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1.1

1. INTRODUCTION

Most of the industrialized countries are in the temperate zones of the
world where a favourable balance exists between input and decomposition of
organic materials in the soil. The conditions there cause a relatively high level
of soil organic matter. This balance is influenced by climatic conditions and the
inorganic constituents of the soil, in which the amount and type of clay minerals
play an important role. The positive effect of mineral fertilizers depends upon
well regulated humus husbandry. The plant growth caused by the use of mineral
fertilizers increases not only the economically impeortant parts of the plants, but
also the growth of roots and crop residues which both remain on the fields and are
ploughed into the soil. Furthermore, in many farms animal excreta is used to
maintain the level of soil organic matter in arable land. There are some inter-
actions between certain clay minerals and fractions of soil organic matter which
act as favourable factors for soil productivity and therefore for plant production.
This is not always the case in developing countries.

SOIL CONSTITUENTS AS FACTORS OF PLANT PRODUCTION

Plants are the basis of food for human beings and animals. If the energy
from the sun, the content of carbon dioxide in the air, the amount and distribution
of rainfall, the supply and the balance of inorganic nutrients are optimum, the
growth of plants and therefore the yield of harvests depends upon the soil
physical and mechanical properties as well as upon the chemical composition of
the inorganic and organic soil constituents.

The properties of the inorganic part of soil are mainly influenced by the
chemical composition of the parent material and weathering. The smaller particles,
especially the colloid phase, determine the value of a soil for plant production more
than the others. The mechanical properties of a soil, which influence gas exchange,
water permeability, rooting of the plants, biochemical activity etc., are mainly
caused by interactions between inorganic and organic soil constituents, mainly in
the colloid phase.

In spite of the fact that the organic part of soil constituents is on average
only from 0.1 to 5% of the dry matter of arable land, it influences the production
capacity of soil to nearly the same degree as the inorganic. The organic part is
formed mainly by biochemical transformations of residues of dead organisms living
in and on the soil caused by microbial activity. The dynamics of these processes
follow environmental conditions where climatic factors play the main role and it
makes a difference if climatic conditions allow biochemical reactions to occur the
whole year round or are stopped for a while in wintertime when temperatures are
around 0°C or below.

The main initial materials of soil organic matter are compounds of
constituents of plants and micro-organisms or their metabolic products. Therefore,
the more or less stable products of these processes, the humic substances, have in
principle similar compositions. However, deviation in their composition occurs
because of: different conditions during the humification of the organic materials,
such as climate with its different temperatures or precipitation patterns; the
actual composition of the inorganic soil components with its different amounts of
nutrients and particle sizes; the degradability of organic material in the soil and
the biological activity, which is determined by the first three factors mentioned.
The characterization of the humic systems developed under the different environ-
mental conditions by determination of physical and chemical data is therefore an
important task for evaluation of the contribution of soil organic matter to the
productivity potential of soils in different regions of the world.



DISTRIBUTION OF SOIL ZONES ON THE CONTINENTS
Two thirds of the earth are covered with water. The surface of the land

zones consists of different soils, which have been formed by their environmental
conditions.

Table 1 SOIL ZONES OF TI—;;E EARTH'S SURFACE

Arable lands

Temperate zones Tropical and arid zones

Soils of coniferous region 10% Soils of humid tropical and
Soils of deciduous region 6% subtropical region 19%
Steppe soils 12% Soils of arid and semi-

Lowland soils 4% arid region 18%
Total 32% Total 37%

Zones without cultivated soils

Ice on the continents 11%
Tundra soils FA
Mountain soils 16%

The nine different soil zones may be divided into three main groups:

30% Land covered with ice, tundra These zones are not suitable for
soils, mountain soils agricultural food production.

32% Soils of needle wood zone, These soil types occur mainly in
the deciduous tree zone, the the temperate zones. The arable
steppes and the lower land land of these 4 soil zones is

relatively rich in humus (average
3-5%). The climate is temperate
and in wintertime no biochemical
transformations occur.

The most intensive agriculture is
organized on these soils with the
highest quantity of mineral
fertilizers used and with an
intensive humus husbandry.

37% Socils of the arid regions and In the arid zone natural vegetation
of the humid tropics and is sometimes almost nil and in
subtropics other parts very dense. Plants

grow in subtropical and tropical
regions all the year round. In
some regions there is no rain or
the distribution of rainfall is very
unfavourable because it is heavy
with short duration. The higher
temperature enhances chemical
and biochemical reactions in soil.
Therefore, humus content is
mostly relatively low (0.1-1.0%).

The two last mentioned soil zones with a total 37% are largely in the so-
called "tropical belt" (30°N - 30°S latitude).



SOIL SURVEY
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Concerning their soil organic matter content only 6 main points are
mentioned :

1= The higher temperature of the tropical belt in comparisoen to
the temperate zones causes faster weathering of initial rock
materials and their transformation products. Special soil
types are formed: in the deserts only raw soils.

ii. In the arid region soils transport of salts and of sodium ions
(chloride, hydrogen bicarbonate, etc.) occurs by capillary
movement as a precursor of evapotranspiration. These
processes retard plant growth and therefore humus dynamics.

iii. Most subtropical and tropical soils contain colleidal silicic
acid hydroxylated iron and aluminium compounds. The heavy
rainfall causes acute leaching of these and of soluble ions.

If soils are not covered with plants transportation occurs of
mainly colloidal material. Irrigation is practised in an attempt
to compensate for the unfavourable distribution of rainfall for
plant production.

iv. The naturally high level of plant production in the tropics is
only possible because all organic dead plant material is recycled
and transformed into humus. If this cycle is interrupted by
cultivation and by moving nutritional plants from the fields, the
balance between inorganic and organic soil constituents is
disturbed. The interaction between these two is weakened, the
texture decreases and erosion with its consequences occurs.
Therefore, a humus husbandry must be practised.

v. The new high yielding varieties of cereals need greater fertiliza-
tion with inorganic fertilizers and for the optimal economic yield.
The higher dose of fertilizers not only increases the yield of
grains, but also causes a higher activity of micro-organisms in
the soil. However, many of these need carbon compounds as a
source of energy, so the degradation of soil organic matter is
accelerated and should be supplemented by organic materials. .
This supplementation may occur partly by higher production of
plant roots or partly by addition of other organic materials such
as crop residues, dung or prepared town waste products.

vi. The extent to which either mineral fertilizers and/or organic
materials are used for plant production is a question of:
a) economics, or b) special situation and availability.

These facts are the main reasons why humus husbandry as an important factor
for plant production must be practised with adapted procedures. It seems that this is
not always the case. It is not only the large increase in population in most countries
of the tropical belt, but also the lack of utilization of all available production factors,
e.g. humus husbandry, that causes insufficient food production in some regions (Fig. 1,
shaded portions). 3

The effect of organic fertilizers was known in former times but due to the
striking effect of mineral fertilizers the contribution of organic matter for plant pro-
duction is at the moment less recognized and its proper use has been relatively
neglected. Higher doses of nutrients are necessary to increase plant production per
unit area. To obtain an increase in the efficiency of the added mineral fertilizers, an
adequate supply of organic materials for corresponding humus dynamics is essential.
Thereby physical, chemical and biclogical growth conditions and the stabilization of
the yield potential of the soil are improved. The contribution of soil organic matter
environmental protection should not be forgotten either.



2.1

2. SOIL AS A SUBSTRATUM FOR PLANT PRODUCTION

The soil, which has been defined by Kubiena (1948, 1953) as "the transform-
ation layer of the solid earth rind, inhabited by organisms, produced by the influence
of life and the special environmental conditions of a bioclogical habitat, subject to a
particular annual change and a characteristic development," is today and will be in
the future the most important substratum for plant production. It is formed by
chemical, physical and biological weathering of the top layer of the parent material.
The nature of soil formed depends on the following factors: parent material,
climatic conditions, living materials on and in the soil (vegetation and soil organisms)
topographical features, the time of formation and handling by man.

FACTORS AFFECTING SOIL FORMATION

The texture, hardness and composition of the parent material influence the
texture, mineralogical composition and depth of the soil profile. Its mineral constit-
uents act as a source of nutrients for living materials. The basic geological material
is divided into igneous (solidified magma), sedimentary (deposited by water or wind)
and metamorphic rocks (material from the first two types transformed by higher tem-
perature and pressure). This basic material as well as that in all stages of disinte-
gration is decomposed by different processes of weathering.

On climatic conditions depend the composition and intensity of life on and in
the soil, which are major factors in the process of secil formation. Practically no
soil formation takes place in cold regions where soil is frozen and there is little
vegetation. With increasing mean temperature and higher vegetation, and also
increasing soil micro-organism activity, soil formation and soil humus dynamics are
enhanced. Lack of rainfall reduces soil formation, vegetation and the activity of
organisms (e.g. in desert soils). With increasing rainfall, there is an increase in
the rate of soil formation, but also there is leaching and erosion. In addition to the
mean values of temperature and rainfall, their distribution during the year is also
important.

Drainage (leaching) and erosion depend largely upon the topographical
features of the soil surface. If the slope is steep, there is correspondingly greater
erosion, consequently there are shallow profiles and younger soils on slopes, but
the soils at the end of the slope are deeper and older.

Where there is no erosion by water and wind, the soil in time becomes
deeper and more developed in the genetic sense.

The processes of chemical weathering of rocks and minerals are solubil-
ization and hydrolysis. Water and oxygen, carbon dioxide and, to a greater or
lesser extent, inorganic and organic acids solved in water are the agents. The
products of solubilization and hydrolysis can be leached directly or after the forma-
tion of new, secondary products, which can be more or less soluble than the primary
solubilized material, and are either lost by leaching or remain in the zone of
weathering, e.g. clay minerals.

Physical weathering is the most important process in rock disintegration.
Differences in daily or seasonal changes of temperature followed by expansion and
contraction of the rock cause the initial cracking of the solid material. The velocity
of disintegration depends on the degree of temperature variation and on the composi-
tion of the rock. Rocks with a coarse texture break more easily than finer textured
ones and stratify more easily than homogeneous rocks. The effect of expansion and
contraction is greater if the different kinds of minerals in a rock show bigger
differences in reactability.



Freezing and thawing of water in the cracks of rocks breaks them up. The
transport of rock material by ice (glacier) and water (river and surface water)
reduces it to small pieces by milling during such transport and by abrasion with
underlying material.

The best known process of biological weathering is the breaking of rocks
through the expansion of roots entering cracks. The most important effect of bio-
logical lifeis the changing of the balance of solubility by uptake of ions and the
secreation of more reactive comp:.‘:unds.

CHARACTERISTICS OF SOIL

The mineral composition of the parent material largely determines the content
of minerals in the weathering product, soil. The chief minerals are quartz, feldspar
and mica while accessory minerals are iron and aluminium oxides, carbonates and,
in sedimentary rocks, clay minerals. But the more complete the process of soil
formation and the stronger the weathering procedure, the greater is the shift to a
relatively higher amount of less decomposable minerals and newly formed secondary
minerals such as iron and aluminium oxides. Weathering removes the base elements
of the parent material.

The texture of a soil is decided by the percentage of the particle size of the
mineral part.

w0
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Fig. 2 Seil textural classes according to the percentage of clay (below
0.002 mm}, silt (0.002-0.05 mm) and sand (0.05-2.0 mm).
(USDA Handbook 18, Soil Survey Manual, 1951)

The diagram shows the importance of clay and silt in the classification of
soil into textural classes. The productivity of soil increases with decreasing
particle size, increasing surface area, water holding capacity and porosity until
the soil becomes so fine that by poor aeration, unsatisfactory aggregation, slow
water infiltration, poor drainage, diminution of reot growth and reducing conditions,
the productivity of the soil again becomes low.



The structure, i.e. the arrangement of the particles, of a soil depends on
the size of its particles. Factors in the formation and destruction of structural units
are the chemical and physical forces, e.g. wetting and drying, freezing and thawing,
and handling by man. The organic matter in soil is a major factor in forming and
stabilizing soil aggregates.

The porosity depends on the texture and on the structure of soil. A good
soil structure determines the water and air regime and the development of roots in
soil.

The surface area depends upon particle size, mineral species, exchangeable
cations and the presence of organic matter, and the values given upon the method
used for determination. The cation exchange capacity tends to vary directly with the
surface area, but depends also upon the surface activity. Montmorillonite has the
highest surface of the inorganic soil constituents with up to £00 mZ/g; kaolinite up
to 30 m2/g, the exchange capacity is about 130 resp. 8 meq/100 g, changing widely
with particle size (Kelley and Jenny, 1936). The organic matter in the soil plays an
important role in exchange capacity, depending on the quantity and quality of the
organic matter. Some data are given in Table 2, according to Gorbunov (1948), on
the portion of inorganic and organic soil components in the exchange capacity of
different soil types (Flaig et al., 1963).

Table 2 EXCHANGE CAPACITY (e.c.)OF SQILS IN DEPENDENCY UPON THE
PORTION QF INORGANIC AND ORGANIC SOIL COMPONENTS
(according to Gorbunov, 1948)

%eic. %eac. val. vel, T
; : % e.C. , ; B in meq/100g
soil horizon inorganic organic inorg. org. _ .

humus total part part part part rr:;:;:ﬂ humus

strongly podzolic soil  Ap 2.82 10.08 7.22 2,86 71 29 7 101. 5
A> 0.66 6.16 5.24 0.92 9 10 5 140
mod. podzolic soil Ap 3.24 12.56 7.07 5.49 56 &4 7 170
A1 2.74 12.02 6.74 6.28 56 A 7 230
slightly podzolic soil Ap 5.29 26.54 14.65 11.89 55 45 15 225
Al 5.34 23.09 15.07 8.02 65 35 16 150
slightly podzolic Ap 6.13 35.29 13.69 21.60 39 61 15 350
dark grey soil Az 4.97 34.09 15.46 18.63 45 55 16 375
leached chernozem Ap 8.02 48.35 20.16 28.19 42 58 27 350
Al 5.50 47.88 23.24 24.64 48 52 25 450
ordinary chernozem Ap 7.90 56.86 25.68 31.18 45 55 28 395
A,  5.96 52.91 25.00 27.91 47 53 27 470
southern chernozem Ap 4.95 42.50 24.66 17.84 58 42 26 360
chestnut soil A 2.07 16.68 8.60 8.08 65 35 9 390
grey soil A 1.93 13.15 6.89 6.26 52 48 7 325

The most important chemical characteristics are: the soil's content of
essential nutrients and their availability to plants, the exchange capacity, the
buffering capacity, acidity or alkalinity, the content of inorganic and organic colloids,
the quantity and quality of the organic matter, the oxidative or reductive conditions.

The amount and composition of organic matter in mineral soils is an
extremely important factor influencing various chemical and biochemical processes
going on in soil, its chemical, physical, physico-chemical and mechanical properties
and its use in agriculture. The dynamics of the organic matter also have a significant
effect on soil chemical, physical and biological processes.



2.2.1

2.2.2

The organic matter influences the soil fertility by participating in ion
exchange reactions, by releasing nitrogen depending upon climatic conditions and
micro-organism activity in the nitrogen cycle of soil processes, as a chelating
reagent for the availability of metal cations to plants, by supplying biologically
active substances and by stabilizing soil structure. The micro-organisms, which
are of major importance in determining the dynamics of the organic matter, are
dependent upon the amount and type of soil. The products of this biological activity

include available nutrients and organic substances of different chemical composition
and properties.

The favourable effect of the organic matter on soil structure enhances the

rate of water infiltration, increases the water holding capacity and reduces run-off
and erosion.

The complex system of the organic matter in soil can be divided, according

to Kononova (1975), into diverse organic compounds, which are components of the
soil organic matter.

Table 3 CLASSIFICATION OF ORGANIC SUBSTANCES IN SQIL

1. 11. Humus

gll;:!llyﬂéfcioﬁ:g;;d (a) Strictly humus substances (b) Products of the advanced

plant and animal decomposition of organic

: Groups: residues and products of
residues : : ;
microbial resynthesis
(substances of a protein
nature, carbohydrates
and their derivatives,
waxes, fats, tanins,
lignins, ete.)

humic acids

fulvic acids
humins
hymatomelanic acid

Allison (1973, p. 34) estimates the amount of organic matter in living
organisms. In micro-organisms it can be 0.1 to 2% of soil organic matter, which
can be in all states of activity. It can be observed that in a very short time a
resting state can change to an active state when humidity and temperature become
better for the organisms. The animal population is likely to be greater in weight,
but is less active than the microflora.

Seoil Profile

The soil consists not only of the layer handled by man, for instance by
ploughing. The growing roots, taking water and nutrients in deeper layers, the
water movement and the transport of nutrients by water from the top to the bottom,
or conversely, involve deeper layers of soil, which are often as important as the
surface layer. This depth of soil is described as the soil profile. The terms A, B,
C or D-horizon are commonly used to designate the significant different parts of a
soil; the A-horizon contains mostly organic material formed in situ, the B-horizon
weathered material usually without organic matter (with the exception of a horizon
with enriched organic material transported from the top under the special conditions
of podzolization), and the C or D-horizon the unweathered parent material.

Soil Types

Different soil types are formed depending upon the conditions for soil
formation. The main zonal soil types are shown in Fig. 3.
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Fig. 3 Schematic diagram showing the broad geographic relationships
among the five major groups of zonal soils (according to Kellogg, 1953)

The influence of rainfall and mean temperature on the formation of soil
types and the amount of total carbon in Russian soils was shown by Tyurin (1937)
and the results of his research are given in Fig. 4.
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Fig. &4 Humus reserves and climatic conditions of the main soil types
and subtypes in the USSR (after Tyurin, 1937)

A - hurnui reserves in soils to a depth of 100-120 e¢m in
kg/m< of surface area;
Bl - mean annual temperature;

B2 - mean annual total precipitation

Jenny (1941) found a correlation between the climatic conditions and the
nitrogen content of natural soils, where the nitrogen content is a function of the
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temperature during the year (T) and the quotient m calculated from rainfall in mm [
saturation deficit of the air in mm according to the following formula:

% nitrogen in soil = 0.55 o-0.08T (1-¢-0:005 m)

Jagnow (1971) reported on a correlation between altitude, precipitation and
cultivation, and the carbon and nitrogen content of East African soils.

MAN'S EXPLOITATION OF SOIL FERTILITY

Only a short review is given here as details are discussed later in
specific chapters.

Under natural conditions an equilibrium is formed in the soil during the
long period under prevalent climatic conditions and natural vegetation. The
nutrient and humus levels remain almost the same, because exploitation and the
loss of mature plant material are nearly nil. Conditions are changed drastically
by man's use of the land. Decomposition of soil organic matter is enhanced by
cultivation practices such as ploughing, mainly because of greater penetration by
air. The return of organic matter to the soil is decreased by transporting the
product from the field. The soil can also be damaged by erosion taking place from
a bare soil surface during part of the year.
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Fig. 5 Decline of soil nitrogen with length of cultivation periods under
average farming practices in the Middle West (from Jenny, 1933)

Figure 5 shows the decrease of the nitrogen content in soil by farming
practices in the Middle West of the USA. This means a loss of soil organic
matter because about 97% of the nitrogen is bound in the soil organic matter in
organic form. In Indian soils a greater decrease of soil organic matter was
found - nearly 70%. This great loss was not only due to climatic conditions
favourable to decomposition, but also to very small organic residues applied to
the soil.

A new humus level is built up in the soil under cultivation, depending on the
farmers’ practices in addition to the natural factors mentioned earlier. Factors
resulting from man's handling of the soil have various influences on the humus level
in cultivated soils. The main effect, due to cultivation, is the higher input of air
and the destruction of plant cover. According to Allison and Sterling (1949) losses
of organic matter can be reduced by decreasing the number of cultivations and by



holding vegetational cover on the soil as long as possible, e.g. by replacing
cultivated crops by sod crops. This procedure of fallow was used in agriculture
in former times and nowadays there is wild rotation or minimum tillage of crops.
In tropical conditions the regeneration of soil under uncultivated conditions and a
vegetation cover is achieved by shifting cultivation.

The smaller the supply of organic material in the form of crop residues,
due to a small yield or intensive removal of the grown yield, the greater is the
decrease in soil organic matter. The decrease can be diminished by removing as
little as possible and by increasing the yield, mainly of roots, by fertilizaticon.

Compared with mineral fertilization alone, organic fertilizers maintain a
higher humus level, but the effect of the organic fertilizer is dependent upon the
decomposability of the added matter. Lignin-rich material is more slowly
decomposed than lignin-poor material. The addition of readily available sources
of erganic matter to soil, such as green manure, in temperate climatic
conditions, can result in a small increase of soil organic matter for a short time,
but in warmer climates the decomposition is so rapid that the soil is not enriched
(Anonymous, 1949). A negative effect from the addition of readily available
organic material is observed if the decomposition of the native soil organic
matter is accelerated (priming effect).



3. BIOCHEMISTRY OF SOIL ORGANIC MATTER IN RELATION
TO SOIL PRODUCTIVITY

The biochemistry of soil organic matter concerns not only the formation and
degradation of organic materials in soil but also direct and indirect effects on
organisms living in and on the soil. The organic substances themselves and their
interactions with the inorganic constituents of soil are important factors for the
yield potential of soil.

In the last ten years the biochemistry of soil organic matter has made
remarkable progress by combining improved techniques for physio-chemical
measurements with the use of 14C and 15N and also 3H (radioactive and stable
isotopes).

The results of research work in the last two decades for elucidation of
soil organic matter and its constituents in connection with their physical properties
and their chemical composition, their phsyiological effects on plant growth as well
as their importance for soil conditioning and therefore, finally, the influence of
soil organic matter on plant production are described in various publications A/

Further information on this subject is available in abstracts from the
congresses of the International Soil Science Society and the International Peat
Society. Some data can be taken from publications by the International Biological
Programme. There are also collections of literature for special problems in the
annotated publications of "Soils and Fertilizers".

The content of soil organic matter in different soil types depends mainly
on the climatic conditions, the plant cover and the properties of the inorganic part

When one determines the content of humus dependent on decreasing
average yearly rainfall and increasing temperature from the northern Tundra to
the southern subtropics of the USSR, the percentage of humus increases at first
and then decreases. From soil organic matter two main fractions can be separ-
ated by different extraction methods. The ratio of humic acids with high meolecular
weight substances to that of fulvic acids with mainly low molecular weight sub-
stances also increases at first and then decreases. The maximum effect in both
cases is found in deep chernozem, which is a fertile soil. These results show
that humification processes are influenced by different external conditions and that
humus content differs widely between 0.5 and 10.0% per dry matter of soil.
Recently Kononova (1975) published a review about humus content, its composition

3.1 FORMATION OF SOIL ORGANIC MATTER

of the soil.

and the nitrogen reserves in different soil types.
1/

Flaig, 1955, 1966; Scheffer and Ulrich, 1960; McLaren et al. (ed.), 1967;
"Humus et Planta", 1961, 1963, 1965, 1967, 1971, 1975; IAEA/FAQ (ed.), 1963,
1968; Kononova, 1966; Pontificiae Academiae Scientiarum Scripta Varia, (ed.),
1968: Sauerlandt and Tietjen, 1970; Schnitzer and Khan, 1972; Allison, 1973;
Trojanowski, 1973; Orlov, 1974; FAO, 1975; Gieseking (ed.), 1975; Paul and
McLaren (ed.), 1975 a, b; Povoledo and Golterman (ed.), 1975; Rabochev (ed.),
1975.
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Fig. 6 Content and composition of humus in 0-20 c¢m layer of
main USSR soil types (Kononova, 1966, cit. Tyurin)

Experienced farmers are convinced that an equalized "humus husbandry"
(this means the addition of organic material to the soil and its transformation in
soils) plays an important role in soil productivity. Therefore they speak about
"humus effect”. The causal connections for the success of such practices for
productivity or "faith of yield" of soils - as they say - are not yet completely
elucidated in this complex system, but it is important to find out the mode of action
for improving world food production.

Most of the reactions for transformation of organic materials such as plant
residues after harvest, stable manure, excreta of animals and men, municipal
waste products, etc. are caused by microbial activity. In all cases the course of
the manifold reactions can be followed by labelling the initial material or inter-
mediate compounds with the isotopes carbon-14 and nitrogen-15.

Plont rocts
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Fig. 7 Composition of organic substances in grassland soil
(weight % of dry matter; according to Tischler, 1955)

Some information about the composition of organic substances in a grass-
land soil is given in Fig. 7. The dead material, the humus, is 85%, the living
constituents are plant roots 10% and soil flora and fauna about 5%. Most trans-
formations of dead materials occur through the activities of soil organisms. The
soil flora and fauna consist of 12% earth worms, 5% other macro-fauna and 3%
meso and micro-fauna. These groups of living organisms participate more in
mechanical processes to reduce dead materials to small pieces than in chemical
ones. Most biochemical reactions are initiated by the 40% of fungi and algae on



the one side and by the 40% of bacteria and actinomycetes on the other. The meta-
bolic activity of fungi is greater than that of bacteria in the transformation of
organic materials of dead organisms (Anderson and Domsch, 1975). New compounds
are also formed by the metabolism of micro-organisms, which play an important role
during humification and in the soil fabric.

One of the most important sources of nitrogen in nature is the humic system;
other elements necessary for plant nutrition are formed by the weathering of
minerals.

Present knowledge of the synthesis of humic substances can be summarized
in a scheme (see Flaig et al., 1975; Martin and Haider, 1971 and others).

Dead organisms
Organic constituents :
Cellulose, lignins, proteins

Biochemical degradation
from Lignin Degradation products

| Mitrogen and carbon sources
Phenolic compounds —— Microbial for

| synthesis micro-organisms
Transformations Ring cleavage
Oxidation 5 and
Hydroxylation Condensation — Degradation
Decarboxylation A s S 11 Products
Radical Formation

Humic substances

Fulvic and humic acids

Humins
_ CO o,
Bio- Slow release N-source MNH;
degradation H 20
Fig. 8 Scheme of synthesis of humic substances from

transformed organic constituents ol organisms

The main organic constituents of the dead organisms in soil are cellulose,
lignins and proteins. By biochemical degradation different products are formed
which serve the micro-organisms as carbon and nitrogen sources, mainly cell-
ulose and proteins. Different phenolic compounds are formed from lignin.
Microbial synthesis is another way of forming phenolic compounds. These types
of phenolic substances are mainly transformed by oxidation, hydroxylation and
decarboxylation. During these transformations ring cleavage also occurs and
aliphatic compounds are formed, which are used by the miecro-organisms as
carbon sources.

During the transformations of the phenolic substances free radical
formation also occurs. These radicals condense with degradation products of
proteins to humic substances. The humic substances are separated by conven-
tional methods into fulvic and humic acids and into humins. The humic substances
have influences, together with humified plant materials and other newly formed
compounds, on the physical properties of soil and on the pathways of plant
metabolism by their physiological activity after uptake by the roots. The bio-
degradation of humic substances in soils is slower than that of the initial
materials, from which they are formed (Sauerbeck, 1968 a, b, a; Sauerbeck and
Fiihr, 1970). During these processes soil organic matter acts as a slow release
nitrogen source for plant nutrition during growth.
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Finally the humic substances are degraded to carbon dioxide, ammonia and
water. The formation and degradation follow a dynamic course, which is influenced
by climatic factors, vegetation and composition of the mineral part of soil.

INFLUENCE OF SOIL ORGANIC MATTER ON PLANT GROWTH

There is a differentiation between indirect and direct effects of humic
substances on growth and yield of plants (summary in Flaig, 1968). Humic
substances, mainly the high molecular weight part, can effect changes in the
environment of the roots by changing physical and chemical properties such as
water holding capacity, gas exchange and others, which lead to better growth of
plants. In the final stage there is an increase in yield of crop plants caused by
these indirect effects. The indirect effects caused by high molecular weight
substances will be discussed in Chapter 4 in connection with the influence of
naturally occurring polymers in the soil fabric.

indirect direct
effects eflects

| \

Jomhurnic substonces FITrTim

srerrrrery humic substances oo

Influence on chemical Influvence on mefabolism
and physical preperties after uptake by the plant
of the soil

Fig. 9 Scheme of the possible effects of humic
substances on growth and yield of plants

Direct effects are those caused by the uptake of low molecular weight
organic compounds from soil organic matter. They bring about alterations in
plant metabolism.

At present, phenclic compounds are known mainly as substances which are
efficient yield increasers; they are compounds formed by lignin degradation or
microbial synthesis. In the presence of phenolic compounds instances of
increased resistance by plants to frost or drought and other effects have been
observed. By experiments it was demonstrated that favourable effects occur
mainly when growth factors such as temperature, humidity, oxygen tension in the
soil air, etc., are under optimum or the ratios of nutrients are unbalanced.

Indirect and direct effects have a special influence on the yield potential
of different soils which cannot be explained by the availability of plant nutrients.
Similar observations are made by farmers when the content of soil organic matter
reaches a certain level and the transformations follow corresponding dynamics.
In both cases the activities of man can interact.

DEGRADATION OF PLANT CONSTITUENTS (STRAW) DURING ROTTING

Straw is one of the most important rural wastes. The transformation of
its constituents has been studied under different conditions. Straw is relatively
rich in cellulose and lignin but poor in protein; summarily, one can say that the
rate of decomposition depends on the possibility of growth conditions for the
micro-organisms which participate in transformation of cellulose and lignin.



Normally if nitrogen is low, the decomposition rate is slow; in some cases also if
the soil moisture is low the decomposition is again slow. This is a major problem
and it is difficult to accelerate decomposition in arable land during crop rotation.
Further research in this field is necessary, especially in connection with }hn soil's
nitrogen cycle. Some fundamental publications are given in the footnote.l

During rotting of straw the cellulose is degraded much faster than lignin.
The available nitrogen is a limiting factor for micro-organism activity. The rate
of cellulose degradation is more enhanced that that of lignin if nitrogenous
compounds, such as ammonium nitrate, are added. This means that lignin particip-
ates more in humus dynamics than cellulose.

Decompesilion per ime in_percent of

5 plant moterml halecaiiuloe
[strow) !

Fig. 10 Decomposition of plant material (straw), holocellulose
and lignin in percent during rotting time (Maeder, 1960)

Table 4 CHANGES IN THE NITROGEN AND METHOXYL CONTENT
OF LIGNIN IN RYE STRAW DURING ROTTING TIME
(addition of 1% N as NHQ‘E\IG Egr dry weight of straw)

(Maeder, )
Days N % OCH3 %
0 0.53% 17.08
70 1.44 12,76
120 1.68 11.33
180 1.74 10.95
240 1.88 10.46

* initial value

Bartlett and Norman, 1938; Bartlett, Smith, Brown, 1937; Broadbent, 1954;
Flaig, Schobinger and Deuel, 1959; Kaila, 1952; Kononova, 1966, et al. 1973;
Maeder, 1960; Mohtadi, 196‘2; Phillips, 1934; Reinhardt, 1961; Schobinger,
1958: Smith, Stevenson and Brown, 1930; Springer and Lehner, 1952 a, b;
Waksman, Tenny and Diehm, 1929; with labelled material e.g.: Fiihr et al., 1964;
1965, 19&6, 196%; Guckert et al., 1971; Jansson, 1968; Jenkinson, 1965, 1966
a-d, 1968, 1971; Martin et al., 1974; Mayaudon et al., 1958, 1959 a, b, 1960,
1961, 1963; Oberlinder, 1968; Sauerbeck, 1968 a-c, et al., 1968, 1970;
Scharpenseel, 1960 a, b, 1966, 1970, et al., 1962, 1964; Simonart et al., 1958
a, b, 1959 a, b, 1966, 1968; S&rensen, 1963, 1966.



In the lignin fractions isolated with sulphuric acid the content of nitrogen
increases copcurrently with the time of rotting, whilst the methoxyl content
decreases.l/ This suggests that the cleavage of the methoxyl group preceeds the
introduction of nitrogenous groups in the lignin degradation products (Flaig, 1960 b).
Part of the fixed nitrogen becomes less available for micro-organisms by these
procedures. This part of organic bound nitrogen plays an important role in the
nitrogen economy of the soil-plant system and belongs to the reservoir of slow
release nitrogen in the soil. The demethylation of lignin is enhanced by the
addition of nitrogenous salts because of higher microbial activity. The degradation
of synthetic lignins by different micro-organisms was intensively investigated with
labelled products (Haider and Martin, lﬁg?, 1968).

Different lignin types have been synthesized with monomers labelled with
different carbon atoms by Freudenberg's mushroom phenol oxidase method (1962,
1964 a, b). By measuring released active carbon dioxide it was possible to
identify single steps of lignin degradation during humification (summarized in
Martin and Haider, 1971).

According to present knowledge, the biochemical degradation of lignin
occurs by the splitting of ether linkages in the high molecular weight molecule.
Lower molecular weight particles are formed. During these oxidative processes
cleavages of the aromatic rings of the monomers occur. Aliphatic compounds are
formed which serve as the carbon source for the micro-organisms. Phenolic
compounds can also be isolated as degradation products from humified plant
material (Maeder, 1960; Flaig, 1962), from peat (Belav, 1967; S&chtig and
Maciak, 1971) or from soils (Bruckert, Jacquin and Metche, 1967; Schnitzer,
1972 and others). These compounds are of interest from different points of view
in the biochemistry of humic substances. It is known through laboratory experi-
ments that they react under oxidative conditions with nitrogenous compounds such
as amino acids, ammonia and others by forming substances which are very similar
to humic acids isolated from soils (summarized in Flaig, 1975). Furthermore, it
was demonstrated that some of these compounds can be taken up by plants through
the roots. The compounds and their oxidation products {q’uincﬁnesg influence the
metabolism of plants (summarized in Flaig, 196%}.

In this field further research should be done because not all causal
connections about the influence of phenolic or quinonoid compounds on metabolism
and the yield of plants are known yet, but some will be mentioned in a later
paragraph.

The biochemical transformation of the phenclic lignin degradation
products was investigated with differently labelled compounds (Haider, Lim and
Flaig, 1962, 1964; Haider, 1965). The main reactions are summarized in Fig. 11.
The most essential transformations of lignin degradation products are:
i the shortening of the side chain of phenol acrylic acids and formation of

ii. demethylation of phenol ether to phenol carboxylic acids with hydroxyl
groups in ortho-position (i.e. transformation of vanillic acid to proto-

3.3.1 Lignin Degradation
phenel carboxylic acids;
catechuic acid);

1/

Bartlett, 1939; Bartlett and Norman, 1938; Broadbent, 1954; Flaig, 1960 a;
Flaig, Schobinger and Deuel, 1959; Nehring and Schiemann, 1952; Ritter,
Seborg and Mitchell, 1932; Stdckli, 1952; Waksman and Smith, 1934.
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Fig. 11 Transformation of lignin degradation products
iii . hydroxylation of phenol carboxylic acids to such acids with hydroxyl

groups in ortho-positions (i.e. p-hydroxy benzoic acid in protocatechuic
and gallic acid);

iv. the oxidative decarboxylation to hydroquinone derivatives (i.e. the
transformation of vanillic acid into methoxy-hydroquinone);

V. the cleavage of the ring in the case of phenol carboxylic acids with
hydroxyl groups in ortho-position to aliphatic keto-acids;

vi. dimerization and polymerization reactions under oxidative conditions by
formation of intermediate quinonoid products.

MICROBIAL SYNTHESIS OF PHENOLS AND THEIR PARTICIPATION IN THE
FORMATION OF HUMIC SUBSTANCES

Several soil micro-organisms synthesize phenols in their metabolism which
articipate in the formation of humic substances (summarized in Martin and Haider,
1971; Haider et al., 1975).

After the addition of ]4C-lahelled glucose or cellulose to a soil, several
phenols could be isolated from the extracted humic acids by reductive cleavage with
sodium amalgam (Martin et al., 1974) after 2 or 3 weeks. The phenols contained
the major portion of activity. So it was proved that the phenols were synthesized
by micro-organisms from aliphatic precursors (Fustec-Mathon et al., 1973). The
properties of the microbially synthesized, humic acid-like substances are com-
parable to those isolated from soil as was demonstrated, for instance, by infrared
spectra (Filip et al., 1974).



The formation and transformation of the microbially synthesized phenols
were followed by different procedures. Most phenols formed in this way belong to
1.3-di- or 1.3.5-triphenols, but by degradation of lignin phenols have been formed
with hydroxyl groups in the 1.2 or 1.2.3-position, which have been partly methylated.

For instance in the case of Epicoccum nigrum orsellinic and cresorsellinic
acid is formed (Haider and Martin, 1967). The following scheme demonstrates the
mdin reactions, occurring in culture solution, from which the corresponding com-
pounds were isolated. Most of them were also identified in the formed humic acid -
like substances after reductive cleavage with sodium amalgam.

CHy COOH

i COiH CHy
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Fig. 12 Synthesis of phenols by micro-organisms and their transformations
(Epicoccum nigrum)

The transformation of the metabolically synthesized orsellinic and
cresorsellinic acid occurs by:

i. decarboxylation
ii. hydroxylation

iii.  oxydation of methyl group to carboxyl group and again
decarboxylation.

The third reaction is not especially mentioned in the scheme, although polyphenols,
such as resorcinol and others, could be identified.

Most of the microbially synthesized phenols have two or three hydroxyl
groups in m-position. Therefore, nucleophilic addition of compounds cannot occur
before reactive phenols are formed by hydroxylation into compounds with hydroxyl
groups in o-position. The compounds with hydroxyl groups in o- or m-positions
differ widely in their reactivity. Catechol, pyrogallol and hydroxyhydroquinone
derivatives add nucleophilic derivatives of resorcinol and phloroglucinol (Musso
et al., 1965), or proteins or their products of hydrolysis during oxidation, to
quinonoid intermediates. The oxidative coupling between the phenols leads to
ramification and increases aromaticity. The differences in reactivity of the two
phenol types are important with respect to the function of nitrogen in the molecule
of humic substances. This means that, in general, compounds which are able to
form quinones are important for the formation of nitrogenous humic substances.



Phenolic compounds formed by degradation of lignins or synthesized by
micro-organisms were identified after oxidative or reductive cleavage of humic
acids isolated from soils (Burges, Hurst and Walkden, 1963, 1964; Morrison,
1963; Farmer and Morrison, 196&; Martin et al., 1974 and others). These
results are of interest in studies about the structure and also the chemical and

physical properties of humic acids (see scheme of formation of humic substances,
Fig. 14).

MODEL EXPERIMENTS ON STRAW DECOMPOSITION FOR PROCESSES
OCCURRING IN NATURAL CONDITIONS

Further experiments have been made on the decomposition of lignin-
containing material, such as wheat straw, to explain processes which may occur
in nature. For instance, sterilized straw was incubated: i) by pure cultures of
soil fungi of different systematic groups, which synthesize phenols in their
metabolism, and ii) by pure cultures of basidiomycetes, which do not synthesize
phenols. Both types of strains degrade lignin. In total 19 strains were inves-
tigated (Grabbe and Haider, 1971).

The following observations were made:

i. Results which are the same in both cases
a. after 4 months 25 - 45% of the lignin was degraded in both cases;
b. after the same incubation time a decrease in the methoxyl content

of the isolated lignin fractions by 50 - 60% occurred;

c. nitrogen was fixed to a larger amount in the high molecular weight
fractions of lignin and humic acids; 30 - 40% of this nitrogen can
be hydrolized by 6 M HC1 (nitrogen was added as asparagine to
the culture media).

ii. Different results in both experiments

a. the production of humic substances was lower in the case of the
incubation with non phenol synthesizing strains;

b. the chemical structure of phenols in the fraction of humic acids
was different in both cases. The phenols were determined by
reductive cleavage with sodium amalgam according to Burges
et al. (1963, ]96%; compare: Piper and Posner, 1972 a, b;
Martin et al., 1974).

- in the case of fungi, which synthesize phenols, lignin-derived
as well as microbially synthesized phenols are found after
reductive cleavage with sodium amalgam in the humic fractions
and fractions of rotted lignin. This means that humic acids
are formed by condensation of phenols derived from lignin and
microbially synthesized phenols. It seems, furthermore, that
also degraded lignin reacts with microbially synthesized phenols.

- phenols derived mainly from lignin were identified by
inoculation with basidiomycetes - non phenol synthesizing
organisms.

In further laboratory experiments the formation of humic acids was studied
with labelled materials in 3 different ways (Martin et al., 1974):

1) 14':. glucose was added to a fertile garden soil and incubated 6 weeks.
Afterwards the humic acid fraction was isolated, treated with sodium
amalgam, the phenols separated by two dimensional thin layer chromato-
graphy and the 14C activity was determined for each spot in the chromato-
gramme. About 16 phenolic compounds were identified;



2) uniformly e labelled straw was added to the same soil and incubated 6
weeks. After the same procedures the 14C activities of the separated
phenols were determined ;

3 in the last experiments the soil was sterilized with ethylene oxide,
inoculated with Stachybotrys chartarum (a fungus which slynthesizes humic
acid-like substances in culture media) and amended with I4C glucose.

The data of the experiments are summarized in Table 5. By adding MC
glucose the radicactive phenols could be synthesized only by micro-organisms.
Smaller amounts of lignin derived phencls with methoxyl groups are synthesized
mainly after the addition of uniformly labelled straw. The amount is small because,
as mentioned before, demethylation occurs during lignin degradation.

Table 5 DISTRIBUTION OF ACTIVITY IN PHENQOLIC COMPOUNDS FROM
HUMIC ACIDS AFTER ADDITION OF LABELLED MATERIALS
TO A SOIL UNDER DIFFERENT CONDITIONS
{according to Martin et al., 1974)

Unsterilized soil Sterilized soil
ULY4C glucose ULI4C straw ULI4C glucose
Added Materials " cellulose
n lignin

Stachybotrys chart-
arum (inoculated) |

Usual microbial population

Activity in humic acids in
percent of that applied

(Activities in phenols were 14% A 13% 15%
7-10% of activity in humic

acids)

Microbially synthesized

heaols 18. 5% 16. 4% 22.0%
Possibly lignin derived

(without methoxyl groups) :

or microbially synthesized 9.8% 17.8% 15.3%
phenols

Lignin derived phenols

(with methoxyl groups) Traces 2.3% Traces
Unknown compounds 15% 19% 10%
Starting point 18% 198 27.5%
Total recovery 62% 75% 85%

1/ Activity in percent of the added material

The numbers of phenols with methoxyl groups in experiments 1) and 3)
are very low. This means that soil organic matter constituents in the garden soil
did not participate in the synthesis of the newly formed humic acids during the
six week incubation period. The degradation of lignin according to the experi-
ments mentioned above (Grabbe and Haider, 1971) was relatively small during
this time. Therefore, the percentage of microbially synthesized phenols may be
relatively high in the section "lignin derived (without methoxyl groups) or micro-
bially synthesized phenols". In the case of the addition of 14¢c glucose, the low
value in this column may be explained in this manner: the glucose was also used



as a source of energy for those micro-organisms which do not synthesize phenols
in their metabolism, and was released as carbon dioxide. The addition of labelled
straw increases the amount of possibly lignin derived phenols.

PARTICIPATION OF NITROGENOUS COMPOUNDS SUCH AS PROTEINS AND
THEIR DEGRADATION PRODUCTS IN THE FORMATION OF HUMIC SUBSTANCES

The nitrogen content in soil organic matter is an important factor for seil
productivity. The preponderant part of nitrogen is in the form of organic compounds
and comes into the soil, for instance, by the addition of organic residual products,
mostly from rural wastes, but also from municipal wastes, when the technical
prerequisites exist. During humification processes the nitrogen is not linked in the
form of nitrate or ammonium ions in soil organic matter, but only in the form of
organic nitrogenous compounds or ammonia. The availability of this organically
bound nitrogen for plant nutrition depends on the local conditions of microbial
activity.

Experiments with 15N 1abelled mineral nitrogen fertilizer have shown that
approximately 50-60% of the nitrogen taken up in the harvested plant comes from
the mineral nitrogen fertilizer and 40-50% from the nitrogen of soil organic matter.

Knowledge of the causal connections between nitrogen linkage in organic
substances and its liberation from them for plant growth is very important for the
economy of plant production. The nitrogen becomes available for the plant only by
destruction of the carbon skeleton of the organic substances in the soils with all
the unfavourable consequences for the mechanical properties of soils such as water
holding capacity, soil erosion etc.

In the top 20 cm depth,soils contain between 2 000 and 9 000 kg N/ha. The
question is: whether one should increase the decomposition of soil erganic matter
and use the liberated nitrogen for plant production, or not. According to present
knowledge, one should try to keep a balance in soil organic matter by the addition
of organic materials from different sources with additional doses of mineral
nitrogen fertilizers when necessary. To obtain high yields per hectare an
equalized humus husbandry is necessary. This fact has been neglected in many
cases in developing countries in the last decades, whereas there was well
regulated humus husbandry in former times, when organic materials were the
only source of fertilizers.

The nitrogen content of humic acids as a fraction of soil organic matter is
between 1-5% depending on environmental conditions during the formation. The
distribution of nitrogen in humic acids was determined mostly by hydrolysis with
6 M HCl (Bremner, 1965). The types of linkage of the nitrogen in humic acids
are as follows:

20 - £5% as :(-NHE-N

10 - 25% as NHS-N

1 - 5% as amino-sugar-N

At least 7-12% of &-NH,-N is in the peptide bondings. About 50% of
nitrogen remains in the residues of hydrolysis and is supposed to be bound to a
large extent in heterocyclic form. The hydrolyzable nitrogen is the main source
of available nitrogen for the nutrition of organisms in and on the soil. In this
connection it may be remembered that humus can also serve as a slow release
nitrogen fertilizer (Flaig and S&chtig, 1967).

The main reactions between different phenolic compounds and proteins,
peptides or amino acids which may occur during humification are mentioned in Fig. J4.



Guajacol (1) and resorcinol (1) derivatives do not add amino acids in a
pH-range of 6.5 to 8.0 in the presence of phenoloxidases in oxidizing medium.
Guajacol derivatives react under these conditions to nitrogen free polymers
(Flaig and Haider, 1961). The rate of nucleophilic addition or oxidative deamin-
ation depends upon the substitution of the phenols with hydroxyl groups in
o-position (I1I). Both reactions generally occur simultaneously.

R
|
H—l.E- COOH, peptides, proteins,
R = differart groups NHz + (pH = 85-8; phenotoxidases )
of amino ocids oxidlzing medium
OH \ OH
OH

@}a’ HO, oH Riz-CH = GH-COOH
\?’ =—COOH
:t H
R
. R 3 2 / | \\ oH

OH
ng reaction R = CHO+C02+ N3 ? "l'
I HDDC—(I:--N
H R
b} deamination a) nucleophitic oddition

Fig. 13 Nucleophilic addition (a) of proteins and their degradation products
by oxidized phenols; oxidative deamination (b) of amino acids

Extensive studies have been made with labelled amino acids about the
possible linkage of proteins and amine acids during the nucleophilic addition
(Haider, Frederick and Flaig, 1965). The hydrolysis of added products with
proteins or peptides by 6 M hydrochloric acid has shown that all amino acids
can be hydrolized with the exception of the N-terminal amino acid, in which the
amino group has reacted with the oxidized phenol (Haider, Frederick and Flaig,
1965; Haider and Martin, 1970). Therefore, not all non-hydrolizable nitrogen
is bound in humic substances in heterocyclic form, as is often supposed. This
type of reaction is important in connection with the availability of organically
bound nitrogen for micro-organisms and plants.

The amino acids are transformed inte ammonia, carbon dioxide and into
a carbonyl compound by oxidative deamination (Flaig and Riemer, 1971). The
acceleration of the liberation of ammonia from amino acids by phenolic compounds
under oxidizing conditions may be interesting in the processes of humification in
relation to plant nutrition.

TECHNICAL PRODUCTS RESEMBLING SOIL ORGANIC MATTER USED AS
SLOW RELEASE NITROGEN FERTILIZERS

It has been mentioned several times that nitrogenous constituents of soil
organic matter serve as a slow release nitrogen source for plant nutrition.
According to theory this nitrogen fertilizer should give the highest yield, providing
nitrao}gen in sufficient amounts for the plant's needs during vegetation (Mitscherlich,
1948).
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Some attempts have been made to prepare such a type of fertilizer by
coating the granules with plastic or sulphur. Furthermore, nitrogen-containing
compounds have been synthesized mostly by condensation of aliphatic aldehydes
with urea or by oxidative ammonization of natural products such as peat, lignite

. or lignin containing waste products of the pulp and paper industry, such as lignin-

sulphonates (N-lignin). The latter product can also be regarded as a contribution
to environmental protection (Flaig, 1973).

Under certain conditions a favourable trend in vields, especially in the
case of cereals, can be observed by the effect of slow release compared to mineral
nitrogen fertilizer (S&chtig and Flaig, 1974). In addition, it can be demonstrated
that the use of N-lignin inhibits the leaching of nitrogen by precipitation in different
soils (Flaig and S&chtig, 1974).

Various problems in the field of slow release nitrogen fertilizer are still
not yet solved, for instance: an improvement in the economy of synthesis for large
scale use and investigation of the special effects on plant growth and yieli under
extreme climatic conditions. The oxidative ammonization of lignin or altered lignin
(e.g. lignite) containing materials may be compared with a "humification" under
very drastic reaction conditions.

MAIN REACTIONS DURING FORMATION OF HUMIC SUBSTANCES

The carbon content of the fraction of humic acids is about 0.2% of the dry
weight of arable soils in temperate climates, or 20% of total soil carbon. The
amounts differ widely according to the environmental conditions. Even this small
amount of organic material is very important, mostly for the indirect effects on
favourable plant growth.

Figure 14 represents the present day concepts on the formation of humic
substances.

It has been mentioned several times already that phenolic compounds are
important initial materials for the formation of humic substances. There are
mainly two possibilities for their occurrence in soils:

i. by stepwise degradation of lignin as a consequence
of biochemical degradation;

ii. by microbial synthesis from aliphatic precursors.

The high molecular weight molecule of lignin is degraded to smaller particles at
first and finally to low molecular weight phenolic compounds. The phenol
carboxylic acids can be isclated from soils. Quinonoid compounds, e.g. methoxy-
p-benzoquinone, have not yet been isolated from soils, but this transformation
was observed in plants (Harms et al., 1969 b). There is a report in a later
section about the uptake of phenolic compounds by plants, their transformation

and their effects on metabolism. During degradation of lignin cleavage of the
aromatic ring also occurs and aliphatic compounds are formed. This part of lignin
is lost for the formation of humic substances.

The phencls formed by microbial synthesis have mostly hydroxyl groups in
m-position. They contribute to the synthesis of humic substances by nucleophilic
addition to quinoneoid intermediates of phenols with hydroxyl groups in o- or
p-position. Phenols with hydroxyl groups in m-position add substances nucleo-
philically only after hydroxylation in o-position to one of the existing hydroxyl
groups. The participation of phenols of the resorcinol type in the formation of
humic substances has been demonstrated by Haider and Martin (1967, 1968, 1970);
Martin and Haider (1969, 1971); Martin, Richards and Haider (1967).
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Fig. 14 Formation of humic substances

The dark coloured humic substances are formed in an oxidizing medium by
random-polymeridation of oxidizable phenols with protein, peptides, amino acids
and their degradation products. According to their solubility in alkaline and acid
solutions the humic substances are separated by conventional methods in the
fractions fulvic acids, humic acids and humins.

The manifold possibilities of reactions explain the three dimensional poly-
condensation by which the high molecular weight, polidispersed, cross-linked
humic acids are formed. According to Schnitzer (Ogner and Schnitzer, 1971;
Khan and Schnitzer, 1971) one can estimate in which way the different phenolic
constituents are connected by carbon-carbon linkages.

Fractions of humic substances have been exhaustively methylated and
oxidized afterwards with potassium permanganate; the esters of different benzene
polycarboxylic acids were identified. The carboxyl groups can belong to a linkage
of an aliphatic side chain with an aromatic ring or between two aromatic rings.

The carboxylic and phenolic groups cause the acid nature of the humic
acids and participate in complex formations with heavy metals and inorganic soil
constituents. In one of the next paragraphs interactions with high molecular
weight polymers will be mentioned.
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(Ogner and Schnitzer, 1971;

Khan and Schnitzer, 1971)

According to the functions of nitrogen in the humic fractions, its availability
for organisms varies. The hydrolyzable part is more available than residual
nitrogen, a form which one supposes is mainly in heterocyclic compounds.

The total nitrogen content of humic acids isolated from soils is, on average,
2-4%. This is from humic acid-like products synthesized by micro-organisms in
culture solutions of about 7%, from which 50% can be determined as ¢-amino-

nitrogen.

The longer the chain length of the peptides, the more g-amino-nitrogen is
recovered by hydrolysis or the more carbon dioxide is evolved by microbial activity,
whereby also phenolic components are degraded (Martin et al., 1975). This fact
can be concluded from the different amounts of carbon dioxide evolution from the
humic acid-like polymers synthesized by Stachybotrys atra before and after hydro-
lysis as well as by "model humic acids" formed in an oxidative medium from
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phenolic compounds in the absence or presence of peptone. The experiments were
carried out in a sandy loam under standard conditions. For comparison, the
values of carbon dioxide evolution in the case of corn stalks, peat humic acids and
for the soil alone are given.

Table 6 DECOMPOSITION OF SOME MODEL AND NATURAL HUMIC
ACID-TYPE POLYMERS IN GREENFIELD SANDY LOAM
(Martin et al., 1975)

[
Polymer source Percentage decampﬂsitionlf&ﬁer weeks:

1 2 3 4 6 8
Soil o 0 4] 1 1 1
Stachybotrys atra 5 7 9 9 11 12
S. atra hydrolyzed 1 1 1 1 1 2
Aspergillus sydowi 5 7 9 9 11 12
Epicoccum nigrum 1 3 4 5 4 9
Hendersonula toruloidea & 5 5 5 6 6

Autoxidative model "humic acids"
incorporating phenolic compounds only 0 0 0 1 1 1
s phenols and peptone 1 2 3 4 5 6
Peat (Leonardite) 1 2 % 4 5 o
Corn stalks 29 50 54 56 59 61

1/ Percent of added carbon evolved as CO,.

The mean time of residence of humic substances in soil is much longer than
that of the initial material (Sauerbeck and Fiihr, 1968). This is one of the reasons
why fractions of soil organic matter are important for soil conditioning. This
subject will be treated later in Chapter 4.

THE INFLUENCE OF MINERAL SOIL CONSTITUENTS ON THE BIOCHEMISTRY
OF SOIL ORGANIC MATTER

It was mentioned before that the amount of available nutrients, chiefly
nitrogen, and the existing climatic factors influence not only the rate of trans-
formation of organic materials in soil during humification but also the composition
of the newly formed substances. Different authors describe that clay minerals
exert a pronounced influence on soil ecology and that it is mainly the surface
active clay minerals, such as montmorillonite, which have a greater effect than
kaolinite and quartz (summarized in Filip et al., 1971 a).

In relation to the microbial synthesis of humic acids, experiments in
stationary or in shake cultures of Epicoccum nigrum and Stachy trys chartarum
have shown that the addition of montmorillonite in a small concentration accelerates
the formation of humic acid-type polymers and in some cases also increases their
amount in culture solution (Filip et al., 1971 b). The humic polymers formed had
almost the same properties whether clay minerals were present or not. The
percentage of nitrogen and carbon, the total acidity, content of carboxylic groups
and the exchange capacity did not alter. The structure and relative amount of
phenols after reductive cleavage with sodium amalgam of the phenols were the same
in both cases as mentioned previously. The formation of phenols in cultures with
montmorillonite was only accelerated, not changed. Furthermore, the interesting
observation has been made that the same effects on the formation of humic acid-like
polymers occur when montmorillonite is enclosed in a dialysis tube.



There is some evidence that the alterations in the processes described
are connected with some sorption phenomena of the low molecular weight substances
on the clay minerals. In these experiments, and in some others, it was demon-
strated that biomass production, glucose consumption, nitrogen assimilation and
the formation of metabolic intermediates are generally enhanced (Filip and Haider,
1971 c; Haider et al., 1970; Bondietti et-al., 1971).

The clay minerals have a common importance for the biochemistry of soil
organic matter. The main transformations of organic materials in soils are
caused by the intra- and extracellular enzyme systems especially from micro-
organisms. Very recently McLaren (1975) published a review of these problems.

During degradation of organic materials added to the soil, as well as coming
from the exudates of plants and micro-organisms, a large number of different
organic compounds develop in the soil but no enrichment with special compounds can
be observed in time. Depending on the local conditions, a dynamic balance exists.
Therefore, the scil would appear to contain all the enzymes which catalyse }he
reactions of decomposition. Some of them have been demonstrated in soil.l
Because most of the enzymes cannot be isolated in a pure state, they must have
interacted with clay minerals or fractions of the humic system. They do not lose
their activity by these interactions (compare: Thornton et al., 1975). When
microbial activities are altered by mechanical treatments or by the addition of
chemical compounds such as mineral fertilizers, the catalysis by enzymes of the
reactions occurring from the transformation of organic substances is influenced.
This fact must be borne in mind if organic materials are used as fertilizers.

The organic compounds in soil are usually derived from living or dead
organisms in and on soils, such as plants, animals and micro-organisms. Some
more substances are formed by biochemical reaction which are not present in the
original organisms; their amounts in soils vary and the quantity depends on the
existing environmental conditions. In cultivated soils, however, small amounts of
organic agrochemicals such as pesticides and their degradation products are
found, also other organic compounds which derive from waste disposal, mainly
from municipal rather than from rural waste materjals. There are several
reviews and literature available on this subject. 2/ Not all compounds will be

The content of aliphatic acids is between 0.1 -0.9 meq/100 g soil. The
level of amino acids does not exceed 2 ufg soil. The largest part of amino acids
is bound in proteins or sorptively on other soil constituents.

The sugars are mainly bound in the form of polysaccharides. About 6-16%
of soil organic matter consists of carbohydrates. Some of the poly saccharides
are linear polymers and influence remarkably the soil structure (see Chapter 4).
Organic phosphorus compounds occur in the form of nucleic acids and their

Durand, 1965; Hofmann and Hoffman, 1966; Voets and Dedeken, 1966; Skujins,
1967; Kuprevich and Shcherbakova, 1971; Galstian, 1974; Rotini and Sequi,

3.10 ORGANIC COMPOUNDS IN SOIL
mentioned in detail, attention will be given to a few.
components, or in the form of inositol phosphates.
1/
1974.
2/

e.g. Flaig, 1971; Greenland and Oades, 1975; Parsons and Tinsley, 1975;
Anderson, 1975 a, b: Braids and Miller, 1975; and the annotated publications of
"Soils and Fertilizers" and others.
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Apart from phenolic compounds, the formation of which was discussed
above, some compounds can be derived from phenolic plant constituents such as
flavanones, flavanoles, catechines and others (e.g. Bate-Smith and Lerner, 1954:
Coulson et al., 1960). The amount of phenols, derivable from lignin, decreases
with the depth of the soil profile (Bruckert et al., 1967 and others). Whitehead
(1964), for instance, determined the concentration of different phenolcarboxylic
acids in surface soils and reported their contents as about 10=5 mol/litre or
10 ppm. Similar investigations were made by Guenzi and McCalla (1971). In
alkaline extracts of peat the concentration of phenolcarboxylic acids varies
between 10 and 1 ppm (S&chtig and Maciak, 1971). The importance of phenolic
compounds for a favourable effect of soil humus on plant growth is not yet completely
understood, not even after numerous investigations in sand and water cultures, in
field experiments or by special investigations of plant metabolism (summary: Flaig,

1968).

In soils, other phenolic or quinoid compounds are found such as 3-nethyl-1,
4-naphthoquinone (Mathur, 1971), Z-methoxy-1,4-naphthoquinone (Lambert, 1971)
or anthraquinones (Kumada and Suzuki, 1967). McGrath (1972) isolated different
hydroxy-anthraquinone derivatives.

HO O OH
1|
I:-HJ_
4 0
Chrysephanel Chrysotalurin

Chrysotalunin occasionally amounted to more than 120 ppm of soil, whereas the
other compounds were less than 4 ppb. Furthermore it could be demonstrated that
special soil micro-organisms, e.g. Eurotium chinolatum, synthesize anthra-
quinones (Saiz-Jimenez et al., 1975). These observations may be interesting in
relation to plant growth, because anthraquinones increase the length of roots of
Lepididium sativum in culture solutions (Flaig and Otto, 1951).

5
&

Benzo(a)pyrene

Another group of compounds - polycyclic aromatic hydrocarbons (PAH) -
will be mentioned in connection with the use of municipal waste as organic
fertilizers (Chapter 5). Their oxidation products, e.g. benzo(a)pyren, are
cancerogenic. These types of compounds were identified after reduction’ of humic
acids with zinc dust (Cheshire et al., 1967) or were isolated in small amounts
from soils (Blumer, 1961). More data are given in Chapter 5 (compare the list of
other polycyclic compounds in Braids and Miller, 1975, pp. 346-348).

UPTAKE, TRANSPORT AND TRANSFORMATION OF PHENOL CARBOXYLIC
ACIDS (LIGNIN DEGRADATION PRODUCTS) IN PLANTS

In section 3.3 it was mentioned that one of the direct effects of constituents
of humus on plant growth may be the uptake of cnmgounds by the roots of plants and
their influence on metabolism (see also section 4.8). Therefore the uptake, the



transport and the transformations of phenolic lignin degradation products, such as
p-benzoic, vanillic and syringic acid by plants, were studied (Harms, 1968; Harms
et al., 1969 a, b, 1971).

For this purpose the phenol carboxylic acids were labelled at different
carbon atoms such as at the carboxyl group, the carbon atom of the methoxyl group
or uniformly in the benzene ring and added to the nutrient solution of sterile
cultivated wheat seedlings in a special experimental set. The plants were prepared
by lyophylization for extraction. The activity of the residues of extraction with
different solvents was determined. In this way statements could be made about the
fixation of the activity in the course of reactions occurring and in different plant
constituents. As an example of such experiments the results of the addition of
14C.carboxyl-labelled vanillic acid are cited (Harms et al., 1969 b).

*ug coleulated from quantily and aclivity

wg * of odded vanillic acid
1200 ¢
Sprouts wg*!
1000 — oo
free vanillic acid —_—
glucosid and/or glucose este
ef vanillie acid
low moleculor weight ————=
5001 cell constituents - s

cellufose
lignin
prefeins

—-=-condensatisn products
of vanillic acid

. 3
: methahol-, . waoler-exfroct &\\ residue

Fig. 16 Content of activity in the extracts of roots and sprouts after incubation
with carboxyl-labelled vanillic acid for 6 days (Harms et al., 1971)

The main results are:

- the accumulation of activity in the roots is about 10 times higher
than in the sprouts;

- the quantity of free vanillic acid in the plant is relatively low
according to the radioactivity of the residues in the ether extracts;

- the largest part of activity was in the methanol extracts. By further
investigations it was found that vanillic acid is transformed into
glycosides, in glucose ester or into glycesides of glucose ester;

- in the water extracts some 14C-labelled plant constituents could
be identified;

- in the residues of water extracts of the sprouts, cellulose, lignin
and proteins contained radicactivity by endogenous fixation of
labelled carbon dioxide, which was formed by oxidative decarboxy -
lation of the added l4C-vanillic acid:
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- the activity in the residues of water extracts of the roots was
caused by oxidative polymerization of vanillic acid together with
some degradation products;

- the relatively high release of labelled carbon dioxide is a measure
of the oxidative decarboxylation of vanillic acid. By this reaction
methoxy-hydroquinone is formed and could be identified in a
quantity corresponding to about 1% of the added activity.

These results are interesting because hydroguinones are 10 to 100 times
more physiologically active in plant metabolism than the corresponding phenol
carboxylic acids. Furthermore, particular reactions of phenol acrylic or
carboxylic acids have been studied in cell suspension cultures, especially the
O-demethylation (Berlin et al., 1971, Harms, 1972; Harms et al., 1972).

The studies on the uptake of phenol carboxylic acids by plants may be
interesting in so far as observations exist that some varieties of ceredls are
the more resistant to Fusarium and other fungal diseases the higher the content
of phenolic compounds, which are identical to those mentioned. Moreover,
some investigations have been published about higher resistance by potatoes to
Phytophtera if there is a higher content of phenolic substances in the plant
(Olteanu and Brad, 1969). More research work should be done to clarify the
biochemistry of these processes, because they are interesting for increasing the
natural resistance to tfiseases and , therefore, are a remarkable contribution to
environmental protection by diminishing the use of often not-so-harmless
fungicides. In connection with such investigations, more attention should be
paid to the possible contributions of soil organic matter. The phenolic compound s
mentioned can be isolated from soils.,

INFLUENCE OF PHENCOLIC COMPOUNDS ON ENZYMES IN SCIL

Hydroquinones or the corresponding quinones inhibit nitrification and
urea activity (Bundy and Bremner, 1973, 1974, also Flaig and S&chtig, 1967).
The effect of these quinones on the inhibition of nitrification is comparable to
that of commercial chemicals.

50 mg substance/g soil, 30°C, 50% max. water
cagacity, incubation time 14 days
Inhibition of

0 p-benzochinone aél'[?i.ﬁiﬂly nitrification
bl 3 ,3-Dimethyl- 80% 3%
|.|3{; 2,5- " 824 70%
0 296‘ i ?9% 69%

compare: N-Serve, Down Chemical, USA
2-Chlero-6-(trichloromethyl)-pyridine 80%

AM, Toyo Koatsu Industries, Japan
2-Amino-4-chloro-6-methyl-pyrimidine  31%

5T, Sigma Chemical Co., USA
Sulphathiazole 22%

Fig. 17 Inhibition of urea activity and nitrification by quinones
(Bundy and Bremner, 1973, 1974)



The consumption of urea as a fertilizer is increasin% steadily because of
its high nitrogen content of about 46% (Bremner and Hauck, 1974).

Over-high concentrations of ammonia, with its toxic effect on young plants
under special climatic conditions, can be avoided by using inhibitors of urea
activity. The inhibition of nitrification diminishes the leaching of nitrate into the
deeper horizons of the soil by rainfall. Nitrification is also inhibited by the low
molecular weight fraction of the slow release nitrogen fertilizer N-Lignin.

According to model experiments the effect may be caused by the degradation
products of oxidized lignin.

Biochemical studies of soil organic matter, and its constituents, explain
some of its favourable effects on plant growth and yield, which cannot be caused
by improvement of physical conditions in soils or by additional fertilization with
inorganic nutrients (Flaig and S8chtig, 1973).
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4. IMPORTANCE OF SOIL ORGANIC MATTER TQ SOIL FERTILITY

SOIL ORGANIC MATTER AS A SOURCE.OF PLANT NUTRIENTS ESPECIALLY
NITROGEN

Organic matter plays an important role in the life processes in the soil
and a brief description of its significant role in plant nutrition is given here.

The plant is composed mainly of organic compounds, containing carbon,
hydrogen and oxygen and, to a lesser extent, nitrogen. The first three elements
are taken up by plants as carbon dioxide and water which are final products of
the decompesition of the soil organic matter, but experiments show that only
traces of this carbon dioxide can enter the plant through the root system (Kick
et al., 1965; Sauerbeck and Fiihr, 1966), Most of the carbon dioxide from the
decomposition of soil organic matter is released into the atmosphere and enters
into the common cycle. In dense vegetable formation, e.g. potatoes or beets,
this carbon dioxide can be stored near the soil surface and used by plants via
the leaves.

A direct uptake of low molecular organic compounds is observed mostly
in water cultures under more or less sterile conditions, but the same should be
possible in soil.

The uptake of amino acids through the roots has been proved by Virtanen
(1935), Virtanen and Linkola (1946) and Mietinen (1963). Some of the amino
acids under investigation in these experiments showed a specific influence on
plant growth. How far the uptake and direct metabolization of amino acids in
plants contribute to yield production under field conditions is not yet known.

Winter et al. (1959 a, b) demonstrated qualitatively the uptake of phenolic
compounds by bean and wheat plants as well as arbutine, phlorozine and other
compounds. The phenols were transformed to glucosides in the wheat plant
(Winter, 1960). Phenolic compounds, also isolated from soils, can be taken up
through the roots, but only traces are transported to the sprouts, partly oxidized
to quiononoid compounds; t,hni-1 /(rmin part is immobilized in the form of glucosides
and/or their glucose esters. 1

On the contrary it does not seem possible for plants to take up humic
substances. Prat (1963 a, b) observed that the dark-coloured humic substances
extracted from soil cannot diffuse through an onion epidermis used as a membrane
for dialysis and do not appear in guttation drops. If the cut sprouts are put in a
solution of the same humic substances, the dark-coloured compounds can diffuse
only slowly over a short distance and are quickly coagulated in the cell soap.
Fiihr and Sauerbeck (1967) also observed that 14C-labelled humic acid fractions
of rotted straw do not pass the epidermis of a carrot. Only traces of them were
taken up by sunflower roots (Fiihr and Sauerbeck, 1966).

The soil organic matter is the main natural source of nitrogens; only
small amounts can be fixed by micro-organisms from the air or can enter the soil
via rainfall. The content of humus and nitrogen is described in the main soil
types of the USSR (Kononova, 1975).

S&chtig et al., 1968; Harms et al., 1969 a, b; 1971; Kastori et al., 1970 =
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columns of different lengths (Kononova, 1975)

The nitrogen content in a soil increases with its amount of humus. On
average about 2 300 - 11 300 kg nitrogen/ha are stored in the upper layer (0-20cm)
of a mineral soil and about 4 000 - 35 800 in the 0-100 cm layer. The percentage
contents of soil organic matter and nitrogen decrease with the depth of the profile,
depending on the soil type.

Broadbent (1968) described the dynamic equilibrium between inorganic and
organic nitrogen in soil and the control of the availability of nitrogen to plants and
micro-organism by the two opposite processes - immobilization and mineralization.
Immobilization decreases the availability of nitrogen by fixation of ammonium ions
within the layers of clay minerals, by assimilation by micro-organisms and fixation
in their organic nitrogenous compounds and liberation in the form of ammonia.

This process depends largely upon the activity of micro-organisms. Jansson (1958)
postulated a large pool of passive organic nitrogen supplying very little to available
nitrogen. Scarsbrook (1965) reports that 2-4% of the nitrogen in soil organic
matter is mineralized per year.




4.1.2

4.1.3

Effect of Soil Factors on Nitrogen Immobilization

Broadbent (1968) considered the fixation of ammonium by clay minerals as
an irreversible component of immobilization and describes that tagged nitrogen
applied in the form of ammonium sulphate to a Columbia fine sandy soil containing
a small quantity of vermiculite is fixed to a distinct amount in some hours without
further changes within the time of the experiment, whereas the exchangeable
nitrogen disappears slowly within 15 days. The immobilization of ammonia reacting
with soil erganic matter (fixation of ammonia by soil organic matter) was studied
by Mattson et al. (1942) and reviewed by Shortland and Walcott (1965). The
results of this type of experiment show that soil organic matter fixes a larger
quantity of ammonia than the clay. Its availability to the plant seems to be very
low (Burge and Broadbent, 1961).

The biological immobilization depends largely upon the conditions
influencing the activity of micro-organisms. In the initial phase, within two weeks
or less, a very rapid decrease of inorganic nitrogen occurs, followed by a period
of mineralization, but the initially fixed nitrogen seems to be quite stable. A
number of soil factors affect the rate of the turnover.

The influence of temperature on immobilization shows that maximum
immobilization is reached in a shorter time with increasing temperature, but the
amount of immobilized nitrogen is not significantly affected. These results were
found after addition of 100 ppm N in the form of tagged ammonium sulphate. The
mineralization of the immobilized tagged nitrogen is slower than that of the initial
soil nitrogen (Broadbent, 1968). The effect of the source of nitrogen is shown by
Jansson et al. in three different soils after adding 100 ppm N as tagged ammonium
sulphate or tagged calcium nitrate with 1% oat straw by determination of the
tagged nitrogen in the organic fraction. Even though the ammonium is very
quickly nitrified, the nitrogen of the ammonium sulphate is immobilized much more
rapidly and to a higher amount. But the immobilized ammonium nitrogen seems to
be remineralizable, whereas the immobilized nitrate remains in this state during
the 60 days of the experiment.

With increasing soil pH, the immobilization of ammonium nitrogen
increases, that of nitrate decreases, without and with straw, but the effect of
pH is more pronounced after the addition of straw.

Chemical Nature of Immobilized Nitrogen

It can be assumed that the immebilization of nitrogen by micro-organism
activity results in an increase in tagged nitrogen in the fraction of amino acids.
Analysis of hydrolysates confirms this fact.

The tagged N-content is larger than in hexoseamine, amino acids and in
other hydrolyzable nitrogen, but smaller than in amide nitrogen and non-hydro-
lyzable nitrogen. After 454 days only small differences in the distribution of
nitrogen were observed but these small differences suggest that some of the amino
acid nitrogen can be converted into other forms, possibly more resistant to
biclogical attack.

Plant Recovery of Immobilized Nitrogen and Other Elements

Broadbent (1968) shows a very small recovery of previously immobilized
tagged nitrogen by pot experiments with grass. Only the first cut, and to a
lesser extent the second cut assimilated mineralized tagged nitrogen.
Bartholomew (1965) in his review also came to the conclusion that the nitrogen
added as organic material and not mineralized in the first year becomes a part
of the soil organic matter and decomposes slowly over a period of many years.



Furthermore, the mathematical calculations of Broadbent (1968), based on the
results of Woodruff (1949) and the constants calculated by Bartholomew and
Kirkham (1960), show a very small rate of turnover of immobilized nitrogen.
Reviews of nitrogen forms in soil and of methods to determine the different forms

of nitrogen in soil are given by Bremner (1965, 1968) and Parsons and Tinsley
(1955).

Phosphorus and sulphur are taken up by plants mainly in the form of
inorganic anions as phosphate and sulphate. The organic compounds of phosphorus
(Anderson, 1975 a) and sulphur (Anderson, 1975 b) contribute to the nutrition of
plants depending on their decomposibility and the activity of micro-organisms.

4.2 CONTRIBUTION OF SOIL ORGANIC MATTER TO SOIL CONDITIONS

Soil structure is a result of the interactions mainly between inorganic
soil colloids such as clay minerals or sesquioxidehydrates, polyvalent cations,
and fractions of soil organic matter. Favourable or unfavourable effects of the
soil structure depend on soil climatic factors as they condition chemical reactions
and microbial activities, on chemical composition and on physical properties of
the inorganic soil colloids as well as the properties of fractions of soil organic
matter, which are caused by their chemical structure.

According to numerous investigations, it is mainly the high molecular
weight fractions of humic substances that participate in interactions that form the
soil structure (Flaig et al., 1975) and are important factors effecting soil
conditions.

Regarding the scheme of the principles of formation of humic substances
in general (Chapter 3), the following diagram illustrates the formation of the main
organic polymers in soil.

C_’D? mt.&‘-—-.__,, nucleic acids 4,__,_._.-—----""" Micro-organisms (ﬂnimal.L

cellulose pectin lignin proteins diff. polysaccharides chitin
enerpy, degradation synthesis
metabolisms
of micro-organisms phenolic nitrogenous
compounds compound s

random-polymerization
to humic substances

spheric colloids linear colloids
e.g. humic acids
heteropolar (homopeolar) heteropolar
polyvanions (amphoters) (polycati 5;;} l polyanions
{(amphoters)

Fig. 19 Transformations of high molecular weight, main constituents of
organisms in spheric and linear pelymeric fractions of soil organic
matter



4.2.1

The main organic, high molecular weight constituents of plants are
cellulose, pectin, lignin, proteins and, to a smaller amount, nucleic acids. From

them: cellulose is used in the energy metabolism of soil micro-organisms and

released to a large part in the form of carbon dioxide as a metabolite; and plant

pectins are more or less easily decomposed by the activity of micro-organisms.

Besides protein and nucleic acids, the micro-organisms contain chitin and
synthesize different polysaccharides according to their species.

Animals contribute little to high molecular weight fractions of soil

organi ¢ matter because most of their high molecular body substances are utilized

by micro-organisms for their metabolism.

One of the most important building blocks of humic substances is that of the

phenolic compounds as mentioned previously. These occur in soil by degradation of

lignin or by synthesis in the metabolism of micro-organisms from aliphatic precur-
sors. By random-polymerization with nitrogenous degradation products of proteins,
the formation of the different fractions of humic substances occurs. The humic

acids are spheric colloids with the %ruperties of heteropolar polyanions and, to a
lesser degree, amphoters (Chapter 3) %

The chitin and the different polysaccharides, formed in the metabolism of
soil micro-organisms, are linear colloids. Most of them are heteropolar anions.
Some of them may have the properties of amphoters, when for instance glucosamine
is a constituent of the high molecular chain. The presence of high molecular weight

polycations in soils can be excluded in all probability.

Besides the high molecular weight substances, filamentous material such
as hyphae of fungi, small root hairs, etc., also plays an important role in the
formation of soil fabric. But in relation to biochemistry of soil organic matter
only the contributions of the mentioned polymers will be discussed.

Effect of Polymers in Relation to Scil Fabric

i. Spherical soil colloids (humic acids)

In the arable soils of the temperate climate about 0.2% of their
weight is the carbon fraction of humic acids; their importance for different
physical properties has already been described. By physico-chemical
measurement it has been demonstrated that humic acids consist of hetero-
polar globular-shaped particles with a negative charge. They form
micelles which increase in size with increasing hydrogen ion concentration
(summaries in: Flaig et al., 1975).

Aggregation and dispersion of humic acids, as influenced by pH
values, can be followed in principle with the electron microscope (Beutel-
spacher, 1955a, b) (Fig. 20). In an alkaline medium (pH = 8) the humic
acids are dispersed in almost single particles, whilst in an acidic (pH = 3.5)
medium aggregates are formed. The negative charge of humic acids is caused
by the acidic carboxyl and phenolic hydroxyl groups. Through investigations
with model substances one can assume that amine groups are also present in
humic acids, which could contribute to some amphoteric properties.

With increasing nitrogen content the sponge-like particles become
more compact and less hydrated (Flaig and Deutelspacher, 1954; Orlov
and Groskova, 1965). The copolymerization of nitrogenous compounds may
also cause a connection between phenolic compounds and the formation of
heterocyclic ring compounds. The latter are mostly less degradable by
micro-organisms than nitrogen compounds with an aliphatic chain connected
with aromatic rings. The functions of the nitrogen in the humic acids also
determine the rate of decomposition and the function of the slow release
nitrogen source.



Fig. 21 Electrodialized kaclinite and humic acids isolated from
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Fig. 23 Filamentous particles in earth worm castings
(Beutelspacher, 1955) (electron microscope)



The interactions between the inorganic and organic soil colloids
are an important factor for the stabilization of the aggregates and there-
fore for soil productivity (Theng, 1974). In these processes the poly-
cations (such as of calcium and sesquioxidehydrates mainly from iron and
aluminium) as well as colloidal silicic acid play an important role in these
reactions.

If electrodialized, the humic acids and kaolinite are negatively
charged colloids and no interactions occur (Fig. 21). The shadowing
with platinum shows that an oriented sorption occurs neither at the edges
nor on the surface of the erystals. An interaction can only be observed
when the charge of the surface of kaolinite is changed by sorption of
sesquioxidehydrates of aluminium and iron or by polyvalent cations.

Such observations have been made by many other authors.

Recently Valla, Guckert and Jacquin (1972 a, b) investigated the
formation of complexes between Cl4-labelled humic acids and montmor-
illonite loaded with different ions. They found that the adsorbed amount
of humic acids per surface decreases in the row with Fe+++-, H+- and
Ca**-montmorillonites. They made the observations by extraction with
the classical solvents, sodium hydroxide or pyrophosphate, that the
complexes with Ca**-montmorillonite are more stable than those with
Ht-montmorillonite and these again more than those with Fett+-montmor-
illonite. The process of complex formation with triple layer clay minerals
is much stronger than with double. layer clay minerlas.

ii. Linear soil colloids (polysaccharides and linear polyelectrolytes as
model substances

The other types of more or less high molecular weight substances
in soil are linear colleids, mainly the microbially synthesized poly-

saccharides.
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In contrast to humic acids they consist of a smaller number of
monometers. The microbially synthesized polysaccharides in culture
solution are formed by three different monomers on the average. In the
polysaccharides fractions isolated from soils about 10 different monomers
have been identified by hydrolysis. It is estimated that 5-20% of the
organic substances present in soil are polysaccharides. As mentioned,
they are mostly polyanions and are water soluble or dispersible. The
influence on aggregation of inorganic constituents is very strong. As an

example the classical work of Rennie, Truog and Allen (1954) in this
field is cited.
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Fig. 25 Effect of different linear polymers on crumb formation

(Rennie, Truog and Allen, 1954)

The effect on formation of soil aggregates is stronger in the case
of microbially synthesized polysaccharides than in the case of poly-
saccharides isclated from scils. This may depend upon the chain length
of soil polysaccharides. The strong effect on the formation of stable
soil aggregates by the natural linear colleids, which is in many cases
favourable for plant production, led to investigations with different
synthetic, linear polyanions and with the technical product "krilium"
(S&chtig, 1957; Flaig and S&chtig, 1957)

Polyacrylic or polymethacrylic acid, in some cases also cellulose
derivatives such as carboxymethylcellulose, are used as model substances.
"Krilium" consists of partially hydrolyzed polyacrynitrile or of a mixed
polymer of vinylacetate and maleic acid. Field experiments have shown
that "krilium" has in many cases a favourable effect on yield of crops but
it is mostly too expensive for practical use. In the case of model experi-
ments also the properties of polycations have been investigated. The
positive charge of etheleneamine is higher than that of polyvinylpyrrolidone.
The linear, heteropolar high molecular weight substances differ in their
properties from the spheric ones (summary: Staudinger, 1941).

Strongly ionizable linear polymers such as polyacrylic acid are
coiled in solution. With increasing sodium ion concentration the
molecule is stretched out. With the addition of an excess of sodium
hydroxide coiling occurs again. The effect on specific viscosity is
greater the longer the chain length.
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These properties of linear polyanions may play a role in the use

of such substances in practice.

Seoils under extreme climatic conditions

(salty soils, desert soils, etc.) usually need conditioning, because they
The aggregate stability in mixtures of linear
polyanions with inorganic soil colloids is caused partly by a different

are not well textured.

mechanism to that in spherical organic colloids.

Mo interactions between

sesquioxidehydrates and clay minerals are first necessary as in the case

of humic acids.

In low concentrations filamentous, branched aggregates

of molecules, and in higher concentrations aggregates like a network,
are formed by drying. These processes are almost independent of the

pH value.
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Viscosity of a solution of polyacrylic acid depending

on the concentration of sodium hydroxide



In model experiments with an electron microscope the differences
in the effect of linear polymers in contrast to spherical pelymers were
demonstrated (Fig. 22). Also, in this case, the acidic groups interact
with the kaolinite. This can be assumed because, aflter sorption of the
linear polymer, the sum of cation exchange capacity does not correspond
to the negative charge of clay mineral plus polymer. Other inter-
molecular forces are also effective. Furthermore, the single particles
of the clay mineral are connected with filamentous aggregates of the
molecules of the linear polymer. The effect on aggregate formation
increases with the length of the chain of the polymer.

Long chained polyelectrolytes (anions and cations) also flocculate
clay suspensions, as can be demonstrated by nephelometric measure-
ments. In this case, cations play an important role, because with
increasing concentration, coiling of the chain generally increases and
this part of the effect on agpgrepate formation decreases. With an
increasing addition of calcium chloride to a suspension of kaolinite and
polyacrylate the flocculation increases. After the point of equivalence a
complete dispersion occurs. This can be explained by coiling of the
linear polymer molecules. According to these results, and others of
further investigations, one can assume that the linear organic poly-
electrolytes take a greater part in the processes of aggregation the more
they are in stretched form. By adding of calcium chloride beyond the
point of equivalence, flocculation again occurs. The different forms of
the aggregates of the first flocculates and of the second lead us to assume
that, in the case of the second flocculation, the clay mineral is co-
precipitated contemporancously with the ¢lay mineral by the calcium ions
(Flaig, Beutelspacher and S&chtig, 1958).
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Fig. 28 Aggregation of kaolinite by addition of

CaCl, in the presence of polyacrylate

These experiments demonstrate that the effect of "soil conditioners”
consisting of negatively loaded pelymers may also depend on the salt
concentration in the soil solution. Therefore special investigations have
to be made for each case, especially in salty soils. In Fig. 29 it s
demonstrated that the flocculation of kaclinite is not only effected by the
length of the chain but also by the charge of the linear polymers (Flaig,
Beutelspacher and S&chtig, 1962). In the experiments described the
suspensions contain the same amount of clay minerals and linear polymers;
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the less positively charged polyvinylpyrrolidone, which is more effective
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be interesting in connection with some natural linear polysaccharides
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Influence of differently charged linear polymers of

equal chain length on the flocculation of kaolinite

It can be assumed that the contribution of naturally occurring

= polyethyleneamine
= polyvinylpyrrolidone
PMA = polymethacrylic acid

linear polyanions to the soil structure is more effective if the mean

residence time in soil is greater. This time depends on the resistance

to microbial degradation.

Table 7 DECOMPOSITION OF 14C-LABELLED POLYSACCHARIDES* FROM

HANSENULA HOLSTII, LEUCONOSTOC DEXTRANICUS, AZOTO-

BACTER INDICUS AND CHROMOBACTERIUM VIOLACEUM IN

GREENFIELD SANDY LOAM

(Martin et al., 1974)

Weeks
Organic amendment Percentage decomposition**
1 2 3 4 & B 12 16
H. Holstii polysaccharide 51 60 63 66 67 68 72 73
84% D -mannose, 16% D-mannose-
6-phosphate
L. dextranicus polysaccharide 52 64 70 74 76 78 83 85
dextran from glucose units
indicus polysaccharide 3 11 18 27 39 5 61 68
31% glucoronic acid, 16% aldoheptose
53% glucose
C. wviolaceum polysaccharide 15 28 31 33 34 36 L0 L2
16% glucoronic acid, 25% glucosamine
49% glucose
Qat straw 31 39 44 47 52 56 60 62
Corn stalks 31 40 44 46 48 49 55 57

* Decomposition in 500 g Soil at 60% of moisture capacity.
** Percent of added carbon evolved as CO;.

added at 0.25% concentrations.

14C -polysaccharides




iii.

Investigations of different 14C-labelled polysaccharides isolated
from cultures of bacteria and incubated in a soil under standard conditions
demonstrate that, in general all those materials decomposed approximately
to the same extent as oat straw or corn stalks after a longer time of
incubation. But the rate of decomposition is slower in the case of the
polysaccharides from Azotobacter indicus and Chromobacterium violaceum
than in the case of the others. The polysaccharides of the two bacteria
mentioned contain more acidic monomers in the chain than the others. One
can assume that the po }ym-:-rs with stronger heteropolar monomers, such
as glucurconic acid and /or glucosamine, are more adsorbed by the clay
minerals of the loamy sand and therefore degraded more slowly.

Earth worm casts consist of very stable aggregates. After
preparation for investigation with an electron microscope, filamentous
particles were found, which may be the cause of the stability (Fig. 23).

In a manner similar to the effect of stretched linear polyiners, the
hyphae of fungi can act as crumb stabilizing material.

Hydrophobic soil conditioners

According to Lenvain and De Boodt (1975), the productivity of
water repellent soils is a auestion of controlling the repartition and the
quantity of hydrophobic substances in the soil. The addition of small
quantities of hydrophobic bitumenous emulsion 10 soil decreases the
evaporation and improves plant growth. The treatment of coarse
volcanic soils from tropical regions with the emulsion mentioned has a
beneficial effect on growth of grasses. Water losses are decreased
infiltration alters minimally and more water is available for plant
respiration.

4.2.2, Interactions Between Different Biopolymers in Soil

Interactions between different organic colloids themselves are of

importance for the conditions of life in and on the soil. These processes should
be mentioned for two main reasons, because they:

further

1.

i, increase the persistence of linear colloids in soil,
possibly by effecting aggregate stability;

il. stabilize the flow of nutrients for plant nutrition from
soil organic matter, mainly in the case of nitrogen.

As little work has beendoneinthis field to elucidate causal connections,
investigations are necessary.

Increase of persistence of high molecular weight compounds (e.g. chitin)

It has already been stated that the fractions of humic acids also
contain glucosamine-nitrogen {Chapter 3). Chitin, one of the linecar
polymers mentioned, synthesized mainly in the metabolism of mesofauna
and fungi, is a polymer of acetylated glucosamine. For comparison,
experiments have been made with chitesan, which can be extracted from
the cell walls of Mucor rouxii.

Glucosamine is easily decomposable during incubation in soil. The
addition of a preformed "model humic acid" synthesized by oxidation of
phenols in the presence of a phenolase did not change the rate of
decomposition. But, if the model humic acid was synthesized in the
presence of glucosamine, the evolution of labelled carbon dioxide
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Table 8 DECOMPOSITION OF l4C-GLUCOSAMINE (GA)* AND CHITOSAN
- ADDED TO GREENFIELD SANDY LOAM
(Bondietti et al., 1972)

Weeks
Amendment 1 2 4 6 3 12
cumulative % decomposition **

Glucosamine 55 60 65 68 69 73
GA + phenolase model HA 51 57 62 64 67 70
GA incorporated into hydroxyphenol
and hydroxybenzoic acid phenclase
model HA 6 7 9 11 12 14
Chitosan 20 35 45 50 53
Chitosan incorporated into
phenolase model HA 16 23 27 29 31

* Decomposition in 500 g Soil at 60% moisture capacity. Samples added at

0.25% concentrations. #* Percent of added carbon evolved as CGE'




4.2.3

decreased very much. The nucleophilic addition of the amino group of
glucosamine to the ring of the intermediately formed semiquinones from
the added phenols preserves the complexed glucosamine from rapid
degradation by soil micro-organisms.,

The same process occurs in the case of chitosan. A higher
amount of labelled 14CO5 evolution is observed in the case of incorpor-
ated chitosan than in incorporated glucosamine both in phenol humic
acids. This is because degradation of the chain of chitosan occurs from
the free end. That is the same phenomenon as in the case of amino acids
and proteins mentioned above.

ii. The role of soil organic matter as a slow release nitrogen source

Some remarks are necessary about the stabilization of the flow of
nutrients for plant nutrition, especially nitrogen. The favourable effects
of slow release nitrogen sources from fractions of soil organic matter for
crop production have been mentioned in Chapter 3.

Verma, Martin and Haider (1975) investigated the decomposition of
labelled proteins, peptides and amino acids in soil under standard
conditions and found that after a £ to 12 week incubation, 71-95% of the
radicactive carbon was evolved as lﬁCDz. The incorporation of these
substances into model humic acids as described before reduced the rate
of decomposition in some cases by between 80 and 90%. This means that
during the formation of humic substances several reactions occur between
the phenolic compounds and the protein-like materials which form part of
the slow release nitrogen source, because by degradation of the carbon
skeleton of the complexes nitrogen compounds, mainly ammonia, are also
formed. The liberation of nitrogen from organic nitrogenous substances
occurs mainly as ammonmia. The lower the concentration of ammonium-
ions in soil, the lower is the absolute concentration of nitrate formed by
nitrification. The consequences are important for environmental
protection, because the leaching of nitrates into deeper scil horizons
and into groundwater is diminished.

Another aspect is that the probability exists that some of the
lignin degradation products formed during humilication of plant materials
inhibit nitrification in soil (Flaig and S&chtig, 1967; Bundy and
Bremner, 1974; see also Chapter 3). The properties of a technically
synthesized, slow release organic mitrogen source should be those of a
heteropolar high molecular weight polymer, possibly of linear shape and
nitrogen in different organic linkages.

Influence of Seil Organic Matter on Seil Conditions by Retention of Certain
Agrochemicals

In several cases it was observed that pesticides given to one crop damaged
the growth of the next. The yield depressing effect was sometimes smaller when
the content of organic matter was larger in the soil.

Attempting to throw light on the causal connections, it was found, for
instance, that the adsorption of "Disulfoton” {(diethyl-S-2-ethyl-thio)-ethylphos-
phorthiolthionate } is correlated more with the organic carbon content of the soil
than with its cation exchange capacity or its clay content (Fig. 31). This
correlation exists for other types of pesticides. The degree of sorption is a
function of chemical structure (summarized in: Weed and Weber, 1974). The
sorption and possible consequent stabilization or slow release of these compounds
are still poorly known and would be worthwhile subjects for future research.
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and adsorption of pesticides (Graham-Bruce, 1967)

In connection with the dynamics of soil organic matter it should be
mentioned that different authors found that decomposing plant material in the
field (Williams, 1968) or in model experiments (Walker and Crawford, 1968)
adsorb higher amounts of pesticides per gramme of scil carbon than does more
highly humified organic material in soil. Some authors (Hance, 1969; Siiss and
W agner, 1969) assume that the humic acids as such are not the constituents of
soil organic matter that are most effective in the sorption of pesticides. This
means that possibly some of the pesticides might participate in the reactions
during formation of humic substances. However, van der Waal’s forces could
also be responsible. Thus, for instance, Sullivan and Felbeck (1968) tentatively
propose a mechanism for the adosrption of atrazine by alcoholic extracts of
humic acids. Changes observed in the infra-red spectra, following formation of
the atrazine-humic acid complex, suggest that the carboxylic and phenolic
hydroxyl groups of the humic acids interact with the nitrogen atoms of the alkyl-
amino substituted s-triazines.

INFLUENCE OF SOIL ORGANIC MATTER ON THE AVAILABILITY OF PLANT
NUTRIENTS

Soil organic matter, as well as added organic material, act not only as a
source of nutrients (see section 4.1) but also influence the availability of
nutrients in different ways. During the process of chemical weathering (see
Chapter 2), organic acids formed in the transformation cycle of soil organic
matter and also those excreted from living organisms can contribute to the
solubilization of nutrients from the mineral components of soil or parent material
(e.g. Boyle et al., 1974). The soil organic matter is the most effective cation
exchanger (see Chapter 2) and thus stores the nutrients against leaching.
Scheffer and Ulrich (1960, p. 212) indicated that, based on the Donnan equilib-
rium in soil organic matter, relatively more divalent cations can be adsorbed;
consequently, more monovalent cations can either be taken up by plants or
leached.

The effect of organic fertilizers and soil organic matter on availability of
phosphate is mainly due to the complex formation of bi or trivalent cations which
inhibit the formation of non-available forms of inorganic phosphates. Struthers
and Sieling (1950) found that in nine tested organic acids, produced in soil by



micro-organisms, citric acid was the most effective among oxalic, malonic, malic
and lactic acid to prevent the precipitation of phosphate by iron and aluminium.
The effectiveness increases with the number of acid groups and decreases with
chain length. The same action was found with humus substances (Swenson et al. ,
1949; Graham, 1955; Okuda and Hori, 1957; Williams, 1960; Domaar, 1963),
phenolics (Appelt et al., 1975) and several sugars (Bradley and Sieling, 1953).
The effect is observed chiefly after the addition of easily decomposable organic

material (Dalton et al., 1952) and under calcareous soil conditions (Khanna and
Roy, 1956).

The effect of organic material seems to be dependent not only upon the
relative amount of the reactive components but also upon the stability of the
organic compounds involved. In experiments with red lateritic soils (Sé&chtig,
unpublished) it was observed that the extractability of phosphates was higher, if
the phosphate fertilizer was added to the soil together with an organic nitrogen
fertilizer (N-lignin made by oxidative ammonization of sulphite liquor of pulp and
paper industries), than without it. But the extractability decreases with time
and the same low level of extractable phosphate is reached after 4 weeks.
Another addition of the organic nitrogen fertilizer again increases the extract-
ability for a short time. This short time, nevertheless, affects the uptake of
phosphate by plants. On the other hand, the content of phosphate in plants grown
on soils poor in phosphate is higher when N-lignin 1s added simultanecusly due to
1ts action as a nitrification inhibitor by a change of the cation anion-equilibrium
(58chtig, 1970) and/or by better root development as observed after nitrogen
fertilization by Grunes and Krantz (1958).

The ability of organic compounds te form complexes and/or chelates with
cations influences not only the availability of phosphate but also that of the metal
cations needed by plants. Dolar et al. (1971) stated that there was a positive
correlation between the content of organic matter in soil and the extractability
of trace elements. The positive effect on iron chlorosis obtained by adding iron
chelates is well known (Steward and Leonhard, 1957: Bould, 1955; Wallace
et al., 1955). The addition of water soluble, chelate forming organic compounds
to a soil can improve the supply of trace elements to plants (Perkins and Purvis,
1954; Bautler and Bray, 19506; Holmes and Brown, 1955). Christenson et al.
(1951) and Lindsay and Norrell (1969) show that the process of chelate formation
depends, among other things, on the pH of the soil, the concentration of other

cations present in the soil solution and the type and amount of organic substances
in soil.

The formation of unavailable complexes can reduce the uptake of copper
by plants (Gilbert, 1952). Schlichting (1955) discussed the question of the
formation of soluble and insoluble complexes in different extraction conditions.
Elgala and Schlichting (1 976) reported that the addition of humic acids to a soil
increases the extractability of iron, manganese, zinc and copper; this extract-
ability decreases with the length of incubation, mainly for copper and zinc.
Additionally, solubilization of iron and manganese can be enhanced by reduction
of non-available higher oxide forms to available in the presence of organic
material. This effect is stronger under natural reducing conditions, as in water-
logged soils (Piper, 1931; Mann and Quastel, 1946; Bloomfield, 1951;
Motomura, 1962). The same effect can be observed if large amounts of plant
residues are incorporated in well-drained soil (Betremieux, 1951; Cotter and
Mishra, 1968; Elliot and Blaylock, 1975). Behrenberg-Goszler { 1943) observed
that in a field with a manganese deficiency the plants growing in the tractor
tracks are normally coloured and healthy.
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INTERRELATIONSHIPS BETWEEN ORGANIC AND MINERAL FERTILIZERS IN
SOIL PRODUCTIVITY

For many investigations 1/ it is known that fractions of humic substances
can have a favourable effect on growth and yield in nutrient solutions, sand
cultures as substrate for cultures and also in soil. However, other results are
published which do not confirm the favourable effect of humus or its fractions
(summarized in Sax, 1963). An endeavour was made to elucidate and summarize
these contradictions in S&chtig (1964).

The extent of the influence of metabolically active substances also depends
on environmental conditions such as temperature, light and humidity, as well as
on nutrient supply. Some examples may explain this, for instance, Chaminade
(1966, 1968) found that overdoses of inorganic nitrogenous salts remain effective
for yield production in the presence of humus, while without humus there was a
decrease in yield. The investigations were made in pots with sand cultures and
rye grass. Charreau (1975) also observed a favourable effect on crop yield by
adding organic material to ferralitic soils whereby there was a better utilization
of nitrogen.
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Fig. 32 Influence of humic substances on vield with overdoses of
inorganic nitrogencus salts (according to Chaminade, 1966)

Several laboratory experiments were made to explain the possible
mechanism of the effects observed. Guminski and Guminska UQS&? investigated
the influence of fractions from humus on the production of plant mass or tomatoes
at low oxygen tension in water cultures (Fig. 33). The yield from an unaerated
nutrient solution was higher when humic substances were added than without them.
But the yield was the same in an aerated culture with and without the addition of
humic substances.

In pot experiments S&chtig (1964) investigated the influence of a model
substance from ozidized lignin degradation products; the substance was thymo-
hydroquinone (THQ) (Fig. 33). The soil was constantly saturated and the water
flow was about 100 ml. The leaching of nutrients was not influenced by the
addition of THQ. In spite of these unfavourable conditions, such as leaching of

Blanchet, Chaminade, Christena, Guminski, Part and co-workers, Nielewski,
Rypacek, Sladky, Saalbach, S&chtig, Tichy and others summarized in Flaig, 1968



Table 9

EXPERIMENT ON THE SPECIFIC ROLE OF O
BAMBEY, SENEGAL, 1972

I&?J’LNIC MATTER

A - Yields of early pearl millet (kg/ha)
Addition Mineral nitrogenous fertilizer (N kg/ha)
of composted . -
straw 0 30 60 20 120 150
11 t/ha ’
1 959 1971 2179 2241 2192 2 061
0 1 608 2017 1 956 2 039 1 959 1 922
11 t/ha 6325 | 6600 | 7250 7025 | 7210 7 480
S (D.M.)
traw
0 4825 | 6375 6 375 6 040 6 925 6 170
B - Distribution in % of fertilizer nitrogen stored in the various parts of the soil-plant
system (calculations from 15N)
Addition : Soil +
Fertilizer |of composted Straw | Grain 5&:::1 © s&;l{:m} Straw + | Losses
straw = = Grain
11 t/ha 2
i MD.M.) 18.8 17.6 36.4 37.7 74.1 25.9
0 18.0 21.2 39.2 43.3 82.5 17.5
11 t/ha " " A
1EﬂN {D.M.} ]6-5 llll 2?.6 29!.} 5?!] dalg
0 14.9 12.7 27.6 25.0 52.6 47.4
C - Percentage of total nitrogen in grain and straw coming from fertilizer

(calculations by usual methods)

Addition .
Fertilizer of composted Straw Grain 53”‘_’
straw + Lrain
11 t/ha .
90 N (D.M.) 22.9 21.7 22.2
(4] 16.4 26.5 20.6
11 t/ha A : sy 5
22.3 28.3 24.3
150 N (D.M.)
0 33.4 37.0 35.3

LF Source; Dcmmer'gues (1973). After: Ganry (1973); Guiraud (1972)




nutrients, water saturation of soil and low oxygen tension, the hydroquinones
increased the yield remarkably (up to 13 g), but not up to the amount of the
control (29.2 g) without leaching of nutrients and water saturation of the soil.
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Fig. 33 Investigation of oxygen Fig. 34 Investigation of the leaching of
deficiency in nutrient water in the presence of thymo-
cultures (Guminski) hydroquinone (Sé&chtig)

Boguslawski and Saalbach (1960) observed that the effect of thymohydro-
quinone depended on the different climatic conditions occurring during the four
years of a field experiment and on an intensive interaction with the nitrogen
supply of the plants. The effect of THQ on the growth of seedlings depends on
humidity. The dry weight of the seedlings was increased by THQ only at lower
humidity, while there was no effect at 100% humidity. The content of reducing
sugars in the treated plants was higher than in the untreated; therefore the
osmotic value was higher in the former plants. They did not wilt at low humidity
as did the control. The treated plants had a greater resistance to drought, and
also to frost (S8chtig, 1964). These and other experiments demonstrate that the

effect of a metabolically active substance on plants depends on the environmental
conditions (see also S&chtig, 1967).

Table 10 INFLUENCE OF HUMIDITY ON THE EFFECT OF THQ ON
THE INITIAL GROWTH OF SUMMER RYE
(Saalbach, 1957)

Sprouts Roots
mg/l dry weight content of dry weight content of
THO rel. reducing sugars]| water rel. reducing sugars
mg % % mg %
100% humidit
0 100 (0.89 @) 200 93.0 | 100 (0.32 g) 25
1.7 97 180 93.0 | 109 40
16.6 100 165 93.3 | 159 55
55-60% humidity
0 100 (0.75 @) 200 91.5 | 100 (0.38 g) 25
1.3 12 305 90.6 | 132 40
16.6 116 360 91.0 | 155 25

Underlined values statistically significant.
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Fig. 35 Influence of physiologically active substances on
yield and its dependence on environmental factors

The favourable effect of humus on plant growth and yield can be explained
in the following way: when growth factors, such as temperature, humidity, light,
oxygen tension of the culture medium and water saturation of the scil, as well as
the supply of nutrients are optimum, the yield of the plant mass is highest. In
other words, the effect of physiologically active substances improves the yield
formation, if one or several growth factors are deficient or excessive. This
explanation of the effect of substances from humus, lignin degradation products
or other physiologically active substances, helps to explain some of the contra-
dictory results in literature. Economically, the results can mean a partial
diminution of the risk of lower yields caused by components of soil organic matter:
a risk depending on climate factors, heavy rainfall, dry seasons and other
abnormal conditions.

BIOTIC NITROGEN FIXATION

Fixation of nitrogen by lower organisms in soils for the nutrition of plants
occurs mainly through:

i free living organisms such as algae and bacteria
(asymbiotic fixation)

ii. lower organisms (Rhizobium) living in symbiosis with
special species of plants such as leguminosae, alder,
tamariscs, etc.

1ii. a system of semi-symbiotic fixation by micro-organisms
living mostly in the rhizosphere of tropical gramineae.

The effect of biotic nitrogen fixation in soil depends on environmental
conditions, e.g. composition of the soil, soil structure and climatic factors.

To compare the effect of biotic nitrogen fixation with other nitrogen
sources, some data for temperate zones are given in Table 11.



4.5.1

4.5.2

Table 11 NATURAL NITROGEN SQURCES

kg/ha/year

Mineralization of soil organic matter from

which about a third is used for plant nutrition

(reserve of organic bound nitrogen in mineral

soils 900-9 000 kg/ha) 30-270
N-fixation by free living bacteria 10
N-fixation by symbiosis (leguminous crop) 100-200
From atmosphere by precipitation 10
Addition of organic manures L0

Asymbiotic Fixation

The free-living nitrogen fixing organisms have their optimal growth under
different soil conditions. The C/N-ratio of soil organic matter as the source of
energy must be high to transform the molecular nitrogen to proteinaceous
nitrogen. Among the bacteria: Azotobacter has its best living conditions in well-
aerated soils with neutral reaction, Bacillus amylobacter and Chlostridium occur
in many soils with a wide pH-range, Beijerinckia is adapted to acid soils because
of the low calcium requirement and is distributed in lateritic soils in the tropics.
Some fungi participate as free-living organisms in nitrogen hxation.

Other nitrogen fixing organisms have a special importance for food
production from graminaceous plants, e.g. rice in developing countries. These
are blue-green algae such as Nostoc, Calothrix, etc. In the humid tropics some
nitrogen fixing bacteria live on the leaves and provide a direct supply of nitrogen.
The ability of lichens to fix nitrogen plays a role when plants are first grown on
raw soils.

According to the data in Table 11 the amount of nitrogen lixed by
asymbiosis is not high and therefore not of such economic importance as symbiotic
and 'semi-symbiotic' nitrogen fixation.

Symbiotic Fixation

Each species of leguminosae needs its own species of Rhizobium which is
an organism that acts through nodules on the roots. The nitrogen fixing capacity
of the bacteria depends on the plant's growth conditions. About 50% of the
relatively large amount of nitrogen fixed remains in the roots and stubble on the
fields. During humification of these materials the next crop (e.g. cereals) can
make use of the nitrogen produced for its own nutrition.

About 13 000 leguminosae are known, but only a very few are used in
agricultural production. The selection of new varieties for food production is
an important task for plant breeders. The species of Rhizobium must be adapted
to the particular leguminous plant. The inoculation of seeds increases nitrogen
fixation if the specific bacteria are not yet present in the soil to be cultivated.
The selection of more or less effective strains by microbiologists can be made in
routine work by measuring the reduction of acetylene to ethylene by the nitrogen
t'ixmg, enzyme system, nitrogenase (Dillworth, 1966; Sché&llhorn and Burris,

1966
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'Semi-svmbiotie' Fixation

The hope that one day in the future the symbiotic lixation of nitrogen might
be extended to other non-leguminous crop plants and the possibility of measuring
nitrogenase activity gave new impetus to research on biotic nitrogen fixation and
its use for plant production. [t was found that bacteria living in the rhizosphere
of tropical grasses fix a remarkable amount of nitrogen. According to first
calculations, the fixation reaches 60 kg N /ha in rice fields (Yoshida et al., 1973).
Azotobacter, Beijerinckia, Pseudomonas and Anthrobacter have been identified
(Balandreau et _al., 1975) as fixing bacteria.

Furthermore it has been demonstrated that several nitrogen fixing bacteria
occur on the roots of sugarcane, Bahia-grass and other grasses, which are used
to feed cattle (D&bereiner, 1968; Débereiner et al., 1974 a, b). The same
authors found that temperatures below 27°C during the day and below 18°C at
night inhibit nitrogen fixation. By this 'semi-symbiotic' nitrogen fixing system
up to 1 kg N/ha/day should be fixed by tropical grasses for feedstuffs. In one

case it was proved, by using nitrogen-15, that about 75% of the fixed nitrogen 1s
utilized by the plant.

Two theories exist about nitrogen fixation which have not yet been
described in detail or proved. Schanderl (1947) discusses special organelles in
all plants for melecular nitrogen utilization, while Dhar (196%, 1972) explains
nitrogen fixation by processes deriving energy from the sun and the organic part
of the soil. It is to be hoped that practical application of this new knowledge will
increase world food production through the supplying by the plant itself of the
required nitrogen. Concerning soil organic matter, possible interactions between
its constituents and nitrogen fixation have not yet been studied. But one should
keep in mind the results of soil biologists, because it is known that high doses of
organic materials increasc the yield of rice fields. Some interesting genetic
work 15 also in progress.



5. ORGANIC MATERIALS AS FERTILIZERS IN CROP PRODUCTION

5.1 CHARACTERISTICS AND PROCESSING OF DIFFERENT ORGANIC MATERIALS
FROM NATURAL SOURCES

5.1.1 Animal Manure

Since the beginning of livestock husbandry, animal excrement has played
a role of changing importance, being considered either as an inconvenient,
difficult to dispose of by-product or as valuable manure for soil improvement and
crop production. Historically, the agricultural significance of animal manure was
recognized more than 2 000 years ago (Xenophon, 400 BC), and there is no
evidence to deny its use by pre-historic farmers.

There are also non-agricultural uses for excrement, such as bricks or
‘mortar' for houses and buildings, in "wurtes" (small mounds for protection
against floods), as medical drugs for external and internal use. In many dry or
treeless regions, it was and still is an important fuel: buffalo chips were
collected to heat sod houses on the Great Plains; cakes were formed and dried
for burning on the islets in the Baltic Sea as well as throughout the Middle East
and India. For 200 years man has known about the burnable gas, methane, which
develops from manure by micro-organism activity under anaerobic conditions

(Fig. 36).

Fig. 36 Manure gas plant in Germany



In many areas livestock farmers regard animal excrement as useless dirt.
They handle it as waste, like the ancient King Augeas at Elis whose stable was
cleaned out in one day when Hercules diverted a river through it - a significant
performance but not recommendable for imitation because of the ensuing heavy
river pollution.

The manure map of the world by Mather (1950) demonstrates that farm
manure has been a primary concern of European farmers. It is of agricultural
significance in those favoured localities where animal husbandry is closely
associated with crop production. Waste or accumulation of manure occurs in
those areas where this relation does not exist, i.e. where livestock management
in feedlots prevails. Figure 37 shows "Mount Fertilizer" in Artesia, California,
which 1is a hill of cattle manure.

Fig. 37 "Mount Fertilizer" in Artesia, California
(about 30 000 m3 cattle manure)

The decreasing quantity of manure in the nutrient supply to crop
production in Germany over nearly one hundred years is compared to the
increasing portion of commercial fertilizers (Fig. 38). The observed decrease
in manure relates only to the percentage of the total nutrient supply.

Where there is an interrelation between animal husbandry and crop
production, success can be achieved by increased manure production and
application. The dilemma described in an old Flemish proverb must be overcome:
"Point de fourrage, point des bétail - point des bétail, point de fumier - point de
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fumier, point de fourrage". As shown in the past, the key to success lies in
intensifying and improving forage growing through the following sequence:

Improve forage production by

- increasing the area

- improving grassland management, hay making
and forage conservation

- growing leguminous plants as the main crop in
the rotation

- growing catch crop fodder

- increasing grazing intensity, but decreasing grazing
periods in favour of stabling and indoor-feeding.

I ncrease the livestock with improved feeding practices,
Improve manure utilization by

- total collection of liquid and solid excrement

- nutrient conserving treatment and storage

- application at the right time using procedures best
fitted to the crop and the site.

Uniform distribution of liquid manure on cropland is shown in Figure 39,
while Figure 40 shows steaming, solid manure with litter being scattered with a
manure spreader. These illustrations distinguish between the rotting process of
solid manure at high temperature by self-heating and the "cold fermentation" of
liquid manure in a pit or silo where air access is prevented and no losses occur.



Fig. 39 Uniform distribution of liquid manure on cropland

Fig. 40 Steaming solid manure distribution with a manure spreader



Livestock manures contain organic matter and nutrients, both of which

are valuable for improving and conditioning the soil and for the nutrient supply of
The significance of the nutritive substances is greater where other

the crop.

sources are not available and in periods of shortage of commercial fertilizer

supply.

il

Quantity of excrement in relation to animal live weight

Estimates of the amount of excrement, faeces as well as urine,
and their analytical data will always show a great variation.
many effective influences depending on the animal and on environmental

factors.

The data in Tables 1Z and 13 are based on comprehensive feeding
experiments with weight control and analyses of many samples.

There are

They

show, for example, the relation between animal weight and the amount of
faeces and urine excreted daily and also the influence of pregnancy
(Sauerlandt, 1970). With regard to the content of crop nutrients, fresh
manure from laying hens ranks first, followed by pig and cow manure;

the latter has a high potassium content.

The graphs in Figures 41 and 42

were developed from the data in Tables 12 and 13. They represent the
amounts of manure and nutrients from cows in a period of 1 000 animal-

days and from pigs in 10 000 animal-days.
by combined collection of faeces and urine is shown and also the changing

Table 12

AND FATTENING PIG

The increase of the total mass

FAECES AND URINE EXCRETED DAILY BY DAIRY COW

Faeces Urine

Faeces
+ Urine

Faeces Urine

Faeces
+ Urine

| kg kg kg % of live weight
Dairy cow, 630 kg
During lactation 35.4 212 55.6 5.5 3.3 8.8
During pregnancy 23.4 20.4 43.8 3.6 3.2 6.8
Average 29.5 20.8 50.3 4.6 3.3 7-9
Fattening pig, cereals
Live weight 40 kg 1.02 2.60 3.62 2.4 6.2 8.6
60kg | 1.51 2.57 4.08 2.5 4.3 6.8
90kg | 1.90 2.55 4.45 231 2B 49
130 kg 2.15 2.74 4.89 Lo 2.1 3.8
Average 87 kg 1.73: 2.62 £.35 2.0 3.0 5.0
lable 13 CONTENTS OF NUTRITIVE ELEMENTS IN TOTAL EXCRETA

CALCULATED ON A FAECES/URINE RATIO OF 3:3 FOR
DAIRY COW AND 2:3 FOR FATTENING PIG, % FRESH

Dairy cow
Fattening pig

Laying hen
in coop

N F K Ca Mg
0.46 0.07 0.48 0.29 0.06
0.91 0.29 0.28 0.34 0.06
1.53 0.47 0.49 0.87 B
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ratio of nutrients. Because of the low contents of Ca, P and Mg in urine,
these quantities are not remarkably influenced by increasing portions of
urine. Potassium (shown only for cows) and nitrogen show a steep
increase with the proportion of urine. The ratio of nutrients shifts
continuously, thus influencing the fertilizing effect on crop growth. This
demonstrates the difficulty of matching the nutrient demand of crop and
s0il with liquid-manure application without some kind of standardization
by well-adjusted mechanical equipment for the procedural steps of
collection of faeces and urine, storage and treatment, mixing, loading
and uniform spreading.

Factors affecting manure and nitrogen yielding portion

The effect of manure on soil conditioning and crop yield depends
on several factors: the influence of three of these factors is shown in
Table 14 and they are:

a. the means of manure distribution on the land: a pitch fork
gives only a coarse distribution; a manure spreader gives
a fine, closed cover; liquid manure penetrates at once into
the upper layer of the soil, thus decreasing loss of volatile
matter;

b. the ratio of carbon to nitrogen, which is influenced by various
treatments that decrease the loss of nitrogen or accelerate the
decomposition process of organic matter; in general, the
narrower the C/N ratio, the higher the manure effect on crop
growth;

C. the available nitrogen portion of total nitrogen in the manure
depends again on various treatments; the greater the urine
portion together with an appropriate quantity of water added,
the higher the contents of NH.&-N.

Depending on different arrangements of these three factors,
various effects on crop yield can be observed, ranging from depressing
to very high. According to this scale, only liquid manure has a high or
very high yield effect.

Table 14 EFFECT OF MANURE ON CROP YIELD INFLUENCED BY
TYPE OF SPREADING, RATIO OF CARBON TO
NITROGEN AND PORTION OF AVAILABLE

NITROGEN
: Available Effect on

Spreading C/N nitrogen yield
1. Coarse 2011 Medium Low
2. Fine 20:1 Portion >1
3. Liquid 20:1 of N total =2
4. Coarse 15:1 > 1
5. Liquid 15:1 High
6. Coarse 20:1 Great =4
7. Liquid 20:1 Portion 4=-5
8. Fine 15:1 =7
9. Liquid 15:1 Very High
10. Coarse 25:1 Small Depressing
11. Liquid 25:1 Portion =10




Results of field and pot experiments with various kinds of manures
have been summarized in Figure 43 to demonstrate the differences in yield
effect. The basis of comparison was the amount of nitrogen applied with
the specific manure and the effect on yield of known amounts of mineral
nitrogen fertilizer, thus showing the portion of total nitrogen in the manure
which has an effect on crop yield. This figure shows that, generally, the
nitrogen in urine has about the same effect on crop yield as mineral
nitrogen; 100 nitrogen units in solid barnyard manure are equal to 0-30
units in mineral fertilizer. The broad range between barnyard manure and
urine is created by various kinds of gtille. Giille with litter is in the lower
range and giille without litter is in the upper range. A so-called "Full
giille", which contains the solid and liquid excreta from animals, is
classified at about 50. Collection and storage of barnyard manure and
giille differ not only in the fact that giille contains all urine but, in
addition, giille stored in a pit with restrained air access retains almost
all its plant nutrients.

The Yield Effective Nitrogen Portion
in Solid and Liquid Manures
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Fig. 43 Solid and liquid manure classification according

to portion of nitrogen effective on crop yields

Figure 4 shows the two year results of two field experiments with
different manures at the same location. Equal amounts of fresh excreta
and litter were stored for eight weeks, on the one hand in a heap and on
the other hand in air-tight concrete pits. One closed pit was heated
to 30°C to produce manure gas by the decomposition of carbonaceous
material; the other one was not heated and its temperature was about 152C.
These manures were then applied to potatoes. Equal amounts of mineral
phosphate and potassium fertilizers were employed, while three stages of
nitrogen application were differentiated. Average yields in the first year
were significantly higher than in the second year because of different
weather conditions. However, in both years the same trend was observed:
variants Nos. 1 and 2 (no manure and barnyard manure) showed the well-
known yield increase by nitrogen application. The reciprocal effect of
both liquid manures - giille 1 and gtille 11 - and nitrogen fertilizer showed
a noteworthy result. High yields were obtained by the liquid manures
without nitrogen fertilizer. Variant 3 with the narrower C/N ratio, as a
consequence of the heat treatment, proved superior to variant 4. Nitrogen
fertilizer did not remarkably increase the yvield of those manures.
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In Figure 45, with reference to the same experiments, it is
suggested that the curves obtained by variant 1, showing the yield increase
by nitrogen fertilizer without application of animal manure, be elongated,
thus presenting yvield curves of the well-known shape with a descending
part which can be obtained in an experiment by the application of progress-
ive amounts of plant nutrients beyond the optimum quantity. The elongated
curves accord well with the yield results obtained with the animal manures,
thus demonstrating that the decreasing yields result from an oversupply of
plant nutrients.

In these experiments equal quantities of fresh animal excreta and
litter were compared after different treatment; the results can be taken
as an evaluation of the treatment method. The conclusion is that liquid-
manure exercises a higher effect on yield than solid manure, and that the
quantities applied, together with fertilizers, should correlate well with
the nutrient demand of the crop and the supply of the soil (Tietjen, 1966).

Effect of feed additives on excreta as manure

Supplementing animal feed by antibiotics and other additives aims
at increasing weight and feed conversion efficiency, and at maintaining or
restoring animal health. A lasting effect on the excrement after defecation
cannot be excluded. In the experiments of Elmund et al. (1971) the
addition of antibiotics apparently altered the digestive processes in the
digestive tract, resulting in faeces which were less biodegradable. As a
consequence, supplementation of animal feed by high stability additives
might need consideration when using animal manure for crop production.

In pot experiments with oats, a combination of fresh excreta from
pigs and broilers was used, which had been collected during investigations
on the nutritive effect of feed supplementation with carbadox, oleandomycin,
oxytetracyclin, flavophospholipol, virginiamycin, zinc bacitracin, payzone
and quindoxin. It was observed that crop growth could be hindered or
enhanced as a result of interactions from increasing rates of nitrogen
fertilizer. Carbadox remarkably increased dry matter production;
higher nitrogen contents were related to flavophospholipol, oxytetracyclin
and oleandomycin. Applying chlortetracyclin, zinc bacitracin and strepto-
mycin to the scil did not affect the production of dry matter and the
nitrogen content, but when they were applied with two varieties of chicken
manure, dry matter production was decreased and the nitrogen content
was increased to a remarkable extent.

Dietary supplementation by antibiotics and other kinds of additives
may modify the biodegradation of excreta as well as its effect as manure
on crop production (Tietjen, 1975).

Normal and recommendable rate of manure application

The traditional type of farming with a balanced ratio of crop
roduction and livestock husbandry in the same enterprise serves as the
ase for calculation. Knowledge and experience of the nutrient

requirements of different crops are essential when deciding the amounts
of manure to be applied. Nitrogen and phosphorus are considered the
most important constituents as regards their effect on crop yield and
environmental contamination. Recommended rates for manure are based
on experience and research and they do not necessarily match the needs
of crops, because only a little information is available on the annual rate
of biological decay of organic materials. For this reason no certain
predictions can be made about the availability of the organic bound
nutrients.
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Recommended application rates are based mostly on the nitrogen
content and on its estimated available portion. Figure 46 demonstrates
by comparison of a few manures how great the differences can be between
the applied nitrogen and the nitrogen uptake by the crop. While about
80% of the nitrogen applied as NH4/NO3 was taken up by oats in pot
experiments without loss by leaching, the portion was 30 to with
pumpable sewage sludge, untreated cattle gilille and compost prepared
from battery hen droppings and peat. Nitrogen in fresh cattle faeces
and in cattle glille treated by aeration was nearly unavailable in the first
period of growth; it is possible than there might be a longer and stronger
after-effect on the next crops, if no great losses occur.

Pratt et al. (1973) developed computer programmes to calculate
a number of manure decay series in combination with various rates and
times which demonstrate the nitrogen accumulating effect of annual
applications of manure varieties with a different availability coefficient.
This example is applicable to other nutrients, i.e. to phosphorus which
has a still lower availability, or even to heavy metals, whether trace
nutrients or predominantly toxic elements.

Every material that by its accumulation could be an environmental
hazard must be controlled, but its importance can be reduced by increasing
the availability or by narrowing the input-output ratio. Our proposal is to
match the nutrient supply to the need of the crops as closely as possible in
order to produce maximum yields with highest rates of uptake.
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In Figure 47 the yield increasing effect of available nitrogen
supplements to manure varieties is shown. Even the yields from fresh
cattle faeces and treated cattle giille are raised from a very low level to
a better one by additional nitrogen application. This effect on the yield
of crop mass can be transmitted to the input-output ratio of nitrogen,
shown in Figure 48.

Might Soil

Since ancient times, mankind has used human excreta (so called night
so1l), cattle dung and compost, to maintain soil fertility. Might soil is richer in
plant nutrients than cattle dung. In Graeco-Roman times, farmers used night
soi1l to amehiorate the physical conditions of the soil and to recycle plant
nutrients into it. In 1580, Bernard Palissy said: "For this you will understand
why all excrement can help the generation of seeds. | say all excrement, either
of man or beast.”" In Asian countries too such as China, Japan, India, etc.,
night seil was used as manure in ancient and mediaeval times. It is significant
that for about the last two thousand years, Chinese farmers have maintained the
productivity of their soils by very extensive use of night soil as fertilizer,
although this raised the problem of controlling intestinal diseases. In view of
the health hazards associated with the application of night soil as fertilizer,
Japan reduced its usage after the second world war. However, if properly
collected, stored and applied with all hygienic precautions, night soil is a most
economic source of plant nutrients.

The chemical composition of night soil depends upon the diet, age and
social status of the people producing it. Very recently Egawa (FAQ, 1974,
p- 266) reported the average composition of several Japanese samples of night
soil as follows:

Table 15 CHEMICAL COMPOSITION OF NIGHT 50I1L
—— O S S LIS S R A B L
Moisture Organic Matter Ash N K NaCl
95% 3.4% 1.6% 0.57% 0.06% 0.22% 1.02%

Furthermore, the Handbook of Manures and Fertilizers (Jaiswal, 1971) describes
the manurial values of human excreta as shown in Table 16.

[able 16 MANURIAL VALUE OF HUMAN EXCRETA
(% of original materials)

Manurial Constituent Human Faeces Human Urine
Moisture 75.0 97.0
Organic matter 22.1 2.0
Mineral matter 2.9 1.0
Mitrogen 1.5 0.6
Phosphorus 0.5 0.04
Calcium 0.7 0.2
Potassium 0.4 0.17
Organic carbon 11.0 0.8
C/N ratio 73 1.3




Garg et al. (1971) reported the possible availability of plant nutrients
from human excreta per person per day in India as follows:

Faeces Urine

Particulars 2 g
Quantity (natural condition) 133.00 1 200.00
Quantity {(dry) 30.30 64.00
N 2.10 12.10
P 0.72 0.79
K 0.61 1.84

Might soil contains considerable amounts of salts and therefore it must be
diluted before being applied to fields in order to avoid injury to plants by
concentrated salts. Human urine is rich in urea; furthermore, it contains

nitrogenous substances which become available to plants sooner than human
faeces.

g Collection and storage

It is absolutely essential that night soil be collected taking all
hygienic precautions, such as protecting it from flies and the possibility
of their breeding. It must never be allowed to pollute drinking water.
In order to maintain proper sanitary conditions, automatic and well-
covered latrines such as the "Wardha" and "water-seal" types (Jaiswal,
1971), suitable buckets and well-built tanks have been designed for the
collection of night soil in different countries.

Human urine is collected in pits containing alternate layers of
refuse and earth. Subsequently, the pit is covered with more earth and
closed. After about two months, the material is ready for use as manure.

Night soil should be stored in well-built, covered or leak-proof
tanks (or pits) which should either be shaded or underground. Even with
good storage conditions, there is some loss of nitrogen from night soil as
ammonia, formed from its proteinous material. In the event that night
soil is kept under unfavourable conditions, such as exposure to sun or
wind, these losses may be very significant. In order to minimize the
loss of nitrogen from night soil, 3-5% superphosphate is added to it
during storage. The loss of plant nutrients from night seoil is likely to
be less if human urine and faeces are stored together rather than
separately.

Night soil must be kept for 3-4 months before applying it to the
fields. It is believed that within several weeks of storage, pathogenic
bacteria and protozoan parasites are destroyed and that during the peried
of 3-4 months, ascaris and hookworm eggs are either destroyed or
become attenuated. As mentioned, in order to avoid injury to plants by
concentrated salts, night soil must be diluted with 2-3 times as much
water before use. To have a regular supply of well-fermented and
ripened night soil, it is desirable to store it in a number of tanks filled in
turn at different periods. The night soil should then be used from them in
rotation.

ii. Methods of application for plant nutrition

Night soil is applied to soils for plant nutrition mainly in the
following ways:

a. direct application
b. as compost
c. as a source of sewage and sludge.
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Direct application

After dilution and proper ripening or storage, night soil is
applied directly to the soil and it is most important that it
is then covered with soil to prevent any foul smell or fly
problem as well as loss of ammonia.

Night soil compost

A significant method of using night soil as manure is after
composting with other organic materials, such as town
refuse, cattle manure, household rubbish, etc. However,
proper hygienic precautions must be taken when handling
night soil during the process of composting in order to
check the incidence of faeces borne diseases. Chinese
workers observed that when composting night soil with |
rice straw, there is a temperature increase for a sufficient
period of time to destroy ascaris eggs completely and to
control fly breeding to some degree. Furthermore, there
was no significant loss of nitrogen during composting. They
obtained similar results by composting cattle manure with
night soil.

It has been reported that aerobic methods of composting with
night soil are quicker and that bad smells are not produced.
Therefore, the consensus is that the aerobic methods are
better than anaerobic to produce compost from night soil.

It need hardly be emphasized that by composting night soil
with city refuse, household garbage, industrial waste, etc.,
not only are useful manures obtained but the problem of city
sanitation is also partially solved.

As described previously, urine properly stored on alternate
layers of earth and refuse can later be applied as manure.

A substance called "poudrette” has been prepared from
night soil by mixing and dehydrating it with absorbing
materials such as charcoal, sawdust, ashes, earth, etc.,
but there are conflicting reports in the literature regarding
its utility as manure from the hygienic as well as the
economic points of view. According to one report, they are
highly inefficient as manure because considerable amounts of
nitrogen are lost during the process of drying.

Night soil as a source of sewage and sludge

Night soil is also a source of sewage and sludge. In the
developed countries and in most of the big cities of the
developing countries, there are underground sewage systems
to collect human excreta mixed with washwater. In these
sewage systems human faeces and urine are collected by
mixing them with a large amount of water; this sewage
consisting of soluble as well as solid materials, mostly in
colloidal form, is led into underground sewers. Subsequently
it may be purified and then allowed to flow into rivers or the
sea. Alternatively, as sewage is rich in plant nutrients, it
may either by used as manure or sludge may be prepared from
it. However, a number of problems are associated with the
use of sewage and sludge as manure in agriculture. The
details of sewage and sludge as manures are given elsewhere
in this bulletin.
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5.1.3 Peat

Economic aspects of the use of night soil as manure and further
research needed

Night soil has a rich potential value as manure, especially for
the developing countries. For instance, according to one estimate, the
amounts of plant nutrients shown in Table 17 could be available from
night soil per year in India (Jaiswal, 1971).

Table 17 TOTAL N, P AND K EXCRETED ANNUALLY BY
THE ENTIRE POPULATION

N P K
Item
million tons
Human faeces 0.383 0.132 0.110
Human urine 2.207 0.140 0.335
Total 2.590 0.270 0.445
or say 2.6 0.27 0.45

Value as calculated by van Voorhoeve (1974):
Approx. value

(million US $§) 520 155 35
Total value: 710 million US $)

Regarding the use of night soil as fertilizers, Duncan (1975)
suggests: "It is probable, however, that the least social cost systems
will be rather labour-intensive, using little capital and providing
employment." Therefore, the large scale use of night soil as manure is
highly suitable for the developing countries. However, in order to
achieve this, proper sanitary precautions have to be taken; infra-
structure has to be built for its collection, storage, and application;
and extension work has to be organized on a massive scale to propagate
the use of night soil as fertilizers as in certain cases there may be a
psychological bias against it.

Intensive research should be carried out on the influence of the
application of night soil on the physical, mechanical and chemical
properties of soils, such as carbon and nitrogen contents, C/N ratio
(organic as well as mineralized N), base exchange capacity, pH,
conductivity (salt concentration), buffering capacity, porosity, sticky
point, hydraulic conductivity, etc. and on different types of soils under
different climatic conditions. In addition, research is also needed to
develop efficient, hygienic and economic methods of collection, storage
and application of night soil to the land.

The amount of peat in the world in given in Table 18. Most areas of peat

are located in the humid and moderate climatic zone, although its formation is
possible in tropical climates, e.g. in Israel (Hula peat) and Indonesia. The peat
areas in the tropics are not sufficiently well-known. The possible use of these
resources to ameliorate tropical soils was demonstrated by Zohar (1975) with
desert soils in Israel.




Table 18

DISTRIBUTION OF PEATLANDS IN VARIOUS COUNTRIES
(according to Schneider, 1976)

Peat land Peat land

Pegt land Peat land

Country in in % of area Country in in % of area
kmZ=100ha of country km2=100ha of country
Eurcope Asia
Finland 100 000 32.0 USSR -
Sweden 55 000 14.5 Asiatic part 414 000 3.7
Norway 30 000 9.2 Indonesia 15 644 -
United Kingdom 15 819 6.6 Borneo Sarawak 14 660 2.1
Scotland 8 214 10.7 Brunei 984 =
England 3617 2.8 Sumatra - -
Northern Ireland 2 400 17.8 Japan 2 000 0.6
Wales 1 588 7.5 lsrael 50 0.2
Poland 15 000 4.8 Bangladesh - -
Ireland 12 000 17.1 China - -
Federal Republic Korea - -
of Germany 11 250 4.5
Iceland 10 000 9.7 Africa
German Democratic
Republic 4 890 4.5 Ruanda - -
Italy 1 200 0.4 Tanzania - -
France 1 200 0.2 Zaire - -
Denmark 1 000 2.3
Hungary 1 000 1 America
Netherlands 450 1.3
Czechoslovakia 330 0.3 Canada 100 000 1.0
Austria 220 0.3 USA without Alaska
Yugoslavia 150 - and Hawaii 75 000 1.0
Romania 70 - Cuba 4 500 3.9
Spain 60 0.6 Uruguay 1 000 0.6
Switzerland 55 0.1 Argentina £50 -
Greece 50 - Bolivia - -
Belgium 10 - Brazil - -
Bulgaria 10 - Chile - -
Australasia
USSR - New Zealand 1 670 1.5
European part 301 000 - Tasmania - -

The most important moor types are conditioned by their formation:

high moor

- the water regime depends mainly on rainfall,
therefore the nutrient state is low.

The plants

are chiefly sphagnum and eriophorum;

transition moor -

is the zone built up between high and low moor.

The vegetation is composed of carex, phragmites
and trees such as pine, birch and alder;

low moor -

is formed under surface and groundwater

influence, the plant species are carex and

phragmites.

High moor peat is acid and poor in nitrogen and other nutrients, whereas low
moor peat is generally neutral and high in lime, nitrogen and other nutrients.



According to Baden (1972) peatlands can only be used for agriculture by:
i) cultivation without application of mineral material or by using them as grass-
land, or ii) cultivation after deep ploughing (till 1-2 m depth) and mixing the
subsoil material (sand) with the peat, the profile under the cultivation layer
showing alternatively sloping layers of peat and mineral material. The land can
be used for cultivated and sod crops. Good drainage is also necessary if peat-
lands are to be used for agriculture. The high water-holding capacity of peat
ensures a sufficient water supply.

The fertility of peat lands depends, as in mineral soils, on the availability
of nu;rients and the pH (Hupkens van der Elst, 1972; Kurki, 1972; Rayment
1972).

High moor peat (undecomposed or slowly decomposed) is cut from the
natural site and used as an organic additive, usually in intensive horticulture.
Its main action is to improve physical soil conditions and Puustjiirvi (1963)
observed an improvement in the water and air regime of soil after application of
peat. However, it is not only the physical properties of peat that influence its
action after application, but also its chemical composition alryl decomposition
products can exert a direct influence on the growing plant.=/ It has even been
used as an additive to feedstuffs for animal nutrition.

The production and transport expenscs of the loose, voluminous peat
material make it necessary to consider the cost benefit ratioc. Thus, generally,
the use of peat would be justified in horticulture, especially for greenhouse
culture. Puustjlirvi (1975) established that "at the moment moss peat is commonly
considered the best available growing medium for intensive greenhouse culture.”

Investigations have been made about defined compounds such as phenols,
amino acids, aliphatic acids and some others which can be isolated from peat
(Mauke et al., 1972, S&chtig, 1974; and Maciak, 1971). It would be interesting,
especially in countries where there is a high decomposition rate of peat because
of the climate, to see how far plant growth is increased by concurrent formation
of substances of the groups mentioned and if they contribute to the economics of
horticulture.

How should waste be defined? Numerous proposals have been made.
Different points of view and aspects give rise to different types of classification.
Livestock manure, for example, cannot be regarded as waste when spread upon
land in a regular cycle of crop production; but livestock excrement is regarded
as waste when produced as an inconvenient, even noxious, by-product of animal
husbandry in concentrated livestock and poultry operations and in feedlots which
are grouped as point sources of pollution because they operate without crop land

- its origin: domestic, commercial, industrial, etc.;
- the method of collection and transportation: household
standard container, bulky refuse, public or private

Sl SOLID AND LIQUID WASTES
5.2.1 Definitions
and crop production.
Waste can be ciassified according to:
collection, etc.;
1/

Christeva et al., 1972; Tolpa, 1972; Sd&chtig and Harms, 1971; Flaig and
S&chtig, 1972,



- its composition: liquid, solid, combustible or
non-combustible;
- compostable or non-compostable;

- public health aspects: hazardous, toxic or not
(Schenkel, 1973).

A terminological classification is proposed by Brink (1973):

a. Processes lor handling waste
Waste handling - cleansing
= lreatment
- depositing
Cleansing - collection
- sorting
- transport
Treatment - depositing - piling
- storing
- emission - spreading
- leakage
- recuperation - Tre-use
- extraction
b. Equipment for handling waste
Plant

Plant subsection
Specialized equipment

i Tvpes of waste Example
Matural : forest

Industrial (factory) : excavation

Municipal or urban household

Production animal
chemical
excrement
fuel
mineral
mining
nuclear
plant residue
pharmaceutical
photographic
etc.

These classification proposals have been developed according to the
aspect of waste handling: collection, transportation, treatment and final
disposal. These aspects prevail mainly for public health reasons, in densely
populated communities with a high level of industrialization. The aspects of
re-use, reclamation and recycling of organic wastes as fertilizers will need
revised policies in order that wastes are:

- viewed as a resource,

- considered an integral part of regular crop production,

- free from toxic quantities of disadvantageous
ingredients, and

- consistently available at the right time and place.

It would be useful if wastes could be separated at the beginning of collection to
exclude undesirable and disadvantageous wastes, thus raising the value of the
remaining recyclable materials.
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2.2

2.3

Properties of Solid Waste, Wastewater and Sewage Sludge

The term "solid waste" means garbage, refuse and other discarded
solid materials resulting from industrial, commercial and agricultural operations,
and from community activities. In municipal wastes the proportion of industrial
and agricultural materials is smaller than domestic and commercial wastes which
predominate. "Hazardous wastes" that present a significant hazard to human
health and the environment must be excluded from biclogical recycling procedures.

Used water from individual sources in the community is collected and
transported by municipal wastewater systems through sewers to some dumping
point. Normally sanitary and industrial waters are included, also urban runoff
from streets, etc., and sometimes agricultural wastes. Industrial wastes should
be excluded if they present a health hazard to operators in sewage treatment
plants, or if they are corrosive to parts of the facilities, or if the pollution load
of the effluent is still too high for discharge into a watercourse. After primary,
secondary or tertiary treatment, wastewater is transformed into two new
constituents: effluent and sludge.

The liquid product of treatment is effluent and its final disposal is
relatively easy; it is discharged into a watercourse, often with little attention
paid to the usual accompanying problems of water pollution or eutrophication, or
it is applied in some way to the land to re-enter the water cycle with a minimum
disruption of nature.

Sludge is the solid residue of the wastewater purification process, a
product of screening, sedimentation, filtering, pressing, bacterial digestion,
chemical precipitation and oxidation. Sludge is not so easily disposed of as
effluent. The more steps in treatment, the more efficient the process of
purification, the greater is the volume of solid produced. Handling such
quantities of sludge solids is expensive.

Criteria for Decisions in Waste Management

In the effort to develop and operate waste management programmes,
decisions must be made which are essentially determined by four basic criteria:
costs, environmental factors, resource conservation and institutional factors
(Colonna, 1976). Each category includes the following key points:

Costs

Operating and maintenance
Capital
Environmental factors
Water pollution
Air pollution

QOther health factors
Aesthetic consideration

Resource conservation

Energy
Materials
Land

Institutional factors

Political feasibility
Legislative constraints
Administrative simplicity
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Mormally, cost criteria are the most important, but often institutional
factors are of major concern since they can prevent a decision from being made
or eliminate an alternative. As communities are becoming increasingly conscious
of the need to conserve resources, this criteria is gaining in importance. DBut to
gquantify it is difficult as long as there is no distinctly fixed goal. This will be
different as soon as wastes are considered as 'resources out of place' and that a
good portion of the constituents could exercise a beneficial effect on the soil and
on crop growth.

Land Disposal or Reutilization for Crop Production and Soil Conservation

The decision to rank 'resource conservation' in first place necessitates
that some technique of land use be designed which is different from the more
usual land disposal. Although to return waste into the natural cycle of trans-
formation by land application implies final waste disposal at the same time, both
land disposal and land application must be considered as alternatives. The
design and operation of facilities classed as land treatment must take into
consideration and accommodate the qualities both of the natural conditions of the
site and the applied waste which is utilized to produce crops. This often
requires some pretreatment and considerable capital investment (Hartman, 1975).

Solid waste consists of organic and inorganic materials, biodegradables
and non-bicdegradables or non-compostables. Removal of some of the latter is
often necessary in order to upgrade the quality of the compost. Furthermore,
to ensure a sufficiently rapid, and hence economic, processing time, there must
be some form of particle size reduction, separation by handpicking, screening
and magnetic separators adjusted to the technology of compeosting in windrows,
in a digester, or in a bin, tank or drum.

Wastewater destined to provide fertilizer and irrigation for the
production of food and the restoration of greenery requires pretreatment to
remove constituents that are toxic to crops or present a health hazard to man or
beast. It is important to distinguish between disposal and reutilization;
designers of land treatment systems have different purposes in mind: the goal
of maximum disposal may be mutually exclusive with the goal of maximum re-
utilization.

An example is given by Stevens (1972): at Seabroock Farms, New Jersey,
USA, a food processing plant must handle 45 000 m3 wastewater per day on
80 ha (20.5 m per year). Because of the fortuitous seil and climatic conditions,
this can be done by spraying the daily output directly on to 34 ha of land (132 mm
per application). This procedure does not achieve the maximum irrigation
potential but it does accomplish the design goal of disposing of 45 000 mY without
polluting the local watercourses. On the other hand, the municipal facility at
Muskegon, Michigan, USA, is designed to handle 163 000 m3 per day. To give
an economic benefit to the county it serves, 2 500 ha of relatively infertile land
have been selected for spray irrigation to stimulate crop production and
agriculture (2.4 m per year in height). Another example that can be mentioned
has an even more decreased load: the Sewage Utilization Association of
Braunschweig, Germany (F.R.), handles about 33 000 md per day by spray
irrigation on 4 000 ha of cropland, which is an area nearly the same size as
Muskegon, but the load of 350 mm per year is only one seventh. It corresponds
with the average water deficit in the main growing period from spring to autumn
at this site, Figure 49 (Tietjen, 1975b). A new, thorough survey in 1976
recommends this well-balanced biologically based wastewater recycling system
as a model worth imitating (Bath, 1976).
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Composts from Solid Waste: Quality Criteria

Municipal refuse compost is used in all crop growing and seil
amelioration areas, i.e. crop and grassland farming, horticulture (fruit,
flowers and vegetables), viticulture, as well as in tree-nurseries, forestry,
reafforestation, land reclamation and various types of landscaping.

The Netherlands provides an outstanding example of compost production
and use over many years (they also rank first in the world consumption rate of
mineral fertilizer). Table 19 gives a survey of compost production in this
country from 1959 te 1971; it also shows the main areas using compost and
their changing proportions (Vam, 1972).

Table 19 CHANGE IN COMPOST USE IN HOLLAND
1959 1963 1967 1971
Area of use % 5 o 5

Crop and grassland 48 22 g 0
Chicken and pig husbandry 2 1 2 4
Fruit culture, vegetables,

flower bulbs 25 47 40 16
Forests 3 0 0 0
Landscaping, recreation areas 22 30 49 80
Total production, t 194 300 205600 182 700
Vam-production, t 154 600 162 800 138 550

The different requirements of crops and trees, flowers and vegetables,
etc. for best growth cannot be supplied by the same compost. While the crop
needs vary greatly, so also does the composition of the compost, owing to




differences in type or combinations of types of material being composted. Thus,
if necessary, the compost can be adjusted or fortified by additives according to
the specific demands of crops (Golueke, 1973).

The three most important requirements concerning compost quality are:

- absence of substances injurious to man, crop
or soil:
- high content of organic matter and plant nutrients;
- low content of useless substances like stones,
slag , fragments, plastic, etc.

Additional sorting and sieving are necessary to lower the content of useless
substances, thus increasing production costs for special grades of compost.
Therefore it is wise to make cost saving gradations according to the purpose of
application. For instance, quality requirements are lower for waste land
reclamation and reafforestation areas than for woodland areas; they are higher
for viticulture and fruit culture, still higher for agriculture, and highest of all
for vegetable growing in gardens and pasture farming. Several quality and
price gradations can be considered; i.e. for inexpensively produced compost
to be used on wasteland that is being reafforested, and for better grades of
compost, free of glass and metal splinters, that may be used on pastures and in
gardens.

Different grades of compost are produced according to the particular
processes used. The original product might be shredded or ground refuse, 'raw
compost', with a high content of easily decomposable organic matter, beneficial
for mulching purposes. After treatment in a digester for some days, this
product might be called 'fresh compost'. Usually, the hygiene tests show that
this product is already free of pathogenic organisms. When fresh compost is
stored in windrows for a longer period organic matter gradually breaks down.
Heat energy usually accumulates and the temperature of the mass remains high
until the readily decomposable material has been broken down. At that point
bacterial activity begins to decline and the temperature drops (Golueke, 1973).
The product is called 'rotted compost’.

Raw, fresh and rotted compost are gradations according to the process
of decomposition. More variation is caused by the type of material being com-
posted. This shows that a general standardization of compost according to the
content of physiologically efficient ingredients is impossible. Furthermore,
living conditions and habits in a community change constantly and the composition
of waste changes correspondingly. Figure 50 demonstrates the steady increase
of organic matter in fresh compost after treatment in a Dano drum and in rotted
compost after storing in windrows at Bad Kreuznach from 1959 to 1973.
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. 2 L Fig. 50

Organic matter content in
municipal refuse compost

(% in dry matter)

20 Bad Kreuznach 1959 - 1973
Fresh compost (1 week): left
columns; rotted compost
(6-9 months): right columns

1959 1962 1965 1267 1970 1973



Evaluation as a fertilizer

A comparison of stable manure and municipal compost (Table 20,
Kick, 1971) shows a low content of plant available nutrients in the compost .
In order to achieve high crop yields, compost applications must be comple-
mented by quick-acting fertilizers. 'The contents of trace elements in
compost (i.e. Cu, Zn, Mn, Mo, B)is ten to a hundred times higher than in
stable manure, so the application of very great quantities of compost could
be injurious to crop growth.

Table 20 COMPARISON OF STABLE MANURE AND
MUNICIFAL COMPOST
Manure J Compost
kg in 10 t

Yield effective in the first

year:
N 15 - 20 8 - 10
P 7 - 9 4
K = B - 56 25 33
Alkalinity (CaQ) 60 500 - 1000
Organic matter 1 800 g00 -1 500

Total:
Mg 6 - 12 24 - 30
Na 15 30 - 37
S 20 - 30 50 - 300
Cu 0.02 0.8 - 1.2
Zn 0.12 8 - 12
Mn 0.4 4 - 6
Mo 0.001 0.1
E D-{]S L ﬂ.ﬂa‘:{- ﬂtE = 316

Table 21 demonstrates how the yield increase due to compost
depends on a balanced ratio of nutrients and on the general vield level that
is given by the natural fertility of the soil or by the use of fertilizer. A
yield increase of 23 - 26% on the lowest yield level was achieved by compost
but was affected by lack of nitrogen and phosphorus. With both these
nutrients added as quick-acting fertilizers the yield level was raised by
70% and the relative calculable yield increase by compost reduced to 4%.

Table 21 YIELD INCREASE BY MUNICIPAL COMPOST
(1959 to 1973 average for potatoes, rye and oats
dry matter with five compost applications
totalling 480 t/ha)

c . None Eotted Fresh
Rpos gl dt/ha vear relative values

MNo P fertilizer:

No N fertilizer 37.9 = 100 123 126

With N fertilizer 59.7 = 100 106 109
With P fertilizer:

MNo N fertilizer £2.5 = 100 114 118

With N fertilizer 61.7 = 100 104 104
Rotted compost 6 to 9 months Fresh compost 1 week
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Fig. 51

Lasting effect of
compost application
on soil moisture

content

Evaluation as a soil conditioner

Use of compost in the context of good humus husbandry effects crop
growth and yield indirectly by conserving and improving the soil. Compost
promotes soil aggregation and stabilizes soil structure. This improves
the air-water relationship of soil, thus increasing the water retention
capacity and encouraging more extensive development of plant root
systems (Golueke, 1973). Figure 51 is an example of the long-lasting
effect of compost application on the water holding capacity. The differ-
ences shown in the figure were caused by a single compost application;
they are of great importance in the experimental area which has an annual
rainfall of less than twenty inches (Banse, 1961).
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Improved soil structure counteracts soil erosion. Figure 52 shows
the soil conserving effect of composts in a vineyard with plots arranged for
measuring erosion and runoff during short but heavy rainfall. The compost
applied in great quantity to one plot twelve months before the storm almost
completely prevented runoff (Bosse, 1969).
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Land Application of Wastewater

Municipal wastewater contains suspended and dissolved solids, organic
and inorganic substances. In purification processes by primary and secondary
treatment, mechanical and biclogical, these substances can only be partially
removed. Even after secondary treatment, wastewater from a community may
still contain levels of pollution damaging to the receiving stream. To meet this
problem, methods of advanced wastewater treatment are available. They are
regarded as tertiary additions to the secondary treatment facilities.

Application of wastewater to land is classed as an advanced method of
treatment with an extremely high purifying effect. Properly designed and
operated, land treatment is regarded as one of the most innovative techniques
available for wastewater treatment (Stevens, 1972; Hartman, 1975). Waste-
water applied to cropland is not only purified, but the ingredients in it are also
utilized. Plant growth, as a biological medium of treatment, may be regarded as
a significant element for long lasting efficiency in controlled land treatment
facilities. Some systems require primary or secondary treatment prior to
application to the land. This pretreatment is often provided, not out of consid-
eration for the limits of the soil and plant filter, but as a consequence of legal
requirements for wastewater treatment (Stevens, 1972).

Municipal wastewater characteristics are listed in Table 22 (Pound
et al., 1973) for untreated sewage and for water applied to land. Evidently,
the pretreatment removed some organic substances and reduced the values for
BOD and COD. This is considered unnecessary if applied to land (Loehr, 1975).

Table 22 MUNICIPAL WASTEWATER CHARACTERISTICS
Actual quality
Constituent Untreated sewage applied to land
mg/1 mg/1
Total solids 700 760 - 1200
BOD 200 10 - 42
COD 500 30 - 80
N 40 10 - 60
P 10 10 - 25
B 0 - 1.0
MNa 190 - 250
K 10 - 40
Ca 20 - 120
Mg 10 - 50

L Climate, soil and groundwater

When the decision is made to apply wastewater to land for crop
production, a few dominating criteria determine the details of site
selection, design and, later on, the operation (Hartman, 1975). Waste-
water is above all a source of water supply, so where there is no need
for water, no success in crop production will be achieved by wastewater
land treatment. The growth promoting substances in wastewater can
reach their maximum efficiency only in conjunction with the beneficial
effect of the additional water supply. The climatic water balance, the
difference between precipitation and evaporation, can be used to estimate
the average need for water other than the rainfall. During humid and
cold periods arrangements should be made to store the wastewater,

e.g. in ponds.
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Table 23

Soil is another important factor in wastewater land treatment.
Infiltration and percolation rates must be thoroughly surveyed to prevent
soil clogging by incorrect wastewater application techniques.

Attention must be paid to the depth of the groundwater table. It
is expected that when wastewater is applied to the land with the primary
goal of crop production, the applied water and its ingredients will be
utilized entirely by the crop. There is, at least in the beginning, no
intention to recharge groundwater.
to ensure that the groundwater level remains constant below the drainage
system which prevents the applied wastewater from percolating down to

the water table.
treated effluent.

Rates and methods of application

Wells and drains can be employed

Quality standards can be safeguarded by monitoring of

Each ?rc'pursul for land treatment is approached as a unique

combination o

natural systems, to be evaluated in connection with the

goals of the wastewater processor. A thorough survey of soil, climate,

hydrology and the vegetative cover must be made.

There are different

approaches to land application and the three most important are irrigation,

overland flow and infiltration-percolation (Pound, 1973).
their characteristics for comparison;

to the groundwater table of about 5 ft.

Table 23 lists

for instance, under 'lrrigation',
spray or surface is the only approach, classified as‘excellent’, adjusted
to crop production. In comparison with the other methods, 'Irrigation’
has the smallest application rate, needs the largest area, has a soil of
good productivity but it does not exclude the possibility of influencing
groundwater quality with an annual application rate of 2-8 ft and a depth

COMPARATIVE CHARACTERISTICS OF WASTEWATER
LAND APPLICATION APPROACHES

(Thomas and Harlin, 1972, quoted by Pound et al., 1973)

Factor

Irrigation

Overland flow

Infiltration-
percolation

Annual application

Land required for
1-mgd flow

Application techniques
Soils

Probability of influen-
cin% groundwater
quality

Needed depth to
groundwater

Use to grow crops
Use in cold climates

2to 8 ft

140 to 560 acres
plus buffer zones

spray or surface

moderately perm-
eable with good
productivity

moderate
about 5 ft

excellent

fair

Bro2i It

46 to 140 acres
plus buffer zones

usually spray

slowly permeable
clay loams and
clay

slight
und etermined

fair

18 to 500 ft

2 to 62 acres
plus buffer zones

usually surface

rapidly permeable
sands and sandy
loams

certain

about 15 ft

poor

excellent
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Sewage Sludge

The normal purpose of a sewage treatment plant is to receive the
collected and sewer-transmitted wastewater, purify it and then dump it into
waterways which are often already burdened by other waste disposal facilities.
The higher the purification efficiency of the treatment procedure, the greater
is the quantity of retained sludge to be treated and removed for final disposal.
There are many procedures available for intermediary treatment to change the
mass and volume of the sludge, but there are only two alternatives for its
ultimate removal - land or ocean dumping on the one hand, and delivery to
agriculture for spreading on cropland on the other hand , Figure 53 (Mdller,
1971). Pyrolysis may become the third alternative, although requiring the use
of sunstantial quantities of auxiliary fuels (Colonna, 1976).
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Fig. 53 Scheme of sludge treatment procedures

i. Evaluation as a fertilizer

Sludge is used on cropland in a liquid, sticky or crumbly state,
the first being the most popular form today. The manuring effect of
sewage sludge is good, although different from that of rotted animal
manure. The latter is simpler to use as the nutrients are well balanced
and their availability in the soil for plant nutrition proceeds slowly,
according to the progress of decomposition and transformation. In
sewage sludge the ratio of nutrients is unbalanced and the variation is

- great (Fig. 54); there is usually a deficiency in potassium and a greater
portion of the total nitrogen content is available at once, Table 24.
However, the yield efficiency of sludge nitrogen is even lower than that
of nitrogen in ammonium nitrate, Figure 55. These differences from
stable manure and inorganic fertilizer must be taken into consideration
in order to obtain maximum effects. Balancing the ratio of nutrients in
sludge by applying potassium to offset the additional nitrogen distinctly
increases the crop yield; there is a more complex uptake and better
utilization of the applied nutrients, thus decreasing any possible
pollution potential in run-off or leachate (Figs. 56 and 57).
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Fig. 54 Variations over two years in plant nutrient contents

of sewage sludge from the city of Peine

Table 24 MUNICIPAL SEWAGE SLUDGE CHARACTERISTICS

Example: City of Peine, activated sludge, 69 samples
1971 to 1973

Constituent kg in 10 mm = 100 m3 [ha
Total solids 4 100
Ignition loss 2 100

N 210

F 60

K 13
MNa 11
Ca 200
Mg 15
Fe 120
Cu 1.4
Phb 0.1
Ni 0.6
Zn 5.1
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Fig. 55 Yield effect of nitrogen in sewage sludge and in
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Fig. 56 Uptake of nitrogen by cats (grain and straw) in
pot experiments, average of 11 years
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High-rates of application

The application of sludge in amounts surpassing the nutritive
demand of the crop means enriching the soil with nutrients and raising
the fertility level, usually with a lasting effect on the increase in crop
yield. This procedure can only be used if it does not damage the crop
and will not contaminate groundwater. High-rates of sludge application
are feasible by applying small amounts of sludge at short intervals,
adjusted to sludgewater infiltration and evaporation, combined with a
cultivation that mixes and aerates the soil so that moisture and air are
kept in good balance (Tietjen, 1973).

In a field experiment on loamy sand, 10, 93 and 366 mm of
municipal sludge were sprayed at a rate of 10 mm a time over several
months. The nitrogen content of the soil, soil water and the crop (kale
and sugar beet) were influenced only to a very small degree by 10 mm
of sludge; 366 mm of sludge increased the ammonia content in the upper
soil layer for three months after fianl application. Soil water collected
by suction cells at depths of 1 and 2 m was enriched with nitrate up to
600 ppm for a long period of observation. Thus sludge application in
large quantities must be restricted to sites with a great depth to the
groundwater table and slowly permeable soil (E1-Bassam, 1974).
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FPredominantly Toxic Compounds

Solid and liquid municipal wastes contain not only essential or useful
plant nutrients, but also toxic or noxious compounds. When waste is delivered
to farmers for use on cropland, it should. be an inevitable condition that the
waste is unobjectionable for crop production; i.e., the contents of toxic and
noxious compounds must be very low compared to the essential nutrients.
Application rates should be limited only by high concentrations of nutrients,
never by concentrations of predominant toxic or noxious compounds.

The most important sources for these unwelcome substances are
industrial waste and wastewater. 1f it is impossible to exclude these wastes
from the public collection system and from being mixed with harmless municipal
waste, special attention must be given to those pretreated wastes which are
delivered for land application and crop production. Reliable analyses are
necessary in order to calculate the permissible application rate.

Crops are not good indicators of the presence of higher amounts of pre-
dominantly toxic substances. With regard to growth and yield, crops can tolerate
much higher levels of toxic substances than are permitted in eventual foodstuffs.

Knowledge of those substances in waste that are not nutrients and about
t heir behaviour in soil in still incomplete. Most of them, especially heavy metals,
are found to accumulate in the upper layer of the soil (El-Bassam, 1975). Thus
no groundwater contamination will eccur, but the continuing enrichment in the
root zone must be controlled. We do not know enough about the level at which
crops will be damaged under different soil conditions, so the list of 'Tolerable
Amounts' shown in Table 25 must be accepted preliminarily as a proposal.

Table 25 TOLERABLE AMOUNTS OF SOME ELEMENTS IN
SOILS REGARDING THEIR PLANT COMPATIBILITY

Total amounts ppm

Range Most Tolerable

frequent (proposal)
Be* 0.1 - 10 1 - 5 10
B 2 - 100 5 - 30 100
F 10 - 500 50 - 250 500
Cr 1 - 100 10 - 50 100
Ni 1 - 100 10 - 50 100
Co 1 - 5O 1 - 10 50
Cu 2 - 100 5 - 20 100
Zn 10 - 300 10 - 50 300
As 1 - 50 2 - 20 50
Se 0.1 - 10 1l - 5 10
Mo 0.2 - 10 1 - 5 10
Cd* 0.01 - 1 & EEP | 5
Hg* 0.01 - 1 0.1- 1 5
Pb 0.1 - 10 0.1 - 5 100

*  special reservation



5.2.9 Health Consideration

Sewage and sewage sludge, and also compost from solid waste treated
with sludge, are usually regarded as potentially hazardous to human health or
living organisms if the treatment was insufficient. According to Figure 53,
there are many treatment steps available for sludge, but only two alternatives
for the final removal - dumping or spreading on farmland. While many treatment
steps still result in a hazardous product, special considerations are necessary
for admissible and inadmissible sludge application to cropland, Figure 58.
Sanitary regulations give information on the application of different kinds of
sludges, i.e. to cropland or grassland, in vineyards or orchards, in nurseries
or gardens, in the growth period or in winter. Composts from solid waste mixed
with sewage sludge are unobjectionable, if the composting operations are well
managed. The major factors in the destruction of pathogenic organisms in com-
posting are heat and antibiotic reactions (Golueke, 1973).

Reserve| Crop Erﬂ.ss land |Vine-|Orchard| = %
crop | land |Forage crop|yard |no filler 9 g =
Not | No ! No 5| &2
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Raw sludge h + i i - - - -
[] l
Sludge from premises, ' i
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earth basins : :
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natural stabilized h + + 4 - . R + + + -
dried sludge ) p
i ]
Chemically { conditioned | h k !
by heat sludge ' be
Artificially dried sludge
pasteurized sludge (raw, + + + + + + +
stabilized, chem. cond.)
composted sludge
h = hazardous + admissible - inadmissible GS growth season
Fig. 58 Admissible and inadmissible sludge application to cropland

The effectiveness of land treatment in removing contaminants from waste-
water is high. Data indicate nearly complete removal of BOD, pathogenic
bacteria, viruses and phosphorus, while the level of removal of nitrogen,
sulphates and chlorinated hydrocarbon pesticides is high. Land treatment offers
a safer means of treating wastewater than any other general method now available
( Stevens, 1972).

Public health standards for human use of products of biclogically based
w aste recycling systems should be adjusted to the level of animal and human
contact involved. Standards for such uses should take into consideration the



special chemical and micro-biological problems associated with urban and
industrial wastes. However, such standards should take into account the fact
that it is unreasonable to expect to achieve absolutely zero risk levels in any
one area of environmental exposure.

Epidemiological surveillance must be maintained not only to define the
rates of exposure but also to establish the ecology of viruses, pathogens and
parasites so that decontamination schemes can be identified. Urban wastes
contain higher amounts of polycyclic aromatic hydrocarbon (PAH) than soils,
Table 25. The application of urban waste composts at a rate of 100 t/ha has
increased the concentration of PAH in soils remarkably (Ellwardt, 1976).
However, the investigations did not indicate significant differences in the
amounts of PAH in the plants originating from soils whether treated or not with
waste compost. The concentrations of some PAH in sewage sludge, solid waste
compost, soils and plant materials are summarized in Table 26 (Ellwardt, 1976)

Table 26 AMOUNTS OF POLYCYCLIC AROMATIC HYDROCARBONS IN
SEWAGE SLUDGE, WASTE COMPOST, SOIL AND PLANT
MATERIALS
(in pphb or Jugfkg}
Sludge Soils Scils Potatoes Potatoes Qats QOats
igaétizr) Compost trlégt'ed treated (tubers) (haulms) (grain)(straw)

Benzo (b, k, j) Muorathene] 2 962 3 400 112.0 160.0 B.dk &2 .4 21.2  31.5
Benzo (e) pyrene 1247 1750 48.3 83.0 2.6 24.8 f ! o
Benzo (a) pyrene 806 680 23.2 40.0 0.8 7.9 1.5 8.2
Perylene 250 131 42 1l 6.2 5.0 13.1 5.6
Indeno (1, 2, 3-cd) pyrene 281 457 17.5 29.0 b, 1.0 5.4 1.0
Dibenz (a, h) anthracene 684 785 38.1 60.5 5.0 10.0 20.2 1.0
Dibenz (a, ¢) anthracene 257 134 13.4 26.0 - 8.8 1.0 13.3
Benzo (ghi)perylene 610 802 32.1 59.9 5.0 11.8 26.6 17.7

The health hazards, especially the carcinogenic risks, are a cause for
concern. The actual health hazard to human beings and animals from long term
exposure to concentrations of less than one ppm of possible carcinogenic compounds
is extremely difficult, perhaps impossible, to evaluate because of insufficient data.
Until bicassay techniques are refined enough to evaluate the chronic effects of
extremely low levels of these compounds, their concentrations can only be monitored
to establish a cause and effect relationship, if there is one.

Waste reuse standards should provide levels of protection commensurate
with other comparable risks that society finds acceptable. Biologically based waste
recycling systems should be designed so as to optimize production of economically
and socially useful products, final waste disposal and/or water quality improvement.
Major benefits from such systems may include savings in costs of fertilization,
cultivation and irrigation of crops (D'ltri, 1976).
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6. ECONOMICS OF USING ORGANIC MATERIALS AS FERTILIZERS

It has been reported that immediate economic gains from using organic
materials as fertilizers do not compare very favourably with inorganic fertilizers;
however, it is significant that if long term benefits, such as slow release of plant
nutrients, especially nitrogen, improvement of physical and biochemical conditions
of soils, checking of soil erosion, increasing the efficiency of utilization of
chemical fertilizer, sustaining the yields of high yielding varieties, and reducing
air and water pollution (thus improving the environment), are taken into considera-
tion, the application of organic materials as fertilizers will produce good economic
results. Furthermore, in the light of the recent considerable increase in the
price of inorganic fertilizers and the scarcity of foreign exchange in most devel-
oping countries, the large scale use of organic materials as fertilizers is a sound
economic proposition.

THE ECONOMICS OF USING ORGANIC MATERIALS AS FERTILIZERS

Even in mechanized and intensive agriculture in the developed countries,
nitrogen is obtained from diverse sources for plant nutrition. Bucher et al. (1974)
reported that in agriculture in mid-Europe 150 kg N /ha comes from the following
sources:

83 kg N from mineral fertilizers
40 kg N from organic manures
1.5 kg N content of seed

5 kg N fixation by symbiosis
10 kg N fixation by asymbiosis
10 kg N in precipitation

Average = 149.5 kg N/ha agricultural land

About 55% of the nitrogen added to fields is in the form of mineral fertilizers.
A small portion of the inorganic nitrogen compounds is contained in precipitation as
rain or snow. So in total about 60% of the nitrogen is added in the form of inorganic
nitrogenous ions and about 40% comes into the soil as organic nitrogenous materials.

Through investigstions with the isotope 15N , it was demonstrated that, on
average, about 50% of the nitrogen content of the harvested plant originates from
mineral fertilizers and the rest from the organic constituents of the soil by mineral-
i zation through microbial activity. In many soils in developing countries in the
warmer regions, the humus content is relatively low due to climatic conditions and
therefore the reservoir of nitrogen in the soil is small.

Thus the foremost significance of organic fertilizer and soil organic matter
in the economy of agriculture is the slow availability of nitrogen from them which is
in tune with the requirements of plant growth. Therefore, organic fertilizers are
of great value for the agriculture of the developed as well as developing countries.

In addition to nitrogen, erganic materials and soil organic matter provide
other plant nutrients such as P, K, Ca, Mg and trace elements. Furthermore,
soil organic matter provides the energy source for the growth of the microbial
population which is responsible for a number of significant biochemical processes.
Soil organic matter also provides plant nutrients from sources other than itself
(e.g. release of P or K from soil inorganic materials). The availability of



phosphorus is increased by the addition of organic materials, partly by a possible
increase of microbial activity. It hasalso been reported by some workers that

free organic compounds and the decomposition products of humus have a beneficial
influence on plant growth. Some workers have produced evidence that the
decomposition products of soil organic matter check the incidence of plant diseases.
Although the economic gains from these benefits of soil organic matter are
considerable, it is difficult to state them clearly in economic terms.

In addition, organic matter checks soil erosion and helps soil conservation.
It has been reported that there is an inverse relationship between the organic
matter content of soils and soil erosion and water run-off. Soil erosion is a
serious problem in tropical and subtropical climatic conditions, therefore, the
use of organic materials as fertilizers, from the point of view of helping to solve
this problem, is of some economic significance.

It must be emphasized that the large scale use of organic materials as
fertilizers depends on a number of factors such as climatic conditions, level of
agricultural mechanization, availability of low cost organic materials in large
quantities, specific needs of soils to ameliorate their physical conditions,
influence of constraints such as water supply and transport charges and the
substantial economic gain to the farmer by using them. Therefore, the economics
of using organic materials as fertilizers depends on the local conditions prevalent
in any country.

Organic materials, especially cow dung, apart from its manurial value,
can also provide biogas which can be used for cooking, running irrigation pumps
and rural electrification. Table 27 shows the amount of manure and gas obtained
from one ton of fresh dung according to Garg et al. (1971).

Table 27 MANURE AND GAS PRODUCED BY ONE TON OF
FRESH DUNG

1 000 kg (0.25% nitrogen)
Traditional method Through gas plant

a) Organic matter loss by

decomposition 500 ke 270 ke
b) Nitrogen loss by

decomposition 1.25 kg nil
¢} Final manure quantity 500 kg 730 kg

Quality Nitrogen % on

dry basis 1.0 % 1.37 %
d) Additional advantage - 2 000 2

gas for cooking

These figures illustrate that the simultaneous production of manure and
gas from cattle dung and organic wastes is an attractive proposition economically.

From the economic point of view one should differentiate between rural and
urban residual products when using organic materials as fertilizers. The main
rural waste products are plant residues and excreta from animals and human beings.
After harvestthe residues from crops often remain on the fields and can be ploughed
in with no transport cost, but in most cases additional nitrogen fertilization is
necessary so that the lack of nitrogen fixation by microbial activity during the
rotting processes does not influence plant growth negatively.



Some plant residues, e.g. cereal straw, are used in stables as litter and
later, when mixed with animal excreta, become manure from which carbon dioxide
is released by fermentation. The amount of carbon in the initial material
decreases and the nitrogen content increases in the fermented products. Normal
stable manure has a nitrogen content of about 3% in the dry matter and the C/N-
ratio is between 10 and 20; the water content is between 50 and 70%. Under
normal conditions, it is more economic to transport this nitrogen-enriched material
with its better C/N-ratio from the village to the fields than to transport plant
residues, like straw, back from the village, for instance after threshing, because
the nitrogen content of straw is only about 0.3% in the dry matter and the C/N-ratio
80 - 100. Threshing should be as near as possible to the fields when straw is not
used for stable manure. When straw or other plant residues and dried dung are
needed for fuel, a programme for the cultivation of fast growing bushes and trees
should be organized, for instance as proposed by Swaminathan (1974).

Human and animal excreta is relatively rich in plant nutrients (see
Chapter 5) and has a value that justifies its transport to the fields (taking the
necessary hygienic precautions). These materials can be used profitably in
horticulture, generally after composting with plant residues.

In towns it cannot be avoided that residues from human sources are mixed
with industrial wastes to some extent and this causes additional problems when
used for plant production. It must be emphasized that these wastes contain
pellutants such as heavy metals or organic compounds e.g. detergents, poly-
chlorinated compounds, pelycyclic aromatic hydrocarbons and others, some of
the last mentioned being carcinogenic compounds. Controls must be carried out
to see if the products of upgraded rural wastes are usable for plant production
or not, and perhaps processes must be inserted to decrease concentrations of
harmful constituents.

Around larger towns there is usually an industrial area precluding the
possibility for deposition of upgraded town wastes and for this reason additional
costs are incurred transporting it to more distant locations where the upgraded
products can be used. They have a nitrogen content between 0.2 and 0.5% and a
high C/N-ratio of about 50. These data demonstrate that such products can have
more of an effect as soil conditioners than as sources of plant nutrition. The
farmer is only interested in the benefits of these products for his plant production,
the inhabitant of the town in a regulated waste disposal. Therefore it seems
justified that the costs be shared between both; but the percentage of distribution
of the costs depends on the local conditions in each case and on the interest of the
parties.

In some cases it is possible that the costs of upgrading urban waste
products could be diminished by using the biogas (mainly methane) for power or
cooking. The gas is formed during anaerobic fermentation of the organic com-
pounds in the waste waters. The value of the residual organic matter after
fermentation is almost the same for agricultural purposes as the initial material.
Furthermore, the composition of inorganic ions in the liquid phase is not changed
during this process. This is important when using the acqueous phase for
irrigation or sprinkling.

The amount of organic material required for nitrogen fertilization at a
rate of 100 kg/ha is about 20 000 kg, while for mineral fertilizers it is 450 - 650 kg
of materials, from which it can be deduced that the expenditure for moving organic
materials for use as fertilizers is usually higher than that for mineral fertilizers.
It depends on the social, economic and distribution systems.

The utilization of organic wastes as fertilizers is of great economic
significance from the public hygiene, pollution contrel and environmental



6.2

protection points of view. In the developed as well as in the developing countries
organic waste is usually disposed of in the following ways:

i. it is dumped on nearby land where it is likely to
encourage fly breeding;

ii. it is disposed of (treated or untreated) in nearby
rivers or the sea where it adversely affects aquatic
life;

iii. it is destroyed by incineration, but this process

pollutes the atmosphere and destroys the manurial
value of wastes.

Therefore, from those points of view it is highly desirable that organic wastes be
used as a source of manure and gas so that maximum economic benefits may be
obtained from them.

When determining the true economic value of using organic materials as
fertilizers it is absolutely essential to take into consideration short as well as
long term benefits to agricultural production, to the economic value of gas
production and any resultant benefit to public health, pollution control and
environmental protection.

POTENTIAL AND ECONOMIC IMPLICATIONS OF USING ORGANIC MATERIALS
AS FERTILIZERS IN THE DEVELOPING COUNTRIES

Recently van Voorhoeve of the World Bank (1974) worked out the potential
for using organic materials as fertilizers in the developing countries(in Table 28)
and in Table 29 he gives the value of organic nutrients compared to chemical
fertilizers based on 1973 f.o.b. world prices.

These tables present only a rough estimate of the potential of using organic
materials for soil productivity in the developing countries and the economic implic-
ations, as little reliable research work has been carried out in this field.
Furthermore, owing to political, social, technical and economic reasons, it is
generally not possible for the developing countries to utilize this potential fully;
at best they may use only 60 - B0% of the potential in exceptional circumstances.
Moreover, while obtaining N from animal manure, night soil, sewage, etc. for
plant nutrition, there may be losses from 0 - 50% of the total nitrogen present in
these manures.

Despite these facts, the study by van Voorhoeve clearly presents an extra-
ordinary potential for the use of organic materials as fertilizers in the developing
countries with attractive economic implications. Even if only 10 - 20% of this
potential is exploited for soil productivity, organic materials can contribute very
significantly to selving the present day food crisis.

Van Voorhoeve further reported in the same paper that in 1971, the total
theoretical production of plant nutrients from organic materials could be 7.8 times
greater than the actual consumption of mineral fertilizers in that year (13.2 million
metric tons). Significantly, Table 29 indicates that in economic terms, the total
value of this theoretical production of plant nutrients from the organic materials in
1971 could be over 16 thousand million US dollars. Van Voorhoeve has also
estimated that in 1980/81 the consumption of mineral fertilizers (N and P) in all the
developing countries is likely to be about 30 million tons. On the other hand, he
reported that in 1980/81 the likely theoretical production of these plant nutrients
from organic materials in the developing countries could be at least 80.4 million
metric tons. These impressive statistics present a very strong case for efforts to
obtain plant nutrients from organic materials for soil productivity in the developing
countries with the technical assistance of International Agencies.



Table 28 TOTAL ANNUAL PRODUCTION OF SOIL NUTRIENTS

(N, P, K) THROUGH ORGANIC WASTES IN THE
DEVELOPING WORLD 1/
1971 (actual and 1980 (estimated)—

N P K
SpReE {million metric tons of nutrients)

Human : 1971 12.25 2.87 2.61
1980 15.26 3.57 3.25
Cattle: 1971 17.80 4.91 14.12
1980 22,25 6.14 17.65
Farm Compost: 1971 9.54 3.34 9.54
1980 11.93 4.18 11.93
Urban Compost: 1971 48 .38 .57
1980 .60 48 71
Urban Sewage: 1971 1.43 .29 .86
1980 1.79 .36 1.08
Other 2/ 1971 6.63 4ok, 11.35
1980 8.29 £.55 14.19
TOTAL: 1971 48.13 16.23 39.05
1980 60.12 20.28 48.81

if Excludes Central America and Oceania, includes Socialist Asia.

2 Bone-meal, poultry litter, bagasse, sheep/goat litter, oil cake, press-
mud. (Several other sources were not included due to small potential
for all developing world.)

T able 29 VALUE OF N, P AND K FOUND IN WASTES OF THE
DEVELOPING WORLD AS COMPARED TO CHEMICAL
FERTILIZERS )
(at 1973 world f.o.b. prices in millions of $US)=
N e K Total
Organic 1971 g 626 4 058 2 499 16 183
1980 12 024 5 070 3124 20 218
Chemical 1971 7 000 5 557 1 246 13 843
1980 11 380 7 715 1638 20 793
1/ The individual farmer pays local prices, which are higher than world

prices because of transport, storage and commercial costs; he may be
able to benefit from government subsidies on fertilizer prices. In
Table 28, the value of N is based on the world f.o.b. price of urea
(45% N) at US$ 70-105/t, which means a price of $ 155-233/t of pure N;
the average value was set at a median of US$ 200/t. P-value is based
on triple superphosphate (21% P) at $ 120/t, which means $ 250/t of P.
The K -value is based on potassium chloride (62% K) at § 40/[t, which
means $ 64/t of K.



SUGGESTIONS FOR FURTHER RESEARCH ON THE ECONOMICS OF APPLYING
ORGANIC MATERIALS AS FERTILIZERS

Unfortunately, little research work has been done on the economics of
using organic materials as fertilizers especially in the developing countries.
Research in this field should include:

i, comprehensive studies to establish the true economic
values of organic fertilizers, especially in the developing
countries, in order to determine the cost/benefit analysis,
including benefits for scil productivity (short and long
term), environment and public health;

il cost/benefit analysis of the various procedures of
collecting, processing and distributing organic fertilizers
(prepared from the low cost materials available in sufficient
quantities in the country);

iii. at the farm level, studies on the economics of using mineral
fertilizers in combination with various dosages of organic
materials such as crop residues, compost, bones, animal
manure and peat, night soil and sludge, etc.

iv. studies on the economics of the various constraints to the
large scale application of organic materials as fertilizers,
such as low availability of water, high transport charges,
etc. Subsequently, research work should be carried out to
solve these problems so that the application of organic
fertilizers to increase scil productivity will produce
significant economic benefits.



7 RECOMMENDATIONS AND CONCLUSIONS

GUIDELINES

In view of the current world food crisis, the considerable increase in the

price of mineral fertilizers, and the comments offered in this bulletin on the
present situation regarding the use of organic materials as fertilizers, the
developing countries should seriously reconsider their agricultural research,
education and extension programmes with the idea of including plans to utilize
organic materials as fertilizers on a large scale. In the formulation of these
plans, it is suggested that they and international organizations follow these
guidelines :

i.l

ii.

i1i.

iv.

wviii.

1X.

there should be maximum agricultural production with the leasi
possible utilization of costly energy;

organic materials should be used in large quantities as fertilizers
thus reducing the consumption of mineral fertilizers (consequently
the consumption of energy will be reduced). Furthermore, the
efficiency of the mineral fertilizers used would be increased;

steps should be taken to organize short as well as long term research
on soil organic matter and organic manures;

short term research likely to produce fruitful results within 3-4 years
should be initiated immediately by national governments with external
assistance if necessary; on the other hand, long term research could
be carried out by national governments with the assistance of inter-
national agencies, research foundations and the developed countries;

in order to create a cadre of people with the right background for
research, education and extension work on soil organic matter,
there should be suitable changes in agricultural education at all
levels;

efforts should be made to develop and intensify extension work with
a view to propagating large scale use of organic materials as
fertilizers:

while organizing activities on the large scale use of organic materials
as fertilizers, special emphasis should be placed on the development
of root nodule bacteria (Rhizobium), legumes, animal manures,
composting and recycling of city and rural wastes;

studies should be carried out on safe and economic methods of large
scale collection, processing, distribution and utilization of organic
wastes. The possible adverse effects of toxic constituents of wastes
such as heavy metals or organic compounds like residual products of
pesticides, or polycyclic aromatic compounds should be studied and
suitable solutions found for these problems;

studies should be carried out on the social and economic implications
of the large scale use of organic manures as fertilizers;

activities should be organized to popularize, as much as possible, the
use of biogas and the necessary social infrastructure for this should
be established;



xi. the utility of organic wastes from the standpoint of public health,
pollution control, and environment protection should be assessed:

xii. in order to co-ordinate, evaluate critically and promote research,
extension and educational activities in this field, there should be
regular discussions on this subject; such meetings of experts
should not only examine critically all the work in progress in this
field under the auspices of FAO projects and at international
institutes 1/ but should also make recommendations for further work
in this field;

xiii. it must be realized that the world is an inter-dependent socio-economic
and ecological system; therefore, international co-operation is
absolutely necessary to promote the large scale use of organic materials
as fertilizers for food production, especially in the developing countries.

During the FAO consultation in 1974 on organic materials as fertilizers,
recommendations were made for research work on this subject. The recommend-
ations included proposals for short and long term research and are described in
FAQ 5oils Bulletin No. 2?, Drganic Materials as Fertilizcrsj section G. PP a79-

Suggested steps to propagate the use of organic materials as fertilizers in
different parts of the world are given in FAO Soils Bulletin No. 27, section G,

Suggestions for radical changes in education for research workers in the
field of fertilization by organic material are listed in FAQ Soils Bulletin No. 27,

Propesals have been made (FAQ Scils Bulletin No. 27, section G, pp.
384-5) for improving the preparation and distribution of publications dealing with

It is essential for international scientific communities working in the field
of soil organic matter and organic manures to co-operate in promoting the large
scale use of organic fertilizers. Suggestions for achieving such co-operation are
given in section G, p. 383, of FAO Soils Bulletin No. 27.

7.2 RESEARCH
382.
7.3 EXTENSION
pp- 382-383.
7.4 EDUCATION
section G, pp. 383-384.
7.5 PUBLICATIONS
the subject of organic materials as fertilizers.
7.6 INTERNATIONAL CO-OPERATION
1/

International Rice Research Institute (IRRI) in the Philippines; the International
Crop Research Institute for the Semi-Arid Tropics (ICRISAT), India; the
International Institute of Tropical ﬁgriculmr:ongﬂ), Nigeria; Centro Inter-
nacional de Majoramiento di Maiz y Trigo (CIMMYT), Mexico; and the Centro
Internacional de Patatas (CIP), Colombia, etc.



7.7

CONCLUSIONS

On the basis of the brief account of the contribution of soil organic matter
to soil productivity presented in this Bulletin, it can be reasonably concluded that
organic materials must be utilized to improve plant nutrition, to develop seils in
order to increase their productive capacity and to contribute to the solution of the
present day world food crisis. In view of the shortage and high price of mineral
fertilizers, it is desirable that the developing countries make use of organic
materials to lessen the deficiency of plant nutrients by the addition of agricultural
residual products such as the residues of plants, and animal manures. Where the

ossibility exists, town and certain industrial wastes should also be used. Apart
rom providing nutrients, an improvement in the physical and mechanical conditions
of the soil for plant growth results from these treatments. Furthermore, there is
an increase in the efficiency of utilization of the added inorganic fertilizers and
the economic value of the mineral fertilizers, especially of nitrogen, is thus
raised. The more dense the population in a region, the more the utilization of
residual organic materials contributes to pollution control and environment
protection. In view of the manifold advantages of organic fertilizers and their
availability in large amounts in most of the developing countries, the economics of
their use is sound.

Soil was, and will be, the main tool for production of food by the plants
that grow on it, even though the production of foodstuffs such as proteins by single
cell cultures, etc. is possible. The technical equipment for such biotechniques
requires capital, generally rather a lot, and can only be justified in special cases.
But the main producer of food is still the farmer in the field who must use the
techniques available to him and that he can afford with his relatively small financia
means.

The interdependence of the various factors is summarized in Figure 59.
Food grown onfieldsis transported from them for the nutrition of men and animals.
The fertility of the soil must be regenerated by the addition of nutrients in the forr
of fertilizers produced in factories. The raw materials for the production of
fertilizers come from mines or, in the case of nitrogen, from the air.

Fg. 59 Cycle of nutrients-fertilization-plant and animal
production-recycling of residual organic materials



Recycling agricultural residues by using them on the fields does not deal
with problems such as municipal wastes, because most of the materials are derived
from plants or excreta and the composition of the inorganic part is comparable to
that of the growing plants in the next vegetation period. The decomposition of
straw or other plant material and of animal manures depends on environmental
conditions. It might be worth trying to channel these conditions towards causing
an increase in plant production.

The use of municipal wastes can often cause problems, because various
heavy metals and some organic compounds are present in the products finall y
offered to the farmers. The extent of the compatability of these admixtures and
their behaviour in the Plant - Soil system is not yet completely known and needs
further investigations. In many cases organic residues from industry contain
noxious constituents, therefore their use in agriculture is limited.

However, in order to use organic materials as fertilizers on a large scale,
"political will" on the part of the developing countries is absolutely essential.
They need to intensify their present activities in this field and prepare plans for
the wide use of organic materials as fertilizers in which case the guidelines given
in this Bulletin will be useful. Furthermore, to use these materials extensively
as fertilizers it is essential not only to organize short and long term research in
the developed countries, but also to utilize the results of this research in
conjunction with appropriate administrative measures. A number of significant
problems are suggested for research and their solution should go a long way to
promote the use of organic materials as fertilizers. In addition, countries should
develop and reorganize their agricultural education at all levels and their
extension services to propagate the use of organic materials as fertilizers and to
create the right type of man power in this field. A number of recommendations for
this purpose have been incorporated in the Bulletin.

Finally, as the world is an interdependent socio-economic and ecological
system, co-operation between the developing countries and the international agencies,
co-operation among the developing countries of the same region, and co-operation
between the developing countries and the developed countries is essential to
propagate the use of organic materials as fertilizers in order to increase food
production.
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