p MHXB IOF paHF X a Hbf K

& 0 2UPp W3 KOF Wl p(eH#OF B M @B bUbbF p Y
a2 01 %8| AT WWKWE/HECRCOR Y ecyfOFA BP p BIOF M p p KOF  whp XK
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wX lOF XIOF Wp Y

9F 2FOFEHOR KR
PPpHKOFF TB aTtTldHbh ¢ T WpPpEHWN.
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Soil Water Relationships. v f yus SHiHHKDK
_PHPK

CKFpCKF OFbxXxwF ¢cT FnbrTBKYM W
Mbhbbpc wrthHéemM wWIpbBOF T
F 2XkAKK _  FBKF pIFMb <

PTpHBHhIOFM  FBKF3 AFAYbcCcbF

wB p Ys IO
\BTTs 1 TR feH®), Aren R p Mo HA v, oW Kmusos [ive g vty BB FATMUDHEDD
dF 92%x0OF p MMt nHOw wyt CFMIMIKOF pHfF Xx/JTKOF nHObI> A

i T FPREE Frecim it s A Faveiekbn K UpHRDPH: IIBI'EbBﬁﬂEH(Y,CI,B: FEHI LR T2V Helmo
WTKFpCHOF UTPpFI BKOF c¢cT p
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Soll Properties w2p bhOF J

A Texture
A Definition:: relative proportions of various sizes of individual nth
o panetes B WT B pYBp bIOF  CF Ca BhHx KPET o
A USDA classifications
A | . Wyt bt pBUuF wWKF
A Sand: 0.05 1T 2.0 mm aB.j0o0. OB o

A SIlt: 0.002 - 0.05 mm
A Clay: < 0.002 mm

A Textural triangle: USDA Textural Classes
A Coarse vs. Fine, Light vs. Heavy
A Affects water movement and storage

A Structure
A Definition: how soil particles are grouped or arranged
A Affects root penetration and water intake and movement i 3p bl

FA27Tbpb MY whoipld
Fnbbpcwm unugrp1tTBHKOF JFH

ap. 0. 0CxBA

ag. 00T A

WT btrpBuUuF wWwWKFpIEIOhE I
bt UXKF b?3fF 4B P
FAXTC>HhbM WUF
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A Bulk Density:( r,) WT opKfF YF wTFf X bIOF

A r, = soil bulk density, g/ - cm3
A M, = mass of dry soil, g
A V, = volume of soil sample, cm?

Typical values: 1.1 - 1.6 g/cm?

A Particle Density (- r;) wr Y1t 4Hc lOF wWwTFf X bIOF

A r = soil particle density, g/ = cm?3
A M. = mass of dry soil, g
A V. = volume of solids, cm3

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

B W T T S I

bC3m- ppp vaHikis HOP. p Hbf x  a tbf K




Water in Solls "w39p HhHOFE ¢ T

A Soll water - content WIpbKF ¢cT c¢c9MApHOF oMb

Mass water content (  d,,)

g, = mass water content (fraction)

M,, = mass of water evaporated, g (224 hours @ 105°C)
M, = mass of dry sail, g
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A Volumetric water content ( q,)

A g, = volumetric water content (fraction)
AV, = volume of water

AV, = volume of soil sample

A At saturation, . ¢, = f

Aqy =As g,
A As = apparent soil specific gravity = ro/ Ty,
(r,, = density of water = 1 g/lcm 3)
A As = r, numerically when units of g/cm 3 are used
A Equivalent depth of water (d)
A i: vquEwe of water per unit land area = ( g, AL)/
= Oy

A d = equivalent depth of water in a soil layer
A L = depth (thickness) of the solil layer

C23M- p pp mvaHikoe OB, “p Hbr X a Hbf K



Volumetric Water Content & Equivalent Depth

DRY WEIGHT
OF SOIL (g)




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
Loam

Silty Clay

-

Gravitational Water /_’_

Available Water

/—P
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Soll Water. Potential

P Hbwm K

WIp bOF npT
.. FRR0ip3 5 A ppFEMTHD NEPT IRE B itk e 0

A Description DM AT DB K LK E FHIBH Fcm
CAY h AmMITY
A Measure of the energy status of the soil water WT DG -EbAEpYK u;%%f; rgﬁmewl:) n+

A Important because it reflects how hard plants must work to

extract water
A Units of measure are normally bars or atmospheres

A Soil water potentials are negative pressures (tension or

suction)

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

(more negative) potential
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. Rotential EnergywgrcUMpARE THFEIR b UpF HLbchy b3 Wb hufo c TAMBE b UPHEE T B

C YD OB UPHEE T miEitsisT c HRWHARE s kv (SoilWaterPotentia) w2 p §E PN 1_ T F B IOF  wlL
ANYWFmM Wp Fpc lOF

Soll Water Potential (A) ¢ CF BIOF
.N) C€BpIOF 3
. bar ®asca) AN EOF Y IOF
.C O ks WA BT ki, Wit etiep1O UpHRE TWihp®h g *
CCFBMOFAK wWB F

c ABIOF cKA@ B)IOF |

(Gravitational potentigl ¢ 9 Mf tAQF3)p /T |t

(Matric potentia) pp b BAQBY p n* K

(Osmotic potentigl p € m B HunW o) n ™ HOF

b C3m - p oo veHie 0B o B{PraEdyijfe potentidl ¢ A MY IOR Wiy T OF



CcABOF pnant A0 wx
(NI ¢c I3MF LIKOF D
c/ltpe oMbHBI WIPXIFD iAY

Pl YoMk wT BYp KOF  fF B KOF
PpHBOF c¢cTmMm w3l BIC

(AY) ppbf 2IOF D
W2pbhKOF 9 CCT1TCt™M _ FBIKF 9fr QT

WT 94N pBDY w9pbHOF wWIMAD Y
w1331 BlOF p1t O WwWUAXBKOF b
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W2 pCmB BBF p
W2pbKOF bmMAcB cT*w?d
CIF NNIOF nlOw KY>3xBKF c* 98B
wc A bhBKF UMpHKWF MY wé OF
(WDJ c ANYIIF pn
fF 9%XKOF wt HBXY ¢ T wmM¥
YasFEpMY MWLM B TRiFc TRRb s B ATY prvr bk FdNve anils *
w2 pbTFOFc C e IOMm b
WA P IOF  UHTF TR HBENYC
WTF T IOF WS PRWIK I b
'”)prautbﬁ bntOF nOw nAKuyYI
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A Soll Water Release Curve
A Curve of matric potential (tension) vs. water
content
A Less water - - more-tension

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

—— —— —— —  —

Available water (% )

4D 6 8 10 12
Soil water potential (-bars)
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CCFpHOFIOPDE

.kPa8 5 nOOww p B OF ¢ T g Pehspomeid®Fl. p
kPal500nbhc WPHBmMuUF o p sBdBFessordplae GupaaQE b

.pop NG R _ pier SR HEE ¢ Psychrometer3.
. TDR ®&ypsum blocks b Electrical sensorsl.
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Wt AR DR
nAXB KOF pp KOF

w1 A4c OF w/ HBKOF »
MFTBIKF akFppos

YGfF 9XKOF MBXM _ FBI



| P Hm|IOF | | wT ErBppUH®FOF L
I I I EE -
| pc IORyT BNbHACE ka1 | F B FOF wt A4Yc H
dF 2K A nf ek P G -A430F kPag pavchFFBIOF| b M M
_|F B OB Dp HNOFOLIOF 3 W/ Bl whk b xK
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AField Capacity (FC or )

I Soil water content where gravity drainage _ WT AHE KB
becomes negligible by Wi P pHhoBbra Tt UWPHRE T B MgB
i Soil is not saturated but still a very wet Wt FNAKO w3Ap wkOFc cT
condition 1 /- 3n1KdwE a8 UpHRFB upRiBLL b B B Mg B peridhP p/h
I Traditionally defined as the water content PF 7
corresponding to a soil water potential of -1/10
to -1/3 bar

APermanent Wilting Point (WP or  q,,,) wB C b fu ALK
I Soil water content beyond which plants cannot 8 L7 [0 000 W el st L 1 S
recover from water stress (dead) . U e e s S T%B IC
Py : : fppBY B AMbT cC TF P F E
i Still some water in the soil but not enough to ,

< \SWP 4 81 KPP mBid Mgs piiniAbP o/b

be of use to plants

I Traditionally defined as the water content
correspondingto  -15 bars of SWP

bC3Im- pppo vaHRe OB, p HbF x a Hbf K



Available Water F BHOF wTt CK

VoS

A Definition
A Water held in the soil between field b M 2RMNOFW TWAMe OF W/l T™MQ@FT BEIDFP J]
A capacity and permanent wilting point 4 r 3K IOF chyEHSBRG
AfnAvail ableo for plant use

A Available Water Capacity (~ AWC) AWC = O = Op We F b BUWIFR

AAWC:qu-qu AQFpchw_apvxpoHOF B B K QlEpC ™
A Units: depth of available water per unit (a/a BM Y /W HupbH
A dept h ofunitessiol , (fin/in, or mm/ MBS b MEVIOf Uc IOF  da i
A Measured using field or laboratory methods

bC3Im- pppo vaHRe OB, p HbF x a Hbf K



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.




A Fraction.available water depleted-( fy) CKFTHKF  FE

(g, - g,) = soil water deficit (- -~ SWD)
g, = current soil volumetric water content

A Fraction available water remaining ( f.) CKFTHOF aB c¢cU43bhBK

(g, - Q,p) = soil water balance (  SWB)

bC3Im- pppo vaHRe OB, p HbF x a Hbf K



A Total Avallable Water (TAW ) cAbKOF CKFTHKF  F B IOF
TAW = (AWC) (Ry
TAW = total available water capacity within tpantrootzone, (in, or mm)

AWC = available water capacity of the solil, ((in,,om) of H,O/(in, ormm) ofsoil)

R, = depth of the plant root zon@n, or mm)

If different soll layers have differeAtWC oneed to sum up the layby-layerT A WO s
TAW = (AWC)) (L,) + AWC,) (L) + ... AWCy) (Ly)
- L = thickness of soil laye(in, or mm)

- 1 » \+ Subscripts represent each successivdam@l

bC3Im- pppo vaHRe OB, p HbF x a Hbf K



Y,

(a) Early in irrigation event G2ty vs.
Caizlavity

\\_/
|v 7 ' wetting front
Vertical g <« Horizontal
movement due movement due to
largely to gravity (b) Late in irrigation event capillarity

s

wetting front

///// ,4/ ///-‘- A
i
7

._j"a-_‘_’ S ‘-If]i = J)-‘a'n“ )-nf‘:‘ 8 OB

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




Water Infiltration F L HOF ol p

D e f.:othe entry of water into thesaoll bbld WIHRPED K OB k> p
Influencing Factors
Soil texture
Initial soil watercontent W393O03KOF ¢ T
Surfacesealing (structure, eic W293OF ol b 3bll
Soil cracking w3I3OF d9fF U4yl b
Tillage practices WXFJO)] OF 9fr vy dr K
Method of application (e.g., Basin vs. Furjow WTFYBF wurt DA
Watertemperature
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Cumulative Infiltration Depth vs. Time For Different Soil Tiextures

wYAsbe O30 pl ODIOF Xr K Wr

FINE SAND

SLOPE APPROACHES
STEADY-STATE RATE
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SILT LOAM

ELAPSED TIME OR OPPORTUNITY TIME




Infiltration Rate, depth/time

Lnfietrati<sy Rete vs. Time

rar Disfares Sicil Taxtures

Fine Sand

Fine Sandy Loam Steady State or

/ 3 = -
Basic Infiltration Rate
Silt Loam

—
~~
— —

.....
-
-----------------
- ——— - - - = - T 2 WSS S e o~

Elapsed Time or Opportunity Time

Figure 2.9. Infiltration taté vs. opportunity time.




Water Infiltration Rates and Soil Texture
w293 OF wtTCxm _ FrlOF ol p

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

Soil Texture Minimal Surface Sealing Some Surface Sealing

inh inh
Coarse sand 0.75-1.00 0.40-0.65
Fine sand 0.50-0.75 0.25-0.50
Fine sandy loam 0.35-0.50 0.15-0.30
Silt loam 0.25-0.40 0.13-0.28
Clay loam 0.10-0.30 0.05-0.25
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Solil Infiltration Rate vs. Constant Irrigation Application Rate

D.OIDFFuyTEEIRFrBUBH c T FrlOF pl p bC

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

PFIOg>bF XT K

W B EOF T netEH el a/m iy Wb ADY oY Fvexert HH O THIOIBF M. UDHRDATaN Kip pHae P i bk
WImMBp AR i pc ntOw bkt MY PLUmKEe b cm R iy BRI 26 F

Can be viewed as sequentially filling the soil profile in dF U ZTAWOFp b tOF LB E B LU
layers )

Deep percolation: water penetrating deeper thanthed ®x A0 wlOF 1Y IOF  p m:M1r I©OF KAG L
bottom of the root zone

Leaching: transport of chemicals from the root zone @ITOF WA BF M3 p mMT IOF: bu &K1
due to deep percolation ®T B /I

bC3Im- pppo vaHRe OB, p HbF x a Hbf K



Depth of Penetration @ F O X sykYB K

pp K atlibHb

. FBIOF a8 p™MMD NI biEBE A8 FipHWEMTB b ® F Hip 398K OGP B*K
wyYTBNKF pwvmMT IOF TdQuMbheBFb bl KOIROFtY 1M £

. eep Percolation Logs @1 B /1 FOF b B B GOV HPrelGiFe ARPYE F M

‘W2 hFppBGBF wypBsPpm b
PFphw gmp bBFfFBKFIF pMMtTHOF wyYAXB bTAFHIO

W2 bHh®F 31T U b
WT KOF TKOF wtBF BBIOF UI2HD pPT I
WT MFYXIOF PAYM wUuT lUpOF wT BF BPBHOF

cUdT 3Ab
- . FBIOF32 40131 b pU AHTO .p6mMDBIOP p tOH A jx & 2 PPHBIKD bndHice xpMes KbMMMaT
P rbApHdd P pHRas bMYAEC URC n K/ DBt ™
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Soill Water Measurement
WIApbhKOF  ~~  FB EFT dp A

Gravimetric

A Measures mass water content ( Jn) WT X CM IO
A Take field samples- - - weigh - ovendry - weigh Un)) wAbbHOF FE T U
A Advantages: accurate; Multiple locations F 1K @ HOF M NPRgGYR B/ [t hie
A Disadvantages: labor; Time delay Wphp/ibs WEHFME

UMKF ¢ T plaowmTYE

Feel and appearance CTpF>3M0F pnlelOFmM E

A Take field samples and feel them by hand FMor pHc MUpfoB Apik M3

A Advantages: low cost; Multiple locations Wppnbs N L FrvmeF C

A Disadvantages: experience required; Not highly wyYs>xse wlp My
accurate
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Soil Water Measurement

(Neutron ScatteringAttenuation ¢ f MR Fh/MY ey Gy
‘W1 BbF bu*¥

AoTTMPpPTNIOF 4YFp M2 fFnBFDpAHY upinwKkh Ald TcoBHHOROFY FexQvr pBH@FT
W2pbOF b3 Fp

WIMAPpIKOF wtBeb pTtpUb aAbBT cCKF bHOF
dFCTBB
A AMbBTE) CF ntIOF bmc w?3p BIOF

WM n H?3 wYAdbas @PFBKY ®RAKNW
EFTUYIOF 2T

UMt AKO
CF ntOF 1wy A

B B pfts g» 5Ty ugptb ABYAFPTmICKE] B pbn ST 2
.WT c ADKQFW9p WIOF HEORD AB BIT
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