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SOME PHYSTOLOGIC AND MORPHOLOGIC RESPONSES OF CERTAIN FIELD

CROPS TO 2,4-DICHLOROPHENOXYACETIC ACID (2,4-D)

INTRODUCTION

Early research involving 2,4~dichlorophenoxyacetic acid was
directed toward a study of the toxicity of the chemical to various weeds
and the effectiveness of 2,4-D in controlling broad-leaved weeds in small
grains. In these tests injury to the crop by the chemical may have been
overlooked due to the compensating effect of reduced weed competition in
the sprayed plots; To overcome this defect the experiments reported
herewith were designed to study the effect of the herbiecide upon several
field crops grown on weed-free soil. The results of such experiments

~

should provide information as to the maximum safe limits of application

of the chemical for control of weeds growing in these crops.




REVIEW OF LITERATURE

1. The Effect of Post-emergence Applications of 2,4-D

Hamer and Tukey (19) in 194/ found that 2,4-D exerted no
détrimental effect upon a series of grass species tested.

Blackman (5) made recommendations for specific annual weeds in
cereal crops. The rates recommended were 1.0, 1.5, and 2.0 pounds per
acre. However, Viehmeyer (37), reviewing the abstracts and reports
presented at the North Central Weed Control Conference held at Topeka on
‘December 10-12, 1947, stated that the dosages that had been generally
recomuended and used for the control of annual weeds in crop plants were
too high for safety and a downward revision of those dosages was
necessary if the maximum and most economical use of the herbicide was
to be made.

In 2 review on 2,4-D and its applications the U.S.D.A. (36)
advised that, in the main, it provides a weapon against weeds in drilled
and broadcast crops where cultivation is impractical or impossible.
Flax, however, was considered as susceptible to injury by 2,4-D as the
annual weeds. Therefore, the chemical was not recommended for use in
flax.

The influence of climatic factors such as temperature and rain-
f£all upon the herbicidal effects of 2,4-D were observed by Marth and

Davis (27) who found that treatment at higher temperatures resulted in

more rapid killing. Weaver et al. (39) obtained decreased plant response

to 2,4-D when application of an aqﬁeous solution was followed by rainfall.
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In the greenhouse when rain was simulated six howrs or more after applica-
tion of 2,4-D, plant responses were not decreased, but in a field trial,
reinfall within twenty-four hours of application reduced the effect of the
herbicide. No diminution in response to the herbicide occurred when an
oil solution was used, suggesting that an oil carrier might be useful in
regions of heavy rainfall.

One of the first experiments reported on weed-free plots was a

study of chemical control of weeds in rice, by Ryker (32). Response to

treatment varied with stage of growth at time of spplication. Plants

sprayed at flowering showed considerable blasting. There was normal
germination from harvested seeds except where 2,4-D had come in direct
contact with the grein itself. Ryker observed that dugting was as
effective as spraying for the control of some weeds and more effective
for others.

Klingman (24) concluded from his eﬁqaeriments that treating
cereals, when weed-free, with 2,4~D reduced yields. He suggested that as
much as 3.0 pownds of 2,/4-D per acre might be applied for weed control in
* wheat and barley. Spraying wheat and barley in the boot stage resulted

in many sterile heads and significantly depressed yields if the applica-

tion was made at, or before, jointing, or after heading. Greatest head
abnormelities (other than sterility) of wheat and barley occurred in
plants sprayed at, or before, the jointing stage.

Applications of an ester and a salt type of 2,4~D at rates of
0.5, 1.0, 1.5, and 2.0 pounds per acre were made to winter wheat in the
spring at the jointing stege and in the pre-head stage by Elder (13). He
also applied it in the fall at the tillering stage. It appeared that

this early spplication was more severe on wheat yields than the spring



applications. Applied in the spring the 0.5 pound per acre rate gave only
a slight decrease in yield.

Kusch (25) found that the 1.0, and especially the 2.0 pound rate
of butyl ester resulted in measurable differences in response between
varieties of the same crop. Rescue wheat was affected most, Apex somewhat
less, while Thatcher and Redman were least affected. The latter three
varieties reacted with larger kernels and higher bushel weights. Rescue
was adversely affected in this respect. In oats, Exeter was most affected,
Victory next, then Garry, with Ajax appearing to receive a sfimulus. Titan
and Velvon barley were adversely affected. Vantage and Plush showed only
slight damage. In both oats and barley treatment resulted in increased
Kernel and bushel weights of all varieties.

Sodjum salt, amine, and butyl ester formulations of 2,4-D were
used by Leggett (26). The rates were 1.0, 2.0, 3.0, 4.0, and 5.0 pounds
per acre appiied at three stages of growth. The 3.0, 4.0, and 5.0 pound
rates of all formulations, but especially of the amine and ester, resulted
in sterile wheat florets. All wheat p}.o*bs treated in the fhree-leaf stage
resulted in disiorted heads. This distortion was absent from plots
treated at the two later stages. Except for distorted heads, early spray-
ing resulted in less damage than late sprayings. Leggett found that
barley and wheat were similar in their responsé , while oats was the least
resistant of these three cereals. The percentage of sterile florets in-
creased with formulation (sodium salt, to amine, to butyl ester), con-
centration (check to 5.0 pound rate) , and stage of growth (three-leaf,
early shot blade to pre-heading). Redwing flax was "wiped out" on all plots
at the 5.0 pound rate. The plots receiving the 4.0 pound rate of any

formilation and the 3.0 pound rate of either the amine or ester formula-
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tions produced no seed., Stage of growth at time of treatment did not
affect the result, Compared with the check all plots were delayed in
maburity.

Ficht (16) used the same formulations, but the rates were 0.25
and 0,5 pownd per acre. Rescue wheat, sprayed when three inches high,
d.;;reloped deformed heads and a noticeably wneven stand at both rates with -
all formulations. Wheat sprayed before emergence and after the plants
were five inches high did not develop deformed heads. Ajax oats and
Titan barley sprayed when three inches high showed wnevenness of stand,
and maturity was delayed three to six deys. Spraying Royal flax at early
four-leaf stage resulted in & severe reduction in stand from the amine at
0.5 pound per acre and the ester at both 0.25 and 0.5 pound per acre.

Flax sprayed in the bud stage with 0.5 pound amine branched more profusely
and filled with seed, but was delayed in maturity by about two weeks.

The sodium salt and butyl ester forms of 2,4-D were used by
Buchholtz (7). In 1946 he used rates of 1.0, 2.0, and 4.0 pounds per acre,
acid equivalent, and in 1947 these were reduced to 0.5, 1.0, and 2.0
pounds per acre. The applications were made at three stages of growth
(four, eight, and fourteen inches) to Oderbrucker barley and Vicland oats
grown on essentially weed-free plots. The yield of barley was not
affected significantly by 2,4-D in either year. Germination of seed from
treated plots was fully as good as from untreated checks. Kernel weight
of the barley was increased by treatment at the four and eight inch
stages of growth. In seversel instances lodging was reduced by 2,4~D. The
higher rates of application, especially at the four and eight inch growth
stages depressed oat yields. HNeither kermel weight nor lodging reaction

was influenced, but germination was reduced by the heavier rates at the
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four and eight inch growth stages. The sodiwm salt was less toxic than

the butyl ester.

Elder (1) applied three formulations of 2,4-D at 0.5, 1.0, 1.5,

and 2,0 pounds per acre to Kanota oats when the plants were three to four
inches high and at the pre-heading stage. All the rates at both dates
reduced yield., The ester type proved more toxic than the sodium salt or
smine types.

Viehmeyer and Wolfe (38) spplied three formulations of 2,4-D at
dosages of 0.25, 0.5, 1.0, and 1.5 pounds per acre to four varieties of
oats and barley at heading time. In both barley and oats the greatest
reduction in yield resulted from butyl ester treatments and was in pro-
portion to the dosage. In barley, lodging occurred within forty-eight
hours following treatment, and the plots remained lodged. Lodging was
due to bending of the second and third nodes following treatment.

The ssme formulations were used by Derscheid (11), 211 being
applied at 1.0 pound per acre, acid equivalent. Irrespective of barley
variety, or date of treatment, the plots treated with ester yielded
significently lower than the checks or the plots treated with an amine
or sodium salt. Regardless of variety or formulation, the plots treated
in the tillering stage yielded significantly more than plots treated at
the seedling, boot, or bloom stage.

Bakke (3) concluded from preliminary experiments that a dilute

solution of butyl ester could be used to control certain weeds in flax,

2. Residusl Effect of 2,4-D

In 1944 Hemner and Tukey (19) tested the residual effect of

2,4~D in the soil after its spplicetion as a herbicide. Twelve species
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of cereal, lawn and pasture plants were sown on an area sprayed two months
earlier. The see_ds germinated well and young plants showed no curvatures
or formative defects. They suggested that light surface applications
prior to seeding might destroy some weeds and not affect germination of
the crop sown later.

Cates (9), reviewing work on 2,4-D prior to 1945, stated that
there was no evidence of it sterilizing or damaging the soil for
subsequent crops. However, Blackman (5) stated that seeding after the use
‘ of 2,4-D was out of the question because residues toxic to germinating
seeds remain in the soil for at least six weeks. Some of the findings of
Hamner et al. (18) substantiate this view. In their experiment, con-
centrations of 2,4-D acid as low as 1 part per million (p.p.m.) applied to
- mineral or muck soil affected the germination and growth of many seeds.

Marth and Mitchell (28) obtained effective weed control in
experimental plots sprayed with concentrations of 500 or 1,000 pe.p.m. of
2,4D per acre.

Carlyle and Thorpe (8) used low concentrations of amine and
godium salts in soil solution to determine the residual effect of 2,4-D.
The results revealed that 0.5 pe.p.m. (0.21 pounds per acre) of 2,4-D in
the soil solution would seriously restrict germination, limit growth, and
practically inhibit nodulation of beans, peas, red clover and alfalfa.
The growth of rhizobia was not inhibi’c.ed until a concentration of 0.03%

( corresponding to 200 pounds per acre) was reached. The deleterious effect
on symbiotic relationship, as indicated by a reduction or inhibition of
nodulation, was caused largely by action of the herbicide through the
medium of the plant. It was suggested that field applications of 2,4-D

would probably be harmful to legumes.
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Payne and Fults (31) carried out their study in the greenhouse.
¥When the 2,4-D was mixed with the soil before planting it prevented
nodulation in the common bean at a concentration as low as 0.075 pound
per acre. At concentrations lower than this nodules formed, but &
disintegration of host tissue and a change in the bacterial gram-stain
- reaction were observed.

Dunham and Robinson (12) treated soil on May 22 with an smine
salt of 2,4-D at rates of 1.0 and 2.0 pounds per acre., On May 24 several
crops were planted on the treated soil., The first planting of red clover
was injured and the flax staend slightly reduced. No injury was observed
on oats, corn, soybeans, and sugar beets; nor on the second plantings
{(Twe 10) of flax and red clover.

Wheat, corn, péas, and flax were sown one, eighteen, thirty-two,
and forty-nine days after application of 1.0 and 2.0 poundskper acre of
2,/-D, in a test reported by Bisel (4). Corn appeared to be entirely
immune to toxic effects of 2,4~D. TWheat sown at the first two dates
showed some injury, but there were no harmful effects in the later
seedings. Flax was only slightly more susceptible than wheat. Peas grew
poorly when seeded thirty-two days after application of 2,4-D at 2.0 pounds
per acre, but no appreciable effect was evident from the 1.0 pound rate.
The residual effect of the 2,4-D did not exceed a forty-nine day period.

Bordeleau (6) applied a sodium salt of 2,4~D at conéentrations
of 500, 1,000 and 2,000 p.p.m. on June 17, Oats, white elover, corn, flax,
and timothy were sown on the treated plots and‘on checks on each of
June 17, July 5, July 21 and August 2. The oats gefminated 100 per cent -
at all dates, but about 50 per cent of the plants from thé first two sow-

ings died. There was no residual effect on oats after thirty days.w The
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first sowing of white clover was practically destroyed, but no injurious
effects were observable after fifteen days. Flax results were similar
to those of white clover. Corn was not affected by 2,4-D. The timothy

germinated 100 per cent at all dates, but it died on all plots including

the checks.
Using rates of 1.0 and 2.0 pownds per acre of an amine salt of
2,4~D on sandy soil, Harrison (21) found that the detrimental effect of

the 2,4~D on the seed and on plant development had altogether disappeared

two weeks after application. The plants used were set onions, beets,

carrots, snap beans, sweet corn, tometo and raddish seed.

Timmons (34) made soil applications of an ester, = sodiwm salt,
and an amine salt of 2,4-D, and methoxone, on April 18 at 2.0 pounds per
acre. The sodium salt was also applied at rates of 1.0, 3.0, and 4.0
pounds per acre. Plantings of alfalfa, buffalo grass, corn, midland milo,
and Sudan grass were made April 18, May 2, May 22,. and Jwe 2 across
treated and wmtreated plots. Stands of all cr;ps, from the first two
plentings were reduced by all treatments, the reduction for the second
planting being greatest in most cases. ﬁoma.} standst of buffalo grass,

corn, milo, and Sudsn grass were obtained on nearly all plots from

nearly normal stands. No significant differences were apparent in the
effects of different 2,4-D formulations at equivalent rates. Crop yields

on treated plots, expressed as & percentage of yields on wntreated control

plots, were relatively greater than stands in nearly all esses.
In another experiment Timmons (34) made soil applications of the
same formulations of 2,4-D at 2.0 pownds per acre on dugust 30. Plantings

of several crops, including alfalfa, were made August 30, September 13,
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September 27, and October 11 across treated and wnireated plots. Aall
treatments prevented nearly all emergence of alfalfa from the first two
plantings bub did not greatly reduce the stands from later seedings.

Mitchell and Marth (29) made the following observations: 2,4-D
in air-dry soil was slowly inactivated, but 1.0 to 14.0 milligrams per
powmd of soil reduced emergence of mustard seeds after the soil was stored
for eighteen months. A4ll rates retarded emergence of barley when the soil
was stored air-dry for twelve days, but after one month only the 14.0

milligrams per pound rate caused significant retardation. However, when
mixed in warm, moist soil, 2,4-D was rapidly inactivated. Twenty Fa
milligrams per pound in soil high in organic matter, stored wnder warm,
moist conditions for a period of two weeks or more, did not significantly
reduce the emergence of mustard plants.
Hamner and Tukey (19) in 1944 reported that germinating seed of
sweet clover emerging 3 to 7 days after the surface had been sprayed were
completely killed.
Anderson and Wolf (2) tried pre-emergence control of weeds in
corn with 2,4-~D. The corn was planted May 31 é:nd the 2,4~D spplied

Jume 7, two days before the corn emerged. They applied 2.7 pownds per

acre as dust, while the 5.5 and 9.1 pownd per acre rates were sprayed on
to the soil. The results indicated that 2.7 pounds per acre of 2,4-D
effectively controlled weeds and had no detrimental effect on the corn.

No injury resulted to corn from pre-emergence treatments in an
experiment reported by Willard and Homer (40). All treatments of 2
powmds per acre or more of 2,4-D acid controlled annual weeds to the
ektent that no further cultivation was necessary.

Two separate experiments were conducted by Hernandez et al. (22).
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In each experiment, the sodium salt of 2,4-D was applied as a pre-planting
treatment and as a surface application immediately after planting. There
was practically no difference beﬁween the dates of .applicati;an, but the
results of the two experiments varied.‘ In one there was no reduction in
stand, maturity, or yield of corm; in the other, 21l treatments caused a
delay in maturity and s reduction in yield of approximately 12 and 30% for
the 2.0 and 4.0 pownd rates respectively.

Spangelo and Anderson (33) found thet 1.0 pound per acre of

sodiwm salt or the ester form of 2,4-D gave effective control of annual

weeds without any injury to the corn plants.

Hamner et al. (20) applied the sodium salt form of 2,4-D at 5.0
pounds per acre as >a pre-emergence spray to corn. Adequate weed control
was obtained without any reduction in the yield of corn. They found that
on accowmnt of root stimulation the corn plants on treated plots with-
stood a severe windstorm which blew over 211 the corn on the control
plots.

The amine and ester at 2.0 pownds per acre and the sodium salt
at 4.0 pounds per acre gave effective weed control in a pre-emergence

experiment reported by Timmons (35).

Alban and Kierns (1) applied four concentrations of the butyl
ester form of 2,4-D within twenty-four hours after planting of 25
vegetable crops. In general the rates of 0.13 and 0.33 pound per acre

were not effective herbicides for any appreciable length of time. The

0.66 poundlper acre gave adequate control of all weeds present for a
three-week period and the 1.32 pound rate gave adequate control for about
six weeks. Weed species present were crabgrass, pigweed and purslane.

The period of effective weed control was found to be affected
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by the amownt of molsture present in the soil and by temperature, as

mentioned in reviewing the observations of Mitchell and Marth (29).
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MATERIALS AND METHODS

The experiments involved in this study are outlined in the
following three sections:
1. The effect of 2,4-D applied to cereals and flax.

2. The effect on crop plants of residual 2,4-D in
the soil.

3. The effect of 2,4-D on soil miero-organisms and
on soil nitrates.

1., The Effect of 2,4-D Applied to Cereals and Flax

Two separate experiments were conducted--one involying cereal
crops; the other, flax. The varieties were Redman wheat, Garry oats,
Montcalm barley and Royal flax.

The sodium salt and butyl ester formumlations were compared.
The rates¥ of 0.5 s 1.0, and 2.0 pounds per acre were applied to wheat,
ocats, and barléy, and 0.25, 0.5, and 1.0 pound to flax. The applications
were made on June 25, when the plants were approximately eight to ten
inches tall, and on July ,8’ when the cereals were just beginning to head,
and the flax was in bloom. .

A split plot désign was used in both experiments. For the one
involving cereals, wheat, oats, and barley were pl_aced in the main blocks.
- The da_tes were assigned to sub-blocks and the formula’cions and rates were

randomized on the plots within these. In the flax experj.ment each
replicate was divided into two date blocks. The formulations and rates

were randomized within these. Bach experiment contained four replicates.

¥ The rates of 2,4-D applied are reported on the basis of pure
acid. It was sprayed in water solution at a volume of eighty gallons per
acre.
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Six-row plots eighteen and one-half feet long were used. Spac—-
ing between rows was nine inches, and between plots, eighteen inches,
The middle two rows of each plot to be treated were sprayed by means of a
knapsack sprayer. To increase the accuracy of the method of application
an auxiliary tank, similar to the one described by Davis (10), was
attached. Prior to harvest one foot was cut off each end of the plots.
Yield determinations were based on the two middle rod rows.

Data on weight per measured bushel, and germination, were

obtained in addition to the yield data.
T hrough freqﬁent cultivation all plots were kept essentially
weed-free.
Field notes were taken and abnormal plants were tagged. Seeds
from the abnormal plants were sown in the greenhouse, and the progeny
obgerved to determine whether any of the abnormalities were inherited.
Twenty-five spikes of each of wheat and barley, and twénty-five
oat panicles were collected at hérvest time from each plot in three
replicates. Fifty seed bolls were taken from each flax plot. A1l the
samples were threshed and seed counts were made to determine whether there

was any effect of treatments on sterility.

2. The Effect on Crop Plants of Residual 2,4-D in the Soil

Two experiments were involved in this section-—-one devoted to
alfalfa, barley, flax and millet; the other, to corn. The varieties were
Macsel alfalfa, Montcalm barley, Royal flax, Siberian millet, and Hybrid
85 x 15 corn.

The sodium salt and butyl ester forms of 2,4-D were applied to

the soil at 1.0 pound per acre on May 21. The crops were sown on treated
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and untreated soil on May 17, June 3, June 16, July 2 and July 17.

A split plot design was used. Treatments were placed in the
main blocks. Crops were in sub-blocks, and the dates of seeding were
assigned to the small plots.

A1l plots consisted of three rows. The corn was planted in rows
of twelve hills each. Spacing was three feet each way. For the other
crops spacing between rows was nine inches , and between crops, eighteen
inches. The rows were eighteen and one-half feet long.

Yield of dry matter in pounds was the criterion of treatment
effect. In the case of corn, yield was based on the ten inside hills of
the middle row. One foot was cut off each end of the other plots and the
middle rod row was harvested for yield.

A1l trials were made in four replicates, three of which were
kept weed-free and used for yield data. Field observations were made on
all plots including those in the unweeded replicate.

An attempt was made to determine the effect of the residual 2,4-D
on nodulstion of alfalfs plants. On September 3, ten plants in each of
the treatments, in two replicates, were dug from plots seeded May 17,

June 3 and June 16. The roots were washed and the nodules counted.

3. The Effect of 2,4-D on Soil Micro-organisms and on Soil Nitrates

These tests were carried out on soil from plots treated for
another experiment (30). It consisted of three replicates with three
plots each. The plots were three feet by thirty-six feet with an inter-
vening three foot space.

An untreated check and treatments of 2.0 and 4.0 pounds per

acre of butyl ester were compared. The 2,4-D was applied on June 2.
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Soil samples for bacteria and fungi plate counis were collected
on June 12 and again on July 29. The dry, loose, top soil was discarded
and about half an ownce of moist soil from just below the surface was dug
with a teblespoon. Six spoons of soil teken at random from z plot were
bulked to meke up one sample. Two such samples were procured from each
plot. Estimates of the numbers of soil bacteria and fungi were secured.
The technique used was as described by Jemes and Sutherlend (23).

_ On October 3, soil samples for nitrate determinations were
collected at three depths (0-6 inches, 6~12 inches zand 1-2 feet) on each
plot. By means of an auger six holes were drilled at random on each plot
and a composite sample obtained for each depth. Water extracts for the
determmination of nitrates were made according to the method described by
Fmerson (15). Deteminationé were made colorometrically with a Coleman
spectrophotometex.

For all experiments involved in this study, the methods of
statistical amalysis employed were as described by Goulden (17).

Through the courtesy of the Meteorological Division of aAir
Services, Department of Tra.nspo‘:r"b, Canada, a meteorological sumary for
the Winnipeg Arez wes obtained. The daily summary for the period May 21
to August 31 is given in Table I.
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TABL

I

METFOROT.OGICAL SUMMARY

WINNIPEG, MANITOBA

May 1947
Date Temperature Mean Hours of Precipitation
(max. to min.) Bright Sunshine (inches)
21 50.0 7.9 01
22 £2.0 10.5
23 51.3 7.3 .08
24 47.6 13.6 .09
25 45.6 2.8 .02
26 38.0 13.6 T
27 33.3 7.5 .07
28 33.0 2.6 T
29 36.2 2.1 .06
30 49.6 7.5
31 48.5 10.8
Total 234.7 .85
May Mean 46.2
NormalX 52.0 241.5 2.21
JUNE 1947
1 45.0 1R.5
2 5446 43
3 60.0 45 .71
4 55.8 0.0 «29
5 57.2 2.1
6 53.9 1.7
7 60.2 49
8 65.5 7.6 .12
9 52.1 0.0 .03
10 47.0 T
11 560.0 14.2
(Continued)

X Based on seventy-three year average at Winnipeg.

T - Trace




TABLE I (Continued)

METEOROLOGICAT, SUMMARY
WINNIPEG, MANITOBA

Temperature Mean
(max. to min.)

Hours of
Bright Sunshine

Precipitation

(inches)
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TABLE I (Continued

METEOROLOGICAL SUMMARY

‘WINNIPEG, MANITOBA

Date

Temperature Mean Hours of Precipitation
(max. to min.) Bright Sunshine (inches)
10 7544 T
11 75.2
12 76.3 32
13 74.8 T
1 76.0
15 75.0
16 7.6
17 70.5 T
138 6.5 T
19 64.6 T
20 5.6 T
21 59.6
22 66,7 <32
23 T2.4
24 70.4, 1.77
25 70.3 <04
26 68.8
7 75.6
28 79.8 .08
29 75.0 T
30 63.8
31 6L.7
2.94
69.9
67.0 2.95
1 70.0 <39
2 T4
3 79.8 T
; . .42
6 69.7 T

(Continued)}
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TABLE I (Concluded)

METEOROLOGICAL SUMMARY

WINNIPEG, MANITOBA

AUGUST s 1947
Date Temperature Mean Hours of Precipitation
(max. to min.) Bright Sunshine (inches)
7 60.2 6.3 52
8 9.6 5.3
9 749 8.8 <12
10 72.0 0.0 .98
11 64,7 54 «33
12 64..0 12.2 06
13 63.2 202 . 59
1 63.7 12.4 .06
15 68.3 6.6 .10
16 9.2 1.1 27
17 65.8 9.4 T
18 66. 12.2
19 724 12.9
20 Thel 8.4
21 76.3 12.6
22 86.1 11.9
23 T4 8.4
24 6.6 8.7 T
25 57.2 11.0 23
26 6.8 10.2
27 51.6 8.5
28 54.5 10.2 «27
29 63.6 9.6 T
31 62.4 3.6 .10
Total 270.1 4.53
Mean 68.1
Normsl 6.2 262.6 2.49
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RESULTS AND DISCUSSION

The crops included in these experiments will be discussed

separately in their respective sections.

1. The Effect of 2,4/~-D Applied to Cereals snd Flax

| Wheat

The day following treatment, 81l plots to which the ester had
been applied were lodged. This occurred at both dates of treatment. The
degree of lodging increased with the rate of application. A week after
treatment the plants had recovered their normal stature, but some crinkl-
ing of _leaf margins was noticed on plants which had received the 1.0 and
2.0 pmmdvrates. No injury was observed on plots sprayed with the sodium
salt formulation.

The 2.0 powmnd rate of ester, at both dates, resulted in visible
sterility, and many culms were six inches shorter than normal. The same
effect, to a lesser degree, was noted with the 1.0 pownd rate. At the
first date, the 1.0 and 2.0 pound rates of ester caused a number of
abnormal spikes. to be produced. The abnormalities consisted of twisting
at the base of the rachis, | spikelets bgme opposite rather than alternate
on the rachis, as well as twin spikelets (Figure 1). Seeds from these
were grown in the greenhouse, and the resultant plants appeared normal.

Table IT shows the effect of 2,4-D on yield. As an average of
both dates the 1.0 and 2.0 pownd rates of ester reduced yields sig-
nificantly. The reduction at the 2.0 pownd rate was more severe, but the
difference between these two was not significant.

The sodium salt did not cause significant reductions in yield
at any rate. The differences in yield, due to date of applieation of the




b & & e i

Abnormel vwheat spikes dve to spplicetion of 2,4-D compared with =
normal spike.

a - noymsl

b - twisting at base of rachis and basal sterility

¢ end 4 - spikelets near middie of spike opposite rather than
alternate

e = twin spikelets =smd apical sterdlity

£ = twisting at base of rachis and apical sterility
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EFFECT OF AN BSTER AND OF A SODIUM SALT OF 2,4-D ON THE AVERAGE

YIELD OF WHEAT IN BUSHELS PER ACRE

Rate 2;4-D Date of Application
Pounds
Per Acre June 25 July 8 Mean
Ester 0.00 24,9 25.6 25.3
0.50 22.6 4.6 23.5
1.00 25.5 17.5 21l.4
2,00 19.4 17.2 18.3
Date Mean (Ester) 23.1 21.2 22.1
Sodiwm Salt 0.00 277, 26.0 26,7
0.50 22,1 25.9 240
1.00 212 23.1 22.2
2,00 25,6 24 b 25.1
Date Mean {Sodium Salt) 241 24.:9 245
Date Mean {Ester and
Sodium Salt) 23.6 23.0
F VALUES
Calculated 5 Per Cent 1 Per Cent
Point Point
Dates 0,19 10.13
Formilations 462 4,07 727
Rates 3.33 2.83 Lo 29
Formulations x Rates 1.83 2,83
Formulations x Dates 1.48 407
Dates x Bates 1.32 2.83

Fornmulations x Rates x Dates

1.32

2.83




'3

244D, were not significant at any vrete for either Fformulation.

It may be seen from Table IIT that there was a fairly consistent
reduction in the number of kernels per spilke as the amcunt of sster
applied increased; bubt no appreciable reduction for any rate of sodium
salt. Date of application had 1little effect on sterility.

Comparing Tables IT and III, a2 pogitive relstionship between
yield and the number of kernels per spike is evident. This is sub-

stantiated by the significant positive correlation coefficient obtained.

Calculated 5 Per Cent 1 Per Cent
Point Point
Correlation coefficisnt 0.47L 0.288 0.372

This relationship is shown graphically in Figure 2.

Considerable blasting was observed on plols treated, at either
date, with the 1.0 and 2.0 pound rates of ester. This was not noticed
for the 0.5 pound rate of ester, nor for any rate of the sodium salt.

Table IV shows thatl as an average of dates, a progressive reduc-
tion in yield occurred zs the concentration of the ester applied in-
creased. The 1.0 and 2.0 pound rates caused significant reductions. The
difference between these two was not significant. A%t the 2.0 pound rate
the yield was only 42 per cent of the checks

The sodium salt formulation did not affect yield significantly
at any rate. The 0.5 and 1.0 pound rates each ylelded 19 per cent more

than the check (not significant statistically), while the 2.0 pound rate



NUMBER OF KERNFLS PER SPIKE OF WHEAT

Rate 2,4-D Date of Application

Pounds
Per Acre June 25 July 8 Means
Ester 0.00 20.3 20.6 20,4
0.50 17.6 19,1 18.4
1.00 19.0 16.1 17.6
2.00 15,0 15,7 15.4
Date Mean (Ester) 18.0 17.9 17.9
Sodiwm Salt 0,00 18.6 19.1 18.8
0.50 19.7 18.7 19.2
1.00 19.9 19.4 19.6
2,00 19.8 17.6 18,6
Date Mean (Sodiwm Salt) 19,24 18,7 19.0
Date Mean (Ester and
Sodiwm Salt) 18.7 18.3

F VALUES AND NECESSARY DIFFERENCE

Caleculated 5 Per Cent 1 Per Cent Necessary

Point Point Difference
at § Per
Cent Point
Dates 0.68 18.51
Formulations 9.78 4o 20 7.64
Ra'tes 9@ 81{;» 2&95 4@57
Formulations x Rates 8,45 2.95 4o 57 1.46
Formulations x Dates 0.72 420
Dates x Rates 1.86 2.95

Formulations x Rates x Dates 2.74 2.95
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TABLE IV

TFFECT OF AN ESTER AND OF A SODIUM SALT OF 2,/-D ON THE AVERAGE

YIELD OF OATS IN BUSHELS TER ACHE

Rate 2,4-D Date of Application
Pounds
Per Acre June 25 July & Hean
Ester 0.00 31.8 21,2 36,5
.20 28.5 29.2 28,7
1.00 19.9 15.9 17.9
2.00 11.8 18.8 15.2
Date Mean (Bster) 22,9 26,3 24.6
Sodiwm Salt 0.00 30.2 32.6 31,2
0.50 35.8 39,2 374,
leOO 36@9 3738 3?9£4
2,00 32.7 25.7 29.2
Date Mesn (Sodivm Salt) 33.9 33.9 33.8
Date Mean (Ester and
Sodium Salt) 28.4 30.0

F _VALUES AND NECESSARY DIFFERENCE

Calculated &5 Per Cent 1 Per Cent  Necessary
Point Point Differente

at 5 Per
Cent Point

Dates o 10,

Formulations 19. e 7.27

Rates o ° Le29

FTormulations x Rates 4o 29 8.48

Formutetions X Dates
Dates x Rates
Formulations x Rates x Dates

3
®

@
@

HOOS\G\\QQ
QWU ~T W N
~1 00O O NNO
?\Jmﬂ’\g\)c\)@\o
0 0 0 0 0g Q
W W) ~J W W T\

-3

o9




aused no appreciable reduction in yield,

Table V shows that there was 2 progressive increase in sterility
as the rate of ester applied increased. The 1.0 and 2.0 pownd rates
caused significant reductions in the number of kernels per panicle. The
sodium salt did not cause a significant increase in sterility at any rate.
Differences in sterility due to date of application of 2,4-D were not
significant.

The correlation coefficient between yield and the number of

kernels per panicle was positive and significant.

Calculated 5 Per Gent 1 Per Cent
Point Point
Correlation coefficient 0.540 0.288 0.372

Graphic representation of this relationship is shown in Figure 3.

Barlev
The day after treatment, all plots to which the ester had been

applied were lodged. This was noted at both daites of treatwment. The
degree of lodging increased with the rate of spplication. 4 week follow-
ing the first date of treatment the plants had recovered their stature
reasonably well. Plobts treated at the second date remained lodged. This
condition was most severe at the 2.0 pownd rate. The bassl nodes of
plants, in plots which remained lodged, were aboult three times the normal

size., HNo injury was observed on plots sprayed with the sodiwum salt.



AN

FFFECT OF AN ESTER AND OF A SODIUM SALT OF 2.4-D ON THE AVERAGE

NUMBER OF KERNFELS PER PANICLE OF QOATS

Rate 234wD Date of Application

Pounds
Per Acre June 25 July 8 Mean
Bsber 0.00 46,8 yAA 16,6
0.80 AR £2.9 (2.2
1.00 32.3 ARV 36,8
2.00 29.0 30.5 29,8
Date Mean (Ester) 37.4 4£G.3 38.8
Sodium Salt 0,00 Za/go? L’z,geﬁi- ‘{%'597
0950 4295 1&3@2 42@8
1.00 1504 45.8 45.6
2.00 4£2.5 A2.3 LR 4
Date Meen (Sodium Salt) Lo 8 L3604 4401
Date Mean (Ester and
Sodiwm Salt) 1.1 1.9

F VALUES AND RECESSARY DIFFERENCE

Caleculzted 5 Per Cent 1 Per Cent  Necessary
Point Point Difference

at 5 Per
Cent Point

Dates 0,15 18,51

Formulations 28,01 FAR S T R7

Rates 17.46 2.83 o2
Formulations x Rates 10.59 2.83 Lo 29 4,08
Pormulations x Dates L.66 4.0 T.27

Dates x Rates 2.85 2.83 4o 2D

Tormulations x Rates x Dabtes 0.88 2.83
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Table VI chows, that as an average of dates, there was z
progressive reduction in yield as the rate of ester gpplied increased.
There was a pronounced effect even at the half pound rate. The plotbs
treated at the second date yielded significantly less than those from
the first date. The dabe show that at the second date there was a sharp
progressive decrease in yield with increased rates of application. Plots
treated with the 2.0 pound rate yielded only 35 per cent of the check.

The godivm salt formulation showed practicelly no effect on
yield, irrespective of rate or date of application. The marked difference
in response of the ester and sodium salt formulations at different Tates
and dates is veflected in the high F values obtained for formulatlons,
and for the simple and triple interactions involving formulations,

The effect of 2,4-D on the number of kernels per spike of barley
are shown in Teble VII. The ester formulation resvlted in a marked
decrease in fertility. As an average of the rates of ester applied the
dsmage was more severe at the second than abt the first date, and reduced
fertility to 62 per cent of the check at the 2.0 pownd rate.

The sodiwm salt showed practically no effect at elther date for
any rate.

Comparing Tables VI and VII, a close relationship between yield
and the average number of kernels per spike is evident. The highly
significant positive correlation between yield and the number of kernels

per spike substantiates this observation.

Caleulated g Per Cent 1 Per Cent
Point Point

Corvelation coefficlent Q. HAL7 0,288 0.372
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EFFECT OF AN ESTER AND OF 4 SODIUM SALT OF 2,4-D ON THE AVERAGE

YIFLD OF BARLEY IN BUSHELS PER ACRE

Rate 2,4-D Dete of Application

Pounds
Per Acre June 25 July & Mean
Ester .00 52.3 57,2 5477
0.50 £5.2 3ked 39.7
1.00 4607 2604 36.5
2,00 38.4 19.9 28,2
Date Mean (Ester) 45.6 345 0.0
Sodiuvm Salb 0.00 5Ll.3 52,5 51.9
0.50 54,2 53.8 54,0
1.00 50.92 49.8 50.0
2,00 45.1 52.9 49,0
Date Mean (Sodium Salt) 50.4 52.1 51,2
Date Mean (Ester end
Sodivm Salt) 48,0 4£3.3
T VALUES AND NECESSARY DIFFERENCE
Calculated & Per Cent 1 Per Cent  Necessary
Point Point Difference
at § Per
Cent Point
Dates 2.62 10.13
Formulations 87.5 £.07 727
Rates 25,26 2,83 428
Formuletions x Rates 16.63 2,83 4. 29 y%:74
Formulations x Detes 28,66 LoO7 727
Dates x Rates 5.87 2.83 429

Tormulations x Rates x Dates 7.10 2.83 L7
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TABLE VI

EFFECT OF AN ESTER AND OF A SODIUM SALT OF 2,4-D ON THE AVERAGE

NUMBER OF

KERNELS PER SPIKE O BARLEY

Rate 2,4-D  Date of Application
Pounds
Per Acre June 25 July 8 Mean
Ester 0,00 11,6 4024 431.0
0956 3852 32@4. 35@3
1.00 35.5 35.7 35.6
2,00 38,1 25.2 31.
Date Mean (Ester) 38,32 336l 35.%
Sodium Salt 0.00 43.8 42.G YA
0.50 3G.2 L1k 40.2
1.00 0.5 39.5 /0.0
2.00 A2 39.9 4065
Date Mean (Sodium Salt) 41.2 0.8 41.0
Date Mean (Ester and
SOdi’U’JIl Sal’t) 3/@8 37@1
F VALUES
Calculated 5 Per Cent 1 Per Cent
Point Point
Dates 3.89 18.51
Formulations 41,72 Le? 7.64
Rates 10.82 2.95 BT
Formulations x Rates 2.92 2.95
Formulations x Dates 8.38 420 7 .64
Dates x Rates 3.64 2.95 FAN]
FTormilations x Rates x Dates 3.5 2.95 4o 57
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This relationship is demonstrated graphically in Figure 4.

{

Flax

At both dates of application all the rates of ester and the 1.0
pound rate of sodium salt ceused drooping of the plants. Plots recelving
the 1.0 pound rate of sodium salt recovered thelr normal stature. The
0.25 pound rate of ester resulted in slight twisting of plants, whereas,
plants receiving the 0.5 and 1.0 pound rates of ester remained lodged or
tangled, and matured ten days to two weeks later then the check plots.
Nimerous abnormalities resulted from the two higher rates of ester. There
was considerable fasciation of branches or stems, and in some cases com~
plete absence of floral organs (Figure 5). A branch with a pair of twin
bolls wes found, and there were many bolls with less, or more than the
normel number of sepals. These are illustrated in Figure 6. Seeds from
these were sown in the greenhouse. The resultent plants appeared normal.

Table VIIT shows that there was s sharp progressive decrease in
vield accompanying increases in the rate of application of the ester. The
aversge yield of the 1.0 pound rate of ester was only 56 per cent of the
check,

The soditm salt formulation showed practically no effect on
vield at any rate. The differences in vield, due to date of application
of the 2,4-D, were not significant at any rete for elther formulation.

As on average of dates, all rates of the ester caused significant
reductions in the number of seeds per boll, whereas, the sodium salt had
prectically no effect at any of the retes. From Table IX it may be noted
that, as an average of formulations and rates, the first date of épplica»

tion of 2,4-D caused significantly more sterility than the second.



Figure 5, Fasclzlbion of flax stems due to application
of 2,/-D; normal plant at right.
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g b oecd e

Figure 6. Abnormalities ymameé as a resuit of 2 L=§3 applications
noxmal geed bolls gt right.

2 - fasciated shtem temminating in a deformed seed boll

b - twin seed bolls

e = Tour sepals

4 = sbnormal leaf

e - abnormel leaves, a deformed boll and seed bolls
with two, four and sgix sepals.
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TABLE VIIT

EFFECT OF AN ESTER AND OF A SODIUM SALT OF 2,4-D ON THE AVERAGE

YIFLD OF FLAY IN BUSHELS PER ACRE

Rate 2,4~D Date of Application

Pownds
Per Acre June 25 July 8 Mezn
Ester 0.00 28.2 30.6 29,4
0.25 24,0 25,2 246
0.50 19.1 21.0 20,0
1.00 16.0 17.1 16.5
Date Mean (Ester) 21,8 23.8 22.6
Sodimm Salt 0.00 29,1 30.0 29.5
0.25 29.0 33.2 31.1
0.50 27.9 31.1 2.5
1.00 26.8 26,4 26.6
Date Mean (Sodivm Salt) 28,2 30,2 29.2
Date Mean {Ester and
Sodiwm Salt) 25,0 26,8

F VALUES AND NECESSARY DIFFERENCE

Calculated 5 Per Cent 1 Per Cent Necessary

Point Point Difference
at 5 Per
Cent Point
Dates 2.65 10.13
Formuletions 560144 407 7,27
Rates 16,06 2.93 429
Formvlations x Rates 6.7 2.83 4,629 3.52
Formildations x Dates 0.03 407
Dates x Rates 0.40 2.83

Formulations x Rates x Dates
040 2o

o
feV)
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TABLE IX

EFFECT OF AN ESTER AND OF A SODIUM SALT OF 2,/-D ON THE AVERAGE

NUMBER OF SEEDS PER BOLL OF FLAX

Rete 2,4~D

Date of Application

Pounds
Per Acre June 25 July 8 Mean
Ester 0.00 .28 7.82 7.55
G.25 6.00 7.28 6,64
0.50 6.32 5.52 5.93
1.00 6,12 F,52 6.33
Dete Mean (Ester) b 43 6.79 6.61
Sodiwm Salt 0.00 6,84 7.68 7.28
0.25 7.38 7.15 7.26
G.5 6.7 7,62 - 20
1.00 6,99 7.38 718
Date Mean (Sodium Salt) 7.00 746 7.23
Date Mean (Ester and
Sodium Salt) 672 A2
F VALUES AND NECESSARY DIFFERENCE
Calculated 5 Per Cent er Cent Necessary
Point Point Difference
at 5 Per
Cent Point
Dates 10.15 10.13 3Le12
Formulations 17./48 4.07 7.2
Rates 6$.08 2.83 ho 2
Formulations x Rates 4.88 2.83 £e29 0.60
Formulations x Dstes 0.1 4Q7
Dates x Rates 0.88 2,83
Tormulations x Retes x Dates 7.26 2.83 JARe ]
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The correlation coefficient between yield and number of seeds

per boll was positive and significant.

Calculated 5 Per Cent 1 Per Cent
Point Point
Correlation coefficient 0.536 0.250 0.325

This relationship is shown graphically in Figure 7.
Treatment had no effect upon weight per measured bushel of wheat,
oats, barley and flax. This is obvious from reference to Table X. Germina-

tion likewise was not affected by treatment, as indicated in Table XI.

2. The Effect on Crop Plants of Residual 2,4~D in the Soil

Although the plan was to keep the crops involved in this sectlion
weed-free, it was not practically possible to accomplish this during the
earlier stages of the experiment.

As was indicated in materials and methods, one replicate in
this series was not weeded. In this replicate treatment with the 1.0
pound rate of both the ester and sodium salt formulations gave effective
weed control for a period of almost two months. Weed growth on the check

plots was very profuse and consisted mainly of stinkweed (Thlaspl arvense

L.), and Russian pigweed (Axyris amarantoides L.).

For alfalfa, flax, and millet, seeding at the second and third
dates resulted in visible reductions in stand on the treated plots.
Due to shading, aphids, and other causes, the July 17 seeding

of all crops, except corn, died.
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EFFECT OF 2,4-~-D ON THE
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IABLE X

WEIGHT PER BUSHEL IN POUNDS FOR

WHEAT, OATS, BARLEY AND FLAX

Ester Sodivm Salt
Crop Rate Date 1  Date 2 IHesan Date 1 Date 2 Mean
Whezt 0.00 58,5 58.0 58,2 58.0 58.0 58.0
0.50 58.0 58,0 58.0 58.5 58,0 58.2
1.00 59.0 58.5 58.8 58.0 58.0 58,0
2.00 58.5 58.0 58,2 58.5 58,0 58.2
Mean 58.5 58,1 58,2 58,2 58.0 58,1
Dats 0.00 35.5 35.0 35.2 35.0 36.0 35.5
0.50 35.0 36.0 35.5 35.% 35.5 35.5
1.00 35.0 36.5 35.8 36,0 35.5 35.8
2.00 35.5 35.0 35.2 35.0 36,0 35.5
Mean 35.2 35.6 35:4 35.4 35.8 35.6
Barley 0.00 42.5 43.0 42,8 £1.58 415 1.5
0.56 42.5 43e5 43,0 425 L2 5 4.5
1.00 £1.5 43.0 42.2 A2.5 435 £3.0
2,00 L2.0 4£2.0 42,0 42,0 43.0 428
Yean 42,1 4£2.9 42,5 42,1 426 424
Fla:& OaOO 5!{40 550:5 54@5 55@0 55,@ 55@0
0.25 54.0 53.5 53.8 545 5be5 54e5
0.50 54.5 53.5 54.0 54.0 55.0 54e5
1.00 53.5 545 5/.0 55.0 54.0 5Ls5
Mean 5490 52;.'» 2 S-Z%el 5.!:,\»6 54@ O 54/@ é
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TABLE XT

e

FFFECT OF 2,4~D APPLISD T0 WHEAT, OATS, BARLEY AND FLAX

ON PER CENT GERMINATION OF THE HARVESTED GRATHN

Sodium Salt

Crop  Rate Date 1 Mesan Date 1 Dabe 2 Mean
Whesat 0.00 78.0 80.0 78.0 83.0 80.5
0.50 78.0 79.0 80.0 76,0 78,0
1.00 79.0 78.5 76.0 80.0 78,0
2.00 77.0 79.0 82.0 81.0 81.5
Mean 78.0 79.1 79.0 80.0 79.5
Oats 0.00 96.0 96.0 94.0 98.0 96.0
0.50 95.0 QL.5 93.0 96.0 945
1.00 98.0 97.5 96.0 940 95.0
2.00 100.0 97.5 94.0 96.0 95.0
Mean 97.2 96,/ 942 96,0 95.1
Bariey 0.00 94,0 93.5 98.0 93.0 95.5
0.50 96.0 95.0 94.0 96.0 95.0
1.00 95.0 95.0 93.0 94.0 93.5
2.00 94.0 95,5 97.0 96.0 96.5
Mean 94.8 94.8 95.5 9.8 95.1
Flax 0.00 58.0 0.0 65,0 64,0 6.5
0.725 59.0 61.0 66.0 65.0 65.5
0.50 57.0 58.5 61.0 61.5 61.2
1.00 61.0 63,0 63.0 63.0 63.0
HMean 58.8 60,6 62.8 63.4 63.6




Alfalfs

The effect of residual 2;4-D on the yield of alfalfa is
presented in Table XII. The May 17 seeding of alfalfa on plots treated
with the ester did not yield significantly lower than the check. The
same date of seeding on plots trested with sodium s2lt showed a
significant increase in yield. Significant reductions in yield occurred
at both the second and third dates of seeding for both formulations. The
reduction was greatest at the second date. The July 2 date of seeding,
on plots treated with either formulation, yielded considerably more than
the check. This increase in yield might be attributed to more efficient
weed control on the treated plots, during the early stages of growth, and
to the absence of any residual toxic effect on alfalfa forty-two days
after treatment.

Table XITI reveals that, compared with the check, neither of
the formulations caused any significant reduction in the number of nodules

per plant.

Barley
The yield of barley from 2,4-D treated plots was not sig-

nificantly lower than the yield from untreated plots. This indicates that
there was no residual toxic effect of 2,4-D on barley at any time after

the 2,4-D was applied.



2. 4=D0 Pounds Per Acre
Date of Seeding 0.00 1.00 (Fster) 1.00 (Sodium S2lt) HMea:
May 17 /186 38546 5158 4400
June 3 3709 1173 892 1924,
June 16 2380 1455 951 1595
July 2 1044 1450 1662 1385
Trestment Mean 2820 1943 2166
F VALUES AND NECESSARY DIFFERENCE
Calculated 5 Per Cent 1 Per Cent  Necessary
Point Point Difference
at & Per
Cent Point
Treatments 3.06 6.9/
Dates 68,43 3.16 5.09
Dates x Trestments 10.45 2,66 401 8.71

i

SOIL, O THE AVERAGE

WUMBER OF NODULES PER PLANT OF ALFALFA

Rete 2,/.-D Pounds Per Acre
Dete of Seeding 0.00 1.00 {Ester) 1.00 {Sodium Salt) Mean
Hey 17 5.3 o, 12.9 8.6
June 3 7.2 2.7 5.0 5,0
June 16 7.1 9,6 <.0 8.6
Trestment Mean 6.9 5.6 9.6
F VALUES

Treatments
Dates
Dates x Trestments
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TIABLE XIV

YIELD
Rate 2,/~D Pounds Per Acre
Date of Seeding 0.00 1.00 (Ester) 1.00{Sodimm Salt) Hes
Meay 17 T029 754 7184 ToEL
June 3 7453 7030 58LE G776
Jwme 16 3331 3742 £207 3760
July 2 912 1264 569 948 .
Treatment Mean 1681 4896 L4776
¥ VALUES
Caleculated 5 Per Cent 1 Per Cent
Point Point
Treatments 0.42 6.94
Dates 2014 3.16 5,09
Dates x Treah 0.23 2.66

FLAY

At the first date of seeding, plots treated with the ester

5

and sodium salt formulstions yielded mor 1 the check Both

i

-

formilations reduced vields significantly at the second date. A con-
siderable, though not significant, reduvction in yield resulted from

both formulations at the June 16 date of seeding. As with alfalfe,

here was no residusl toxde effect upon flax forty-itwo days after

(%

treatment {Tsble XV).
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EFFECT OF RESIDUAL 2,4-D IN THE SOIL ON THE AVERAGE YIELD

OF FLAX TN POUNDS OF DRY MATTER PER ACRE

Rate 2.4-D Pounds Per Acre
Date of Seeding 0.00 1.00 (Ester) 1.00 (Sodium Salt) Mean
May 17 5608 5704 6986 - 6099
June 3 5869 3137 2029 3678
June 16 4231 3566 3360 3719
July 2 1290 2034 1814 1713
Treatment Mean 4249 3610 3547

¥ VALUES AND NECESSARY DIFFERENCE

Caleulated 5 Per Cent 1 Per Cent Necessary
Point Point Difference
at 5 Per Cent
Point
Treatments Re52 6.94
Dates 43.60 3.16 5.09
Dates x Treatments 6.2 2.66 4oOL 1398

Millet
From Table XVI, it may be seen that the differences in yield

between thevchecks and the treated plots were not significant. However,

2t the second and third dates of seeding the yields of the treated plots
were less than those of the check in the case of both formulations, indicat-
ing that there was some toxic effect of the 2,4-D. The marked increases

in yield for both formulations at the July 2 date of seeding may have been
due to the two factors; more effective weed control on the treated plots,

and absence of any residual toxic effects te the millet.

Corn
Table YVII shows that the 2,4-D treatments caused increases in

the yield of corn at each date. These increages may have been due largely
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to more effective weed control on the treated than on the untreasted plots.
After application of the 2,4-D on May 21, there was no heavy
rein until June 3 (Table 1). The rain may have carried the 2,4-D into
the soil, where germinating seeds could be affected more readily. This
considerstion might account for the fact that toxic effects of the 2,4-D
became apparent on the suscepbible crops at the second and third dates

of seeding, but not at the first.

TABLE XVI

EFFECT OF RESIDUAL 2,4-D IN THE SOTL ON THE AVERAGE YIELD OF

MILLET IN POUNDS OF DRY MATTER PER ACRE

Rate 2.4-D Pounds Per Acre

Date of Seeding 0.00 1.00 (Ester) 1.00 (Sodium Salt) Mean
May 17 11224 12144 10524 11297
June 3 10829 10131 7647 9536
June 16 5934 49315 5280 5376
July 2 1703 3101 3680 2828
Treatment of Mean — 7428 7573 6783
¥ VALUES
Calculated 5 Per Cent 1 Per Cent

Point Point
Treatments 1.69 6.94
Dates 55.95 3.16 5.09
Dates x Treatments 1.60 2.
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TABLE XVIIT

EFFECT OF 2,4-D SOIY, TREATMENT ON AVERAGE PLATE COUNTS OF BACTERIA

Rate 2,4-D Date of Sampling
Pounds Per Acre June 12 July 29 Mean
Ester 0.00 /1.92% 13.92 27.92
2.00 36,17 12,67 Rhol2
4.00 38.12 8.83 23..8
Date Mean 38.73 11.81

& x 500,000 equals number of bacteria per gram of soil

F VALUES
Calculated 5 Per Cent 1 Per Cent
Point Point
Treatments 0.21 6.9
Dates 24.16 5,99 13,7
Dates x Treatments 0.01 5.14
TABLE XIX

EFFECT OF 2,/4-D S0IL TREATMENT ON AVERAGE PLATE COUNTS OF FUNGI

Rate 2,4-D Date of Sampling
Pounds Per Acre June 12 July 29 Mean
Ester 0.00 10.75% 5.54 8.14
2;00 ! . 9050 8»33 8092
400 11.12 7.71 Q.42
Date Mean 10.46 7.19

X x 5,000 equals number of fungi per gram of soil

F VALUES
Calculated 5 Per Cent 1 Per Cent
Point Point
Treatments 5,07 6.9/
Dates 23.67 5.99 13,74

Dates x Treatments 3.04 5.14
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TABLE XX

FFFECT OF 2./4-D SOIL, TREATMFNT ON NITRATE CORTENT OF SOIL

EXPRESSED AS MILLIGRAMS NITRATE PER 100 GRAMS OF OVEN DRY SOIL

Rate 2,4-D Depth

Pounds Per fcre 0-6 inches 6~12 inches 1-2 feet
Ester 0,00 274 1.94 1.08

2.00 3.37 2,53 1.40

4,00 3.09 1.37 0.87
Depth Mean 3.07 1.95 1.12

F VALUES
Calculated 5 Per Cent 1 Per Cent
Point Point
Treatments 2.82 6,94
Depths 5046 3.88 6.93

Depths x Treat-
ments O.lk 3.26




- 52 -
SUMMARY

The experiments involved in this study were outlined in three
sectionss
1. The effect of 2,4-D applied to cereals and flax.

2. The effect on crop plants of residual 2,4-D in
the soil.

3, The effect of 2,4-D on soil micro-organisms and
on 80il nitrates.

The butyl ester and sodium salt formulations of 2,4-D were com-
pared in two of these. In the first, the applications were made at rates
of 0.5, 1.0 and 2.0 pounds per acre to wheat, ocats, and barley, and at
0.25, 0.5, and 1.0 pound to flax. The plants were eight to ten inches
tall at the first date of application. At the second date, the cereals
were just beginning to head and the flax was in bloom.

As an average of dates there were progressive decreases in the
yield of all crops, accompanying increases in rate of application of the
ester. All rates caused significant reductions in yield of barley and
flax. Only the 1.0 and 2.0 pound rates reduced the yield of wheat and
oats significantly. The effect of the ester on barley was more severe at
the second than at the first date. For the other crops the response at
the two dates was similar. Some abnormal wheat spikes were collected from
plots treated at the first date with the 1.0 and 2.0 pound rates of ester.
Flax plots which received the 0.5 and 1.0 pound rate at either date had
nany ébnormal seed bolls. The progeny from seed of these abnormal wheat
spikes and flax bolls were normal in appearance. The ester formulation
reduced the fertility in all four crops and highly significent positive

correlations between fertility and yield were obtained. Sodium salt did

not affect significantly the yield of any of the crops at any rate or
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date. The weight per measured hushel and germination of harvested grain
were not affected adversely by 2,4-D.

The crops involved in the second section were alfalfes, barley,
flax, millet and corn. Applications of the ester and sodium salt were
made on May 21 at the rate of 1.0 pound per acre. The crops were sown on
the treated soil and on untreated checks on five dates, WMay 17, June 3,
June 16, July 2 and July 17.

The response was similar for both formulations. They did not
reduce significantly the yields of any of the crops som on the first date.
A1falfa, flax and millet showed reductions at the second and third dates
of seeding. However, no residual toxic effect of 2,4-D was evident when
the crops were sown forty-two days after treatment. Barley and corn were
not adversely affected at any date. Nodulation of alfelfa was not in-
hibited or reduced.

Soil treatments did not influence the numbers of soil bacteria

and fungl, and the amount of nitrates in the soil,



- 5} =

ACKNOWLEDGMENTS

The author is indebted to Prof. G. L. Shanks of the Department
of Agricultural Engineering at the University of Manitoba for the design

and fabrication of equipment used.
Grateful acknowledgment is extended to the Agricultural
Department of the North-West Line Elevators Assoclation (Line Elevators

Farm Service) for providing the financial assistance necessary to carry

out this study.



e

10,

11,

- 55 .

LITERATURE CTTED

ALBAN, B, X., and V. BE. KEIRNS. 2,4-D pre-emergence with 25
vegetables. In Report of the Research Committee of
the North Centrzl Weed Control Conference. Topeka,
Kansas, December, 1947.

ANDERSON, J. C.s; and D. E. WOLF. Pre-emergence control of weeds
in corn with 2,4~D. Jour. Amer. Soc. Agron. 39:

341-342. 1947.

BIKKE, A. L. Chemical control of weeds in flax. In Report of the
Research Committee of the North Central Weed Control
Conference. Topeka, Kansas, December, 1947.

BISAL, F. Residuel effects of 2,4-D. In Report of the Research
Committee of the North Centrsl Weed Control Conference.
Topeka, Kansas, December, 1947.

BLACKMAN, G. F. Weed control in cereals by chemical methods. Jour.
Ministry of Agric. 53: 16-22. 1946.

BORDELEAU, R. Effect on crop plants of residual 2,4-D in the soil.
In Report of the Research Committee of the North
Central Weed Control Conference. Topeka, Kansas,
December, 1947.

BUCHHOLTZ, K. P. Some effects of 2,4-D sprays on the yields and
growth of barley and oats. In Report of the Research
Committee of the North Central Weed Control Conference.
Topeka, Kansas, December, 1947.

CARLYLE, R. F., and J. D. THORPE. OSome effects of ammonium end
sodium 2,/~dichlorophenoxyacetates on legumes and
Rhizobivm bacteria. Jour. Amer. Soc. Agron. 39:
929-936, 1947,

CATES, J. S. A knockout for weeds. Country Gentleman. 1153
2% . 1945,

DAVIS, J. F. A sprayer attachment for rapidly applying small
quantities of sprey materisls. Jour. fmer. Soc. Agron.
39:  835-836. 1947,

DERSCHEID, L. 4. Some of the effects of 2,4-D on barley varieties.
In Report of the Research Committee of the North
Central Weed Control Conference. Topeka, Kansas,
December, 1947.

DUNHAM, R. S., and R. G. ROBINSON. Residual effect of 2,4~D sprayed
on soil in spring. In Report of the Resesrch Committee
of the North Central Weed Control Conference. Topeka,
Kansas, December, 1947.



]
e
L3

16
—— ®

20.

Rhe

ELDER, W. C.

ELDER, W. C.

T

ils

GOULDEN, G.

HAMNER, C. T,

HAMNER, C. L.,

HAMNER, Co Los

I
°

HERNANDEZ,

JEMES, N.,

KLINGMAN,

Be

P., G.

and

D. L.

56 ~

Effect of 2,4-D sprays on wheat. In Report of the
Resezrch Committee of the North Central Weed Control
Conference. Topeka, Kansas, December, 1947.

Kanota oats.
th North
Kansasg,

Effect of 2,4~D spray on spring plant
In Report of the Research Committee
Central Weed Control Conference. To
December, 1947.

ted
of
nelk

Soil Charscteristics a Field and Laboratory Gulde
HMelGraw-Hill Book Company, Inc., New York and Lonaon,

1925.

Effect of 2,/-D sprays on cereals and flax. In Report
of the Research Committee of the North Central Weed
Control Conference. Topeka, Kansas, December, 13947.

Statis
York, 19’

Methods of
Inc., New }

John Wiley and Sons,

B. TUKEY. Effect of treating s
germination and development o

107:  352-36l. 1946.

J. T, MOULTON, =snd H.
and seeds with 2,4~0 on
seedlings. Bobt. Gaz.

and He Be mild~
summer and fall
phenoxyacetic acld.

LUIY& Selective herbicidal action of
all applications of 2,/-dichloro-
Bot. Gaz. 106: 232-245. 1944,
H. B. TUKFY, end R. ¥. CARLSON. A&pplication of 2,/-D

to soil as & pre-emergence spray Lo prevent lodging
and to control weeds in sweeb corn. In Report of the
Research Committee of the lorth Centrzl Weed Control
Conference. Topeka, Kansas, December, 1947.

Effect on crop plants of residual 2,4-D in the soil.
In Report of the Research Committee of the North
Central Weed Control Conference. Topeka, Kensas,
December, 1947.

WA

e RREN, and K. P. BUCHHOLTZ. Weed control
in corn with 2,4-D soil treatmente. In Report of the
Research Commitbce of the North Central Weed Control

Conference., Topeka, Kansas, December, 1947.

&7

Vot

M. T SUTHERLAND. The accuracy of the plating method
for estimating the numbers of soil bacteria and fungl
from one dilution and from one aliguot of a laboratory

sample of soil. Can. J. Research, C, 17: 97-108.
1939.
Effects of spraying cereals with 2,4-D. Jour. imer.

;50 Ce .Ag TOIe 393 ZL.ZLﬁ"‘-(‘rZ{"? 3 194‘7 =



26,

31.

35.

MARTH, P.

MARTH, P.

MITCHELL,

0LSON, P,

PAYNE, M.

RYKER, T.

SPANGELO

TTMHONS,

U,

5.

D,

- 57 =

G. Varietel differences in crop tolerance to 2,4-D. In
Report of the Research Committee of the North Central
Teed Control Conference. Topeka, Kansas, December,

1947,

ield of vwheat, cats, barley and
flax sprayed with three formulations of 2,4-D five
concentrations and at three stages of growth. In
Report of the Research Committee of the North Central
Tieed Control Conference. Topeks, Kansas, December,
1947.

C., and F. F. DAVIS. Relation of temperature to the
selective herbicidal effects of 2,4-D acid. Bot. Gaz.
106s  L63-4T72. 1945,

Co, and J. W, MITCHFLL., Period of effective weed control
by the use of 2,/4~dichlorophenoxyacetic acid. Sclence.
104:  77-79. 1946.

J. We, and P. C. MARTH. Germination of seeds in soil con-
teining 2,4~D acid. Bot. Gez. 107: 408-416. 1946,

Jo, and S, ZALIK. Pre—emergence control of weeds in corn
with 2,4-D. In Report of the Research Committee of
the North Central Weed Control Conference. Topeka,
Kansas, December, 1947.

Ge, 2nd J. L. FULTS. Some effects of 2,4~D on root
nodulaztion in the common bean. Jour. Amer. Soc. AgTron.

39:  52-55, 1947,

C. Studies on the chemical control of rice weeds. Jours
Amer. Soc. Agron. 39: 395-/02. 1947,

L. P., and E, T. ANDERSON. Effects of 2,4-D on sweet corn.
In Report of the Research Committee of the North
Centrsl Weed Control Conference. Topeka, Kansas,
December, 1947.

F. L. The effect on crop plants of pre-emergence treat-
ments with 2,4-D. In Report of the Research Committee
of the North Centrsl Weed Control Conference. Topeka,
Kansas, December, 1947.

¥, L. The effectiveness of pre-emergence treatments with
2,4~D end methoxone in controlling annual weeds. In
Report of the Research Committee of the North Central
Teed Control Conference. Topeka, Xansas, December,

1947.

A, 2,4~D knocks weeds out of small grains. Country
Gentleman. 117: 28, 1947.



40

- 58 -

=

VIEHMEYER, G. Effect of 2,/-D on cereals, flax, grasses, corn and
other tolerant crops. In Report of the Research
Commithtee of the North Centrzl Weed Control Conference.
Topeka, Kansas, December, 1947.

VIFIDAEYER, G., and H. WOLFE. Differential response of oats end barley
varieties to varied dosages of three types of 2,4-D.
In Report of the Research Committee of the North
Central Weed Control Conference. Topeka, Kansas,
December, 1947.

WEAVER, Re Jey Co E. MINARIK, and F. T. BOYD. Influence of rainfall

on the effectiveness of 2,4-D acid sprayed for
herbicidal purposes. Bot. Gaz. 107: 540-544. 1946,

FVILLARD, C. J., and B. N. HOMER. Pre-emergence treatment of corn with
2,4-D. In Report of the Research Committee of the
North Central Weed Control Conference. Topeka, Xansas,
December, 1947,



