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R. S. Dunham, A.H. Larson, and R. F. Crim• 

The probable extensive use of 2,4-D in 1948 makes it desirable 
to summarize the information now available. Many questions 
still remain unanswered, but the research of the past year has 
helped materially to make directions for the practical use of 2,4-D 
possible. The results of research in 13 states and 4 Canadian prov
inces were pooled at the recent meeting of the North Central 
Weed Control Conference, and recommendations made by the 
Policy Committee of the conference were based on this informa
tion. Much of the material of this pamphlet comes from the same 
source but is modified where necessary to apply to Minnesota 
conditions. Some of the older chemical weed killers are finding 
new uses and new chemicals are appearing on the· market. Brief 
discussions of these herbicides are also included. 

2,4-D (2,4-Dichlorophenoxyacetic Acid) 

ADVANTAGES 

Toxic properties disappear from the 
soil relatively fast; cost is compara
tively low; small amounts of water are 

· required; it is nonpoisonous, non
corrosive, noninflammable, and non
explosive; it is commercially available. 

DISADVANTAGES 

Drift injures susceptible crops near
by; extreme accuracy is required in 
rates, uniformity, and time of applica
tion; it does not kill grass weeds. 

KINDS 

All commercial forms of 2,4-D may 
be classified into four general groups: 
(1) the acid; (2) the metallic salts; 
(3) the amine salts; (4) the esters. A 

trade name seldom indicates the for
mulation, but the group to which it 
belongs can readily be determined from 
the label. Formulations vary in the 
amount of 2,4-D (acid) they contain, 
and are compared and sold on this 
basis. Other factors to be considered 
are ease of handling and mixing and 
climatic conditions under which the 
chemical is to be used. Table 1 lists 
and describes the chemical compounds 
in each group. 

Commercial formulations not only 
vary in the chemical compound used, 
but also in the per cent of chemical 
contained. For instance, one commer
cial ester contains 14 per cent of butyl 
ester -and another 40 per cent. Since 
butyl ester contains 80 per cent acid, 
the first commercial product would 
contain 80 per cent of 14 per cent acid 
and the second 80 per cent of 40 per 
cent. 

• R. S. Dunham is Professor in the Division of Agronomy and Plant Genetics, University 
of Minnesota; A. H. Larson is Assistant Professor in the Division of Plant Pathology and 
Botany, University of Minnesota; and R. F. Crim is Extension Agronomist, University. of 
Minnesota. 

The authors wish to thank L. M. Stahler, Agronomist, Bureau of Plant Industry, USDA, 
.for his aid in the preparation of this manuscript. ·· .. 
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Table I. Chemical Compounds in Each Group of Commercial Forms of 2.4-D 

Group Formulation Description Per cent acid in chemical 

!-acid Acid 
2-metallic salts Sodium salt (anhydrous) 

Powder; slightly soluble in water 
Powder; mixture of 2,4-D and 

sodium carbonate or sodium bi
carbonate. Difficult to dissolve 
in hard water 

100 

91 

Sodium salt (monohydrate) Powder, easily dissolved in water 85 

3-amine salts Diethanolamine salt 
Triethanolamine salt 
Alkanolamine salts 

Liquid; readily soluble in water 
Liquid; readily soluble in water 
Liquid; readily soluble in water 

68 
60 

Variable 

4--esters Methyl ester 
Ethel ester 
Propyl ester 
Butyl ester 
Amyl ester 

Oily, makes emulsion with water 
Oily, makes emulsion with water 
Oily, makes emulsion with water 
Oily, makes emulsion with water 
Oily, makes emulsion with water 

94 
89 
84 
80 
76 

Formula for calculating a:riloiint of 
herbicide required for treating one 
acre with x ounces of 2,4-D, (acid): 

Powders 
Divia.e x ounces by 2,4-D content of 

herbicide in per cent. 
Ex: To spray 1 acre with 8 ounces of 
2,4-D (acid), using a sodium salt con
taining 70 per cent acid 
8 0~~~es = 11.4 ounces 

Liquids 
Divide x ounces by 2,4-D content of 

herbicide in per cent X weight per gal
lon in pounds. 
Ex: To spray 1 acre with 8 ounces of 
2,4-D (acid), using an ester containing 
11.2 per cent acid and weighing 7.58 
pounds per gallon. Per cent of acid and 
weight per gallon are given on the 
label. 
0.5 pounds _ 0.5 _ 
.112 X 7.58 - .849 - .589 gallons 

1 gallon = 3,785 c.c . 
. 589 x 3,785 = 2,229 c.c. 
1 teaspoon = 5 c.c. 

Comparison of Metallic Salts, 
Amine Salts, and Esters 
On the basis of equivalent weights 

of the acid, the following comparisons 
can be made: 
(1) When the dosage approaches the 

maximum tolerance, or when the 
time of application is before or 

after the optimum stage of growth 
for treating, crop plants are injured 
most easily by the esters and least 
readily by the metallic salts. The 
amines are in an intermediate posi
tion. Varieties of the same crop 
may vary markedly in their re
sistance to 2,4-D. 

(2) Weed plants, especially the species 
that are relatively tolerant to 2,4-D 
and any species treated before or 
after the optimum stage of growth, 
may be most easily killed by the 
esters and least easily killed by the 
metallic salts. The amines occ~py 
an intermediate position. 

(3) The esters are more effective under 
very dry conditions and when rain 
falls soon after application. 

(4) There is generally less difference 
between these formulations when 
used as pre-emergence sprays than 
in post-emergence applications. 

USES 
Pre-emergence Spray 

Many trials have been made to test 
soil applications of 2,4-D. Three gen
eral types of treatment have been used: 
(1) application made after planting and 
before emergence of crop; (2) applica
tion made immediately before plant
ing; (3) application made several days, 
weeks, or months before planting. The 
first type has been most promising as 
a control for annual weeds but is still 
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in the testing stage. Results from dif
ferent areas are conflicting, and until 
the factors involved are better under
stood, no general recommendations can 
be made. The following observations 
on trials of the first type appear true 
but have not been proved: 
(1) Corn, wheat, oats, and barley are 

better adapted to this treatment 
than are flax and small-seeded leg
umes and grasses. 

(2) Asparagus, onions, beets, carrots, 
spinach, tomatoes, and potatoes may 
lend themselves to this treatment. 

(3) More reduction in annual weedy 
grasses can be accomplished by pre
emergence treatment than by post
emergence spraying., 

Post-emerqence Spray 
This spray would be used for weeds 

in growing crops. Since the esters are 
more active in killing weeds and are 
more liable to injure crops, they should 
be used in smaller amounts than the 
salts. Minimum doses have not been 
determined at present. 

Corn and sorghum. At the most sus
ceptible stages of growth (8 inches 
to early milk) 1h pound of acid as 
the amine or sodium salt is the maxi
mum safe dosage for most varieties. 
A practical time to spray is the 12-
inch to "lay-by" stage, since weeds 
are susceptible and common spray 
machinery can be used at this time. 
Variety differences are important but 
have not been determined at present 
in Minnesota. Where weed conditions 
require it, higher dosages may be 
used but some reduction in yield and 
breakage of stalks may result. Grass 
weeds are not controlled. 
Spring wheat, oats, and barley. 
Wheat is indicated to be the most 
tolerant of the spring grains. There 
have been little or no differences in 
the varieties tested (Mida, Pilot, 
Regent, Thatcher, Mindum, and 
Carleton). At rates of application in 
excess of % pound of acid per acre, 
some reduction in yield can be ex
pected in all three grains. A dose in 
excess of % pound per acre should 
be used on wheat, oats, or barley 

only when the hazard of weeds re
quiring greater dosage outweighs the 
loss of crops from the treatment. 

For control of weeds such as mus
tards, French weed, marsh elder, rag
weeds, sunflower, cocklebur, hedge 
bindweed, and similar susceptible 
species-% to % pound 2,4-D (acid) 
per acre as amine or sodium salt 
should be applied at full tiller stage.' 
For control of weeds such as field 
bindweed, Canada thistle, sow thistle, 
wild lettuce, and similar species-% 
to % pound 2,4-D (acid) per acre as 
amine or sodium salt should be ap
plied at late tiller stage. 
Winter wheat and rye. Fall-sown 
crops should be treated in the spring 
to control annual and winter-annual 
weeds. Such treatments usually give 
profitable results only when the weed 
infestation is heavy and the crop is 
unusually late or thin and unable to 
provide normal competition. For sus
ceptible annuals 1h to 1 pound 2,4-D 
(acid) per acre as amine or sodium 
salt should be applied when the crop 
is well tillered. 
Flax. Flax has shown large varietal 
differences in response to 2,4-D, both 
in relation to yield and in per cent 
and quality of oil. Of the varieties 
tested, Crystal and Minerva were 
very susceptible to injury in all re
spects. B5l28 was susceptible to yield 
injury only. Redwing, Sheyenne, and 
Royal were most tolerant, followed 
closely by Koto and Dakota. The 
ester formulations are more hazard
ous than either the amines or sodium 
salts, and should be used only at a 
minimum for weed control. 

For control of mustard, French 
weed, sunflower, cocklebur, ragweed, 
pigweeds, marsh elder, and similar 
susceptible species in tolerant va
rieties-apply not over 1/4 pound of 
the sodium or amine salts of 2,4-D 
acid per acre. Make applications 
when flax is 2 to 6 inches high and 
weeds are in the four-leaf, or rosette, 
stage. 

i Full tiller stage occurs just prior to the 
elongation of the stem when the nodes 
(joints) first appear; commonly called "joint
ing stage." 
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Where flax is infested with weeds 
requiring in excess of 1/4 pound 2,4-D 
acid per acre for control, and where 
these weeds are a potential hazard, ap
plication of 2,4-D in excess of 114 pound 
per acre and probable reduction in flax 
seed yield may be justified. For such 
situations the following recommenda
tion is offered: 

For control of wild buckwheat, 
field bindweed, Canada thistle, sow 
thistle, smartweed, wild lettuce, arti
choke, and other similar species~ 
use from 1/4 to % pound 2,4-D acid 
as sodium or amine salts per acre. 
Apply when flax is 6 inches to first 
bud or when weeds are in rapid 
growth but in prebloom stage. 

The exact amount of esters for flax 
has not been determined, but it will 
probably be from 1/s to 1/4 pound of 
acid for susceptible weeds in tolerant 
varieties of the crop. 
Grass crops. Seedling gr;:tsses are in 
general sensitive to 2,4-D. When the 
root systems are well established, 
most species of perennial grasses 
show a high degree of tolerance at 
r.ites of application used in weed 
control. The following recommenda
tions are suggested for most per
ennial grasses (except creeping bent 
and buffalo grass, which should not 
be treated): 1/4 to 1h pound 2,4-D 
acid per acre as amine or sodium 
salt for susceptible annuals and bi
ennials; 1h to B~ pounds 2,4-D acid 
per acre for more resistant species. 
Apply to grasses used as seed crop 
at the time when weeds are in active 
growth and before the appearance 
of seed heads of grasses. 
Other crops. Sugar beets, soybeans, 
peas, buckwheat, potatoes, sweet 
clover, alfalfa, and most garden 
crops are very sensitive to 2,4-D. Red 
clover and white clover are appar
ently moderately resistant. 

For Specific Weeds 
Follow manufacturer's recommenda

tions as to concentrations and rates of 
application. 

Weeds in lawns and turf. 2,4-D con
tinues to be the outstanding chemi-

cal for the control of broad-leaved 
weeds in lawns other than bent 
grass. September treatments, which 
permit the grass to fill in tl;ie bare 
places for a considerable period be
fore weed seedlings start the follow
ing spring, are being increasingly 
used instead of spring treatments. 

Field bindweed. The use of 2,4-D is 
recommended where bindweed is 
growing in perennial grasses, in small 
grains, in corn, and as a substitute 
for or in combination with cultiva
tion. Treat when the bindweed is 
growing vigorously, such as from 
bud to full bloom. 

Canada thistle and perennial sow 
thistle. Canada thistle and perennial 
sow thistle have not been killed by 
one treatment with any concentra
tion of 2,4-D. The tops can be killed 
in pastures and other grasslands, in 
small grains, in corn, and as a sub
stitute for or in combination with 
cultivation. Two annual treatments 
for two, three, or more years may be 
necessary to eradicate these thistles. 
The first treatment should be. made 
when the flower stem begins to shoot 
and the second about a month later. 

Hoary cress (perennial peppergrass). 
2,4-D can be advantageously used 
in grass sods and in connection with 
tillage and smother ~rops to prevent 
seeding, to reduce the spread by 
underground parts, and to aid in 
ultimate eradication of hoary cress. 
It is moderately tolerant to 2,4-D, 
particularly after it co.mes into 
bloom, hence the esters should be 
used and the applications made in 
spring and/or fall. For fall treat
ments it is desirable to plow the land 
in midsummer to eliminate annual 
weeds and to provide for the de
velopment of the rosette stage prior 
to fall chemical treatment. 

Leafy spurge. 2,4-D cannot be recom
mended at present for the eradica
tion of leafy spurge. While the top 
growth is readily destroyed the roots 
are not seriously affected by one 
application. Repeat applications made 
at the time the plant is in bud or 
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early flower result in marked weak
ening or thinning out of stands. 

Eradication of Woody Plants 
2,4-D as a foliage spray should be 

applied only to those plants that are 
"susceptible" or "intermediate." This 

·information may be obtained by writ
ing to University Farm, St. Paul 1. 

Ammonium sulfamate (as a dry salt) 
and 2,4-D (as concentrated esters), 
when applied to freshly cut surfaces 
at ground level, are eradication tools 
for which the most. efficient use has 
not been determined. There is evidence 
that when either of these chemicals 
is applied to freshly cut surfaces, it will 
prevent sprouting in a worth-while 
percentage of cases. For further discus
sion see page 7. 

EQUIPMENT FOR APPLYING 2,4-D 
2,4-D may be applied as a spray with 

a knapsack sprayer or a power sprayer 
or by airplane. Airplane application is 
adapted only to fields that are large 
and where susceptible crops are not 
adjacent. Danger of drift of 2,4-D from 
airplane application is always greater 
than when ground-spraying equipment 
is used. 

Many types of efficient power field 
sprayers are available, ranging from 

·the small tractor-mounted units to 
specialized low-volume field sprayers 

which cover a swath up to 40 feet in 
width. 

In general, only enough water should 
be. used in field sprayers · to give uni
form distribution and -complete cover
age of the spray material. Where the 
herbage is excessive, due to heavy 
stand of crops or weeds, or it· is well 
advanced, it may be necessary to in
crease the amount of spray. From 5· to 
10 gallons per acre with modern equip
ment is sufficient. In using these low 
volumes, it is essential that the proper 
nozzle, nozzle spacing, pressure, and 
speed of travel recommended by the 
manufacturers of the spraying equip, 
ment be used to ·attain uniform and 
satisfactory results, since the amount 
of spray delivered is dependent on 
these factors. 

Minimum requirements of a good 
field spi;-ayer, in addition to a good 
pump and adapted nozzles, are a bi
pass valve to regulate pressure and a 
good pressure gauge to indicate the 
pressure used in operation. Each . 
sprayer unit should be equipped with· 
a filter system to elimim1te all sludge 
and foreign material before it reaches 
the spray boom. This filter should be 
installed in the system between the 
pump and the pressure gauge. Speed 
of travel is as important a factor as 
the amount of 2,4-D used in the spray 
solution, and should be carefully de
termined and frequently checked. 

Other Chemicals 

SODIUM CHLORATE 
Advantages 

Kills all plants and prevents their 
growth for several years. Under the 
Production and Marketing Administra
tion, farmers may be compensated at 
five cents a pound for its use in 1948. 

Disadvantages 
Is a fire hazard. Cannot be used on 

growing crops. Makes land unproduc
tive for two or three years. 

Uses 
Sodium chlorate and mixtures based 

on it are recommended for the treat
ment of small areas of perennial weeds 

where a quick kill and complete eradi
cation are desired and where soil ster
ility for more than two or three year$ is 
not objection11ble at high cost. Sodium 
chlorate is not desirable where tempo
rary soil sterility would result in seri
ous soil erosion. In such cases treat 
with 2,4-D or a combination of 2,4-D 
treatment and intensive cultivation. 

BORASCU 
This is a form of borax. 

Advantages 
Is a fire deterrent and nonpoisonous. 

Farmers may be compensated at" two 
cents a pound in 1948. 
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Disadvantages 
Does not kill · grasses or Russian 

thistle. Somewhat more expensive than 
sodium chlorate. Makes land unpro
ductive for two or three years. 

Uses 
For the control of susceptible per

ennial weeds on noncrop land, where 
soil sterility is not an important con
sideration; as an efficient herbicide for 
the elimination of leafy spurge and 
dogbane. Applications of 15 and 20 
poµnds per square rod are recom
mended. Also for semipermanent elimi
nation of perennial weeds and grasses 
on areas bordering petroleum installa
tions, arsenals, warehouses, country 
elevators, and other situations where 
weedy growth constitutes a fire hazard. 
Use at least twenty pounds borax, or 
twenty pounds borax plus two to three 
pounds of sodium chlorate per square 
rod. 

AMMONIUM SULFAMATE 

Advantages 
Kills rapidly. Is not sensitive to 

weather conditions. May be applied as 
liquid or solid. 

Disadvantages 
Has a limited use and is expensive. 

Uses 
Has not proved efficient for the con

trol of grasses and perennials such as 
Canada thistle, perennial sow thistle, 
and leafy spurge. It has been found 
useful for certain woody weed plants 
such as poison ivy, wild rose, wild 
cherry, raspberry,· hazel, willow, June
berry, aspen, alder, birch, and oak. 11/z 
to 2 pounds per gallon of water are 
commonly used as a foliage spray. 
Concentrations of l/z to 1 pound per 
gallon have been found useful for the 
control of general infestations of brushy 
weeds over large areas. It is efficient 
in destroying stump sprouts. If the 
freshly cut stubs or crowns of wild 
cherry, wild plum, lilac, box elder, 
maple, willow, or aspen are treated 
with dry Animate at 3 to 5 pounds per 
square rod, sprout growth is halted 

and death of the stumps and roots 
follows. Sprouting of large stumps of 
plum, box elder, ash, maple, cotton
wood, and willow can be prevented 
and the stumps killed by applying the 
Ammate salt in holes bored around the 
perimeter of the freshly cut stump 
surface. Two ounc.es of Ammate are re
quired for each 6 inches of diameter 
of the cut surface. 

DINITRO WEED KILLERS 

Sinox W and Dow's Selective 

Advantages 
May be used on new seedings of 

legumes. Can be used on some crops 
that are susceptible to 2,4-D. Kill 
rapidly. 

Disadvantages 
Require large amounts of water. Are 

very sensitive to weather conditions. 

Uses 
For the control of annual broad-leaf 

weeds in crops sensitive to 2,4-D, such 
as flax, canning peas, field peas, new 
seedings of alfalfa, etc., the ammo
nium salts of the dinitros are recom
mended as per manufacturer's recom
mendations. 

For quick temporary elimination of 
perennial weed growth along high
ways, railroads, fence rows, canals, and 
similar situations, the use of concen
trated dinitro weed killers applied in 
oil, or oil and water emulsions is rec
ommended. 

CYANAMID 

The granular form and a dusting 
grade of this compound are effective 
on small annual weeds and grasses in 
asparagus. 400 pounds per acre, divided 
into two or three applications, will give 
satisfactory control of weeds. 

STODDARD SOLVENT 

And Other Petroleum Products 
Stoddard solvent is effective for the 

control of most annual weeds in carrots 
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when applied at the time when weeds 
are 1 to 4 inches tall. The undiluted 
Stoddard solvent should be app~ied to 
the carrot rows at the rate of 40 to 60 
gallons per acre. One application is 
generally sufficient, but a later applica
tion can be made in order to kill weeds 
which may have sm;vived the first ap
plication. To avoid off-flavors in the 
crop, carrots should not be sprayed 
within 7 weeks before harvest. 

Stoddard solvent also shows promise 
for the control of annual weeds when 
applied just prior to the emergence of 
slow-germinating vegetable crop plants 
such as carrots, parsnips, parsley, cara
way, and dill. 

Disadvantaqe 
Is a fire hazard. 

Other Products 
Other petroleum products have 

proved to be effective as general con-

tact weed killers. Recent work indi
cates that some may be useful before 
crop emergence but no general recom
mendat;ons can be made. 

The following chemicals are not 
recommended for field use at this thine: 

Isopropyl-N-phenyl carbama:te (IPC) 
·has generally given disappointing re
sults in the control-of perennial grasses. 

Ammonium Trichloroace:ta:te (ATA) 
is a promising weed killer for quac.k 
grass and Johnson grass. ' 

Sodium Pentachlorophena:te (San:to
bri:te) is used extensively in. the Ha
waiian Islands for weed control in 
sugar cane and pineapples. It is a 
sneeze powder and must be handled 
with care. 

2.4.S Trichlorophenoxyace:tic Acid Is 
effective on certain plants that are 
tolerant of 2,4-D. 

PLEASE DIRECT QUESTIONS CONCERNING WEED-CONTROL PROBLEMS 
TO THE EXTENSION AGRONOMIST, UNIVERSITY FARM, ST. PAUL 1, 
MINNESOTA. 

. UNIVERSITY FARM, ST. PAUL 1, MINNESOTA 
Cooperative Extension Work in Agriculture and Home Economics, University of Minnesota, 

Agricultural Extension Division and United States Department of Agriculture Cooperating, 
Paul E. Miller, Director. Published in furtherance of Agricultural Extension Acts of May 8 
and June 30, 1914. 
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