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Alexis Millardet: France’s forgotten mycologist
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Discovered in the late 19th century, Bordeaux Mixture
was the world's first commercially successful fungicide.
Among its achievements was the control of potato
blight. the disease which had so famously devastated
Irish crops earlier in the century. Although from the
mid-1930s onward it was largely superseded in
European and North American agriculture by
progressively more sophisticated and expensive organic
fungicides, Bordeaux Mixture, a simple mixture of
copper sulphate and lime, remains a popular weapon
for gardeners (Fig 1) and poorer Third World farmers
fighting a range of foliar diseases. Modern formulation
has improved its usefulness, there has been a lack of

Fig 1 Bordeaux Mixture is recommended for the control of
potato and tomato blight, peach leal curl, leal moulds, apple
canker and bacterial canker on cherry and plum.

evolution of fungal resistance towards it and. above all,
it has remained relatively cheap.

The discovery of the Mixture in the 1880s has often
been told. and is a fine example of serendipity. Briefly,
often applied to maturing vines by growers in the
Bordeaux region to make the maturing grapes
unattractive to would-be thieves, its side-effect was to
inhibit the mildew { Peronospora viticola) which ravaged
the crops. The genius of Millardet was to recognise the
fungicidal potential of this practice — to realise that the
Mixture could prevent infection by inhibiting fungal
development on the surface of the leal without
damaging the plant. Unfortunately for Millardet. he
allowed the Mixture, which he subsequently helped to
perfect, to become known as Bordeaux Mixture ( Bouillie
Bordelaise) rather than Millardet's Mixture. Had he not
done so, his name might have been immortalised like
that of Bunsen. of the burner, or Petri, of the dish.

Pierre Marie Alexis Millardet (Fig 2) was born on
13th December 1838 in Montmirey-la-Ville, a small
town not far from the birthplace, Dole, of his great
compatriot Louis Pasteur. Both towns lie in the Jura. a
region south of Alsace and bordering Switzerland. Both
men provide ample evidence for the belief held in
France that such men of the East are industrious,
tenacious and sure of judgement. Millardet's father was
a notaire (lawyer) and his parents came from well
respected and long established local families. Roman
Catholicism was central to the life of the family — his
sister Desirée-Marie became a nun — and Alexis’
education was formal and strongly influenced by the
church. Until the age of 12, he was taught at home by
his parents, although he was given tuition in the basics
of latin by the local curate. Then, in 1850, he entered
the Jesuit College at Dole and later moved on to a similar
college at Besancon. He was remembered everywhere
as an outstanding student who loved outdoor pursuits,
in particular, hunting and making collections of
mosses and grasses. Young Alexis may always have
been destined for the medical profession but any
alternatives he may have had were taken from his
hands when his father died in the local cholera
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Fig 2 Pierre Alexis Millardet.

epidemic of 1854, leaving a widow and two teenage
children. The family had to be supported and it was
decided that as soon as Alexis gained his baccalaureate
he should study medicine while living with his uncle, a
doctor, in Paris. If the dutiful son needed any
convincing that this was the right move, the carrot was
dangled before him that he might one day inherit his
uncle's successful practice (Gayon & Sauvageau,
1903).

A medical training, however, did allow him to
maintain his interest in botany because the study of
medicinal plants featured large in his course at the
Sorbonne, as it did at that time in the courses of all
medical schools throughout Europe. Moreover, his
course could not have been too demanding since he was
able to initlate a small programme of botanical
research under the guiding eye of Jean Montagne, an
ex-army surgeon who in retirement had built a
considerable reputation for himself as a botanist. “1
have found”, wrote Montagne, “an intelligent
collaborator in a young medical student... who
combines a facility with the microscope with a great
ahility to draw what he observes”. Millardet became a
member of the Societé Botanique de France in June
1861 while still a student. In 1862, with Montagne, he
published his first research paper on the subject of
algae collected from L'lle de la Réunion.

By the time he graduated he had managed to
persuade his mother and uncle that he should forsake
medicine for his true love, botany. And so he went to
Germany, where the ‘New Botany' was emerging. He
studied first in Heidelberg under Wilhelm Hofmeister,
the developmental botanist who recognised the
alternation of generations that underlies the life cycles
of all mosses, ferns, gymnosperms and flowering
plants. Then, most significantly. he worked in Freiburg
under the great mycologist, Anton De Bary. Millardet
was among the first of the long line of men trained by
De Bary who were later to become leaders of mycology
and plant pathology in their own countries. men such
as Farlow in the USA, Marshall Ward in Britain and
Woronin in Russia. De Bary's faithful lieutenant, the
Count von Solms-Laubach, remembered Millardet as
lively and cheery but with an application to his work
that was amazing, “He produced drawings which you
could well believe were done by Riocreux* himsell. I've
seen him work for three whole days on a little drawing
of Myriangium which was later published” (Fig 3).

In 1869 Millardet was appointed assistant professor
of botany at the French University of Strasbourg. Any
feeling he had that life was going his way was cruelly
dashed within twelve months, however. because the
Franco-Prussian war broke out in July 1870, He would
not for his own safety have wanted to stay in Strasbourg,
since it was in the direct path of the invading Prussian
armies. but his first and overriding wish as a dutiful
patriot was to offer his medical services to the French
army. So he promptly left the University and enlisted as
an aide-major in a regiment raised in the Jura. The war
lasted litile more than a year but it humiliated France. In
the peace settlement, the Treaty of Frankfurt, she
agreed to pay 1300 million francs to Prussia and to
concede Alsace and large tracts of Lorraine. In addition,
of course, she lost thousands of men in battle; the
wounds that Millardet witnessed — with which he as a
19th century doctor was ill equipped to deal — would
have scarred his memory for ever.

At the end of the war Strassburg (sic) was a German
University and to return to it would have been
emotionally impossible, even if it were not practically
s0. Happily, he was able to find a professorship in Nancy,
which was still in French hands. In 1874 he undertook
a commission which required him to travel frequently
to Bordeaux where a major wine producing region was
under threat from infestation by Phylloxera. The
authorities in Bordeaux must have been impressed by
the progress his research was making, and he must
have liked Bordeaux, because in 1876 he moved to the

*a famed decorator of Sévres china, Riocreux specialised in painting {lowers with botanical precision
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west coast permanently to take the chair of botany in
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Millardet had recognised the fungicidal properties of

Fig 3 A young ascocarp of Myriangium durioei on Nerium oleander: from Millardet PMLA.(1868) Des genres Atichia, Myriangium,
Naetrocymbe, Mémoires de la Société des Sclences Naturelles de Strashourg, 1868, VL.

the University of Bordeaux. He took with him also his
new wife, Celestine (she was the daughter of a Catalan
family, said to be of minor nobility in the small
Pyrenées-Orientales town of Ceret).

The war had proved a turning point in his life in
many ways, not least in causing him to change the
focus of his research. Before the war he can best be
described as an algologist with a particular interest in
the chemistry of pigments. After the war, he
maintained his interests in plant pigments but he
renounced algology in favour of mycology and plant
pathology, his first paper in the new area being
published in 1873, on Peronospora (Phytophthora)
infestans. His early vears in Bordeaux were most notable
for a series of papers reporting his work on the
Phylloxera infestation of French vines and. most
importantly, the resistance of American rootstocks to
the aphid-like pest (Superfamily Aphidoidea : family
Phylloxeridae).

Extracts from Millardet's three classic 1885 papers
on the discovery of Bordeanx Mixture were translated
into English by Schneiderhan (1933). They show
clearly that Millardet was the man who realised the
possibility that copper sulphate and lime could together
control mildew of the vine. They reveal too the help
given to him by his colleague Ulysse Gayon, professor of
chemistry in the University of Bordeaux, who helped
him optimise the proportions and concentrations of
copper sulphate and lime in the Mixture®. At all stages
of development it was necessary to conduct field trials,
s0 the assistance given by local wine growers, especially
by N. Johnston the owner of the Médoc vineyard in
which Millardet made the first critical observation, and
by E. David its manager, was vital. Millardet was
remembered by all who knew him as a modest man;
characteristically his writings contain repeated
acknowledgements of the contributions of these men.
It has been claimed with justification that others before

lime and. in particular, of copper. Most notably,
Benedict Prévost had in 1807 recommended that cereal
grains should be steeped in copper salts to inhibit the
development of bunt, Tilletia caries (Large, 1940;
Ainsworth 1976). (In practice, farmers sometimes in
addition emploved slaked lime to dry the wet seeds after
steeping.) But it was Millardet who took the great step
forward, who by experiment perfected a fungicide which
could be applied to foliage without damaging either a

Fig 4 A bust of Millardet was erected in the Jardin Public,

*in fresh BM. the active ingredient cupric hydroxide is formed : it is stabilised by calcium sulphate
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plant or its fruits.

Given Millardet’s first-hand experiences of the
Franco-Prussian war — the second-hand experiences of
which turned Pasteur into a bitter Germanophobe —
and the ill-will towards Germany still felt by many
Frenchmen at the time, it is to Millardet's great credit
that it was in a German journal in which in 1883 he
first gave notice of his discovery. His open-mindedness
was rewarded, however. because when others claimed
precedence for their own 1885 publications, he could
point to his article in the Zeitschrift fur Wein- Obst- wund
Gartenban published two years earlier.

Bordeaux Mixture was instantly welcomed by the
wine growers of France and within twelve months was
being eagerly adopted for the control of potato blight in
North America, thanks largely to Beverly Calloway
who not only recognised its importance but made great
efforts to ensure that the farming community did too.
In his History of Phytopathology (1918), the American
chronicler Herbert Whetzel defined the period 1383-
1906 as the “Millardetian Period™; a period when
economic botany came to the fore. Whetzel lamented
the fact that Millardet “devoted too great a portion of
[hiz] time to teaching and administration” to be able to
contribute significantly to the new field he had opened
up. Nevertheless, despite suffering considerable pain
and progressively declining health, Millardet did
continue to work and publish until his retirement in
1901, the year before his death and the year in which
he was made an honorary member of the Linnean
Society. But as with so many great discoverers, he had
only a single moment of destiny.

Millardet left a wife and two sons. He never received
the national recognition he deserved, possibly because
Edouard Prillieux, professor of botany at the Institut
National Agronomique de France, and first director of
the French laboratory for phytopathology, did not give
him sufficiently enthusiastic support on the national
scene. Indeed, Prillieux made sure that he himself was
in charge of many of the field trials conducted in
France in the late 1880s. Paying tribute to Millardet
after his death, one old friend, Monsieur Dezeimeris

iAnon., 1903), deplored the fact that although
Millardet had been made a Chevalier (the lowest rank}
de la Légion d'Honneur in 18%%, he had never been
given the highest honours. “Only foreigners will have
had the satisfaction of not letting French genius pass
without bowing before him”. The situation has
changed little in 100 years. In his adopted city of
Bordeaux, whose name he has projected around the
world, his verdegris-covered statue is hidden away in
the Jardin Public, unmentioned in any guidebook (Fig
4), The rue Alexis Millardet is a short street full of
empty decaying properties.
Let us not forget our fellow mycologist,
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