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ABSTRACT

Gaia is a complex entity that seeks an optimal physical and chemical environment

for life on this planet. The main function of Gaia is to ensure homeostasis. The
inherent nature of Gaia in responding slowly to many changes raises deep concerns
with regards to our manipulation of the environment. Preponderance on
anthropogenic factors raises the issue of the tenacity of Gaia’s main characteristics
as well as the applicability of this theory in sustainable land management policies
in agro-based systems. Preservation of a self-regulating mechanism (Gaia) and
the non-disturbance of the component processes constitutes the framework for
sustainable land management systems. Individual components and interactions
between components must be understood thoroughly in order to preserve Gata.
All sustainable land management systems are components of Gaia. Sustainable
Tand management systems have to consider ecosystems that are spatially bigger
than the site-specific agro-ecosystems, Non-conformance to this causes degradation
of Gata. Gaia's resilience must be determined to ensure that sustainable land
management policies are not working against Gaia. Research paradigms designed
towards sustainable land resource management must, therefore, take a Gaian
approach (truly holistic) in order to ensure that the resources are preserved for
future generations.
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INTRODUCTION

Gaia is a name of the Greek goddess known as Ge, and is used to describe a
planetsized entity with properties which cannot be predicted from the sum
of its parts. The name was originally proposed by author William Golding
and was later used by James Lovelock to express his famous Gaia Hypothesis
(later 1o become a theory). Gaia is defined as a complex entity involving the
carth’s biosphere, atmosphere, oceans and soil, the totality constituting a
feedback or cybernetic system which seeks an optimal physical and chemical
environment for life on this planet (Lovelock 1979).

Gaia’s three main characteristics have been stated as follows: a) the
tendency to keep constant conditions for all terrestrial life (provided that
man has not seriously interfered with the equilibrium), b) Gaia has vital organs
in the core and less important ones at the peripheries {what we do to our
planet depends on where we do it), and ¢) Gaian responses to the changes
for the worse must comply with the rules of cybernetics, where the time
constant and the loop gain are important factors. The regulation of oxygen
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has a time constant in the order of thousands of years. This basically implies
that undesirable trends in the regulation are hardly noticed at the right
moment. In fact, it is obvious that a detrimental change in the regulation of
oxygen would then perturb or even slow down any remedial measures
significantly (Lovelock 1979).

Although the example gwen earlier is one of the mdriy facets of the Gaian
theory, it is worthwhile to note that that we may be creating an undesirable
situation in many instances whereby the response time to corrective measures
offsets any expectations for feasibility or even viability. It is, therefore, very
clear that sustainability is of major concern in today’s land use planning, This
problem is best exemplified by the two most important global issues today:
i) sustainable agriculture and ii) global climate change (Eswaran 1992).

Soils are known to be in a state of dynamic equilibrium. Sustainable
management of soils involves immense knowledge of management itself, apart
from the resilience of the soils, the extent of man’s interference and the tme
and place in which man has modified the natural surroundings for
development purposes. The Gaia Theory has received much criticism from .
the scientific community. The purpose of this conceptual paper is not to ~
validate the existence of Gaia, but to evaluate the impact of the current
approaches in soil science and agriculture on the stability of Gaia, in the
event she does exist. The preponderance on anthropogenic factors raises the -
issue of the tenacity of Gaia’s three main characteristics in today’s world as
well as the applicability of this theory in our gquest to achieve sustainability in
agro-based systems.

Conceptual Framework of Gaia in Sustainable Land Management
Essentially, Gaia is understood as a state of equilibrium at a given time.
However, randomization or dynamic chaos can be perceived to appear in this
system, Sagdeev et al. (1988) state that itis not possible to distinguish a dynamic
process with well-defined variables and parameters from a certain random
process. They also showed that a simmple change in the parameters of the
system switches a regular process into an irregular or chaotic process. The
chaos processes are in fact non-independent events that make up Gaia
(Fig. I). The chaos arising out of dynamic processes is fractal in nature. These
fractals may be visualized as processes that occur in the land that influence
the events (Fig. I). Demarcation of the limits between the individual processes
between fractals, chaotic processes or within Gaia itself may be discrete (crisp
sets) or better defined using fuzzy set theories (Fig. 1) that provide gradual
transitions from one event to another (Klir and Folger 1992) . It is important
to note that the identification of these events or processes in a landscape are
both time- and scale-dependent.

It is then perceived thatin order for Gaia to be valid in agricultural systems,
knowledge of the association and validity of the individual components are
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Fig. 1. Conceptual framework of Gaia in
sustainable land management systems

important. Furthermore, the preservation of a self-regulating mechanism
(Gaia) and the non-disturbance of the component processes then, visibly,
constitutes the framework for sustainable land management systems.

APPLICATIONS OF THE GAIA THEORY

Sotl Genests
Sagdeev et al. (1988) have shown that the oscillation of a pendulum is
essentially chaos. This then indicates that time itself is a chaos event. As time,
being one of the factors of soil formation as proposed by Hans Jenny, is chaos,
this simply means that soil formation (despite being acknowledged as being
in dynamic equilibrium) is a chaotic event. A few examples are illustrated
here to explain this, L
The development of an Oxisol is related to both time and degree of
weathering. However, since these soils are extremely weathered, the chemical
properties such as the charge characteristics are very low. Throughout the
geological history of this earth, it is known that the climate has changed
considerably in all geographical locations. Despite irregularities in the patterns
of climatic change and considering the difficulties in obtaining a relatively
stable platform, an overall warm climate in the tropics in current times has
resulted in the formation of Oxisols. However, in moving from south America
through Africa and to Asia there is a change in the relative stability of the
platforms as well as general lithology. Old and stable landscapes that are
favoured for the formation of Oxisols are quite common in south America
but are difficult to find in Malaysia. Assuming that time, climate and stability
of landforms are the main factors for the formation of this soil order (for
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argumentative purposes), then itis logical to state that one should not expect
to find Oxisols in Malaysia. Since this is not the case, it is reasonable to conclude
that the occurrence and distribution of Oxisols in the tropics can be
considered a random (chaos) event, at least in the last 60 millennia.

Despite the fact these soils are generally confined to the tropics today, it
is an intrigning concept to note that the related Alfisols and Ultisols may not
form Oxisols, even if given sufficient time to do so. This is probably due to
other factors influencing the pathway of soil formation for these related soils
such as modifications to the water dynamics in the region as a result of man’s
intervention, global warming resulting in rise in soil temperatures and changes
in soil moisture regimes {as well as imbalances’in partial pressures of carbon
dioxide in the soil), all of which can affect faunal activities and other soil
formation factors that are critical to the development of Oxisols. The wo
questions to be asked here are 1) the impact of man’s interference in the
chaotic pathways of soil formation, and 2) the overall impact on Gaia’s
homeostasis. Similar arguments can be raised with respect to the formation
and behaviour of other soil orders.

Carbon Contents and Global Warming

An inventory of the carbon content in soils is a prerequisite to the proper
understanding of greenhouse gas fluxes in the different ecosystems. Olson ¢/
al. {1985) have shown that the changes in the burial of organic carbon in
geologic sediments over the last 600 millennia has been very irregular. To
date, it is known that the carbon contentis linked to the climatic variations. It
is, therefore, important to know the extent of carbon sequestraton in the
soils in an ecosystem. Eswaran et al. (1993) mdicated that organic carbon
content in Histosols is the highest in the world among all the soil orders.
However, it is well known that in order to model these {luxes, detailed
knowledge of the factors regulating the carbon cycle must first be
characterized. Providing carbon credits for a single ecosystem is insufficient
since there are mutual relationships between the ecosystem studied and
adjoining ecosystems.

For example, in a landscape comprising Histosols and Inceptisols, organic
carbon contents may be found to be similar {Eswaran et al. 1993). However,
upon drainage and subsequent utilization of the area, the accelerated rate of
decomposition in the Histosols would result in large changes in the active
and passive forms of carbon pools. The overall impact in this ecosystem is a
complete change in the biogeochemistry stability as well as the water dynamics,
all of which have links to climatic changes. In other words, Gaia’s quest for
stability is imbalanced again. As such, a proper characterization of the Histosols
would provide a better understanding of the importance of the existence of
this soil order.
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Sustainable Land Management

Although there are many definitions for sustainability (TA(“ 1988, Lynam
and Herdt 1988; FAG 1989; Baier 1990), there are generally three issues being
raised in all' these definitions: 1) satisfying the changing human needs,
ii) maintaining or enhancing the quality of the environment, and iii)
conserving the natural resources. Considering that the development of
Histosols requires a long period of time and that this soil order functionsasa.
sponge to retain water, development of such areas would have a significant
impact on that ecosystem, the surrounding ecosystems and Gaia as well. The
question to be asked here is whether a sustainable land management policy
drawn up for the site-specific land use is in fact sustaihable for the other
ecosystems and Gata. It is felt that unless this question can be answered to a
reasonable extent, we should be prudent with the usage of the term
sustainable.

Soil Resilienice and Gaia
In line with issues related to sustainability is the newly developed concept on
soll resilience. Szabolcs (1992) describes soil resilience as tollows: -

SR = (f (BCp, BCc, BCb, PSE, AF)

where SR = soil resilience
BCp = physical buffering
BCc = chemical buffering
BCb = biological buffering
PSF = pedological soil fluxes
AF = anthropological soil fluxes

Resilience, in this respect, refers to the capacity of the soil to counteract
stresses and alterations. However, in order to be able to understand the
resilience of a given soil, we must first understand the role of the soil, its
attributes and behaviour. In trying to do so, one encounters issues such as
spatial variability and appropriate classification of the soils. These factors not
only complicate designs for sustainable rmanagernent systems but also provide
challenges to the scientific c‘ormnumty to adopt a more flexible approach in
defining resilience.

Consider a hypothetical situation involving two soil types (with diffuse
boundaries between them) A and B. The resilience of these soils to a particular
stress or modification may be represented as RA and RB strictly on an
individual basis. However, since these soils occur in a landscape and the
property, behaviour and performance of each is, to a certain extent, controlled
by the other (apart from other factors), it would be more appropriate to
represent the resilience of each soil type as a function (or dependent) of the
otherie. RA/B and RB/A. I a third soil type were to be associated with these
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two in the tandscape, the resilience then changes accordingly to include the
new influence. It is then evident that a particular soil series would not have
the same resilience in two different geographical locations. Resilience itself |
becomes chaos. An important bearing of this concept is that extrapolation of
results or transfer of technology now has to be done very carefully in order to
maintain the precarious balance between preservation and destruction of
Gaia.

CONCLUSIONS

Assuming that the Gaia theory is valid, it is imperative that the individual
components and interactions between these components be understood
thoroughly in order to work with Gaia. Any sustainable land management
system is perceived as a component of Gaia. Interactions between and within
such systems inadvertently affect Gaia. Therefore, sustainable land
management systems have to be designed bearing in mind the impact on an
ecosystem that is spatially bigger than the site-specific agro-ecosystem. Non-
conformance to this would initiate degradation of the stability of linkages
between individual systems within Gaia that have until now ensured
homeostasis. As many of these systems respond slowly to positive and negative
changes, Gaia’s resilience has to be determined in order to ensure that
sustainable land management policies are not working against Gaia. Research
paradigms designed towards sustainable land resource management must,
therefore, take a Gaian approach (truly holistic) in order to ensure that the
resources are preserved for future generations.
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