .  I ACRE r:IO�ED ONPIOWED 

Check 2 0 *  43 

DSMA 1 . 9  lbs . / 100 gal . 2 2  30 

DSMA 3 . 2  lbs . / 100 gal . 13 33 

Dalapon 10 bls . /acre or spot 20 9 

Dalapon 15 lbs . / acre or spot 12 22 

CBM Spot treatment 10 1 

CBM Spot treatment 8 4 

* Only two p lots , one of whi ch was damaged in 196 3 .  

* *  The treatment difference s are sign ificant at the one percent level 
of probabi lity . 
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TABLE IV 

THE EFFECT OF FOUR HERBICIDES ON THE RELATIVE STAND OF JOHNSONGRASS 

REPORTED IN PERCENT IN MOWED AND UNMOWE D PLOTS ON OCTOBER 15 , 

196 4 ,  FOLLOWING ONE RETREATMENT WITH DALAPON , DSMA 

AND CHA ON OCTOBER 7 ,  196 4 ,  IN THE TES T ON US-6 4  

NEAR SAND SPRINGS . 

INI TIAL RATE RELATIVE DEN S I TY IN PERCENT 
HERBICIDE LBS . A .  I . /  ACRE MOWED UN MOWED 

Check 100 9 3  

DSMA 1 . 9 lbs /  100 gal . 108 6 

DSMA 3 . 2  lbs/10 0  gal . 8 8  7 

Dalapon 10 lbs/acre 4 2 

Dalapon 15 lbs/ acre 1 0 

CBM 6 4 3  lbs/acre 5 1 

CBM 1089 lbs/acre 3 0 

CHA 1 . 5 lbs /acre 100 10 

CBM 2 . 5  lbs/acre* 100 4 

* There are only two rep lications . 
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In June 1965 three additional experiments were initiated t o  further 

evaluate these and other chemicals for the selective control of j ohn-

songrass . One was located in central Oklahoma on US-177 near 

Meeker ,  another near Fort Gibson on SH- 80 in eastern Oklahoma , and 

one on US-64 near Alva in northwest Oklahoma . Two similar investiga-

tions were begun in August 19 65 , one in southeast Oklahoma near 

Ada on SH- 3 ,  and the other in south central Oklahoma on US- 2 70 

near Texoma . In June 1966 an experiment was initiated on SH- 51 

west of St illwater to evaluate combinations of Monobor-chlorate and 

bromacil as possible materials for selective , long-last ing control 

of j ohnsongrass while permitting the erosion-resistant bermudagras s 

to survive . The chemicals used and dates of app lication since 196 5 

at each location are shown in Table V .  

The results o f  these evaluations o f  chemicals for the selective 

control of j ohnsongrass indicate that many of the herbi cide treatments 

use d ,  such as DSMA , MSMA , dalapon , Monobor-chlorate ,  and the bromacil-

Monobor-chlorate combination produced significant control of 

j ohnsongrass ,  but when consi dered on the basis of toxicity to the 

bermudagrass , it was concluded from these data that the organic 

arsenate herbicides DSMA and MSMA are best suited for the selective 

control of j ohnsongrass on Oklahoma highways . The effectiveness of 

these materials is shown in Table VI . These materials caused only 

a brief yellowing of the bermudagrass that soon disappeared as new 

4 
growth was produced .  The herbicides DSMA plus 1% surfactant , 

app 1ied at the rate of 2 . 5  1bs a. i . /acre , or MSMA at 3 lbs . a . i . /acre , 

each applied two or three times per year , wi ll produce 90% or more 

4
Schneider , Rir�ard John . 196 8 . The Evaluation of Various Herbicides 
for the Selective Control of Johnsongras s ( Sorghwn halepense L . ) 
on Oklahoma Highways . Unpublished M . S .  Thesis . Oklahoma State Univer-
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TABLE V 

HERBICIDES AND RATES USED AT TEN LOCATIONS SINCE 1965 

Rates lbs . Years A;eElied 
Herbicide a . i .  Location,'r 1967 1966 1965 

Bromacil & MBC 
MBC 
DSMA 
Dalapon 
CMA 
Diuron 

Prometone 25E 
Dalapon & TCA 
Dalapon 
DSMA 
MSMA 
Bromacil 
Bromacil 
Diuron & 
Diuron & 

Bromacil 
Bromacil 
Bromacil 
Bromacil 
Bromacil 
Bromacil 
Bromacil 
Bromacil 
Bromacil 
Bromacil 

DSMA 
Dalapon 
MBC 

CMA 
DSMA 
Dalapon 
MBC 

& DSMA 
& MSMA 
DSMA 
MSMA 

& MBC 
& MBC 
& MBC 
& MBC 
& MBC 
& MBC 
& MBC 
& MBC 
& MBC 
& MBC 

12 & 960/A Alva 
500 & 1000/A Fort Gibson 
2 . 5  & 5 . 0 /A Meeker 
10 & 15/A 
1 . 5 & 2 . 5/A 
2 . 0  & 4 . 0/A 

40/A Ada 
12 . 5/A Texoma 
7 . 5/A 
2 . 5  & 5 . 0/A 
2 & 3/A 
3 & 5/A 
3 & 3/A 
3 & 5/A 
3 & 3/A 

0 & 2 5 0 /A Stillwater 
2 & 25 0/A 
4 & 250/A 
6 & 250 /A 
B & 250/A 
0 & 500/A 
2 & 500/A 
4 & 500/A 
6 & 500/A 
B & 500/A 

3 & 5/100 gal . Mulhall 
10 & 15/A Perkins 
1 . 5  & 2 . 5/100 sq . ft .  

1 . 5  & 2 . 5/A 
3 & 5/100 gal . 
10 & 15/A 
1. 5 & 2 . 5/ 100 sq . ft . 

Pawnee 
Sand Springs 

* 
* * 
* * 

* * 
* * 

* 

* 

* All herbicides in each group were applied at each location in the 
years shown . 

* 
* 
* 

* 
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TABLE VI 

THE PERCENT CONTROL OF JOHNSONGRASS PRODUCED BY THE TWO RATES OF DSMA 

FOR ONE OR MORE YEARS AT NINE LOCATIONS 

Mowed Un mowed 
Location Rate a . i .  196 7 1966 1965 196 7 1966 1965 

Ada 2 . 5 /A 92 6 5  
5 . 0/A 9 8  9 4  

Alva 2 . 5/A 70 78 82 86 
5 . 0/A 9 3  8 7  62 85 

Fort Gibson 2 . 5/A 9 3  6 8  8 9  9 9  9 0  79 
5 . 0/A 9 9  9 2  8 5  9 9  9 4  76 

Mulhall 3/100 gal . 5 5 56 16 63 
5 /100 gal . 5 2  78 36 7 3  

Meeker 2 . 5/A 95 9 7  9 3  8 8  9 8  77 
5 . 0/A 90 99 91 90 98 8 3  

Sand Springs 3/100 gal . 49 5 4  1 3  5 5  
5 /100 gal . 41 44 56 5 9  

Pawnee 2 . 5/A 82 88 8 8  8 6  
5 . 0/A 91 74 88 77 

Perkins 3/100 gal . 5 5  5 3  52 41 
5/100 gal . 64 81 5 3  70 

Texoma 2 . 5 /A 72 8 8  5 7  5 3  
5 . 0/A 93 93 89 81 
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control of the exi sting j ohnsongras s plants . The plants that appear 

the year or more after the area w� treated are primarily from seed 

and will require repeated app lications of the herbi cide as be fore for 

cont rol . Bermudagras s that was present even though sp arse under the 

j ohnsongras s cover and in adj acent areas began to flourish soon after 

the j ohnsongrass foliage had been remove d .  The most effective 

control of j ohnsongrass wi ll be obtained when the plants are treated ,  

when 1 2  t o  1 8  inches tall and active ly growing , and when the sun i s  

shining and the temperature i s  00° or higher . 
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APPENDIX 

Some Chemicals In clude d in the We ed Control Experiments 

Herbi cide 

Uro x 

Urox HX 

Urox-22 

Tordon 

Betasan 4E 

Betas an 

Banve l-D 

Ch lore a 

Prometone 

Dacthal 

Atrabor Sp 

Fenac 

TCA 

Simazine 

Atrazine 

Chemi cal , Form , and Concentration 

3- ( p- ch lorophenyl ) - l , l-dimethylure a trich loroacetate 

Bromacil ( 5 -b romo- 3 se c-butyl- 6-methyluraci l )  granular 4% 

( S ame as urox ) 
granular 22% 

4-amino- 3 , 5 , 6-tri chlorop i colinic acid 
liquid 2 lbs . per gallon 

S- ( O , O-diisopropyl phosphorodithioate ) of N- ( 2 -
mercaptoe thyl ) benzenesulfonamide 
liqui d 4 lbs . per gal lon 

( Same as Betasan 4E ) 
granular 

2-methoxy- 3 , 6-d; chloroben zoic ai cd 
liquid 4 lbs . per gallon 

Sodium chlorate 40% 
Sodium metaborate 5 1% 
Monuron 2 . 4% 
granular 9 3 . 4% 

2-meth oxy- 4 , 6-bis- ( i sopropylamino )- S- triazine 
liqui d 2 lbs . per gallon 

dimethyl 2 , 3 , 5 , 6 , -tetrachloroterephthalate 
wettable powder 75% 

atrazine 
granular 

2 , 3 , 6 -trichlorophenylace tic acid 
liquid 2 lbs . per gallon 

tri ch loroacetic aci d 
s oluble powder to be app li ed with water 
Tnhibited 91% 

2- chloro- 4 , 6-bis ( e thylamino ) - S-triazine 
wet table powder 80% 

2-chloro- 4-e thylamin o- 6-isopropylamin o-S-triazine 
wet table powder 80% 
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Monuron 

Diuron 

Dalapon 

Cas oron 

MSMA 

MBC 

Ureabor 

Borocil 

Borea T-10 

AMA 

DSMA 

2 , 4D 

2 , 4 , 5 T  

3- ( 4-chlorophenyl ) - l , l-dimethylurea 
wettable powder 80% 

3- ( 3 , 4-dichlorophenyl ) - l , l-dimethylurea 
wettable powder 80% 

2 , 2 -di chloropropionic acid 
wettable powder 85% 

2 , 6-di chlorobenzonitri le 
granular 

Monosodium acid methanearsonate 
liquid 2 lbs . per gallon 

Sodium metaborate 6 8\ 
Sodium chlorate 30\ 
( Boron trioxide 2 3\ )  

Disodium tetraborate pentahydrate 6 3 . 2% 
Disodium tetraborate decahydrate 30 . 0% 
( Boron trioxide 41 . 4% )  
Monuron 2% 

Disodium tetraborate pentahydrate 71 . 2% 
Disodium tet raborate pentahydrate 2 2 . 8% 
Bromacil 4 . 0 % 
granular 

Sodium metaborate 50% 
Monuron 8% 
granular 

Ammonium methanearsonate 
liqui d 1 . 4 lbs . per gallon 
Disodium methanearsonate 
Wettable powder 63% 

Dimethylamine salt of 2 , 4-dichloroaceti c acid 
liquid 4 lbs . per gallon 

Trie thylamine salt of 2 , 4 , 5-trichloroaceti c acid 
liquid 4 lbs . per gallon 
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PROPO SED 
MOWING SCHEDULE 

FOR 
MECHAN ICAL WEED CONTROL 
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The flowering dates for many common weeds along Oklahoma Highways 

are in the month� of May to September.  Weed control solely by mechanical 

means perhapP would be a questionable practice from the practical 

and e conomical standpoint , but when j udiciously used could compliment 

other weed control practices . It is suggested that 2 or 3 mowings 

a summer be used where wee d  control is to be done in part by mechanical 

means . 

Since the maj ority of the plants listed will flower in 2 or 

more of the months of June , July and August it is sugge sted that 

mowing of the highway rights-of-way be s cheduled for at least 2 and 

preferably all 3 months to clip off the flowers before seed can be 

produced .  This practi ce along wi th other maintenance operations such 

as periodic fertilization to stimulate growth of the desired grass 

and chem ical wee d  control should produce a more weed- free roadside 

area within a short period of time . It must be remembered that weeds 

are not the cause of poor turf but are the result o f ! ! All 

maintenance practices for good turf must be employed at the same time . 

MOWING ONCE IN EACH OF THE M ONTHS OF JUNE AND J ULY AND AUGUST IF 

POSSI BLE WILL PREVENT MOST SEED- SET AND IN TIME WILL LEAD TO A 

PRACTICALLY WEED-FREE ROADS I DE .  



PROPOSED MOWING SCHEDULE FOR THE CONTROL OF SOME WEEDS FOUND ON OKLAHOMA H IGHWAYS 

Common Names 
Scientific Names Durat ion April May 

Dog bane perenni al 
Apocymun cannabimum 

Stiff Goldenrod perennial 
Soli dago rigida 

Common Ragweed annual 
Ambrosia elatior 

G iant Ragweed annual 
Ambrosia trifida 

Ironweed perennial 
Vernonia baldwinii 

Tall Ironweed perenn ial 
Vernonia altissima 

Rough Buttonweed annual 
Diodia tere s  

Velvetleaf annual 
Abutilon theophrast; 

Flower-of-the- Hour annual 
Hibiscus triontun 

Russian ThistlP. annual 
Salsola kali 

Cocklebur 
Xanthitun pennsylvanicum annual 

Prickly Lettuce annual or 
Lactuca scarriola winter annual 

Woolly Plantain annual x x 
Plantago p urshii 

*The se correspond essentially with flowering dates 

How in� Dates* Method of 
June July August September Propagation 

x x x x Seeds , roots , 
or rhizomes 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x x x Seeds 

x Seeds 

Division 
Infested 

all 
.... 
0 
c.n 

all 

all 

all 

all 

all 

all 

all 

all 

3 , IJ , 5 , 6 , 7  

all 

all 

all 



Common Names Mowing Dates* Division 
Scientific Names Duration 7\p:riI Ray June Jw.y :A:ugust SepfemI5er Propagation Infested 

Horsenettle perennial x x x x x Seeds all 
Solanmi carolinense 

Prickly Pear perennial x x x Seeds & all 
Opmtia species Stems 

Fleabane or Daisy Fleabane annual or biennial 
� 

Eriget"OD strigosus winter annual x x x x Seeds all 

Buckhorn Plantain perennial x x x x x Seeds 8 
Plantago lanceolata 

Ground Cherry perennial x x x x Seeds all 
Pbsali..s Heterophylla 

Si�verleaf Nightshade perennial x x x x Seeds all 
Solanm elaeagnifolim 

Buffalo Bur annual x x x Seeds all 
Solanm ros'tra'tla 

Peppergrass annual or 
LepiclilD virginianUR winter annual x x x x Seeds all 

Vild Punpkin or Wild Gourd perennial x x x x x 4 , S , 6 , 7  
Cucurbita {Qetidissima 

Prickly Sida mmual x x x x x Seeds 1 ,2 , 3 , 4 , 8  
Sida Spinosa 

Carolina Cranesbill annual or x x Seeds all 
Geraniun carolinianum 

Evening Primrose perennial x x Seeds all 
Cenothera spp . .... 

0 
en 

Curlycup Gmweed biennial x x Seeds all 
Grindelia squarrosa 

Western Yarrow perennial x x x x Seeds & unde:r- all 
Achillea lanulosa ground root-

stocks 



Corranon Name Mowing Dates;'; Method of Division 
Scientific Name Durat ion April May J\llle July August September Propagation Infested 

Western Ragweed perennial x x x x Seeds all 
Ambrosia psi lostachya 

� 
0 

Snow-on-the-Motmtain annual x x x Seeds all ....:i 

Euphorbia marginata 

Blackeyed Susan perennial x x x x Seeds all 
Rudbeckia hi rt a 

Russ ian Knapweed perennial x x x Seeds & 5 ' '  
Centaurea repens Roots 

Curled Dock perennial x x x x Seeds all 
Rumex crispus 

Sand sunflnwer or Plains sunflower 
Helianthus petiolaris annual x x x x Seeds all 

Mare ' s  Tail or Horseweed annual x x x x Seeds all 
Erigeron canadens is 

Prickly Poppy annual x x x x x Seeds all 
Argemons intennedia 

Wild Blue Lettuce or 
Pere,nial Lettuce perennial x x x Seeds & 
Lac't\lca pulchella creeping roots 6 

Ruge! or Blackseed Plantago perennial x x x x Seeds 1 , 2 . 3 ,4 . 8 
Plantage rugelii 

Stinging Nettle perennial x x x x Seeds or \lllder- 1 , 2 , 3 , 4 , 8  
Vroica procera ground rootstock 

Rough Pigweed annual x x x x Seeds all 
Amaranthus retroflexus 

Lamb ' s Quarters annual x x x x x Seeds all 
Chenopodium album 

Bracted Plantain annual or x x x x Seeds 1 , 2 , 3 , 4 , 7 , 8 
Plantago aristata winter annual 



Common Name Mowing Dates* Method of Division 
Scientific Name Duration April May June July August September Propagation Infested 

M ullen biennial x x x x Seeds 1 & 8 
Ver bas cum thapsus 

Prairie Rose perennial x x x Seeds & under- 8 
Rosa suffulta ground roots 

Woolly Croton annual x x x Seeds all 
Croton capitatus 

Field Thistle or Tall Thistle perennial x x x x Seeds 1 , 2 , 4 , 5 , 6 
Cirsitun al tissimtun 

Kochia , Burning Bush 
or Mexican Firewee d  annual x x x x Seeds 5 , 6 , 4 , 8 
Kochia s coparis 

Salt Bush or Orache annual x x Seeds 4 , 5 , 6 
Atriples patula 

Spiny Pigweed annual x x x Seeds all 
Amaranthus spinosus 

Pennsylvania Smartweed annual x x x x Seeds all 
Polygonum pennsylvan i cum 

Wild Sunflower annual x x x x Seeds all 
Helianthus annus 

Freet Knotwee d  annual x x x x Seeds all 
Polygontun erectum 

Yellow Sweet Clover biennial x x x x Seed all 
Melilotus officinalis 

...... 
White Sweet Clover biennial x x x x Seed all 0 

co 

Melilotus alba 

Jerusalem Artichoke perennial x x Seeds , rhizomes 1 , 2 , 3 , 4 , 8 
Helianthus tuberosus & tuber 

Thoroughwort perennial x x Seeds 1 , 2 , 3 , 4 , 
Eupatoritun altissimum 7 , 8 






