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Soil Water Relationships sksallg 4 ) 4sle -1
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Soil Properties 4l pailas

s [exture
o Definition: relative proportions of various sizes of individual Aall
soil particles A Al Al il G (oAbl pland anl) o 1) 1y el
e USDA classifications Sy At 0 5 ) 55 cldyiuas

m Sand: 0.05 - 2.0 mm

— . |
= Silt:  0.002 - 0.05 mm 06‘025-0_ 0%825 -Ij:ﬁs\
. Clay: <0.002 mm e A

' 0.002> :(phl
e Textural triangle: USDA Textural Classes A iy CEURES]LR 2
e Coarse vs. Fine, Light vs. Heavy LS, ya ¥ A 30 8 ) 5 sl Calall il asall i

Sl Jilte casal) caclill Jilia opial)
o Affects water movement and storage el s P e =
ety g olaall 4S o e S
s Structure

e Definition: how soil particles are grouped or arranged

o Affects root penetration and water intake and movement £ gl oy

Leasi 5l Aol Ol s aend A 1y patll
LS a5 obaall (abiaiial 5 )53l (3) idl (e s
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s Bulk Density (py,) 4ol 48]

e p, = soil bulk density, g/cm?
e M. = mass of dry soil, g
e \V, = volume of soil sample, cm?3

Typical values: 1.1 - 1.6 g/cm?

= Particle Density (p,) 4wasl) 4disl)

e p, = soil particle density, g/cm?
e M. = mass of dry soil, g
e V. = volume of solids, cm?

Typical values: 2.6 - 2.7 g/cm?
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s Porosity (¢) 4wblead
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Water in Soils 4l A sl

= Soil water content 4_dll & skl (5 siadll

Mass water content (6,,)

0., = mass water content (fraction)

M, = mass of water evaporated, g (=24 hours @ 105°C)
M. = mass of dry soil, g
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s Volumetric water content (0,)

e 0, = volumetric water content (fraction)
e \/, = volume of water

e \/, = volume of soil sample

e At saturation, 6, = ¢

e 6, = As 0,

o As = apparent soil specific gravity = py/py
(py = density of water = 1 g/cm?3)

e As = p, numerically when units of g/cm?3 are used
s Equivalent depth of water (d)
e d = volume of water per unit land area = (6, A L) /

A=06,L
e d = equwalent depth of water in a soil layer
L = depth (thickness) of the soil layer



Volumetric Water Content & Equivalent Depth
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Volumetric Water Content & Equivalent Depth

ypicalValues o Agrcultural Soils

Soil Solids (Particles): 50%

Very Large Pores: 15%
(Gravitational Water)

Total Pore
Space: 50% Medium-sized Pores: 20%
(Plant Available Water)

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

Coarse Sand Silty Clay
Loam

-_//G ravitational Water /_’_
/—'V

" Available Water
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Soll Water. Potential

- ‘93\
2 5 olse Al Alla e

. . slall 2 aiuy cllall Adig A agall (uSay 45N Laga 124 22
= Description 6yl Lial) i ol s Bole Gl e

_ (Bis o ak) Al b e s 4 il olie e
* Measure of the energy status of the soil water 1, sy g sea L) (Bl J81) Lled sga 00 oLl G

o Important because it reflects how hard plants must work to

extract water
e Units of measure are normally bars or atmospheres

e Soil water potentials are negative pressures (tension or

suction)

o Water flows from a higher (less negative) potential to a lower

(more negative) potential
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.(Potential Energy) 4w\) 48l & culadidy Llai) Sty b diSle s 8 50 Y 4l 8 el
8y : . :

A el 2 jlae 2 sl b ol LeSliag 3l 48U (e 5 5 <(Soil Water Potential) &l (Alall sealls ojad slall 28l b CDBRY) 13
_M\jﬁ)\)ﬂ\&é)dwﬁ&

Soil Water Potential (W) el 92 o 5he

(W) Selhad e *

.(bar sl Pascal ) daxall : bl as g *

(il el (e d8Ua 8 Led elall ()Y daniiall ye 4y 5l 6 Al Ly dagal) *
el 2gall dalal) dalaall &

A Ll (W)
(Gravitational potential) sl 3l (W g ) *

(Matric potential) ¢l 3l :(W_m ) *

(Osmotic potential) s ses¥) 22l :(W 0 ) *

Jrsgopss sl sbede s (Pragsure potential) il 3l (W p ) *



AT 3gall 45 gSall 3 gl g1 g3

(Wg) 23l agall 1

(2 e (5 sial dpilly Aalidsl of clall plii ) e il *
(Bl Jads ¥ 5 35) Fgud 5l Ll A8 g (3 g *

o pall G5 Anndiall Al (B g

(Wm) g hlall agall 2

A Sl e el Sl e G Bl 5 28l (o 8 (e L
Aule JEIWmM ol 4 il 4y sh ) <l WS (g eciliall aa Js *

Aasiiall e dahidl Jabs el 38 ja 8 Y] s *
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s Soil Water Release Curve

e Curve of matric potential (tension) vs. water
content

e | ess water > more tension

e At a given tension, finer-textured soils retain
more water (larger number of small pores

S —— — — —  w—

Available water (% )

4D 6 8 10 12
Soil water potential (-bars)
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(el gl (b 5k

(kPa 85- ) 0) w2l (A s 8l 3eall Lulidl — Tensiometer .1

kPa 1500- (i aus¥) g2l & Sl agall ulidl — Pressure plate apparatus .2
o ool e sl JSH agall Gudy — Psychrometer .3

(TDR sGypsum blocks Jis) Electrical sensors .4

iglaal) cidat
_(;Mj:. ‘ L..SJM \.:(‘ \‘5‘ \..\\\.; *
Adinl) Faad) g 510 (J gl ALy e *

Loluall e\d;;u\ 3eleS it *

il gaig elall g oy ABMRD) A o *
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| Ll e sl o (s giase il W -1500 KPa | | il J sl i
| el JulSIL dnaiia 3yl W=x=0 | | gLl die agall
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eField Capacity (FC or 0¢.)

—-Soil water content where gravity drainage aiaall da i
becomes negligible Sl ApMall Ciy yoal iy i &y ill 6 elall (5 sine
-Soil is not saturated but still a very wet el dph ) Ala 8 J1 5 Y LSy dnpde ol 4y il
condition 1/3- A 1/10- e 4l slie iKaY Qi) eladl (5 gina Leals Uaddss (o jas

B

—Traditionally defined as the water content
corresponding to a soil water potential of -1/10
to -1/3 bar

ePermanent Wilting Point (WP or 6,,,) Adilall J gl ddas
. . L Sl Y! pe Bl sy Al (Sar Y (2l il 8 oLl (g 58
~Soil water content beyond which plants cannot & & € e e SRR O G Al e (‘5} )

recover from water stress (dead) )
Cliball ke ¢ oSl AISI Haally Gl (ST 40 Sl (8 elall (amy cllia JI 50 Y

Bgt(l)lilc Eggﬂfovxé?genrésm the soil but not enough to \SWP e 5b 150 3 (il oLl (5 sine Leils Lalis oyl

—-Traditionally defined as the water content
corresponding to -15 bars of SWP
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Available Water slall 4 als

= Definition
o Water held in the soil between field Jall adadi g dleal) Aaiall s 4 A (A3 painall oliall 58 1y il
e capacity and permanent wilting point Ll aladinY "daliall il
e "Available” for plant use

= - dalial) Aolal) dad)
= Available Water Capacity (AWC) AWC = 6 ewp e

e AWC = 6, - Oup "Chlas g s Ao 5l e (Bee Bas g JS AN sliall (Bee rchlas )l
e Units: depth of available water per unit (aafan 5l dia sfdia 52)
e depth of soil, “unitless” (in/in, or mm/mm) A2l Jial 3k alasiul Leald i

e Measured using field or laboratory methods
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Soll Hydraulic Properties and Soll 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) AL e Lall alaiin) du

(6 - 6,) = soil water deficit (SWD)
0, = current soil volumetric water content

= Fraction available water remaining (f,) oalall e anial) elall dpus

(6, - 6,,p) = soil water balance (SWB)
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= Total Available Water (TAW) < jald) sl
TAW = (AWC) (Ry)
TAW = total available water capacity within the plant root zone, (in, or mm)

AWC = available water capacity of the soil, ((in, or mm) of H,O/(in, or mm) of soil)

R, = depth of the plant root zone, (in, or mm)

If different soil layers have different AWC’s, need to sum up the layer-by-layer TAW’s
TAW = (AWC)) (L,) + (AWC,) (L,) + ... (AWCy) (L)
- L = thickness of soil layer, (in, or mm)

- 1 » N Subscripts represent each successive soil layer
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(a) Early in irrigation event GIAVICYAVST

CaPIliarity;
\\_/
| \ 4 wetting front
Vertical T «—— Horizontal
movement due movement due to
capillarity

largely to gravity (b) Late inirrigation event

s

wetting front

i : Ji gy s all S e
Figure 2.8. Wetting patterns early and late in furrow irrigation water application.




Water Infiltration sl gy

Def’n.: the entry of water into the soil 4l $SA slad) Jgia ga: iy i

Influencing Factors 5 5 sall Jal g2l
Soll texture 2 il A
Initial soil water content Al 84 sk ) e SIS0V (5 gindl)
Surface sealing (structure, etc.) i il mdans (K4
Soll cracking A il et

Tillage practices 4 jal) cililac
Method of application (e.g., Basin vs. Furrow) ALyl 48 Hh
Water temperature clall 3 )l yn 4y
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Cumulative Infiltration Depth vs. Time For Different Soil Textures
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Infiltration Rate, depth/time

Fine Sandy Loam Steady State or

] 5 = -
Basic Infiltration Rate
Silt Loam

———————————————— —— W ————————

~~-
-.~-
-----
-------
---------

Elapsed Time or Opportunity Time

g5y ._y;*“;l- =il ol =l

Figure 2.9. Infiltration taté vs. opportunity time.




Water Infiltration Rates and Soil Texture

Al daad g plal) iy Jana

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
0.3540.50
0.25-0.40
0.10-0.30

inh
0.40-0.65
0.2540.50
0.15-0.30
0.13-0.28
0.05-0.25

d)ﬁ}gﬁjr‘ﬁ' J}@A\)mh?mh-_a




Soil Infiltration Rate vs. Constant Irrigation Application Rate

(s ) slsa ALl Janay 45 e 4y i) B plall iy Jina

Constant Application Rate Sprinkler System

Potential Runoff

Infiltration Rate

o

+— Time When Surface Ponding Occurs

?
H
]
]
]
1
1
'
1
E
|
:
4
}
1
i
$

Elapsed Time
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Depth of Penetration
QA1 RAY) Gas

_a)ﬂ\@zqﬁﬂ\aums\@@;m,@sgﬂ@d@‘wpgﬁjﬁgﬂgm@g@ﬂ\c@émﬂagﬁq@um
Aokl (e Game aa ) deay g a3 ) Ja el LA @ sty A (il 5l i) Ao sandl ddlall s A (Bec

Can be viewed as sequentially filling the soil profile in Ciladall 8 2 51l oSl cilailly o yaiud (Sas
layers "

Deep percolation: water penetrating deeper than the Clall Aladl) ) gaal) dshaia con e lall (8) S84 2 Granl) =i )
bottom of the root zone

Leaching: transport of chemicals from the root zone &5l Abasl s 5 s3all Askaie (e A0Sl o) gall J5 1 Jiusil
due to deep percolation (Baaz])
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Depth of Penetration G| aY) (e ieal

15 A 3ol andil
sl e gl aiug s Ll ) dall LS Bae e Ly ol Lsluse GV Gee 05S O o *
Al sdall ) AEKH &y skl Jai Y S sdall Bae (e B GBanl) (IS 1) *
.(Deep Percolation Loss) Gaeal) cyuills clall 388 Caany > s3all Gae (0 ST IS 1) *

rAaliall (o )l AaS 5 &l y38 aaas) 2
Gyl (50 JalSIL | ghal) dalaia Julal 2 glall olal) dueS Cloin (Sas 31AY) Gac 4 pna JDA (e

Ao Al pailad il 3
Allad) Apalsall oy 5 3 AN Gae L (55 e 1 Ay 1) *
AN i 5 35800 Apabasall Casnss s (31 RY) Gae L (35S a2 il *
sanki Jba
colally Can i 08 Lo ) g3a) dahaie Chai O iy 13gd a2 0.6 OIS 5 2 BV (Bac 5 a 1.2 (Bae in Sl Joadll s cuilS 1)
S Gl 58 il (5 )0 Al a8l G g ) el ling
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Soll ' Water Measurement
Al sla (bl 3k

s Gravimetric

e Measures mass water content (6.,) 455 6h 44yl

e Take field samples > weigh — oven dry — weigh am)) ABSIL Wl (5 sine iy

e Advantages: accurate; Multiple locations L ss Al Lediad 5 \ei s Axilae Cilie 34

e Disadvantages: labor; Time delay Badata ol a slle A8 1L 5l
R R R S

= Feel and appearance AU dially Guallly A gha 1) 48 e 4 ko
e Take field samples and feel them by hand " U s Leand g duilage Cilie 3]

e Advantages: low cost; Multiple locations Badale Bl o tAnddic A4ISH 1Ly yall

o Disadv?ntages: experience required; Not highly Lnidia A8y 4y slhae dlee 3 8 1 sl

accurate

d‘}T‘JLﬁJr‘B' J}@A\)mh?mh:a



Soil Water Measurement

(Neutron Scattering Attenuation — <l g i gaill (cilada) o)) it
Ay 5 <al) *
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Soil Water Measurement

Dielectric Constant (<L ¢Sl Jjad) <
fasall *
el e L) gina iy (AleSH a8l 0345 e iy gl) 4l Jjlall il
U1 el SR (e A il A sl ) 0 Sy SN
‘Jokd) cullll e dadizall (33l
:(TDR — Time Domain Reflectometry) e}l Jaall A (8231 1
slall g sina o ading (a3l 108 5 il (8 jliae jue (alSaiBU Ak 5eS A ge 48 rind (gl e ) Gaty
:(FDR — Frequency Domain Reflectometry) 324l Jlaall & (ulSa3y) 2
Al Ay gha ) s Aais Al oS Aad) gl 20 i) B sl
spladiuy) ¥

883 5 plae ) Lginla s Agllal) LgaalS 1 70as ¢ Jal) o gl 8 dpalal) CHag¥) 8 ot ) S 223505 5 3¢aY) 028
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Soll' Water Measurement
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Soil Water Measurement

(Soil Water Potential) &3l & Alall 3gadl (b 3k

o oLl aga o G ad L (sl colall o il pmn G gaa (530 s s 66 _ptloa olall BaaS il Y 5 362yl o3
(Soil Water Tension / Potential) (lall 2l

(Tensiometers) Jiegdill) 3 g2l . 1
N N U TEE WO Py | W [ 1) I W i DN (VRN IR B E SN
L8 )L 0.75 N 0 e tleadl Janial) Gl *

Asha Jl Aldans sall ) Ak 1) ol Al 8 Jadé 28y Jans L )

o8 e e e 06K L elall 2 (Y (Audal) Jia) o sal) d38al) o) Ao gial) o yill duilia pe 1o gl *
i\ PEN
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Tensiometer for Mezasvrine Soll Water Porenrial

Water Reservoir

Variable Tube Length (12 in-
48 in) Based on Root Zone
Depth

Porous Ceramic
Tip
Vacuum Gauge (0-100
centibar)
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(Electrical Resistance Blocks) 4xib <l 4agliall JiS @ 2
Al AL sl U s il 1 %
gl aal 3 i sl lf LS g il b 45 ghae nabons A 13 0335 S (o Bl gl da gliall il o it 2 anl) Ay ko *
Joailadl)
Fuadiia f sk ) il gioen 8 (s o(Uand A8la T ) () S5 Latie () el 280 die Jumdl JS8y Jand

(Thermal Dissipation Blocks) (sl sl 2aill JiS ¢ 3
W 2y Al ) sl s Al
Syl s sy Sl 154 650 0S8 R (i s 5yl g gl (i e i ol *
;bllaial) *
S Caliss a5 IS Aated 0 GRS S o J sl AS 5 ubon IS 30 5 e ) i
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Electrical Resistance Blocks & Meters

Soil Moisture Meter

Molsture Reading
(Centibars/kPa)
Soll Temp. °F
75
a Bow
65,

PUSH

Soll Temp. °C
For Seasonal or Area
' Toemporatur v l fons
Motar Converls Electrical ‘

Resistance Reading of Sensor
1o Centibars of Soll Suction

IRROMETER COMPANY, INC. |
Riverside, Calilornia

Jhy ._;J“;,- P | RS ‘~_-|‘_': 2
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(Water Quality for Irrigation) ¢ ol de g p s¢da Y gl

AnSla (sae 22ad Al A ol gl 5 400 5 40l Hull (ailiadll ¢ sana & ()l slie dae
Tl il a1 e o) L3 o el il olsal
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s A ol Ay 1dl) (ailadld) (Ll

:(Turbidity) 3_\S=ll 1
(Bapae 3 se cJay cph) ddlle ol e a5a g e AL ¥
(sl (5 HIS) ol 5l dakail 8 culans pall slaw) 4 Jigi *

:(Temperature) 3l 4 0 2
Aol (8 g sal) Ll e g old) 8 G V) lsd e i *

Sl g e i 8y Al 5 Al sl *
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s A slual duilasl) Gailadl) :15113

(Total Salinity) 2! 4a oLl 1
(EC) et drasilly tale (&
(dS/m) e/ yhaps (bl sas 5
elall bl aliatal 4 geia g 4a glall o) JEC 2 ) LS 148Dal) *

| Aol | (dS/m) Sl | EC s slial) Cariial |
| | | |

| Jualadl) areal dallia | 0.7 > | 3 )liax |

| Alaaiall Jualadl | 3.0-0.7 | s |

| Al as et gUad | 7-3| adass gia |

| faals Cag oyl Y] dalla e | 7<| A4 |
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:(SAR) a2 sall ) yial a5 (*Na) psd sall 0S5 .2

lina ) SIS Qe 40 5ll by x5 shad ) JSAR ) ) LIS *
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