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ABSTRACT:- This study assesses the soil conditioning capacity of tree gums based on the level of
resistance to crumble posed by moulds of treated soils to the impacts of artificial raindrops.  Gums
exuded by trees viz., Acacia occidental and Parkia bicolor as well as a sample of poly(vinyl)
alcohol (PVA) were used as soil conditioners.  The soil samples were a loam, laterite and a leached
sandy soil, labeled A, B and C, respectively.  The study shows that compared to PVA (an established
synthetic soil conditioner), treatments by the tree gums conferred greater conditioning capacity to
the soil samples; the conditioning effectiveness of the tree gums was in the order P. bicolor>A.
occidentale>PVA.  The effectiveness of the all the conditioners increased with concentration with
a somewhat leveling effect at high concentrations.  An appreciable degree of stability to the raindrops
(96.6, 111 and 114 % for samples B, A and C, respectively) was imparted to the soil samples when
they were treated with 1% (w/v) CaCl

2
 solution on its own; prior treatment of the soil samples with

the CaCl
2
 solution enhanced the soil conditioning properties of the tree gums as well as the PVA.

The soil conditioning effect was most pronounced in the case of sample B (the lateritic soil) and
least pronounced in the case of sample C (the leached sandy soil).  These results are interpreted in
terms of the physico-chemical properties of the conditioners and of the soil samples.

INTRODUCTION

Soil fertility is a general term that refers to the various
factors that promote and support plant growth.  The
factors that impact plant growth can be classified into
two broad categories: (i) the nutrient factors and (ii) the
soil factors.  The nutrient factor refers to the presence
and intensity of the various nutrients that are necessary
for plant growth and is formally referred to as chemical
fertility.  The soil factor refers to the condition/state of
the soil that enables plants to take fuller advantage of the
presence of soil nutrients resulting to optimal growth.
This category/class of soil fertility is formally referred to
as physical fertility. Physical fertility also embodies the
capacity of the soil to (1) control/limit land based
environmental pollution by immobilising pollutants to
enable their destruction by microorganism and (2) minimize
soil loss through erosion by preventing/minimizing the
disintegration of soil structure.

The foundation/basis of soil physical fertility is soil
structure.  Soil structure refers to the size, shape and
arrangement of the aggregates formed when primary
particles are clustered together into larger separable units,
called ‘peds’.  The genesis of soil aggregate formation is
the association of clay particles into quasi-crystals and/
or domains and/or tactoids.  The term ‘quasi-crystal’ refers
to the rather compact stacking of montmorillonite clay
particles; the stacking in the (001) direction being crystal-
like.  The term ‘domain’ refers to the relatively looser parallel
arrangement of platelets of illite-type clay minerals in such
a way as to allow the full penetration of N

2
 molecules into

the interlayer spaces. ‘Tactoids’, on the other hand, are
formed when clay particles associate randomly instead of
as packets of perfectly orientated platelets.

Soil clay platelets within quasi-crystals, domains, and
tactoids are usually held and kept together, largely by
weak van der Waals forces, which are easily disrupted by
hydration/solvation forces. Domains and/or quasi-crystals
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and/or tactoids are also attached to one another and to
larger sand and silt particles by relatively weak bonds as
proposed by Emerson (1959).  This therefore gives rise to
the need for additional bonding/cementing agents in order
to produce larger aggregates and to stabilize the resulting
soil structure against disruptive forces (water, wind,
mechanical, etc.).  Natural as well as synthetic polymeric
substances are known to fulfill this role.

The process of artificially ameliorating and/or stabilizing
soil structure is known as soil conditioning.

Polysaccharides are among the more important natural soil-
conditioning agents.  These polymers are believed
(Burchill, et al., 1981; Cheshire and Hayes, 1990) to bring
about inter-particle bonding by means of (electrostatic)
interactions between charged entities (including charge-
neutralising cations) on the surface of the soil colloids
and functional groups on the polymer strands.

An important consequence of the model of soil aggregate
formation described above is that when domains, tactoids,
sand, and silt particles, etc. associate to form macro-
aggregates, and eventually soil crumbs, peds, etc.,
numerous pore channels ramify the resulting structure
leading to the formation of a spatial network of soil particles
commonly referred to as ‘soil fabric’.  The term soil fabric
is sometimes also referred to as soil structure.

It is the state/characteristics of the soil fabric that reflects
the physical fertility of a soil.  The size and shape of the
soil aggregates determines the size of the soil pores. For
particles of similar shape, the larger the soil aggregates the
larger the soil pores and the lower the bulk density of the
soil.  Also, the larger the soil aggregates the higher the
level of aeration, the higher the ease of root penetration
and shoot emergence, and the higher the drainage.
Naturally, the higher the drainage of a soil the lower will be
its water holding/retention capacity.  At the other extreme,
soils consisting of very small aggregates (e.g. clayey soils)
have low aeration, high bulk density, low ease of root
penetration and shoot emergence, very poor/low drainage
and are therefore easily waterlogged.  The conclusion to
be drawn from the foregoing is that a physically fertile soil
should neither be exclusively composed of very large nor
of very small aggregates.  Soils with optimal physical
fertility must therefore be composed of aggregates of
optimal sizes as exemplified by those that constitute a loamy
soil.  A typical loamy soil is one that is composed of 35-50
% sand, 35-45 % silt and 15-25 % clay (see Russell E. W.
1973).  About 50% of the volume of such a soil consists of
pore space.  Under optimal plant growing conditions one

half of this pore space is filled with water/moisture and
the other half with air.

What is perhaps more important to physical fertility is
the stability and maintenance of this desirable/loam
structure in the face of adverse/disruptive forces in the
environment.  The forces that disrupt soil aggregates
include rainfall, wind, the trampling effect of grazing
animals, etc.

As has been mentioned above natural and synthetic
polymeric substances are used to modify the sizes of soil
aggregates to attain a structure akin to that of a loam and
to stabilize the resulting structure.  The indices of soil
physical fertility therefore include measurement of:

! Particle size distribution via dry and wet sieving.
! Resistance to the disruptive forces of rainfall.
! Resistance to crusting through compaction

tests.
! Saturated hydraulic conductivity based on

Darcy’s law.
! Bulk density.
! Water holding/retention capacity based on

moisture content.

This work is based on the measurement of resistance of
the soil aggregates to the disruptive forces of raindrops.

EXPERIMENTAL

Description of soil samples

The samples were carefully selected in order to reflect
differences in structural characteristics; the samples were
all collected from the top 15 cm of the respective profiles.

Sample A:  This meticulously selected loamy soil (with
good crumb structure – the type that is easily recognized
as a good agricultural soil) was collected from a piece of
land belonging to Province J of the Soil Map Sierra Leone
(Odell, 1974); this piece of land had not been cultivated
for at least 10 years.  This sample was mechanically
analysed by the wet-sieving and pipette methods (BSI
377/1975) and found to be composed of 30% sand, 28%
clay and 42% silt.

Sample B:  This rather ‘structureless’, reddish-brown
lateritic soil was collected from an eroded excavated
wasteland belonging to Province A of the Soil Map of
Sierra Leone.
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Soil Sample C
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Sample C:  This light, highly leached sandy soil was
collected from a deposited run-off originating from a slash-
and-burn wasteland belonging to Province J.

Chracterisation of Soil and Gum Samples

The soil samples were further characterized in terms of
their pH, Cation Exchange Capacity (CEC), and organic
mater (OM) and free iron oxide contents.  The CEC was
determined by the 22Na isotope dilution technique in a
Britton-Robinson buffer solution at pH 6.4; the OM
content was determined by the Walkley-Black (see
Allison, 1965); the free iron oxide content was determined
by the sodium-dithionite method (Olson, 1965); the pH
was determined in 1M KC1 using a 1:2.5 ratio of soil:liquid.
A summary of the results is given in Table 1.

Table 1. Relevant physio-chemical properties of the soil
samples

Sample PH        
(1M KC1)

CEC 
(Cmol/Kg)

OM        
content (%)

Iron Oxide 
content (%)

     
A   4.4 16.5 5.1 9.4

B 5.6 3.1 2.8 2.0

C 7.6 2.7 0.8 0.3

Samples of the plants gums were collected from A.
occidentale and P. bicolor.  These gums were purified by
separately dissolving about 50g of each sample in 200
cm3 of distilled water.  The solutions were then filtered
and just enough ethanol (95%) to effect precipitation was
gradually added to the filtrate.  The yield in the case of A.
occidentale was 68% and that in the case of P. bicolor
was 38%.  The ash content and the relative viscosity (in
distilled water) had previously been determined (Table 2).
The molecular weight of the PVA sample was given as
1.4×104.

Table 2:  Some properties of the conditioners

Sample Ash content (% ) Relative viscosity

A. occidentale 0.54 1.1

P.bicolor 0.93 19.8

PVA 0.05 0.7

Application of conditioners to soil samples

Each soil sample was treated with various concentrations
viz., 0 (i.e., distilled water), 0.1, 0.3, 0.5, 0.7 and 1.0 % (w/v)
of the conditioners in distilled water using a device
constructed locally.  The d” 2 mm fraction of each soil
sample was first carefully and uniformly packed in a
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cylindrical glass column, having a diameter of 3.2 cm and
a total length of 19.5 cm; a screen support (to hold the soil
column in place and to prevent the soil particles from
falling through) had been fitted at one end which was
then drawn into a funnel-shape and became the bottom
end.  This end was connected to a glass reservoir
containing the solution of the conditioner (or CaCl

2

solution or distilled water) by means of flexible PVC tubing.
The height of the reservoir was then adjusted in order to
get its liquid content to flow upwards into the soil sample
via the perforated screen-support base of the glass
column.  The flow of the liquid was carefully (mechanically)
controlled in order to just saturate the soil sample to ‘field
capacity’ and to achieve a reproducible and slow rate of
wetting.  The samples were each kept saturated in this
manner for 6 hours, after which the solution of the
conditioner (or distilled water) was allowed to drain out of
the soil.  The soil samples were then air-dried in situ (i.e.,
undisturbed and while still in the glass column) for 4 days.
Another treatment involved saturating the soil samples
(as described above) with 1% CaCl

2
 solution and then

followed by another bout of saturation with a particular
concentration of the conditioner solution.

Raindrop Experiment

About 20g of the conditioner-treated soil was pressed
and moulded into a cylindrical core using a small plastic
mould (3.4cm in diameter and 1.8 cm in height).  The
uniformly-produced soil moulds which served as giant
aggregates, were left to dry for five days after which they
were subjected to the impacts of artificial raindrops, falling
from a distance of 30 cm, using the apparatus described
by McCalla (1944).  This apparatus consisted of a 250 ml
separating funnel (BS 2021) fitted at the top with a T-
shape still head (quick-fit) that allows water to flow in and
out.  Thus there was a constant head of water above the
falling ‘rain drops’.  Drops of similar size (5mm diameter)
were regulated to fall at a rate of 100 drops per minute for
every determination (see also Bruce-Okine and Lal, 1975).

The stability of the soil cylinders were evaluated by
determining the number of drops of ‘rain’ that were
required to completely disintegrate/crumble a soil
aggregate represented by a moulded soil core.

The results used to produce Figs.  and are averages of
three nearly consistent results.

RESULTS OF RAIN DROP EXPERIMENT

Results of these experiments show that samples treated
with water alone were less resistant to the impact of the

‘rain drops’ than those treated with the conditioners; soil
aggregate stability increased as the concentration of the
conditioners increased, with a somewhat leveling effect
at high conditioner concentration. This effect was more
pronounced in the case of sample B (the lateritic soil)
than for the other samples.  Since these soils, like most
tropical soils, consist mainly of kaolinite clay minerals
and soil oxides as the mineral components they probably
interacted with the polymeric strands of the
polysaccharides plant gums and of the PVA via the ‘loops-
and-tails’ mechanism proposed by Kavanagh et al. (1978).

The application of calcium on its own imparted an
appreciable degree of stability to the soils (96.6, 111, and
114 % for samples B, A, and C, respectively). The
application of the plant gums together with calcium ions
was also seen to enhance the innate soil conditioning
capacity of the plant gums and the PVA.  Similar results
were obtained when the saturated hydraulic conductivity
of the soils and changes in particle-size distribution (using
wet and dry sieving) were used as the indices of the soil
conditioning capacity of the conditioners (see Yormah
and Egbenda, 1995; Egbenda and Yormah, 1995).  These
results emphasize the role of the resident cations in the
binding of the polymers to the soil colloids. Under this
condition the weaker H-bonding via which some polymeric
conditioner molecules are attached to the soil particles (in
the absence of the Ca2+) would be replaced by the relatively
stronger bonds involving cation-bridging (Yormah and
Egbenda, 1995). Mortensen (1962) has also suggested that
the polyvalent resident cations, by their ability to
suppress/reduce the thickness of the double layer around
the soil colloids, will allow the conditioner molecules to
approach the surface much closer.  This greater proximity,
he argues, increases the chances for soil-surface/
conditioner interactions.

The trend in effectiveness of the conditioners was in the
order P. bicolor> A. Occidentale> PVA.  (It was not
possible to mould samples treated with A. communis into
a rigid core, it invariably collapsed when touched by the
fingers.  The same samples were made into perfect moulds
after treatment with just distilled water.)  This result can
be rationalised by considering the relative molecular
masses of the soil conditioners.  Although actual
molecular masses of the tree gums could not be
determined, an indication of the relative molar masses can
be obtained from values of the relative viscosities reported
in Table 2: there is an obvious direct relationship between
viscosity and molecular mass.  Thus the molecular masses
of the conditioners would be expected to be in the order P.
bicolor>A. occidentale>PVA.  The fact that the molecular
mass of the PVA sample was given as 1.4 × 104 and the
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molecular mass of a gum exuded by P. bicolor growing in
Nigeria has been reported as 3.0 × 106 (see Anderson, et
al. 1985) gives some credence to this deduction.  The
results therefore show that P. bicolor with the highest
molecular mass and therefore with the longest polymer
strands has the highest capacity to aggregate and stabilize
soil particles.  PVA with the lowest viscosity and therefore
lowest molecular mass has the least soil-conditioning
capacity.  Williams et al. (1966) and Carr and Greenland
(see Burchill et al. 1981) who had obtained similar results
have argued that although polymer penetration into the
soil pores is greatest for the lowest molecular mass material,
the lesser amounts of the highest molecular mass material
that is sorbed confers the greatest aggregate stability.

Of the 3 distilled water-treated soil samples, the loamy
soil (sample A) showed the greatest resistance to the
‘raindrops’.  It is noted that sample A also contains the
highest organic matter content.  Previous work by other
researchers has established that soil organic matter enables
soils to withstand stresses caused by rapid wetting and
by the impact of raindrops (Gabriels and Michiels, 1991).
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