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1- Time Domain Reflectometry
2- Dielectric constant

3- Bound water

4- Delay time
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1- Alluvial soil

2- Brown soil

3- Electrical conductivity
4- PW-Philips

5- Soil reaction
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A



adlas 590 (LS plend 5 (S50 Slo g -\ g

P yRZep T

sl : I P O O\ B )
» Sop o : o -
b pH 1 salb Solp sl Joe
& gal dSm s Lo Aoy ey Aoy NN
Mgm®
% s VA V/YE JAR Y/vY Ve £Y/VE YQ/YY YWAE (=Y b S
\q - N+ Vot \/6Y V/AY WoME YONY e VAE () e T
1 o M AN Vit VAT ° EVAL WVYY  YINE () )
Ul olale 45
W sl A VAR V/to \lAs? VEYVAE YEYY TANE (M) s
A - AIY VY VAA VAR YA AYAL S YOVY VWAL (=T e "
0 ) NE Y/Y4 \/ov AR Y. WAL YEVY ovAaE (T ) s
% s VAL YAY VYA V/44 Y\ VAL YONY  YANE (YY) b )
o
W s VA VY 1/54 Y YW Y YL (o) s N
1 o \AARAL) A YT LR Y Y A AR .
o5
k! o) VIV ofes Ve VAY WY g YV () e

2> S e /Y0 03,5 WAL 5 L e 05,8 5 L 4 S a5 00 1S D g 4
(susby Slsmme a5 5 LS b e gl Sy U Sas Ta s5d> als ;.j xS e
GLa0 s 05,5 5 6y i esls 5 e sl 14 b 5 A Jsb 4 PVC sladdy) s sl
alie 5 Laseia i LSL 5 Lus o IIS6LS 62 e 0 Jb « PVC gladly) (Sbs
s el TEEA Sl ey (s BLS1 Qg 4y Al e 8 3 w3 lild 5o 50l JB

A Seslul K Slss
e TDR s b nlsl als 53 K Slies o 35 iS00 o (5503100
0V Aol 4 5 V¥ a3 V00 Jub Lol (S3lse oap 53 el Gz Xg V000 ke o 5
S el Yo sl e Sl s 515 S gladse 21 55 e e
A ploil (s 5 GBI 53 by e OL31S 03,8 ik 1) Sl s s 655
St Oyt Gl g oS wle am s WY i e, Soilll Jsb s oKiulesl gles

.M&ﬁwﬁpu)\ﬁﬁzw}\W)<al>_g}\)\ﬂw)>6ﬁ§o)'\,u\

1- Trace
A



AT (‘”) D)Lom: c(\A) KIEN Jl&g ui cblis Ls‘&:vmhg).’ Ao

Q)JD L&:&Jb)h}é\f \) )J&.L:M:JAOJJJ S s ealead eJ)PL;CMnb S M}u A:M:J\JJ.:
Q}I)D}Ou\.\:’w‘)ju‘}bjﬂduﬁwJJD;&LAOK.;JU)TMJM‘)QTUJ}}M‘)&)}
Lzeéjs CJL} b LAAJ‘W el LA )\ o .,\.\13; )\)5 J‘J§;5:"L’“' LEB \RK CJ)‘J} AD.-J.SLg
Kgheer of J&s S0l w am 5 L ol e cuyby Sldie 5 LA )55 oS /Y a3y
.Miwbybﬁm-s

slanst  JI sl Mol S =S 5 Jglome 2ol (S5 e slaw 325 sl tla s (301 e
ol (gilellr ey sladised 3 S (ilulde St Old ciliie sl 5 el Gl (opal
A b G5l 5 0l ag o el s pLal J5 S 5 el (e b S
A58 s | S andl Sl oS Al say S & o

Ll BLIE S S ) LSLAdlS C).:} Ls_:b\).e saslas 3,40 ‘5‘.&&5\5 BL Lﬂu.«a) ‘53"”}:.:# @L:S
%J\wﬁdbwbbjjﬂéudb-w)bw\eMGJ\JQLL.;Y d_}.l;_-)be.,\.iléj\bﬁ{:ﬁ
LSl s sl S8 Aoy 4 .ml{&d\)\ﬁ\jt‘}zO\ﬁdw.);aswﬂ)éuglsty‘)ﬁcﬂ

MJL;G J&J Q,..’Lig:..w\ J,lS o}ﬁ

0 ()13 p Bged B 53 392 g0 oy S g5 5 Sl Y o

. SIS e e el O
CHESYY ods 0 R Sl> i 503
_ _ sesesk e sestesk oSt
- - sestesls >LbUzL~A._f“
- - - - - o
- ek * * ek 45

ol S o L}S-Lﬁjé\' sasolis

1- XRD
q.



g:,.zjja) )\J}.ﬂ) L&)""’ 4.]4_:\)( 1 )g_M.:v sl 63l QLL.:V d}.l} BE S dsles )\ oaleil

Ta Ka® -1
L@)JAJEA.Q}L?LE‘NLELAL_S[} B "\'SLfd \"L::’. u,;'..:\).e‘ ) )\.,LE.A ﬁ\f\b}oby&]a}w»

LS o g Al (TL> S NS o b mo s o Sasbs skl ol e M

5> SH s N S SUIss mpp Ol oy s (11 L S cpl s o e e 0L s
s 5 K Slalas b mls pl il o (A) 3T ol s ol Jlade 5l S @ls Gl bl
L3l 55 sl K mSIes ot 45 35,5 oy (Yoo ) 0L 5 O .S o Cillas (Y0 0F)
L asede Sl G s amdls bl Lol b e YONA 5 VIY 5 5w 00 5 Yoy Aoy
5 S el 3 B meS i s Ao b G s S SUIss 2 copme by Ol
Ls.s\ﬂwml.u'e}ucla.dL.:w))\m6,5@)4%5@\4{:)}@@5;&):(\‘\‘\')&)&@
0 S S Ules oo il a3 s S bl olys bl s O glad e zaS
saseie i O3 a8 sl Ol umes LaOT L3 S e T OF s D3l Gl
sl Sl o 3 Foml w2l K s gl S s (s
Slp b daly s oS sl Ol Sldlas s N TG L i JRCII CR [FE
o> el sy Sl s 5l slite e B e s e S 3 s gl 5 s slaSL
e SIS g3 nl s e Zugby JMie 5 SIS s e G el b S5
Bl Al e s e Oles lls Glasl Lol sl sl 5 o3 S 5 O J yee
ol s e & S das o QLS ) Jade 53 e B Sl sdal s sl 58 e
sa ey e ol il e CulSand SIS Aoy A glls 5 eap LS Koo 5l ogline St
ol s ol ot S 3 Gl bl O glad sShe el s i ol 0T (VL 635 pelaw
S 35 oS wld S s TDR ol wbliane s 2SI Tl 0As s 5 11, el
S osls plis wldlae El b e Sl S Joloee 36 55 S Slss o o Jllie Jas ol
5 15558) e Kslles ot ed s L Kol e colsanl sy,
s S ol VU (g5 e Bl e G SIss o SRl cnl s e (Yo b

9



AT (‘”) b)w c(\A) KIEN Jl&g ui cblis duuﬂ”sr’ Ao

Gopb 5 ECp) S s b 53 (g5 Jali SIS (5558 .0V ) AL Lol s w
ldllas 53 TDR b,y (6, Seslll 53 S IS ()58 sl e (ECS) St Jglms 5o
OLES (Yoo o) 0LKen 5 0lw 18488) OlKen 5 Sle ((1888) OLKas 5 Cu s ahor 1 (gootae
a3 sd o S ol S LK O oSl el S S gy 5d Conl ol e3ls
St Cosb, Slaie ¢, Seslul s U Cel culy 25 gl iS5 0l ol Vb
S S Slgs o (S sl 6o o dxils Hlebl (1447) 280y 5 Sua 5
OLar 5 Sy apd o 0dd (g pSeslil Cusby Jlaie b3 pess @ e 5 e e SRl
edlel pman (144Y) OLes 5 s (Y0 00) OLIKas 5 Ol o(Yoo0) OG5 S ((1448)
5 mnay ils s llS 3 5 gl S 03 505 5 b5 A6 st slaslE S alls
5 3o, s e 0L = 5l A | Sk e SSolaas Hiba S CMUNK.U\
S sk Sl 53 3L3 ooas & e S (555 Ole 45 53500 lebl (14A0) 01Sas
S S s b s i sl O 4 gl giﬁo—;ﬁ-{éq}\@);\ﬁj Spd o 3
odas e Gl S S Sles ol ol soss Js AaL e oS Susby esgdee ol
Dy o dd (8 xSl Cosb ) Slke Sab pasia i
S S les oo e aaly s (el U ey i a5 das e LS Y ur @L:.}
CSLE 3 sma ey sllie Ll U S sbay als 0)) Sbt amem Sy Olee 5 (Ko)
o5 3 ot L men Al 5 K By o daly ot S s 5
O Jlie &8 ol g O 4 s 5101 s S o Ty 2alS G SUlies o Olge o
wals )3 o sestaSE 5 NI g_.JT Sl o e pals Eol ey O3 Lol es (s gw
OF ay s K03 (sgm 3l 35800 w035 i ST OF & (S5 T o 65 (08 a5,
gosn ) & 21 S Iss o b Olis 03 35 86 s g5 e s ol &S
%yw,ﬂL;h;u,;uwuu@aéu_suﬁ.gm\ WAPESY OT‘\{vs‘)L:\mJ.QLQ.SLE-AJQ
sosasa 335 5 CECLEC Los alez 1 Kos Jalse 0f  esdle il o oS e S Sl

'“:“‘”‘Jj)"“d"fbﬁ):’.‘éﬁ)ﬁéﬁ&

ay



Sl tj u):\ sl u.aLw‘ﬁSa_,’Sj‘ L g_.a_j.b b‘}:«jgﬂi—f Jij.

Sl ss o o oo e S s S35 gad oo
YA/OY AYVY YV s 4y o
YAY VARA Yoo s 43 has
VV/AA AYVY YAL e SeSt Oy elan
VV/AY AYAY AYAR S sl olals a3 b
WA ANV YANE o pd gwp b
YA/Y /\YVO ALVAT 0 0P U Ollals 4 des
a\/ee AW \Yats e o S e
YV/AY AYVA LaVat] o LSt g des
VE/XY SAYTNY ov/t ) JLs ies
WAY AR WA o Js b

S ok ) IS s S sboles das e 0L e 3 S s | SO SUlss o e Ol ) S
O D e SIS o S i 5 S yte /YT I S e Cugby G158 L o
S o illas ) Wsles Sl edel s slie b K3 RS TR JUMPS WIS PISEYA

1.1
1 b

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
04 - i
0.3 -
0.2 -
0.1 -

0

S o> Cughy

o 1 2 3 4 5 6 7 8 98 10 1
odud 558 o3luil T/T, luie
e p S gl SB e a5 (TITR) Gl 156 o sl ) IS

ay



AT (‘”) b)w c(\A) KIEN Jl&g ui cblis duuﬂ”sr’ Ao

Casby i 5 (TITo) Sl b o aal, 1S K Sles o md 53 Shige ol LU
20 g aal, (DY K s ol sl el DL Y S s coslane glacdl Gl e
o OHES) S e p ) (B e s SESL 3 e Sosb) e 5 (TIT) Gles
33 el 0 enls 0L OLS L5 340l in U Lol oslite oy deoys L (FA/VE FVNE NS
(O) Y IS 55 ol jzi Glism o L6 S0 ey b glaS 3 oS das o 0L Sl 5e0 Sl
sdalie 45 ) sbolen (ol o osls OLE [y Sslite Lo ps b oy 5 oy o) 3L L S
AU el Sl Wl ey 8 S 3 gesg jrie 56 pl VL ey i L S s 358 e
o3le 36 5 cl Fpe S SUIgs oy Ol s T esle ogast pl 53 il el s s
aslo Jlde SLE () 53 o bl sla ol & a5 L bl A3l o oy JlEe 36 aslea T
Y SKE 23 S esb Ol g e LS ol s 1y JTesle 36 5 5,0 gl pme oslis LT ,s T
P i s b S s sy O DL das e 0L s 5 s ) S 610 ()
.JJ;L;G

53 Oladlls s Oliis ul 3ty Ciills (Y001) OLSes 5 SIS glaasl L mls ol
535 b b S L alie 3 ey SIS Wsls LI s Ao ¥ b oy S g5 S
g ol Ol 3 S 2o 53 xS e +/Y Sl VL St cuyb, s 5 sl SN 5 ol Ol s
Sldie oS Ldewy e cpla 355 Slad>s 53 (V440) O,es 5 gy . S alisl Ol e
@il el S ols Glbl s O glaa 5555 5 0l S sk ons phaw 4 e L3 v
Cushy i s pde S S SSUIes wus aless s ol slad S s
Al e Sl S S Gl eSS il oK s gl S co e asde
e 01 s & il Sl s S ol els sy ST 0 Gl el
ot (1848 (SLE) dil o St sl S s Tl o3 e gl (VL Sl Sl
ozt T/Y 3500 Sl oy SIS mhans @ it sbay oS G5y ol K is
o8 O3 OAE Feb S 5 S iS5 Col (O3 a3 sy D) Jole nl &S T
S e e Sl T ol pd e S s 6 by b bl 5T 2l
oS e X S 5 ohs gl o 5 D GlaSlE s S e S s of slad S
el St 5 O bl ldiedy SO Casby Sldie e ol o il e

AL



0.6
0.5 -
~ ol
4 o4 At
ol WAE
. 03 - O ____________________
A Ya/\¢
4 o024 S A T
Y E A\AR2
1 T o i S
0 051 15 2 25 3 35 4 45 5 55 6
o g 38 o3Il T/T,
(N
06
0.5 oo Ol
g YA/AL
1. o
| Ya/ ¢
g; 034 Sy =T
Ry
302, 0 S
Y
04
0

0 08 1 15 2 25 3 35 4 45 5 65 8

saud 558 o3last T7T,

0 s oy s 8 S Sl S e Sasby 5 T Ta oy el (D Y IS

s 9 o o Sl (D)

0



AT (‘”) b)w c(\A) KIEN Jl&g ui cblis duuﬂ”sr’ Ao

:J.Zwbmgfutjjosdlﬁ o= Sasby Ol dslee sl eslinal U
e = fied + 68 + f362 + 1,62 )

ot 5 S s e of ol Of el daa iso fys fio fyofidsbee ol s
E=YY/0 EwmAYY ETY/0N &N pl o i ol of 5 osll Of cls d s SO Sl
a ol e bl O 5 S S S sSlgag ;0 € dslee cpl ps ol 0= /0 el 5 63 s
A Sl SUSEs oo s b LS S Gl e s dil LSl s S s
5 0l @l 5 edd alme Sbt (gl Casby Ol e 53 Sy f SR S0 e
oo 5 ¥ slee 3l oeslizal b ook arsle SKSlss oo Sldde Lol sdel 50
S el asls 3 S pge lp Sl e eSS oKaes Lok (g 8ol S xSl
ool skl 0 58 Jslas 3 Casb,

LS 5 el b 5 ol (5 Seilll S Slgs o b Hldie 3 SNl i
L aomst opl ol Camsr /AN Slis as 30 5 JLs bl Olale 45 OkuSE g ess mlan
e 5 e 3 s s e LS 3 bl sl cillas (Yoo OLKes 5 KK glaasl
boamslio 53 5 U3 Sldlas 3 Jgame i 51 i & el Costy AT Sl ol as e
St Koo baslie ;5 LSl sl o Mot cul (S 0 cle dil o s slass
s 5 e G 3 (g Ol S ol s gLl ojlas (5 bl 05 L
S eSS Ko (g5 ol 5 0/0 VAN AV C ja 4850 e 5 obaw 5 s 3
P et 5 e Gl adel Cosas Sla ) £ men LBL e e gea s ¥
L sl & oo 0L @b ol (Ydadr) 5p sl s 3 wslize (540l e sl
2 o Bl Bl 55 Sge S Sles s Ol LSS S0s Sl e Vb ol
o copl b ol gl o Jltie U edasOlis TDR ol&aws 5 ¥ dislee 51 ool cousa
slas) SO Sles o o 93 e Ot (il iy SO Sles ot Ol 5 (S K5 uTJ.JL?
(s SMEe el sl sl o3y OLES 0 Ul 55 &S jsbolen 5 e i (TDR o&aws
Olgsas &S £ dalee 31 S jsbay .l SIS 00 S K aSUlss o b Ol 0 3 o) &
3,8 o B 5070 /0 5 Sl Ol sl Of e cals e 52 Sl hls | St oS Jue
3o Ol e 5 sd S gl

a1



OleSG O gom s 5 e S Gl odd a5 (6,501l S Slgs G IdRe dnlone — £ 5

B

o Sasb ol

Sk tf'

Tuyeay /o8y Y/Y Y0 /A VAN
Tovvay VYV Y/0840 AVY
TN 0A Y/0As0 Y/VYAR /\000
TUOrTAL §/VY Y o/+ 14V YANY
Tu/teas 0/ Y1Y 0/6A0 NEEAR
Tuavas /A58 /v o+ 04A
Y ath YAV YV6A YA
YA\ 0/£714V 0/4\ 1 EAYY

o/eatle 0/1VYY 0/\101 +/OYYY

OlSt Oy as

ol éﬂs/aj‘.ﬁ‘)aﬁ wbuT/Taqu)Lﬁ

() dslas b o aralone T/ Ty ™ o Sl TIT,

4850 g o B JlS bl Olake 43 S (4l 5 o ailoue g (6 S0kl K 1SN 6d o IhEe gl —0 J gl

&l
sesle Sy EZ Sl E2 Sl E2
& & & Sl
AV J¥Ees A4t Ty
«/40A JYVTY YATEA: TOFY e “
&k«« &k«« N - a5
V200 O¥EEN JAVE VL0V
a5 J«:JJ B Ju A.f‘lﬂ“‘ B Olales
Vatral JATAY +JEAAY /848 ¥
)
VA /0847 WATRL RAYY
ALY /YVAA Ta/v oA TLTOA s
+/+040 s AL s s\l AN “
R e JAASO e TUPA J s /v ol
Ta/hove Ta0Tve TVJASA TUTYAA ST

ER W 5,5”\.»\ 9 ol M\N T/Ta O Q)L&b ek

v




S 5 o
S SUs np Olgn s S (2153 L oS s sdalie el ozt i 4 a5 L

et Ll oy D3 a4y g Ol Ol (1Al ol ol e S bl e RalS S
e O Js 8 e Sl St S SUiss b ool 058 slaes I L
O mll Al e S s b liia 5 S Tlol Zlasl ol OAd s 5 1S ek
SV osd b o e (Cslin sy st 4 a5 LS STles o Ol a8 sl OLES
Sogi Gl L S gosba il dalr S Sl s Ol 5o 3L L e S
S o35 Olme 5 Glsm o Ol oy Joles Sl o2 b il S S sy o s
G35 Casby 8l gl el el Sl e S s K I ok Ol 0diS sl
O 53 48 G o lie opl 55 ol wlyl dde 31 Ol e o S xUlies i olal » St
S Sgs o ((Shsm o 3T Ol g als) ol ot 4z § a3 S 6l 56 Sl
e O S s 3 e o pd Jols aspeme S e ) Gl SIS

el Aol Csas TDR aless s St Cusby 5l (6 5585 messd ol ol "’Lilf‘ Cwdds

&l

1.Cosenza, P.h., and Tabbagh, A. 2004. Electromagnetic determination of clay
water content: role of the microporosity .Clay Science. 26: 21— 36.

2.Dasberg, S., and Hopmans, J.W. 1992. Time domain reflectometry calibration for
uniformly and no uniformly wetted sandy and clayey loam soils. Soil Science
Society American Journal. 56: 1341-1345.

3.De Loor, G.P. 1968. Dielectric properties of heterogeneous mixtures containing
water. Journal of Microwave Power. 3:2, 67-73.

4.Dirksen, C., and Dasberg, S. 1993. Improved Calibration of Time Domain
Reflectometry Soil water Content Measurements. Soil Science Society
American Journal. 57: 660-667.

5.Friedman, S.P.1998. A saturation degree-dependent composite spheres model for
describing the effective dielectric constant of unsaturated porous media. Water
Resource Research. 34: 11, 2949-2961.

6.Gong, Y., Cao, Q., and Sun, Z. 2003. The effects of soil bulk density, clay
content and temperature on soil water content measurement using time-domain
reflectometry. Hydrol. Process. 17: 3601-3614.

7.Hook, W.R., and Livingston, N.J. 1996. Errors in Converting Time Domain
Reflectometry Measurements of Propagation Velocity to Estimates of Soil
Water Content. Soil Science Society American Journal. 60: 35-41.

A



‘_")ls.o&: 9 A ),MU 55‘3

8. Malicki, MA., Walczak, RT., Koch, S., Fluhler, H .1994. Determining soil
salinity from simultaneous readings of its electrical conductivity and 9-
permittivity using TDR., United States Department of Interior Bureau of Mines.
3: 328-336.

9.Rhoades, J.D., Manteghi, N.A., Shouse, P.J., Alves, W.J. 1989. Soil electrical
conductivity and salinity: new formulations and calibrations. Soil Science
Society American Journal. 53: 433-439.

10.Roth, K., Schulin, R., Fluhler, H., and Attinger, W. 1990. Calibration of time
domain reflectometry for water content measurement using a composite
dielectric approach. Water Resource Research. 26: 2267-2273.

11.Shang, J.Q. 1994. Quantitative Determination of Potential Distribution in Stern-
Gouy Doublelayer Model. Can. Geotech Journal. 31: 624-636.

12.Sun Z.J, Young, G.D, McFarlane, R., Chambers, B.M. 2000. The effect of soil
electrical conductivity on moisture determination using time domain-
reflectometry in sandy soil. Canadian Journal of Soil Science. 80: 1, 13-22.

13.Sun, Z.J., Young, G.D. 2001 .Saline clayey soil moisture measurement using
time domain reflectometry. In TDR 2001: The Second International Symposium
and Workshop on Time-Domain Reflectometry for Innovative Geotechnical
Applications, North Western University, Illinois, USA.

14.Topp, G.C., Zeglin, S., and White, 1. 2000. Impacts of real and imaginary
components of relative permittivity on time domain reflectometry
measurements in soil. Soil Science Society American Journal. 64: 1244-1252.

15.Weast, R.C. 1986. Handbook of Physics and Chemistry, 67th edt. CRC Press:
Boca Raton.

16.Whalley, W.R. 1993. Considerations on the use of time-domain reflectometry
(TDR) for measuring soil water content. Journal of Soil Science. 44: 1-9.

17.White, 1., Knight, J.H., Zegelin, S.J. and Topp, G.C. 1994. Comments on
‘Consideration on the use of time-domain reflectometry (TDR) for measuring
soil water content. European Journal of Soil Science. 45: 503-508.

18.Wyseure, G.C.L., Mojid, M.A., and Malik, M.A. 1997. Measurement of
volumetric water content by TDR in saline Soils. European Journal of Soil
Science. 48: 347-354.

19-Yu, C., Warrick, W., and Conklin, M.H. 1999, Derived Functions of Time
Domain Reflectometry for Soil Moisture Measurement. Water Resource
Research. 35:6: 1789-1796.

20.Zegelin, S.J., White, 1., and Russel, G.F. 1992. A critique of the Time Domain
Reflectometry Technique for determining soil water content. In: Topp, G.C.,
Advances in the measurement of soil physical properties: bringing theory into
practice. Soil Science Society American Journal, Spec. Publ., vol. 30. Madison,
WI.

a4



i

J. of Water and Soil Conservation, Vol. 18(3), 2011
www.gau.ac.ir/journals

The effects of amount and type of clay minerals on soil dielectric
constant for measuring water content with Time Domain
Reflectometry

*D. Namdar Khojasteh', M. Shorafa? and M. Fazeli®
M.Sc. student, Dept. of Soil Sciences, University of Tehran, 2Assistant Prof., Dept. of Soil
Sciences, University of Tehran, M.Sc. student Dept. of Soil Sciences, University of Tehran
Received: 2009-12-16; Accepted: 2011-2-23

Abstract

Time domain reflectometry (TDR) is used for determining soil water content
nowadays. Amount and type of clay minerals in heavy soil can affect soil dielectric
constant and cause the error in soil water content. The effect of the amount of clay
minerals on soil water content was the subject of many researchers, but they did
not work on the effect of the type of clay minerals. The aim of this research was the
effect of type and amount of clay minerals on dielectric constant in heavy soils. For
this purpose soil samples with different textures including clay, clay loam, loam,
silty clay and sandy clay were taken. The results showed that with increasing the
clay content, due to bound water and delay time, the soil dielectric constant
decreased and consequently soil water content has been shown less than the real
amount .The results also showed that Smectite group increased soil dielectric
constant. Our results showed that the presented model with four phases including
solid, air, bound water and free water in non saline soils presents acceptable results
for volumetric water content. But in saline soil this model did not show accurate
results. Consequently, soil salinity and clay type can affect on soil dielectric
constant and water content.
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