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Soil Water Relationships
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Soil Properties

Texture

— Definition: relative proportions of various sizes of ; Aol
individual soll particles A A Sl e e Adlite plaad (i) @51 1k il

— USDA classifications T o
 Sand: 0.05—- 2.0 mm ac 505._ 0_0.02 :.‘.;‘-H‘

e Silt: 0.002 - 0.05 mm s 0.002> ¢kl

» Clay: <0.002 mm LSy pe¥ de ) 5303 ) 3 ) Gualall il asaall Galie

— Textural triangle: USDA Textural Classes il ile pial celall Jiia oyl

. . o L G
— Coarse vs. Fine, Light vs. Heavy L 335 5 olaall S 5o e i,

— Affects water movement and storage

Structure ; A el
N . . Leai 5 ol Al Sy S et A 1y )
— Definition: how soll particles are grouped or arranged,:s  , sual jalaial; a3 sl e s

— Affects root penetration and water intake and movement
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USDA Textural 129
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Bulk Density (p,)

— py, = soil bulk density, g/cm?
— M, = mass of dry soll, g
— V,, = volume of soil sample, cm?

Typical values: 1.1 - 1.6 g/cm?®

Particle Density (p,)

— pp = soll particle density, g/cm?
— M, = mass of dry soll, g
— V. = volume of solids, cm?

Typical values: 2.6 - 2.7 g/cm?®
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 Porosity (¢)

* Typical values: 30 - 60%
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Water 1n Solls

 Soll water content

— Mass water content (6,,,)
— 0., = mass water content (fraction)

— M,, = mass of water evaporated, g
(>24 hours @ 105°C)

— M, = mass of dry soll, g

d}}gﬁ)e-&l- JM\)&ALI(:*@LCJ



* Volumetric water content (6,)

— 6,, = volumetric water content (fraction)
— V,, = volume of water
— V,, = volume of soil sample
— At saturation, 6,, = ¢
— 0y, =As 0,
— As = apparent soil specific gravity = p,/p,,
(p,, = density of water = 1 g/cm?3)
— As = p, numerically when units of g/cm?® are used
« Equivalent depth of water (d)
— d = volume of water per unit land area = (6, AL)/A=6, L
— d = equivalent depth of water in a soil layer
— L = depth (thickness) of the soil layer
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Volumetric Water Content & Equivalent Depth

BULK
YOLUME

(cm?)

e L
et
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B Equivalent Depth

DRY WEIGHT
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Volumetric Water Content &

Equivalent Depth

Typical Values for Agricultural Soils

Soil Solids (Particles): 50%

Total Pore
Space:

50%

Very Large Pores: 15%
(Gravitational Water)

Medium-sized Pores: 20%
(Plant Available Water)

Very Small Pores: 15%
(Unavailable Water)
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Water-Holding Capacity of Soll

Coarse Sand Silty Clay Loam

Dry Soil

Gravitational Water

/—P

————Available Water
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Soill Water Potential

» Description
— Measure of the energy status of the soil water

— Important because it reflects how hard plants must
work to extract water

— Units of measure are normally bars or
atmospheres

— Soll water potentials are negative pressures
(tension or suction)

— Water flows from a higher (less negative) potential
to a lower (more negative) potential
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Soil Water Potential
« Components

— y, = total soll water potential

— Y, = gravitational potential (force of gravity
pulling on the water)

— y,, = matric potential (force placed on the water
by the soil matrix — soil water “tension”)

— y, = osmotic potential (due to the difference In
salt concentration across a semi-permeable
membrane, such as a plant root)

— Matric potential, y.,, normally has the greatest
effect on release of water from soll to plants
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Soil Water Release Curve
— Curve of matric potential (tension) vs. water content

— Less water — more tension

— At a given tension, finer-textured solls retain more water
(larger number of small pores)
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*Field Capacity (FC or ;)

—Soil water content where gravity drainage becomes , fc) ] SIFC ) 4ial) dadl
negligible i Ladlall Gyl eay Cum & i) 8 oLl (5 sine
—Soil is not saturated but still a very wet condition Al 4k ) Alla (8 155 Y LSy Anpdia Gl 4 )

. . | - el olie ASLY Jiliall slall (5 gina Leils Gaulss (o yas
—Traditionally defined as the water content 13- 21 1710~ m R 58 elgn 1SN el elall 5 g Ll by “JJ’:
corresponding to a soil water potential of -1/10 to -1/3 =
bar

-Permanent Wilting Point (WP or 8,,,)

—Soll water content beyond which plants cannot
recover from water stress (dead)

wp) [ SIWP ) dailall J sl ddais
) Aga) (o Al sany clbilall (S ¥ A 4 il el (s sin
(el
—Still some water in the soil but not enough to be of USiLall 13aa o) &) I 3l ol K1y 3 3l 3 slall Gams Sllia )5 Y
10 P \SWP cse s 15- 1 S oLl g5 s Lils Gadlis i o
—Traditionally defined as the water content
corresponding to -15 bars of SWP
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Available Water skl 4 ala

Definition
— Water held in the soil between field
— capacity and permanent wilting point J el ddad g Aaleall dasall (G 4 Al (88 il sbiall g8 1 iy el
— “Available” for plant use i) alasiuy "Aalial" i)l
Avalilable Water Capacity (AWC) AWC)AWC = Ifc - [Iwp) dakiall dildl Zed
— AWC =6, -6

— Units: depth of available water per unit

— depth of soil, “unitless™ (in/in, or mm/mm)
— Measured using field or laboratory methods

(aean 5| Aua sifdua 53)
i) ol Jaall (5 sk aladiuly Lenld oty
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Soil Hydraulic Properties and Solil Texture

Table 2.3. Example values of soil water characteristics for various soil textures.*

- Soil texture

Coarse sand : 0.05
Sand , 0.07
Loamy sand : 0.07
Sandy loam : 0.08
Loam : 0.10
Silt loam : 0.12
Silty clay loam : 0.22
Clay loam : 0.25
Silty clay . 0.27
Clay : 0.28

*  Example values are given. You can expect considerable variation from these values within
each soil texture.




 Fraction available water depleted (f,)

— (05, - 6,) = solil water deficit (SWD)
— 6, = current soil volumetric water content

 Fraction available water remaining (f,)

- (0, - 0,,,) = soil water balance (SWB)
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« Total Available Water (TAW)

TAW = (AWC) (R)

— TAW = total available water capacity within the plant
root zone, (inches)

— AWC = avallable water capacity of the sall,
(inches of H,O/inch of soil)

— R, = depth of the plant root zone, (inches)

— If different soil layers have different AWC's, need to
sum up the layer-by-layer TAW'’s

TAW = (AWC,) (L,) + (AWGC,) (Ly) +. .. (AWC,) (Ly)
- L = thickness of soil layer, (inches)
- 1 » n- Subscripts represent each successive soil layer

[Error on page 26 of text: W@ng SWD — TAW ]
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wetting front

S .0~ «—— Horizontal movement

Vertical movement due to capillarity

due largely to gravity
(b) Late in irrigation event

P

wetting front

Figure 2.8. Wetting patterns early and late in furrow irrigation water application.




Water Infiltration stall g,
Def’n.. the entry of water into the soil
A Al DA elal) Jgda gar iy s

Influsricinig Faciors 5 Azall (Lol sl
Soil texture 4 il Ao
Initial soil water content 4 il A4 gl )l e  AIY) (g siall
Surface sealing (structure, etc.) L Al mlaw JS4
Soll cracking 4 il colaads
Tillage practices )l clilac
Method of application (e.g., Basin vs. Furrow) 4Lyl s
Water temperature elall 3 ) ) da )2
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Cumulative Infiltration Depth vs. Time
For Different Soil Textures
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Infiltration Rate, depth/time

Infiltration Raie vs, Tirmne
For Different Soil Texiures

Fine Sand

Fine Sandy Loam Steadv State or
Basic Infiltration Rate

/

Silt Loam

T
—_—
— —

-
N--~
------
........
---------

Elapsed Time or Opportunity Time

Figure 2.9. Infiitration rate vs. opportunity time.




Water Infiltration Rates and Soil Texture

Table 2.4. Basic infiltration rates for stationary sprinkler systems. (Adapted from Pair, 1983.)

Soil Texture Minimal Surface Sealing Some Surface Sealing

Coarse sand

Fine sand

Fine sandy loam

Silt loam
Clay loam

inh
0.75-1.00
0.50-0.75
0.35-0.50
0.25-0.40
0.10-0.30

nh
0.40-0.65
0.25-0.50
0.15-0.30
0.13-0.28
0.05-0.25




Soil Infiltration Rate vs. Constant
Irrigation Application Rate

Constant Application Rate Sprinkler System

Potental Runoff

Infiltration Rate
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+— Time When Surface Ponding Occurs
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Soil Infiltration Rate vs. Variable Irrigation Application Rate
s A ALl Jara Jale aa 4y al) iy Jana

Variable Application
Pattern of Moving
Sprinkler System

Potential

Infiltration
Rate
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Depth of Penetration
QA1_AAY) Gas

« Can be viewed as sequentially Cadal) b il e Dal el (jia jaind (S
filling the soll profile in layers

* Deep pe_rcolation: water Dsaal) dihie cand oLl (3) A0 5 Granl) i )

penetrating deeper than the Calull Alladll

pottom of the root zone

- Leaching: transport of chemicals — Jsall 4k e AbuasSl 3l sal) J&5 1 Jpustl

from the root zone due to deep GBaand) = Il Aol

percolation
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Water Storage in Layered Soil Profiles

Imigadon
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after = after irrigation
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Example 2.4

Given a soil with the following characteristics, calculate the depth to which 4 in. of infiltrated
water would penetrate.

Layer Depth 0, 0,
(in)
1 0-12 0.34 0.20
2 12-30 0.40 0.33
3 30+ 0.30 0.24

Using Equation 2.12:

SWD, =(0.34 - 0.20) 12 in. = 1.7 in.
SWD, = (0.40-0.33) 18 in. = 1.3 in.
3.01n. (1.7 in. + 1.3 in.) is required to fill the first two layers

The remaining water is: 4.0 in. - 3.0 in. = 1.0 in.

To find the depth penetrated in the third layer (L), use the same equation, but solve for L; when
SWD;=1.01n.:

1.0

i = =67
3~ (0.30-0.24) i

The depth from the surface penetrated by a 4-inch application is then:
12 1n. + 18 1n. + 16.7 in. = 46.7 in. (about 4 feet).




Soill Water Measurement
dll gla bt 3ok
 Gravimetric

— Measures mass water content (0,,) ) 4l 4By skl
— Take field samples — weigh — oven dry — weigh Al ilal) (5 ginal)
— Advantages: accurate; Multiple locations

— Disadvantages: labor; Time delay

» Feel and appearance A glially uallly 55k 1) 43 j2a 43,

— Take field samples and feel them by hand
— Advantages: low cost; Multiple locations

— Disadvantages: experience required; Not highly
accurate
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Soill Water Measurement

* Neutron scattering (attenuation)
— Measures volumetric water content (6,)
— Attenuation of high-energy neutrons by hydrogen nucleus

— Advantages:
« samples a relatively large soil sphere
» repeatedly sample same site and several depths
 accurate

— Disadvantages:
* high cost instrument
* radioactive licensing and safety
 not reliable for shallow measurements near the soil surface

 Dielectric constant
— A soil’s dielectric constant is dependent on soil moisture
— Time domain reflectometry (TDR)
— Frequency domain reflectometry (FDR)
— Primarily used for research purposes at this time
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Soill Water Measurement

10N

Neutron Attenuat

Spherec of
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Soill Water Measurement

* Tensiometers
— Measure soil water potential (tension)

— Practical operating range is about O to 0.75
bar of tension (this can be a limitation on
medium- and fine-textured solls)

 Electrical resistance blocks
— Measure soil water potential (tension)

— Tend to work better at higher tensions (lower
water contents)

* Thermal dissipation blocks
— Measure soil water potential (tension)

— Require individual calibration
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Electrical Resistance Blocks & Meters




