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Commercial Humates for Agriculture 
and the Fertilizer Industry 

EVERETTE M. BURDICK' 

The humate content of soils must be maintained for optimum productivity. 
Skilled agriculturists are aware of this and accomplish it by indirect and costly 
methods. The same can be achieved through the use of humate concentrates, 
which are salts of the humic acids obtainable from natural sources, that can be 
added directly to soils along with regular commercial fertilizers. 

Introduction 

The humates are so important in garden 
and crop production that practically all mod- 
em soil management practices are designed 
to increase their content. The necessity of 
maintaining an adequate concentration of 
humate material in productive soils has been 
recognized by agriculturists for many years. 
As far back as 1786, Achard (1) con- 
ducted and published research on humus. 
Sprengel (50) showed it could be extracted 
from soil in 1826, but little or nothing of 
significance along this line was added dur- 
ing the next 100 years. 

The fertilizer industry has long empha- 
sized the importance of maintaining the hu- 
mic content of soils to ensure good produc- 
tivity (40). Extension and research agron- 
omists have engaged in the study of these 
humic substances for many years, and 
many scientific data regarding them are com- 
mon knowledge to most agricultural workers. 
Humus is the Latin word for soil. Humus 
and its related chemical derivatives are main- 
ly responsible for the brown or black color 
of fertile soils. Humic materials are the 
partly decayed and otherwise transformed 
organic matter built up or accumulated in 
soils through natural biochemical processes 
over the ages, and which convert mineral 
dusts into soils. Humic matter is continu- 
ously being formed in soils, and at the same 
time, it is continuously being destroyed (33). 
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Modern cultivation practices greatly acceler- 
ate the rate of destruction of humie material, 
which must be replaced in some manner if 
the productivity of the soil is to be main- 
tained. 

Crop rotation, adequate fertilization, 
planting legumes, plowing under of green 
manures, application of animal manures, in- 
oculation with microorganisms, and the use 
of expensive organic fertilizers are some of 
the more acceptable ways of maintaining 
adequate amounts of humic materials in 
soils. These practices are quite effective, but 
they are indirect, time consuming, wasteful, 
and costly. Simple analysis of this situation 
suggests that the humates be added directly 
to the soil exactly as is done with fertilizers. 
The obvious difficulty with this suggestion 
lies in the fact that adequate supplies of 
highly concentrated and purified humates 
are relatively unavailable commercially. Hu- 
mates have been produced commercially in 
Austria and Japan for some time, and in 
the United States for use in oil well drilling 
muds for several years (6, 11, 12), but only 
recently have suitable ones become avail- 
able for the agricultural industry. Produc- 
tion is somewhat limited at present, although 
it is expected to increase rapidly, since var- 
ious salts of the humic acids, such as the 
ammonium humates and the potassium hu- 
mates, can be added to standard commercial 
fertilizer formulas to make them more com- 
llete. Recent developments along these lines 
in this country should soon make the hu- 
mates available in large volumie and at costs 
low enough to permit their direct applica- 
tion to farmlands (5). 
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Unique Properties of the Humates 
Humus is the organic matter of soils that 

has decayed sufficiently to have lost its iden- 
tity with regards to its origin. The most im- 
portant and biochemically active group of 
the many degradation products of soil or- 
ganic materials is the alkali-soluble fraction 
commonly called the humic acids. The salts 
of these humic acids are known as the hu- 
mates. Humates supply growing plants with 
food, but they serve in much more impor- 
tant ways to make soils more productive and 
farming more profitable. They increase the 
water holding capacity of soils (40, 61), and 
thus soils containing relatively large amounts 
of humate material resist droughts more ef- 
fectively and produce better yields where 
rainfall or irrigation may be insufficient. 
They improve the tilth or workability of the 
soil (52, 19), and thus heavy clay soils can 
be worked into satisfactory seed beds and 
marginal soils into profitable ones. Soils 
are more friable and suitably sized particles 
are formed in the aggregate (52). They re- 
duce soil erosion. They retain water sol- 
uble inorganic fertilizers (32, 42) and re- 
lease them to the growing plants as needed. 
For these reasons alone, it is easy to under- 
stand why the humic acids have been so ex- 
tensively studied by soil scientists and the 
technical literature is replete with references 
to the unique properties of these materials 
so widespread in nature. 

The chemical structure of the humic acids 
is not definitely known, in spite of the great 
amount of research and study on them and 
their biochemical effects. It is extremely in- 
teresting that so little is really known about 
the chemical structure of these very impor- 
tant natural chemicals, which are as funda- 
mental and necessary to man's existence as 
the chlorophylls. In 1938, Waksman thor- 
oughly reviewed the literature in his book 
on the origin, chemical composition and im- 
portance of these materials (61), but only 
minor reviews have appeared since (7, 13). 

In general, the humic acids have been 
shown to possess fairly high molecular 
weights, and to be polymeric polyhydroxy 
acids derived from celluloses, lignins, and 
proteins (30, 31, 61). They form water- 
soluble or dispersible colloids with ammon- 
ium, sodium, and potassium hydroxides, but 

calcium, aluminum, and iron salts are quite 
insoluble. Various humic fractions are often 
classified according to their carbon to nitro- 
gen ratios (61). These ratios indicate some- 
what the degree of humification and are in- 
fluenced by the particular biochemical proc- 
esses involved in their formation; for ex- 
ample, the ratio averages about 10 to 1 in 
the more humid regions of the world, and 
considerably higher in the semi-arid regions, 
but rarely exceeds 14 to 1 (54,61). Frac- 
tionation of the humie acids can be effected 
by the use of various solvents (44), distri- 
bution between immiscible solvents (26),. 
chromatographic techniques (14, 17, 41), 
fractional precipitation techniques (2,3), and 
electrophoresis (8). Spectrographic (15) 
and electron paramagnetic resonance stud- 
ies (57) have yielded considerable informa- 
tion regarding chemical structure. 

Viscosity and specific gravity changes can 
be effected in soils through the addition of 
small amounts of the humates (12, 19, 23, 
52). This is especially true of clayey soils. 
Colloidal properties and surface tension ef- 
fects are readily observed in dilute solutions, 
which practically defy filtration, and in more 
concentrated ones which form thixotropic 
gels. The ability of the humates to poise or 
regulate the water-holding capacity or con- 
tent is probably their most significant prop- 
erty so far as agriculture is concerned (24), 
since from a quantitative point water is the 
most important plant material derived from 
the soil. In conjunction with this water reg- 
ulating effect, the humates possess extremely 
high ion-exchange capacities (21, 27, 29, 32, 
42, 45), and it is this property that makes 
possible better retention and utilization of 
fertilizers by preventing excessive leaching 
away from the root zones and ultimately re- 
leasing them to the growing plants as needed. 
The humates reduce soil erosion by increas- 
ing the cohesive forces of the very fine soil 
particles (61). The desirable friable char- 
acter of fertile soils is maintained through 
the formation of colloidal mineral complexes, 
which assist in aeration and the prevention 
of large clods and stratification. 

Very low concentrations of purified hu- 
mates have been shown to stimulate seed ger- 
mination and viability (16, 60), root respi- 
ration and formation (16), root growth, es- 
pecially lengthwise (4, 16, 37, 38, 47, 48). 
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Significant increased yields have been re- 
ported for many crops, such as cotton, po- 
tatoes, wheat, tomatoes, mustard, and nurs- 
ery stock (23, 24, 25, 34, 35, 39, 49, 51, 
55, 56). They have also been shown to stim- 
ulate growth and proliferation of desirable 
soil microorganisms (20, 59) as well as al- 
gae and yeasts (9, 22, 28). A number of 
workers have reported that the humic acids 
can solubilize and make available to plants 
certain materials that are otherwise unavail- 
able, such as the rock phosphates (21, 29, 
58). The humates seem to play an impor- 
tant role in plant utilization and metab- 
olism of the phosphates (25, 27, 53). The 
humic acids apparently can liberate carbon 
dioxide from soil calcium carbonates and 
thus make it available to the plant through 
the roots for photosynthesis. The humates 
are known to stimulate plant enzymes (25). 

The preceding list is impressive, but by 
no means complete. It does make it easy to 
understand why soil scientists, chemists, and 
others have tried in vain to produce mater- 
ials possessing similar properties. As a re- 
sult, several "synthetics" have been pro- 
duced, marketed and used with some success. 
Some of these materials have been pro- 
duced by drastic degradation of natural car- 
bohydrates and proteins, but most have been 
polymers of such things as vinyl acetate and 
maleic acid, polylvinyl alcohol, hydrolyzed 
polyacrylonitrile, carboxymethyleellulose, 
polyacrylates, isopropyl acrylamide plus 
acrylic or maleic acid, and poly-quaternary 
ammonium compounds (10, 18, 36, 43, 46). 
Some of these synthetics have proven to be 
quite effective under certain conditions, but 
their high cost and other limitations, such as 
loss of effectiveness upon drying, ageing, ex- 
posure to the elements, and often stabilize 
the soil too much (36). The humates, on 
the other hand, are nature's soil condition- 
ers "par excellence." 

Commercial Humates 
Why haven't the agricultural and ferti- 

lizer industries developed the humates com- 
mercially? This question is not easily an- 
swered, especially, in view of the apparently 
recognized importance of the humates to 
both, and more so, since the market poten- 
tial is so great. More baffling is the fact 
that high purity humic acids and humate 

concentrates have remained as laboratory 
curiosities for so long. The successful pro- 
duction and marketing of any chemical de- 
pends upon an economical and practical 
manufacturing process. A number of suit- 
able methods for recovering the humic acids 
have been available for some time, so this 
has presented no serious problem. However, 
suitable raw materials such as the peats, peat 
mosses, mucks, forest soils, brown coals, and 
certain lignites generally do not contain high 
enough concentrations of the humates to 
make them attractive for commercial produc- 
tion, but suitable sources in the United 
States are now known to have commercial 
possibilities. These include certain deposits 
in Arkansas, Arizona, Plorida, Louisiana, 
New York, North Dakota, Michigan, Minne- 
sota, Texas, and Wyoming. Rich deposits 
exist also in Mexico. The organic-mineral 
soil called "aguja" found in the Big Bend 
area of Texas appears to be most promis- 
ing, and although these extensive deposits 
have been surveyed and studied by compe- 
tent geologists, they have not been classified 
and named scientifically. In many areas these 
deposits contain over 50% organic matter, 
two-thirds or more of which is readily re- 
coverable humic acid. Similar deposits sure- 
ly exist in other arid,and semi-arid parts of 
the world and only await discovery. 
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