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ABSTRACT 
Is there a future for soil science? Yes, of course there is. The visions and images of soil science are 
changing. Human demand for environmental resources is quickly growing around the world. Food 
production must increase to meet the needs of an additional 3.5 billion people over the next 40 years. 
Population facing water scarcity will be doubled over the next 40 years. Land degradation and 
desertification problems, land use issues, global climate change, air and water quality, for example, are 
connected to soil. This incomplete list identifies a number of major challenges which are sufficient for 
any soil scientist to be interested in them. The aim of this vision paper is to through the light on the future 
image of soil science. The future image is not so bright if it is business as usual of traditional soil science. 
It is necessary to re-looking for the role of soil science in the society. Soil science plays an important role 
in detecting and solving environmental problems. In order to do so, and to successfully address these 
challenges, soil scientists will need to effectively participate in interdisciplinary and multidisciplinary 
studies without losing their own roots and identities. I do foresee the future of soil science if it is 
integrated with other fields. If we need to maintain our identity as soil scientists, there is a suggestion for 
a new type of soil science that is more holistic and in close relation with society needs. 
Keywords: Future soil science, environmental sustainability, environmental problems, farmer 

participatory, future generation research. 
 

Introduction 
During the last two decades, mankind has 

appropriated a large proportion of the environmental 
resources. The global changes such as strong increase in 
pollution of water, air and soils, biodiversity loss, and a 
substantial decrease of natural resource reserves 
(Frossord, 2006) are being largely discussed in the 
public and received attention from funding agencies. 
The importance of the soil is less recognized. 

Soil science provides the basic information for human 
to better manage their environment and thereby ensure a 
favorable quality of life for present and future 
generations. Soil science based on pedology, founded 
by Dokuchaev, is less than 150 years old. Since then 
most national soil surveys have adopted pedology as a 
main descriptor in soil mapping. Until recently, the 
major task for soil survey organizations is to produce 
regional and local information for agricultural 
production (Breuning-Madsen, 2006). 

The role of soils can be viewed as a set of trade-offs 
among the various functions of soils as determined by 
current society. If conservation and rational use of soil 
resources are not important enough for society in the 
next few decades, then the trade-offs may keep us 
headed toward the “tragedy of the global commons”. If, 
however, the trade-offs are for environmental 
sustainability, then the opportunities are golden for 
imparting the knowledge and wisdom of soil science. 
The focus of soil science future in the world has 
changed significantly with the societies from 
agricultural production towards environmental issues 
(Bouma, 2005). Many environmental problems are so 
complex that require cooperation with other scientists, 

e.g., biologists, chemists, and specialists in computer 
modeling. This development makes it necessary for soil 
scientists to change the focus of their research in the 
future towards environmental impact assessments and 
how to solve environmental problems. Accordingly, the 
aim of this vision article is to through the light on the 
future image of soil science. We should have a revised 
concept of soil that will broaden the old conceptual 
barriers and open new horizons. 

 
Is Soil Science In Crisis? 

Is soil science in crisis? There is no simple answer to 
this question. There are soil science’s own “ongoing” 
businesses that lead to the present level of soil science 
development. The “ongoing” businesses involve the 
generation of information and data to strengthen the 
advances in science and management innovations that 
have been made over the years. Three examples serve to 
illustrate this. 

First, every few months, it seems, another soil science 
department changes its name to one in which the word 
“soil” no longer appears (Baveye et al., 2006). Growing 
numbers of researchers are also lobbying for new 
expressions like "Hydropedology" or "Environmental 
Science" to replace the out-of-date term of "Soil 
Science". These trends are concomitant with a sharp 
decrease in the clientele of most soil science programs 
(Baveye et al., 2006). Results of institutional and 
graduate student surveys carried out in 2004 indicated 
that enrolment in MSc and PhD programs in soil science 
in U.S. and Canadian universities has dropped on 
average by about 40% (Baveye, 2006). Similar declines 
are also manifested in other countries. In terms of 
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publications, even though the number of peer-reviewed 
articles on soils-related issues published every year has 
grown exponentially in the last two decades, less than 
15% of these articles are authored by individuals who 
are affiliated with a research unit that includes the term 
“soil” or “soils” in its name (Baveye et al., 2006). 
Clearly, all of these statistics indicate that the discipline 
of soil science is losing market share and visibility at an 
alarming pace. 

Second, there have been suggestions for a new type 
of soil science that is more holistic (Bridges and 
Catizzone, 1996). Soil science has split up into different 
special areas (Frossord, 2006), with a danger (within 10-
20 years) of losing track of the holistic view of soils. 
There is much fragmented and self-centered sub 
disciplinary work (“atomization, specialization”). 
Through the development of new research concepts, soil 
science has developed into very specific areas dealing 
with all aspects of the weathering crust above rock 
material, at different scales, from the macro-scale, e.g. 
regional soil mapping and soil taxonomy, to very small 
soil particles and their reactions at nano-scale. The 
question here is not about the scientific quality or 
relevance of that work but the main problem is that the 
pieces do not fit together anymore. Only specific 
aspects of soil are investigated thoroughly which losing 
track of the overall functions of soil for human and the 
environment. The vision of International Council of 
Science Union (ICSU) to the world is clear: “where 
science is used for the benefit of all…and where 
scientific knowledge is effectively linked to policy 
making”.  

Third, soil science might probably have problems to 
maintain itself in the community. A major road block in 
advancing soil science is the negative perception of soil 
held by the general public and the scientific community 
at large. The public view of the soil is generally 
associated with “dirt,” “mud,” and “farming”. This view 
leads to low value, low appreciation, and thus low 
priority. 

 
How to Rise to the Challenge? Orientation of Soil 

Science in the world of 10 Billion People 
It is not easy thinking about the future without 

considering the past and current trends. The prediction 
of the future is always hazardous, even when based on 
an extrapolation from the past. 

Throughout the history of soil science over the past 
150 years, two factors boosted the development of the 
science and should not to be ignored: discipline-oriented 
and process-oriented soil science. The former is the 
most essential factor for affecting and orienting the 
development of soil science. In the first phase 
"discipline-oriented" approaches with the classical 
sections like soil physics, soil chemistry, soil biology, or 
soil pedology should prevail. Following "process-
oriented" aspects played an increasing role considering 

the growing demands for understanding the functions of 
soils for crop production and the environment. 

Human demand for environmental resources is 
quickly growing around the world. Population facing 
water scarcity will be doubleed over the next 40 years. 
Food production must increase to meet the needs of an 
additional 3.5 billion people over the next 40 years. 
Feeding world population of 6.5 billion in 2006, 7 
billion in 2010, 8 billion by 2025 and 10 billion by 2050 
(Lal, 2006) is beyond mandates that soil quality be 
restored and enhanced. Despite the concrete 
achievements of soil science, upcoming demands in 
respect to sustainable manage our natural resources (to 
mitigate environmental problems and to fight worldwide 
soil degradation) are major challenges remaining. In 
conjunction with these demands, soil science has to 
further contribute to an overall understanding and 
problem solving. A major shift in the paradigm for soil 
scientists should change to undertake "demand-driven" 
projects with innovative and original approaches. Table 
(1) shows a typology of future soil science. This table 
was organized based on the following paragraph.  

"As we know, there are known knowns; there are 
things we know we know. We also know there are 
known unknowns; that is to say we know there are some 
things we do not know. But there are also unknown 
unknowns – the ones we don't know we don't know."  

This was (in) famously said by Donald Rumsfeld, the 
US Defence Minister at a Whitehouse press briefing on 
February 12th 2002 (McBratney, 2006). Table (1) gives 
us some clear categories of knowledge which we can 
use to think about the future of any knowledge based 
enterprise, be it psychology or soil science.  

Originality, dedication and problem solving skills of 
soil scientists are the most important scientific 
contributions (Table 1). Scientific rigor and quality are 
always enhanced by bigger and tougher challenges, 
which are going to be in the world of 10 billion people, 
and scarcity of natural resources which are already 
under great stress. 

To meet these complex challenges soil scientists need 
to become more holistic in their approach. Soil science 
must strengthen the shift toward farmer participatory as 
technological solutions can only be adopted if they are 
flexible to the local environment. While continuing with 
physical, chemical and biological researches, they will 
need to utilize dynamic simulation and modeling to 
further understand the interaction of these with one 
another as well as other components of the production 
cycle. 

Equally important, all these research achievements 
must be communicated clearly and efficiently to 
planners and practitioners (Table 1) in order to ensure 
they are implemented and used for the benefit of soil 
users as well as the entire society. Soil scientists should 
be encouraged to disseminate research results to 
practitioners and not only to their scientific colleagues. 
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Table (1): A typology of future soil science (adopted from McBratney, 2006). 

 Known Unknown 

Basic Research Normal Research 
 This is the basic of soil science that all professional soil 

scientists more-or less know. 
 This is what most people think of as research. Normal (filling in the 

gap) research. It’s about coloring in a black-and-white picture, or 
putting flesh on the bones, of our knowledge. 

 

 Isn’t it time Jenny was superseded?  
 Is the concept of soil quality fake or just a dead end? 
 

 We know we need a thorough understanding of biological soil function, 
discovery of the real structure and function of organic materials, a 
quantitative theory (not description) of soil variation.  

 Technology is there to help us answer the questions, not to be an end in 
itself. 

 

Known 

 About 5 % of our effort should expend in this category. 
(At the moment it’s probably <1%). 

 

 About 50 % of our effort needs to be placed here, but it should not be 
much more than that. 

Future Generation  Research Exciting Future  Research 
 This is about education – making others aware of what 

we know and what we can do.  
 This is real science and real research. Governments and institutions do 

not understand this place. It is difficult to get money to do this. We need 
time however and lots of it, because it requires deep thought.  

 

 We need to combine and synthesize our knowledge and 
then disseminate it to our fellow scientists, the new 
generations, policy makers and the public. 

 The new ideas here will give the researchers of Category (known-
unknown) something to do for 30 or more years after these advances 
have been made. 

 I cannot tell you what these will be, but they could be weird heretical 
things like bacteria produce clay minerals or soil thickness is a key 
control of the global ecosystem.  

 

Unknown  

 We need to expend 40% of our effort here.  We need to spend much more time thinking and we need to devote at 
least 5% of our effort here. 

 
 
   To ensure balanced views and optimum dissemination 
soil scientists should be prepared to cooperate with 
other specialists. While working in close association 
with for example anthropologists, sociologists, 
economists, entomologists, plant pathologists and weed 
and other crop agronomists they will need, as John 
Hanks once put it, to ‘keep one foot in the field. 

The question arises now “what are our opportunities 
in the future and how can we rise to the occasion?” Let 
us think over as to what ‘Soil Science’ is expected to do 
in the future generation research (Table 1). The author 
suggests two approaches: 

1)  Combat “atomization” by starting projects with an 
integrated analysis of soil processes in a landscape 
context, which still leaves room for cutting-edge 
disciplinarily in the end. 

2)  Facilitate linking up with interdisciplinary projects 
by defining our expertise at different knowledge 
levels, ranging from tacit and descriptive to cutting-
edge quantitative (Bouma, 2001). 

The author believes that in the future generation 
research soil scientists will be called upon to answer 
more complex questions and that too in a precise 
manner. 

1) What should we do to maintain our relevance within 
the scientific community and within society in 
general? 

2) How to develop approaches for characterizing, 
monitoring, predicting, and managing soil changes at 
both spatial and temporal scales? 

3)  How do we do integrative science at landscape and 
watershed levels? 

4)  What can we do to increase the visibility of soil 
science? 

5)  What are the tools required to make suitable 
predictions about soil and landscape conditions and 
sustainable land use? 

6)  How do we develop strategies to study landscape-
soil-water interrelations across scales? 

7)  How can we develop approaches for characterizing 
the health of soils? 

 
What are the Expected Challenges and 

Opportunities for Future Soil Science Development? 
The Road Ahead 

Soil science, as one of the bio-and geo-science 
components, shares the same opportunities and 
challenges as other disciplines of Earth science. The 
suggested challenges for the future generation research 
image of soil science may include the following 
questions: 
 
What is the Expected Risk Assessment of Soil 
Threats for Sustainable Soil Resources?  

The world has changed and the priorities have been 
shifted from agricultural production towards 
environmental issues. Soil science did not establish its 
role in environmental studies, until now (Mermut, 
2006). Sustainable use of soil resources in a broad 
global perspective will be an important challenge for 
future soil science. The overexploitation e.g. of 
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resources in agriculture has led to environmental 
degradation: soil erosion, the greenhouse effect, and 
decreasing biodiversity. The assessment and mapping of 
the soil risk can contribute to sustainable use of soil 
resources aimed at mitigating soil degradation and 
increasing crop production (Castrignano et al., 2008). 
Five threats were identified representing the most 
important hazards endangering the functioning of soils: 
soil organic matter decline, soil erosion, soil 
compaction, salinization and landslides (Eckelmann et 
al., 2006). Protection against the threat is critical for 
sustainable land management. The main objective of 
soil protection is to maintain soil functions by 
appropriate land use and management. Research 
activities should be concentrated on finding ways that 
can clearly and unambiguously delineate potentials and 
limitations of different soils in relation to air and water 
protection (biodiversity maintenance). Precise measures 
for soil vulnerability must be created and efficient 
methods for (bio) remediation of degraded soils must be 
worked out. However, more knowledge and indicators 
about soil quality is required to properly estimate which 
soils are at a risk that leads to an unacceptable loss of 
soil functions. If we neglect one aspect, we will risk the 
whole efforts. 
 
Is the Concept of Soil Quality for Sustainable Land 
Management Fake or Genuine? 

Soil quality which serves as a direct link between 
agricultural practices and sustainability is an essential 
issue in soil science research. The concept of soil 
quality is developed to characterize the health of soils. 
This concept that cannot be measured directly is 
continues to evolve (Mermut and Eswaran, 2001). Soil 
quality can be inferred from soil characteristics and soil 
behavior under defined conditions. Land Quality 
Indicators (LQIs) are instruments for monitoring 
whether one is on the path towards or away from 
sustainable systems. These indicators may be developed 
from measurements using remote sensing, censors, and/ 
or well-tested scientifically sound procedures. Several 
soil and land quality indicators have been suggested 
(FAO, 1997). A minimum data set of soil characteristics 
must be selected and quantified (Singer and Ewing, 
2000).  

Better understanding of soil quality is fundamental 
for rehabilitation of degraded soil and environment and 
hence for Sustainable Land Management (SLM). SLM 
is defined (Dumanski and Smyth, 1994) as a system that 
combines technologies, policies and activities aimed at 
integrating socioeconomic principles with 
environmental concerns to: maintain or enhance 
production; reduce the level of production risk; protect 
the potential of natural resources; be economically 
viable; and be socially acceptable. However, it is not by 
itself a mean to achieve sustainability. Understanding 
the dynamics of land-management changes is critical in

the context of sustainability. Progress towards 
sustainability also requires understanding the means of 
creating or influencing these changes through effective 
policies and through making informed and sustainable 
choices. Various stakeholders (policy makers, farmers, 
and public groups) need to have information on the 
performance and behavior of the land and likely future 
outcomes in response to potential changes in policies. A 
clear understanding of the links between choices and 
consequences will help stakeholders to make informed 
and sustainable choices.  

Decision Support System (DSS) can assist a wide 
range of users in making these informed decisions based 
on sound technical information (Smith., 2000; Sharma 
et al., 2006; Matthews, 2008), while also increasing 
public involvement in the process. In order that SLM 
can be used as decision support tools for sustainability, 
it is necessary to allow users and decision-makers to 
explore alternative futures (Sharma et al., 2006). 
Nevertheless, the capability to ‘explore and scan’ 
futures at different scales is necessary because there is 
no single ‘right’ path (or set of choices) for achieving 
sustainability. 
 
Is Scale Matters? 

One of the most difficult aspects of soil science is the 
wide range of scales it encompasses, both spatial and 
temporal (Kirk, 2006). It covers spatial scales from the 
molecular to the landscape, often together in the same 
problem, and temporal scales from instantaneous 
processes to soil formation processes.  

Dealing with scaling issues will be central to progress 
in modeling. Translating information about soil and, e.g. 
hydrologic processes across scales has emerged as a 
major theme in soil science and hydrology (Western et 
al., 2002; Pachepsky et al., 2003). Properly 
corroborated models of particular processes can be used 
as sub models in larger-scale models, coupled to 
datasets at the available resolution. But this process of 
‘up-scaling’ or ‘down-scaling’ brings particular 
problems associated with error propagation and 
interactions between various input parameters and non-
linearity in models. For example, there may be 
discrepancies between the spatial scale at which a 
process is modeled (e.g. the pedon), the scale at which 
information on input variables is available (e.g. a 
generalized value for a soil map unit) and the scale at 
which a policy maker needs to make decisions (which 
may be field scale, farm scale, regional/ catchment’s 
scale or national scale). Such discrepancies cause 
particular problems when the model depends on non-
linearly key variables or additional processes intervene 
at scales between the pedon and the unit of interest. But, 
the application of pedometric methods and techniques 
of spatial analysis to such issues will help resolving 
some of these difficulties. 
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Are the Conventional Soil Maps Will Pass into 
Oblivion? 

In the context of a growing demand of high-
resolution spatial soil information for environmental 
planning and modelling. Traditional soil mapping, the 
paper map, appears to be increasingly irrelevant to 
many users and does not have a market with land 
managers and policy makers at different scales (Omran, 
2007). One of the newest and hottest topics in soil 
resource inventory today is the pedometrics (a new 
emerging discipline in the field of soil mapping). 
Quantitative pedology, so-called pedometric, is defined 
as: “the application of mathematical and statistical 
methods for the quantitative modelling of soils, with the 
purpose of analyzing its distribution, properties and 
behaviors”. It covers a great portion from digital soil 
mapping techniques to modeling of soil processes and 
variables. Pedometrics have accounted for 18% of the 
subject matter in articles published in Geoderma 
(Hartemink et al., 2001). The development of models 
and database to deal with the spatio-temporal variation 
of soils is the focus for pedometric research (McBratney 
et al., 2000; 2003) for Predictive Soil Mapping (PSM). 
Until recently, our understanding of soil processes was 
organized by a set of qualitative rules, which we believe 
to be true and explain the nature and properties of soils 
in a given environment. Pedometricians try to quantify 
these rules and relationships to test the rules themselves, 
to explain the spatial and temporal variability and 
changes of soil properties, and to forecast trends of the 
future. The future of PSM lies in using pedometrics to 
model spatial soil variation from more easily mapped 
environmental variables.  

A PSM technique, as additional tools for spatializing 
the soil variability and diversity, is integrated into 
traditional toolset of soil mapping. Soil variables vary 
not only horizontally but also in depth, not only 
continuously but also abruptly. Soil horizons and soil 
types are fuzzy entities, often hard to distinguish or 
measure. Sampling strategies are adapted for digital soil 
mapping and can be optimized to minimize prediction 
errors and maximize sampling efficiency (Heuvelink et 
al., 2004; Hengl et al., 2003). The development of such 
updated database will lead to the creation of sound 
theoretical and methodological frameworks for soil 
information acquisition.  
 
Do We Have Appropriate Soil Information System 
to Contribute for Different Application? 

While soil survey in its traditional role is diminishing, 
the need for soil information is becoming important in 
terms of sustainable land management. Many soil 
information and maps are not being used for research 
because they are not available in digital formats 
(Omran, 2005; Omran et al., 2006). A soil resource 
inventory, i.e. a map showing distribution of soils and 
its properties accompanied by a soil survey report, is the 

end product of a soil mapping project (Rossiter, 2001). 
There are many policy issues for which it requires good 
soil information and rapid answers, e.g. erosion, organic 
matter content, and heavy metal pollution. 

The soil resource inventory data is organized into a 
thematic type of a geoinformation system (GIS) called a 
Soil Information System (SIS). The question arises “Do 
we have enough and appropriate soil data to contribute 
to the variety of application fields emanating from an 
increasing societal demand?” Available soil data often 
fails to provide answers needed to manage our 
environmental resources. A leading scientist recently 
concluded that widely used soil erosion models 
essentially yield empirical results due to lack of good 
basic soil data (Stroosnijder, 2005). This challenges our 
scientific pretensions. Updating soil inventories is one 
of the main fields where new technologies should 
facilitate data samplings and acquisition. New high 
quality of soil data is needed to complement existing 
databases and to provide spatial detail required by the 
users.  
 
Do Users Ignore Soil Map Quality?  

Accuracy assessment and quality assurance are 
related in that a product subjected to well-defined 
quality assurance procedures is likely to be of higher 
accuracy. Data quality describe consistency of data base 
on one hand and is structured to main indicators like 
completeness, legal consistency, positional, temporal, 
and thematic accuracy on the other (Devillers et al., 
2005). Three aspects of quality are identified in the 
literature: adequacy, data quality, and usability. Several 
studies have shown that the adequacy, quality and 
usability of soil maps have often been over estimated or 
neglected (Bishop et al., 2001). Groot (1993) estimated 
that 80% of soil information in the world is unusable 
due to low accuracy. The quality of soil applications and 
hence the reliability of decisions depend largely on the 
quality of soil information. For example, soil class maps 
(choropleth maps) can have beautiful colorful 
appearance, while at the same time they can be rather 
inaccurate (low quality). This leads to a conclusion that 
the maps are almost never 100% correct. So the 
questions that still not answered yet are: “How reliable 
is the map?”, “Do we need new ways of assessing 
quality?”, “What is the impact of the map quality on soil 
applications?”, “Does the soils map convey sufficient 
information on the properties of the mapped land?”, and 
“Is low usability caused by the wrong combination of 
data, algorithms or models for a given application, or is 
it simply a matter of poor communication?” 
 
How Can Soil Scientists Meet the Ethnopedological 
(Anthropogenic) needs of Soil Science? 

Although the topic of soil classification is an old one, 
it is not resolved yet. Current soil classification focuses 
on natural soils (genoforms) and this is a limitation 
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when studying land use. Current Soil Taxonomy does 
not relate soils to landscapes well. It does not consider 
dynamic soil properties (such as hydraulic properties 
and those effected by short-term land management). 
Soil Taxonomy is viewed by many as too complex for 
nonpedologists. Soil survey has focused on classifying 
soils and thus neglected the quantification of variability 
(or specific range of soil properties) within taxonomic 
categories and soil map units, leading to a common 
assumption of “homogeneity” within soil taxa and map 
units by nonpedologists. Quantification of map unit 
purity for different scales of soil maps is an area 
needing improvements in modern soil surveys (Lin et 
al., 2005a). So, soil survey can be extended to effects of 
soil management on any given soil series by 
distinguishing phenoforms (Bouma, 2005). But, the 
question arises “How do farmers classify and manage 
their soils?”  

The efforts of understanding local soil classification, 
which were based on ethnoscientific methods, have not 
been very successful in relating local soil categories to 
“soil management processes” such as enhancement of 
soil fertility, soil erosion and its control, and 
conservation of soil/water in farming. Ethnopedology is 
a part of ethnoecology, the study of indigenous 
environmental knowledge (Toledo, 1992), and a hybrid 
discipline structured from the combination of natural 
and social sciences (Barrera-Bassols et al., 2006). There 
have been suggestions for a new type of soil science that 
is part of a network society (Bouma, 2001) and geared 
towards a soil care approach (Yaalon, 1996) or in close 
relation with society (Yaalon and Arnold, 2000). To 
keep the soil science alive we have to remain relevant 
and produce results that are meaningful to society. Soil 
science was strong when benefiting society was its 
major goal (social and societal demands-driven). Our 
future depends on our ability to engage the public in 
decisions about the science. Soil science could be more 
effective in the society if different sub-disciplines of soil 
science are integrated. 

Solid examples of just how to integrate scientific and 
local knowledge in land management practice are what 
is missing from the literature. Local soil knowledge 
does not exist in a social vacuum, and needs to be 
understood within a particular socioeconomic, 
historical, and cultural context. Knowledge and practice 
may well be linked to historical procedure, and in order 
to understand current local soil knowledge, researchers 
need to be aware of past historical and socioeconomic 
situations. Thus the establishment of a new local soil 
classification system is of paramount importance. So 
how can soil scientists meet the social demands for soil 
science development if they ignore anthropogenic soil 
studies driven by social demands in the future? Future 
farmer’s demands are to integrate information- and 
farming system to increase long term farm production

efficiency, productivity and profitability while 
minimizing negative environmental impacts.  
 
Is Image Analysis Quantifying the Environmental 
Impacts of Solute Transport? 

Agricultural management, soil remediation and 
groundwater protection require ways of quantifying 
transport processes in the unsaturated zone between the 
soil surface and the groundwater table. Solute transport 
and leaching of chemicals in the unsaturated zone which 
is highly irregular and difficult to simulate or predict 
remains an important research topic in soil science 
(Vanderborght et al., 2002). The concern is mainly 
about the environmental impact of chemicals applied, 
stored, dumped, or accidentally spilled at or near the 
soil surface. Commonly used procedures to monitor the 
leaching process are in situ extraction of soil solution 
using suction samplers or extraction of soil samples that 
were taken from the field and laboratory columns. An 
alternative for soil solution samplers is the Time 
Domain Reflectometry (TDR) technique that infers the 
concentration from the in situ measured bulk soil 
electrical conductivity (Vanclooster et al., 1993; Ward 
et al., 1994). The main problem with these methods is 
the solutes travel along pathways of different transport 
characteristics and that the spatial arrangement and 
scale of these pathways are not known.  

To investigate transport processes in soils, detailed 
information about the spatial distribution of solutes is 
required. We need test solutes that probe the dominant 
properties of the travel routes. These environmental 
probes must, at the same time, be detectable with a high 
spatial and spectral resolution. Digital image analysis is 
well suited and focuses on developing a method to 
quantify flow patterns which allows an objective 
comparison of infiltration patterns observed at different 
sites or under different treatments. Imaging analysis 
acquires both spectral and spatial information (Liu et 
al., 2006) to detect some subtle features for visualizing 
and quantifying solute infiltration into soil. Using 
spectral imaging techniques with image processing 
algorithms and multivariate analysis may opens a new 
avenue for quantifying solute transport and hence for 
precision farming. 
 
What Is Wrong with Conventional Soil Models for 
Precision Agriculture? 

Over the past few decades agricultural production has 
progressed from the machinery age to the information 
age which has been known as precision agriculture. 
Precision agriculture is “an integrated information- and 
production-based farming system that is designed to 
increase long term, site-specific and whole farm 
production efficiency, productivity and profitability 
while minimizing negative environmental impacts” 
(Kaleita and Tian, 2002). 
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Precision agriculture aims to vary the inputs of agro-
chemicals to individual fields to avoid over-application, 
which can lead to under-production, decreased 
profitability and adverse environmental effects 
(Castrignano et al., 2008). To achieve this goal, a more 
detailed resolution of the variation in certain soil 
properties for site-specific application (Wetterlind et al., 
2008) and accurate maps of the soil properties likely to 
influence crop yield within fields are needed. The 
inability to obtain soil characteristics rapidly and 
inexpensively remains one of the biggest limitations of 
precision agriculture (Adamchuk et al., 2004). Geo-
spatial technologies including geographic information 
system, global positioning system, and remote sensing 
are extensively utilized in precision agriculture to 
understand the dynamic soil-water relation. 
 
Is Pedology Dying or Thriving? Bridging the Gap 
through Hydropedology 

The emphasis of pedology is now shifting from 
classification and inventory (geology-rooted classical 
pedology) to understanding and quantifying spatially 
and temporally variable processes (a hydrology-driven 
approach with a landscape perspective) upon which the 
water cycle and ecosystems depend. The integration of 
the two disciplines, pedology and hydrology, is 
suggested in recent literature and professional activities 
(e.g., Lin et al., 2005b, 2006; Bouma, 2006; Wilding 
and Lin, 2006). Hydropedology has been suggested as 
an intertwined branch of soil science and hydrology that 
synergistically integrates the classical pedology with 
soil physics and hydrology to study the pathways, 
fluxes, storages, residence times, and spatiotemporal 
organization of water in the root zones (Lin et al., 
2005a). Lin et al. (2005b) have provided a 
comprehensive summary of the role of hydropedology 
in bridging bio- and geosciences at multiple scales in 
the unsaturated zone.  They suggest that hydropedology 
contributes to a better understanding of a wide variety 
of environmental, ecological, geological, agricultural, 
and natural resource issues of social importance. As 
examples, these include water and soil quality, 
landscape processes, watershed management, nutrient 
cycling, contaminate fate, waste disposal, precision 
agriculture, climatic change, carbon sequestration, and 
ecosystem functions. 

Soils are often represented as static entities in most 
soil resource assessment (Bell, 2005). Certain soil 
characteristics important for land-use management can 
be changed considerably through time in response to 
variations in climate. Various soil hydromorphological 
features are signatures of hydrology in the unsaturated 
zone. As such, the dynamic nature of soils is ignored or 
minimized as we use traditional soil maps to represent 
spatial, but not temporal variations. Multiple conceptual 
dynamic soil-landscape models are necessary to

formalize knowledge on soils. The major link to under-
stand soil–landscape is hydropedology. Hydropedology, 
in combination with hydrogeology, suggests a more 
integrated and holistic approach to study water–soil–
rock interactions. While hydroclimatology, 
hydrogeology, and ecohydrology are now well 
recognized, an important missing piece of puzzle is 
hydropedology that focuses on the interface between the 
hydrosphere and the pedosphere. Hydropedology closes 
this gap and emphasizes flow and transport processes in 
situ soil systems as landscape bodies (i.e., soils that 
have distinct characteristics of pedogenic features, 
structure, layering, and soil–landscape relationship). 
This integration suggests a renewed perspective and a 
more integrative approach to study dynamic landscape-
soil-water interactions across scales, and their 
relationships to climate, ecosystem, and land use.  

Soil science should position itself to utilize advances 
in landscape science using remote sensing and GIS tools 
(Shepherd and Walsh, 2006) that enable more rapid 
construction of diagnostic soil maps at scales that will 
bring out appreciation of the diversity. By recognizing 
the dynamic nature of soils in mapping, we are able to 
provide valuable information for the use and 
management of soils and hence sustainable use of soil 
resources. It would seem apparent that hydropedology is 
a useful framework for modern soil survey and its 
updates. Hence, significant potential exists for 
enhancing soil classification and inventory that ties soils 
to landscapes in a more systematic and quantitative 
fashion. 
 
Are Pedologists Overlooking Unconventional Soil 
Science? 

More than a decade ago, soil scientists have often 
focused their work on agricultural land, overlooking 
soils of urban, industrial, traffic and military areas that 
were considered unconventional to their expertise. Well 
informed pedologists would argue that the evolution of 
these soils in a function of usual formation factors just 
like normal soils, yet the anthropogenic factor is more 
intense. Enhanced environmental awareness is 
generated new projections and convictions.  In the 
process, it triggers irregular transformation cycles 
comprising addition and subsequent mixing of 
exogenous materials. Thus the unconventional soils are 
characterized by extreme spatial heterogeneity. In 
addition, soils in localities may incorporate pollutants 
inducing environmental degradation and posing 
potential hazard to public health. Such problems were 
recognized by some scientists, and their objective was 
to define appropriate procedures to survey, classify, 
manage and utilize these unconventional soils. They 
also intended to prove that soil scientists can extend 
mutual understanding between cultures and strengthen 
human tolerance (Suitma, 2005). 
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Final Thought 
These are the future challenges to be addressed by all 

professional soil scientists and alike to help insure the 
viability of the discipline. These cornerstones may be 
changing the image and visibility of soil science. Soil 
science research has contributed greatly to the world. 
We should not let it now be a victim of its own success. 
There are encouraging signs that soil scientists are 
extending their expertise and contributions more 
effectively with other bio- and geosciences. This is not 
intended to narrow the discipline’s scope but rather to 
make it more inclusive. This process will likely enhance 
the visibility, image, and outreach of the soil science 
community worldwide. It should result in further 
employment of soil scientists within the bio and geo-
science community in academic units of higher 
education, government institutions, agencies, and non-
governmental organizations. However, its effectiveness 
will be limited if the knowledge of soil in educational 
entities continues to be institutionally eroded and/or de-
emphasized. Thus, the road ahead is full of challenges 
and opportunities for soil scientists. The crucial question 
is “Are we prepared to face these challenges and benefit 
the opportunities?” 

 
Conclusions and Follow-Up 

Recall that the purpose of this vision paper is to draw 
the future image of soil science. The future image is not 
so bright if it is business as usual of traditional soil 
science. We should get out of the traditional soil 
science. Future challenges will include unifying soil 
science knowledge within the discipline and other 
closely related disciplines, such as hydrology and 
environmental sciences. Soil scientists will need to 
effectively participate in interdisciplinary studies 
without loosing their own roots and identities.  

To become a bio- and geo-science leader, however, it 
is necessary to re-looking for the role of soil science in 
the society. Soil science must broaden its purview, 
become more encompassing, sharpen its tools, enhance 
communication skills, deepen its knowledge base, and 
effectively bridge with other bio- and geo-science 
disciplines. If we need to maintain our identity as soil 
scientists, there is a suggestion for a new type of soil 
science that is more holistic and in close relation with 
society network. A number of major questions for future 
image of soil science needs to be answered: risk 
assessment of soil threats for sustainable soil resources, 
soil quality indicators for sustainable land management, 
scale matters, pedometrics and spatial prediction of soil 
properties, soil information system development, 
accuracy assessment and quality assurance, 
anthropogenic of soil science, image spectroscopy and 
the environmental impact of solute transport processes, 
precision agriculture, hydropedology and dynamic soil-
water interaction modeling, soil classification system, 
and unconventional soil science. 

As soon as soil scientists begin to venture beyond the 
rigid limits they have themselves imposed to their work 
in the past, the discipline of soil science will flourish far 
beyond its status 30 or 40 years ago, in the prime of its 
“agricultural” era. This will make the soil science to be 
smart. 
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ْھل ُ علممات َ ْ   ؟فنُود راضىالأ ِ

 ِ بلیون شخصعشرةـ الِ عالمىالصورة المستقبلیة ف
 

  السید عویس عمران
  مصر، سماعیلیةالإ، جامعة قناة السویـس ،الزراعةكلیة  ، والمیاهقسم الأراضى

  
  

 الملخص العربـــى
  

ْ ھ ُھل ْناك مستقبل لعلمَ  نتاجفى إن یكون ھناك زیادة أ یجب متطلباتھیاده ز والسكانعدد  ةفمع زیاد ،؟ بالطبع نعمراضىالأ ِ
َسنربعین  خلال الأالسكان زیادة متوقعھ فى عدد ِ بلیون شخص3.5ما یقرب من  اجاتتیحإالغذاء لمواجھة   هھذما أن  ك.قادمة الةَ

تصحر الو ،هایم مصادر الرةدُنتلك الفترة، مثل خلال  العدید من المشكلات والتحدیات ھجتواوف  سالسكانالزیاده الھائلھ فى عدد 
كل ھذه ،  الماء والھواءفى نوعیة وجودةو، ىعالمال مناخر فى التغیالو، المختلفھ ىضارلأاستخدامات إو، راضىلأوتدھور ا

اء لم عاممھتتحظى بإ التى یجب أن  المستقبلیةمثل جزء بسیط من التحدیات وت بالتربھةلھا علاقة مباشر التحدیات وتالمشكلا
  .الأراضى

 
ْعلمراضى لأ اُظل علمً جدا إذا ًاَیس لامعالمستقبل ل راضى بصورتھ الحالیھ فانھ لن یواجھ  واذا ظل علم الأ.كما ھو ىتقلید ِ
ْعن دور علم بْحثَعاد التفكیر والُن یأ ىضرورنھ من الإلذا ف. التحدیات السابقھ ْ یلعب علم حیث.ِ المجتمعى فراضىالأ ِ ِْ ً التربة دورا َ

ّ المشكلا في إًھاما َكتشاف وحل َلمشاركةا و المزید من التعاونلىإراضى بحاجة لأاعلماء  نإلذلك ف . البیئیةتِِ ََ  راساتد الى فُ
 ِجذورھم وھویاّتھم التحدیات بنجاح مع حرصھم على المحافظة على حتى یتمكنوا من مواجھة ھذه المتعددةبحاث العلمیة والأ

ِعلم التربةفضل لأ َمستقبلراضى وبالتالى سیكون ھناك أكعلماء  ْ   . الأخرىوملعبالً مرتبطا كانإذا  خاصة ِ
 

ْإقتراح لنوع جدید من عل ھناكف، راضى للأِھویتنا كعلماءعلى لإبْقاء رید انكنا إذا  ِ  علاقة ىعل وشمولیةأكثر  راضىالأ ومِْ
ْعلمن صورة إ. المجتمعإحتیاجات بمتطلبات ووثیقة   :بحاث فى المواضیع التالیةلأوا الدراسات ّتضمنَتن أیجب   التربة المستقبلیةِ

 التنبئو ،الھیدروبیدولوجى ،مثل لمصادر التربھلأستخدام ا تقییم مھددات ومخاطر التربة، الإ،تربةالدینامیكیھ لل والنماذج الریاضیھ
ِعلم التربة  ،تربةال ، تطویر نظام معلوماتبخرائط التربھ الرقمیھ ْ  الزراعة ،الأمثل للاستخدام تربة لجودة الدلائل، وعلاقتھ بالمجتمعِ

 .تقلیدىالعلم التربة غیر  ،تربةال  وتقسیمتصنیفنظام ل ،الدقیقھ


