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IN'mODUCTION



The physical, chemical and biological properties of soils 
depend to a large extent on the interaction of some Soil Consti
tuents viz* clay minerals, metal ions, oxides and hydrous oxides 
with the Soil organic matter- It is known that organic and inor
ganic components of Soil, mainly, humus and clay minerals, do 
interact* Though considerable amount of work has been done in 
this field, but due to lack of adequate knowledge on soil organic 
matter a correct picture of this interaction is still not clear •

Different Scientists^  ̂have made a critical review of the
chemical nature of himus* Nearly all of them have concluded that
humus is a complex mixture of plant and animal residues in various
stages of decanposition* Despite this long history of interest and

6 7research * , these materials still defy a precise chemical descrip
tion because of their inherent canplexity and heterogeneity In 
recent years the application of sophisticated instrumental methods 
of analysis to the elucidation of their chemical structure only 
serves to illustrate the immense complexity and diversity of their 

constituent units.

The biochonistry of humus formation in Soil has recently been
8reviewed by Haider ̂  . it may be added that apart from the

humic substances, some of the non-humic constituents in soil are 
also important in complex formation with clays and other inorganic 
soil colloids. However such complex formation or interaction is of 
minor significance. Anyway, of the large number and variety of 
organic compounds, both simple and polymeric which are known to



form complexes with clay m i n e r a l s ^ h u m i c  substances 
are perhaps the most important to the soil scientists*

Demolon and Barbier^^ showed a definite fixation of humic
12acid and protein by clay. iDenolon and Henin studied the rela-

13tive aggregating powers of humus and clay. Aleksandrova believed
that stable clay-humus complexes are formed in the soil with the
help of sesquioxides^ which make specific bridges between humus
substances and the crystal lattice of the clay minerals* These
bridges were imagined as complex Fe and A1-humus cc»npounds with
non-silicate forms of sesquioxides. They are fixed to the surface
of the clay minerals during dehydration by a process of adhesion

14at the expense of intermolecular types of linkage* sideri 
observed that the amount of humus irreversibly adsorbed by clay 
varies with the character of the clay minerals* He also proposed 
the idea that the adsorption of hiimus by clay induces the forma
tion of mixed clay-humus micelles in which the majority of clay 
particles possess a fairly definite orientation* also
concluded that organic matter had been firmly bound to the clay 
as an anisotropic formation, no marked increase in base exchange 
capacity should occur* But these studies have not led the author to 
reach any definite conclusion on the nature of the bonding of clay- 
hiamus combination*

17Chapek and Sakun thought that most of the h\3mate was held 
mechanically and only a small fraction was adsorbed by clay, a

IPstill lesser amount enters into chemical combination* Me Henry



and Peterson studied the influence of clay minerals on the 
stability of organonnineral aggregates and concluded that clay 
with a high cation exchange capacity gave better aggregation,
than those with a low exchange value* Flaig and Beutelspacher , 
using electron microscope were able to demonstrate the presence 
of polyvalent cations in the system to be necessary for associa
tion between hximic acid and clays to occur* Among these cations,
those of iron and alviminium are particularly effective in promot-

21 22 23 +3ing adsorption * ‘ ‘ • It should be recalled, however that Pe
and Al"*̂  ̂ions are rather special in that they tend to form poly
hydroxy ccamplexes at the mineral surface, offering scope for bond
ing mechanisms other than cation and water-bridge formation to 
occur* The possibility of anion and ligand exchange reactions to 
proceed in these systans may ejqjlain in the observation that 
despite the large amoxmts adsorbed, the affinity of humic and 
fulvlc acids for the clay surface to less than what would be
e3q>ected on the basis of the polarising power of these cations^^'

26 27Khan ' , from his studies on the adsorption of organic substances
by soil minerals, observed that a portion of the adsorbed humus on 
clay can not be extracted by alkali treatment* This is due to
strong bonding between organic matter and clay mineral* Recently

28 29Mortland and Greenland summarised the probable mechanisms of
the interaction as described below :
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1. Anion Exchange Reactions

The role o£ iron and aluminium at the clay surface which 
readily form polyhydroxy complexes with humic substances have been 
emphasized* Since Positive sites normally exist on aluminixim and 
iron hydroxides atleast below pH 8*0, organic anions can be asso
ciated with these charges by coulombic attraction* The adsorption 
of the organic anion is readily reversed by exchange with chloride 
or nitrate* The organic anion can be displaced by raising the pH to 
8*0 or 9*0 when the positive charge on the hydroxide is neutra
lised *

292* \̂ i.gand Exchange Reaction

The anion penetrates the coordination shell of an iron or 
aluminium atoms in the surface of the hydroxides and becanes 
incorporated into the surface hydroxyl layer* The anion can not 
be displaced by leaching with chloride, it is not sensitive to 
electrolyte concentration but to pH* Adsorption maximum or an 
inflexion in the adsorption ~ pH curve occurs at or near the pH, 
corresponding to the p̂ - value of the acid species of the anion*

283* Hydrogen bonding

This is an extremely important bonding process particularly 
in large molecules or polymers where additive bonds of this type 
combined with compounds of high molecular weights may produce 
relatively stable complexes* The proposition considers the forma
tion of 'water-bridges' linking pcslar organic molecules to

29



exchangeable metal cations through a water molecule In the primary 
hydration shell in the following manner -

+n0 ------- H------- 0 = C“R where M is the metal
30cation and R-COOH the organic molecules- Greenland also listed 

the bonding forces that may be operative in clay-humus complexes* 
He explained the forces involved in the interaction between clays 
and organic compounds to be# the coulombic attraction between the 
negatively charged surface and positively charged organic compound 
or on the otherhand positively charged surface or ion at the 
surface and the organic anion* According to him Vander Waal's 
forces may also be operative between the surface and organic com
pound* The charge induced dipole interactions between the adsorbed 
molecules of similar species and the other one, the non-polar- 
dispersion forces between the adsorbed molecules of dissimilar 
species are the two important t/pes of forces to be considered* 
When comparatively small known organic molecules are involved# the 
types and magnitude of the main forces can usually be estimated 
with a fair degree of accuracy* However# in soils where substances 
of widely varying sizes are subject to adsorption and where the 
exact nature of the reacting substances is largely unknown# an 
accurate analysis or estimation of the magnitude of the various 
forces involved is almost impossible *

The above discussion on the principles of the interaction 
between organic compounds and clay minerals serves to anphasize



the complexities involved and the deficiencies of our knowledge*
So in consideration of interactions of clay and humus in soils, it 
is obvious that one gets confused because of the following reasons:

(a) One is to deal not with a single mineral but with mixtures 
including transformed minerals that are not always clearly defined.
(b) The organic compounds include everything frar\ recently added 
undecomposed plant and animal substances to thoroughly decomposed 
materials like humus* (c) The conditions in soils, unlike those 
in the laboratory never remain constant*

The changes in environmental conditions are attributed chiefly 
to variations in weather, but those brought <xbout by man through 
cultivation, addition of fertilizers, liming and cropping are often 
to be seriously taken in view* All these natural and man-made varia
tions affect the nature of both clay and the soil organic matter as 
also the interaction products* Alexandrova^^ refers to the organic- 
mineral colloids as a complex of highly dispersed clay minerals, 
hum.ic substances and organo-mineral compounds in a state of alli
ance* The soil organic matter in a broad sense consists of non~ 
humic and humic substances* The non~humic substances may include 
at least traces of almost any compound that normally occurs in 
plant and animal tissues and their biological non-gaseous decompo
sition products* The humified matter can be separated into four 
groups.

1) Humin - Insoluble in alkali .



2) Humic acid-soluble in dilute alkalies and precipitated 
by acids*

3) Fulvic acid - Soluble in alkalies and not precipitated 
by acids*

4) Hymatomelanic acid - Soluble in alkalies and precipitated
by acids, the precipitate la soluble in alcohol •

Some workers^^'^^ have attempted to determine the percentage 
of the total soil organic matter that is adsorbed on the mineral 
portion of the soils. These investigations are greatly handicapped 
due to lack of a method that will bring about a clear cut separa
tion of the free organic matter from the adsorbed complexed mate
rial* Some of the mechanism discussed earlier, points to the forma
tion of complexes that are so stable that it is impossible to break 
chemical bond without partially destroying the organic portion of 
the complex* On the other hand, some of the bonds are so weak that 
there is considerable doubt as to whether there is a real complex 
or only an or^ano-inorganic mixture* According to fitreenland^^ the 
more thoroughly decomposed is the organic matter, the greater will
be the tendency to form complexes with the clays* Most of this
organic matter exists in the colloidal fraction of the soil but 
larger soil particles have organic coatings*

In addition to other contributions, the importance of clay- 
organic matter interactions which assist the formation of aggre
gates thereby rendering a soil of greater porosity and hence help



8

the free movonent of water in the soil should be taken into consi
deration* This clay-humus complex undoubtedly plays an important 
role in plant nutrition. The presence of htjmus in soil modifies 
the properties of the latter in such a way that it becomes a more 
favourable and more balanced med:Lum for plant growth* Its presence
modifies the physical properties of soil such as colour, texture,

33 33^structure, moisture holding capacity and aeration ' • Chemically,
humus modifies the nature of the soil by influencing the solubility
of certain soil minerals, forming compounds with some elements, such
as iron, aluminixim, molybdenium etc., î rhich render them more easily
available for plant growth, and finally increasing the buffer pro-

34perties of the soil • Humus also favours the nutrition of plants by
serving as a source of energy for the development of microorganisms
v;hich ultimately makes the soil a better medium for the growth of 

35higher plants • The activities of microorganisms in soils are 
influenced both indirectly and directly by the interaction of 
organic matter with clays* The indirect effects, which are usually 
beneficial, are exerted chiefly through the improveneit in physical 
condition of the soil* Better aeration and water-retention favour 
the activities of the more beneficial microorganisms and repress 
anaerobes* Among the direct effects may be listed the adsorption 
of (i) the substrate (ii) the bacteria or their released enzymes
(iii) the metabolic or decomposition products of microorganisms and
(iv) organic substances added to the soil *



The presence of hxamic acids in soil controls the uptake of
nutrients e*g. Al"̂  ̂etc-, by plants. Natural
chelates present in soil hook-up the plant food and make them
available to plants* The uptake of micronutrients by plants from
different soils is related to humic acid chelators* The complexing 

t

property of humic acids with clay is of great value in increasing 
the availability of phosphate fertilizers and certain trace elements 
which are rendered insoluble in the soil by fixation mechanisms^^ • 
Organic matted also counteracts the activity of certain toxic 
substances in the soil by canplex formation* The accumulation of 
insecticides, fungicides, herbicides and other kinds of pesticides 
are harmful to plant growth and the adverse effects of such pesti
cides can be overcome by mixing the soil with good quantity of humus

37substances having high cation exchange capacity • Sometimes
favourable actions may be achieved due to chelations by humus subs
tances with metals e.g. Pb, Cu, Hg, Zn, which are usually consi
dered as pollutants.

In the three phase system, i.e. solid-liquid-gas which cons
titutes a soil, the liquid phase is the phase that directly feeds 
the plant* Not only is the solvent water a necessity of plant life,
the liquid phase is also the medium of transport for the plant
nutrients and to a certain extent, of the gases involved in the 
metabolism of the plant* Clay-humus complex foJsmation influences 
this three phase system perhaps to the maximum extent through 
direct and indirect avenues *
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