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Soil Water

Soil properties
Water retention in soil

Infiltration
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Soil Properties

Definition, soil components, soil profile and soil horizon,
soil texture, soil structure, soil density and soil specific gravity,
pore space
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Soil Components

Soil as a three-phase system | <~ Organic

S matter /
Solid

Mineral matter ™~ /
* Inorganic materials

* Organic materials

Liquid
» Water

e Solution

soil particle

gas

 Gas

* Soil pores
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The soil is not just soil...

Microcolonies The complexity
of bacteria = _ of soil

W 0.2-2.0%

~ Shlomo Kramer
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Soil Component

* Vt: total volume
* Vv : void volume Volumes

e Va:air volume
* Vw : water volume

* Vs : soil particle volume

e mt : total mass

* ma : air mass

* mw : water mass

* ms : soil particle mass
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Soil Profile

A horizon
(zone of
eluviation)

Solum

(true
soil)

B horizon
(zone of
illuviation)

|

$
C horizon
(parent
material)
¥

t
R layer
(bedrock)

Undecomposed litter

Partly decomp

Zone of humus accumulation

Zone of strongest leaching

sed debris

Transitional to B horizon

Transitional to A horizon

Zone of maximum illuviation

Transitional to C horizon

olidated rock

Consolidated rock

Surface mulch

A Horizon

B Horizen

C Horizon

_ Bedrock
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Comparison of two soil profile from different

climatic region
Rainy region

M

Semi arid zone

~ Shlomo Kramer
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Soil Formation

Shlomo ramer

Irrigation & Fertilizgtion Consultant




Soil Formation

Well-drained soil profile 28

thin A horizon

B horizon thick E horizon
exposed R horizon

R horizon clay-rich Bt horizon
(consolidated rock)
C horizon

' _ N R horizon
thick A horizon {consolidated rock)

water-saturated Bg horizon - ; {7 T\]
. P )

© 1999 Encyclopadia Britannica, Inc.

~ Shlomo Kramer
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Soil Texture

A physical property of soil

e Defined from fraction of mass

of soil particle (smaller 2 mm)
* Sand: 0.05 - 2.00 mm
* Silt: 0.002 - 0.05 mm
* Clay: <0.002 mm
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The size fractions in the soil
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Soil texture analysis (hydrometer method)

et OF : 0001

Shlomo
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Soil particle classification system

USDA
USPRA
BSI, MIT
ISSS
DIN

Diameter of particles (Logarithmic scale) (mm)
0.001 0.01 1.0

USPRA

BSI, MIT

Medium | Ci

Sand

epartment of Agriculture (USDA);
i SPR British Standards Institute (B
n Standards (DIN).
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Soil texture classification

» USDA — U.S. Department of Agriculture

» ISSS — International Soil Science Society

Diameter of particles (Logarithmic scale) (mm)
0.001 0.01 0.1 1.0

Coarse
{ Gravel
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Soil texture classification
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Soil Structure

Blocky

Granular

Columnar

Prismatic
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Soil Structure

Massive
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Influence of soil structure on soil water flow

Single grain Blocky Plate-like

Rapid

Granular
A

Rapid
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Soil Density and
Soil Specific Gravity

@
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Soil density

* particle density

Ps = v,

* bulk density

Volumes
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Volumes

Specific gravity

* real specific gravity
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Pore Space

Porosity

Void ratio
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Pore space

* Liquid or gas components between soil

particle

Volumes
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Porosity of soil

ANUNTU (%)
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Sand

Sandy Loam
Loam

Clay Loam
Silty Clay

Clay
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Soil Water

Soil properties
Water retention in soil

Infiltration
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Water Retention in Soil
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Soil Water Content

- Gravimetric water content
- Volumetric water content

- Degree of saturation
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Soil Water Content

* Soil moisture by mass

Volumes

Om

* Soil moisture by volume
VW

Ve

* Degree of saturation

o
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* Water content by mass vs
by volume

* Depth of water in soil

column
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Potential Energy of Water
in Soil
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Soil water potential

» Gravitational potential
* Osmotic potential
* Matric potential

Sub- i Negative
, atmospheric ', pressure
pressure potential

* Hydrostatic pressure
potential

Super- Y Positive
atmospheric \  pressure
pressure " Y potential
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Gravitational potential

Gravitational * Gravitational potential

potential

&inch (15 em)
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Osmotic potential

Membrane

Membrane

= Osmosis * Osmotic pressure
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Pressure potential

ot * Pressure potential

* In case of saturated soil
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Pressure potential in saturated soil
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Unsaturated soil

Matric
potential

Ceramic
— cup

l

6 inch (15 cm)

* Matric potential

(41)



Soil water potential

® soil water potential VT = W W Y, +K

B Energy/volume

" head hy = z+s+h+p+K

B Energy/weight (of water)

B Saturated soil

B Unsaturated soil
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Soil Moisture Tension

* Sometimes called “suction”

e Unit of measurement
* Pascal (Pa)or N/m2
 bar

* Head or depth of water in m (or cm)

CS)



Tensiometer
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Soil-Moisture Characteristic Curve

(46)



Soil-Moisture Characteristic Curve
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* Relation between (volumetric) water content and matrix potential (h)
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Stages of Water Content in Soil

Water content at field capacity (FC)
Water content at permanent wilting point (PWP)

Available water
- TAW: total available water
- RAW: readily available water
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Stages of Water Content in Soil

* From an irrigation point of view,
there are different levels of water
content in the soil,
and four terms are used to identify
these water content levels:

e saturation

Fig. 5.4. Soil moisture at different stages of moisture content. (a) Saturation — all pores filled with water, e field capacity

little or no air; this situation occurs during and immediately following irrigation or rainfall. (b) Field

capacity — water is held in the soil after surplus has drained away under gravitational forces. o permanent Wilting pOiIlt
(c) Permanent wilting point — water attached by surface tension forces to soil particles, cannot be

removed by plant root suction.

e available soil water



Saturation

Saturation » During and immediately after irrigation
Excess Water 2 % : ;
Field Capacity (FC) —» all the pore space in the soil is filled with

water and the soil is saturated.

Available Soil Moisture Total pore

5 » space * There is little air in the soil, and for most
ermf_anent Wilting
Point (PWP) crops (other than rice) if the soil stays
: saturated the crop will be damaged due to
Unavailable Water
this lack of air for the roots to breathe.
Oven Dry

 If there are no drainage problems, the water
in the soil will drain away under gravity
following irrigation, leaving space for air in
the soil’s pore space



Field Capacity, FC

* Field capacity is the quantity of water held in the soil once the water has drained
away from the saturated soil.

» This water is held to the soil particles by surface tension forces, and much of it is
available for taking up by the plant’s roots.

» The volume of water held by the soil at field capacity depends primarily on its
texture and structure.

* The forces holding the water in the soil against the gravitational pull are surface
tension forces. Soils with small particle size, such as silts and clays, have a large
surface area and thus can hold more water.



Permanent Wilting Point, WP

» Water can be removed from the soil
by the plant’s roots exerting a greater pull or tension
than the surface tension holding the water to the soil particle’s surface.

* At some point, termed the permanent wilting point,
the suction exerted by the plant’s roots is not sufficient to remove the water from
around the soil’s particles.

» At this point, the crop will become stressed, the yield will be reduced and the crop
may perish. At permanent wilting point a crop’s leaves may droop or wilt; in some
crops, there will be a change in appearance in the leaf color.

* The permanent wilting point is affected by the soil texture in the same way as with
field capacity, thus for fine-textured soils the moisture content at permanent wilting
point is higher than for coarse-textured soils.



Available Soil Moisture (FC - WP)

» The water available to the plant is the difference between the moisture content at
field capacity and that at the permanent wilting point.

* Though there may still be water in the soil at the permanent wilting point it cannot
be removed by the plant, and is thus unavailable.

» The objective of irrigation is to allow the soil moisture to reduce to a safe limit

(above the permanent wilting point) and then to irrigate the soil to bring it back to
field capacity.

* The interval between irrigation will thus depend on the available moisture in the soil
and the rate at which the soil water is abstracted by the crop



Soil water content vs ET/Productivity

Hydroscopic Capillary
Water Water
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Soil Water

Soil properties
Water retention in soil

Infiltration
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Infiltration
Definition
Infiltration equations

Infiltration in Irrigation
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Moisture content ———————»
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. . Infiltration rate Cumulative Infitration
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Relation between infiltration rate and cumulative
infiltration

* AUNINIH ANN1EMINNFTNENURIRL ()
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Infiltration equation

* Lewis’s equation or

Kostiakov’s equation
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Double-ring infiltrometer




Infiltration measurement
by double-ring infiltrometer

Soil Flow Flow
surface being creating
measured  confining boundary
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Infiltration in Irrigation
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Infiltration in border irrigation

Completely flooded

Water movement vertically downward

(65)



Infiltration in sprinkler irrigation

Raindrop action

Sprinkler
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Infiltration in furrow irrigation

Fuirrow

Water movement both downward and outward from furrow
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Water Flow in Plant
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Transpiration stream

Well irrigated
soil: — 0.3 bar

Saturated soil:
- 0 bar

i Sh\ldth’o" ramei"?

\

. Irrigation & Fertilization Consultant

i

Source:



Epidermis cells

Root hear

Water passing by 0smosis from cell to cell till arriving to
the xylem tubes

~ Shlomo Kramer
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Water movement and transport

Phloem Xylem
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roots

depth Deep ¥ _~
percolationi J
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Gas exchange through
the Stomata opening
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Photosvnthesis occur in
Stomata .
- \ ... chloroplasts of the leaf cells
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Stomata opening - closing

CO, required for photosynthesis diffuse into

the leaf through the open stomata.

Water molecules diffuse out in

transpiration process.

Factors affect the opening — closin

* Light intensity

* Water status in the plant.

» CO, concentration in the leaf

*Opening at light time,

Epidermis +* Closing at dark, or when the plant
is in stress situation

Light + low CO, > K* entering into guard
cells > osmotic pressure increased > water
osmosis to guard cell, turgor become higher>
stomata open

g Sl}lbﬁid ‘ra'me‘i"?

Dark + high CO, > K" .....> stomata close

\
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Schematic description of CO2 assimilation into
structural composition in the plant

Sun Radiation

Photosynthesis

!

02

Carbo ReSp'rat'O” Tissue
hydrates 1 s Productio] Fruits
Roots
02
Glucose, Starch

Kenig & Kramer 1995
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The relationship between
> photosynthesis, temperature and CO,

N
(V)

1000 ppm

N
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After: Peter van Weel PPQO greenhouse horticulture, Wageningen, the Netherlands
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Salinity Impact on crop production

Yield response to irrigation water quality of Bell Pepper plants

Desalinated—<—Et

6,000

&
£
=
=
(=]
-
—
o)
=
S
S
e
D

231211 7NM2 . 221112 612112 21212 7RBIM2 2213112 614112 2114112 615112

g Sl}lbﬁid ‘ra'me‘i"?

\

Source:



Thank you



