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Chapter 10 

Soil-Water-Plant-Atmosphere 

Relationship 

Lubna Anjum and Muhammad Saffar Mirjat* 

Abstract 

In ordinary circumstances, soil behaves as an inorganic nutrient basin but the soil 
itself is not essential to plant growth. However, water plays animportantrole for 
healthy plant growth and development. A healthy plant contains 75-90 percent water. 
The plants need water to carry out major functions during plant growth, including 
photosynthesis, transpiration, and transportation of nutrients to different parts of the 
plant. Continuous water supply is needed to perform these functions. When inorganic 
nutrients dissolve in the soil water, roots can absorb them. Soil Water Plant 
Atmosphere Relationship deals with the water movement in the soil, water holding 
capacity of the soil, water availability and replenishment in the soil and plant 
characteristics influencing the water movement through the plants under given 
climatic conditions. Soil water movement and water holding capacity involves pore 
size distribution of soil particles and their attraction for moisture. The individual pore 
size is generally larger in sandy soils as compared on to clayey soils, while the 
porosity of clay soils is greater than that of sandy soils. Variations in potential energy 
of soil water from one point to another in a soil system causes the water flow within 
the soil system in the direction of low potential energy. Soil moisture characteristic 
curve, also known as soil moisture retention curve basically defines the relationship 
between soil moisture, θ and water potential, ψ; this curve measures the availability 
of water for plants Value of soil moisture characteristic curve vary for different types 
of soils. Understanding of these relationships is necessary to assess the crop water 
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needs under given soil, water, and climatic conditions. This chapter has been devoted 
to include basic concepts and soil physical properties and their interaction to water 
and plants. Understanding of soils types, soil moisture holding capacity, soil water 
potential, soil moisture characteristics curves and root characteristics in relation to 
moisture movement in a soil profile, strengthens the basic concepts of the soil-water-
plant relationship. 

Keywords: Soil, Water, Plant, Environment, Water Potential, Moisture 
Characteristics 

Learning Objectives 

• To understand physical properties of soil and their role in irrigation water 
management 

• To learn about the water movement through the soil and plants 

• To understand the crop responses to soil, water and environment 

• To estimate evapotranspiration and irrigation water requirements 

10.1 Introduction 

Soil acts as a storage pool of water for crop roots. Plants use this water to fulfill its 
needs through rooting system and in evapotranspiration process. Atmosphere acts as 
a driving force for water to evaporate from soil surface and transpire through plant 
leaves. Soil-water-plant-atmosphere relationships involve various physical 
properties of soil and plants that are responsible for the use of water, its movement 
and retention for the design and operation of irrigation systems (Fig. 10.1). In 
planning, designing and managing the irrigation system efficiently, the primary 
concern is the water intake rate, soil water holding capacity and plant rooting system. 
The assessment of crop water requirement depends on the characteristics of soil, 
water and plant as well as the climatic conditions like sun shine hours, temperature, 
solar radiation, wind, humidity etc. 

10.2 Soil 

Soil is the medium, which supports plant life and mostly provides all the elements 
such as water and nutrients required by the plants to grow. There are different types 
of soils depending on their constituents such as percentage of sand, silt and clay. The 
important physical characteristics of the soil include soil texture, structure, density, 
porosity, permeability, infiltration, compactionetc. The chemical properties of the 
soil are known by its reaction i.e. acidic (pH<7), neutral (pH=7) and alkaline (pH>7). 
The water holding capacity of the soil is also influenced by its type such as sandy, 
silty, clayey and loamy soils etc. Dominancy of particles determines its class. 
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Fig. 10.1 Soil-Water-Plant-Atmosphere Relationship 

If sand particles dominate, the soil is called sand. If clay particles dominate, the soil 
is called clay. Silty soils have particles between clays and sands. The clayey soil 
contains 55-80% clay particles and20-45% sand and silt particles; silty soil contains 
45-80% silt, 20-55% sand and clay particles; sandysoilscomprises45-80% sand, 20-
55% sand and clay particles while loamy soil has equal proportion of sand and silt. 
If, sand particles dominate soil is sandy loam soil. Similarly, if, silt particles dominate 
soil is termed as Silty loam. Soil can further be sub classed as clay loam, silt clay, 
loam, silty clay loam, sandy clay, sandy clay loam, sandy loam, and loamy sand. Size 
of soil particles and its class has a significant impact on plant growth and crop 
production. It is particularly important for irrigation farmer, because it determines 
the depth of water that a soil can store in each soil profile. The Soil Textural Triangle 
by USDA, describes the detailsonsoil textural classes as per relative proportion of 
sand, clay and silt particles. 

Soil serves as a storage reservoir for plant nutrients and water to meet the crop water 
requirements and nutrient uptake. However, physical and chemical properties of soil 
determine how much water a soil can store and further allow for use by plant. This 
stored water helps in defining the time of irrigation application and amount of water 
to be applied and ultimately the magnitude of irrigation system required for 
continuous supply of irrigation water for sustainable agriculture. The physical 
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properties that play role in the soil-water-plant and environment relationship are 
discussed below. 

 

Fig. 10.2 USDA Soil Textural Triangle 

10.3 Soil Physical Properties 

Soil mainly constitutes inorganic materials (sand, silt and clay particles), organic 
materials, water, air colloidal materials and accumulation of different substances 
those form soil layers, called soil profile. The properties of each layer of soil profile 
influence root penetration, water holding capacity and further movement of water in 
the soil. The major soil physical characteristics are soil texture, structure and 
porosity. Soil texture is the relative proportion of sand, silt and clay particles in a 
specific soil, whereas, soil structure is the arrangement of soil particles within a soil 
profile (SCS, 1991). Both properties help to determine the porosity of soil, which is 
the volumetric percent of pore space. Porosity of the soil may in turn be affected by 
soil compaction. Soil compaction, texture and structure are the main reasons behind 
changes in soil porosity, root development, irrigation water storage, uptake, 
transmission and nutrient uptake by the plant. Proper soil aeration is very important 
for profitable agricultural production. 

10.3.1 Soil Texture 

As described above, soil texture is the relative proportion of various particle sizes in 
a specific soil i.e. sand, silt and clay. Table 10.1 presents the soil aggregates 
classification and their range. 
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Table 10.1 Particle Size distribution of Soil 

Particle size Particle diameter (mm) 

Coarse sand 1 – 0.5 
Medium Sand 0.5 – 0.25 
Fine Sand 0.25 – 0.1 
Very Fine Sand 0.1 – 0.05 
Silt 0.05 – 0.002 
Clay Less than 0.002 

Sources: USDA, 1991 

10.3.2 Soil Structure 

Soil structure refers as the arrangement of soil particles in each mass of soil. Soil 
structure plays key role in water and air intake by the soil and influences the water 
and air movement through the soil profile. Root penetration and nutrient uptake is 
also affected by specific soil structure. According to USDA, soil structure types refer 
to the specific type of particle combination that prevails in a soil horizon. For 
example, single grained and massive soils are less structured. Single-grained soils 
like loose sand allow the water to percolate very quickly. Similarly, massive soils 
like clays allow water to move very slowly. 

The more promising water relations mostly used in the soils having prismatic, 
blocky, granular structure and platy structure that impede the downward vertical 
movement of water. Unlike texture, soil structure can be reformed with the help of 
tillage machinery up to tillage depth. Soils that contain high organic matter can 
develop excellent soil structure. Wetting and drying of soils in a rotational manner, 
improves the soil structure up to tillage depth. 

In contrast, tillage operations in medium or fine textured soils with high moisture 
content, leads to deterioration of soil structure. Irrigation water with large amounts 
of sodium salts results in undesirable structure formation by dispersing the soil 
aggregates (SCS, 1991). Various soil structures and their effects on downward 
movement of water are shown in Fig. 10.3. 

10.3.3 Porosity 

Porosity is a measure of pore spaces in a given soil that commonly varies from 30 to 
60 percent of the total soil volume. It is the ratio of volume of pore spaces in a given 
soil sample to its total volume of soil bulk. Pore spaces in soils are defined by means 
of an infinite interlinked system of spaces/voids in all directions. The spaces/voids 
contain gases and liquids and control their movement through a soil profile, and also 
work as pathways for roots to enter. Porosity of soil can be determined using the 
following equation: 

Porosity = 1 − ���
��

�                      
Where, 

ρb = soil bulk density, g/cm3 
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ρp = soil bulk density, g/cm3 

Soil porosity mainly depends on soil texture, root zone activities and amount of gases 
present in the pore spaces including the activities of insects and other worms in the 
soil. Inverse relationship exists between particle size and porosity. Generally, 
porosity decreases with the increase in particle size. Coarse-textured soils are usually 
less porous as compared to fine textured soils. However, the individual pore size is 
generally bigger in sandy soils as compared on to clayey soils, while the porosity of 
clay soils is greater than that of sandy soils. Further, the clay soils have more diverse 
pore size distribution and have abilities tosh rink and swell during drying and wetting 
phases/processes. 

The bulk density of sandy soils ranges from 1.5 to 1.7 g/cm³ and values of porosity 
range between 0.36 and 0.43. Similarly, clay soils having bulk density ranging 
between 1.1 and 1.3 g/ cm³, present porosity values between 0.51 and 0.58. Porosity 
of subsurface soil is usually lower than that of surface soil due to compaction by 
gravity. 

 

 

Fig 10.3 Soil Structure Types and their Effects on Downward Water Movement (a) 
Sandy soils (rapid water movement), (b) Platy Structures (slow water movement) (c) 
Blocky structure (moderate water movement), (d) Gravels (rapid water movement), 
(e) Massive Structures (slow water movement) (f) Prismatic structure (moderate 
water movement) 

 

(a)

 (d)  

 (b) 

 (e)  (f) 

(c)
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10.3.4 Soil Bulk Density 

Bulk density is defined as mass per unit of total volume of soil (soil particles + pore 
spaces) and is normally measured using a core sampler of known volume. Soil bulk 
density mainly depends on the soil texture and the degree of compaction. However, 
its typical values range between 1.1 and1.6 g/cm3. Mathematically, soil bulk density 
is expressed as: 

ρ� = MX
V�

                                       

V� = �
4 D�L                                   

ρ� = 4 MX
3.142 D �L                         

Where, 

ρb = soil bulk density, g/cm3 

Ms = mass of dry soil, g 

Vb = volume of soil sample, cm3 

Soil Particle Density (ρp) is expressed as: 

ρ� = MX
VX

                                       
Where, 

ρP = soil particle density, g/cm3 

Ms = mass of dry soil, g 

Vs = volume of solids, cm3 

Typical values of soil particle density range between 2.6 and 2.7 g/cm3 

Bulk density may be further defined in terms of Dry Bulk Density and Wet Bulk 
Density depending on the moisture content of soil. Dry Bulk Density of soil ranges 
between 1.0 and 1.6 g/cm³. Soils rich in organic matter may have a bulk density 
below 1.0 g/cm³. Bulk density determinations are usually done with the help of 
a metal core samplerofknown total volume (Vt) at any desired depth. Core sampler 
used for measurement of bulk density. 

The wet bulk density of a given soil sample is measured by weighing the soil sample 
in moist condition (Mt) and dividing by the total volume (Vt). Mathematically, it can 
be expressed by the equation: 

ρ� = MR
VR
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The dry bulk density of a soil sample refers to the density of oven dried soil sample. 
It is measured by weighing the oven dried mass of soil sample (Ms) and dividing by 
the total volume (Vt). Mathematically the dry bulk density is expressed as: 

ρ� = MX
V�

                                       
Dry bulk density of a soil sample has inverse relationship to the porosity of the soil. 
Greater the porosity of a given soil sample, lower will be the bulk density. 

10.3.5 Soil Compaction 

It is a process of applying stress to the soil that triggers densification because air is 
deported from the soil pores. Generally, compaction is the effect of heavy machinery 
pressing the soil, the passage of animal feet and consolidation (water deficient stress 
occurs due to water evaporation that causes internal suction). Compacted soils turn 
into less absorbent to rainfall, resulting in increased runoff and erosion. Crops also 
have difficulty to grow due to compression of soil particles causing very little 
availability of space for water, air and root penetration. 

There are several methods to measure compaction of soil. The methods can be 
categorized as: 

1. Static Compaction means to put heavy stress gently to the soil and then 
release. 

2. Impact compaction is the applied stress by dropping a larger mass on the 
soil surface. 

3. Vibrating compaction is a repeatedly and quickly applied stress through a 
mechanically driven hammer or plate. It is mostly joined with rolling 
compaction. 

4. Rolling compaction is the application of a heavy and large cylinder, rolled 
over the soil surface. The common example is rolling compactor used over 
sports pitches. Roller-compactors combined with vibratory devices are used 
to increase their capacity. 

10.4 Soil Water or Soil Moisture 

The water present in the soil pores of unsaturated zone (micro pores) is termed as 
soil moisture and in saturated zone (macro pores) is called as soil water (Fig. 10.6). 
There are many ways to describe the soil water contents. Soil water content or soil 
moisture content is usually defined as moisture content on weight basis percent 
(which after multiplication with bulk density is converted into volumetric basis) or 
equivalent depth of water per unit of soil depth. 
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Fig. 10.6 Soil Macro and Micro Pores 

For healthy crop growth, a continuous water supply is needed. An irrigation engineer 
deals with the water movement in soil, water holding capacity of the soil, water 
availability to plants and water replenishment in the soil. Soil water movement and 
water holding capacity involves pore size distribution of soil particles and their 
attraction for moisture. The amount of water a soil can hold is also influenced by the 
amount of organic matter present in the soil. Normally, finer the soil particles and 
larger the amount of organic matter, the more water a soil holds. Soil Water can be 
further subdivided into three categories as summarized below. 

10.4.1 Gravitational Water 

The soil openings (spaces between particles) develop a system of interlinked spaces 
of every possible size and shape. When water is applied to soil through irrigation or 
rain, it is circulated around the soil particles by cohesive and adhesive forces; it 
removes air from the soil pores and eventually fills up the pore spaces. When all the 
small, medium and large pores are filled with water, the soil is termed as saturated 
and is at its highest water holding capacity. The part of soil water that moves 
downward easily under the effect of gravity is known as gravitational water. This 
water drains out within 2-3 days out of the soil depending on soil texture. Water 
drains instantly, out of well-drained soil like sand and is not available for plant use. 
It can result in shallow rooted plants to droop and ultimately die. The reason is 
gravitational water holds air spaces to supply oxygen to plant roots. 
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10.4.2 Capillary Moisture 

Water available in the micro-pores, in the soil solution, is called as capillary water. 
When irrigation supply or rain shower to the soil surface is stopped, water depletion 
starts from the large soil pores and the process continuous for some days. When a 
well-drained soil is irrigated, free water from the large (macro) pores as well as from 
soil surfaces drains out due to gravity. Capillary water is held in the soil pores against 
the gravitational pull exerting on the capillary water. Micro-pores exert more force 
on water than do macro-pores. Cohesion (attraction between water molecules) and 
adhesion forces (attraction between water and soil molecule) are responsible for 
capillary rise. Water in the small (micro) pores shifts due to capillary forces forming 
capillary fringe. Capillary water movement is slow as compared to downward 
gravitational water movement; however, it can move in any direction where it finds 
greater tension. This is the water which is available for plant growth. It is observed 
that 

Amount of water held = ƒ (pore size & pore space) 

Pore size means cross-sectional diameter of pores. 

Pore space means total volume of all pores. 

This means that the tension increases as the soil dries out. 

10.4.3 Hygroscopic Moisture 

Water in the soil which is tightly bounded to the soil particles is known as 
hygroscopic water. It is so tightly held to the soil particles by adhesion forces that 
plant roots are unable to extract. Soil moisture absorption by plant roots to 
accomplish different plant needs and evapotranspiration phenomenon causes further 
water reduction in the root zone to an extent that no more water moves due to 
capillary action. This water tightly sticks to the soil particles in the form of thin film 
and cannot be taken up by roots hence it is not available to plants resulting in wilting 
of leaves and stem. Plants cannot withstand in this situation and eventually will die 
if irrigation is not applied. Because, this water is not held in the pores but it is tightly 
held on the particle surface. Which shows clayey soils can retain more hygroscopic 
water than sandy soils because of surface area differences. However, among all these 
waters, hygroscopic, capillary and gravitational, irrigation engineers mainly focus on 
the capillary and gravitational water as hygroscopic water is not available to plants. 

10.5 Soil Water Potential 

Total soil water potential is the amount of work done per unit quantity of pure water 
to move small quantity of water from a reference point at a defined elevation under 
atmospheric pressure to the point under consideration. The gradient in potential 
energy of soil water from one point` to another in a soil system causes the water to 
flow within the soil system in the direction of lower potential energy. Soil water 
potential is very important concept regarding crop water needs. Soil water differs 
spatially and temporally in the soil presenting different potential energies. Soil water 
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potential basically measures the water movement from one point to the other point 
due to mechanical pressure, gravity, osmosis, and metric impacts like surface tension. 

10.5.1 Components of Soil Water Potential 

Soil water potentials can be categorized into following components: 

1. Gravitational potential (ψg) is the gravity force pull on the water surface 

2. Metric potential (ψm) is force exerted on the water surface by the weight of 
soil matrix. It is also known as soil water tension. 

3. Pressure potential (ψp) is the force as a result of position of water in the soil 

4. Solute potentialψo) is a result of difference in the salt concentration through 
a semi permeable membrane like a plant root. 

Total potential (ψt) is sum of gravitational, metric, pressure and solute potential is 
expressed as: 

ψ� =  ψ� +  ψ6 +  ψ� +  ψ�   (10.8) 

10.5.1.1  Gravitational Potential 

Gravitational Potential is mainly dependent on the vertical distance between the point 
of interest and a reference point, and is independent of soil characteristics. 

Gravitational Potential = +ve, if above reference level 

 = -ve, if below reference level 

Gravitational Potential is illustrated in Fig. 10.7c, which shows that there are two 
points A & B situated at a particular distance from a reference point Z. 

Gravitational Potential at point A = 6inches 

Gravitational Potential at point B = 4 inches 

Difference in gravitational potential between point A & B = 6- (-4) = 10 inches 

 

10.5.1.2 Metric Potential 

Metric Potential is a dynamic characteristic of soil and for saturation conditions it is 
recorded as 0 (zero). The main forces responsible for metric potential are capillary, 
surface tension and adsorptive forces owing to soil matrix. The forces cause 
attraction and bound water in the soil resulting in lowering potential energy. Surface 
tension and soil water contact angle with soil solids develop capillary action. For the 
reason matrix potential sometimes also termed as capillary potential. Fig 10.11b 
explains the metric potential, it defines the vertical distance between the points where 
we want to find potential and the surface of water in a water filled manometer. 
Ceramic cup is embedded in the soil at the point of interest and is connected to a 
manometer. Metric potential of the soil water at ceramic cup is the vertical distance 
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Fig. 10.7 Types of Soil Water Potential 

from the center of the cup to the water level in the manometer which is 6 inch. 

10.5.1.3 Pressure Potential 

Pressure Potential is mostly applied to saturated soils. Where water is expressed on 
weight basis, pressure potential is the vertical distance between the water surface and 
a specified point. In the field, this component is zero above and at the water surface 
in the piezometer. Below the water level it is always positive. In Fig 10.11c 
piezometer tube (tube open at both ends) is installed in the soil to a depth below the 
water table. Pressure potential at point A is the distance between the point and the 
water level which is 4 inches. 

10.5.1.4 Solute Potential 

It is also known as osmotic potential. Osmotic/Solute Potential occurs due to soluble 
salts movement between the soil solution and semipermeable membrane. Two 
standard membranes in soil-water systems are the cell wall of plant roots and air-
water interfaces. Presence of salts may add a considerable osmotic/solute component 
to the total soil water potential. It is the total potential that decides soil water 
availability to plants. The solute potential can be approximated from the relation: 

Solute Potential = A = R�T�C   (10.9) 

Where, 

R = universal gas constant (82 bars cm3/mol°k) 

T = absolute temperature (°k) 

C = solute concentration (mol/cm3) 
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Because of the nature of the universal gas constant (R), it is much easier to use SI 
units in solving for solute potential. With the units illustrated, as values of 
temperature and solute concentration are placed in the equation, all units cancel 
except bars. This unit (bar) is now easily converted to another unit as shown in the 
following discussion. Historically, many units have been used to express tension, 
suction, potential or stress. A partial list is: bars, 

Centimeters (cm) of water, 

Centimeters of mercury, 

Inches of water, 

Atmospheres, 

Centibars, 

millibars, 

Joules per kilogram, 

The bar unit is in extensive use; some conversions for this unit are as under: 

1 bar  = 1020 cm of water 

= 75.01 cm of mercury 

= 401.5 inches of water 

= 0.987 atmospheres 

= 100 centibars 

= 1000 millibars 

= 100 joules/kg 

= l06 ergs/g 

= l06dynes/cm2 

10.6 Soil Moisture Characteristic Curves 

Soil moisture characteristic curve, also known as soil moisture retention curve 
basically defines the relationship between soil moisture tension and soil moisture 
availability to plants. It defines the ability of soils to retain or release water. When 
continuous suction is applied to the saturated soils, water from the micro-pores start 
draining at high suctions or tensions except very little water remain in the narrow 
pores due to metric potential. This pressure or suction also causes reduction in the 
thickness of layer of water around soil particles. Practically suctions are applied to 
the saturated soil with suitable equipment. Resultantly a curve is drawn between 
applied suction and soil moisture content corresponding to a series of applied 
suctions. This characteristic curve is usually determined for individual soils. Soil 
moisture characteristic curve for different soil types are shown in Fig. 10.8. 
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Fig. 10.8 Soil Moisture Characteristic Curves 

10.7 Water Movement in Soil 

Water movement in the soil is a complex phenomenon because of different forces 
involved. Forces tend water to move in different directions and states. Gravitational 
force governs downward movement of water. Cohesive and adhesive forces move 
water within the pores while heat turns water into vapors that circulates through the 
air present in the soil. Irrigation water moves from a saturated soil layer towards an 
unsaturated soil layer and the flow is unsteady. Water movement in wet soils is more 
uniform than in dry soils. 

10.7.1 Darcy’s Law 

An equation known as Darcy law is used to express the flow density (volume of water 
flowing through a unit cross sectional area per unit time). The equation is expressed 
as: 

q = K 
∆H

L
                           (10.10) 

Where, 

q = Flux Density, 

(Δ H)/L = Hydraulic Gradient or Slope 

K = Proportionality Constant 
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10.7.2 Available Water (AW) 

In irrigation system design, one must know how much water is available to plants in 
the soil. The amount of water applies to a soil to bring it at the field capacity level 
from wilting point is called the "available water”. The amount of water needed to a 
soil depends on the amount of water a soil can hold. The available water is the 
difference in the amount of water at field capacity (-0.3 bar) and the amount of water 
at the permanent wilting point (-15 bars). Generally, available water to plants is 
measured as the difference between field capacity (FC) and permanent wilting point 
(PWP). Total available water is calculated as: 

TAW = (AWC) × (Rd)  (10.11) 

Where, 

TAW = Total Available water capacity within the plant root zone, (inches) 

AWC = Available Water Capacity of the soil, (inches of H2O/inch of soil) 

Rd = Depth of the plant root zone, (inches) 

If different soil layers have different AWC’s, TWS for different layers are summed 
up as under: 

TAW = (AWC1)×(L1) + (AWC2)×(L2) + … + (AWCN)×(LN)(10.12) 

Where, 

L = thickness of soil layer, (inches) 

1, 2, N: subscripts represent each successive soil layer 

10.7.3 Field Capacity (FC or θθθθfc) 

The amount of water held in the soil pores after excess gravitational water has been 
drained away is called field capacity. At field capacity level, soil is not fully saturated 
but still in a very wet condition. Usually the water content sat this stage corresponds 
to a soil water potential of -1/10 to -1/3 bar. After irrigation or rain shower, water 
drains more rapidly in coarse textured soils due to presence of comparatively larger 
soil pores. Whereas, drainage takes more time in fine textured soils due to their small 
pore size, it is at faster rate in coars textured oils. 

10.7.4 Permanent Wilting Point (PWP) 

Permanent wilting point is the soil water content beyond which plants cannot recover 
from water stress and practically become dead. However, some amount of water is 
available in the soil pool but not sufficient to be extracted by the plants. Plants will 
wilt if they are not able to take up soil water fast enough to meet the climatic ET 
demand. If water is not applied, plants will not recover and ultimately die. The water 
content corresponding to -15 bars is termed as PWP. 

Fig 10.9 show the variation in FC and PWP water content by texture. Soil water 
content in percent by dry weight of soil is shown on the left margin and soil water 
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content in inches of water per foot of soil is shown on the right margin for various 
soil bulk densities. The Fig. may be used as a general guide for estimating the AWC 
of soils based on texture until local curves are developed. It applies generally to 
uniform soil profiles with low salt content. 

 

Fig. 10.9 FC & PWP Variation for Different Soil Types 

10.8 Plant Root System 

Plant roots present the link among soil water, nutrients to plant parts above ground. 
The two main types of plant root system include Tap Roots and Lateral Roots. The 
main root emerging from a germinating seed is known as primary or seminal root. 
The primary root steadily extends and grows radically. Secondary roots developing 
from the seminal or primary root are termed as lateral roots or branch-roots as shown 
in Fig 10.10. 

With continuous growth of plant roots, nodal roots develop from the under-ground 
stem nodes. Roots may also appear from above-ground nodes known as crown roots 
as the brace roots of corn. 

10.8.1 Plant Root Characteristics 

There are two main root characteristics: 

1. Rooting Depth 
2. Rooting Density 

Rooting depth of different crops are given in Table 10.3. 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Medium
sand

fine sand sandy
loam

fine
sandy
loam

loam silt loam clay loam clay

W
a

te
r 

p
e

r 
1

 f
o

o
t

o
f

so
il

 d
e

p
th

Course                                                      FineTexture

Available Water

Field Capacity

PWP



Crop Water Requirements 221 

 

Fig.10.10 Basic Root Development 

Table 10.3 Maximum Rooting Depth for different Crops 

S. No. Crop  Root Depth (ft)  

1 Wheat 150 – 300 cm 
2 Cotton 150 – 300 cm 
3 Rice 100 – 120 cm* 
4 Sugarcane 200 – 600 cm 
5 Sweet Corn 120 – 150 cm 
6 Field Corn 150 – 180 cm 

Source: SCS, 1991 

10.8.2 Factors Affecting Root Growth 

There are many factors affecting root growth rate, maximum rooting depth and 
rooting density. The major stresses faced by roots in their growth, spread and depth 
are as follows: 

Chemical stress is initiated by an unbalanced of nutrient supply, nutrient deficiencies 
or by presence of toxic substances; 

Physical stress is caused by anaerobic conditions, mechanical impedance, and 
unfavorable temperatures and lack of water; 

Biological stresses are produced by plant pests and diseases. 
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10.8.3 Water Flow into Roots 

Water movement through the soil plant atmosphere takes place due to variations in 
soil water potentials according to their respective positions. Main driving force 
behind water movement through soil plant atmosphere series is heat energy which 
causes evapotranspiration. 

Evapotranspiration is to combine the effect of Evaporation and Transpiration i.e. 
the combine loss of water from soil and plants. 

Evaporation is the loss of water from soil surface in the form of water vapors. 

Transpiration is the loss of water from plant surface in the form of water vapors, 
mainly from plant leaves. 

The Transpiration component of evapotranspiration creates a vacuum (negative 
pressure or low potential) in the plant leaves, stem and ultimately root system. 
Because of this water from the soil starts moving towards the roots (xylem), from 
roots to stem and from stem to branches and from branches to leaves to fill the gap 
among the three different potential gradients. The two main parameters, determine 
plant water uptake are: 

1. Physical contact of the roots to the soil 
2. Intensity of root growth 

According to Soil Conservation Services USA, when the upper part of the root zone 
becomes comparatively dry and water is available in the lower zone, the uptake of 
water per unit volume of soil takes place and is generally proportional to the rooting 
density. However, water availability to plants decreases in the presence of salts in the 
soil. Plant roots have a selective permeable membrane. Water molecules can easily 
pass through as compared to salts. Availability of water to plants greatly depends on 
salts presence in the soil water solution. Water movement into roots through semi-
permeable membrane present around the plant roots, becomes difficult. As a result, 
plants show wilting condition linked with water stress. Generally, the root length per 
unit volume of soil is maximum close to surface of the soil and falloffs with 
increasing depth to the maximum depth at which roots are observed for a given crop 
species. This general trend is illustrated graphically in Fig. 10.13. 

Extraction of water is most rapid in the zone of greatest root concentration and under 
the most favorable temperature and aeration conditions. As water evaporates from 
the upper few inches of soil; it is withdrawn rapidly from the top part of the soil 
profile. Soils normally show a more rapid loss of water at shallower depths until the 
potential becomes low enough to limiting rate. 
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Fig. 10.13 Water Uptake by Plants 

10.9 Solved Examples 

Example 1: Calculate the Dry bulk density (ϼb) of a 400 cm3 soil sample that weighs 
575 g (oven dried weight). 

Given Data: 

Total volume of soil sample= 400 cm3 

Total mass of soil sample= 575 g 

Required: 

Dry Bulk Density=? 

Solution: (Formula & Calculation): 

ϼb= Mass of solid/Volume of solids 

= 575 g/400 cm3= 1.44 g/ cm3 

Example 2: Calculate the wet bulk density of a 400 cm3 soil sample that weighs 600 
g at 10% moisture content. 

Given Data: 

Total volume of soil sample= 400 cm3 

Total mass of soil sample= 600g 

Total moisture present in soil sample = 10% 

Mass of soil sample without moisture (oven dry weight): 600/1.1 = 545.5g 
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Required: 

Wet Bulk Density=? 

Solution (Formula & Calculation): 

ϼw= Mass of solid/Volume of solids 

= 545.5 g/400cm3= 1.36 g/cm3 

Example 3: Calculate the volume of a soil sample that has 12% moisture content, 
weighs 650 g and a bulk density of 1.3 g/cm3. 

Given Data: 

Moisture present in the soil sample =12% 

Mass of soil sample = 650 g 

Bulk density of soil = 1.3 g/cm3 

Required: 

Volume of soil sample =? 

Solution (Formula & Calculation): 

Oven dry wt. = 650 g/1.12 = 580.4 g 

1.3 g/cm3= 580.4 g/vol. = 446.4 cm3 

Example 4: Calculate the porosity of a soil sample that has a bulk density of 1.35 
g/cm3. Assume the particle density is 2.65 g/cm3. 

Given Data: 

Bulk density of soil = 1.35 g/cm3 

Particle density = 2.65 g/cm3 

Required: 

Porosity =? 

Formula & Calculation: 

Porosity = (1- (ϼb/ϼd) × 100 = (1- (1.35/2.65)) × 100 = 49% 

Thus, Porosity = 49 % 

Example 5: What is the particle density of a soil sample that has a bulk density of 
1.55 g/cm3 and a porosity of 40%? 

Given Data: 

Bulk density of soil = 1.55 g/cm3 Porosity = 40% 

Required: 

Particle density =? 
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Solution (Formula & Calculation): 

Porosity = (1- (ϼb/ ϼd) x 100 

40 = (1-1.55/ ϼd) x 100 

1.55/ ϼd= 0.6 

ϼd= 2.58 g/cm3 
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