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The discovery of the first systemic or hormone herbicides, 2,4-D, 2,4,5-T, and
MCPA, initiated an agricultural revolution and modern weed science. The finding
of these herbicides was a striking case of multiple independent discovery by four
groups of workers in two countries, the United Kingdom and the United States:
William G. Templeman and associates at Imperial Chemical Industries; Philip S.
Nutman and associates at the Rothamsted Agricultural Experiment Station; Franklin
D. Jones at the American Chemical Paint Company; and Ezra Kraus, John Mitchell,
and associates at the University of Chicago and the U.S. Department of Agriculture.
Because of wartime and commercial secrecy, the usual procedures of scientific pub-
lication and patent disclosure were not followed; instead, the first scientific report
on these herbicides occurred in a publication by workers who were not original
discoverers. Considerable confusion consequently resulted concerning the discovery
and the discoverers. This confusion has not been completely dispelled in subsequent
years. The present report summarizes the complete story, clarifies the chronology of
the discoverers and their publications, and makes the case that all four groups of
workers deserve credit for this revolutionary advance. The scientific background of
the discovery and events in its immediate aftermath, especially the ticklish patent
situation, are also briefly chronicled.

Nomenclature: 2,4-D; MCPA; 2,4,5-T.
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When the first systemic or hormone herbicides burst me-
teorically upon the technological scene in the 1940s, their
use initiated an agricultural revolution and laid the corner
stone of present-day weed science. These chemical agents,
the chlorophenoxyacetic acids 2,4-D, 2,4,5-T, and MCPA,
could kill many weeds selectively in small and relatively in-
expensive quantities; they ‘‘transformed agriculture and are
considered to be amongst the greatest scientific discoveries’’
of the twentieth century (Fryer 1980, p. 1). In the first issue
of this journal, Willard (1951, p. 9) called 2,4-D ‘‘the cat-
alyst which generated the recent and continuing explosive
reaction concerning plant control by chemical means.’’ Half
a century later it remains one of the most widely used her-
bicides in the world (Szmedra 1997). These herbicides and
others developed later made the control of weeds no longer
a matter of hazardous corrosive chemicals, hit-or-miss re-
sults, or hard manual labor. The poet’s Man With The Hoe,
‘‘bowed by the weight of centuries . . . and on his back the
burden of the world’’ (Markham 1899) became the man
erect riding the mechanized sprayer or duster.

The finding of these first hormone herbicides was a strik-
ing case of multiple independent discovery. Four workers or
groups of workers in two countries, the United Kingdom
and the United States, made the discovery, each laboring
without knowledge of the others’ efforts. Because of con-
ditions prevailing at the time, the discoverers did not follow
usual procedures of scientific publication and patent disclo-
sure, but announced their findings in a sequence that did
not reflect the actual order of discovery. A further compli-
cation occurred when workers who were not original dis-
coverers produced the first report on these herbicides to ap-
pear in a scientific publication.

The result was confusion concerning who the discoverers
were and when their discoveries were made. Minarik (1946,
p. 113) wrote that ‘‘the originators of the idea that plant
growth regulators might be herbicides is a controversial
point.’’ Four decades later Fletcher and Kirkwood (1982, p.
22) still stated that it was ‘‘difficult to establish precedence
for the precise discovery of 2,4-D as a herbicide.’’ Some
confusion continues to the present. For example, two recent
accounts from the United States (Bovey and Young 1980;
Canine 1995) do not mention the British work at all, and
two from the United Kingdom (Lockhart et al. 1990; Blax-
ter and Robertson 1995) discuss the British discoveries but
merely mention only that ‘‘parallel work’’ or ‘‘independent
work’’ occurred in the United States.

Two historical studies of the discovery of the herbicides
have dispelled some, but not all, of the confusion. Peterson
(1967) provided a detailed and well-documented description
of one program in the United States, but alluded to the
British work in only one brief note. Kirby (1980) supplied
a more balanced account of both the British and American
work. Her discussion, however, contains some minor inac-
curacies concerning the latter and, more important for his-
torians, is only lightly referenced. These two studies taken
together account for three of the four groups of discoverers.
Both authors mention the fourth, Franklin D. Jones, re-
ceiver of the first United States patent on chlorophenoxy-
acetic acids as herbicides, but they do not regard him as an
original discoverer. They both record that he provided 2,4-
D to the other American group, and both cite his patent.
However, Kirby (1980, p. 6) clearly concludes that the dis-
covery was made by ‘‘three quite independent groups, two
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in the United Kingdom and one in the United States of
America,’’ not including Jones.

The purposes of this communication are to summarize
the complete story, to clarify the dates when all four groups
made their independent discoveries, to provide additional
references to the primary literature not given by Peterson or
Kirby, and to point out that the claim of Jones to the dis-
covery is quite as good as those of the other three groups.

Scientific Background of the Discovery

A scientific discovery, even a revolutionary one, does not
come suddenly out of the blue or burst from the head of
the discoverer like Athena from Zeus. While talent and in-
sight play their parts, a body of previous knowledge always
leads a discoverer to ask the right experimental questions.
Thus, a scientific background underlay the discovery of the
first hormone herbicides. Although false starts, dead ends,
and outright errors occurred along the way, hindsight can
discern a direct line of development. Interestingly, the major
advances in this line involved five additional cases of mul-
tiple independent discovery.

In the last quarter of the nineteenth century botanists
learned that a growth response of a plant part to an external
stimulus such as light or gravity may occur in a region of
that part different from the one that receives the stimulus.
This fact, which suggests that some agent forms a connec-
tion between the receptive and responding regions, was es-
tablished independently by three workers (Ciesielski 1872
for roots; Darwin 1880 for coleoptiles; Vöchting 1888 for
leaves). Then around 1910, two researchers separately dem-
onstrated that such agents promoting plant growth were
chemical substances, termed ‘‘hormones’’ (Boysen Jensen
1910, 1911, 1913; Fitting 1909, 1910). Subsequently two
groups of workers independently identified the first chemical
known to have growth-promoting properties, indoleacetic
acid (Kögl et al. 1934a; Kögl and Kostermans 1934; Thi-
mann and Koepfli 1935). These groups then both showed
that the same substance could also inhibit or reduce growth
if applied at higher concentrations (Kögl et al. 1934b; Skoog
and Thimann 1934). Several workers soon found simulta-
neously that certain synthetic chemicals, similar to indole-
acetic acid but not occurring naturally in plants, could cause
similar growth effects (Haagen Smit and Went 1935; Hitch-
cock 1935; Thimann 1935; Zimmerman and Wilcoxon
1935). The term ‘‘auxin’’ was applied to any substance hav-
ing these properties. Several years later, three independent
groups demonstrated that naphthoxyacetic acid is an auxin
(Bausor 1939; Irvine 1938; Zimmerman et al. 1939). This
finding was an important step because it led workers to
study other substances having a different molecular ring
structure connected to acetic acid by an oxygen link, such
as, eventually, the phenoxyacetic acids. By 1940, a large
number of chemical agents were known to produce a be-
wildering array of effects on plant growth, some of which
were of practical agricultural and horticultural value (Wit-
twer 1971).

This was an era of shotgun experimentation on the effects
of chemicals on plant growth. In this atmosphere, a few
researchers tried applying auxins to intact whole plants in
an effort to promote their growth and thus possibly increase
crop yields (Tincker 1941). The results were confusing. Fre-

quently there was no effect, but sometimes promotion and
sometimes inhibition occurred. High concentrations of cer-
tain agents, especially, inhibited growth, and most signifi-
cantly, some results suggested that different plant species
vary in their tolerance of such high levels. Attention to this
fact led the four groups of workers to consider the possible
use of auxins as weedkillers and eventually to make their
revolutionary advance.

Discovery in the United Kingdom

Discovery at Imperial Chemical Industries

First to accomplish the discovery was William Gladstone
Templeman, working in the United Kingdom at the Jealott’s
Hill Research Station of Imperial Chemical Industries (ICI).
Born in 1911, Templeman had received the M.Sc. and
Ph.D. degrees in botany and plant physiology from King’s
College and then joined ICI. He had a distinguished career,
later serving as deputy director of his research station, as
vice president of the Linnean Society, and as president of
the Fertilizer Society (Anonymous 1953a). But when he
came to ICI in 1933 he was a young researcher assigned the
general task of finding chemicals to increase plant growth.
Other persons associated with him in this work were Wil-
fred A. Sexton of the Dyestuffs Division of the company,
who selected compounds to be tested, and Roland E. Slade,
who was overall research controller. Templeman, however,
conducted the actual experiments with plants.

Studies carried out by Templeman in 1936 and 1937
showed toxic effects of indoleacetic acid and naphthalene-
acetic acid applied to whole plants—effects that seemed to
vary with different plant species (Templeman 1939). He
confirmed these results for additional kinds of plants in Au-
gust 1940 but published the findings only later (Slade et al.
1945; Templeman and Sexton 1946). In that same year he
showed that these growth substances applied appropriately
would kill certain broad-leaved weeds in cereals without
harming the grain crops (Templeman and Marmory 1940).
The compounds were, however, too expensive and too
quickly degraded by microorganisms in the soil to be of
practical agricultural use. He therefore enlisted the aid of
ICI chemists, who in 1940 provided 32 related substances
among which were the phenoxyacetic acids 2,4-D and
MCPA. The first mention of acids of this type in the chem-
ical literature appeared in June 1941 by an American in-
dustrial chemist who described their syntheses without not-
ing any biological effects (Pokorny 1941). The ICI chemists
had obviously accomplished such syntheses earlier. Temple-
man found 2,4-D and MCPA to be extremely effective as
differential or selective herbicides for weeds in cereals. The
use of these two substances for that purpose was the subject
of a patent application filed in April 1941. World War II
was then under way, however, and the British government
restricted scientific publication and patent disclosure. Con-
sequently Templeman’s results and the patent were not re-
vealed publicly until 1945 and 1946 (Slade et al. 1945;
Sexton et al. 1945; Templeman 1945, 1946; Templeman
and Sexton 1946). Later accounts of Templeman’s work may
be found in Templeman (1955), Russell (1966), Burnet
(1967), Allen at al. (1978), Kirby (1980), and Kennedy
(1993).

In the course of Templeman’s work, another example of
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multiple discovery became intertwined with that of the hor-
mone weedkillers. In finding the selective herbicidal action
of the chlorophenoxyacetic acids, Templeman necessarily
also learned that these compounds are active as auxins when
applied appropriately, since their use as weedkillers depends
on such activity. Although he clearly was aware of this before
the date of his patent application in 1941, the fact was not
then publicly known. The first open publication that 2,4-
D is an auxin was that of Zimmerman and Hitchcock
(1942) of the Boyce Thompson Institute in the United
States. Their paper was preprinted on April 18 and issued
on July 29; between these dates an announcement of their
results appeared on May 8 (Anonymous 1942). Unknown
to them was the fact that John Lontz, a chemist with the
E. I. DuPont de Nemours Company, had also been working
with this class of compounds and had on February 20,
1942, already applied for a United States patent on their
use as plant growth regulators (Lontz 1943). In that same
month, the biological activity of 2,4-D was also found by
Franklin D. Jones (Jones 1953), whose discovery of the her-
bicidal action of the chemical is detailed later. Initially un-
aware of each other’s work, these American researchers also
did not know that they had all been preceded by Temple-
man. Since all four sets of workers worked independently,
this was also a case of quadruple discovery.

Discovery at Rothamsted
When in accordance with wartime regulations the work-

ers at ICI reported their discovery of the selective herbicidal
action of 2,4-D and MCPA to the British Agricultural Re-
search Council in November 1942, they received a shock.
The same discovery had been made independently by re-
searchers at the Rothamsted Agricultural Experiment Sta-
tion. There, beginning in November 1941, Philip S. Nut-
man, H. Gerard Thornton, and John H. Quastel had been
studying the involvement of auxins in the process of nodule
formation in legume roots by symbiotic bacteria. That pro-
cess, important in the fixation of atmospheric nitrogen and
thus in soil fertility, was seemingly far-removed from the
problem of weed control. In the course of their studies, these
workers found that in sterilized soil, indoleacetic and naph-
thaleneacetic acids at appropriate concentrations could be
extremely toxic to clover (Trifolium spp.) and other broad-
leaved plants but not to wheat (Triticum aestivum L.). They
saw from this result that it might be possible to use these
compounds in selectively controlling plant growth. They
also found, however, that the activity of these compounds
was quickly lost in unsterilized soil, presumably because of
destruction by soil microorganisms. Such substances would
therefore be of no practical use under natural conditions.
Then in 1942, Quastel visited the Boyce Thompson Insti-
tute in the United States, where he learned of the auxin
activity of 2,4-D (Kirby 1980). Upon returning to Ro-
thamsted, he suggested trying this chemical in their exper-
iments, reasoning that chlorinated compounds might be re-
sistant to microbiological destruction. In October 1942 the
group found that 2,4-D was indeed extremely effective in
natural soils. Again because of wartime restrictions, these
workers could not publish their results until 1945 and 1946
(Nutman et al. 1945; Rothamsted Agricultural Experiment
Station 1946). They did, however, report them in Novem-
ber 1942 to the Agricultural Research Council with the sug-

gestion that 2,4-D might have importance as a wartime
weapon of crop destruction (Russell 1966; Kirby 1980).

Extensive Field Trials

When the Agricultural Research Council learned that two
groups of workers had independently discovered a class of
chemicals that might have enormous importance in agri-
culture and also the potential for wartime crop destruction,
it acted quickly (Kirby 1980). It was motivated both by the
need to save labor in weed control and by concern that
enemy scientists might have made the same discovery. All
work on the chemical agents was therefore consolidated into
one large program led by the workers at ICI, and practical
field trials under actual agricultural conditions were imme-
diately scheduled. Small-scale investigations were carried out
in Norfolk in 1943 and larger programs in 1944. In 1945,
the year the war ended, the most extensive field trials carried
out in Britain to that time were conducted. ICI alone per-
formed tests at 111 centers covering over 400 ha in 23
counties. Other groups brought the totals to over 1,000
centers and 5,200 ha. Details of this field effort were not
published until 1945 and 1946. Blackman (1945a, 1945b,
1946) described his part in the field program; other accounts
were those of Duncan (1946), Hudson (1946), Templeman
(1946), and Burnet (1967). The field studies were also re-
ferred to in a press release from ICI in March 1945 (Anon-
ymous 1945a, 1945b, 1945c), as well as in a press confer-
ence held by the company in October of that year (Anon-
ymous 1945d, 1945e).

Discovery in the United States

Discovery at American Chemical Paint Company

While these events were unfolding in the United King-
dom, two independent discoveries of the hormone herbi-
cides occurred in the United States. One of these was by
Franklin D. Jones. Born in 1898, Jones worked as a chemist
with a number of industrial companies after graduating
from Bucknell University in 1919 (Cattell 1960). In 1938
the American Chemical Paint Company, later known as
Amchem Products Company and, after several mergers, now
part of Aventis, became interested in the manufacture of
growth-regulating chemicals for use in agriculture and hor-
ticulture (Haynes 1949). Jones became manager of the ag-
ricultural department of the company in that year and
served as such until 1947. In his early years with the com-
pany, he obtained a number of patents covering the use of
various chemicals in promoting plant growth. Information
concerning Jones’ work on herbicides is scattered among a
number of sources (Anonymous 1945f; Carleton 1945;
Cates 1945; Jones 1945a, 1945b, 1946; Snyder 1945). In
February 1942 he set out to find an agent to kill poison-
ivy [Toxicodendron radicans (L.) Ktze], motivated in this ef-
fort not only by commercial considerations but also by the
fact that his children were unusually susceptible to poison-
ing by this plant. Just at this time, Zimmerman and Hitch-
cock reported on the growth-promoting properties of 2,4-
D, so Jones incorporated such compounds in his studies.
He found that both 2,4-D and 2,4,5-T were powerfully
effective. During the following 2 yr he performed more than
100 experiments on their selective action against numerous



Troyer: Discovery of hormone herbicides • 293

TABLE 1. Dates of independent discovery and disclosure of results on chlorophenoxyacetic acid herbicides by four groups of researchers.

Researchers Organization

Work begun on
chlorophenoxyacetic

acid herbicides First disclosure of original work of discovery

Templeman and
associates

Imperial Chemical Industries, U.K. 1940 British patent application April 7, 1941; is-
sued Dec 13, 1945

Report in Nature, April 28, 1945
Report in Proceedings of the Royal Society,

submitted Nov 8, 1944, published Aug 7,
1946

Jones American Chemical Paint Company,
United States

Feb 1942 Canadian patent application June 2, 1944,
U.S. patent issued Dec 11, 1945

Report in American Nurseryman, presented
Feb 8, 1945, published March 1, 1945

Nutman, Thornton,
Quastel

Rothamsted Agricultural Experiment
Station, U.K.

Oct 1942 Report in Nature, April 28, 1945
Report in Rothamsted Report for 1939–1945,

published 1946
Kraus, Mitchell and as-

sociates
University of Chicago;
Beltsville Experiment Station, United

States

Jan 1943
March 1943

Report in Botanical Gazette, March 1947
Report in Botanical Gazette, Dec 1944

plants. On the basis of the results, in June 1944 he applied
for a Canadian patent on the use of these compounds as
weedkillers; he followed this with an application in the
United States in May 1945. The patent was actually issued
in December 1945 (Jones 1945c).

Discovery at Chicago and Beltsville
The fourth discovery, second in the United States, was

treated exhaustively by Peterson (1967) but may be sum-
marized briefly here. In 1941 Ezra J. Kraus was a plant
physiologist and chairman of the Department of Botany at
the University of Chicago. He was interested in various re-
search problems, among which was the action of growth-
regulating substances on plants. In August of that year he
wrote privately to two of his former graduate students, plant
physiologists John W. Mitchell and Charles L. Hamner.
Mitchell had earned the Ph.D. degree at Chicago in 1932,
and Hamner in 1940. The two were then working in the
United States Department of Agriculture in Beltsville, MD.
In his letter, Kraus suggested that auxins might be useful as
herbicides if applied in doses high enough to be toxic. Ham-
ner and Tukey (1944a), Marth and Mitchell (1944), and
Norman (1946) subsequently credited Kraus with this sug-
gestion. It led in 1941 and 1942 to cooperative studies by
Kraus at Chicago and Mitchell and his associates at Belts-
ville, principally Hamner and Paul C. Marth. After Zim-
merman and Hitchcock reported that chlorophenoxyacetic
acids were auxins, Kraus and Mitchell began work in 1943
with 2,4-D and 2,4,5-T in January at Chicago and in
March at Beltsville. Results soon indicated that at appro-
priate concentrations these compounds killed broad-leaved
plants without harming cereals.

Kraus made this fact known to persons concerned with
military efforts of World War II, pointing out that such
chemicals might be used to destroy crops. Subsequently, the
research of this group became part of an extensive program
on biological warfare in which herbicide research was done
by the Special Projects Division of the Chemical Warfare
Service of the United States Army. New laboratories for this
division were built at Camp Detrick, MD, and it became
the largest element of the Chemical Warfare Service, with a

peak complement of over 4,000 persons (Brophy et al.
1959). In 1944 and 1945 it screened more than 1,000 com-
pounds for herbicidal activity. Ironically, this huge effort un-
covered no new herbicides; the most active and suitable ones
were the 2,4-D and 2,4,5-T which Kraus and Mitchell had
found initially (Anonymous 1946a; Special Products Divi-
sion 1946; Merck 1946a, 1946b). After becoming part of
the army program, Kraus and Mitchell were subject to cen-
sorship according to strict rules of wartime military secrecy.
Although such restrictions were removed in September 1945
(Kraus 1945), they did not publish the results of their dis-
covery until March 1947 (Kraus and Mitchell 1947). In the
meantime, work actually done later could be published in
December 1944 because it emanated from the Department
of Agriculture, not from the military program (Marth and
Mitchell 1944).

Chronological Summary

A Quadruple Discovery

Table 1 summarizes the rather complicated chronology
of this fourfold discovery of the hormone herbicides. In it,
the discoverers are listed in the order in which they began
work on the chlorophenoxyacetic acids: Templeman in
1940, Jones and the Rothamsted group in 1942, and Kraus
and Mitchell in 1943. This case is clearly a striking example
of multiple independent discovery, a kind of discovery that
‘‘occurs when two or more scientists or inventors give ex-
pression to the same theory, discover similar phenomena, or
invent or design similar instruments and apparatuses’’
(Lamb and Easton 1984, p. ix) and ‘‘has been widely noted
in the sciences’’ (Cozzens 1989, p. 1). Indeed, since the
seminal work of Merton (1961), sociologists and historians
of science have found multiples to be of common occur-
rence and have treated such questions as what constitutes
them, how to recognize and define them, and what causes
them to occur. The sociological literature on multiple dis-
covery has been summarized by Zuckerman (1988).

The four groups of researchers who gave agriculture
MCPA, 2,4-D, and 2,4,5-T certainly worked independently.
As Mendelssohn (1977, p. 9) put it, ‘‘they did not crib from
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each other or look over each other’s shoulder.’’ They found
the same substances and the same effects, and they did so
at about the same time. As Mendelssohn (1977, p. 9) fur-
ther observed, ‘‘these discoveries were never independent
when the state of scientific knowledge as a whole is consid-
ered.’’ One might thus argue that, given the scientific in-
formation about plant growth regulators available at the
time, someone else could have made the discovery. But these
workers did so. All of them deserve credit for it, and all
should be lauded for the keenly receptive minds that led
them to it.

Publication of the Discovery
As previously indicated and summarized in Table 1, pub-

lication of their results by the original discoverers occurred
in 1945, 1946, and 1947 in a time sequence different from
that in which they did their work. Announcement of the
British results was delayed by wartime governmental restric-
tions. In the United States similar regulations prevented im-
mediate publication by Kraus and Mitchell, and Jones re-
mained silent for commercial reasons until his patent was
well in progress.

The publication situation was even further beclouded. To
the surprise and perhaps consternation of the British work-
ers, announcements that the chlorophenoxyacetic acids are
selective herbicides occurred first in the United States. Fur-
thermore, these were based on results from experiments per-
formed quickly in 1944 which were not part of the original
discoveries and were not subject to secrecy. Although a paper
from Beltsville in June 1944 suggested that 2,4-D might be
useful as an herbicide (Mitchell and Hamner 1944), the first
scientific publication to provide actual data was by workers
at the New York Agricultural Experiment Station. Hamner
was familiar with the work at Beltsville from having worked
there with Mitchell. When he moved to the New York sta-
tion in July 1944 (Cattell 1955), he and H. B. Tukey per-
formed an agricultural experiment with 2,4-D and 2,4,5-T.
They initiated this experiment on the 14th of that month
and published the results in August (Hamner and Tukey
1944a). With this publication, the cat was out of the bag.
In August and September Mitchell and associates treated
golf course turf with 2,4-D and published the results in
October in a nontechnical journal (Mitchell et al. 1944). In
November, an open discussion of 2,4-D occurred at a weed
control conference (Kephart and Griffin 1944). Then in De-
cember, some strictly agricultural results appeared from
Beltsville (Marth and Mitchell 1944) and more complete
data from New York (Hamner and Tukey 1944b). Over
subsequent years, these earlier reports, together with the un-
usual sequence of publication by the original discoverers,
have led to considerable confusion concerning who the dis-
coverers were, because various writers have apparently as-
sumed that publication dates reflected discovery dates and
therefore priorities. On occasion, a discoverer himself con-
tributed to the muddle. A reference in 1953 to Kraus as
‘‘the discoverer of 2,4-D’’ (Anonymous 1953b, p.818) pro-
voked a quick response from Jones, who asserted his own
priority without mentioning that of any others (Jones
1953).

Complicating the situation further, a spate of articles too
numerous to cite here appeared in the popular and agricul-
tural presses in 1945. Some of these mentioned only work

in the United States (for example Carleton 1945; Cates
1945; Snyder 1945; Tukey 1945), and others were based
only on the British results (for example Anonymous 1945a,
1945g, 1945h; Templeman 1945). While such revelations
publicized the new weedkillers widely, they did not cover
the complete story of the quadruple discovery and thus con-
tributed to the confusion.

Aftermath of the Discovery

Military Plant Destruction

After becoming publicly known, the discovery of the hor-
mone herbicides was quickly translated into practical appli-
cations of great importance. These were not military, how-
ever, even though such possible use had motivated much
wartime support for the research. The British had rejected
the idea of crop destruction on technical, political, and mor-
al grounds (Clark 1965; Kirby 1980). In the United States,
the program of the Chemical Warfare Service did not reach
fruition before World War II ended in 1945 (Brophy et al.
1959). Only later were the herbicides put to actual use for
defoliation and crop destruction, first by the British in Ma-
laya from 1951 to 1953 (Adams 1990; Murphy at al. 1984),
and then by the United States in Vietnam beginning in
1962 (Bovey and Young 1980).

Agricultural Applications

Agricultural use of the herbicides was a different story.
Publicity concerning them in the popular press created a
huge demand for the chemicals. In 1945, Amchem in the
United States began marketing a form of 2,4-D under the
trade name Weedone, and ICI in the United Kingdom be-
gan selling MCPA as Methoxone. Annual commercial pro-
duction of the herbicides grew from less than one million
pounds in 1945 to more than 30 million in 1952 and to
more than 60 million in later years (Canine 1995; Sanders
and Prescott 1959). This boom in production could occur
because just at this time, chemical companies possessed fa-
cilities that had expanded greatly during the war and were
now seeking new products to make and sell. A number of
them began to produce the herbicides; in effect, a new in-
dustry was born. The discovery also had other ramifications.
For one, machinery manufacturers developed new devices
for applying the chemicals as sprays or dusts in the relatively
minute quantities that were appropriate. For another, sci-
entific and technological researchers began to seek other sub-
stances active as selective herbicides against various kinds of
plants—an effort that has led to the large number of such
agents available today.

The Patent Situation

The fact that a number of chemical companies began
marketing 2,4-D and its relatives in 1945 produced a tick-
lish patent situation. The Jones–Amchem patent covered the
use of the substances as weedkillers, not their manufacture
and sale as a chemical. However, some of the companies
were advertising their new products for that use, apparently
in the belief that the patent would not stand up in the
courts. Such a view was widely held (Anonymous 1946b).
When the patent was first announced, one writer (Anony-
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mous 1946c, p. 121) thought that ‘‘the very sweeping claims
made in the patent may provoke some tense legal battles.’’
This view was correct. The Sherwin-Williams Company
brought the matter to a head when it filed a lawsuit against
Amchem in Federal court on March 16, 1946, asking that
the patent be declared invalid (Anonymous 1946d; Sherwin-
Williams Co. v. American Chemical Paint Co. 1947). The
Dow Chemical Company filed a similar suit on May 28.
Amchem quickly entered counterclaims, charging patent in-
fringement (American Chemical Paint Co. v. Dow Chemical
Co. 1947; Anonymous 1946e). After the customary legal
maneuvering, the matter was eventually settled out of court
in October 1947 (Anonymous 1947). The settlement pro-
vided that Amchem would license all other manufacturers
upon payment of only modest royalties, thus clarifying the
situation. The earlier British patent did not figure in these
events, although pursuant to regulations governing wartime
conditions it was recognized in the United States in 1948
(Sexton et al. 1948).

Recognition of the Discoverers

The finding of the first hormone herbicides changed ag-
ricultural weed control practices dramatically. In this com-
plex case of quadruple independent discovery, each of the
four discovering groups played an important role. Recog-
nition of various sorts eventually came to some of the in-
dividuals involved. In 1958 Templeman and Sexton jointly
received the research medal of the Royal Agricultural Society
of England (Anonymous 1958a, 1958b). Templeman in
1979 was made an Officer of the Order of the British Em-
pire in recognition of his work (Anonymous 1979a), and
upon his death on November 24 of that year, his obituary
noted that he ‘‘will always have an honoured place in agri-
cultural research for his part in the discovery of hormone
selective weed killers’’ (Anonymous 1979b, p. 12). In death,
Jones and Kraus received similar praise. Jones, who had re-
ceived an honorary Sc.D. degree from Bucknell University
in 1946, was lauded as the discoverer of 2,4-D (Anonymous
1964a, 1964b, 1964c). Of Kraus it was said that ‘‘his work
led to the development of 2,4-D’’ (Anonymous 1960, p.
33) and that he did important work in the use of chemicals
for weed control (Ashby 1960; Bailey 1960) which ‘‘helped
greatly to develop 2,4-dichlorophenoxyacetic acid’’ (Mur-
neek 1960, p. 544). In fact, all of the persons involved in
this complicated discovery deserve credit for their parts in
initiating an agricultural revolution.

Literature Cited
Adams, V. 1990. Chemical Warfare, Chemical Disarmament. Bloomington,

IN: Indiana University Press. 276 p.
Allen, H. P., R. C. Brian, J. E. Downes, G. C. Mees, and R. H. Springett.

1978. Selective herbicides. Pages 35–41 in F. C. Peacock, ed. Jealott’s
Hill: Fifty Years of Agricultural Research 1928–1978. Bracknell, Great
Britain: Imperial Chemical Industries.

American Chemical Paint Co. v. Dow Chemical Co. 1947. Fed. Rep. 2nd
Series 161:956–960.

Anonymous. 1942. Synthetic plant hormones. Science (May 8 Suppl.):12.
Anonymous. 1945a. A new weed-killer. Times (London) (March 28):8.
Anonymous. 1945b. Agricultural weed killer. A revolutionary discovery.

Chem. Age 52:283.
Anonymous. 1945c. Revolutionary agricultural weed killer. Chem. Ind.

(April 7):109–110.
Anonymous. 1945d. Methoxone. Chem. Ind. (October 13):319.

Anonymous. 1945e. Methoxone. The new selective weedkiller. Chem. Age
53:331–332.

Anonymous. 1945f. War against weeds. Time 45(February 19):67–68.
Anonymous. 1945g. Briton claims new weed-killer. New York Times (Oc-

tober 9):8.
Anonymous. 1945h. A new selective weed killer. Ctry. Life 98:689.
Anonymous. 1946a. Science and life in the world. Science 103:662–666.
Anonymous. 1946b. 2,4-D—its future in weed control. Agric. Chem.

1(May):20–22, 63.
Anonymous. 1946c. Blanket patent on synthetic weed killers. Science News

Lett. 49:121.
Anonymous. 1946d. File 2,4-D patent suit. Agric. Chem. 1(May):21.
Anonymous. 1946e. 2,4-D patent holder in counter suit against Sherwin-

Williams. Agric. Chem. 1(June):56.
Anonymous. 1947. 2,4-D patent suit settled out of court. Agric. Chem.

2(November):51.
Anonymous. 1953a. William Gladstone Templeman. Who’s Who in British

Science. London: Leonard Hill. p. 1258.
Anonymous. 1953b. Basic research lags application of growth regulators. J.

Agric. Food Chem. 1:818.
Anonymous. 1958a. Royal Agricultural Society of England: award of re-

search medal. Nature 181:1506–1507.
Anonymous. 1958b. Research medal for research work of benefit to agri-

culture. J. Roy. Agric. Soc. Engl. 118:181.
Anonymous. 1960. Ezra Kraus dies; plant scientist. New York Times

(March 1):33.
Anonymous. 1964a. Franklin D. Jones, chemical inventor. New York Times

(May 9):27.
Anonymous. 1964b. Died. Franklin Delavergne Jones. Time 83(May 15):

110.
Anonymous. 1964c. Ag pioneer dies. Agric. Chem. 19(June):85.
Anonymous. 1979a. New year honours list of awards in full. Times (Lon-

don) (January 1):9.
Anonymous. 1979b. Obituary. Dr. W. G. Templeman. Discovery of selec-

tive weed killers. Times (London) (November 27):12.
Ashby, E. 1960. Prof. E. J. Kraus. Nature 186:516.
Bailey, S. 1960. Death takes noted horticulturist. Am. Fruit Grower 50(4):

25.
Bausor, S. 1939. A new growth substance, b-naphthoxyacetic acid. Am. J.

Bot. 27:415–418.
Blackman, G. E. 1945a. Plant growth substances as selective herbicides. A

comparison of certain plant growth substances and other selective her-
bicides. Nature 155:500–501.

Blackman, G. E. 1945b. Recent developments in chemical methods for the
selective control of weeds. J. Roy. Agric. Soc. Engl. 106:137–150.

Blackman, G. E. 1946. Weed control in cereals by chemical means. J. Min.
Agric.53:16–22.

Blaxter, K. and N. Robertson. 1995. From Dearth to Plenty. The Modern
Revolution in Food Production. Cambridge: Cambridge University
Press. 296 p.

Bovey, R. W. and A. L. Young. 1980. The Science of 2,4,5-T and Asso-
ciated Phenoxy Herbicides. New York: J. Wiley. 462 p.
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