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1. SOILS: BASIC CONCEPTS AND PRINCIPLES

A. Rashid'

LEARNING OBJECTIVES

After studying this chapter, a student should be able to:
m  Explain the concept of soil: its components and composition.

™ lefer‘entla.te be.tween soil, land, and earth: topsoil and subsoil; mineral and
?rganlc soil; soil fertility and productivity; and quantity factor . intensity
actor.

®  Discuss the role of soil in plant growth.
m  Define and understand soil science and its various branches.

List plant nutrients and specify the criteria of their essentiality and the mech-
anisms by which nutrients reach the surface of plant roots.

Understand dynamic equilibria in soil with particular emphasis on soil solu-
tion and nutrient uptake by plants.

1.1 What is soil?

Like water and air, soil is a basic natural resource. Soil is defined as the non-
consolidated upper part of the earth’s crust that serves as a natural medium for.th.e
é‘f()wth of land plants (Soil Science Society of America ]987).'Therefore, spll IS
indispensable for crop production. The wise use and preservation of the sonli re-
sources of a country can transform a poor society into a prosperous one (Miller

‘l,,‘

and Donahue 1992).

For an .agriculturist, soil is a habitat for plants. }.{ow‘ever,.th.erle. are
different concepts and viewpoints regarding soil in various SC.lcptlﬁC dls‘c1p me(;
For instance, what a solil scientist considers soil, a mining engineer

‘ ' 2T > rocks and
geologist may call fragmented  rocks or debris covering the

ienti i : ' .carch Institute, National
'Dr. A. Rashid is Principal Scientific Officer, Land Rcsour(‘:es ’Rc;c;i B Kaah Silenan
Agricultural Research Center (NARC), Islamabad. The author 1s g;;u’: uof NA}iC bl
Memon of the Sindh Agriculwral University and Dr. M. Ehsan Akhtar of 1 |
suggestions for improvement of the chapter.



/L A\ “,( :~. A
WA o M1

[

minerals: a civil engineer may call it carth or the foundation material fog
constructing roads and buildings; and an cconomist may call it lamc;d? -

@ Soil is a variable mixture of three major components: sohids, liguf and ¥

gases. Mineral soils contain about hall solids and halt pore space (water and
air) (Fig. 1.1). Of the total soil volume, approximately 509 is solid, about
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Figure 1.1 Volumetnie components of a mineral soil with good physical structure
(Adapted from Brady 1990:11).

48% mineral matter, and about 2% organic matter. At ficld capacity mois-
ture level, the pore space js occupicd roughly halt by water and hall by air.
However, the proportions of water and air are subject to rapid and great
fluctuation. Subsoils generally contain less organic matter and less total pore
space, but generally have a higher moisture content than topsoils. The three
major soil components oceur in a thoroughly mixed condition in soils.
Solid phase. The solid phasc 1s the 1n__zw1jo'r_“1_‘9§¢wgiﬂrwgti.mpst plant
nutricnts. It provides physical support for the plants and a means oﬂiiding
added nutrients in the root zone. The solid phase is made up of two compo-
nents: mineral (inorganic) and organic. The(mineral componcntleonsists of
primary and sccondary minerals, amorphous substances, and fragments of
parent rocks. The ‘organic comp(mcnﬂ neludes soil fauna (animals) zm'd ﬂo.ra
(plants), plant roots, plant residucs, and humus. Except for organic soils
(Histosols), not present in Pakistan, the mineral component predominates
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in soils. The organic soil componcent is the major source of soil N and also
contains other nutricnts, mainly S and P. Thus this component is very impor-
tant tor soil fertility. Soil organic matter is also Important for soil structure
and greatly affects the water, air, and temperature cconomy of the soil
(discussed in detail in Chapter 8). |

Liquid phase. The liquid phase, the soil solution, js mainly responsible
for n@gpﬁ(@rgmsp_qrj in the soil and is tl']cﬁi}ﬂjheadja.tg_.é_éurcc of most nutri-
ents and water absorbedby plant roots. Nutricnts in the solid and liquid
phases of the soil exist in a dynamic cquilibrium. Thtse relationships and
their effects on nutricent availability to plarits are considered i the latter part
of this chapter as well in Chapters 6, 9, 10, 11, and 12.

Gascous phase. Soi gases occupy the soil pores along with watgr. They
are the same gases contained in the atmosphere above the solil surtac_c, l?ut
their concentrations in soil may be different. For example, carblon-dloxulc
levels in soils are normally higher than in air due to root respiration .zmd
decomposition of soil organic matter. Thg gascous phasc also provides
oxygen for respiration of plant roots and soil organisms.

- 1.1.1 Soil, land, and earth

\.‘In contrast to the definition of soil, land is generally QCt'incd as the phy51.cal
cnvironment consisting of relief, soil, hydrology, climate, unq vegetation
insofar as they determine land use. In fldditiﬂﬂ to the nature of tlilclsml and
its productivity potential, the value ot. atract of lzmd.l.?‘ dctcrmmc,d’ by I,tb
location, size, and distance from amenitices like roads, c1t1.cs_, zm‘d nmrkct;s, as
well as the nature of its potential use (discussed in detail m_C,haptcr 13).

The term earth 1s used by cngineers as a general name t_or unconsolid-
ated land masses that can be dug, moved, or formed by cquipment.

1.1.2 Mineral and organic soils

Mineral (inorganic) soils arc low in organic matter zmjd ('c/‘nnmslt prudobn(:ln
nantly of mincral matter. Mineral soils usually contain <__f) % (?rg“«rl‘lll‘t f,};”t'rr'w-
(or <12-18% if saturated with watcer). In contrast, orga(r:w soils ciroc ig‘ri/‘ ”
terized by very high content of organic carbon; ?2()«( )(()r > .l.—.\,o .
saturated with water) (Soil Science Socicty of Amcrlcal l.:)b7). Org(I?lL ;01”:
have high water-holding and cation cxc.hzmgc capacitics, bu‘t lthc;r u'lq
dcnsitj_ls;much lower than that of mincral sn‘rls. (muy‘hu "13“. (l);vﬂ‘)
().] g/c1113). In the US. Soil Taxonomy System (Soil Survey 'S‘td ; nd,
organic soils arce classificd as Histosols and arc zllsol known dS_Q‘C\a ’d‘
imatces and stagnated

muck soils. Since such soils are formed under hﬂnﬂ(_l.f.l_r,.._ | agnalce
water conditions, Histosols (organic soils) do not Cxist i, P.zlkxs.t_a‘_,rlj:)gcau&
of the arid to scmiarid climate in this country. The formation of Histosols
is common in wet, cold arcas such as Canada, Finland. and Alaska (US4),




and in wet areas having stagnant marshes and swamps, such as Ireland. Th
extent of Histosols is only 0.9% of all soils of the world; they have the minimur:\

total area of all 11 soil orders of the U.S. Soil Taxonomy system (Miller and

Donahue 1992).
Because of the absence of organic soils in Pakistan, the discussion in

various chapters of this book relates to mineral soils only.

1.1.3 Topsoil and subsoil

Topsoil refers to the surface-soil layer or plough layer, or the furrow slice. In
general, the term ‘soil’ refers to topsoil. This is the major zone of root develop-
ment, and contributes a large share of the nutrients and water used by plant roots.
During cultivation, the topsoil layer is ploughed and manipulated. Its physical as
well as chemical properties can be modified by agronomic practices like cultiva-
tion, addition of organic manures, fertilizers, amendments (e.g. gypsum) and
herbicides, etc. Therefore, the fertility and even its productivity can be manipulat-

ed for crop production.
Subsoil is comprised of the soil layers immediately below the topsoil layer

or furrow slice. Crop production is also influenced by subsoil, although to a
lesser extent. In addition to root development, plants also obtain nutrients and
moisture from this soil layer. Unlike topsoil, the subsoil is subject to little human
manipulation, except by deep tillage and drainage. However, land use decisions
are greatly influenced by the nature of the subsoil.
1.1.4 Soil as a medium for plant growth ~
Soil provides mechanical support to plants, space for root growth\%nd develop-
ment, and an environment for root respiration. Soil is also a medium for interac-
tion with other organisms, both beneficial and harmful. It also serves as a source
of nutrients and water for plant growth. The essential plant nutrients taken up by
roots from the soil are used with sugars (photosynthesis) to make other organic
compounds in the plant or are needed for certain growth processes of the plant.
Plants require light, air, water, mineral nutrients, .and favgurable temperaturc;] for
their growth (Fig. 1.2). With the exception of llght‘, soils can supply. z:l { e;e
factors. Like a factory, plants utilize their raw materials and transforrp 1t el:;r;s[i)j
ufilizing light energy from the sun, into sugars and later to othe.r materials €

: h as starch, fats, proteins, and cellulose.
tuting about 95 % of plant dry matter, suc , o orocess called
It is in the green leaves, that food manufacture takes place by the p

photosynthesis as follows:

Sunlight
' — CH; 0, + 60,

Sugar Oxygen

6CO, + 6H,0
Carbon  Water Chlorophyll

dioxide
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Figure 1.2 For their growth, plants obtain nutrients from the soil, light cnergy from
the sun, carbon dioxide from the air, and hydrogen from water (After Schroeder
1984:117).

In photosynthesis, chlorophyll (the green pigment in plant leaves) traps
light energy from the sun and transforms it to chemical energy by utilizing
carbon dioxide from the air and hydrogen from water.

1.2 Definition of soil science

* Soil science is a scientific discipline concerning the study of soil as a natural
resource from the point of view of plant growth. One of the fathers of
modern soil science, I'ricdrich Albert Fallou, stated the importance of soil
science 1n 1862 as follows:

“Thete is nothing in the whole of nature which is more important
than or deserves as much attention as the soil. Truly, it is the soll
which makes the world a friendly environment for mankind. It 1s
the soil which nourishes and provides for the whole of nature; the
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whole of creation depends on the soil which is the ultimate founda-

tion of our existence (Schroeder 1984:3).7

Soil science is an applicd scientific discipline of comprchensive nature
because of its relationships with so many other sciences, as 1s shown in
Figurce 1.3. All the sciences depicted in this figurce contribute to the develop-

BASIC SCIENCES

BIOLOGICAL SCIENCES
EARTH SCIENCES

AGRICULTURAL SCIENCES

Figure 1.3 Soil science in relation to other scientific disciplines (adapted from FitzPatrick

1983:xviii).

ment of soil science. Whereas the basic sciences (chemistry, physics, and
mathematics) make a unilateral contribution, the other disciplines have
reciprocal relationships, the greatest being between soil science and the
other applicd agricultural scicnces (agronomy, horticulture, and forestry).



1.2.1 Branches of soil science

Spil Is a complex and variable medium, and jig study and mangee i
sm}plc.' Conscqucntly, the discipline ‘of soil 'scicncc IS vey df:l)t,t—mc‘nt > not
Soil science comprises g number of gregg including gznc:.i:]p:'bhcnswe'
9lzls§{tzcatm‘n,‘survcy and mapping, physics, chcmistry min'cr:ai(,) dxt(:'ml)my’
fertility, salinity, crosion and conservation. Thig tcxtb(,mk C()Iltuigly%’dll:l) (:g
on all these aspects mceorporating local information and experience. To r‘:mksc
things understandable and Managcable, soil science s Systematically divided
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it -
to a number of branches. Various branches of soil Science, as defined in

I

the Glossary ()qu»o.t‘l Science Terms (Soil Science Society of Americy 1987),

are briefly discusscd here,

A.

B.

Soil genesis ang classification (pedology). Soil genesis deals with
\jveathcring of rocks and mincrals and factors and processes of soil
formation. Sojj classification is the systematic arrangement of soils into
ETOUPS or categories on the basis of their characteristics. '

Soil survey. Dcals with Systematic examination of soils in the ficld and
laboratory, their description, classification, mapping, and interpretation
according to their suitability for different management systems.

Soil chemistry. Dcals with the chemical constitution, chemical proper-

tics, and chemical processes taking place in the soil. -

Soil fertility. Concerns the ability of a soil to supply the essential plant
nutrients for plant growth.

Soil physics. Dcals with the mechanical behaviour of soil mass, i.e. the
physical propertics of soils, with cmphasis on the state and transport of
matter (especially water) and energy in the soil.

Soil salinity. Dcals with the excess soluble salts present in the soil,
their reclamation, and soil management for saline agriculture,

Soil mineralogy. Dcals with the primary and secondary soil mineralg
and their contribution to the chemustry, physics, fertility, and biology of
soils and their relationship to soil genesis, .

Soil bielogy. Concerns soil-inhabiting organisms and their functions and
activities. | , .

Soil conservation. Deals with protection of the soil 1r0rp physical los§
by erosion (by wind and water) or chemical deterioration. Thus, soil
conservation is concerned with a combination of all management and
land-use methods that safeguard the soil against deterioration by natu-

ral or human-induced factors.



