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APRESENTAÇÃO

Quando lemos um bom texto e nos sentimos satisfeitos com a argumentação de 
qualquer autor a respeito de suas ideias, se parece coerente ou verossímil, isso acontece 
por que o autor ou autora foi bem sucedido em demonstrar suas ideias e sua metodologia, 
apresentando o seu paradigma. Mas pensar em paradigma ou ainda no que o teórico Jörn 
Rüsen chamou de matriz disciplinar vai além da qualidade argumentativa e metodológica 
das ideias de qualquer texto. Um paradigma funciona como uma espécie de base que é 
reconhecida por um número considerável de pesquisadores e em torno das quais muitas 
ideias, e hipóteses são apresentadas e testadas. São os diálogos entre os paradigmas e 
matrizes que ajudam o pesquisador  no caminhar em busca da compreensão de questões 
sociais e históricas, quaisquer que sejam, que estejam movendo as pessoas que pesquisam 
e escrevem.

Dentro desses sistemas amplos, ou matrizes, que acabam movendo os diferentes 
profissionais e suas práticas, e que acabam por articular escolhas de formulação e 
pesquisas diversos, não podemos dizer que há sempre o consenso ou o caminho único, 
uma única teoria que prevaleça ou valide os olhares possíveis aos inúmeros objetos.

Justamente por sua natureza plural, o trajeto da pesquisa é permeado por consensos 
e dissensos… Ou seja, por mais que exista um núcleo comum em torno do método e 
dos valores de rigor em cada pesquisa, os diferentes caminhos possíveis marcam uma 
produção intelectual do campo em que multiplicidade deva ser reconhecida e respeitada 
como que realmente é: uma miríade de possibilidades válidas. Assim, é importante 
enquanto pesquisadores estarmos atentos e conhecermos a fundo tanto o que prevalece 
comum e consensual, como toda e qualquer possiblidade de falta desse consenso, como 
características da riqueza do conhecimento e da história, do fortalecimento do diálogo entre 
os pares e portanto, da própria ciência.

Esperamos que as leituras destes capítulos possam ampliar seus conhecimentos e 
instigar novas reflexões.

Boa leitura!

Denise Pereira
Janaína de Paula do Espírito Santo
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ABSTRACT: Soil is a material with unique features 
and behavior at the interface between the biologic, 
hydrologic, lithologic, and atmospheric spheres of 
our planet that plays a vital role in human welfare. 
The history of soil has been in step with the 
history of the use of soils to grow plants, a history 
of agriculture from earlier civilizations to our days. 
Until the 19th century, no experimentation and 
testing of theories were conducted and there was 
no real science. Soil science was born about 150 
years ago with the works of English, German, 
Danish and, above all, Russian scientists. In 
mid-20th century, under pressure of human 
activities upon the environment, soil science out 
grew its base knowledge applied to agriculture 
and agronomy to play an ever-increased role of 
land and environmental issues. It was born the 
concept of soil security and soil was understood 
in its role of delivering ecosystem services and 
used to quantify the soil resource aggregating 
contributions of soil scientists, economists, social 
scientists and policy makers for decision-making 
process about soil.
KEYWORDS: Soil Evolution, History, Science.

CIÊNCIA DO SOLO: DA BABILÓNIA AO 
PRESENTE

RESUMO: O solo é um material com 
características e comportamento únicos na 
interface das esferas biológica, hidrológica, 
litológica e atmosférica do nosso planeta e tem 
um papel vital no bem-estar humano. A história 
do solo tem seguido a par do uso do solo para 
crescer plantas, a história da agricultura desde 
as antigas civilizações até aos nossos dias. 
Até ao século 19, não houve experimentação 
e validação de teorias e não existiu verdadeira 
ciência. A ciência do solo nasceu há cerca de 
150 anos com o trabalho realizado por cientistas 
Ingleses, Alemães, Dinamarqueses e, sobretudo, 
Russos. A meados do século 20, sob pressão das 
atividades humanas sobre o ambiente, a ciência 
do solo ultrapassou a sua base de conhecimento 
aplicada à agricultura e agronomia para abraçar 
temas sobre a terra e o ambiente. Nasceu o 
conceito de segurança do solo e este tratado no 
seu papel de proporcionar serviços ambientais 
e usado para quantifi car os recursos edáfi cos 
agregando contribuições de pedologistas, 
economistas, sociólogos e políticos no processo 
de tomadas de decisões sobre o solo.
PALAVRAS-CHAVE: Evolução do Solo, História, 
Ciência.

1 |  INTRODUCTION
Friedrich Albert Fallon (1794–1877), 

considered a founding father of soil science 
in Germany, wrote in 1892 “there is nothing in 
the whole nature which is more important or 
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deserves much attention as the soil. Truly it is the soil which nourishes and provides for the 
whole nature, the whole of creation depends on the soil, which is the ultimate foundation of 
our existence” (SPARKS, 1998). Soil has also been defined as a natural body consisting of 
layers composed of weathered mineral materials (FAO, 2018), organic material, air and water 
that plays a vital role in human welfare assuring agricultural productivity and environmental 
stability. Soil science provides the fundamental understanding of the physical, chemical, 
and biological properties and processes occurring in this complex ecosystem.

Soil is at the interface between the biologic, hydrologic, lithologic, and atmospheric 
spheres of our planet. It serves in many roles such as the support to our construction projects, 
it is intrinsically related to the global climate, it provides raw materials, and products from 
which medicines have been developed, and many more.

This is a timeline that has the objective of illustrate the increased complexity of a 
scientific area from its humble origins as an empirical observation with the single purpose 
of growing plants to an actual multidisciplinary field concerned with many aspects of Human 
culture, development and sustainability.

2 | 	FROM ANTIQUITY TO RENAISSANCE
The history of soil for millennia has largely been a history of agriculture, a history of the 

use of soils to grow plants. The earliest evidence of “soil science” comes from Mesopotamia, 
about 11000 years ago, where people recognized differences in fertility between soils. 
Babylonians developed a complex civilization based on irrigation but their used of sloped 
land for growing crops and animals destroyed their soil by erosion and consequent siltation 
that, eventually, demised their rule.

The Ancient Egyptian civilization was dependent on irrigation and the fertility of the 
agricultural soils naturally maintained by regular flooding of the Nile River which deposited 
rich silt. Egyptians knew how to prepare soil to receive seed and the importance of fertilized 
soils brought about by the flooding.

Libation, or the pouring of wine or blood on the ground or altar, was an important 
element of religious practice in ancient Greek religion, indicating reverence for soil (BURKERT, 
1985). Ancient Greek philosopher-scientists developed a clear technical understanding of 
soils, dividing them according to color-texture (Xenophon and Theophrastus), fertility (Plato 
and Strabo) and medical considerations (Hippocrates and Theophrastus) (RETALLACK, 
2008).

The Romans inherited the knowledge of agriculture and soils from the Greeks. 
Roman writers such as Columella, Varro, Cato, Virgil, and Pliny delved in farming practices 
and emphasized the need of taking and returning to the land (SAVIO, 2018), a recognition 
that soils must be replenished in their fertility. The Romans took steps beyond the Greek 
practices like terracing their fields to reduce erosion (BREVIK and HARTEMINK, 2010), a 
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development that we can see today in Portugal Douro Region, for instance.
In China there are reports mentioning agriculture practices to ameliorate the land that 

date back to the 23rd century BC. Records from 956 BC mention soil conservation (BREVIK 
and HARTEMINK, 2010) and Fan Sheng-chih wrote of soil properties and of optimal times 
for tillage in the 1st century BC (FAN, 1959).

During the Middle Ages, Islamic societies were the world’s leaders in science, math, 
and technology. Their knowledge included agricultural sciences and Muslim mathematics 
advanced the engineering of irrigation systems, Muslim agronomists could identify soils 
most suitable to the crops being grown, Muslim libraries usually included agricultural books, 
and in 10th century the scholar Cordoba developed and agricultural calendar that included 
monthly tasks to prepare the soil for agriculture (BREVIK, 2009).

The Renaissance in Europe starting in the 15th century brought a renewed interest 
in science and a few studies about soils were carried out by several authors including 
Francis Bacon and Leonardo da Vinci. In 16th century Europe, the land was considered the 
most important economic factor and there was a direct relationship between the land (soils) 
and government. The philosopher Niccolò Machiavelli (1469–1527) believed variations in 
population density were primarily a function of soil fertility, therefore, governments could 
address problems of population distribution through fertilization of deficient soils. Baron de 
Montesquieu (1689–1755) believed that soil determines the economic vitality, governance, 
and national character of a country (KRUPENIKOV, 1993).

3 | 	FROM 19TH CENTURY TO MID-20TH CENTURY
Soil science, recognized as a true science, was not developed during those 

ancient times because Human knowledge of soil was based on observation of nature, no 
experimentation and testing of theories were conducted. Soil as a true science has its roots 
in the 19th century with the work developed by Vasily Vasilievich Dokuchaev (1846-1903) 
a world-known Russian naturalist, geologist and soil scientist. Russians and Soviet soil 
scientists would become the leading authorities and most prolific authors in soil science 
till the decade of 70’s of 20th century. The first scientific journal dedicated to soil science – 
Pochvovedenie – was published in 1899; in the early 1960s, some 23% of all internationally 
published research papers in soil science were produced in the Soviet Union and the first 
book exclusively dedicated to the history of soil science was authored by I.A. Krupenikov in 
1971 (YAALON, 1999).

The foundations required to build a modern soil science were laid down in the 19th 
century as it evolved from other scientific fields that included biology, chemistry, physics and, 
in particular, geology in such extent that soil science was often referred to as agroecology 
at the time when scientists studying soils in the field were trained geologists. Soil science 
lagged 50 to 60 decades behind geology in becoming its own independent field of scientific 
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study and during the 19th century soil science was mostly concerned with agriculture 
chemistry (HARTEMINK, 2009). In the 1860s and 1870s a simple concept for understanding 
and studying soils become known as the A-B-C soil profile fruit of the work of English, 
German, Danish and Russian scientists (TANDARICH, 2002).

However, that century saw also the development, no matter how timid, of separate 
disciplines in soil science like soil biology championed by Charles Darwin (1809-1882), 
best known for his work in evolution (BERTHELIN et al., 2006). Since its inception some 
150 years ago, soil science received still other inputs coming from mathematics, hydrology, 
geostatistics, ecology and become a true science in its own right concerned with a material 
that has unique features and behavior, with its own set of tools, techniques, terminology and 
classification where many descriptive practices were replaced by systematic observations 
coupled with inductive reasoning and deductive experimentation (BOUMA, 1997; MERMUT 
and ESWARAN, 2001). Soil science had evolved from qualitative and descriptive knowledge 
to a quantitative approach including assessments of uncertainties.

Soil science had a regional focus until the early 1900s but during the 20th century the 
soil science knowledge base rapidly expanded fostered by scientific papers and books. A 
great help has provided by the creation of the International Society of Soil Science (ISSS, 
now IUSS — International Union of Soil Sciences) in 1924 (HARTEMINK, 2015).

The history of soil has been in step with the history of the use of soils to grow plants 
and the earlier works in soil science related to agriculture and it has made large contributions 
to the increase of agricultural production (BOUMA and HARTEMINK, 2003). However, in 
second half of the 20th century became also important for non-agriculture purposes such as 
construction, environment management, climate change, ecosystem services, community 
planning, taxation, and so on (TINKER, 2002). Soil science has taken an important role 
in solving environmental problems like pollution, groundwater contamination and carbon 
sequestration (HARTEMINK, 2002).

Archaeology has a great demand for soil information because it is important to know 
whether a particular layering has a natural pedogenetic origin or is due to the accumulation 
of different sediments with anthropogenic origin (SHELLEY et al., 2003). Soils can transmit 
diseases and a number of medicines have been isolated from soil organisms, thus soils and 
human health will receive increasing attention in coming years (BREVIK, 2009; MCBRATNEY 
et al., 2014). Soils are now of great interest in sustainable food production, biofuels, erosion 
control, nutrient depletion and many other issues. The holistic approach to soil science 
has a reflex in teaching that no longer is confined to agriculture and agronomy but it has 
expanded to be included in other courses like botany, ecology, geography, hydrology, etc. 
(WESSOLEK, 2006; HARTEMINK et al., 2014) in expectation that soil science teaching will 
provide knowledge, skills and capacities to work across disciplines, to produce a wide range 
of problem-solving scenarios and to address increasingly complex environmental problems 
(FIELD et al., 2013; FIELD et al., 2017).
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Soil science has made significant contributions to the quality of human life and 
increased our capacity to manage the soil resource to meet our needs for food and fiber but 
in the last 60 or so years it become clearer that our needs only can be met in the context of 
a functional ecosystem. Soil is a fragile, slow forming resource under increasing pressures 
due to human activities. The challenge we face today is to balance human demands with 
ecosystem services and their integrity and it has spurred new areas of soil research such 
as soil quality, land degradation, cycling of bio-geochemicals that, in turn, increased our 
awareness of ecosystem health and quality. It was created the concept of sustainable 
development formed and given scope and depth by Agenda 21 (UNITED NATIONS, 2018).

4 | 	LATE 20TH CENTURY TO OUR DAYS
Since the last two decades of the 20th century to the present, the traditional role 

of soil science is diminishing as it has increased the need of soil information to support a 
sustainable land management and the health of the ecosystems. Soil science today is more 
concerned with resource assessment and monitoring, new information technologies through 
the innovative use of Geographic Information Systems (GIS) and remote sensing allow for 
higher quality of information with ever increasing applications (MERMUT and ESWARAN, 
2001). We can say that it is now uncontroversial that soil and soil science are integral 
players in the global challenges of environmental sustainability, of food and water security, 
energy sustainability, climate change, biodiversity, and ecosystem services (MCBRATNEY 
et al., 2014).

These challenges gave rise to the broad concept of soil security with multidimensions, 
generally laid out as 1) capability (the intrinsic capacity of a soil to produce products and 
ecosystem services), 2) condition (the current state of the soil, including modification by 
human activities), 3) capital (economics of soil services to Health, Environment and Food 
production), 4) connectivity (the social connection of soil managers and custodians and 
users of soil products and services to the soil), and 5) codification (policy frameworks: 
identification of policies that degrade soil security and those that secure soil) of soil entities 
which encompass the social, economic and biophysical sciences and recognize policy and 
legal frameworks (MORGAN et al., 2015).

The concept of soil security (fig. 1) creates the possibility to understand soil and its 
role in delivering ecosystem services and it is used to quantify the soil resource by measuring 
it, mapping it, modelling it, managing it and forecasting its change with the aggregated 
contributions of soil scientists, economists, social scientists and policy makers for decision-
making process about soil (FIELD et al., 2017). Soil security is inextricably linked to the 
soil functions that are the inherent capabilities of the soil that include biomass and food 
production, maintaining soil biodiversity, carbon and nutrient sequestration, water filtration 
and transformation, landscape and heritage, and source of raw materials (GIANNAKIS et 
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al., 2017).
Seen in figure 1, soils as one of the more species-rich habitats of terrestrial 

ecosystems render a wide of services to humans (BLUM, 2005). 

Figure 1: Alignment of the concept of soil functions (McBratney et al., 2014).

The term ecosystem service emerged in the early 1980s and it has received 
considerable attention. It can be defined as the capacity of natural processes and components 
to provide goods and services that satisfy human needs, directly or indirectly, divided in four 
categories: supporting, provisioning, regulating and cultural services (ROBINSON et al., 
2013).

Soil ecosystem services are attributed an economic value that ranges from US$2 to 
an excess of US$20000 per year and hectare (JÓNSSON and DAVÍÐSDÓTTIR, 2016). If 
there is an economic output, then the service is provided by a “capital”, in this case a natural 
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capital defined as “the stock of materials or information contained within an ecosystem” 
(COSTANZA et al., 1997). Natural capital and stocks are relevant to soil science, given the 
worldwide assessment of soil stocks through survey and inventory (Robinson et al., 2013).

Now the task at hand of soil science is to judge objectively the values of soils in all 
services they provide, both tangible and intangible. In the words of Greenland (1991) “if 
soil science is to serve society fully it is essential that its arguments are presented in terms 
readily understood by all and with both scientific and economic rigor so that they are not 
easily refuted”.

5 | 	SOIL SCIENCE IN PORTUGAL
A number of illustrious Portuguese gave a precious contribution to soil science in 

Portugal and in its former colonies now independent countries. Let’s mention only two of 
them:

•	 Abade Correia da Serra (José Francisco Correia da Serra, 1750-1823) was co-
founder of Lisbon Royal Science Academy. He was one the first scientists in the 
world to recognize that the rock (parental material), relief and time as factors in 
soil formation.

•	 Professor Joaquim Botelho da Costa (1910-1965). He is considered the founding 
father of soil science in Portugal.

The work of many Portuguese soil scientists can be appreciated in this short list of 
historical marks:

1949 – Carta dos Solos de Portugal (Soil Map of Portugal) (1:1 000 000)

1952 – Criação da disciplina de Pedologia e Conservação do Solo no Instituto 
Superior de Agronomia (Creation of the course Pedology and Soil Conservation at 
the Instituto Superior de Agronomia)

1953 – Publicação “Solos de Angola” (Published “Soils of Angola”)

1954 – Mapa Provisório dos Solos de Moçambique (Provisional Map of Soil of 
Mozambique)

1961 – Os Solos de Portugal. Sua Classificação, Características e Génese. I. A Sul 
do Rio Tejo (Soils of Portugal. Classification, Characteristics and Genesis. I. To the 
South of Tagus River)

1971-1973 – Carta de Solos de Portugal (Soil Map of Portugal) (1:1 000 000), SROA

1982 - Reserva Agrícola Nacional (National Agriculture Reserve)

6 | 	CONCLUDING REMARKS
The study of soil was born out of necessity to grow food and remained as a simple 

empirical observation for millennia. Trained geologists of the 19th century approached the 
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study of soil with the methods of a science and, step by step, soil science emerged as 
a science on its own right. The past century saw the development of a multidisciplinary 
science incorporating more diverse technologies. Today, soil science addresses almost 
every corner of Human existence from its physical world to its social and economic needs. 
Many challenges of Human development are now incorporated and worked out in soil 
science. This complexity creates different approaches in scope and depth to teach and 
educate students and society in general.
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