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The Effects Of Soil Characteristics On Soil Erodibility

& -
A U Sein Thet , Director (Rtd),
Chairman, FREDA S

“Soil” may be defined the thin crust of the earth’s surface containing both organic and inorganic
matters where micro-organisms are very active. “Soil Erosion” is a process of detachment and transportation
of soil materials by erosive agents. The natural agencies chiefly responsible for soil erosion are water and
wind. Water erosion is active in all regions, arid as well as humid. Erosion by wind is most active in arid and
semiarid regions. The factors that influence on erosion are the amount and intensity of rainfall and wind, the
slope of the land, the type and condition of the vegetative cover and the nature and properties of soil. Some
soil erodes more than others under the same conditions of rainfalls, cover and slope because of the charac-
teristics of the soils. Neither wind nor water has a serious effect unless the soil is predisposed to erode. So we
have to consider the characteristics of soil that affect soil erodibility.

The physical characteristics of soil are important, in particular the structural stability of the aggregates
at the surface. These aggregates must withstand the impact of raindrop during the periods of intensive rain,
and the action of moving water across the surface. The aggregates in some soils cannot maintain their struc-
ture under such condition, and the soil structure usually deteriorates rapidly. Ifthe infiltration rate of the soil is
high, there will be little run-off and hence less soil erosion. In case of wind erosion the soil moves when silt
and clay are sufficiently light to be transported. The dispersion of clay which often accompanies the break-
down of structure leads rapidly to the formation of a surface seal which reduces infiltration. The water,
therefore, moves across the dispersed surface of the soil carrying in suspension, the finer particles of silt and
dispersed clay. Once such a dispersed clay surface develops and infiltration of water is impeded, erosion
accelerates. Soil erosion is influenced by the millions of soil organisms that inhabit the soil. This influence may
be direct, as in the case of organisms such as earth worms, various insects, and rodents. Or it may be indirect,
as with those of microscopic organisms.

Soil erosion consists of two components, detachment and transportation; and maximum erosion
occurs, when the detaching and transporting capacities of surface flow are balanced. To be resistant to
detachment, a soil mast be made up of “water-stable aggregates”, i.e the Sand, Silt and Clay particles must
be grouped into masses that cling together even though they are submerged in water; and to be resistant to
transportation aggregates must be so large that they cannot be floated off easily. Another factor affecting the
transportation hazard is the infiltration capacity of the soil, i.e its ability to absorb water. The infiltration
capacity and the permeability of the soil determine, to a great extent, the amount of run off, and the amount of
water absorbed is influenced by the texture and structure of the soil; a sandy soil may be highly erodible,
when it is saturated with water, especially when the amount of organic matter is low.

The relative size of the soil particles is expressed by the texture which refers to the fineness or
coarseness of the soil. That is, more specifically, texture is the relative proportions of the different size groups
or separates. Coarse-grained soils usually are less resistant, within certain limits (probably up to the texture of
coarse sand), to concentrated flows of high velocity than fine-textured soils. If the soil in the field is highly
detachable, and is higher than average in transportability, it is considered to be a highly erodible soil. Fine-
textured soils are generally moderately eroded. Under a tropical climate, certain types of highly weathered,
non-plastic clays are almost immune from erosion, whereas slightly weathered, plastic clays are subjected to
severe erosion on cultivated slopes. Some types of high silt-content soils are extremely susceptible to
erosion, especially where the silt particles are not associated with sufficient clay to produce an aggregate or
granular structure.

Soil texture is one factor affecting susceptibility to wind erosion, and it was found that sandy soils are
the most susceptible at all seasons of the year and the loans are the most resistant, as there is a more
favorable range in clod structure from season to season within a year. Dry soils are the most susceptible to
erosion. Soil varies considerably in their resistance to wind erosion, depending generally on the size of the
particles and the content of organic matter. Neither coarse sands nor heavy clays, however, are immune.
Actually, the former are more susceptible and are likely to begin to blow immediately after plowing. The finer
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textured soils, especially those of mellow or granular structure, generally show the greatest resistance. Sandy
soils are much more vulnerable to wind erosion than are clays or loams.

The greatest single factor influencing the threshold velocity (minimum velocity of wind required to
initiate soil movement) is the size of soil grains; and the threshold velocity is the lowest for the grains 0.10 to
0.15 mm in diameter, and these require a velocity of 8 to 9 miles per hour at 6 inches above the ground; and
also the threshold velocity increases with either an increase or decrease in the size of grains from these
diameter. Differently textured soils required different moisture contents to prevent the initiation of soil move-
ment at specific wind velocities, except for the loam in air-dry condition. The wind dries out the moisture in
the surface and moves the soil, and heavy soils are more resistant to such damage than are lighter soils; but
some of the heaviest soils, such as clays rich in calcium, are highly susceptible to wind erosion.

The arrangement of the soil particles is termed structure and refers to the aggregation of primary soil
particles (sand, silt, clay) into compound particles or clusters of primary particles, which are separated from
the adjoining aggregates by surfaces of weakness. Structure is of primary importance in determining erodibil-
ity of a soil. The fundamental cause of soil erosion and subsequent damage is loss of structure by the soil.
Once crumb structure is destroyed, the percolation of water is impeded, the surface layer becomes satu-
rated, and loosened particles are bathed lubricated and borne away by water, which has to flow over the
surface instead of seeping through to lower depths and normal outlets. The structure of the soil in an air dry
state is a much more reliable index of readability than the structure in a wet state.

The stability of soil crumbs is determined by their resistance to breakdown in water, and it was found
that the factors governing the breakdown of dry aggregates when wetted by a liquid are the slaking of the
aggregates and dispersion of the clay in the aggregates. The cohesion of the crumb falls very rapidly, on the
rate of wetting increases; and the degree of breakdown caused by the impact of falling rain will depend on the
cohesive strength of the crumb, when wet. Dry soil crumbs, when immersed in water, are usually unstable and
break up to a varying extent into discrete fragments (slaking) and this breakup may proceed one stage further
with the release of dispersed clay (dispersion). The collapse of the soil under the applied load on saturating is
not due to a reduction in the cohesion of the clay, but to the pressure exerted by air entrapped during the rapid
wetting.

Soils containing a large proportion of water stable aggregates generally are more resistant to erosion
than dense or compact soils characterized by dispersed particles. Soils of open structure that do not shrink or
crack very much with drying or wetting, and are not dispersed readily, have a greater capacity for intake of
water, and are less susceptible to erosion.

Aggregate size distribution is important, because aggregates below a certain size may be removed by
erosion without previous dispersion, and therefore the percentage-weight of aggregates, or separates below
a particular value, is a direct index of erodibility. Aggregate stability is also important because it governs the
ease with which large aggregates above the erosion threshold may be broken down to small aggregates or
separates, which are more vulnerable to erosion.

[tis evident from the available information that soils with a large volume of non capillary pore space
have a high rate of infiltration and a low susceptibility to erosion.

Soil organic matter includes all non-mineral carbon compounds found in the soil and it is the main
pigment responsible for black and brown colors in soil. It has profoundly beneficial effects on the soils
physical properties; it encourages granulation; it makes very heavy soils easier to work by reducing plasticity
and cohesion; and it increases the water-holding capacity of the soil. The lack of organic matter in the soils of
arid and semiarid regions makes them very susceptible to erosion by water as well as by wind. Soils which
are well supplied with water usually have higher organic matter content, and therefore tend to be more
resistant to erosion. The soil humus is an important factor in the control of aeration, water-holding capacity,
and granulation of field soil; and since most of the organic matter is found in the top soil, any erosion that
occurs will result in significant organic matter losses.

Organic matter helps to maintain soil aggregates in a variety of ways, such as in the form of clay-
organic complexes by microbial mycelia and mucus, by root hairs that form a firm contact with the soil
particles, and by the excreta of earth warms and micro-animals. In the form of plant remains organic matter
can serve as mulch that protects the aggregates from the direct impact of raindrops.

The chemical composition of soil is expressed in terms of the percentage of different elements present
in the soil and consideration of the characteristics of minerals found in soils, and their transformation from one
form to another, is essential in understanding the nature of the soil’s chemical properties and the origin of its
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fertility. Soil acidity is an indication of chemical conditions. Existing in a soil, the micro-organisms which
convert ammonia into nitrite and nitrite into nitrate are sensitive to acidity.

If water instability is caused by a high proportion of the exchangeable ions dissociating from the clay
surface, this inverse relation would follow as a natural consequence, for the greater the dissociation of the
exchangeable ions, the greater the number of links that can be formed, and thus the harder the crumb on the
one hand, the greater their water-instability on the other.

The chemical composition of soil, particularly of the colloidal fraction, affects credibility through its
effect on physical properties, and indirectly by reason of its influence on the growth of plants. The silica-
sesquioxide ratio appears to be the most significant index of erodibility obtainable by chemical analysis.
Highly weathered soils are less susceptible to erosion than young or slightly weathered soil.

The soils which are well provided with basic minerals and which swell and shrink markedly on
wetting and drying are particularly liable to erosion, and temperate soils are more susceptible to erosion than
tropical soil because the moderate and well-distributed rainfall saves temperate soils from destruction.

The soil is the home of innumerable forms of plant and animal life, that range in size from those too
small to be seen with a powerful microscope to larger forms such as earthworms. Soil characteristics such as
structure, aeration, drainage, organic matter content and reaction, as well as tillage practices and kinds of
crops grown, exert pronounced effect on the abundance of the soil organisms as a whole; and relative
numbers of the various species. Algal, fungal, and lichen populations, either alone or in association, form
surface crusts, which stabilize the soil against erosion, and play an important role in soil forming processes.
Fungi are active in development of soil structure. Many sandy soils in Myanmar were found to possess a
well-developed massive structure, with water-stable aggregates extending down the profile to a depth of
several feet. Such structures were always associated with intense proliferation of fungal mycelium, and much
of the aggregation was extremely strong and remained entire in the soil for a long time. The activities of soil
microorganisms upon organic matter tend to develop a desirable crumb or granular structure that offers
marked resistance to erosion, and favors easy penetration by plant roots and rain water. Molds, as an
example, sometimes form entwining threadlike growths around soil fragments or crumbs, thus provides
considerable soil stability and easy penetrability of air and water into the soil.

Holes left in the soil by earthworms increase soil aeration and drainage. Holes put into the soil by
mammals, worms, or insects serve to increase water intake capacity. Earthworm burrows often extend to
depths of 3 or 4 feet or more, and serve as water channels to increase the intake of rainfall, and to facilitate
the favorable internal circulation of moisture. They improve the physical condition of the soil, especially with
respect to the development of a favorable crumb structure. The most important group of soil fauna which
affect soil structure in Myanmar forest soils are earthworms; for their casts, even if voided underground in the
soil itself, have an excellent structure, due probably to the way soil and organic compounds are mixed
together in their guts and then the mixture voided as a collection of small crumbs. Other groups of larger
animals inhabiting the soil, namely rodents, ants, snails, spiders, mites, millipedes, centipedes; and various
other worms and insects have direct effects on the soil by their activities, which tend to increase aeration and
improve the drainage of soils.

Soil properties in relation to water erosion may be divided into two types, (a) those properties that
affect the infiltration rate, that is the rate at which enters the soil; and (b) those properties which resist
dispersion and erosion during rainfall and runoff. Except for very sandy soils, detachment and transportation
are essential components of soil erosion; and the rate of erosion is inversely proportional to the resistance to
the detachment and to transportation cussed by erosion control practices. It could be summered that soil
properties that reduce detachability are; high active organic matter content, high clay content, prevalence of
divalent ions among the exchangeable cations, high content of water-stable aggregates, high amount of
microbial activity, high fertility to stimulate microbes and crops, intermediate moisture content at the beginning
ofthe storm, and consolidated surface; and soil properties that reduce transportability are; high percentage of
large primary (sand and gravel) and secondary particles (water-stable aggregates), and high percentage of
organic matter.

The important factors affecting the erodiblity of soil by wind are its texture, structure, cohesiveness,
bulk density, and moisture content at the surface. Under the same conditions of climate, topography, and
vegetative cover, the erodibility of a soil mainly depends upon the characteristics, such as structure, organic
matter contents, texture, chemical compositions, and soil organisms that inhabit the soil.
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Table-3: S&P Global Platts & Specifications guide: Asia Pacific and Middle East
refined oil products ¢ Fuel Oil Specification(May 2019)

Property Unit Standard
380 cSt 180 cSt 180 ¢St FO, | Marine Fuel
FO, FO, 20% S 0.5% S
3.5% S 3.5% S
Kinematic viscosity at 50 °C cSt Max 380 Max 180 Max 180
Specific gravity at 15 °C kg/m? Max 991 Max 991 Max 991 Max 991
CCAI 870 860 860 870
Sulfur % Max 3.5 Max 3.5 Max 2.00 Max 0.5
Flash point °C Min 60 Min 60 Min 60 Min 60
Hydrogen Sulphide mg/kg 2 2 2 2
Acid Number mgKOH Max 2.5 Max 2.5 Max 2.5 Max 2.5
kg
Total sediment aged % 0.10% 0.10% 0.10% 0.10%
Carbon residue: micro method Yo Max 18 Max 15 Max 15 max 18
Pour point b & Max 30 Max 30 Max 30 Max 30
Water % Max 0.50 Max 0.50 Max 0.50 Max 0.50
Ash % Max 0.10 Max 0.07 Max 0.07 Max 0.10
Vanadium mg/kg Max 350 max 150 max 150 Max 350
Sodium mg/kg Max 100 Max 50 Max 50 Max 100
Aluminium + Silicone mg/kg Max 60 Max 50 Max 50 Max 60
ULO The fuel shall be free from The fuel shall be free from ULO
ULO
* 380 cSt * Platts fuel oil and bunker assessments reflect specifications defined
*180¢St,3.5% S by the International Organization for Standardization in document
*180cSt,20% S ISO 8217:2010 Petroleum products - Fuels (class F) - Specifications
of marine fuels
maximum sulfur limit of 0.5% across the globe starting January
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