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INTRODUCTION

The chemical 2,4-dichlorophenoxyacetic acid (2,4-D)
was first Introduced as a plaent-growth regulator sometime
during 1940 and 1941 both in this country and in England by
verious groups of chemists and botanlsts who were testing a
long list of chemicels In an effort to determine which of
them had growth regulating properties. In the United States,
E. J» Kraus, then at the University of Chicago, is given
credit for first sugsesting the use of plant-growth regu-
lators as herbicides. It is claimed that he made the
sugzestion as early as 1941l.

Although thelr work was not published until 1945,
the English investigators Slade, Templeman and Sexton in
1942 offered knowledge of selective weed klllers to the
Agricultural Research Councll and cooperated with the
Council in testing their findingse. They listed 2,4-dichloro-
phenoxyacetic acid or "chloroxone" as one of the two most
active planp-growth regulators which they had discovered.
The other compound was 2-methyl-4-chlorophenoxyacetic acid
which came to be known as "methoxone" or "asroxone'.

Zimmerman and Hitchcock (1942) published results of
their work with plant-growth regulators and were given

credit for being the first investigators in the United

States to demonstrate the physlological properties of



substituted phenoxy acids, which include 2,4-D.

Literature concerning the use of 2,4-D as a herbicide
dates back to early 1944 when Deal (as cited by Akemine,
1948), at the Unlversity of Chicago, rublished results of
laboratory tests whilch sugtested its herbicidal possibil-
itles. Mitchell and Hamner (1944) indicated the use of
carbowax, a polyethylene glycol, as a carrier of 2,4-D
and similer compoundse. Later in the same year Hamner and
Tukey (as clted by Akamine, 1948) recorded successful exper-
imernts in which 2,4-D and 2,4,5=-trichlcrophenoxyacetic acics
were used as herbicldes. DNumerous investizators bhegen
testing the ability of these related compounds as herbl=
cides as & result of Hamner's and Tukey's findinzs,.

Tukey (1947) published a sumuery of the information
avallable on 2,4-D at that time. He described 2,4-D as
beiny a halogenated phenoxy corpound conteining two.chlorine
atoms substituted iIn the 2 and 4 positions and having an
scetlc acid side chain. It i1s manufactured by the chlorin-
atlon of phenol and 1s easlily converted to lts water soluble
sodium salte It 1s steble to autoclaving, 1s non-corrosive
and apparently non-toxic to animals in the concentrations
comrmonly used for weed killing (one part per one thousand
welzht 1n a water spray).

According to Tukey,

"F1eld work in 1945 and 1946 from widely
separated parts of the country and from
turope indicated great success with 2,4-D
as a herblcide. The materlal seemed to

move reprldly into the plant, to be trans-
ported in the direction of nrovement of






synthesilzed material, and to be favored

In 1ts effectiveness by photosynthetilc
activity. Accordingly, greatest resvonses
were secured from plants in sunshine. The
action was the arrest in development of

sors varts of the plsnt and the stimlation
of cell divislion end cell enlargement in
other parts, especially 1in those reglons
which sre young, active, and meristematic
such as cambiume. Respiration was markedly
Increased, and starch reserves were
depleted. The plants became bent and
twisted and otherwlse showed growth resnonses
which were flnslly assoclated with inhi-
bition and deathe In some instances, plants
were killed without apparent acceleration
of growth in any part. The below-ground
rarts of bindwesd and sow thistle became
proliferated, split, and decayed in the
course of a week to 10 dayse. The pollen

of flowers shriveled and became nonfunctionsal,
leading to the use of 2,4-D to destroy
ragweed pollen in an attempt to reduce hay
fever. lany other plants, such as lamb's-
quarters and pigweed, were killed

2,4-D was proved to be selectlive in action. Grasses,
with the exception of bEermuda grass, and cereals are not
generally affected by the concentrations of 2,4-D which
are toxlc to broad-leaved plantse

Among other uses found for 2,4-D are 1ts employment
in the retardation of preharvest drop of fruilt, in the
promotion of rooting of cuttings of plants which are
difficult to root, in the setting of tomato flowers as
fruit, and in the reduction of scald of apples In storagee

Since the time that Tukey's summery appeared in the
literature, a number of Investigators have completed
experiments testins the results of 2,4-D actione Several
of these authors have reported essentlial chemical as well

as anatomlical alterations in plant tissue. Hagen, Clagett,






and Helgeson (1949) noted that 2,4-D in the acid form
effectively inhiblted the activity of castor bean lipase et
very low concentrations. Iumecke, Hamner, and Sell (1949)
found that the quantity of certaln vitamins In the leaves
and stems of the red kidney bean plant was altered consid-
erably by 2,4-D treatment. The thismine, riboflavin, nico-
tinic acld and carotene content was less In leaves of treated
than untreated plants. Pazntothenic acid was found in
greater quantities in leaves of treated than non-treated
plants. The amount of thiamine, riboflavin, nicotinic

acld wes much greater in stems of plants treated with 2,4-D
than in stens of non-treated plants. The carotene content
was approxlmately two-thlirds as great In stems of treated
rlants as in stems of non-treated plantse Sell, Luecke,
Taylor, and Hamner (1949) published their findings with
regard to the changes in chemical composition iIn the stem
of red kidney bean plants treated with 2,4-D. They found
that both protein and amino aclds accumlated 1in greater
quantities in the stems of plants treated with 2,4-D

than in the stems of the non-treated plants; the reducling
and non-reducing sugars were depleted in the 2,4-D treated
plantses The decrease in sugar content and the increase in
total proteln seemed to indicate that & large portion of
the carbohydrates was utilized in protein synthesis; the
smounts of ether extract, unsaponifiable material and fatty
aclds of the ether extract were slishtly greater in the stems

of the treated plants than iIn those of the non-treated



tissue; the amount of crude flver decreased in the stems of
2,4-D treated plantse. Weller, Luecke, Hamner, and Sell
(1950) analyzed the leaves and roots of red kidney bean
plants treated with 2,4-De. They found a lower percentage
of protein and of most of the amino acids in the sample
and in the crude protein than in the controls. <hey ob-
served a depletion of non-reducing suzar in both leaves
and roots of treated plants. DNo significant chance was
found in the percentage of reducings sugar. Neely, Ball,
Hemner, and Sell (1950) revorted that 2,4-D lowered con-
slderably the activity of both the alpha and beta amylase
in the stems of bean plantse. In'the same year the same
authors published findings which indicated that pectin
methoxylase activity Increased in both the proliferated
stem and leaf tilssue of the treated plants; phosphorylase
activity decreased in both the proliferated stem and leaf
tissue of the 2,4-D treated plants; invertase actlvity was
absent in both test and control tissue and there weas no
indication of the presence of a phosphatase acting on
D-glucose=l=phosphate.

The findings of these authors on the chemical changes
in 2,4-D treated plant tissue stimilated an interest in
determining the type of effect which 2,4-D micht have on
bacteria.

A survey of the literature reveals publicatlions with
rezard to growth resulators (auxins) and thelr activity

on microorganisms which date back as far as 1938 when



Ball indicated thet heterocauxin stimulated cell division

of Escherichia coli in a manner analogous to the effect

of the suxin of higher plants on cambial growth. Burk-
holder (1939) published the results of a study of the pro-

ductlion of a growth substence by E. coll and Aerobacter

aerogenes 1n medla contalning specific organic and inorganic
nitrogenous compounds, and he postulated that it was probable
that different substances having physiological properties

of auxins might be synthesized by microorganisms in ways
other than by the conversion of tryptoohane. Hreannon and
Bartsch (1939) surmmarized a study of the influence of growth
substances on growth and cell division in green algzas.
Fildes (1941) presented a paper on the inhibition of
bacterlel growth by indoleacrylic acid and 1ts relation

to tryptophane. Smith, Dawson, and Wenzel (1945) found

the herblcldes variled greatly in their effect on the various
groups of soil microorganisms. In some cases they were
definitely toxic, iIn others stimulatory. Stevenson and
Mitchell (1945) found that 0.02 per cent of 2,4-D or 1ts
sodium salt had a declded retarding effect on the growth

of some of the more common bacteria whille even 0,08 per cent
of the chemical did not noticeably affect two specles of
fungi. Culler (1946) confirmed the work of Stevenson and
Mitchell and noted a greater sensitivity of gram-poslitive
than of gram-negative organisms to 2,4-D. Martin (1946)

published experiments which showed that the effect of 2,4-D



on soil microorgenisms was much more pronounced at an acid

pH than at neutrality. Dubos (1946) indicated that, although
In the case of most organisms bacteriostatic actlvity of

all substances increases as the medium becomes more acidic,
Inhibition of growth of tubercle bacilli by auxins appears

to be almost independent of the reaction of the mediume.

His study determined the bacteriostatic activity of six

auxins on liycobacterium tuberculosis (human strain), Strepto-

coccus homolyticus and sallvarius, and Shirella paradysen-

terice (Sonne). The activity of the different auxins variled

greatly from one species to another each substance seeming
to exhlblt a selective inhibitory effect against one or
several groups of organlsms. Indole-3-acetic acid was the
nost active substance against the gram-negatlive bacilli,
beta indole-3-propionic acid azainst mycobacterla, and tri-
lodobenzolc acid against certaln strains of streptococci.
The inhibltory concentration of auxin was not markedly
affected by the size of the 1noculum and was independent of
the addition of serum albumin to the mediume. Pentone and
tryptophane were found to reverse, in part or coﬁpletely,
the bacterliostatic effect of the auxins, tryptophane being
by far the more active in thils respect. <Xeversal of bac-
terlostasis usually required concentrations of tryptophzne
approximately 10 times hizher then those of auxin added to
the medium. Dubos concluded that:

"‘hen the concentration of auxin in the

medium 1s insufficient to produce complete



inhibition of growth, bacterial multi-
plicatlon proceeds at first at a rate
Similar to that in the untreated culture.
However, the presence of auzin results
in an Interruption of multiplication
before meximal development has occurred;
the density of the final culture 1s
inversely related to the concentration
of auxin. In other words, the anti-
bacterial mechanism under consideration
affects the total amount of bacterlal
protoplasm synthesized rather than the
rate of growth of the culture."

Lewis and Hamner (1946), while testins the effect of
2,4-0 on microorganisms, found that under normal rates of
applicatlon for the killiny of weeds the amount of 2,4-D
which reaches the soll will have no important effect on the
soll microorganisms or on plant pathosens present in the
soil. Fultz and Payne (1947) stated that the effect of

8,000 ppm of 2,4-D on Rhizobium lesuminosarium Irank of

common beans was to decrease the percentaze of lonz and
markedly lIncrease the percentage of short rodse. Carlyle
and Thorpe (1947) made a study on some of the effects of
ammohium and sodium salts of 2,4-D on legumes and fhizoblum
and found thet either of the salts present 1n soll solutlon
at t he rate of 0.5 ppm (0.21 1b/acre) would seriously
restrict germination, limlt growth and practically inhibit
nodulation of beans, peas, red clover, and alfalfa but had
little effect on the rhizobla living free in the soill. It
appeared that the deleterious effect on the symblotlc re-
latlionship was apperent by a reductlon or inhibition of
noduletion caused largely by the action of the herbicide

through the medlum of the plante.



Trigg and Stahly (1948) published the results of an
extensive study of the effects of plant-growth rezulsting
substances on microorzanisms (tecteria, molds, and actino-
mycetes). West and Henderson (1948) found that concen-
trations of 2,4-D ranging from 10 to 1,000 ppm had an
antagonlstic effect upon the growth of yeast as determined
by a turbidimetric methode. VWorth and kicCabe (1948) subjected
small groups of aerobilc, facultative anaerobic, and
aneeroblc organisms to concentrations of 2,4-D varyling from
0.0002 per cent to 2.0 per cent and found that the aerobes
were inhlblted especlally by the higher concentrations;
the facultative anaerobes were not inhibited at all, and
both groups of organisms seemed to be stimulated by the

lower concentrations. Of the anaerobes tested, Clostridium

tetanl behaved simllarly to the facultative anaerobes
while Clostridium welchil and Clostridium botulinum varied

so much In thelr response that no definite conclusions
could be reached. =fRichards (1949) noted the responses of
representative fungl to certain growth regulatinzy substances
and found that, 1n general, inhibition occurred within the
concentration range 102 to 10=3 moler; stimulation withlin
the range 10~ to 104 molar.

Although all of the organisms used in the study made
by Worth and ikcCabe were maintalned at the same pH 1in the
same concentrations of 2,4-D, they were not all grown on

the same medla.
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Since preliminary work done with 2,4-D in this labora-
tory hes shown that the kind of medium may make a difference
In the growth-inhibition raenge of an organism subjected to
the 6hemical, this study was set up to compare the effects
of different concentrations of 2,4-D on a group of bacterial
species, all of which can be grown on the same media.

Therefore the organisms used in the study have been so chosen

as to be of interest to the departments concerned with the

study and also to be applicable to the same kinds of media.
This study includes a survey of the response of

several types of bacterla to 2,4-D in four different liquid

media and in one solid mediume. It also includes an attempt

to develop a 2,4-D resistant organism and a study of the

morphological chaﬁges occurring in the organisms as a result

of the action of 2,4-D,.
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EAPERINENTAL

Orcanismse The organisms included in this study were:

a stock straln of Baclllus cereus var. mycoldes, Salmonella

parstyphi, Salmonella pullorum, Salmonella schottrmelleri

and of Xanthomonas phaseoli and an Americen type culture

strain of Bacillus subtilis (9466), Escherichia coli (9637),

licrococcus pyocenses var. gureus (6538p), and Mycobacterium

phleil (355). All were maintained on nutrient agar slantse.

Materials and Methods. Difco's dehydrated media were

used throughout the entire study. MNedla 1included were:
nutrlient azar, nutrient broth, tryptose, braln heart in-
fusion, end Volf's cesamino aclds broth. The medla were
prepared and sterilized according to Difco directions. All
broth medlia, except the braln heart infusion, were adjusted
to a pd of 7.0 i Oe2+ The brain heart infusion medium was
used without pH adjustment but was found to lie in that
same pH range.

The 2,4-dichlorophenoxyacetic acid was used in the
form of 1ts sodium salt. <The chemical was supplled by the
Dow Chemical Company end recrystallized by Dr. H. k. Sell
of the Department of #gricultural Chemistry, Michigan
State College. The desired quantities of sodium 2,4-di-

chlorophenoxyacetate were added to the respective broth



media as needed and the resultant, 2,4-D media were steril-
ized by autoclavinz. The 2,4-D was dissolved in the hot
broths prlor to the first sterilizatlon. ZXach broth medium
was then tubed &nd sterllized, thus avoiding repeated euto-
claving.

With the nutrient azer 1t was fourd to be more practical

to autoclave the medlum flrst to Insure thoroush melting

o

car was then measured, 2dded to

of the azer. Lhe hot

welrhed guantities of 2,4-0 end sterilized.

e

n broth were prepared for

o)

oth plzin aser and vls
use as controls.

‘he preliminsry experiment was done on 2,4-0 in nutrient
broth. 1he nine organisms used were transferred from stock
cultures to nutrient broth and three consecutive transfers
(24 hours) were made in order to eliminate any effect of
the stock media. Thereafter, for the duration of the study,
the cultures were rnalntained in nutrient brothe.

A rack contalining eleven tubes which included a2 2,4-D
free control (referred to in the tables as O rer cent 2,4-D)
and 2,4-D concentretions ranging from 0.C5 to 3.0 per cent
2,4-D 1In nutrlent broth, set up in duplicete, was prepared
for each organisme. DEach tube contsined 5 ml of broth.

The standard amount of inoculum in thils stvdy was 0.1
ml of a 24 hour broth culture (48 hour culture for li. phleil).
Incubation temperature and time were 37°C and 24 hours for

2ll organisms excent k. rhleil which was incubzsted for 48

hours and X. phaseoll which required 27°C. Readings, in
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all cases, were based on obvious turbidity of the broth as
compared to control (2,4-D free) broth tubese

At the end of the incubatlion pericd 0.5 ml broth was
transferred from each 2,4-D tube to plain nutrient broth
(5 ml nutrient broth per tube) to determine the hizhest
concentration of the chemical in which the organism had
survived. These tubes were incubated in the same manner as
the 2,4-D tubes. Results were recorded after 24 hours (48
hours for M. phlel).

In all other broth experiments 0.2 ml of a 24 hour
broth culture of the organisms, grown 1In the desired medium,
was the standard inoculum (48 hour culture for M. phlei),
and the tubes were incubated as were those of the preliminary
study except that M. phlcl tubes iIn the remaining survival
exper iments were Ilncubated 96 hours to obtain sharper end
points. %“he volume of broth medium in the survival exper-
lments was 1increased to 10 ml to make negligible the final
concentration of 2,4-D in those tubes.

The experiments in which solid medium was employed
were set up In two sections:

In one section the surrface of each of two control
plates (plain nutrient agar) and each of two 2,4-D plates
of elght different concentrations (0.1, 0.3, 0.5, 1.0,

1.5, 2.0, 2.5, and 3.0 per cent) was streaked using a
loop and a heavy inoculum taken from a fresh nutrient agar
slant culture of the organism in question. Thils made a

total of elghteen plates for each organism since all plates,
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includine the control, were set up in duplicate. The plates
were incubated for 24 hours at 37°C (270C for X. phaseoli,
48 hours for M. phlei) and observed for the presence or
absence of growth. Plates were held and observed daily
with and without the aid of a dlsectlon microscope until
the agar besan to dry and/or the 2,4-D began to crystallize
oute

In the other section of the nutrient agar experiment,
small Erlenmeyer flasks, contalning 40 ml volumes of
sterlle nutrient agar of the same concentrations used 1n
the first sectlon, were melted and cooled to between 420
end 46°C, Each of these flasks was then inoculated with
0.2 ml of nutrient broth culture of the desired organism
and the flasks rotated well to insure thorourh mixins of
agar and culture. Two plates were poured from each flaske.
The plates were 1incubated for 48 hours at 27°C. These plates
were resd and observed in the same manner as the streaked
plates.

Two experiments were set up to attempt to develop
strains reslstant to 2,4-D:
l. A 24 hour nutrlent azar slant culture of E. coli was
used as the original material for the first of these
experiments.

a. The surfaces of two plain nutrlent asar plates

and two 2,4-D plates of three different concentrations

(0.5, 1.0, 1.5 per cent) were streaked with a 3 mm

loopful of the E. coli culture. These plates were
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incubated for 24 hours at 37°C.

be The plates were read and the culture from the
higchest 2,4-D concentration showing growth was trans-
ferred by the streak method to plates of that samne
conbentration, to plates contalnirs 0.5 per cent
greater 2,4-D concentration, and also to plaln

nutrient acar nlates.

ce Thils set of subcultures was ircubated for 24 hours
at 37°C, read and subcultured just as were the

original plates.

d. Subcultures from (l-c) were further subcultured
es indicated under (1-b). Wwith these new subcultures
as stock, steps (1l-b) and (l-c) were repeated and
cultures from each new 2,4-D end-roint were sub-
cultured similarly at 24 and 48 hours until a con-
centration of 2,4-D was reached at which a subculture
could not be maintained; that 1s, untll a concen-
tration of 2,4-D was found on which E. colil would
grow in 24 or 48 hours but from which subcultures
in medium with the same or hicsher concentrations
would not growe
2. A 24 hour nutrient broth culture of E. coll was used
as starting materlal for the second experimente.
a. IThis culture was transferrsd to plain nutrient

broth and to four different concentrations of 2,4-D
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broth (0.5, 0.8, 1.0, and 1.5 per cent) so chosen
that the organism's growth end-point and at least
one concentration 0.5 per cent above and below 1t
were included. The broth series was set up in dupli-

cate and incubated at 37°C for 24 hourse

b. +he positive broth cultures from (2-a) represent-
ing the two hishest 2,4-D concentrations in which
crowth was observed were subcultured to broth tubes of
the same 2,4-D concentratiocn, to concentrations higher
and lower by 0.5, and by 1.0 per cent and to nlain
nutrient broth. £oth the seed and subcultures were

incubated for 24 hours et 37°C.

ce The 2,4-D broth cultures from (2-a) were subcul-
tured in plain nutricent azar plates and to 2,4-D
plates of four different concentrations (0.1, 0.3,
0.5, and 1.0 per csnt) so checsen that E. coli's
growth end-point on 2,4-D azar and at least one con-
centration above and Lelow it were included. <+he

rlates were incubated for 24 hours at 37°C.

de. Colonles were picked from the positive rlates
and cultured in broth having a 2,4-D concentration

equal to and greater than that from which the

plates were inoculated (zreater by 0.5 pver cent 2,4=D).

e. At the end of 24 hLours' incubtetion at 37°C the

broths from (2-d) were further subcultured as descrited
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under (2-b).

fo Steps (2-b) through (2-e) were repeated several

times stepping up the 2,4-D concentration (et which

the culture would srow) to 4.0 per cent.

Two experlments were set up In order to observe whether
or not any morpholozical chanzes occurred in the organisms
while under the influence of 2,4-D in nutrient broth and
on nutrient acer. <The first experiment was set up by
inoculating serles of nutrient broth tubes contalning
various concentrations of 2,4-D with 0.2 ml of 24 hour broth
cultures (4€ hour culture of M. phlel) of the respective
organlsms just as had been done in previocus experiments to
determine growth end-points in broth. The lowest 2,4-D
concentration used was 0.3 per cent. A concentration of
1.3 per cent was included 1In the secrles to serve as an
Intermediate between 1.0 end l.5 per cent since the zrowth
end-point for several of the organlisms had previously been
found to lie in the rense 1.0 to 1.5 per cent 2,4-D in
nutrient broth. The 2,4-D broth tubes and controls were
incubated at 37°C for 24 hours with X. phaseoli and M.
phlel belng the usual exceptionse

A1l broth tubes which were turbid at the end of this
incubation perliod were centrifuged end the supernatant
broth was discarded. Duplicate slides were made fron the
sediment from each tube.

The second of the two experiments used to observe
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morpholozlcel chances in the organisms was set up on mutrient
agar containins various concentrations of 2,4-D (0.05, 0.1,
0.3, 0.5, 0.7, and 140 per cent). The streaked plate
technique was employed 1in order to obtain sin-sle colonies,
All plates were incubated for 24 hours at 37°C. X. phaseolil
and ke phlei were incubated as previously.

Slides were made from each plate on which visible
growth occurred. 4n the case of B. cereus var. mycoides,
smears were made from both plates on which growth occurred
and from the plates representing the two next higher con=-
centrations of 2,4-D, transfers from these concentrations

to plain agar and broth having shown that the organlisms

were allve but not exhlblting any visible evidence of growth.
These slides which were prepared from both broth and
agar preparations and included both broth and agar controls
were stalned by Gram's method and examined carefully for
any obvious morpholosical changes in the organismse. Then,
for each of the organisms which showed any conspicuous
chanze 1n morpholozy, the control smears and the smears
from both the lowest and the highest concentratlion at which
growth had occurred were photozraphed.
The photomlcrographs were taken from flelds which
represented typical morphology at given 2,4-D concentratlons
and do not pretend to represent vopulation numbers. The

organlisms shown are magnified 1500 timese
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The results of the preliminery study with nutrient
broth are recorded in Tebles I and II. Table I shows the
comparative abllity of the nine organisms concerned to
grow in the presence of 2,4-D in a concentration ranze of
0.05 to 3.0 per cent in nutrient brothe.

These results indicate that the growth end points of

E. coli, S. pullorum, S. paratyphi, and M. pyogenes vare.

gureus all lay within the seme rance, 1.0 to l.5 per cente
Those of L. cereus var. mycoldes and X. phaseoli lay be-
tween 0.5 and 0.€ per cent while B. subtills, S. schott-
mielleri, and M. phleil ¢1d not show any growth above the
range, 0«3 to Oe5 per cent 2,4-D,

Table II indicates the viabllity of the nine organisms
studied under the conditions described for Table I. A
survey of Table II will, however, reveal a somewhat different

perspective than that observed 1n Table I. B. subtilis
and M. pyozenes var. aureus remalned viable 1in the hlghest
concentration of 2,4-D used in the experiment while k.
phlei survived in 2.5 but not 3.0 per cent 2,4=D. Xo
pheseoll had a survivel end-point between 2.0 and 2.5 per

cente E. coll and S. paratyphi lay between 1.5 and 2.0

per cent; S. pullorum and S. schottrmelleri between 1.0

and le5 per cent. E. cereus var. mycoides survived in
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0.5 per cent with the organisms from one tube surviving
in 1.0 per cent. No survival of B. cereus var. mycoides
wes noted above 1.0 ver cent under the condltions of this
experiment.

A1l other broth experiments (Tebles III - X) done in
thils study differed in procedure from the preliminary
experiment (Tables I and II) by the amount of inoculum
(0.2 ml instead of 0.1l), by the lensth of incubation time
given M. phleil (96 hours instead of 48), and by the assort-
ment of 2,4-D concentretions used (0.7 and 0.9 per cent
2,4-D were substituted for 0.8 per cent used in the pre-
liminery experiment).

Tables III and IV show the growth and survival end-
polnts, of the organisms studied, 1n nutrient broth under
the conditlons stated above. A brief study of these two
tables will show that the growth end-polnt of li. pyosenes

var. aureus lay between 2.0 and 2.5 per cent. . coll and

Se pullorum grew In the presence of 1.0 per cent of the
chemical but not in 1.5 per cent. S. paretyphl grew in
0.9 per cent but not in 1.0 per cent; X. phaseoll in 0.7
but not in 0.9 per cent; Be. cereus vare. mycoldes and li.
phlel In 0.5 per cent; B. subtilis in 0.3 but not in 0.5
per cent 2,4-D in nutrient brothe. B. cereus var. mycoides,
B. subtilis, k. phlel, M. Dyogenes var. aureus, and X

phaseoll were all viable in 3.0 per cent of the chemlcal.

E. coll and B. subtilis survived 1.5 per cent but not 2.0

per cent 2,4-D. S. schottrmelleri, S. pullorum, and Se
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paratyphl survived 1.0 but not 1.5 per cente

Tables V and VI show the growth and survival end-polnts
of the organisms in Wolf's casamino aclds broth medium.
Table V indlicates that E. coll grew in 0.9 per cent but not
in 1.0 per cent 2,4-D in casamino aclds broth; M. pyosenes

var. enreus in 0.7 tut not in 0.9 per cent; S. schottrmelleri

In 0.5 but not in 0.7 per cent; S. peratyohil and S. pullorum
In 0.3 but not in O.5 per centy B..cereus var. mycoides, B.
subtilis, X. phaseoll and K. phlel in O.1l but not in 0.3

per cente Table VI shows that B. cereus var. mycoides and
Mo pyosenes var. zureus were viable In l.5 but not in 2.0
per cent; E. coli, B. subtilis, X. phaseoli, end M. phlel

in 1.0 but not in 1le5 per cent; S. paratyphi and 2. pullorun

in 0.7 but not in 0.9 per cent; S. schottmelleri in 0.5

but not in O.7 per cent 2,4-D 1n casamino acids broth.
Tebles VII and VIII show the comparetive ability of
the orgenisms used to grow and to remain viable in 2,4-D
incorporated in tryptose broth. Results tabulated in
Table VII show that M. pyosenes var. sureus grew in 2.0
per cent but not in 2.5 per cent 2,4-D; E. coll srew 1n
1,5 but not in 2.0 per cent; S. paratyphl, S. pullorunm,

and S. schottmuelleri in 0.7 but not 1n 0.9 per cent; X.

phaseoli in 0.5 but not iIn 0.7 per cent; D. cersus var.
mycoldes In 0.3 per cent. E. subtills showed no growth at
all in any concentration of 2,4-D used. Table VIII in-
dicates the viability of the organlisms in plain tryptose

broth after having been exposed to 2,4-D. li. pyogenes var.
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aureus, Be. cereus var. mycoldes, B. subtills, and X.
phasecll survived 3.0 per cent 2,4-D. M. phlei was viable
in 2.5 per cent but not in 3.0 per cent; E. coll was vlable
in 1.5 but not in 2.0 per cent; S. paratyphi and 5. pullorum

in 1.0 but not in 1.5 per cent; S. schottmelleri in 0.9

but not in 1.0 per cent 2,4-D.

Tables IX and X show the comparative growth and
viabllity of the orzanisms in the presence of 2,4-D in-
corvorated in brain heart infuslon broth under the con-
ditions of the study. Tzble IX indicates thzt M. nyogenes
ver. gureus grew in 3.0 per cent 2,4-D; E. colil in 1.5 but
not in 2.0 per cent; S. pullorum in 1.0 but ﬁot in l.5

per cent; S. paratyohil in 0.9 but not in 1.0 per cent; S.

schottrmelleri in O+7 but not in 0.9 per cent; B. cereus
var. mycoldes in 0.5 tut not in 0.7 per cent; X. phaseolil
in 0.3 but not in 0.5 per cent; M. phlei in 0.1 but not in
0«3 per cente B. subtills showed no growth in any concen-
tration used in brain heart infusion broth. Table X shows
thet Be. cereus var. mycoides, I, pyozenes var. aureus, and
X. phaseoll were viable in 3.0 per cent 2,4~D; B. subtills

and i.s phlei in 2.5 but not in 3.0 per cent; E. coll and

S. parstyph!i in 1.5 but not in 2.0 per cent; S. schottmielleri
in 0.7 but not in 0.9 per cente |

Table XIII 1s a composite chart which shows the growth
and sﬁrvival end-points of the organisms In eacli of the
four broth mzdia used.

Tables XI and XII indicate the growth end points of
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the orzanlsms on end in nutrient asar containling 2,4-D,
streaked and poured pnlates. A survey of the results from
the streaked plates (Table xI) shows that E. coll grew on
0.5 per cent 2,4-D In 24 hours and on 1«0 per cent in 96

hours. M. pyosenes var. aureus, S. paratyohi, S. pullorum,

and S. schottruelleri grew on plates containing 0.5 per cent

of the chemical 1n 24 hours and showed no crowth on a
higher concentration even efter very prolonged incubatione
B. subtllis grew on plates containing 0.3 per cent 2,4-D.
X. phoseoll grew on O.1 per cent 2,4-D iIn 24 hours and on
0«3 per cent in 10 days. The record of the zgrowth of

the organisms 1In poured plates is shown 1in Teble XII. In

this experiment E. coli, S. paratyphi, S. pullorum, S.

schottmelleri and k. pyosenes vare. aureus all grew in

0«5 per cent 2,4-D 1n nutrlent agar 1in 48 hours but showed
no growth above that concentration after prolonged incu-
bation. B. subtills, k. phleil and X. nhaseoll showed no
growth 1In any concentratlon hizher than 0.1 per cent either
at 48 hours or at the end of the experiment. B. cereus
vare. riycoldes did not grow on or in any concentration of
2,4-D used in these two experiments.

The results of the two experiments set up in an attempt
to develop a 2,4-D resistant straln of E. colil were as
follows:

In the first experlment growth of E. coll was obtalned

o

by the streak method on agar containing a concentration of

2,4-D as high es 2.5 per cent, but attempts to sub-culture
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the orgenism from 2.5 to 2.5 per cent or to hisher concen-
trations were unsuccessfule.

In the second experiment growth of &. coli was obtalned

in broth and on szer 2ot e concentration of 3.0 per cent
2,4=-D. Sone growth was obtalned at 3.5 and even 4.0 per
cent on acar plates, but attempts to maintain the culture
and make subcultures from 4.0 per cent were unsuccessfule.
Subcultures were made successfully from 3.0 to 3.0 and to
3e5 per cent 2,4-D in both media and maintained as long
as three dayse

Plates I and II show the changes which occurred in the
morpholosy of E. coll which had been subjected to various
concentrations of 2,4-D in broth and in azar respectivelye.
Firure 1, Plate I, shows typical normal morpholozy in
nutrient broth. In Fizure 2 (0.3 per cent) the orzanisms
are sli-shtly larger and longer than normal with an Ilncreased
number of club-shaped forms while in Fiture 3 (1.3 per
cent 2,4-D) cells are so markedly elonzeted that, in some
cases, they mizht be celled filumentous. Fizure 1, Plate
II, illustrates normal E. coll organisms from nutrient
agare. <'izure 2 (0.05 per cent 2,4-D) demonstrates no
conspicuous change 1in morphology. It can be seen in
Firure 3, however, that some of the cells which had been
exposed to 0.7 per cent 2,4-D ers definltely enlarged,
while some ars diplobacilli-like, and some are extremely

long or filamentouse.
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Plates III and IV 1Indicate the morphologicel changes which
occurred 1n B. cereus var. mycoldes as a result of exposure
to various concentrations of 2,4-D. Flsures 1 - 3, Plate
ITII, show ths morpholosy in 2,4-D free broth and broth
containing 0.3 and 0.5 per cent 2,4-D. All cells observed
on the control slide were in the vegetative form (Fizure 1).
The organisms seen in Fizure 2 (0.3 per cent 2,4-D) are
both larger and longer than normal and a few spores are
apparent.s <“izure 3 (0.5 per cent 2,4-D) shows cells
which are not as wilde as the normal cells but are approxi-
mately the same lenzthe Groups of the cells are clumped
and a few spores are present. [igures 1 - 3, Plate IV,
reveal the morphology of the organisms taken from 2,4-D
free agar and from agar contalning 0.C5 and 0.7 per cent
2,4-D. Fizure 1 shows normal morphology on plain nutrient
agare. A few extra-cellular and intra-cellular spores
were seen. Agar contalning 0.05 per cent 2,4-D had the
effect of cell enlargement and elongation tozether with
marked spore formation (Figure 2). B. cereus var. mycoides
showed no evident sizns of growth but subcultures from the
site of the original inoculum to 2,4-D free broth and agar
produced visible growth in 24 hours. hiilcroscopic examin-
ation of a smear taken from 0.5 per cent 2,4-D aszar (Fig-
ure 3) revealed a predomninance of spores which were larger
than those apparent at 0.05 per cente

Plate V demonstrates the morphological changes which

occurred in S. pullorum while in contact with 2,4-D.
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Figures 1 - 3, Plate V, portray the normal morpholozy in
2,4-D free broth and the morpholosical chanses occurring

in 0.3 and 1.0 per cent 2,4-D broth cultures. The phenom-
enon observed 1n Figure 2 varies from normal in thet it
shows marked elongation and beading of the cells many of
which appear to be transparent. A few distinctly coccold
forms mey also be seen at thils concentration. 1.0 per cent
2,4-D (Figure 3) seemed to cause a shrinking of the cells.
It is obvious that the orgenisms in Fizure 3 are smaller
than normal and resemble dlplobacilli. The smears of S.
pullorum which were made from O.l and O.7 per cent 2,4-D
agar cultures revealed no conspicuous morpholozical chenge
except that in many cases (0.7 per cent 2,4-D culture only)
cell division seemed to be incomplete and the orzanlsms had
the diplo-like appearance seen in Firure 3.

The morphological chanzes which occurred in k. ryogenes
vare. aureus when it was subjected to various concentrations
of 2,4-D In agar were not conspicuous. However, the smears
from agar containing O.7 per cent 2,4-D showed some large
forms and some em)>ty or "ghost" cells. Plate VI illustrates
the morphology of lLi. pyosenes var. gureus when cultured in
mutrient broth containing 2,4-De Filsure 1 shows normal
rorphology with some of the cells occurring sinzly, some in
short chains, but most of the cells in small, loosely
clumped groups. Figure 2 (aureus in 0.3 per cent 2,4-D)

varies from normal in thaet the individuel cells are larger
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and the clumps are more compacte In 1.0 per cent 2,4-D
broth the cells are still larger end are even more con-
spicuously aggresated into dense clumps as 1s shown in
Figure'S.

Althouzh no photomicrogranhs were taken of S. paratynhi

and S. schottruelleri, the type of morphological change

exhiblited by these two organisms was very slmilar to that
shown by S. pullorum. B. subtilis resembled B. cereus vars
mycoldes in spore formation but falled to show conspicuous
elongation of vegetative cells. No distinct morphological
change was observed in elther M. phlei or X. pheseoll under
the conditions of these experlments.

Only one consoicuous change 1n gross morpholosy was
noted durin; the course of the experiments. DB. cereus
var. mycoldes, which normally grows luxurlantly and spreads
over the entlre surface of the inoculated plate on suilt-
able medla, did not progress more than a distance of two
or three millimeters from the original site of inoculatlon

on an agar plate containing 0.05 per cent 2,4-D.
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PESNTIONS |

GIOITE CF LINTROCIGATIELS I IUTRINITD BROTE COITAILING 2,4-D

Orconism (Mmrwd..... — Per cent w..rr.u »wOouﬁ_owwwmm in meddun _

7, [19] Cel O.U OQU 0.2 1.0 H.W ceC Nom boO

T. coli + + + + + + + + + + + + + T - - - - - - - -

e pyOZenes + + + + + + + + + T + + + + .-L - - - - - -
VT, ZUYEus

Se poratyyhd -+ + % + + + + t T -t T o+ - - - - - - - -

Se pullorum + + + + + + T+ + + + + + 4 - - - - - - - -

X. phasecll + + + + + + + + + - - - - - - - - - - - -

e cereus T+ + + T + + + + + t - - - - - - - - - - - -
vore mycclides

L. subtilis + + + + + + + -+ - - - - - - - - - - - - - -

e phlel + + + + + + + + - - - - - - - - - - - - - -

S. sch cgllerd + + + T + + + + - - - - - - - - - - - - - -

Ircutation

Time = 24 hours (3. phlei - U3 hours)

Tezperature = 37 C (X. phasecli = 27°C)
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TABLE II

SGRVIVAL OF IICROCRGALISHS I JUTRIZUT BROTH COUTALLING 2,4-D

Control Per cent 2,4=D irccimorated in mediunm

Orgonisn (0:3) 0.05  Gel  0¢3  0s5 0e8 1.0 1.5 2.0 245 3.0
De subtilis + + + + + + + + + + + + + + + + + + + + + +
ile progenes - T + + + + + = + -+ + + + + + + + + + + + +
Vir. Zireus
#e phlel AR t T + o+ + + + + + + + + + + + T + + - -
X, gheseoll T + T o+ + 4 + + + + + + + + T + + 4 - - - -
Zo coll + + + o+ + + + + 4 4 i+ + + + + - - - - - -
S. peraty;ph + + 1+ o+ + + + + T 7o T ¥ t - - - - - - -
S. pullorum T+ + o+ + + + 7 + T T o+ - - - - - - - -
S. schictiuuellori T o+ + - Tt -+ + + 4o T - - - - - - - -
L. cerais + + + + + + + - v o - - + - - - - - - - - -

var. wnycoldes

Incubation

‘Mime = 2% hours (. phlel = L& Lours)

o . R -0
Mezperature = 37 C (X. phesecii = 27 C)
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TABLE III

o o Kaabad Y P ANACTIANTTT N T OTEIATMTTMITM TMATTTY SATTR PreTsca A Vi
m-l.v._(:bf ﬁ» ..»rtwtohrﬁsf.kl..m H.». A hdldat b .u._.u._(ln- [COPRAT: S ONPENE ] Coplmly

Orgoniem Cortrol _ Fer cent 2,%D inccrporated in mediun _
AOTV OoOU Cel O-w 0.U OoN O-m 1.0 ~e’ 240 2’ WoO
e PYOEMES + + + 4+ + + 4+ -+ + o+ + o+ + o+ + 4 + - -
var, aureus
3. ccll + o+ + + + + + + + + + + i+ + + - - - - - - - -
m.wv..h.._.HOws«.. + + + + + + + + + + + + + =+ + + - - - - - - - -
S. parntychi + + + - + + + + + 4 + + + + - - - - - - - - - -
X pheoszenll + + + + + + + + + + + 4 . - - - - - - - - - -
2. coreus + + + + + + + 1 t+ + - - - - - - - - - - - - - -
ver. orcldes
e ophlst + o+ 4 - + + + 1 - - - - - - - - - - - - - -
E. s2btilis + + + T + o4 + + - - - - - - - - - - - - - - - -
S. schottimmzllerl + + + o+ - T 1+ + - - - - - - - - - - - - - - - -
Incubetion

\

Tue - 2% heurs (I. phlel - L€ heurs)

2
Terperature = 37°C (Y. phosecli = 27 C)
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TADLT IV

SCRTIVAL CF JICRCORGANISIS IU7 IUTRILNT LRCTH CCUTAILING 2,40

Orenisn oommwow } Per cent 2,U-D incorsorated in medium

(Cri)  CeGs  Cel  Ce3  0s5  Cel C.0 1.0 1IL.5 2.0 25 32
Be cereucs + + + + + + + r + + + + + + + + i+ + o+ + + + +
voare mycclles
Se sSubtilis + + + + + + + + + + + + + 4 + 4 + + + o+ + +
ite phlel + + T+ + + + + + + + + + + T+ + + + T + + 4+
M. piogenes + T + + + + + + + ot + ¥ + + + + + + 44 + o+ + +
Var. ourevs
Xo phosecli + 4+ o+ + 4 + o+ 4+ + ¢ + 4 + 1 T T + + + + +
. ccli + + + = + + + + + + + + + + + + + + - - - - - -
S. paraty:h + + + o+ T o+ + + a + + + + + + - - - - - - - -
5. pullorun + ot + o4 + - + ot + + + ot + T + 4 - - - - - - - -
S. schottimelleri + + + + + + + + + 4 + + + 4 + A - - - - - - - -

Incubation

Tize = 24 hours (M. phlel - 96 hours)

Teperature = 37°C (X. phaseoli - 27°C)
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TCUTH CF LICROCRGANT

LY R

SIS I WOLEYS CASMING ACIDS LTI

TASLT

Yol
[V CP YIS N

TTTYITNY
r.H».«N (Y FU

orcanisn owswuow _ Per cent 2,4-D incornorated in mediun

(0;2) 0.05 Q.1 Ce3 QeH Q.7 .9 1.0 1.7 2e 2e5 3¢
Ze cclil T T + + + + + + + + + + + + - - - - - - - - -
e TyROPres + + 4+ + + + + + o+ t - - - - - - - - - - - -
VoTre oureus
Se ccheotimuallari + + + + + T + + + - - - - - - - - - - - - - -
m.._.v 41VH + + + + + 4 + T - - - - - - - - - - - - - - -
S. mllorum S + + + + T+ - - - - - - - - - - - - - - -
D, cercus + + T+ + + - - - - - - - - - - - - - - - - -
vore reclides
3. subtilis - + + + 4+ - - - - - - - - - - - - - - - - -
e phlel + T -+ + o+ - - -- - - -- - - - - - - - - -
X. pheseoll + + + + + T - - - - - - - - - - - - - - - - -

Tize = 24 hours (. phlei = i€ hours)

[ o
Temperatire - S {X phasecli = 27 C
3 P
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mAamTT
TARLT VI

SURVITAL OF iICRCORGANISIS I WCII'S CASAINO ACIDS IZI0IUIL CCUTAILNING 2,4-D

‘ Control Per cont 2,)eD incorsorated in medium
Orgonlism (0:0) Ce05  Cel  0e3  0e5  Cof 0e3 1.0 1.5 20

M)

De CoTous + + + + + + T + + + + + + + + + - - - - - -
voTe LT2¢iTre

e Llolenes ~ + + + + + + + + + + + + + o+ 4 - - - - - - -
/mTe TAXCUS

Z. suutllls + T + T 1 1T i + + 4 + T - - - - - - - -
Z. ccld + T + + + T T T + + 1o + T 4+ T - - - - - - - -
Ze phnzzolil + + + T + o vt + + + + T+ + T - - - - - - - -
H_“.wwon. + r + + r + T + o+ - T T & T - - - - - - - - -
5. porotn il + + + T + + + T + T + T - - - - -- - - - - - -
Se pullom + T + T + + + + + + + + - - - - - - - - - - - -
S, schcttiaclleri + -+ + + + + + T + 1 - - - - - - - - - - - - - -

Hil:n.‘f\.*ru »
! noatlen

el

miae = 2% Lours (Ll phlel = G5 lgurs)

0~ . . -
necernture = 3700 (%o phoscoll = 27 3)
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-
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Control

Per cont 2,!'=D incorporated in mediunm

o—

AO..»V OQOU Oou. Oou OO.U O...qu Oow HOO HQW N O NQU uoO

tle T¥olenec + + + + + + + + + T S + T o+ + T - - - -
TEYe SUTCUS
Ze Ccli + + + + + + + + T T + + + + T + + - - - - - -
Se poaraiyh + + + =+ i+ + + + + - - - - - - - - - - - -
S. pellorm + T T + + + < o+ + - - - - - - - - - - - -
Se cohsttizicllert 4+ o + T + 1 + * + o + - - - - - - - - - - - -
Y. Jinseol 4+ + ot + T + + i T - - - - - - - - - - - - -
Ze Crzun Tt 4 o1 -t 47 - - - - - - - - - - - - - - -
Vore wycclicic
”..»\M.H(M o T I - - - - - - - - - - - - - - - - -
T. suttilic o+ - - - - - - - - - - - - - - - - - - - - -

neucetisn

Time = C% Lours (e pilel = L& Loureg)

- 37°C (X plosecli - 27°¢)
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hda

SURVITAL OF bICUCINSNTISHS IV ULYFICSI pIUTIOCLLTALLIIG 2,'=D
~ Sontxe Ter cont C,l=0 2n3er, onatew in Lweliom
Croenien (Ciy  Bets  2el  G.3 0.5  C.7 03 1.0 1.5 2.0 25 3.
3. Covoul 1T + 4+ + T + + + + + T + + + 4 + 1 + + T + +
VoTe .gycloils
e wyLwcre:s + o+ + + + T + + + T + + 4 + + + 4+ + 4+ + + +
ViTe CLATZUS
X picnszecll + r + 4 + + + + T 4 + + + 4 + + + + + + S ~ 7
Do suitlili + r + + + + T + + + + + + + + - + T o+ + o+ * i
e pidc T T + T + 4+ + + + 2 + 4 + + + + + + + + + + - -
Z. 221l + 4+ + 1 + r + + + + o - r + + + - - - - - - -
Se voarnimid + + + + + 1 o T T T+ + T + + - - - - - - - -
m.wu.rr;rquw.(.t Tt T + T + r T + + + + + - - - - - - - -
3. sclottuaallert + ot + + + + ¥ + T + + + + - - - - - - - - - -
Iacuvation
Time = 2% Louurs (i pllsio- G5 noune

~ .. - - e q
L.r.!.h\.ﬂrf..c(.wm -

»=2

P

C (X pun
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TATIZ IX

Mmoo gy L Rl o I IR ST ST AT ITUATM SISt Es s aANs Sgemf emys NAS e T sese o

il (tdee Ve sid ||.((vycrr.ll..c dat Leleadhar diadbiid .r_v(b)(-. AN e A aimdado e T .sollb

Sentrcl Fer cmt 2,U=D ircoriorated in acium
Croaricm . — 3 —= — = m— =
(Oy0y vy Cel Ce7 Ce5 G Os2 ._..O le Ced Cery 560
e LTOSIMCC + T + T + -+ + o+ + + - 4 + + + T + + + - + + t o
VrvTe NUTIUS
BT | + + + o+ + + i + + o+ + + + T T + - - - - - -
S. pdlomw bor + + + + + + + + T T + + 4 4 - - - - - - - =
m. .,r..)w\\wu.vh\wnwr + T - ot + + + + + - 4+ o+ “' - - - . - - - - - -
Se echcttuuaciiord + + + + o+ + 4 + + + + - - - - - - - - - - - -
T e CECTCOLIN T + + + + it t - - - - - - - - - - - - - - -
vore L2 lcc
e ~hagenldi + + + 4 + 4+ + + - - - - - - - - - - - - - - - -
sno‘m,o..u.nzu. + 4 + + + + - - - - - - - . - - - - - o - - -
Ze. sudtlilis + + - - - - - - - - - - - - - - - - - - - - - -
In~Totion

~_

. ] I Vies oUTS
TIne e O LOUYS \ide onilel = 20 higurs

£L

|¢I-U N i, ]
Temperntvre = 37 C (Y. plincecli - 277°C)

e
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Plate I: E. coll in nutrient broth

Firure 1. 2,4-D free nutrient broth
Fizure 2. 0.3 per cent 2,4-D
Fisure 3. 1.3 per cent 2,4-D

Plate II: E. ccll from cultures grown on nutrilent czar
Fisure 1. 2,4-D free nmutrient a-er

Flzure 2. 0.05 per cent 2,4-D
fisure 3. 0470 per cent 2,4-D

Plate III

lm
[ ]

cerens ver. mvcoldes 1n nutrient broth

fizure 1. 2,4-D free nutrlent btroth
Fioure 2. 0.3 per cent 2,4-D
Fiqure 3. 0.5 per cent 2,4-D

Plate IV: B. cereus var. mycoldes from cultures grown on
nutrient agare.

flmure 1. 2,4-D free nutrilent ajar
Fisure 2. 0.05 pver cent 2,4-D
Filsure %. 0.& per cent 2,4-D

Plate V: S. Millorum in nutrient broth

igure 1. 2,4=D free nutrlent broth
fizure 2. 043 per cent 2,4-D
r'izure 3. 1.0 per cent 2,4-D

Plate VIs: M. pyorenes var. z2urens in matrient broth

Fipure 1le 2,4-D free nutrient broth
Fisure 2. 03 per cent 2,4-D
Fizure 3. 0.7 per cent 2,4-D

lagnificatlon: All of these photomicrosrsphs wers
macnified 1500 times.
Scele:s 15 millimeters are egquivelent to 10 microns.
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DISCUSSION

A survey of Tables I - XII reveals one pertinent
result, namely, that 2,4-D did definitely inhiblt bacterial
growth under the conditions of this study. The extent and
dezree of this inhitition varied accordinz to the genus
and specles of orcenism used and also accordinz to the
type of medium employed.

Results as summarized in Tables I - IV indicate that
the orzanisms can be 1nhibited when grown in nutrient
broth under the usueal conditions of time and tempersture
of incubation. IFurthermore Tables I and III indicate that
the results were not greatly Influenced by amount of inoculun
since twlce as much inoculum was used for the experiment
sunzrarized 1In Table III ss was used for the experiment
which Table I representse. In these sams experimonts 1t

can be observed that the zrowth of S. schottrmellsri was

stooped at a relatlively low concentration of 2,4-D while
Mo pyozenes vare. zureus srew In a conslderably hicher
concentration of 2,4-D.

The dezcree of sensitivity or reslstancs was not
correlceted with the grem-stalnins propnerties of the orsan-

isms. l. pyorenes var. gureuas (sram-positive) and E. coll

(sram-negatlve) were both resistant while organisms such

as B. subtilils (gram-positive) and X. phessoli (sram-
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nezative) were highly sensitive.

Survival experiments showed that 2bsence of turbidity
in the original tubes during the tlime of incubation was not
an indicatlon of complete inhibition of growth since 1t
was shown that B. subtilis, k. pyosenes var. aureus, Bes

cereus var. mycoldes, M. phlei, and X. phasecli were able

to produce zrowth on subculture in 2,4-D free broth after
having been subjected to 3.0 per cent of 2,4-D.

The organisms were more sensitive to 2,4-D in Wolf's
casamlino acids broth medium thaen they were in nutrient

broth with the exception of S. schottimelleri whose sensi-

tivity remainecd approximately the same as 1t was 1in the
nutrient broth. This result may have been due to the fact
that Wolf's medium is decidedly less nutritive for the
organisms. A survey of the growth end-polnts of the organ-
1sms in tryptose and brain heart infusion broth, as com-
pered to nutrient broth, however, Indicates that there wsas
no consistent relationship between increased nutritional
value and decreased sensitivity (increazsed resistance).
The fact that most of the survival end-polnts were
obtained in higher concentration of 2,4-D in the more
nutrient m:dia than in the less nutrient, that is, nu-
trient broth, tryntose, and brain heart infuslon broth on
the one hand and Wolf‘s casamino acids broth on the other
micht be considered to substantiate, at least in part, the
findings of Fildes to the effect that the bacterlostatic

effect of auxins, 1ncluding 2,4-D, was reversed by such
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constituents of media as peptones and tryptophane.

Wwith regard to sensitivities in liquid medla as com-
pered with solid medla 1t was shown that end-points of Be
subtilis and E. coll remalned falrly constant in nutrient
broth and on nutrient acar conteining 2,4-D. liost of the
organisms however falled to show as high a growth end-point
on the solid medium as was shown in the lliquid medium.

The attempt which was made to develop a 2,4-D resistant
strain of E. coll revealed that that organism acquires
resistance to 2,4-D at a fairly rapid rate. Thls phenomenon
1s, perhaps, in keeping with the theory proposed by Eall
(1938) which indicates that E. coli msy be self-activated
In its develooment of resistance to auxins since 1t produces
Indole=3=-acetic acid from media contalning tryptophane.

The heterosuxin apparently stimulates the cells to further
growth and dilvislon which produces more cells and hence
rore heteroauxin, thus repeatinzg the cycle ajain and azailn
until the cells literally "srow themselves to death".

The changes observed 1n the morpholozy of the organisms
during this study appear to te similar, in some respects,
to those found 1n green alsae by Brannon and Sell (1945)
as a result of the action of indole-3-acetic acid. They
also resemble the histologlcal chanzes observed by iatson
(1948 and 1950) and by Eames (1949) in that cell elonzation
and enlarsement was a consplcuous result of 2,4-D treat-
ment. Oomewhat similar changes in morphoclozy have been

observed by varlous autaors whille testins the effects of
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such antlbiotlcs as streptomycin (Czarnecki, 1948) and
penicillin (Gardner, 1940 and 194%) on bacteria. The
appearance of dirlobacilli-like and filamentous forms can
be exvlained by Dubos! statement (1948) concerning concen-
trations of auxin insufficlsnt to produce complete in-
hibition.

One of the effects of 2,4-D on E. cereuas var. mycoldes
seems to be that of loss of motility as 1is evident from
the small area over which the culture spreads on azar con-
taining 0.05 per cent 2,4-D and by 1ncreased spore formation
observed on smears taken from this and hisher concentrations
of 2,4-D.

The results of the experiments on morpholosy are in dis-
azreement with previous findings recorded in the literature.
The pH at which the experiments 1n this study were

carried on mizht possibly heve accounted for the results
observed since it has been stated that 2,4-D 1s more actlve
in an aclid pH renge (optirum pH 2 - 3) than in 2 hizher

pH rence. There are, however, observatlons recorded in

the literature (Lucas et al, 1947) to the effect that 2,4-D,
when appllied in buffered solutions, 1s just as active at

pH 7 as at a lower pH.

Since these experiments were desisned to survey the
antibacterial activity of 2,4-D, pH 7.0 was chosen in order
to insure growth of all of the organisms studled in the
2,4-D free control medla.

The range of concentrations of 2,4-D used in this
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study were chosen to lle within the solubility of this
salt (3 = 4 per cent in agueous solution).

The effect of 2,4-D on bacteria must have caused
elther no Injury or very little Injury to the cell proto-
plasme. <hils 1s apparent from the fact that the survival
experimehts showed that the organisms were able to produce
visible growth in 2,4-D free medla after havins been exposed

to various concentrations of 2,4-D.
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SULIARY

Under the conditions of thls study the action of 2,4-D
was found to be far more bacteriostatic thsn bacteri-
cldal.

Althoush the tyve of medlum used dld exert some effect
upon the antibacterial activity of 2,4-D, no consistent
pattern of relationshlp between type of medium used and
the resistance of the orgenisms, in general, to 2,4-D
was obLserved.

Resistance of E. coll to 2,4-D wes induced readlly by
two different methodse.

Distinct mor»nhological changes, as a result of the
action of 2,4-D, were observed 1n most of the organisms

studlede.
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