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WEED CONTROL AND ERADICATION ON 
ROADSIDES 

A STUDY OF PRESENT PRACTICES AND THEIR PRACTICAL APPLICATION 

Reported by O. K. NORMANN, Assistant Highway Engineer, Division of Construction, Bureau of Public Roads 

A, UNCONTROLLED WEED GROWTH ON THE ROADSIDE. 

EED CONTROL and eradication on roadsides 
is an important function of State and local 
road maintenance organizations. One midwest- 

ern State highway department has spent an average of 
$639,286 per season or 18.8 percent of its total main- 
tenance expenditures during the past 3 years for elimi- 
nating and controlling undesirable weed growth along 
State highways. 

The increasing demand for broad, well-kept highways 
on ample rights-of-way has given increased importance 
to the problem of weed control and eradication. With- 
out adequate methods of eradicating or controlling 
weeds it is not possible to have roadside attractiveness 
developed to its full extent. Simplicity and neatness 
are among the first requirements in roadside treatment. 
A rank growth of tall weeds may partake of simplicity 
but such a growth continuously along the highway can 
never be neat. 

During the fall of 1935 a survey was begun by the 
Bureau of Public Roads to obtain data on the weed- 
control practices of each State highway department and 
other agencies. A compilation of such information 
should be useful to maintenance organizations in more 
effectively meeting the problems involved. 

Reports were received from maintenance engineers 
covering the procedure, cost, effectiveness, and extent 
of weed prevention and eradication methods in use by 
all State highway departments. Information was also 
obtained from leading authorities on weed control 
either through correspondence or review of their pub- 
lications. After a detailed study and analysis of all 
available material, this report, covering mowing, blad- 
ing, burning, tillage, planting of smother crops, and 
application of herbicides, was prepared. 
A road supervisor or patrolman directing operations 

to control or eradicate weeds should first observe and 
classify existing vegetation to determine the types to 
be considered weeds, as judged by their advantages and 
disadvantages. It is usually possible then to plan field 
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B, Pueastna APPEARANCE OF A ROADSIDE WHERE WEEDS ARE CONTROLLED. 

operations that will tend to discourage or eliminate 
objectionable types and leave unharmed or encourage 
preferred types of growth. 
By definition a weed is ‘‘any harmful or useless plant; 

a wild plant which hinders the growth of cultivated 
ones; anything useless or troublesome.’? Any plant 
that is or may become undesirable in its particular 
location, injurious to crops, or people, can be considered 
a weed. A plant that is very useful in one location may 
be harmful in another. In the United States poppies 
are not considered weeds, yet in France they have 

| become one of the worst weeds. 
Weeds on roadsides help to prevent erosion by water, 

wind, or traffic. Their usefulness in this respect may 
easily be overestimated unless other factors are con- 
sidered. Most weeds, particularly those on newly 
constructed roads, are annuals having a luxurious top 
erowth during the late spring and summer months. 
Their root systems, however, do not afford the same 
protection as the more extensive root systems of peren- 
nials. From late fall to well into the spring months, 
the period of greatest erosion in most localities, root 
systems of annuals afford little protection. 

Recent studies by the United States Department of 
Agriculture have shown that for each climatic or soil 
condition there is a type of desirable vegetation that 
requires little or no encouragement to grow and that 
will prevent soil erosion equally as well as undesirable 
varieties do. The pioneering annual or early ruderal 
types of vegetation are usually most valuable as tem- 
porary forerunners of more permanent plants that are 
desirable as ground-cover protection. Weeds give way 
to more desirable vegetation on roadsides where proper 
maintenance methods are practiced. 

WEED CONTROL ESSENTIAL FOR WELL-KEPT ROADSIDES 

Every State highway department has the objective 
of keeping its roadsides free from trash and debris, 
neatly mowed, and of a generally pleasing appearance, 
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Extensive planting and landscaping cannot be done 
immediately on all the main highways but clean-up of 
debris and control of undesirable growth is a possibility 
on all main roads and on many secondary roads. The 
improved appearance of roadsides produced by weed 
control is sufficient to warrant the expenditures made 
and the highway officials need seek no further for justi- 
fication. However, there are a number of other 
benefits. 

Some of these benefits relate to the highway itself. 
Tall weeds may lessen the sight distance on curves and 
at intersections. Even low-growing weeds may hide 
culvert headwalls, guardrails, markers, and other ob- 
structions. Culverts and drains may become clogged 
with weed growth causing washouts or other damage. 

Weeds may cause drifting of snow, and in a few areas 
the drifting of soil, that blocks the highway. They 
may also cause desirable drifting that protects the road. 
In such cases a permanent planting of selected material 
is to be recommended in place of the weeds. 

Weed control on highways is of definite benefit to 
agriculture. Seeds from uncontrolled weeds on the 
roadside are continually carried to adjacent fields by 
wind, water, and birds. Passing automobiles carry 
them to distant points to infest new areas. Agricul- 
tural specialists and progressive farmers attach con- 
siderable importance to the control of weeds along fence 
rows and roadsides. Laws have been enacted in many 
States making highway officials responsible for destroy- 
ing weeds but these laws are seldom rigidly enforced. 
The spread of any kind of weed to farm fields is damag- 
ing and certain kinds of weeds have rendered valuable 
land almost worthless. 

Weeds such as wild lettuce, Russian thistle, dock, 
and wild mustard often harbor insects that invade field 
crops during certain seasons. The weeds shelter the 
insects during the winter months when they might 
otherwise be destroyed. 

The pollen from some weeds causes hay fever. Con- 
tact with poison ivy, and poison oak, often results in 
severe skin injury. 

Dry weeds are a fire hazard to adjacent fields, woods, 
and structures. The hazard is accentuated by the 
danger of burning cigarettes and cigars thrown from cars. 

That weed control is desirable is now generally ac- 
cepted among highway officials and some effort at 
control is made on practically all of our main highways. 
However, the effort is not always made at the right 
time or by the best methods. It is believed that 
wherever control is attempted, it should be made suffi- 
ciently effective to prevent reproduction of undesirable 
prop thus lessening the amount of future control 
work. 

In deciding upon the most effective or practical 
method of control it is necessary to consider the weed’s 
habits, habitat, and distribution. It is important to 
know the time and conditions under which seeds germi- 
nate; how much time is required to mature seeds; 
whether the plant dies at the end of 1 or 2 years, or 
lives several years; and whether it reproduces and 
spreads only by seeds or also by vegetative propaga- 
tion. Such information will often enable the super- 
visors and patrolmen to check or stop natural repro- 
duction of weeds. 

Weeds may be classified into four general groups as 
follows: 
1. Annuals.—Plants that complete their growth and 

die in 1 year. They depend upon seeds for reproduc- 

tion. Examples are puncture vine, ragweed, Russian 
thistle, and wild oats. 

2. Winter annuals.—Plants having seeds that germi- 
nate in the fall and complete their growth the following 
spring. Examples are chickweed and shepherd’s purse. 

3. Biennials—Plants that require 2 years to com- 
plete their growth, storing up food during the first year 
and completing growth and seeding the second year. 
Most biennials depend entirely upon seeds for propa- 
gation. Examples are bull thistle, burdock, and wild 
carrot. 

4. Perennials —Plants that live 3 or more years and 
reproduce from both seeds and roots. Examples are 
bindweed, Canada thistle, dock, oxeye daisy, and 
Johnson grass. 

SEVERAL METHODS USED. TO CONTROL AND ERADICATE WEEDS 

Annuals, winter annuals, and biennials can be effec- 
tively controlled and finally eradicated by preventing 
the formation of seed. Methods that will lull the roots 
must be used to eradicate perennials, but preventing 
the formation of seed will help confine them to a 
limited area. 

Methods for controlling weeds are mowing, burning, 
blading, dragging, steaming, hand pulling, hoeing, 
smothering, and killing with herbicides. Each of these 
methods has certain advantages and disadvantages 
that must be considered before it is possible to deter- 
mine the most effective method to use under given 
conditions. Maintenance personnel must recognize 
fully the importance of all factors that influence the 
effectiveness of the various methods and must take ad- 
vantage of all favorable conditions to make the methods 
used as efficient as possible. 

Timely mowing is an effective method of controlling 
most annual weeds. By thus preventing seeds from 
maturing, their only means of propagation is destroyed. 
Mowing is the most practical method of discouraging 
objectionable weed growth and encouraging desirable 
permanent types of vegetation on roadsides and large 
areas where funds for weed eradication are very limited. 

Complete eradication of perennial weeds by mowing 
is difficult, and satisfactory results are obtained only 
by monthly cuttings during the growing season over a 
period of years. Mowing often enough to prevent the 
formation of seed will confine the perennial weeds to a 
limited area. 

Unless mowing is done at the proper time, it may 
actually spread the growth of weeds. Asa rule, it is 
best to mow when weeds have reached the bloom stage. 
All too frequently weeds are mowed when they are in 
seed and the plants are left on the ground to dry. The 
flowers of many plants are formed over a period of sev- 
eral weeks, and although the plant has the appearance 
of being in flower, it may have mature seeds or seeds 
developed far enough to mature. Early destruction is 
desirable if reseeding is to be prevented. It is impos- 
sible to specify the best date for the mowing of all weeds 
in all localities, as different species produce seeds at 
different seasons and the same species mature at differ- 
ent dates in various locations. For this reason, each 
highway patrolman or supervisor should be familiar 
with the weeds in his section and should know the 
proper time to cut or destroy the weeds of each variety 
to prevent seed formation. 
_ Mowing the roadsides one or more times each season 
1S & Common procedure and in many States this is all 
that is done to control weeds. The number of mowings 
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Overflow Caused by Weeds and Silt 
Blocking Ditch on Left Side of 
Roadway. 

Tumbleweeds Caught Along Fence 
Lines May Cause Snowdrifts Across 
the Roadway During Winter 
Months. 

Ditches Filled with Drift Sand and 
Soil Deposited Along Fences Where 
Tumbleweeds Were Allowed to 
Collect. 
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Wereps May Become a Menace To Trarric: A, By REDUCING 
THE EFFECTIVENESS OF GUARDRAIL; B, By CONCEALING 
MARKERS AND OBSTRUCTIONS OUTSIDE THE TRAVELED WAY; 
AND C, BY SHORTENING SiaHtT DisTaANcES AT CURVES. 

per season, the width covered, and the main purpose of 
the mowing operations vary greatly between States. 
The number of mowings varies from 1 to 8; the width 
varies from one swath on the shoulders to the entire 
right-of-way. 

The general practice by a majority of highway 
departments is to mow and remove weeds in the fall 
during the yearly clean-up of the entire right-of-way 
after the weeds have completed their growth. This 
clears the roadside of dead growth that might clog 
the ditches and culverts and cause formation of snow- 
drifts on the roadway during the winter and spring 
months, but helps very little in the control or perma- 
ment eradication of undesirable vegetation. 

In addition to mowing over the entire right-of-way 
in the fall, the majority of State highway departments 
also mow over the shoulders one or more times during 
the growing season. <A few mow over the entire right- 
of-way 2 or 38 times, the shoulders 4 to 8 times, and 

supplement these mowings by hand cutting of weed 
patches as needed to keep seeds from maturing. 

The equipment used for the mowing operation in- 
cludes truck- or tractor-drawn hay mowers, power 
mowers, ordinary horse-drawn farm mowers, and hand 
scythes. When mechanical mowers are used, weeds 
around headwalls, guard rails, fences, signs, highway 
markers, and other obstructions where the mechanical 
unit cannot be used are cut by laborers using scythes. 

The most effective type of mechanical mowing unit 
depends largely upon the width and roughness of the 
roadside to be cut over and the number of headwalls, 
highway markers, or other obstructions present. The 
type preferred by maintenance superintendents in a 
majority of States, especially when cutting over the 
entire right-of-way, is the common, horse-drawn farm 
mower. Two of the reasons for this preference as 
given by men in charge of maintenance operations 
on State highways are as follows: 

1. The units can be operated efficiently over com- 
paratively rough ground and close to obstructions, thus 
reducing to a minimum the amount of hand work 
required. 

2. Farm-owned mowers can be rented at reasonable 
rates, thus reducing the amount of State-owned equip- 
ment required and efficient operators experienced in 
maneuvering mowers in and out of ditches and over 
rough slopes can usually be hired from local farms. 

The horse-drawn farm mower costs less to operate 
and the consensus of opinion is that better work is 
done than with other types of mowing units. 

MECHANICAL MOWING CHEAPER THAN HAND MOWING 

Hourly rates for hired mowers, including two horses 
and the operator, varied from 60 cents to 1 dollar 
during 1935 in the States that furnished cost data for 
this operation. The resulting costs varied from $1.20 
to $2.43 for a round trip over 1 mile of highway or 
$0.99 to $2 per acre. One State hiring mowers on a 
mileage basis paid $1.30 per round trip over 1 mile on 
old roads and $1 on roads recently graded where the 
cutting was easier because of modern design. 
Mowers drawn by light trucks are very eflective 

on shoulders and other places where there are few 
obstructions. Some States, however, prefer to use two 
mowers drawn by a light tractor as they have found 
that truck gears require frequent replacing when the 
truck is used continuously at speeds of 4 or 5 miles 
per hour. One man is able to operate a tractor and 
mower unit while two are usually required with a 
truck unit. 
Numerous special types of self-propelled machines 

have been built by State forces for cutting roadside 
weeds. These include mowers attached to tractors 
with power take-offs and mowers attached at the 
side of a truck. Equipment manufacturers have also 
placed on the market several types of self-powered 
mowers especially designed for roadside work. 

All of the self-powered units and _ truck-drawn 
mowers have been tried by various State highway 
departments. Many have been discarded in favor of 
the horse-drawn mower. In sections where it is im- 
possible to obtain sufficient teams when desired, the 
power units have been developed to a point where 
they are considered very satisfactory. 
Hand mowing with labor at $0.40 per hour costs 

about $5 per acre. This is considerably higher than 
the cost of cutting with horse-drawn or engine-powered 
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A, Cutting WEEDS BY Hanp AROUND OBSTRUCTIONS AND ON 
Stores InaccEssisLE TO MecuanicaL Mowina Units. 
B, Curtine Patcues oF WrEps BrerorE THry Form SEep 
AND SPREAD TO ADJOINING FIELDS. : 

mowers. Some States prefer to use mechanical units 
on accessible sections first and then finish with hand 
scythes. Others precede mechanical mowing with 
hand cutting around all obstructions, trees, and 
desirable plants so that they will be in plain view of 
the operators of mechanical units. 

Recent designs for highway cross sections have 
features, intended primarily to improve roadside 
appearance, that greatly facilitate mowing. Flatter 
slopes and rounded shoulders, gutters, and ditches have 
made a greater portion of the rights-of-way accessible 
to mechanical mowers. 

Cooperation between maintenance personnel and 
landscape engineers is essential for economical roadside 
development. Volunteer growth that will develop 
into good shade or ornamental trees can be saved during 
the mowing operation if they are properly identified. 
Arranging roadside plantings so that weeds can be cut 
with a minimum of hand work will help materially in 
developing roadsides without increasing expenditures 
for grass and weed cutting. 

Some States prefer to mow roadside weeds frequently, 
the cuttings being left on the right-of-way. Where 
tumbleweeds are removed from shoulders primarily to 
prevent snow drifts, cutting to pieces with a disk harrow 
has been satisfactory. Leaving vegetation to decay 
increases the fertility of the soil and eliminates damage 
from burning, provided accidental burning does not 
occur. 

Weeds can be burned with a flame while they are 
green, as they stand after forming seeds, in piles after 
being cut, or after being sprayed with gasoline, oil, or 

A, tHE Horsrt-Drawn Farm Mower 1s Stitt tHe Mosr 
ComMonty Usep Mowine Unit on Roapsipres. B, Mower 
BEING PULLED By A Licut Truck. C, Tractor WitTH 
PowrR TAKE-OFF FOR OPERATING MOWER. 

other herbicides. Adequate control is assured if both 
plants and seeds are destroyed. The principal objec- 
tions to burning are the fire hazard, particularly in 
timbered and grain-raising country, and the hazard 
to traffic from blinding by smoke. 

Special care must be taken to see that adjoining 
property, fence posts, trees, etc., are protected, and 
provision must be made for warning traffic. 

There are two general types of burners for green 
vegetation—the oven burner and the extended burner. 
The oven burner confines the heat and flame in an oven 
which is mounted on wheels or on the side of a truck. 
The extended burner is equipped with one or more 
burners on extended arms which may be operated 
individually or collectively and are controlled by the 
operator. Single burners are manufactured that will 
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Duat Mowers PuLutep By TRACTOR. 

shoot a flame for several feet and can be carried and 
operated by one man. These have been found to be 
useful in burning small scattered patches of weeds. 

To be effective, burning should give the vegetation a 
thorough scorching. The great amount of heat re- 
quired makes burning impractical on large areas of 
green weeds over 6 inches high. 

Burning is a method of last resort applicable to 
roadsides on which weeds have been allowed to mature 
a crop of seeds. Dry weeds with attached seeds are 
best burned as they stand. Mowing before burning 
merely scatters the seeds and those on the surface of 
the soil are seldom exposed to a sufficiently high tem- 
perature to be destroyed. 

After mowing dense vegetation or weeds that are 
beyond the full-bloom stage, it is advisable to pile and 
remove them from the roadside to prevent clogging of 
drainage facilities and the ripening of seeds starting 
to mature. Burning the piles when dry is the cheapest 
method if it can be done without injuring desirable 
growth or causing unsightly scars along the right-of way. 

SPECIAL PRECAUTIONS NECESSARY WHEN ROADSIDE WEEDS 
ARE BURNED 

It is also possible to burn green weeds after spraying 
with oil or killing with certain herbicides. 

Present burning practice of the State highway depart- 
ments 1s extremely varied. Some departments, Indiana 
for example, allow no burning on the right-of-way 
because of the danger to traffic. The majority of the 
departments do allow burning on the right-of-way, 
especially when the growth is heavy, but issue detailed 
instructions to the patrolmen prescribing methods 
that must be followed to safeguard persons and 
property. 

Burning is accomplished in New Mexico and Nevada 
by a steel drag with a fire ball attached that is pulled 

along the shoulders and ditches by a truck. The fire 
ball sets the loosened weeds on fire as it moves along. 
Old tires are sometimes used as the kindling material. 
New Jersey permits burning only in the spring while 

the ground is still wet enough to protect the grass roots. 
Minnesota permits burning only on sandy areas, 
because of the danger of peat-bog fires, and only after 
May, so that nests of partridges and pheasants on the 
right-of-way will not be destroyed. 

Below are listed a few of the suggestions in regard to 
burning operations as given by State highway officials 
to patrolmen in States where burning is allowed: 

1. Unless there is a natural firebreak adjoining the 
right-of-way, burn only on the windward side of the 
highway so that the road surface will act as a firebreak. 
This necessitates exposing motorists to smoke and fumes. 

2. Make adequate provision for warning traffic to 
slow down and stay on the right side of the road while 
passing through smoky areas. 

3. Conduct the burning operation in such a manner 
as to avoid the formation of dense smoke. — ; 

4. Make adequate provision for protecting desirable 
vegetation from intense heat. 

5. Any burning with mobile equipment should be 
closely followed by fire-extinguishing equipment. This 
is best done by a patrol equipped with knapsack fire 
extinguishers or a tank truck with sufficient water hose 
to reach beyond the area being burned. 

6. In forest areas, cooperation between patrolmen 
and forest rangers is highly desirable. 

Only three States reported the cost of burning 
operations. These are listed below: 

California—Burning vegetation about 2 weeks after 
treating with oil costs $20 per mile for two 9-foot strips. 
New Mexico—One man at 40 cents per hour can 

burn tumbleweeds on both sides of one-half of a mile 
| of road in 1 day at a cost of $3.20. With a drag and 
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BuRNING WEEDS ALONG HIGHWAYS. 
OR COLLECTIVELY. 
DESIRABLE VEGETATION. 

truck costing $7 per day and two men to control the 
burning and each paid 40 cents per hour, the cost was 
$4 per acre. 
Idaho—The cost to pile weeds ready for burning 

was $5 per mile of road. 
The cost of using burners on 24,618 miles of single 

track by five railroads during 1934 averaged $4.47 per 
mile including all labor, materials, equipment, and 
overhead charges. 

Blading.—While scraping with a blade grader is 
considered to be an inexpensive means of destroying 

A, MecHANICAL WEED BURNER; THE INDIvIDUAL O1L BURNERS CAN BE OPERATED SINGLY 
B, WARNING TRAFFIC OF WEED-BURNING OPERATIONS, WHIcH ARE Hazarpous To BotH TRAFFIC AND 

numerous young weeds on the roadside, it serves only 
to spread the plants if done after seeds are formed. 
Any blading operation has the disadvantage of dis- 
turbing and loosening the soil to wind and water 
erosion so that the ultimate cost, considering damage 
done and discomfort caused by the dust, may well 
exceed the cost of more satisfactory methods. Blad- 
ing mixes the weeds and earth together so that the 
weeds cannot be burned satisfactorily. 
Many State highway departments prohibit the use 

of blades on ditches, shoulders, and slopes, as they 
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desire these areas to become covered with vegetation. 
Some States even haul in material to keep the shoulders 
smooth rather than use a blade. In the arid regions of 
such States as Arizona, New Mexico, and Nevada, and 
in places where firebreaks are desired, blading has ‘been 
used quite extensively to remove ‘weeds. Even in 
these sections there is an increasing tendency to mow 
the weeds and allow growth of vegetation in harmony 
with the surrounding country. Mowing allows the 
soil humus to be built up to support desirable vegeta- 
tion sooner than if blading is practiced. Removing 
weeds with a blade pulled by a truck or tractor costs 
about the same per cutting as by mowing but the 
seasonal cost is less as blading is not required so often. 

DRAGGING, HAND PULLING, AND SMOTHERING OF WEEDS USED TO 

A LIMITED EXTENT 

A number of improvised drags are used 
by Laake ay departments for clearing weeds from the 
right- of-w ay. In New Mexico frames of 4- by-4-inch 
timber 12 feet long and 7 feet wide faced with old 
erader blades extending three-fourths of an inch below 

Putting Dry Wereps on Aa Drsert Roap By MEANS OF A 
Wericutrep Wire Mersu. 

the timbers are used in the fall to gather tumbleweeds 
along shoulders. The drags are pulled by light trucks 
and are automatically dumped when full of weeds. One 
man with this equipment can cut and pile the weeds 
on both shoulders of a highway ready for burning over 
an average length of 15 miles of road per day. 

In South Dakota A-frames are used to clear weeds 
from the right-of-way, and in Wyoming cables or chains 
weighted with pieces of iron serve the same purpose 
Other States use harrows for cutting and piling the weeds. 

These methods tend to spread the seeds but are effec- 
tive in removing tall weeds which may cause snowdrifts, 
especially in the semiarid sections where the run-off from 
the surfaces causes an abnormal growth of weeds on the 
shoulders. Little damage is done to desirable eTasses. 

Steam.— Although a number of railroads have used 
steam in keeping down the weeds along their tracks, 
there is no record of similar practice on roadsides. The 
probable reason is that the railroads have equipment 
on hand that can readily be adapted to this purpose. 
Superheated steam does not actually destroy weeds 
and will not kill hardy or fibrous vegetation; it merely 
wilts the tops and keeps them down temporarily, The 
less hardy types are killed. A first application at 600 

to 900° F. during the early growing season while the 
vegetation is tender, followed by a second application 
3 or 4 weeks later has been found by the railroads to 
give the best results. Steam boxes 20 feet long are 
moved at 2% miles per hour where the growth is thick 
and at 4 miles per hour over areas with small weeds. 

The average cost per treatment including labor, 
materials, equipment, and overhead is reported as 
$10.93 per mile over 6,272 miles or approximately 1 
dollar per mile per foot of width. Four treatments per 
year are usually required. 

Hand pulling—Hand pulling, spudding, and hoeing, 
although very effective methods of weed eradication, 
are too costly to be used to any great extent on road- 
sides. Their use is confined to the control of special 
areas or to the supplementing of mechanical methods in 
spots not reached by the equipment. <A few scattered 
weeds that are very undesirable can be removed by 
hand with little work, whereas if allowed to mature 
they may thoroughly seed a larger area and make more 
trouble in the future. 

The best time to pull or hoe weeds is while the ground 
is moist and while they are in full bloom, as the roots 
are then the weakest. This is especially true for annuals 
and biennials that are largely exhausted. 

Smothering.—Smothering of undesirable vegetation 
can be done by covering with burlap, paper, or other 
material, to exclude the light or by planting or making 
conditions favorable for vegetation that will crowd out 
the objectionable plants by either root or top growth. 
The first of the two methods is impractical for large 
areas but has been used to a very limited extent on 
patches of poison ivy and other vines. 
Any grass, plant, vine, or shrub that has no undesir- 

able tendencies and is hardy enough to withstand or 
predominate over the weeds by Taking conditions 
unfavorable for them can be used as a smother crop. 
In cultivated fields, millet, Sudan grass, oats, corn, 
peas, and sorghum have been successfully used to re- 
duce the number of weeds prior to planting other crops. 
Native perennials or annuals that will reseed themselves 
are more desirable for smothering weeds on roadsides. 
Some State highway maintenance departments favor 
suitable low-growing ground covers like colorful wild 
flowers and dwarf grasses by raising the mower blade 
sufficiently to permit the low-maturing plants to reseed 
themselves naturally, without competition from high- 
growing, objectionable species like Johnson grass. 

Maintenance supervisors should not, however, per- 
mit attractive blooms or misleading names to prevent 
the early destruction of such weeds as the oxeye daisy, 
toad flax, Jimson weed, wild carrot, and flowering 
spurge if they are adjacent to cultivated fields. Com- 
mon misnomers of these weeds are white daisy, wild 
snapdragon, devil’s trumpet, Queen Anne’s lace, and 
baby’s breath, respectively. The Shasta daisy is bigger 
and showier and should be encouraged in place of the 
oxeye daisy, as it does not have the tendency to 
become harmful. 

VARIOUS CHEMICALS USED TO KILL WEEDS 

Many States cover steep slopes that are impossible 
or difficult to mow with appropriate woody, ground- 
cover vegetation like native vines, Japanese honey- 
suckle, wild grapes, dwarf flowering locust, low forms 
of sumac, and even dwarf varieties of cacti. In addi- 
tion to increasing the esthetic benefits, such plantings 
should have as their objective a reduction in mainte- 
nance expenditures. Garden shrubs placed on high 
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banks and struggling for existence against uncut weeds 
are not effective and should not be planted. 

The present knowledge of the use of chemicals for 
controlling weeds has been developed during the past 
45 years, though the most progress has been made 
during the last 10 years. Except for a few chemicals 
such as arsenical compounds, salt, or oil used to lal 
weeds along paths, driveways, and roads, the develop- 
ment of their use has been primarily for agricultural 
purposes. Many important facts concerning the use 
of chemicals for weed eradication and control that have 
been brought out in these developments should be 
known by highway maintenance departments. 
Numerous examples are available to show that the 

use of herbicides in the control of weeds along highways 
is both practicable and economical under certain condi- 
tions. In one political subdivision the use of chemicals 
on roadsides for 4 years has made it possible to reduce 
the expenditures for weed control to one-sixth the 
amount formerly spent when only cutting and mowing 
were practiced. Further reduction in cost is antici- 
pated by their continued use. Several of the larger 
railroads favor chemical treatment in preference to 
repeated mowing or cultural methods which are slow 
and difficult to effect. 
The following is a list of the most important herbi- 

cides: 

Formaldehyde.! 
Hydrochlorie acid.! 
Tron sulphate. 
Kerosene. 
Mercurie chloride.! 
Nitric acid. 
Sodium arsenite. 
Sodium chlorate. 
Sodium nitrate. 
Sulphuric acid. 

Ammonia compounds. 
Arsenic acid. 
Carbolie acid. 
Carbon bisulphide. 
Caustic soda. 
Common salt. 
Copper nitrate. 
Copper sulphate. 
Crude oils. 
Cyanide compounds. 

1 Use limited to experiments so far as is known. 

121624—37 2 , 

Chemicals suitable for killing weeds along highways 
must be effective, easily applied, and cheap enough to 
be more economical for the particular work than other 
methods. They may be grouped into three types: 

1. Chemicals that produce soil sterility for a period 
of several months. 

2. Chemicals that kill all vegetation but do not 
produce sterility of the soil for any appreciable time. 

3. Chemicals used in selective sprays to kill certain 
weeds without permanent injury to other vegetation 
growing among the weeds. 

Some chemicals may be used to make a solution that 
will fall in any one of these classes by properly con- 
trolling the concentration or the rate of application. 

The herbicides falling in group one may be used on 
the traveled way of highways, driveways, and walks, 
on patches of weeds, and sometimes on shoulders, along 
fences, under guardrails, and around culvert headwalls 
and route markers. Those of the second group are 
used chiefly on areas where it is desired to replace the 
present growth with more suitable vegetation. Chem- 
icals of the third group, now used chiefly in the treat- 
ment of grain fields, might possibly be used in the 
treatment of lawns and grass-covered roadsides. 

Table 1 lists the weeds killed, the chemicals used, the 
solutions or rates of application, and general informa- 
tion regarding effective experimental or practical appli- 
cations of herbicides by various State and Federal 
agencies, commercial firms, and individuals as reported 
in publications on chemical weed control. The bibli- 
ography at the end of this report shows the source of all 
information presented in table 1. 
Ammonium sulphate.—Although ammonium sulphate 

is one of the best chemicals for the control of weeds on 
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TABLE 1.—Summary of effective herbicidal applications 

Biblio- 

{As obtained by review of publications on chemical weed control] 

Rate of application 

1 Amount for dry regions. 
2 Gallons. 

| 

In moist climates use 42 pounds of copper sulphate per 100 gallons of water. 

graphical Authors’ classification of weeds Chemical OUNISO% CHGHaIG Siglo Remarks 
reference reported killed tion per 

number Per 100 | Per 1,000 1,000 
gallons square square 
of water feet feet 

Apply dry or in solution 8 to 5 times 2 weeks apart 
2 ea Dandelions in WewuSe.--e===-2sss—e===e == Ammonium sulphate-_-_- a oh: pe fenee oan pens or ae fall of sons cane 
Ro cee Lawn weeds. < . 2.222 se22e 122 2 oe ee ee oa See Oe eae ae ee ee ; 5. ays while the grass is dry. emical acts as 

fertilizer to eee grass. SN we & 
- ; ‘ : No toxic effect after 3 months when sulphur is added 

= = Peay utee ene SEC, ee Ammonium pec 200 ar 4.0 1" to the soil. Converted into ammonium sulphate, 

99__......| Canada thistle, poison ivy, quack grass, |_2-..d0.-...--e.oasnseee |e 14,)7 Bil eeawase est acclioe oie ene 1 
and sow thistle. = ; 

99. on22c.|) All vegetation 222226222 se ae os Copper sulphate- ----- 20- 30 0.28- .42 1.4 | Use spray in clear weather. 
ie aks Wild mustard and radish™— = 2s ae |= onan eee 125) Oe oe Se a eee Saturate plants. Used as selective spray for grains. 
Os eae ‘All but grass:and grainss2.) 2 see Tron sulphate- -.------ 200 a es ee oo ee ee Spray while plants are growing, on clear. bright day. 
5 eee Buttercup, chickweed, dandelion, heal |___..do_------------------- 150 5.0 3.3 | Useon warm, dry days. Injures clover but not grass. 

all. 
7 ol Dandelions: in lawns <= =2 sees een Oe ee ee 150-200 4.4- 5.8 2.9 4 Spray 4 or 5 times 1 month apart. 
or aoe a|e se a M0 wnce Peas A Ee |e dee eee 125 8.4 6.7 |) Apply 3 to 5 times 2 weeks apart in spring when grass 
Sp Sokeyrss Dandelions. es] ee ae ES ee ae ee mee me 150 4.5 3.0 is dry, on cloudy, damp days. Will not hurt lawn. 
BD... Sea Dandelions in lawnsss5.-2- 6 a= ee See 2s open ee eee 200 5.0 2.5 Mow lawn before applying. 
Wy fee eee Mioss in la witSiss--oee== ae eee eee Presto coc sasaseecsas 125 1.4 ital 
{iat Annual weedss. 20. 22-28 eh tee eee oe Arsenic acid_---.------ Scat eres ce nee eae ee : ; ; 
{0 eee ete eae ee Nee eh ig eS ee pentoxide *! aaa ase Fer 2 eee Decree to ee 
AS eee O8LY ClOSS So a2 Ske ao eee eas eee ne ---- FSCHIVO= so Sea ' * ray auring warm, ary weatner, 

nA All vegetation = 22 25 = - =e ee eee JA TSONIG Trioxide see sae = | eee 6.9 __.._..__..| Spray, adding 4 pounds soap per 100 gallons of solu- 
tion. 

24 Wild anorminetc ory eee eee neers ) sees eee A@ Ave ied ee _____.______| Roots killed best in fall. Spray during moist weather. 

BS as) Bin weed.<ae oe cee ee Papen rk es ; se 11.5 | Mix chemicals in quantities indicated. 

Stee | SATU DS ase tes ene Se are Arsenite esos LOS wgleees oe coe cee eee 2 to 4 gallons per shrub, depending on size. 
geen ee All weeds—average conditions___.-_------ Sodium arsenite____--- 10 1.4 13.8 | 2 or 3 appticanisns for perennials, 1 application for 

annuals, 
63: ees AN weeds—in dahon =. --2-- $2 Sen aes esas Oe es ees 33-1 452)| 1 45— 7.08 13.8 
e Arest esd @austicisodaass-s===—= 4 . 46 11.5 {rate vegetation should be mowed before spraying. 
22.------- OS ON OO White arsenic. _-__-__- 8 92 0 Mix chemicals in quantities indicated. 

a ee ‘AT weeds ola oe eee hoi Dear eae ue a \ IL ER Fd oh Mix chemicals in quantities indicated. 
: Canatic sede Ld Caustic soda and white arsenic are mixed in concen- 

{ Canada thistle, quack grass, and wild Whit WRU le ctovacieres Pa W ee ks lad ee trated solution and added to water with sulphuric 
36-------- mMoriing clory seat eee M a ee ania sete pare ae, Sek eae pie tS acid as needed. Apply as spray when plants are 

UPAUTIC Cla ~ ~~ ~———— BO a a ee ee dry and wilted but when air is moist. 
BO) eee awn, weeds... 2222-2 neces se eee ead iarsenatess2-. so es5| eee eee 5 OSL aoe Apply dry. Results are not certain. 

i ere ne. AIM GY DESL. 2a ce Ake see eee eee Carbon bisulphides see 225 | Semen se) eee es | eee Apply at roots. 
§7_ 0. S|, Perennials 22 ei ee eae ee ees Carbon: disulphidessess-- | Ree = eg ake reese ape a holes 2 feet apart. Make holes 12 to 18 

inches deep. 
Gee ad JA especially erassescs cos. =n it oe Ee ee eee Mee eee 206: 0'4 | 2 eee Kills seed. 
[eee Annual weeds and seeds__--_-----_------- Diesel oil 2 eee. |S eee 2030/9) | Ee eens , : 
61: Mee Roadside vegetation__--____-_-_______-___ dott ss. SOS Tee see ee OBE eee ee ee Used to provide firebreak in California. 
29: Seg AN veretationl: 225 2222s ase ee eee ee Petroleum Ouse see | eee 36 0-0... agent eee ‘ 
52.222 Annual weedsise esa os eee ee ee Sulphuric acid____-__- 25-84 .6- 1.2 1.4- 2.9 | Spray when atmosphere is dry. 
143 See M ost weeds._.2--_- = bees 2 eee Oe Ut See, 17284 ee eect SS i ane ee (Experiments in Arizona). 
14. fos ee UNCHULE ViIN0 J -t2 8. 8 Se Ie ey ee Cl) ee fy eae | es ees, al ec eg Do. 
ii eee ‘Wild mustard::- 225 =e es ee oe eee 84 2.5 3.0 yor use during Bonnie eee 
(ieee es Paes § Outed ahaa te ecko datas Seer ae | en O eee eee ere 125 2.6 271 or use during damp days. 
a0 eee eanada nae Sedna glory, poverty | Calcium Ce ats OP Ima-5| Se aee eee 11.029 ee ee. este aoe in ey ve 18.4 pounds per 1,000 

weed, quack grass, etc. . , gnesium chlorate. square feet in irrigated soil. 
302y ae Blue flowering lettuce, sow thistle, white |_._--do_..-__.--._...__.=__]._____.__-.- 22:0! fly Seeeeoer ae (Experiments in Idaho). Use 29.4 pounds per 1,000 

7 top. square feet in irrigated soil. 
cee eS Yellow toad flax--3:225 a6 sees SSS eed gee ee ee | eee La Sk eae oe (Experiments in Idaho). 
30__ Weaty SDULCO- 2522 fe a Se ae eee |e ees een ee re | LOTR (ee | te ae Do. 
ee ee @anada thistle. 329-2 eee) ee Potassium chlorate___-__- 04 wes) Se ere ae | ee ee 
ih one ga. Rd eee ee ee eee Re ee ees (Oe oe ee ie 7 ato” Dib | eae ee eee Apply dry in late fall. 
4, 5, 80;°|\Common perennials: sae eee oe ee Sodium chlorate__..__- 100; * L2Pecee Se. s eee Se 

9, 50, 
60, 63, 
and 67 10S & 

2 2 aoe Annuals and biennials_-_-__-_____- Sep w|i A002 ee eee 100 5.0 5.0 
5. ‘98 SEA porenn weeds 222422 2. 2222. | eee eee ASIN Ae ette ork Apply dry when tops are dead. 
ipa erenilals) cot Roe ote ts. Se eee heel yee eee 150 ees 5.0 
3 a and" |MostweedsieX 2222 223.2022 5822 O28 SR |Loss | ee 110 S| eases Use dry or in solution during cool weather. 

6. 
aie Most vegelation-<2 2-2-2) = eee eee doses eae eee 200 7.4 3.7 | One application only at blossom time. 
2 ge ee Most ees including bindweed and)" Sali dq iil seamen eenee 100 72} 2.3 | First application at plone time, rest after new 

perennials. growth starts, 2 or 3 applications necessary. 
S2uee S Epes Vereen orn sparse, leafy eee L505 5 2=oee ee wees Saturate | Spray when 4 to 5 inches high and repeat in a month’s 

spurge and St. n’s wort. time. 
eee Bermuds grass. 22 32-2 eae ee | ee |e AG) oe es Two applications necessary in Oklahoma. 
C2 Bindweed 1002150" Viens eee Saturate | Spray during flowering stage or late June and repeat 

in a month’s time. 
- * Heavy growth.____._......... 

i i 22 Bindweed| 5 ocitee sand eee Raines Sa aoe oe ae \apply on moist days. Soil not sterile long. 
es First t Re x oe ee e e . 68. Bindweed{ Second and third treatments. Bas $00 GY 23 2/3 |[8 treatments. First treatment before plants bloom. 

by Eos ange Bind Wee emer se nee ee anae eee dora es 100-300 CP eO) |e ee Soil conditions govern solution to be used. ’ 
40__ Bindweed{ Lei acl ontcatak fe ee hes a 4 3.4 ie - 3 treatments necessary when weeds are in full 

3 MCRUSE.| <2 (Oss caa an a} 2.3 oom. 

lees Bindweed/ First treatment.___-.___-_----|_.___do_.__.----. 2-222 100 4.6 4.6 ae treatment latter part of June when there is a 
; (Secon ditreatment a2: 2 e = 3|  ed one ees 100 2.3 Das heavy growth. Second treatment 6 weeks later.’ 

SU 23-7 e2s pe ce Canada thistle and quack |_.__.do__....._.._______ 100 11.0 11.0 | Experiments in irrigated sections of Idaho. 

* One-half teaspoon of sulphuric acid and 1 teaspoonful animal glue to each gallon makes solution more effective. Acid hastens diffusion through cuticle. Glue keeps 
solution in contact with the weeds longer, 
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TaBLE 1.—Summary of effective herbicidal applications—Continued 

Rate of application | 

Biblio- ; 
graphical Authors’ classification of weeds Chemi Pounds of chemical Gallons 
reference reported killed hemical - solu- Remarks 

ion per 
Bamtber Per 100 | Per1,000 | — 1,000 

gallons square square 
of water feet feet 

30s eee ae Blue flowering lettuce, leafy spurge, per- | Sodium chlorate_____--_- 100 18. 4 18.4 | (In Idaho). In irrigated sections use 22 pounds per 
ennial sow thistle, white top. 1,000 square feet. 

S0seee==e Canada thistle, morning glory, poverty = AOE ssa PGS aso eee 100 723 7.3 | (InIdaho). In irrigated sections use 14.7 pounds per 
weed, quack grass, and Russian knap- 1,000 square feet. 
weed. 

Pe aes DS TUS De eee eee eo pa eOO Leste seen see 1 25 = 1150 aie Bie eee ee eres eee epey young shoots in spring after cutting during 
winter. 

iif cea aes Canadanchishl Game ee eee ateaae see es ee 8 Glee a ed oe |e eee AO. Eee cece se ! 7 i : peri ‘sin N Re ; Ae es Bente thie Apply dry during fall. (Experiments in New York) 

UTS OAL IOI hee see ee eee ee eee dose LS Ok ale ee eee ee 
fs ee iy is eee ee eae nese (6 Oye aa Mo Fee 2 ae 250 ees ae SR 

Waa os anadathistlons 225 a6 aon t eset bate CBE = (GNOME ee eeee nee ae Seay |r cy Ba ae ee oe oe Apply dry in ls all. 
A eee Canada, thistle, European bindweed, |.-_..do.__-._..__________- SOO Rear |e oe Respeas A ee 

Johnson grass, quack grass, sow thistle. 
52e oe axe Chickweed, growing ivy, speedwell, and |_____ Nese Soest ea 9. 4 . 94 10.0 | Will not injure grass. Kills crabgrass seedlings. 

other broad-leaved, shallow rooted 
weeds. ; 

Sees. Chickweed, ground ivy, ironweed, oxeye |.-_--do_.___-.-----_------ 12.5 1. 25 10.0 | Apply during cool weather. Does not injure grass. 
daisy, speedwell, poison ivy. ’ 7 

62 CLOlG en TOU en eeaee eee re eee a een Ose aaee ee | 100m We casek esac alln Deuce ce : 
7 tee cae POUNSODE CT Ass een eee eer eee nere ree (| Ouse come en eS See ee oe OER) Nee _| 2 treatments required in Oklahoma. 
5 and 51 IGS Gs DUDE Cee mens ae eer ene ere (re 8 teeer meme cheno acon secs) | 8 ted, | Se _..-.| Apply dry in late fall. (Experiments in New York.) 
66sec ee ORG VeldaiS Veen sae see eae eee eee See Oe wee ees. OO) Weeen cee Sale A eee Ne ne to grass during July. (Experiments in 

io. 
62) ee POrenDial SOW, is tlCee senate ween ees par O02 eeececesae= <3  <100 Pesce s. s/o eae _| Spray thoroughly and repeat in a month. 
Wis eties Ss POISON Ayan oe oe eee me eee ss Se AO eee enet ane eee =| LOO wisn bvegese lee cae Soak soil; 2 or 3 treatments may be needed. 
Yas fee eae PO eee eee a ee aa ae nen eee 3.7 | 1 application usually sufficient. 
G2e5= ee SAG NO oe Ne er hae ee en eee =e coats plants; 1 spraying usually effects 100 percent 

Te 

ine oo eae Qa CKsOR ASS: See = ee sce Beane a acd Onset ee eee ee eee ooo = dee Meee eee Apply dry in fall. 
Oa TC O0e| Peel O seas eee ote ete eee sa tS (ce eee ae ee 100 11.0 9.1 | (Experiments in Washington and New Jersey.) 
(jee eo) Ones. pest tenn soe cee SSpuscere soae be ONO ase gece Et eS ee ES Al he Megile wayeet 2 applications necessary (experiments in Virginia.) 
66 and 67_| Quack grass and Canada thistle_..-__-___- SPEC Oh ee, ee ee eS 100 7.3 7.3 | Total of all treatments—17.7 to 18.4 pounds per 

; 1,000 square feet. 
(Vlora RUS WiGe Ce oe ee eee eee ee eee C(O ae ar ae ane oe at DOH 70 eal | eee eee Bee meee oe Spray just before coming into blossom. 
bie GLOS EDEN OLA Ne meee i ree ile ORO At ete as LS AD =i OA see eee ee |e eee ee 
Doe PAI VeSeUatLOMe ea eee eae a oe Sodium chloride §______- 300 3. 3-24. 0 1. 1-8.0 | 92 to 459 pounds per 1,000 square feet if applied dry. 

; Apply on hot dry days. Removes all growth for a 
season. 

Spies a eee Barberrybush, dandelions, poison ivy, |----- Ope eee BO Ml see eee! Nee es = ere Spray thoroughly. First application when leaves are 
and poison sumac. fullgrown. Second and third as new leaves appear. 

Grendel eS ia NCCC ae, eee es = en er eee ee |, 5 Oa a Sees Se soo meee iL OOOF Gea as= poe _| Almost permanent detrimental effect on soil. 
68 52 ee Se Gotaeeee = PSE oS OR A Se EE RS Gliish oe Lt fs os 2s eo ee eee Nesta we il|et = ee ees Very expensive. 
G32eee 2658 Most vegetation-..-_----- eee eee ae 9 6 a et eee goatee L000) Mee see 2 os 5 to 10 tons per acre on large areas. 
itp aes POISON Lviv Mee eee oe eens Sone eee. (0) ee eee S00 a) Aer ayes ae oe Soak soil. Repeat in 2 weeks if necessary. 
OO ees Se 0 eee ee eee as | Sodium caloridees ee Ld oases TOO ww SEs Sees Se n2 Place 44-inch thick on ground. 

4 Quantity for large plants. 

lawns, it is too expensive to be used to any great extent 
on roadsides. ‘Traffic circles, center islands, parkings, 
and landscaped areas where the grass is kept mowed 
short and a dense turf is desired may be benefited by 
the use of ammonium sulphate. It is not only harmful 
to dandelions and many other common lawn weeds 
but also acts as a fertilizer to the grass. However, 
repeated use tends to make an over-acid soil that may 
be detrimental to the grass. The lawn should be well 
watered not sooner than 24 hours and not later than 
48 hours after each treatment to prevent the grass from 
being burned. 
Ammonium thiocyanate—Ammonium thiocyanate, a 

byproduct of coke plants, acts on all vegetation very 
rapidly, but does not sterilize the soil for more than 
a few weeks. It is highly soluble, noninflammable, 
absorbs moisture from the air, and decomposes in a 
few weeks, liberating desirable fertilizers. These fea- 
tures, together with the fact that stock will not eat 
sprayed vegetation because of its repellent taste, make 
it a desirable herbicide for treating small areas of 
vegetation. Its cost—17 to 20 cents per pound during 
1935—prohibits its use on large areas. 

Copper sulphate-—Copper sulphate solution is some- 
times used as a selective spray for killing young weeds, 
especially those such as wild mustard and wild radish 
plants, in localities where iron sulphate and sulphuric 

Use 150 pounds per 100 gallons of water as a respray. 5 Common salt. 8 Rock salt. 

acid are not readily available. For best results, it 
should be used while the plants are still young and 
tender. It should be applied as a fine spray on clear 
days when there will be no rain for several hours. 

Iron sulphate-——Iron sulphate has much the same 
destructive effect on dandelions and broad-leafed lawn 
weeds as copper sulphate and is a little lower in price. 
Grasses and grains are very resistant to the spray, and 
although it slightly blackens them at first they will 
soon recover. 

Iron sulphate can be applied dry or in solution. A 
fine spray applied on humid days when rain is not 
likely to fall soon is most effective. Small patches can 
be sprayed with a sprinkling can or the chemical can 
be applied dry. If rain falls soon after spraying, the 

' chemical will be washed off before the weeds are 
damaged. When application is made in dry weather the 
solution will dry and the residue falls off of the leaves 
before they are affected. The first application should 
be made in early spring and the other three to six 
necessary applications at intervals of 10 days to 2 
weeks. Spraying should not be done in midsummer 
when the grass is inactive and the soil very dry. Lawns 
should be mowed 2 cr 3 days both before and after 
spraying. Undesirable stains are produced when the 
solution comes in contact with buildings, walks, or 
clothing. 
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A, FrreBREAK Strre FoRMED BY TREATING VEGETATION WITH 
Soprum CuLorate. B, APPEARANCE DuRING THE SUMMER 
or ArEA AROUND GUARDRAIL WHERE SODIUM CHLORATE WAS 
SPRAYED THE PREVIOUS FALL. 

SPECIAL CARE NECESSARY IN USE OF CHEMICALS THAT ARE 

POISONOUS TO MAN OR ANIMALS 

Arsenicals—Arsenicals have been used extensively 
as contact sprays for killing weeds along railroad tracks, 
highways, and, to some extent, in fields. Many com- 
merical weed-killing solutions contain sodium arsenite. 

The principal objection to arsenic and all its com- 
pounds is that they are very poisonous to both man and 
beast. When sprayed upon weeds they give them a 
brackish, sweet taste that is attractive to grazing 
animals. The greatest care must be exercised not to 
inhale the dust or fumes or to bring the hands near the 
face or mouth while using this chemical. Arsenicals 
should not be used near playgrounds or where they can 
be reached by children or animals. Utensils used in 
preparing them should always be thoroughly washed 
and should never be used for cooking purposes. Vege- 
tation deadened by arsenic compounds should be burned. 

A few years ago the use of arsenic sprays was replaced 
to a great extent by sodium chlorate solutions to 
eliminate the danger of poisoning livestock. Sodium 
chlorate solutions are several times as expensive as 
arsenic solutions and there is always the danger of fire. 
During the last year or two arsenicals have come back 
into more general use because of the development at 
the University of California of an acid arsenical solution 
and improved knowledge of its use. 

The method of preparing and applying the acid 
arsenical solution as given by L. W. Kephart, senior 
agronomist of the United States Department of Agri- 
culture, is becoming standard practice because of the low 
cost and the relatively high efficiency in killing very 
troublesome perennial weeds. This method is as follows: 

Stir the following solution until dissolved— 
White arsenic¢aan 2 Se eee 4 parts by weight. 
Caustic: sodas Sameee- ee- Soe = es 1 part by weight. 
Wailers ge Soe eee ee eee 2% parts by weight. 

When required for use add 1 part by weight of the solution to 100 
parts of water. After mixing thoroughly, add 5 parts by weight 
of a commercial grade of sulphuric acid slowly while stirring 
constantly. 

It is highly important that the plant be in proper 
condition to take the chemical into its tissues when the 
spray is used. This condition occurs when the plants 
are wilted after hot, dry weather, but when the atmos- 
phere is moist so that evaporation is not high. Under 
such conditions, a solution sprayed on the foliage is 
taken up by the leaf tissues and drawn downward into 
the stem by reason of the negative pressure within the 
plant cells. The acid in the solution makes the leaf 
surfaces more permeable. Broad-leafed weeds are 
affected to a greater extent than grasses. 

Storrs Coverrep With DerstRABLE VEGETATION MAKE THE 
ROADSIDES ATTRACTIVE AND RepucE MAINTENANCE Costs. 

In practice it has been found that the best kill is 
obtained when full-grown plants are sprayed towards 
night after a few hot, dry days. Several authorities 
recommend the addition of 3 or 4 pounds of soap to 
each 100 gallons of solution for waxy-coated folage 
where the spray has a tendency to collect in drops. 

While arsenic makes soil very toxic when applied in 
large quantities, as in the root-absorption method, the 
amount required for the leaf-absorption method is so 
small that no ill effects to the soil can be detected after 
several applications. It is the cheapest and most 
effective herbicide to use when permanent sterilization 
is desired on areas where there is no danger of poisoning 
people or livestock. 
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Applying Chemical Weed Killer. 

Truck equipped with U-Shaped 
Device for Spraying Around Posts 
and Under Rail. Weeds Behind 
Rail Are Being Sprayed Using 
a Pipe Attachment. 

APPLYING CHEMICALS TO KiLL WEEDS. 

Carbon bisulphide—The use of carbon bisulphide as 
an herbicide has been limited by the cost, especially the la- 
bor cost, and the danger of handling this inflammable and 
explosive chemical. The present method of application 
by making a large number of holes in the soil, pouring a 
small quantity of the chemical into each, and capping with 
earth is practical only for small areas of weeds when large 
regions of weed-free land are in danger of being invaded. 

Complete killing of perennial weeds, for which this 
chemical has been chiefly advocated, depends upon 
favorable conditions which as yet are not fully under- 
stood. The depth of the holes, the distance between 
them, the amount of liquid used, ‘and the porosity of the 
soil are variable factors that affect the results obtained. 
Dense soils do not allow the distribution of the liquid 
and gases that is necessary to kill the roots. 

CORROSIVE EFFECT OF CHEMICALS ON EQUIPMENT MUST BE 

CONSIDERED 

Sulphuric acid.—Sulphuric acid in dilute solutions has 
been used quite extensively as an herbicide in Europe, 
especially France, where its use has been most energeti- 

cally carried on for a number of years. Owing to the 
difficulties of handling this highly corrosive chemical 
which burns clothing and flesh, it has rarely been 
recommended in the United States although it is en- 
tirely safe if handled with reasonable care. 

Sulphuric acid is a very active and efficient herbicide 
as a spray for killing annual weeds. It is not effective 
on grasses or perennials with extensive root systems 
unless several applications are made. Other advantages 
of using sulphuric acid on roadsides are that it is not 
poisonous to animal life, does not injure the soil, and 
is one of the most inexpensive herbicides. 

Dilute solutions of sulphuric acid may be applied 
under all conditions of humidity, but best results have 
been obtained in a dry atmosphere and in hot weather. 
Dilute solutions are, therefore, very useful in the more 
arid regions where other sprays are not so effective. 
They do not dry up, and destroy weeds in a short time. 
Rain falling 2 or 3 hours after the sulphuric acid spray 
has been applied does not destroy its effectiveness. 

The necessary concentration of the solution depends 
not only on the species but also on the age and size of 
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the weeds and on the temperature. Usual practice is 
to spray the foliage with a 3 to 10 percent solution at 
the rate of 50 to 100 gallons per acre. The solution 
does not affect the germination of seeds and it is most 
effective when applied to young plants so as to kill 
them before they form seed. 

The use of sulphuric acid as an herbicide has been 
retarded largely by lack of sprayers that will resist 
corrosion. Standard types of spraying equipment are 
quickly damaged by sulphuric acid solutions. ‘The con- 
centrated acid will not attack steel but is very destruc- 
tive to rubber hose. Dilute solutions, on the other 
hand, will corrode steel and wrought iron but will not 
affect rubber. Standard spraying outfits may be 
readily converted into satisfactory equipment for apply- 
ing acid solution by injecting the concentrated acid 
contained in steel drums directly into the rubber spray 
line by means of asimple venturitube. Special injectors 
of suitable sizes similar to a venturi tube are obtainable 
from plumbing dealers. Recently, the venturi-tube 
method has been replaced to a large extent by the acid 
pump method. The latter does not require as high a 
pressure. 

The cost of sulphuric acid during 1935 was approxi- 
mately $1.40 per 100 pounds when bought in 100-gallon 
lots. Using a 10 percent solution or 6.05 gallons of 
concentrated acid per acre, the acid costs $1.50 per 
acre. The labor and equipment for spraying and the 
cost of hauling water are usually about $1.50 per acre, 
making the total cost around $3 per acre. This figure 
may be reduced or increased depending on the distance 
water must be hauled and the rate at which the solution 
is applied. 

Chlorates.—Chlorates of calcium, magnesium, potas- 
sium, and sodium have been used successfully as herbi- 
cides. At the present time sodium chlorate or com- 
mercial compounds or other mixtures containing sodium 
chlorate are probably the most widely used herbicides. 
Oils and chlorates are practically the only herbicides 
now being used by State maintenance departments on 
roadsides. Sodium chlorate is not a magic weed de- 
stroyer; it has its limitations. Like most herbicides, 
it affects all vegetation, so it cannot be used as a selec- 
tive spray except in rare instances when a thorough 
knowledge of the amount required to kill each type of 
vegetation is known. 

The chief objection to sodium chlorate is the fire 
hazard associated with its use. The chemical in itself 
is not dangerous, inflammable, or explosive, but a mix- 
ture of it with organic matter is even more dangerous 
than gasoline, since it can be ignited by friction, sparks, 
shock, or spontaneous combustion under favorable 
weather conditions. Solutions in containers or on 
clothing and vegetation are not inflammable while wet 
but, unfortunately, they dry rapidly, causing fire 
hazards. 

Experiments by Dr. W. H. Cook of the National 
Research Council, Ottawa, Canada, indicate that at 
relative humidities above 75 percent materials treated 
with sodium chlorate solutions are noninflammable 
because of the moisture content always present. The 
moisture content decreases rapidly at relative humidities 
slightly below 75 percent, making inflammable any 
treated organic material. , 

Experiments and practical applications have definitely 
shown that sodium chlorate solutions are not as effective 
in arid regions where humidity is low as in moist cli- 
mates. In arid regions the leaves do not have sufficient 

time to absorb the solution before it dries. A practical 
criterion to follow is that the solutions will not be effec- 
tive in killing weeds unless applied during periods when 
dew forms on the vegetation at night. 

RELATIVE HUMIDITY IMPORTANT CONSIDERATION WHEN SODIUM 

CHLORATE SOLUTIONS ARE USED 

One method of reducing the fire risk is to mix sodium 
chlorate solution with chemicals of high water-absorb- 
ing ability such as calcium chloride or with other non- 
oxidizing chemicals of good herbicidal power, the latter 
acting as a diluent and fire preventative when in con- 
tact with organic material. Calcium chloride and 
sodium carbonate are the two substances most com- 
monly used with sodium chlorate in commercial her- 
bicides. The chief function of the calcium salt is to 
reduce the fire hazard by absorbing moisture from the 
air although the claim is made that it improves the her- 
bicide by preventing the solution from drying on the 
leaves and blowing off. The reason for using sodium 
carbonate is not definitely known, but it may retard 
the spreading of flames by the evolution of carbon 
dioxide or increase the herbicidal power of the chlorate. 

Dr. W. H. Cook recommends the following herbicides 
as being safe at relative humidities of 40 percent and 
no more than doubtful hazards at 30 percent relative 
humidity. Proportions of all chemicals are on an 
anhydrous basis. 

1. One-half sodium chlorate plus one-half calcium 
chloride. 

2. Two-thirds sodium chlorate plus one-third mag- 
nesium chloride. 

3. Two-thirds barium chlorate plus one-third calcium 
chloride. 

4. Two-thirds barium chlorate plus one-third mag- 
nesium chloride. 

The toxicities of these four mixtures expressed as 
percentages of the toxicity of pure sodium chlorate as 
determined by the chlorate ion content of the hydrated 
material are 33.5, 48.3, 34.2, and 32.9 percent, respec- 
tively. To obtain solutions with the same herbicidal 
power that sodium chlorate alone has, the total amount 
of chemical per 100 gallons of solution must be approxi- 
mately doubled if the second combination is used and 
tripled when the others are used. 

Before attempting to use sodium chlorate solutions 
it is well to consider the relative humidity at the time 
and place that application is to be made. This will 
help to reduce both the fire hazard and chances of 
unfavorable results. 

Figure 1, prepared from data furnished by the United 
States Weather Bureau, illustrates the variation 
throughout the United States in the average minimum 
relative humidity during the month of July over a 
period of years. The chart may also be considered as 
being typical for the months of June through Septem- 
ber. More important than average relative humidity 
is the frequency with which the humidity falls below 
certain minimum values. Data were obtained by 
determining from Weather Bureau reports the number 
of days each month that the relative humidity fell below 
30 percent during the 4 months of June through Sep- 
tember for the years 1930, 1931, 1932, and 1933 at 34 
typical stations throughout the United States. These 
data are shown as circled figures on figure 1. 

There is no portion of the United States where the 
use of sodium chlorate would not constitute a fire haz- 
ard at the period of minimum relative humidity during 
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Figure 1.—AVERAGE RELATIVE Humipiry ror JuLy. CircLep Figures SHow THE AVERAGE NuMBER oF Days PER Montu 
al © nl 

THAT THE RELATIVE Humipiry WENT BEeLow 30 Percent Durina JuNzE, JuLY, AUGUST, AND SEPTEMBER FRom 1930 THROUGH 
1933. 

the majority of days from June through September. 
Even with a protecting agent that reduces the herbicide 
to a doubtful hazard at 30 percent relative humidity, 
it could not be considered safe if applied on roadsides 
in the western and midwestern States, as the relative 
humidity frequently falls below 30 percent. A chlorate 
herbicide safe at relative humidities below 30 percent 
requires such a large portion of protecting chemical 
that its use is impracticable owing to the cost and loss 
of herbicidal power. 

The absolute amount of moisture in the air or the 
vapor pressure usually varies only slightly in a given 
locality during any one day. The relative humidity 
varies almost inversely as the temperature—being 
highest at low temperatures and lowest at high tem- 
peratures. This is illustrated by figure 2, which shows 
the hourly changes of temperature and relative humidity 
in four cities located in various parts of the country. 

The temperature usually reaches a maximum for the 
day between 1 and 5 o’clock in the afternoon at most 
locations throughout the United States. This is there- 
fore the most hazardous time of the day to apply 
chlorate solutions. As a general rule, the relative 
humidity is also lowest on warm days. The preferable 
time to apply sodium chlorate solutions is therefore on 
cool, humid days. The same precautions should be 
taken with commercial herbicides containing sodium 
chlorate, as the majority produce distinct fire hazards at 
low relative humidities although manufacturers right- 
fully claim that the danger is greatly reduced. 

SODIUM CHLORATE CAN BE APPLIED DRY OR IN SOLUTION 

The following precautions should be taken by the 
operators using solutions of sodium chlorate: 

1. While spraying, use rubber boots. Clothes satu- 
pate with the solution should be well rinsed before they 
rye 
2. After using pails or other utensils, wash them out 

thoroughly before setting them away. 
3. Trucks, wagons, and other equipment being used 

should be washed off 2 or 3 times a day, particularly in 
warm weather. 

4. Do not smoke while handling chlorates. 
5. Warn the public as to the danger of walking 

through treated areas by placing “KEEP OFF”’ notices. 
After 2 or 3 rains have fallen most of the fire hazard will 
have been eliminated. 

Best results are usually obtained by application 
while the foliage is fully developed and the plants are 
still growing vigorously. Sprayed plants should not be 
burned or cut immediately after the solution has been 
applied. Burning destroys the chlorate and cutting 
prevents the roots from being poisoned. 

It is impossible to determine in advance just how 
much chlorate will be required. The amount varies 
with climate, soil fertility, root growth, and soil tex- 
ture. A fibrous rooted annual or biennial requires less 
chemical than a perennial with a deep, underground 
root stock. It is general practice to spray a solution 
containing 1 pound of sodium chlorate per gallon until 
the leaves are well covered. This requires from 100 to 
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200 gallons of solution per acre. High-pressure spray 
guns ejecting a fan-shaped, mist-like spray, are the 

preferable means of application although for small areas 
sprinkling cans may be used. 

The present tendency in the use of sodium chlorate 
is toward dry applications. Though most results 
indicate that sprays are somewhat more effective, they 
are always much more erratic than the dry applications. 
Applying pure sodium chlorate on the ground after 
removing the mowed weeds would be safe almost any- 
where. Besides eliminating the fire hazard, other 
advantages of this method are: (1) No spraying equip- 
ment is required; (2) it is not necessary to prepare a 
solution or transport large quantities of water; (3) the 
cost of application is reduced; and (4) only one appli- 
cation is usually required. The principal drawback to 
dry applications at present is the lack of good distribut- 
ing equipment for large areas. Chlorate either dry or 
as a spray has been ineffective on alkali soils. The 
character of the soil is an important consideration, 
especially for dry applications. Better results have 
been obtained on soils of medium texture than on sandy 
or heavy clay soils. 

The present cost of sodium chlorate varies from 6 to 
9 cents per pound. One railroad applied 21,850 pounds | 
at a total cost of 14.4 cents per pound, including mate- 
rial, labor, and equipment charges. 

Sodium chlorate or compounds containing this chem- 
ical have been tried for the eradication of weeds by only 
a few State maintenance departments. Most of the 
applications have been made as experiments during the 
last year or two so the results, although generally quite 
satisfactory, are not conclusive. Some maintenance 
departments have become discouraged and discontinued 
the use of this chemical. 

In a maintenance district in the State of Washing- 
ton sodium chlorate has been used for the past 2 years 
on weeds under and around guardrails with very good 
results. The cost was only half the cost of cutting 
weeds by hand, and a very neat appearance was 
obtained. The solution used was 1 pound of chemical 
to a gallon of water applied with a U-shaped spray 
bar for straddling the guardrail and attached to a 
pressure pump on a tank truck. The total cost was 
one-half cent per lineal foot on a strip approximately 
2 feet wide. Good results were also obtained on 
patches of weeds along the right-of-way. 
A Canadian investigator found that weeds could be 

completely killed on a strip 25 feet wide at a cost of 
$4 to $6 per mile. Bindweed was also completely 
eradicated for $20 per acre where it was growing in sod. 
The investigator believes that the cost of weed control 
on the treated areas will be negligible as compared to 
the amounts now being expended for weed cutting and 
more satisfactory results together with cleaner road- 
sides will be evidenced. In Ontario, Canada, where the 
experiments were made, climatic conditions are gen- 
erally more favorable for the use of sodium chlorate 
than in most sections of the United States. 

Sodium chloride —Common salt will kill weeds when 
applied at the rate of 1 pound per square foot. The 
large amount required and its permanently detrimental 
effect on the soil and surrounding vegetation where the 
salt may be washed make it impractical for roadside 
use except where there is no objection to rendering the 
soul unfit for plant growth. The Utah Road Com- 
mission has found that in certain districts common 
crushed rock salt was less expensive and equally as 
effective as any other chemical treatment. 
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Tank TRUCKS AND EQUIPMENT FOR SPRAYING OIL. 

OILS FOUND EFFECTIVE IN KILLING WEEDS 

Oils.—Oils are effective in controlling all types of 
annual weeds and preventing biennials and perennials 
from seeding. Oils have great penetrating power and 
are the only herbicide that will destroy the viability 
ofseeds. For this reason they have been widely utilized 
in puncture vine control. Olils are top killers and when 
applied as a spray do not ordinarily penetrate under- 
ground tissue. 

All oils are destructive to vegetation, but the mineral 
oils are the only ones cheap enough for general use. 
Coal-tar creosote oils sometimes sold as “crude car- 
bolic acid’? are excellent weed killers for small areas 
but are too expensive for large-scale operations. The 
most promising of the oils tested for weed control are 
those least refined, such as crude oil, waste cylin- 
der oil, slop distilate, Diesel oil, and stovepipe oil. 
Stovepipe oil is a local name for a byproduct at cer- 
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tain western oil refineries. The two most widely used 
products are Diesel oil and stovepipe oil. One is 
probably as efficient as the other for destroymg vege- 
tative growth, but if an emulsion is desired to reduce 
the cost for large-scale treatments only Diesel oil in 
the commercial state will give satisfactory results. 

Usually oils are applied at the rate of 300 to 400 gal- 
lons per acre—a quantity sufficient to cover the vege- 
tation and soil with a thin film. A spray pump pro- 
viding a pressure above 80 pounds is recommended. 
Rubber parts of the spray outfit, readily attacked by 
oil, should be replaced by metal wherever possible. 

Diesel oil is an effective herbicide for destroying 
vegetation in ditches, fences, firebreaks, roadsides, or 
similar locations. It also aids in burning vegetation. 

A few authorities recommend Diesel oil as a selective 
spray for controlling crab grass in lawns. The danger 
of injuring the bluegrass is, however, very great even 
under favorable conditions. 

Heavy applications of oil on roads and railroads act 
in the dual capacity of weed killers and dust layers. 
The amount required when acting as a weed killer 
alone is obviously much less than that needed as a 
dust preventative unless permanent sterilization is 
desired. 

A great many State highway departments eradicate 
weeds with oil as an incident in stabilizing or prevent- 
ing dust on shoulders and roadway surfaces. Cali- 
fornia probably exceeds all other States in its use for the 
sole purpose of weed eradication for fire protection. 
Since 1929 oil applications have been a regular part of 
the highway commission’s maintenance program with 
an annual expenditure of about $80,000 on about 
1,100 miles of the State highway system. The road- 
sides are sprayed and burned to provide a firebreak 
between the highway and adjoining property as well as 
to prevent erosion damage by protecting the natural 
cover from uncontrolled fires. Generally no spraying is 
done opposite locations where an effective natural or 
artificial firebreak exists adjacent to or within a reason- 
able distance of the right-of-way. Spraying is con- 
sidered unnecessary for fire control adjacent to orchards, 
vineyards, plowed land, railroads, streams, or bare cut 
slopes 5 feet or more in height which parallel the high- 
way, as reasonable protection already exists. 

The material applied, equipment used, and methods 
followed in California were adopted after considerable 
experimentation. The most effective nonpoisonous 
material was found to be Diesel oil having the follow- 
ing specifications: 

Specific gravity (A. P. J.) at 60° F.—not less than 
27° Baumé. 

Flash point (Penskey-Martin closed cup)—not less 
than 150° F. 

Viscosity (Saybolt Univ.) 100° F.—not over 50 
seconds. 

Distillation (90 percent point)—not over 680° F. 
Water and sediment—not more than a trace. 
The Diesel oil is applied at an average rate of one- 

tenth gallon per square yard by a tank truck equipped 
with a pressure pump and orchard-type nozzles on a 
spray bar that can be raised or lowered and extended to 
varying distances from the truck. 

For most effective and economical results the oil is 
sprayed on a strip 9 feet wide adjacent to the fence line 
when the vegetation is about 2 inches high. At this 
time the area is uniformly covered, practically a perfect 
kill of the tender growth is assured, and no burning is 
required. This treatment also permits burning of the 

section between the shoulder and sprayed area at a 
later date, if desired. 

The chief objections to using oils are the appearance 
of the treated areas and the cost. Accidents have been 
reported by drivers who at night have mistaken the 
dark surfaces of treated areas for portions of the road- 
way or shoulders. In California the spraying cost 
averages from $50 to $60 per mile of highway when 
two 9-foot strips are treated. An additional cost of 
$20 per mile is incurred when burning is required. 
The initial cost of fire protection by blading, disking, or 
mowing averages about $6 per mile for a reasonable 
width but the ultimate cost, considering all factors 
involved, may well exceed the cost of spraying. 

In one maintenance division of the State of Wash- 
ington fuel oil and used crankcase oil were applied 
under guardrails with good results. The total cost was 3 
cents per square foot and compared favorably with the 
cost of hand cutting. There was the added advantage 
that the treatment was good for the entire season where- 
as cutting was only effective for 1 or 2 months. 

Another division found kerosene very effective in 
eliminating a dense growth of blackberry bushes that 
obstructed vision. They were very difficult to cut or 
burn prior to being sprayed but were completely eradi- 
cated by spraying with kerosene and burning 2 weeks 
later. 

SUMMARY 

Marked progress has been made in the control of 
weeds on our highways. Each year weeds are cut or 
killed by various treatments along a large mileage of 
road but the work 1s still in the transition stage. There 
is already available a variety of methods most of which 
are suitable for control work in any part of the United 
States. Improvements will undoubtedly be made in 
the existing methods and new ones will be discovered 
but effective control is now possible with the weapons 
already at hand. 

The most important recommendation to be made at 
this time is that all work be done as part of a permanent 
control policy with particular emphasis on the preven- 
tion of new weed growth. Cutting weeds or killing 
them by other methods should not be regarded as a job 
to be done at some convenient time to remove unsightly 
objects but as a job that must be done at such times as 
will prevent reproduction. The major part of the 
problem is to prevent reseeding but some special atten- 
tion must be given weeds that propagate from root 
erowth. 

Elimination of reproduction is important not only 
because it will make possible diminishing expenditures 
for control but because it is the only method by which 
the highways can be given the appearance of being well 
kept at all times. 

Machine mowing is the most generally used method 
of weed control. In general, the costs per acre by this 
method are lower than by other methods. However, 
machine mowing is not a complete method in itself and 
must be supplemented by methods that are effective 
at places not reached by the mower. It is important 
that effective work in mowing not be vitiated by seed 
from places not reached by the machine. 

Modern cross-section design with slopes that can be 
reached by a mowing machine and side ditches that can 
be mowed over greatly increase the effectiveness of 
machine mowing. 

Burning is practiced largely to dispose of cut or 
killed weeds. Oil and sodium chlorate are the materi- 
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als that have been applied most often as weed killers in 
highway work, and are effective. They are useful for 
general applications, as supplements to mowing and to 
kill weeds not reached by the mower. 

Every State highway department should decide upon 
a definite policy of weed control, equip its forces in 
accordance with the methods selected and fully instruct 
its maintenance personnel why and when different 
operations must be performed. ‘The character of the 
work and the time it should be done will vary from year 
to year depending upon the effectiveness of the work 
of preceding years and how the weather affects the 
maturing of weed growth. 

The objective should be the replacement of all weeds 
with suitable low growth. Most highway departments 
now have a landscape architect to supervise roadside- 
improvement work and his knowledge of plant habits 
and growth makes it desirable that he have close contact 
with the planning of weed-control work. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 

Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1924. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1928. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

DEPARTMENT BULLETINS 

No. 583D .. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

TECHNICAL BULLETINS 

No. 265T ... Electrical Equipment on Movable Bridges. 
35 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

Federal Legislation and Regulations Relating to Highway 
Construction. 10 cents. 

Supplement No. | to Federal Legislation and Regulations 
Relating to Highway Construction. 5 cents. 

No. 191 .... Roadside Improvement. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 10 cents. 

Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y .. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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