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In early January 1978, I landed on the Urbana–Cham-
paign airfield as the first snowflakes of one of the cold-
est ever winters of the US Midwest just began to stick to 
the ground. Prof. F.J. Stevenson was there to kindly pick 
me up and to begin for me the precious chaperon role 
that he played during my year-long Fulbright-Hays-spon-
sored scientific association with the University of Illi-
nois at Urbana–Champaign. Now that Frank Stevenson 
passed away on May 29th, 2015 at the age of 93, I feel that 
I should pay a public tribute to the scientist and to the 
man. When I began to work in his laboratory as a young 
physical organic chemist from the University of Rome, 
Italy, Frank Stevenson had already been a Full Professor 
of Soil Chemistry for more than 15 years, and he was an 
established legend in the field of the organic chemistry 
of soil. He had already published his highly quoted Sci-
ence paper on environmental nitrogen as well as several 
innovative and fundamental articles and book chapters 
on humus chemistry and organic geochemistry, includ-
ing those on ammonium, amino acids, amino sugars, and 
metals in soil. My scientific acquaintance with him kin-
dled my interest in the organic chemistry of soil and his 
competence, experience and serious scientific approach 
introduced me to the practical chemical techniques for 
use in investigations of the “mysterious” humic sub-
stances. He offered various research topics and I chose 
to work on the evaluation by infrared spectrometry of 
the type of bonds formed between metals and chelating 
humic functional groups. This decision was of mutual 
interest, since I could exploit my physical organic-chem-
ical background and use the brand new infrared spec-
trometer that Frank Stevenson had just bought for his 
laboratory. The application of this technique to humus 
chemistry was then relatively new, and the complexity of 
humic matter and the overlapping of infrared bands con-
spired against the chance to obtain meaningful results. 

I was frustrated at having to work with such complex, 
unidentified chemical material that was so very differ-
ent from the pure and structurally known metal–organic 
molecules that I had previously been accustomed to. 
Frank was calm and encouraging in supporting my 
efforts. Finally, I was drawn out of the impasse by adopt-
ing a stepwise approach for the progressive metal com-
plexation in terms of the percent of humic acidic func-
tional groups. This led to a successful joint publication in 
Geoderma.

The understanding of Frank Stevenson of the nature 
of soil humic substances was anchored in the interpre-
tation formed in the fifties by the Russian soil scientist, 
Prof. M.M. Kononova and expressed in her 1961 book 
“Soil Organic Matter”. The poor analytical capability 
at the time, the apparent similarities of the characteris-
tics of humus in different soil classes and the impact of 
the then modern biopolymer techniques which, Frank 
Stevenson had adapted for humic studies for the Ph.D. 
degree at Ohio State University, brought him and others 
who followed to view humic substances as high-molec-
ular-weight polyelectrolytes synthesized de novo in soil 
[1]. However, the limitation of that view in terms of con-
formational structure, bioreactivity, and physical–chemi-
cal mobility in the soil solution prevented progression 
beyond a pure geochemical role for humic substances 
in soil and to appreciate the complex essential relation-
ship between humic matter, soil microorganisms, and the 
below-ground plant roots activity.

The novel paradigm which I and my coworkers pro-
posed in the late nineties gives much larger horizons to 
the environmental and ecological significance of humic 
matter. This has been based on evidence provided by 
the modern biochemical and advanced spectroscopic 
techniques, which describe humic substances as supra-
molecular structures [2, 3]. This view has dismantled 
the previous macropolymeric concept, and it has given 
rise to the present day large consensus of soil humic 
molecules as degraded biomolecules of small molecular 
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masses (<1000  Da). These self-assemble in solution in 
metastable and heterogeneous suprastructures due to 
weak dispersive (van der Waals, π–π, and CH-π) forces 
and hydrogen bonds. The concentration of humic supras-
tructures in the soil aqueous phase is in equilibrium with 
humic molecules in the solid phase, that are stabilized by 
either hydrophobic adsorption on the surface of alumi-
nosilicates, or by specific sorption on iron and aluminum 
oxides, or by complexes with divalent and trivalent soil 
metals.

The accumulation of humic substances in soil (the so 
called “humification”) is, therefore, a dynamic process, by 
which the heterogeneous byproducts of abiotic and biotic 
degradation of animal and plant tissues (lipids, peptides, 
oligosaccharides, etc.), are no longer covalently linked 
in implausible branched humic macropolymers of ever 
growing molecular masses. Instead, these are progres-
sively protected from complete mineralization in weakly 
bound superstructures by the increasing concentration of 
hydrophobic components. These are thermodynamically 
excluded from water and, therefore, are no longer bioac-
cessible for mineralization. At the same time, this reser-
voir of “humic” molecules hydrophobically adsorbed on 
soil clay and chemically sorbed by oxides may again be 
released to the soil solution when exposed to conforma-
tional alterations due to root-exuded organic acids or to 
microbial degradation. This plant- and microbes-medi-
ated equilibria between solid and liquid phases is the 
governing process of soil chemical and physical fertility. 
In fact, it provides the mobile “humic” molecules which 
play a bioactive role in plant growth, stabilize soil struc-
ture by forming organo-mineral complexes, and control 
the transport down the soil profile of organic matter and 
humic-bound contaminants.

The significance and the molecular implications in soil 
of the supramolecular theory of humic substances have 
been either insufficiently understood or simply ignored 
by some soil scientists. The growing scientific evidence 
that proved the supramolecular theory and the inconsist-
ency of the traditional macropolymeric view, has recently 
[4] been turned into an oversimplification of the soil com-
plex molecular dynamics by stating that the “persistence 
of soil organic carbon is primarily not a molecular prop-
erty, but an ecosystem property”! Well-known general 
concepts of soil behavior and general chemical categories 
(solubility, molecular size, and functionalization) were 
again called upon, but were related to an ever ambigu-
ous notation of “organic matter”. These authors failed to 
appreciate that not only are the single soil molecular enti-
ties, at different stages of their biomolecular transforma-
tion, responsible for the interactions with soil inorganic 
particles and the selection of microbial communities, 
but also and more significantly, it is their suprastructural 

organization and their degree of hydrophobicity that 
controls processes of bio-accessibility and sorption and 
not vice versa. Most contemporary serious research find-
ings are progressively pointing in that direction.

Although the concept of soil organic matter as a super-
structure of self-assembling relatively small heteroge-
neous molecules appeared to be well apprehended by 
exponents of this group of soil scientists [5], they, nev-
ertheless, radicalized their holistic view of an undefined 
organic matter in soil by flatly dumping the “humic sub-
stances” notation. It is surprising that such invocation is 
based only on the possible artifacts created by the tradi-
tional extraction of humus from soil, rather than onto a 
more objectively rationale thinking. In fact, there is no 
single piece of scientific work with sufficient molecu-
lar resolution (NMR spectroscopy cannot single out 
molecular structures in heterogeneous humic mixtures) 
that directly proves that what is extracted with the tra-
ditional alkaline solution does not correspond to mole-
cules existing in soil. A detailed structural identification 
of molecules needs a preliminary extraction in a suitable 
medium and further purification before characterization. 
By the same token, one may discard the characterization 
of biomolecules so far isolated from cells, just because a 
particular kind of extraction was applied for their study 
(e.g., soil DNA), and the molecules may not be the same 
when inside cells as in the soil! Furthermore, the seman-
tic ideology of these soil scientists when asking for the 
abandonment of the word “humus” is unclear and, above 
all, unsupported by a sound scientifically based alterna-
tive explanation of the chemical nature and reactivity of 
soil humic molecules. Their general description of soil 
processes may well be interesting to a large unprofes-
sional audience, but somewhat confused to soil organic 
matter scientists. They substitute the commonly used 
term “humic substances” by a “soil continuum model” 
which is vague, devoid of chemical significance, and does 
not explain how this “continuum” would be molecularly 
arranged and thermodynamically protected from com-
plete mineralization. Their scientific motivations for the 
iconoclastic refusal of the use traditional humic wordings 
do not appear to be objectively sufficient.

Obviously, I do not know what standpoint would my 
dear teacher and master, Frank Stevenson, take on this 
issue. I only know that his approach would be scientifi-
cally rigorous and intellectually honest, as all the endeav-
ors he faced in his very respectable life.
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