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SILICATE TECHNOLOGY FOR THE IMPROVEMENT

OF WATER UPTAKE AND NUTRIENT STORAGE
IN MARGINAL SOILS
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SILICATE-BASED WATER STORING TECHNOLOGY
FOR SANDY SOILS IN THE SAHEL

B The Sahel is a region that stretches
across the African continent along the
southern border of the Sahara.

It extends over a distance of 4,000 km
from West to East and is about 300 km
wide. The Sahel countries include Sene-
gal, Mauritania, Mali, Burkina Faso,
Niger, Chad, and Sudan. According to
recent estimates some 50 million people
are currently living in this region.

Major problems in the Sahel include
water deficiency, periods of drought,
and spreading desertification. This re-
sults in conflicts about the use of resour-
ces and often migration. Agriculture
constitutes the most important econo-

Sustainable and future-oriented
development is an important element
in Austrian R&D activities. In this con-
text, long-term and global aspects
have a high priority. The present
project is an impressive example of
how Austrian research and technology
development may contribute to the
solution of problems in other climate
zones. It was financed jointly by the
Federal Ministry for Education,
Science and Culture and the Ministry
for Transport, Innovation and
Technology.
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Rain-fed farming in this region is
possible only from August to October.
Irrigated farming requires highly inten-
sive irrigation, especially in the hot dry
season. Cultivation problems are com-

pounded by the low productivity of soils

on account of poor water-storing capa-
city, low humus content, and extremely
low amounts of available nitrogen,
phosphorus and other soil nutrients.
Progressive desertification (caused by
climatic and anthropogenic factors)
causes large stretches of land to be lost
for agricultural use each year.

All these factors contribute to a drasti-
cally reduced agricultural productivity
in the Sahel. However, the growing
population has an urgent need for the
production of food.

New technologies aiming at soil im-
provement could contribute to solving
these problems. A comprehensive inter-
and transdisciplinary research initiative
dealing with this topic was conducted
within the scope of the “Sustainable
Development” activities of the Federal
Ministry for Transport, Innovation and
Technology and within two FORNE pro-
jects (FORschung fur Nachhaltige Ent-
wicklung) by the Ministry for Education,
Science and Culture.

The “Sahel Project” relies on a silicate-

based water and nutrient storing tech-
nology. The Federal Research Institute

“TGM”, Building Materials and Silicate
Technology / Vienna further developed
this innovative technology with a view
to practical application and carried
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out a series of field tests in the northern
Sahel region in Senegal to optimize the
technology. The results from practical
application were evaluated in a statisti-
cal analysis (Project Leaders: Prof. Dr.
Hugo Hubacek, Dr. Katharina Zwiauer).

The water-storing substrate developed
in Austria is a soil improver that helps
to significantly increase yields in vege-
table crops cultivated in the region.
The project has shown that adding the
new silicate substrate increased the
amount of plant-available water stored
in the soil by a factor of 8. This treat-
ment makes it possible to do irrigation
farming with relatively low water re-
quirements in these problematic
regions, too.

In addition to addressing technological
questions the project also aimed to
investigate various preconditions for the
application of the new technology in
the region. It turned out that ethnolo-
gical and sociological issues as well as
transdisciplinary and transcultural ap-
proaches constitute important pre-
requisites for a successful transfer of
technology.




Source: Institut fiir Kulturtechnik und Bodenwasserhaushalt
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TECHNOLOGY DEVELOPMENT
AND RESULTS FROM THE FIELD TESTS

M Research work aimed to develop a
substrate that improved the water-
storing capacity in very dry soils and
makes the water available to plants.

In addition, the substrate also increases
the storing capacity for nutrients. Thus it
is possible to substantially increase the
yield of sandy soils with a poor produc-
tivity. Originally, the technology was
developed for uses in arid areas, but it
is suitable for other applications, as well
(e.g. dry soils in Europe, wine and fruit
growing).

THE PRINCIPLE OF ACTION

From the perspective of physics we can
distinguish two types of soil: Sandy soils
cannot store water, however, they have
a large volume of air-filled porosity.
Sufficient aeration of the soil is needed
for germination, root growth, and the
micro-organisms. Loam and clay soils,
on the other hand, draw up water by
capillary action and store large amounts
of water while the volume of air-filled
porosity is very small in these soils. The
objective of technology development
was to find a soil improver that creates
an optimal water-air ratio in sandy soils.

The new silicate substrate is capable

of storing very large amounts of water;
it expands by several thousand percent
of its mass as it takes up water. How-
ever, water uptake does not take place
in a system of capillaries but rather in a
multitude of isolated spots. This means
that water is stored in very small par-

ticles instead of being distributed in
the soil by means of tiny channels and
that most of the air volume is retained
in the soil.

Three types of force are acting around
the water-storing substrate particles:
Gravitational force
(i.e. the water tends to flow off)
Electrostatic surface force of the
substrate particle (i.e. the water ad-
heres to the surface of the particle)
The suction force in the roots
(i.e. the water is drawn up by the
plant and into its cells)

The special formula of the water-storing
substrate is adapted to this composition
of forces. When applying the substrate
in the soil only little water runs off,
because it is retained by the attractive
force of the particles. However, this
attractive force is designed in such a
way that the suction power of the plant
is still strong enough to take up suffi-
cient quantities of water (plant-avail-
able fraction of water).

LABORATORY TESTS

The effectiveness of the water-storing
substrate has been proven not only in
the field tests and the analyses of soil
samples from the region; it also was
confirmed in laboratory tests based on
the “pF-value”. In these laboratory tests
plant substrate is saturated with water
and a negative pressure (moisture
tension) is applied. In a pressure range
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In a substrate without silicate powder
the plant-available water fraction

is 2.3 %vol; after adding 18 g silicate
powder to the same substrate

the plant-available water fraction
rises to 20.5 %ovol.

Quantity of silicate powder added
in g/l plant substrate

of 60 to 3,000 hPa the test measures —
for different fractions of silicate powder
added to the substrate — how much
water is given off again. In this pressure
range plants are able to take up water
from the soil. The laboratory tests have
shown that the plant-available water
fraction in the soil was increased by a
factor of 8 compared to the same sub-
strate without silicate technology.

The diagram shows the relation bet-

ween the proportion of silicate powder
added and the quantity of water yiel-
ded in this pressure range (silicate is
given in grams per liter of plant sub-
strate). It permits to ascertain, for dif-
ferent soil conditions, the amount of
silicate needed to attain optimal water
uptake by the plant.

TEST SERIES RESULTS

The overall duration of the project was
four years. Four field tests, each exten-
ding over several months, were carried
out at two locations.

The investigation focused

on the questions below:
What is the water-storing substrate’s
effect on yields in combination with
varying irrigation rates and amounts
of fertilizer used?
Can losses in yield caused by salt
stress be avoided by using the silicate
technology?
For which applications (farming,
reforestation, fruit trees) and plant
species can the silicate substrate
be used?
In which types of cultivation
is the use of the substrate econo-
mically viable?
How can vegetable cropping and
the use of the silicate technology be
integrated into the traditional labor
organization of livestock breeders?






