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RETHINKING SOIL SCIENCE PARADIGM1 
 

Tejoyuwono Naotohadiprawiro 

 

BEHIND THE REPUTED TRUTH 

 Why are we, soil scientists, talking about “new waves” in soil science which has 

been chosen to be the theme of this refresher course? Why has the Soil Science Society of 

America (SSSA) president of 1991, Dr. Fred P. Miller, invited all members of the SSSA to 

contemplate on changing the paradigm of soil science? The concern of soil scientists as 

expressed by Dr. Miller is that the association with agriculture is restricting the full 

employment of the capacity of soil science in dealing with major issues facing science and 

communities (Miller, 1991). The American Society of Agronomy (ASA) president-elect of 

1992 and former SSSA president of 1988, Dr. Dennis Keeney, being a soil scientist 

himself concurs with Dr. Miller’s viewpoint. How then can soil science find its true 

identity (Keeney, 1992) ? 

 In fact, there are today many instances where soil science has “trespassed” its 

inherited bounds. Its association now goes much farther then just agriculture. However, the 

general perception of soil science being a fosterchild of agriculture is still prevailing 

among the general public and the bureaucracy, even among educators and soil scientists 

themselves. Wherever we are soil science is taught as a constituent of an agricultural 

curriculum. It is true that some other curricula include some teaching load of soil science, 

like for instance forestry, biology, physical geography and engineering. But structurally, 

meaning budgetary matters, academic and research affairs, and staffing, soil science is still 

construed with agriculture. Soil science teaching, research and extension, and soil 

technology are supposed to maintain their basic agricultural nature. Therefore, by 

governmental arrangement soil educational, research and extension institutions are 

invariably found within the country’s agricultural establishments. 

 

                                                            
1 Presented as an opening-address at the Refresher Course for alumni from SE Asia of the ITC for post-graduate soil 
scientist of the Ghent University. Held at the Gadjah Mada University, Yogyakarta, Indonesia. 2-12 August 1993 
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THE THEORY OF SCIENCE 

 According to Thomas Kuhn’s theory of science developed from the history of 

science, science progresses in a revolutionary way. It may be summarized by an open-

ended scheme as follows : pre-science - normal science - crisis - revolution - new normal 

science - new crisis - new revolution - and so on. Pre-science is the initial stage of science 

progression where activities are diverse producing unsystematized knowledge. The 

knowledge eventually becomes structured and oriented to form a normal science when the 

members of the particular scientific community adhere to a certain single paradigm. A 

paradigm, according to Kuhn, embodies a particular conceptual framework through which 

the world is viewed and in which it is described. It is made up of the general theoretical 

assumptions and laws, and of a particular set of experimental and theoretical techniques for 

their application. According to Kuhn, the existence of a paradigm capable of maintaining a 

normal science tradition is the characteristic that distinguishes science from non-science. 

Thus a science which lacks a paradigm fails to qualify as science (Chalmers, 1982).  

 Normal science involves detailed attempts to match its paradigm with nature. In its 

attempt to improve the match it will inevitably experience difficulties and encounter 

apparent falsifications. When the mismatch becomes serious, a crisis state develops. In 

such a state a revolutionary step of replacing the original paradigm by another, more 

adequate one becomes essential for the effective progress of science (Chalmers, 1982). 

Kuhn’s description of paradigms is evidently based on rationalism. Paradigms are ideas, 

beliefs, outlooks, or attitudes guiding observation and experiment through their persuasive 

influence on the science practiced within them. Therefore, the replacement of one 

paradigm by another must be revolutionary. 

 The inductivist accounts of science is that science progresses cumulatively. 

Scientific knowledge grows continuously with increasing number and variety of 

observations, enabling existing concepts to be refined or redefined, new concepts to be 

formed replacing old ones, or new frontiers of learning to be discovered. From this 

empiricism point of view, paradigms are conceived as developing from facts through 

evolution. 

 The revolutionary theory is not necessarily an alternative to the evolutionary one as 

rationalism and empiricism are complementary in the advancement of science. Rationalism 

provides the assumptions, hypotheses or theories needed for deductive reasoning, while 

empiricism provides the facts to test the deductive statements by inductive reasoning. This 
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cybernetic process of reasoning is attempted to match paradigms with the real world 

towards the development of normal science. The history of soil science contains pertinent 

evidence of the application of the complementary association between rationalism and 

empiricism in developing theories and concepts. The zonality principle of soil geography 

developed separately by Dokuchaev in Russia and by Hilgard in the USA, and the state 

factors model of soil formation developed by Jenny, are good examples of the expedience 

of this structure of logic. 

 

THE SCIENCE OF SOILS 

 The earliest notion of soils as an entity was presented in Aristotle’s explanation of 

the four elementary forms or state of matter of the universe fire, air, water and earth. These 

elements were considered the carriers of qualities. But not until the end of the nineteenth 

century there was a recognized science of soils. The study of soils was subserved to the 

purpose of the already established sciences like geology, botany, chemistry and 

climatology, or to the purpose of the use and care of land for the production of food and 

fiber (Arnold, 1983). According to this account, until one century ago the knowledge of 

soils was still at its pre-science stage. Thus relative to the prominent sciences of biology, 

chemistry and physics, soil science is still very young. Nevertheless by virtue of the 

keenness of its workers in adapting whatever advancements were available in the 

methodologies, techniques and instrumentation of those elite sciences, soil science was 

able to move ahead very fast. Its significance to society was also spreading rapidly. The 

success of soil science to strongly actualize itself as a normal and mature science in such a 

relatively short time is indeed an unparalleled achievement. 

 The involvement of soil science today is not restricted to matters of useful biomass 

production any more. The importance of the soil aspect gains increasing recognition in 

resolving diverse problems concerning many human aspirations other than food, clothing, 

timber and wood. A thorough understanding of soil characteristics and behavior is now 

indispensable for resolving environmental matters such as environmental sanitation, 

environmental impact analysis and assessment, global climatic change, biodiversity, and 

wildlife reservation. As soils play a critical role in the hydrological cycle, soil geography is 

a co-determinant of hydrological provinces and as such the soilscape must be duly taken 

into consideration in water resources management studies. 
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 Different from the other natural, land-based resources the soil resource is unique in 

the sense of possessing the capability of supporting a wide range of purposes of use which 

often are incompatible with one another for sustainability. For instance, urban development 

encroaching on agricultural land, logging operation expanding into natural reserve, etc. In 

addition, the soils of an area may act as a capacity factor on the other associated resources. 

The soils define the value of those resources for certain purposes of use or set the 

opportunity of utilizing them beneficially. For example, a poor soil supports a natural 

forest of low value, a soil of good moisture regime provides the opportunity to utilize 

rainfall fully for establishing productive rainfed cropping, etc. 

 As the total value of land as the carrier of resources pivot on the value of its soil 

component, the decided type of soil utilization brings about certain social and economic 

implications. The task of soil science in a social and economic context is to allocate land to 

different uses with the purpose of utilizing fully the existing local opportunities. Thus the 

link of soil science with socioeconomic disciplines is by means of soil capability 

evaluation and mapping (Edelman, 1949). To show this facet of soil science, Edelman had 

coined the term “sociale en economische bodemkunde” (social and economic soil science). 

By this way soil science can help mitigate social and economic constraints encountered in 

community development schemes. 

 Soil science is also contributing much to the study of archaeology (Limbrey, 1975; 

Foss & Collins, 1987), quaternary geology, military geology (Whitmore, Jr., 1950), and 

paleoecology. The list is not meant to be exhaustive of what soil science has been doing 

and what it may do next. 

 

SOIL SCIENCE PARADIGM 

 We all have to admit that the agricultural paradigm to which soil science adheres 

traditionally has been the major impetus to what soil science becomes today as a mature 

science with its proud achievements. The association of soils with agriculture went far 

back to the rise of the great civilizations of Egypt and Mesopotamia around five millennia 

BC ago. During that period which in the history of science is known as the “Rivers 

Period”, agriculture flourished in the area named the “fertile crescent” extending from the 

delta of the Nile in the south to the alluvial plains of the Euphrates and the Tigris in the 

north (Anthony, 1963). 
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 The thousands of years acquaintance with the soil in place that nourished the crop 

has given those traditional farmers ample opportunities to observe how soil and plant 

interact, how this interaction relates to the other natural phenomena, and how all of these 

occurrences subsequently affect their social and economic life. Starting with the 

understanding of soils and crops, their interests gradually widen to cover the phenomena of 

land and environment, the principles of ecosystems, and the social and economic context 

of land use. Those early farmers through the work of the indigenous R&D system became 

not only expert soil practicians in managing soils for better crops, but became equally so in 

environmental and rural matters. It is not surprising, probably by tradition, to find today 

many soil scientists who excel in dealing with environmental, ecological, and rural 

problems. 

 For its progression towards maturity, soil science owes much to agriculture. Should 

this means that soil science must maintain its emotional association with agriculture? This 

is analogous to asking whether a child should stay for good with his/her parents and leads a 

mature life as visioned by the parents. Such a question is of course absurd. To keep a 

relationship however strong it may be, doesn’t necessarily mean that the parties involved 

must compromise their identities for a singular one, whether by subordinating the identities 

of all of the considered minor parties under the identity of the considered leading party, or 

by fabricating an entirely new, unifying identity. 

 As all of us see it, soil scientists have no intention at all to divorce soil studies from 

agriculture. On the contrary, the feelings are universal that the bond between soil science 

and agriculture needs to be strengthened. There is still much to accomplish in agriculture 

as in many parts of the world people are still suffering from hunger and famine, while 

extensive areas of soils are degrading at an accelerated rate. The strong support of soil 

science is essential for agriculture to enable it to tackle such an enormous problem. As 

Miller said, the question is not whether soil scientists should continue to play a major role 

in the agrarian sector, but whether soil science should take its rightful place as a scientific 

discipline that legitimately and independently can contribute to address broader agendas of 

society (Miller, 1991). 

 Soil science cannot remain static as new experiences are encountered, broader 

issues are dealt with, and new knowledge and techniques are developed in other sciences. 

One, most obvious and logical option to redefine soil science paradigm is by establishing 

soil acience as a legitimate earth science and as such it is affiliated with the other earth 
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sciences (Miller, 1991; Nelson, 1992). If the new paradigm is to be justifiable or 

defendable, the following conditions must be observed : 

1. The major aspects of the earth which soil science is concerned with are specified 

clearly; 

2. The approach implemented by soil science, which in several important respects 

differs from that used by the other earth sciences, is made visible. 

 One pertinent specification of soil science is that it is a science of the interface 

phenomena between the atmosphere, the lithosphere, the biosphere and the hydrosphere. 

Nelson (1992) has stressed on position soil science at the cutting edge of science. To 

ensure visibility of a distinct soil science approach, a strong emphasis on basic research is 

imperative that is complementary with other earth science research. Enhancing soil science 

obligation to the multifarious public demands adds greatly to the visibility of soil science 

within the science disciplines, and improves the general awareness of soil science diversity 

and scope. To instil a solid allegiance to the new paradigm, an appropriate soil science 

curriculum should be developed. To thrust basic research, a soil science curriculum should 

give sufficient weight on physics, chemistry (including biochemistry), biology (including 

microbiology), mathematics (including statistics and geostatistics), system analysis, and 

simulation modelling. 

 

THE FUTURE OF SOIL SCIENCE 

 From a humble rural origin of farmers’ experiences which saw soils as growth 

medium for plants, and the simple reckoning by early geologists of soils being wastes of 

rock weathering, the knowledge of soils was then developing rapidly into a rightful 

science. The fast development had been made possible by the deep insight gained by soil 

scientists themselves of the true nature of soils, and their creativeness in adapting theories, 

methodologies and tools of the basic sciences of physics, chemistry, biology and 

mathematics to soil research. 

 With the new perception that soils are not just a medium for plant growth, but also 

constituting an ecosystem, an essential feature of landscapes, one of the principal 

components of the environment, and a renewable natural resource, soil acience plays an 

extensive role in the life of people. The services soil science can offer are no more 

restricted to agriculture and agriculture-related demands. They include various other 

sectors of human activities as well. 
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 The extension of the area of services rendered by soil science which had occurred, 

or is happening, or can be expected to take place, calls for the rethinking of the soil science 

paradigm. Soil science needs a new paradigm by which it may obtain the best opportunity 

for development. It means the revision of the soil science curriculum and the soil research 

management, and the reorientation of soil science public services. If we accept Kuhn’s 

theory of science, this situation indicates that soil science is in a crisis of identity. It is the 

responsibility of soil scientists together for securing soil science to survive the crisis and to 

emerge as a new normal science. Such an endeavour will be confronted by the historically 

vested attitude of taking the agricultural lifeline of soil science for granted. But bold steps 

have already been taken to thrust soil science along a new, free road. The establishment of 

ITC of the State University of Ghent was one of those steps. ITC has proven beyond doubt 

that the recruitment of highly capable soil scientists of diverse professional skills can be 

accomplished without an agricultural parentage. 

 To embark upon its new course, soil science must be a solid science proficient in 

comprehensive reasoning and explanation. To this end soil science should exist on the 

concept of soil perspectives rather than on divulging different subjects individually in an 

ad hoc manner. The specialist passion to study soils by separating into discrete subject 

matters like soil physics, soil chemistry, soil genesis, soil fertility, etc. has made soil 

science as it is now, i.e. a loose heap of particles of knowledge. Fundamental research in 

the various aspects of soils will always be absolutely required as it is vital for the progress 

of soil science. But they must be directed to converge at common objectives which were 

set to reveal perspectives. Soil perspectives depict the key target areas of the application of 

the principles and tools of soil science. They are also descriptors of the central concepts of 

soil issues in strategic planning for national development. 

 The perspectives by which soils may be comprehended are : 

1. Soil as an entity. It integrates the classical subject matter of the geology of soil 

parent material, soils and landforms, weathering processes, the formation of soil 

material, soil development, and soil micromorphology. 

2. Soil as a reactor. It integrates the classical subject matter of soil physics, soil 

chemistry, soil mineralogy (including clay mineralogy), soil biochemistry, and soil 

organic matter. 
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3. Soil as an ecosystem. It integrates the classical subject matter of soil biology 

(including soil microbiology), soil biotechnology, biological interactions in soils, 

and the cycling of energy and matter in the soil-plant-atmosphere continuum. 

4. Soil as a land component. It embodies the treatment of soil as a subsystem of land, 

soil interactions with the other land components, and the soil implications of land 

evaluation and land use planning. 

5. Soil as a resource. It integrates the classical subject matter of soil geography, soil 

classification, soil evaluation (including soil fertility, productivity and capability), 

soil survey and mapping, soil management (including soil and water conservation), 

and land economics. 

6. Soil in the human environment. It embodies the subjects of soil for waste disposal, 

the sanitary functions of soils, and the role of soils in the biological control of soil-

borne diseases. 

 The presented perspectives are not meant to be final. Different perspectives may be 

stipulated. With the development of soil science and the expansion of its scope, other 

perspectives may emerge or old ones may become obsolete. Also the component parts of 

subject matter may change with the change in perception. As the body of knowledge of 

soils forms a continuum, any division into perspectives can only be arbitrary, and 

perspectives however defined can never be discrete conceptions. The boundaries between 

soil perspectives are not definable sharply. There are overlapping parts, and a subject 

matter may be instrumental for comprehending more than one soil perspective. But the key 

point is that soil science needs to be guided by perspectives to move ahead and to get 

rightful recognition. Perspectives are the things people outside the soil profession 

understand and not the subject matter specialism which quite a few soil scientists like to 

advertise. 

 Soil science should be moved from its traditional position in the agricultural 

sciences to occupy a place in the earth sciences. The proposed affiliation with the earth 

sciences has its consequences in the academic and institutional positions of soil science. 

The orientation towards soil perspectives must also be the concept of designing soil 

science curriculum, soil research management, and organising soil science services to the 

public. Lead by soil perspectives, soil science becomes anticipative in its view, and such a 

view subsequently inspires explorative research. Anticipative view and explorative 

research are prime characteristics of a mature science. 
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