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the use of

2 , 4 - D
on crops in anzona

By K. C. Hamilton, H. F. Arle, R. E. Dennis, G. N. McRae, H. E.
Ray — Associate Agronomist, Arizona Agricultural Experiment Sta-
tion; Plant Physiologist, Crops Research Division, Agricultural Re-
search Service; Extension Agronomist, Arizona Cooperatixe Extension
Service; Agronomist, Crops Research Division, Agricultural Research
Service; Extension Agronomist, Arizona Cooperative Extension Serv-
ice, respectively. Cooperative contribution of the Crops Research
Division, Agricultural Research Service, United States Department of
Agriculture, the Arizona Agricultural Experiment Station and Coop-
erative Extension Service.

The chemical 2,4-dichlorophenoxy-
acetic acid (2,4-D) is one of the most
useful herbicides in the unending
struggle to control weeds. It should
be used as -a supplement to other
good farming practices.

Most broadleaved weeds can be
safely and economically removed
from many crops by proper applica-
tion of 2,4-D. In Arizona's varied
agriculture, 2,4-D must be used with
great care because of its hazard to
susceptible crops.

2,4-D is a selective herbicide; in
general, it is more toxic to broad-
leaved plants than to grasses. The
herbicide is moved within the plant

Introduction

and may be active in plant tissues
some distance from the leaves to
which it is applied.

This herbicide is usually applied
to plant foliage. To be effective, it
must be absorbed by leaves or stems.
If rainfall occurs shortly after 2,4-D
is applied, the herbicide may be
washed off and will not affect weeds.

The action of 2,4-D within the plant
is not completely understood. Plants
making rapid growth are usually more
susceptible than those whose growth
is slowed because of some stress.
Weeds are most susceptible as seed-
lings, and their resistance to 2,4-D
increases as they mature.
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The herbicide 2,4-D will kill many
broadleaved weeds found in small
grains. These include winter annu-
als such as London rocket, spiny
sowthistle, lambsquarters, nettleleaf
goosefoot, silversheath knotwced, sour
clover, and cheeseweed.

In sorghum, 2,4-D can be used to
control summer annuals such as care-
lessweed, groundcherry, morning-
glory, sunflower, and cocklebur.

The topgrowth of field bindweed
and white horsenettle, perennial
broadleaved weeds, can be destroyed

I-!)

with 2,4-D, but a single* application
seldom causes a large reduction in
the stand of these woods. An appli-
cation of 2,4-D usually temporarily
retards their growth, allowing the
production of a grain crop.

Weeds common to both sorghum
and small grain are found in corn.
Grass seed fields and pastures are
infested by puneturevine, Russian
thistle, and other broadleaved weeds.
Crops plants such as alfalfa, castor
beans, and safflowor volunteer in
grain crops. All those woods can be
controlled with 2,4-D.

Weeds controlled by 2,4-D as mentioned in this circular:

London rocket
Spiny sowthistle
Lambsquarters
Nettleleaf goosefoot
Silversheath knotweed
Sour clover
Cheeseweed
Carelessweed
Groundcherry
Morningglory
Sunflower
Cocklebur
Field bindweed
White horsenettle
Puneturevine
Russian thistle

Sisymhrium trio L.
Sonclim asper (L>) Hill.
Chenopodium alburn L.
Chenopodium muralc L.
Fohjgonum argyrorolcon Steud.
Melilotus inclicm (L.) All.
Malva parvifhra L.
Anuiranthus palmeri Wats.
Physalis torlghtii Gray
Ipomoca spp.
ndianlhtia annum L.
Xanfhium sacefwratum Walk.
Convolvulus awensis L.
Solanum eheagnifalium Cav.
Trlhuhis terresfris L.
Salsola kali L.

Treat fields only if (1) weeds will
compete with the crop and reduce
yields, (2) weeds present at harvest
will make the operation difficult, (3)
weeds present in the harvested crop
will reduce its feed or seed value, or
(4) the weeds detract from the ap-
pearance of the field. The presence

Application of 2,4-1)

of susceptible crops may make the
application of 2,4-D too hazardous,
or the lack of weeds may make the
application unnecessary*

Read and understand the label on
the 2,4-D container and any supple-
mental labeling* If you are uncer-
tain as to the proper use of 2S4-D?



obtain additional information before
the application is made.

Use only the amine form of 2,4-D.
No formulation of 2,4-D is com-
pletely safe for use with the high
temperatures and violent thunder-
storms which occur in Arizona but
the amines are the safest form.

Apply 2,4-D as uniformly as pos-
sible. Calibrate the sprayer. Use
large nozzle tips and low pressures
in the range of 15 to 30 pounds per
square inch. Apply 2,4-D in medium
to high volumes of water (20 to 80
gallons per acre).

Cany the spray nozzles as low as
possible while maintaining coverage
of the weeds being sprayed. Use drop
nozzles when possible. The spray
boom can be covered with a hood
or some type of shield to reduce spray
drift. Operate the sprayer at a mod-
erate speed.

Spray only when wind conditions
are favorable. There should be little
or no air movement. Do not spray
when the wind is blowing toward
susceptible crops.

To control annual broadleaved
weeds, apply ?i to 1 pound of 2,4-D
per acre. The rate can be varied with
the stage of growth and species of
weed. The amount of formulation
needed may vary. One pound of
2,4-D (acid) would be 1 quart of a
formulation containing 4 pounds of
2?4-D (acid) per gallon.

2,4-D kills or severely stunts annual
broadleaved weeds. However, if crop
stands are thin, new weeds often
emerge after the irrigation following Sorghum
an application of 2,4-D. These weeds
are not controlled by the earlier ap-
plication. A competitive crop is the
best means to maintain the weed con-
trol achieved with 2,4-D.

To control perennial broadleaved
weeds, apply 1 pound of 2,4-D per
acre. This application usually de-
stroys the topgrowth and retards re-
growth for several weeks but seldom
causes a marked reduction in the
weed stand.

There is little value in applying
higher rates of 2,4-D. Higher rates
increase the possibility of injuring
crops without increasing weed con-
trol. Most perennial weeds occur as
spot infestations and only portions of
the field need to be sprayed.

Small Grains

Apply 2,4-D when small grains are
tillering if broadleaved weeds will be-
come sufficiently competitive to af-
fect yields or harvest. In the lower
valleys of Arizona only annual weeds
will be present. At the higher eleva-
tions both annual and perennial
broadleaved weeds may be present.

If grains are treated when booting
or heading, grain yields may be re-
duced. Applications of 2,4-D after
grain is fully headed will not affect
small grains and sometimes facilitate
harvest. However, such applications
are seldom necessary and are not
recommended.

Applications of 2,4-D to small grain
at the tillering stage sometimes cause
a temporary change in the angle at
which the leaves are oriented. Plants
regain normal appearance within a
week.

Apply 2,4-D only if mechanical cul-
tivation is not adequate, and before
weed competition has affected the
growth of sorghum. When sorghum
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brittleness. Avoid cultivation for 1
week after treatment. Brace roots may
be malformed on corn sprayed with
2?4-D. Corn showing these symp-
toms resumes normal growth and
grain yields are not affected.

Other Grass Crops
Other grass crops raised for seed

and forage can be sprayed with 2,4-D
to control broadleaved weeds. Grasses
can be sprayed after new plantings
are 2 to 4 inches high. Seed fields
of Bermudagrass and many other
grasses grown for range reseeding are
treated. In seed fields, apply 2,4-D
when the crop is growing vegeta-
tively; do not treat when seed heads
are forming.

Perennial broadleaved weeds often
increase when perennial grass pas-
tures are maintained for several years.
Certain of these weeds are controlled
with a single application of 2,4-D;
others require repeated treatments.

Do not treat pastures if you wish
to maintain a grass-legume mixture.

Flax
Flax should be sprayed if severe

infestations of annual broadleaved

weeds develop. Apply \*U to ^\ pound
of 234-D per acre after the first irri-
gation when the flax is 4 to 6 inches
high. Treated flax plants often de-
velop a temporary stem bending.
Most annual broadleaved weeds are
controlled, but control of silvcrsheath
knotweed is often incomplete.

Falloiv or Idle Fields
When a field is fallow or idle,

perennial broadleaved weeds can be
sprayed with 2,4-D. If the land is
usually planted to crops susceptible
to this herbicide, it may be necessary
to add a fallow period to the rota-
tion. This permits one or more ap-
plications of 2,4-D to reduce* the
stands of perennial woods.

Applications of 2,4-D may not con-
trol perennial woods if soil moisture
is inadequate. Best control has been
obtained from applications made* after
irrigation or rainfall when weeds are
growing vigorously.

Before a treated fallow field is
planted to a susceptible crop it should
receive one or more irrigations. Wait
several weeks before planting to al-
low inactivation of 2,4-D. Unless
there is sufficient time with favor-
able soil moisture the growth of the
next crop may be affected.

The following precautions are de-
signed to minimize hazards when
using 2,4-D and related herbicides.
These include 2,4,5-trichlorophenoxy-
acetic acid (2,4,5-T), 2-methyH-
chlorophenoxyacetic acid (MCPA),
and 2-(2,4,5-trichlorophenoxy) propi-

Preeautions When Using 2,4-D
onic acid (silvex).

In areas where susceptible crops
are grown, whenever these herbicides
are applied, observe all precautions
which minimize equipment contami-
nation, for spray rigs may next be
used in or near susceptible crops.
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To Avoid Misapplications of
2,4-D, Observe These "Do Not's"

1. Do not apply 2,4-D where sus-
ceptible plants are growing. If pos-
sible do not use 2,4-D near cotton,
vegetables or grapes. Use a less haz-
ardous herbicide or control weeds by
cultural methods.

2. Do not use volatile esters of
2,4-D.

3. Do not apply 2,4-D when the
wind is blowing toward susceptible
plants.

4. Do not apply any 2,4-D until
the label and labeling is read and
understood. No person should super-
vise the application of 2,4-D unless
he comprehends sufficient English to
read a container label.

5. Do not use low volumes of car-
rier.

6. Do not use high pressures.
7. Do not use small nozzle tips.
8. Do not cany the spray boom

higher than is needed for good cover-
age of weeds.

9. Do not apply 2,4~D by aircraft
in valleys where susceptible crops are
grown.

10. Do not use a rate of 2,4-D
higher than needed to control the
weeds.

11. Do not use a 2,4-D sprayer to
apply other chemicals.

12. Do not use a 2,4-D sprayer to
apply any chemical until it has been
thoroughly cleaned.

13. Do not store any sprayer after
use until it is cleaned.

14. Do not use parts from a 2?4~D
sprayer to repair sprayers for other
chemicals.

15. Do not store 2,4-D or any other
herbicide with other chemicals.

16. Do not store 2,4-D near fields
where susceptible crops are or will
be growing.

17. Do not store or place 2,4-D in
any container except the original.
Make sure the container is properly
labeled.

18. Do not store or place any
chemical in a drum or container
which has contained 2,4-D.

19. Do not use containers and pails
used for measuring 2,4-D for measur-
ing any other chemicals.

20. Do not allow the nurse-truck
to be contaminated by contact with
a 2,4-D sprayer. Have an extension
for the nurse-truck hose that is used
only when filling 2,4-D sprayers.

21. Do not apply 2,4-D if thunder-
storms can be expected soon. Do not
delay irrigation in a field treated with
2,4-D. The hazard of movement of
2,4-D on dust can be reduced if treated
fields are irrigated as soon as pos-
sible. Irrigate every row.

22. Do not burn vegetation treated
with 2,4-D if susceptible crops are
growing in your valley.

23. Do not plant susceptible crops
on fallow fields treated (except where
only a small portion of the area was
spot sprayed) with 2,4-D until they
have been irrigated twice and several
weeks have passed.

Be Careful!

No application of 2,4-D in val-
leys where susceptible crops are
grown will be completely safe.
However, by observing the
proper precautions you can re-
duce the hazard.



How 2,4-D Reaches

Susceptible Crops

Drip — The most common manner
2,4-D reaches crops other than the
ones treated is as spray drift when
the herbicide is applied. Fine drop-
lets of spray are carried by air move-
ment into adjacent fields.

Vapor drip from treated fields may
damage adjacent susceptible crops
when the temperature is high. The
herbicide volatilizes from the plant
and soil surfaces and is carried by the
air currents.

During violent windstorms dust and
plant debris which have been sprayed
with 2,4-D may carry the herbicide.
Smoke from burning vegetation pre-
viously treated with 2,4-D may affect
susceptible crops.

Sprayer — Contaminated sprayers
apply 2,4-D to susceptible crops when
applying other chemicals. The spray-
er may not have been adequately
cleaned after applying 2,4-D. Re-
placement parts, measuring contain-
ers, nurse-trucks, tractors, or new
chemicals may be contaminated.

Soil — 2,4-D applied in one crop
or to weeds in a fallow field some-
times affects the germination and
growth of the next crop. If adequate
soil moisture is present 2,4-D in the
soil usually becomes inactive within
a month or two and has little effect
on subsequent crops.

Irrigation Water — Contamination
of irrigation water with 2,4-D may
occur when ditchbank weeds are
sprayed or when the contents of
sprayers or containers are dumped

into irrigation systems. Tail water
from a lield treated with 2,4-D mav
contain the herbicide. However, the
amount of 2,4-D in irrigation water
seldom is sufficient to affect plant
growth.

Cleaning the Sprayer

No matter how carefully a 2,4-D
sprayer is cleaned, some foliage mal-
formation may occur if the sprayer
is used in susceptible crops. Abnor-
mal leaves can usually be detected on
plants in the first lew rounds sprayed.

When in doubt that a sprayer is
clean, spray water on a few test plants
and see if 2,4-D symptoms develop*

The following precautions in clean-
ing a sprayer are suggested;

a. Drain the sprayer.

b. Wash the outside with a good
cleaning solution.

c. Pump water through the sprayer.

d. Allow sprayer to stand for sev-
eral hours with an ammonia (1%
in water) or trisodium phosphate (%
ounce per gallon of water) solution
or a water-charcoal-detergent mixture
(1 pound of activated charcoal in
80 gallons of water containing 1 per-
cent detergent) in the tank and boom.

e. Pump water or cleaning solution
through the sprayer several times.

f. Replace all hoses.

g. Steam-clean the sprayer if pos-
sible.

h. Nozzle tips, strainers and pumps
are sometimes replaced,

i. Replace the spray tank if it is
corroded.



If You Are Involved

If you are involved in an applica-
tion of 2,4-D which affects suscept-
ible crops:

Remember, 2,4-D symptoms on the
foliage does not mean the crop is a
total loss. If the plants have time to
recover, normal or near-normal yields
will be produced.

Determine exactly what happened.
Where, when, and how much 2,4-D
was applied? How did it get on the
crop?

If more than one individual is in-
volved gel together and discuss what
has happened and what should be
done. Get expert advice from a com-
petent authority on the effects of
2?4-D on crops.

Maintain normal grower practiees
on fields affected by 2,4-D if yields
(expected versus actual) are to be
the basis for assessing the effects of
2,4-D.

Herbicides Related to 2,4~D

Growers sometimes use herbicides
related to 2?4-D, such as MCPA and
silvex, for controlling broadleaved
weeds in small grain, sorghum, corn,
flax, and forage grasses. In spite of
their higher costs these herbicides
are used because they are less haz-
ardous to nearby crops which are
susceptible to 2,4-D. When using
these herbicides observe the precau-
tions suggested for 2,4-D,

Weeds may vary in their suscepti-
bility to 2,4-D? MCPA, and silvex;
therefore, different rates of applica-
tion may be required for a given weed
problem. MCPA and silvex should
be used only in those crops for which
their use has been registered.

Silvex usually has more effect than
2,4-D on sorghum and small grains.
Root development of sorghum treated
with silvex is abnormal and grain
yields may be slightly reduced.

Visual Stjmptoms of
2,4-D on Cotton

The symptoms appearing on cotton
affected by 2,4-D will vary with the
growth stage of the plant and the
amount of 2,4-D applied, Very low
rates of 2,4-D cause only a slight cup-
ping or "saw toothing*' of cotton leaf
margins and no change in flowering.
Higher rates of 2,4-D may cause the
death of some cotton plants and re-
covery of surviving plants may take
several months*

The following symptoms are typ-
ically observed in applications of
2,4-D to cotton.

Klfirl ol 2, (-1) on Cotton

Temporary leaf disorientation or
petiole curvature occurs soon after
2?4-D is applied. The leaves are not
held at the normal angle in relation
to the main stem.

Discoloration of the foliage occurs
within a few days. Browning occurs
along the veins and portions of the
leaves become yellowish-green.

Blooms sticking — Corollas do not
shed normally; this may occur about
one week after treatment. Bolls from
these flowers may not develop nor-
mally.

Cupping or "saw toothing' of the
leaf margins of new leaves occurs
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within 7 to 10 days. This is the first
symptom easily visible. Older, ma-
ture leaves do not become malformed.

Squares dry and are retained on the
plant after 7 to 14 days. New squares
become yellowed, then dry, and are
not shed. At about 4 weeks after
treatment, square formation often
stops.

Malformed leaves are very notice-
able after 3 weeks. Strap-like leaves
are often formed. This response is
most evident if cotton is growing veg-
etatively when the 2,4-D is applied.

Loss of terminal dominance and in-
creased growth of lateral brandies
may be evident after 4 to 6 weeks.
The increased growth of lateral
branches gives the plants a bushy
appearance.

Normal flowers and leaves are usu-
ally produced within 6 to 10 weeks.

At harvest cotton treated with 2,4-D
often has portions of the plants with-
out bolls, some older, malformed
leaves still present, and bolls with
brittle petioles. A few bolls may have
more than five locks.

2,4-1) Applied to
Cotton Foliage

Applications of 2,4-D to cotton fo-
liage may affect lint yields. The re-
sponse of cotton will depend upon
the season and the rate and time of
application. The effects of 2,4-D on
cotton yield cannot be predicted.
However, if normal grower practices
are followed, cotton often recovers
and produces near-normal, normal, or
slightly-al x>ve~i I orma 1 yi el els.

These eiiects of 2,4-1) on cotton
yield arc illustrated in Table 2, below.

The average reduction in cotton
yield varied from 12 to 36 percent
and averaged 22 percent. Yields were
reduced as the amount of 2,4-D ap-
plied increased. The least yield re-
duction occurred when 2,4-D was ap-
plied in August after cotton had set
bolls. There was variation between
years in the amount of yield reduc-
tion caused by foliage applications of
2,4-D. In two years the average yield
reduction was only 10 percent and in
the other years reductions averaged
30 and 40 percent.

Table 2. Effect of Foliage Applications of 2,4-D cm Yield of
Acala-44 Cotton (1953-1956).

Treated

June — Square
July — Early bloom
August — many bolls set
Four-year average

Cotton

Pounds
1/132

84
82
88
85

yield expressed as percent of
untreated checks

of 2,4rD per acre
1/66
74
76
87

" 7 9

I/SB
64
67
81
71

Four-year
average

74
75
85
78
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Table 8. Effect of Foliage Applications of 2,4-D on Yield of
Acala-44 Cotton Harvested in Three Pickings (1953-1955).

Treated

June — Square stage
July — Early bloom stage
August — Many bolls set
Untreated check

1st
Picking

(September)

2nd
Picking

(October)

3rd
Picking

(December)
(Percent of total yield of untreated

13
25
48
51

44
24
19
30

23
36
19
19

Total
Held

checks)
80%
85%
86%

100%

The test cotton was grown under
normal field conditions near Tolleson,
Arizona. Yields of the untreated check
averaged 2.6 bales per acre. The rates
of 2,4-D applied were higher than
the rates which often occur in cotton
fields affected by 2,4-D.

Cotton Maturity
May Be Delayed

An application of 2,4-D may delay
the date of cotton maturity as well
as affect total yield. For example,
cotton treated with low rates of 2,4-D
at the square stage matured only 16
percent of its total yield by the Sep-
tember picking in experiments near
Tolleson. In comparison;, 51 percent
of the total yield was obtained from
the untreated cotton harvested at the
same time.

Maturity of a major share of the
cotton treated with 2?4-D at the bloom
stage was delayed until December.
The yield pattern for cotton treated
in August was similar to that of the
untreated cotton because bolls set be-
fore the 2?4-D application developed
normally.

Effects on maturity of 2,4-D appli-
cations at various stages of growth
are shown in Table 3, above.

The delay in maturity caused by
the application of 2,4-D at the square
and bloom stage could be serious if
some factor shortened the growing
season. If frost, disease, insects, or
lack of water stopped plant develop-
ment before bolls matured yields
could be severely reduced on plants
recovering from 2,4-D.

2,4-D in Irrigation Water

Cotton growth can be affected by
2,4-D in the irrigation water but much
higher rates are required than when
2,4-D is applied to cotton foliage. In
the irrigation water, 2,4-D causes
many of the typical symptoms: mal-
formed foliage, increased growth of
lateral branches, and delayed ma-
turity.

The average yields of cotton were
not reduced by applications of V2
and 1 pound of 2,4-D per acre in the
irrigation water at the square stage
in a 5-year experiment near Tolleson.
The results of this test are summar-
ized in Table 4, page 14.



fable 4. Effect of 2,4-D in the Irrigation Water on the
Yield of Acala-44 Cotton (1953-1957).

Rate of 2,4-D
(lbs, per acre)

1

2

Cotton

1953
102
107
104
103

yield expressed

1954
106
105
95
98

1955
106
108
92
88

as percent

1956
110
110
102

95

of untreated checks

1957
81
76
66
68

Vive-year
average

100'~~
100
91
90

Soil Residues of 2,4-D
If a few ounces per acre of 2,4-D

are present in the soil when cotton
is planted, the foliage of young plants
may be malformed. However, such
cotton soon produces normal foliage.

If larger amounts (8 to 16 ounces
per acre) are in the soil, seed ger-
mination and seedling emergence
may be reduced. The foliage of cot-
ton is malformed for several weeks,
but the final yield of cotton usually
is not reduced.

Effect of 2,4-D on

Cotton Fiber

Although 2,4-D may affect cotton
yields and delay maturity, there has
been no effect on length, strength,
and fineness of fiber in tests to date.
When 2,4-D delays maturity and bolls
are produced later cotton fiber could
be indirectly affected by application
of this herbicide.
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