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Abstract. German chemist Justus von Liebig is known in the ecological literature as
the author of “Liebig’s law of the minimum”. But the law of the minimum is absent in his
publications, which ecologists cite. The “law” is nothing more than an interpretation of some
of Liebig’s statements. However, irrespective of the law of the minimum, Liebig’s outstand-
ing contribution to the theory of ecology is obvious: Liebig was one of the first who drew at-
tention to the sustainability of the phenomenon of life organized into supraorganismal sys-
tems. Liebig showed that as a result of the interaction of plants and animals and as a result of
their life processes, such as nutrition and respiration, there is a continuous transformation of
a substance consisting of the same elements. On the example of the constancy of the gas com-
position of the atmosphere, Liebig comes to a generalization that is crucial for ecology:
the interaction of plants and animals is a factor of sustainability of their own environment,
which they create themselves and support for an unlimited time in a stable state.
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The name of the eminent German chemist Justus von Liebig went into
ecological literature as the author of the so-called “Liebig’s law of the minimum”.
In fact, Liebig did not formulate any law of the minimum, what was noted almost
100 years ago by the famous agricultural chemist D.N. Pryanishnikov [1]. Some-
times, even in authoritative ecology manuals, Liebig is credited with some facts
that he, in principle, could not speak. For example, I.A. Shilov [2. P. 224] writes
in the repeatedly reprinted textbook on ecology for universities: “Back in the mid-
dle of the XIX century, the famous German chemist J. Liebig... formulated
the rule of the minimum (italics are by I. Shilov), according to which the possibi-
lity of the existence of given species in a certain area and the degree of its “pros-
perity” depend on factors presented in the least amount”. Liebig, on the basis of
his theory of chemical nutrition of plants, gave practical recommendations to rural
owners on how to use fertilizers properly. And, of course, he could not consider
“the possibility of the existence of given species”, especially “in a certain area”.
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This was not within the scope of his scientific interests and his competence. Exam-
ples of free interpretation of Liebig's works can be found in many study guides.

The invented law of the minimum stems from Liebig’s remarks that the sub-
stances needed by plants, even those required in a minimal amount, affect the crop
and must be present in the soil where plants grow [3; 4]. Nevertheless, the myth of
the law of the minimum has played a prominent role in the development of the con-
cept of limiting factors, which has become a key idea in modern ecology [5; 6].

The goal of our work is to pay attention to the brilliant prevision of Liebig
the ecologist: for many decades ahead of its time, Liebig in fact created the theory
of the stability of the life phenomenon, organized into supraorganismal system.
And this despite the fact that in his time it was absent not only the concept of
“sustainability” in the context of the currently popular sustainable development,
but almost all the basic notions of modern ecology, such as tolerance, trophic levels,
biosphere, food chains, ecosystem, ecological niche, etc. [6]. Ecology as an inde-
pendent science [7] appeared 25 years, and the concept of “ecosystem” [8] —
100 years before the publication of the main work of Liebig [1], in which he dis-
cusses the transformation processes of matter in ecosystems.

In 1837, the young Liebig made a report in The British Association for
the Advancement of Science, and the first edition of his famous book “Organic
chemistry in its applications to agriculture and physiology” was published in 1840
in English [3] and German [9]. In 1864 the book was published in Russian [10].
To Russian-speaking readers, it is known mainly from the Soviet edition of
1936 [11]. This edition is accompanied by an excellent commentary and an intro-
ductory article by academician D.N. Pryanishnikov [1], one of the leading agro-
chemists of the first half of the 20" century.

In “Organic chemistry”, Liebig develops a chemical theory of plant nutrition
and, relying on it, makes recommendations to farmers regarding the use of mine-
ral fertilizers to increase agricultural crop yields.

In the Introduction, Liebig outlined the main purpose of his work [3. P. 2]:
“The purport of this work is to elucidate the chemical processes engaged in the nu-
trition of vegetables”.

In the first part, which he called “The chemical processes in the nutrition of
vegetables”, Liebig develops the concept of sustainability as a result of life activi-
ty and interaction of organisms. First of all, he draws attention to the constancy of
the gas composition in the atmosphere, repeatedly emphasizing that this constancy
is the result of the interaction of plants and animals, as well as the result of the vital
activity of organisms.

Liebig was greatly impressed by the undeniable fact of a constant (21 percent),
over a long time, oxygen content in the Earth’s atmosphere. He writes [3. P. 16]:
“...at every period and in every climate, to contain 21 volumes of oxygen, with such
small deviations, that they must be ascribed to errors of observation”. And then he
gives a spectacular image — Pompeii’s air contained the same 21 percent of oxy-
gen [3. P. 17]: “...the air at the present day, for example, does not contain less oxy-
gen than that found in jars buried for 1800 years in Pompeii...”.

The key generalization by Liebig in the context of the air composition constan-
cy consists in the fact that the interaction of animals and plants is not just a factor
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of stability but the factor of sustainability of the environment in which they live
and which they create themselves and support for an unlimited time in a stable
state [3. P. 21]: “Plants not only afford the means of nutrition for the growth and
continuance of animal organization, but they likewise furnish that which is essen-
tial for the support of the important vital process of respiration; for besides sepa-
rating all noxious matters from the atmosphere, they are an inexhaustible source
of pure oxygen, which supplies the loss which the air is constantly sustaining. Ani-
mals on the other hand expire carbon, which plants inspire; and thus the composi-
tion of the medium in which both exist (italics are ours. — 4A.N., E.V.), namely,
the atmosphere, is maintained constantly unchanged”.

Considering the conceptual apparatus of that time, it is obvious that Liebig
comes to a conclusion that is fundamental for modern ecology: the stability of
the phenomenon of life is possible due to its organization into supraorganismal
systems (ecosystems), and it is the result of organisms’ interaction and of their
vital activity.

Developing the idea of the stability of the atmospheric gas composition as a fac-
tor of vital activity and the interaction of organisms, Liebig goes on to a broader gene-
ralization to the level of the global ecological system — the biosphere [3. Pp. 23-24]:
“The proper, constant, and inexhaustible sources of oxygen gas are the tropics and
warm climates, where a sky, seldom clouded, permits the glowing rays of the sun
to shine upon immeasurably luxuriant vegetation. The temperate and cold zones,
where artificial warmth must replace deficient heat of the sun, produce, on the contra-
ry, carbonic acid in superabundance, which is expended in the nutrition of the tropical
plants. The same stream of air, which moves by the revolution of the earth from
the equator to the poles, brings to us, in its passage from the equator, the oxygen
generated there, and carries away the carbonic acid formed during our winter”.

Liebig reasoning about the remarkable phenomenon of air transfer, due to
which the continuous vegetation of plants near the equator makes it possible to
live in temperate and high latitudes all year round, keeping steady the gas compo-
sition of the atmosphere as the habitat of plants and animals created by the plants
and animals themselves.

At present, the phenomenon of the dependence of life in high latitudes on what
happens near the equator is recognized by the international community as a socio-
political problem that obliges states with different levels of development to the closest
and most fruitful cooperation to achieve the goals of maintaining a sustainable
state of the biosphere as a habitat. Examples of such cooperation are, in particular,
the Convention on Biological Diversity and the Resolution adopted by the General
Assembly of the United Nations for Sustainable Development.

The first and it seems the only ones who drew attention to the broad views of
Liebig as an ecologist were V.D. Fedorov and T.G. Gilmanov. In their opinion [12.
Pp. 49-50], “Justus Liebig’s ideas were completely consonant with modern ideas
of a systems approach. J. Liebig accentuated that there is a natural connection be-
tween all phenomena in the mineral, plant and animal kingdoms that determine
the existence of life on the earth’s surface, so that none of phenomena does exist
by itself, in isolation, but always in connection with one or more other events,
which in turn are in the chain of other phenomena”.
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Relatively recently P. Larry Phelan [13], criticizing Liebig for his reductionism,
however, in emotional terms (“von Liebig set in motion a train”) noticed that Lie-
big’s ecological views were ignored [13. P. 100]: “Nevertheless, von Liebig set in
motion a train that even he could not slow, and his later more balanced (one might
even say more ecological) views on plant nutrition have been largely ignored for
his earlier strictly chemical ones”. It is noteworthy that this is published in a col-
lective monograph called “Sustainable Agroecosystem Management: Integrating
Ecology, Economics and Society”.

Exploring “the chemical processes engagedin the nutrition of vegetables”, Liebig
arrived at a fundamental generalization known in modern ecology as the constel-
lation of ecological factors, that is their joint action. In “Principles of agricultural
chemistry” [4. Pp. 30-31] Liebig says so about it: “The absence or deficiency,
or the want of available form, in that one constituent, renders the others which are
present ineffectual, or diminishes their efficacy” (italics are by Liebig). The ratio
of factors greatly affects the limits of tolerance for each of them, that is one of
the most relevant and difficult problems of factorial ecology (for example, [2; 5;
12; 14; 15]). Currently, the problem of constellation is becoming particularly re-
levant in connection with the increasing influence of anthropogenic factors. A huge
amount of literature is devoted to this problem.

The reasonings of Liebig the chemist are surprising in their insight about what
we call in the today’s ecology “the separation of ecological niches”. In the above-
mentioned “Principles of agricultural chemistry” Liebig comes close to the concepts
of “ecological niche” and “competitive exclusion” [4. P. 30]: “Two plants, whose
root fibres have an equal length and extent, do not thrive so well beside each
other, or in succession, as two whose roots, being of unequal length, receive eheir
food from different strata or depths of the soil” (italics are by Liebig). There is
a desire to continue Liebig’s thought with Hutchinson’s reasonings that according
to the principle of competitive exclusion [16—19] two species with similar needs
“when they co-occur, must in some sense the occupying different niches” [20. P. 417].

And, of course, Liebig’s thought many times repeated about the circulation
of substances suggests that the idea of sustainability of the life phenomenon orga-
nized into supraorganismal systems was the leading concept in his theory of
the nutrition of plants [3. P. 161]: “It was evident that all plants must give back to
the soil in which they grow different proportions of certain substances, which are
capable of being used as food by a succeeding generation”.

And in conclusion, we would like to draw attention to the need for a new
reading of Liebig’s works by ecologists. For ecology, Liebig is not only the “Lie-
big’s barrel”, widely distributed on the Web. Liebig’s vision of the structure of
the organic world takes on special relevance in connection with the actively discussed
problem of sustainable development of the Nature — Society system — the problem
raised to the level of the United Nations.
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dunocodpusa akonorum KOctyca Jin6uxa:
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Annotamus. Hemerkuit xumuk FOctyc JInOux M3BecTeH B SKOJIOTUYECKOHN JIUTEpaType
KaK aBTOp ‘“3aKkoHa MUHMMyMa JInbuxa”. Ho B ero myOnmkarisx, Ha KOTOpbIEe CChUIAIOTCS 3KOJIO-
', 3aKOH MUHUMYMa OTCYTCTBYET. “3aKoH’’ MPE/ICTABIsIeT COOOM He YTO MHOE, KaK MHTEPIIPETAIII0
HEKOTOPHIX BBICKa3bIBaHH JInOmxa. Tem He MeHee OE30THOCHTENHHO K 3aKOHY MHUHHMYyMa
BbIIAtONIMIACS BKiIa] JIMOWXa B TEOPUIO SKOJOTUM OYEBU/ICH: OH ObLT OJHUM U3 TIEPBBIX, KTO
o0paTuil BHUMaHHUE Ha YCTOHYMBOCTH (DEHOMEHA >KMU3HH, OPTaHW30BAaHHOTO B HAJOPTaHM3MEH-
HBIE cHCcTeMBL. JIMOMX mOKa3am, 4To B pe3yiabTaTe B3aMMOACHCTBUS PACTCHUH U )KUBOTHBIX,
a TaKoKe MPOLECCOB UX KU3HEEATEIbHOCTH, TAKUX KaK MUTaHUE U JIbIXaHUe, IPOUCXOJUT He-
NpepBIBHOE MPeoOpa3oBaHKE BEIIECTBA, COCTOSAINETO U3 OJHUX M TEX K€ dyIeMeHToB. Ha npu-
Mepe TIOCTOSHCTBA ra30BOT0 cOcTaBa aTMOc(epsl JINOUX MPUXOANUT K KIFOYEBOMY IS 3KOJIO-
ruu 0000IIEHNIO: B3aUMOJCHCTBUE PACTEHUH U JKUBOTHBIX SBISETCA (DAKTOPOM YCTOHYMBO-
CTH MX COOCTBEHHOU cpeibl OOMTaHMs, KOTOPYIO OHHM CaMU CO3JIAl0T U HEOTPAaHUYEHHO JI0JITO
MOJJIEPAKUBAIOT B YCTOMUUBOM COCTOSIHUU.

KmoueBsble cioBa: HOctyc JInOux, gumocodusi 3KOJIOTHH, YCTOHUUBOCTE (heHOMEHA
JKHM3HU, 3aKOH MUHIMYyMa
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