Journal of Water and Soil
Vol. 24, No. 5, Nov-Des 2010, p. 1027-1035

s e b
AL iAWy

SB g ol @i
Vo TY-1o¥8 .o ATAR 3 — ;5T .8 o lod FF il

S kS S5 s S ol oan 9 usb) o o o dal)y e

Y Y . ) .
sl gt — 0L gl = slel e
AIY/Y 12355 ot

LXVCES

3y9e Ciliin e fiee Loy SLS i sl adls plyis 4 SB il gla Sy 5 Cosllond @) SK i ol ilive iy s
layiell L (S pasls) o cadas dlaii ) g (it b (o dlarly dize 53 00 plol Glaios 4l 4 a2 g5 b ol 4B S )15 o)
YO jolate iy 5 plonl S (S5 S el plo 9 S (asld ( dlaily oy pslaie 4 @S (ol ecunl Sl oy SB (S5
DI KON+ o iSe LQHT Cogloy polie pioren WA (S0l Lef’l @l 9 (38 b Shg il sam g d)ﬁié"? S’ wiges
5 e (VAAS) 315 g ahskeo (sl yzalb RETC Jl58lo s 31 oolisiol b g b5 (gpeSojliil A+ o5 KPa g 0+ e Yee cher e & e )
alal) SPSS 1 blp sl oalitl b uge 03 48)5 13 )3 (S) SB (58 CudeS (a3ls g a5 (e ilae dal )3 b (ot
adllas 3)90 (LacSB (038 i (PR) (599, Cooglio 5 S (adld jlaie &) a2 95 b b (el S (38 (sla Shg 9 0a3 LS ol 0w
Lo (SAR) mis Clo Cuns () Juoyd (MWD) asliSs jlad S50 55ko S (2s L o 6y sime (Sunsad (pisrad .Canwl Cuslio
(PR) (595955 coglia 9 (AWC) ol oslizul Jo5 T (LLWR) &F aials (Jlss o395 « S5 gloisl o)lae  So Ul colan coild ¢ JI oslo
s L;;L,o’l ey 5 Jokee S Ol yS Mo 5 ol jogasn py S 0>l (St Q.g'l)g ogMe (p<001) cusls 39>9 Sk
ojlae Sl colin B (gyalls pgase pr wyamd LS (23l o (Siued wyp dy50 sla eyl o 40 g 45 xe Ao )d
Dot ke B yiel)l o US (adls dlal) g 351 (e (69,8 Cuoglie 9 SB- gl

oLS oalizl 8 lil aceld (J8lus o3ga5te ¢ 59598 Cenglio ¢ ughy (sie cad « S cuiS 1 gulS sWojlg

ldusl

Ay 048 dgd e Jele Cngby a8 (S Sde 3bls jo
(sl pogase pr (8l Jo (K058 b el el alS
Slidgioe pasuis sl Laaslsl @lnl g ol @98
bl 52 (V) sl 58,5 1,5 olitl 3,90 Ay 15, g ol sadl,d
LB )3 () 9 Sl 5020 (Y0 (s Sen 5 yrablys Cliios
5 St ol ol 0393 Y 5 S5 S (sl yiolyly  lyn
J=B il g5 il g 008 PH) S Sy can (V) el
ryae py ol o) dn i U el (0d (See
Sl ooy sy 03 BBl plgie ) (5,5Le Jd55 5 6,0l
I oS 153,8 laie (YA) oy g S g5 5] sy S5
SLS Gl (wyp D pte Comogas G lgie 4wl S
osase pyr S (M oS Jto alasSg 9 955 bl
o dny Las e i g ol 3 5l gl (g als
Sepolied Glopasld e do bl WS (oo s (e Slilos
g blod S s

doddo

=2l ol copie Gl e pe 3L S SB crS

9 tlbond (3 Sl i Jl ol Sl a5 (1) el
clsal S e e s )b (Sis SB(S5edew
ol il olues s (B pie Slles glgil 4y a8 oleuadls
451 SLS (s (V) ohlSan 5 OIS (10) el 55,5
oy Slotlo slaepSojlisl plu o GloalS B (Jdss
iy S (058 Sl e padls S g 4 090
9 SlSL olul (SB cuaglic (V1) ple 5 (VF) hKen g 5iddga
S Jsmo sl cLaSB (5559055 bl o 1) o) STy

$5y9LiS oISl (S pole (cwrie 09,5 )Lkl 5 skl i 4 =Y 5)
Ko (o935 oSkl
it ol gi —%)
Mo (09358 o8 ¢(65yoliS 0uSutils (T pwdige 09,5 (10 =Y

4- Soil tilth

(Email:hemami@ferdowsi.um.ac.ir



WAR 55— )3T Boylods FF wl> (S g ol g ol V2 YA

TS h J g 4 & 285 g0 plul (pl 2 SE g4
3 02y Cund sladiges x5 2 3 ) (olend 9 (S5 sl
s, Sojl sl (= e em) A Lo 58] 5 oSS len
oBiuloj] 4y JW! 51 L 0395 e (slodiges NS AR5 (69
o3> j9ue syso (oo ¥ SNl g oS ol 4 o Sidlgn
2D ) (olerd 5 (S8 law S (gl g B

o Ll (ogase pya (1Y) yiegys (hy) 4 SB cdl
dw 3 (F) 08l bawgs Lanaseols” (pols gy L g a35lS" (b9,
ol (izeen W05 (65 0jlil (g anmdS” 29 4 Sal (1,5
T Colid oS dlwg 4 gl | S ojlac o S
o oy o 5 Sl g (Sl (39 0 (35 (S5
ozl b (i 53 )5 o) o clale (63505100 51 e i
@ (3 2 oYy (ST ) mojuie 5 madS g «yiogd pudd ol
s PH=V: )3 (o5 S pg)Sgn)l Spno jloolisl b gl 5 09,
W s EDTA ouilS ji5

sladlS Bl o5 0 Gl b 0 baslash (s S5g xSke
FOe e Neve Xown) S i (55 2 oo B 31 55
2 A dw o &y (LIS 9 ) g0 & ((9)See B 5 WY
A5 e 4B )3 593 YO g dluw b ool Jlaw S5 I3

) adls plyie 4o (S) gk (ovie cidas abili cud
sl ol IS el cuws @y sl as Sbj) S (SK38 catS
o3lsl mjg sla 0ald jolaie py b edlatwl S sueb)  xie
SeiSe 3 Cugb) polie oyon & (50l ogatce p 2 o Sl
Yoo Voo e X Yo e DD X/ D ) 01lE S bl
sl ol 9 5)lg RETC I3 8l p, 5 4y (kPa Yese g0++ v
oue sl ooly b3l L el clonas (YY) i3l o8 lg dolee
O 90 n p3lis (RETC 380 ppS)igdlos ol Je b susk)
O Sl 205 patude SB diged o (lp S Jlde 5 jasda
Nidleys b caesim b g Nl 5 0nds (6550511 Og 51 S polde
ke (VF) 1S gala, 51 o3l b s .15 o3lizol RETC
SL (Sopd cudS (el b (b, (oo cilae dall 3

1 —(1+m)
S=-n(6s -6 {HF} o)

48 jlade 38 dolee jo (Ve ¥ jusSd)m=1-1/n (-l )3 L
Lol dwlee BN Cons y o S5

S—n(os -6, { 2nn —11 }[;‘2]

(v)
0 lo Bl g gludl Cugb, palie uiyi 4 B 9 Os (558 Yolro 4

o3l (gughy (goie Bres (50 sl 4 a2 L (VF) 1S
abi ) ogby oue cud 48 b L SB Ble L))l
S coiS diliste slaass ouiS wSaio Llg5 o (S) )] cilae
by (Se Gl (g Al (53,08 5 (SABCSu 358 JoS
CoiS adls el SB S8 cuns jasls |y dilae dbais )
el ySae 45 cul SB 5, Gledlu jl ooyglp SB (S5b
S padld S S ] SB (S5 Sl Sl olew
e «SLE 1 S15 & b o astie S Hlde L S S 58
2,5 Sl
Ll (il Loy g e d £ 530 (V) ohSen 5 )l
Sdged (w0 EoaY] 0 ‘) ‘_A] .)‘94: bas 9 Sk u.».oas)_v GQLS
FSiedom 5 elmed (b e oS iy polate
o PH sl (ogasie p pud sailSs ()lul dlox
St 5l 9 0y (9,50 o e O3l (S Il
9 OGS (Sane Sl 9 (29500 Sl (29,500 (uagm C/N
oS luasld flgie 4 1) LI b o5ed o e pieaw )3 ()5
aoly JBlis edgamme (VY) () Sa g lolowls (a8 )3 Jas o S5
Byl S Sosb i Lasld olsie 4 |, (LLWR) 'L
a5 el S Ol glazely LLWR 53403 dlgidoy olalS
g.,‘._aosl.mo 9 AJW u.j J.wuLJ J.u.B )l DL‘.; ..\..w) odS RPRCSY JA‘}.C
S ol law Ql)...w FIpPLY W o i legeze I, Sk bwg
4 G (39 e pasedio (alb Jogasie pr s )
4y LLWR 2305 (WY) o)l (g i Comlus oyiwd LB
LSl g aialy gl SB SO8 cuaS sl lgie
o (ool (e | pdm bawg (e Slostunss 5 (LS
0adLs 1y ol (VF) S a8 ol dilae abais )3 ugby i
S5 sn ol Ly ol 03505 iy (S) S (S5 S
8393 «(§9)9) Cuaglie daelliSL Jlad Jjg (pSlke Jro S
)l)J () D)9 uy.{l_s DL«S odlasiwl J)lﬁ ui 9 ui dld JB‘»
3 m5Lb iy oy gy oo & 355 (ol 1) ol 43,55
i plsl S cuas slajadls plo b b el )l

B g 9 3190
Lol ah Ay dpaie Cadd jl 035568 Cawd S1B diged YO

1- The least limiting water range



VaYe O oS (Sl o Sl (pdn g (Sugb) (St casd cw daily (o)

LacS s oyl 48 amd o b5 S asls ilen (59558 Canglie
b ST g o k5 ala Al e g Sup bl
ooliol Lyl glls SB o sl 3l S5 (59,5 Canglio 4
a2 Sl g g pPd g oS Al A 95 Sl sl
5 llas Coxiiy gyl sl ity S Su5b cuiS Ladld
Al o ool

Ot 2V (Stuson 480l Lt 5 )l 4o @l
i o oy by dnaliS 5 iy xS S a3l
Colin bl (o Copgy (T oslo 103 (SAR)
ol Tl s Bl 0350 5me «SB gl oylas Sy Sl
5 Cild 3955 (p=0.01) SLs (955,98 Cnglio g oLLS oolauwl
2oy g sl pogaze pr bS (aSlS n (Siewed (pires
ol & dgy I me a0 B (g)lo] o ) Jolre pundS” Ly S
oy 90 Sl yal )l cp yd ol odd o3l LB Y g 5o ]
(b jogasie pra gy dop LS (adld oy (Sten
s (§y95 Cuglie g S gluil ojlae S Sl culin colls
LS 39y 9 padtee La el )l b S (jadls dal, 5 55
bwgi o) Jlide a8l b (asld) gy (doxie cud polie
00y 92y Sl 028 1S (V) e g (olel 9 (VF) S
Slenlw 18le ay 8Ly 18l G 245 0 el S 50 0L5
abii > (o by (e cud (lalS el D > b Rl
(V2) Ohlbson o (ox>y ol 1 oM 3550 S ad i gcilae
Ll oo 4Bl (g ey S (sito )l SRl b oS 2008 lgie
dgg bYW 1 K00 (SO 1M g o Ll STy cely g oad 0k
Ot 4813 3929 YWeinl S asl g (o) e (1St
S el Ltals g el o)yl el o Ml o Loy
g 0

wegae py> 9 S (padld o e (Sien b dal) )
iz a gLl (ogasie pya (lS SIS g s plb
SLs iblie ol g onimailits ahcad S s 33l
Lacss ol o s alls opatie p (il b Vieis) 5
sty il s U BBy e il 5 505 ol
Pl pogasie prs s S (adld n S res 4 g Cul
95500 Sleit bl B8l 15 3gng oo  Stusenr LS -y
56 () e8> bwgh (20ls iz D9800 S pasls pials el
Lilwl cSB jl diges G 5o (69 Cliiss yolwl p ol Cawod 4
L oS ud odalie 3 s 1o yd VWA 5 Ly Juopd VY (g9b> oS
Ll pogasio pra Ghli8l aons )3 g o815 4 Gl
5 ool (VF) sl o ialS o had js b4y S Lasls e
AY > sl pogasie pra S (adld i s (V) oLl
odnlio bio (Suusod polyg s z)S cubd S | gl
D03

—5 slayalbn g m em) i Se laish (em’.cm”)

s 4 (EL 29-3739 o) | Lbog 5o geiusg b | odlitusl L
cm) SB  daw Y (659,08 Cuoglio xye yio Sl £V oucld
e 5l SLa sl dges lojed i (55 03l Ioes 4o (+-0
5 60 Jitie otylofl 4y Casb) Ao (e Can (65 o)l
odlaiwl 0B Ol pioen 03,5 Jascice Lol cogby do )y
I (Fyel 5 )i b )b bl cugy Jolis I (AWC)
bl yo 55 (LLWR) O aals JBlas o3ga5x0 ¢ 5,5 duwloxo
(Oup) o5 (53,05 5 (00) 40y ol bl 5 gl i
A8 Cadgise clids JSube 93 5l YL Caoglio 5 Cugbs)
V) ynaS 5 oS syia g S5 5 (O) 395 0n 4
5 YU as o Joly LEWR b auoles ()¢ ! oy
(1l i P 52) By Oy il 3 5 (330 S o5
(V)

L S dlize sla Shy LS (Suwen ooy plxlpw
A5 (5 SPSSVY 58l 55 5l oali

o3ly s daalllas 3)50 S g YO olowd 9 (S8 skuS s
Cnolae 45 0l Uis ol 53 odel Cawnd 4 ol Ll o
03gamo 45 oyl dials 5 /Y addllas 3y9 0 oS ;5 S lude
&9 O_JI (\\‘) S D L;J...u:t_.n...]o u»l.w] » as R AR CRANR
2 (OF) 2S5 8> (08 pleiblo 5 (S3d CudsS padls SL-
olde a8 joiS can slSE 5l o ‘_5)9]@9 SleMb] bl
s (A3 S < oY, ol S S8 coaS
g S >/ XD g Cams +[+V<S < /-YD
IV¥ (5959)8 Cuglin Hlade yiSlas SE pl j3 ply 0gMe
oz Cagby b S diged S o jlade opl & sl ISl K
2 Sl 04 lg e calizee wlie 13 .(V Jgio) Wb o duopd A
Oly=e (VA) s OhlSen 9 cdgig 3 (1Y) 3580 LS 3 Soe
U 13 G July LS 93 51 i (69598 Canglie jlado

1- Cone Penetrometer



WAL 60— 43T Boylos FF ol (S g ol ag i Vo ¥

axdlae 390 SLSK 135 ad b b lad o (lwowd 9 (S8 S S g 51 o1 (5 bl sla il )b - Joua

Olpdd ca g jlare Syl ole Al Sl SK s iel,b b kS g
AN s Y£/Av LAY Va/ee U9y Ao yd
VE/AA o/o¥ Y/ FAIVY YEIAF Clow Juoyd
YEIVO 5148 YE/¥ Ya/vs Ve/oe O oy
YSIAY /DA V/oa v/E- o Sl osle do
N -5 Y \Ifs VISY s (gem?) ol jogase py
Vel ¥/%0 ¥/FE Y /oy (dSm™) S0l cglan culils
av/ro slss AN YY/AY ¥ SAR
YY/AA oIv¥ <Yy VY <Ay (mm) bals s s 5je 5Ske
\fZAV4 \rAV4 \Y/Y YeIvY O/AY Sal asy
vE\£ ey A%t e -5 (cm’em?) cuobs,
YA -1\ A\ax A VAR S el
Yo /vy -5 AL -Iv¥ AR (MPa) (59,58 Cuwglin
M7ARN -[-¥ -Iyy -Jf- -Iv¥ (em’em™) O aisls J3las 0390500
/AN o[-Y -I\# <Y -/yN (cm’em”) oaliiu! JolB Cugb,

Lol a8 5yl slizel gg atdl .l 03,5 lgie ST dlge oS ludo
ool Lalll ey (sladgS 5k 51 S1s an JTolge 0,
S sleasblo g)lub 15 aas o iulel |y SBolasle
3O (S Laaslass 30 s T slg o 45,5 )15 Joxo
MWD aS 45 asuios il bwg sad plog! sla aw)
oS b e Siuon ¢ll> (Mean Weight Diameter)
L Tl olge a8 sl 03,5 slgmie (V8) o,Lson o (cowny ol
Py Ladlas cuoglio g aiBl Ngo odds  daw wls sla 5l
Ul gyl Galibl el dons ) wils jil 8l Coyss Jlie
Sste > (A oS OB 0 (V0) oyl g sealilys 5500 o
S cras 48 Ulodg o olgie o ST S calie Sy
LSl (S g Sletlo bl dig S ()8 08wt
S Jolge a5 65,8 lgie 5 (V) 5505 Gliie b e @y
adyg adyy Je o 55 Jolie Jliaplaaliss luly el
et S5 il e 1 LS ol 4 338ie A
= Do 35u] I gle yo Il Same ) g b 5 alSE
5 odle Hlado cpy a8l aS iy HLasl g o wlol ol
aS Uil Al Dy contiuns daly S Jlad Sis 4 Sle
Cods v g MWD o 28y 55 i saalie bxi] j0 (glabaly oo
dpog ) SB platle (S adls) cilas dbali > gusb) (i
Ol & SB caliseo slaylidy b la Sho VA0 and jl g A5 o
Ll (vt 4l ool €05 )8 03l 3,90 i sl a5l
W S Jlidle (o5 chog sl loll &5 030 MWD

(VY 5 YY) 39500

2- Cohesion Force

Sl N0l yin LS e do)d (S j5 b asy
Oolwl yamd (o 3 b cou ) SB Sledle 5 (Sdgya
s 23L oS Logsls e ST (V) ohlSen 5 gilasus S Cliios
S G P me o)y ) xS CuldS oS
o Lo asliSB o o0 el ol ot isl38l 1y 5 00,05 392
98 a3l ()l (e g (ile (Stua 3929 (nlpli (V) 29
ol 45 A8l o SB il wpde sgw ol e 4 SAR
b S5 Soud S bl ppolie SAR e yiol33l L s> o
alaly (V) ohen 5 olol .l @il alS” ugb ovie cud
S by sSE | aiges AY 1> SAR § S asld y wsSxe
453)8 plais 55 (V) ohlSen 5 oL isges ()15 1y (elg
13 il ey Sis das 5 Suis gblis 0 S CuiS o
el moiow Lol slizel 4.0l o ials 5l Job5 aoies asess
(F) ohbSon 5 555 iy S530n o 05T 5 )
a8l iols8l Ly STy SAR Hlude isl58l b oS dged asuiie
wibe S Lasli g el cuysd ol as o
Sl g (M olso 58 (Sl (s Coste (Stuad 3929
ol g Jsis > Jsle 95 cnl A5 e Ui Jalee S
el S5y T olge sl LIS yab 4 el S lazile
Gyl Sl (T slge 5 29500 SE bl (5l Sl
il el ;%05 Gyl g sS0iSy 4 SB b Jlas el
ORIL S Jlade (il (V) 3980 S (09,500 Cumer @y
s p5d 5 o8 05 SB g5 99 3 (VF) 28 b Jlolge
ol (6Ll e (1F) 528> cnl 0k U555 505 il
1y 539U sl Wl 92 camliel § SUts a0 3blie SleSB-

1- Slaking



s g Alyly oy g

S CadS (S b s S 5l phn g Sugb) (S

Vo

o oo (P YMTE ever <viel” e 1 op v T o e e e
Pt ¥ el Qe N <o e T SQORD: €T [ YV S e ST v O e s s e 12 A5 AMINE ST 6 17 asmirar Y emfen 66T xapu g S enar” (b
P s )

sU o gl e

& e o e g cfer

f..s_u".ES

DMV ATt Al WA SO oAl S o WO WA 7 -
.Eo,.E%.M_ AT M M LY AT S/ sl = YA EAVE PRYYEE OV = =
Xopur § YA T AT AN RETE A el =T L L celV/ = = -
(ediN) ud A A G G AN RATES o\l A sl - = = S S
(Wu) AMIN Gab= A= Al OV kAl wASl VA S S S S S
(wysp) O Wi\ YA/ A QUM A WAl LAY - - - - - -
VS subdl whAMT A AN A w0l - - - - = = -
(%) *00®D AV S el A PIVE S S o S S - - -
(%) WO WA g w'Al adA = = S - - = S - -
(W) pg Y AT - - - - - = S = =
e (7) W= e - - - - - - - - - - -
~=(7) PAVE S S = = = - - - - - - -
(z)) - - - - - - - - - - - - -

" . .
I I R T T G

FéL {- e E qoivns® 6 717 ¢ RT € o oRE 05 e ey (5e=u)



WAL 60— 13T Boylos FF ol S g ol 4 s V2 VY

o Jos Sden uSe yiol)l 93 cpl ol aidl ials a4
g oyl odimd il Giliks oy i Cliyiog gl a8
o ele 35 (VF) hlbsen 5 jdsse Jlto plgis @ 08l
i i s LS 5 el o35 |, LS Sad
51l isu s s pLSin > Lysl slzel ay asslos S
o Ceoglio SLS 08 Sts 5l gy 5 48) 0 5l g S
ol B> (31> a5 38151 (U el cnl oS b e il
A5 153)5 glye 35 (V) oS 5 S il 3y5%on 5055
bLa Cuaw dy g 4l (ST o) do GlSB (g 55 1015
O A Sladsgn S )3 g 03908 CS > 5,5 IS (eled
ol JLsb i oy Il )b ol oy 0 S o €85
S Canglio LilsEl el g b oybgd b S plSin )5 g
Do oo dlw ol

o3gdxe 98 adld (s (Stson 398 SleS Ry 2 0gde
LLWR a3 wyp LeSB ol 5 35 (LLWR) O aels Jlas
s 5ol 5, 018 Sgame Jalge &S el S U 5l (slatels
SLE ) adig) d9d5 Cugr (Sl Cuoglio g 4185 ol il
Sepile Jealy g Cuaglio 05 a8 5 (T AY) bl oo Joli
LLWR 5 55 o ol LLWR J6 3 ol8 15, (sl S5 ]
oL pogate prr cus ) S plasb ol i
31 (i Coamlun oyiod BB Ol 4 cans (395 0 yaubio
LeSB ool 0 LLWR 5'S (sl 5y ¥ Jsis 3ilbes 1Y)
LLWR a6l ay a5 b (p=0.01) cusl> 09> g Clto.  Strods
P Jyase g o SB plitle cusS i adls Glois &
S et 1 48 M5 o wigSileding (V) ol ol et 5 s
O e cpen 4 Bl o (VF) SB_gleitle cuas snad lis
SNsads 11wl 0us odmlie Cute (Simon yol)ly g3 ol
il e it LDWR s S [asls o cuto

S a3 e Sno AW S pasli (o (i
oS oolisl o8 O LLWR Glbiio (Y Jgin) coild 3935 2oy
o3l LB Uty g el S S5b i ) st 3
Cute dlaly 329 45 b Wb 35 S asls b Al iy olS
Ailon Egdge ool Sl el 93 col o

4 Pl 9mesSy 5 SPSSI2 Jl5ola 5 5l oolizl b oyl 1 05Dl
Cowd a4y SB cdbdg; Sy 5l S Hasls lp s e o5
adole) Jol Jae pd s 45y Jao 93 S adli duwlee cgs el
5 liios (2] )5 aS LS Jghite sla  Sig 5l busd (v
LY Jsics iillas g Sgd e (6500 LwliiSs cloolityle]
St y e olgie dn LBl (6)b e (Stusen S asli
weyae oy gy do)d Jold Lo Shy ol 43,5 ool

sl 5 UST S ys peaals’ lipyS 156 L ala 5o
Olee 4 lacly,S a5 15,8 lais (V) A ()5 5 g pel SB
Hak g 0wy b 0 ASIgh 4 g o295 Jae Ca”? (g aite
53 b oS Sl ST ol g 0gMe S o ST ol eSS
a5 a5 g Sio g ) Lausgs 005 3loxy) clbtas] 3900
— Sidss 555 oo WAL s 3 ey Sl s JsSgh sl
o532y 45 Jb oS i 55y 55 (8) Sen 5
el g (Al olge Lgo JuSis )5 Conl JS pundS ©lo S iso
cde 1y ol g 03,8 oanlin Jlsb munlS GliyS g csyd i
Gt adaily 008 lgie 2Bl WM cpl 5 alais gluLl
cihe a b pb) (e b 5 SBpudS OluyS g
»590 olatses .ol odid saalin 35 (V) o) Ser g (olol lawg
o3lo il ¢ poy Jlade (YY) )0 5 90 5 (A) JY 5 SS9 i
2 g Jelos L La el cnySete |y oS 0l 5 ]
e 5 gudt]l .l 03,8 S5 Sid Sl sle wls S
el LS g 8 6 &8 il il sy 5 (T)
9.9 s 31 i Wl (o)l g 5 S slo SLSK jlaie
S (g Sl a dng L sl paiegll 5 o2l slas]
s 5 5wt 3 o ls Sl 5 5 ) slese
25 )8 dagi 390 58 el cpl cul Y SB Gl

ol ccelb SLs Jgdome 50 25350 gl Sl 4y a5 L
S o oSl WIS LS5 4y ¢ S SB slezsle ol
95 s sl Lialsdl 35S Lasls BC il gy e szl I
Sopsdlcole cllB 9 S (adld fn die (Siwwed SB )]
L o (St (Y Jodn) cudly 5529 S oyl gl o)las
9 4 (St (SoSl colan cublB olie o S adls o e
L5l i g5 51 ST 2 0390 Sad ST )l Sl g9 b aygy
3Bl oo g S £95 51 55T g Sl (ke (Ston
2 29290 SlacSoes dwy o 5lai 4 g bl e (Shen
).:Jl_:u u;l ).309)'19 ] 009 (i g )‘ axlllas dy90 dL&st
L gl 4 909 (F/FFAS/m) gy o5 s SV ) ;5 EC
45 x5k 4 w85 )13 adlllan 390 bawgio 5 05 ()95 b SeSE-
dS/m jl jieS EC (aoyd £5) adllas 350 S YO jl el TV 5o
5 EC [y (o (Siwsods opl Ylain! cplply ccudls 2939 the
ol 0dds (gldlal)y s O.\.J derg &y cely a8 uil o

2S998 Cnglie 9 S (padld (o daly ¥ e bl
S Jlife c(£9)9,8 Cunglin Lyiul38l b .ol Yo gne to)d S o



VYT O oS (S s T il edm g (Sugb )y (e o (o Al (o

Ol 4 (Y Jgao) s dopd G s ) ()b dne (Sion
a S L)”L“’ Lg‘)—’ LS"?ﬁ_“’)f) d._laJ‘) 9 KW) o.)l.b..w] Lw‘ ,Mm
ol Cad

).3 ..)._3.)9.: MWD 9 EC SAR “_i_bi 9 LS_H odlo Ju\o).) cd).mué

(892955 Cnglie I 355 S Shy p ogMe (¥ doles) pg> Jaa
S sasls by &S B olS odlazwl 8 4_.:] 9 g.j ald JBlas 639450

S=0.106 - 0.001 SAR + 0.002 CaCO; +0.00900M  1=0.85" (v)
S =0.067 +0.155 LLWR + 0.127 AWC + 0.007 OM — 0.086 PR r=0.93" (¥)
Lol (¥ adsle) Jgl Jao 0 aS 0 smd o i ¥ 5 Y g,
2o b anslio I esls g SLal an)d SAR (gl jal )b
Ao VW g aidly 8 (adls p gt 10 Y Jodo sl Sy
ol doyd opds ol Canas Sy A by S 2515 Syt
losially 55 (F adolas) pod Jase 1 2930 ol Sl 03
g5l osle do s ol ool B LT ol atals JBlus 039000
aSysb 4 SIS (asli e » (6 ptin 5B (69)9,8 Cunglia
ay B yhlibhee (ol bwg S (adld Oy 2oy AV

Sl 5wl

S g imgin Coglee bwgi 7y b pl plxl slaay o
u\”Y'\ o)‘.o.».':’ Cgae u;l&.&?u ) C)Jo g.,JlS 0 ..\.Qru.w @”93)5 olKly
o slagles ) dlyy s 4 Gl 015 yp0ls MIANNS 50

20,5 o (6 )5 Rulow Ao awgd y8 ol

&bo

)I d.)‘..\:u » Sk uﬁbbﬁ) dl.@(«f)ia )‘ ool l) Sk k_fiJ)“j M.S ‘)”Lw .))9])) AYAY .l& uﬁu 9 )P d)yLw.J “p s'-lB).w “z cL;aLol -\
AV Olris Ljleal les dapd ol lylinl b pig S K38 YA & S5 -V

3- Bagarelloa V., Iovino M., Palazzolo E., Panno M., Reynolds W.D. 2006. Field and laboratory approaches for
determining sodicity effects on saturated soil hydraulic. conductivity. Geoderma, 130:1 —13.

4- Barzegar, A.R., Oades, J.M., Rengasamy, P., Giles, L., 1994. Effect of sodicity and salinity on disaggregation and
tensile strength of an Alfisol under different cropping system. Soil Till. Res., 32:329-345.

5- Betz, C.L., Allmaras R.R., Copeland S.M.,.and Randall G.W. 1998. Least limiting water range: traffic and long-
term tillage influences in a Webster soil. Soil Sci. Soc. Am. J., 62:1384— 1393.

6- Blake G.R., and Hartge, K.H.1986. Bulk density. In: Methods of soil analysis. Partl-Physical and mineralogical
methods. Seconds edition. Agronomy No.9."America Society of Agronomy, Inc. Soil Science Society of America,
Inc. Publisher Madison, Wisconsin. USA.

7- Blanco-Canqui H., and Lal,.R. 2007. Regional assessment of soil compaction and structural properties under no-
tillage farming. Soil Sci. Soc. Am. J., 71:1770-1778.

8- Bronick C.J., and Lal, R. 2005> Soil structure and management: a review. Geoderma, 124:3-22.

9- Bullinger-Weber, G., Le Bayon, R., Guenat, C., and Gobat, J.M. 2007. Influence of some physicochemical and
biological parameters on soil structure formation in alluvial soils. European Journal of Soil Biology., 43:57-70.

10- Chan K.Y. 1995. Strength characteristics of a potentially hardsetting soil under pasture and conventional tillage in
the semi-arid region of Australia. Soil Till. Res. 34:105-113.

11- Crescimanno G., Tovino M.; Provenzano G. 1995. Influence of salinity and sodicity on soil structural and hydraulic
characteristics. Soil‘'Sci. Soc. Am. J., 59:1701-1708.

12- DA Silva, A.P., Kay B.D., and Perfect E. 1994. Characterization of the least limiting water range of soils. Soil Sci.
Soc. Am. J., 58:1775- 1781.

13- Dexter A.R. 1988. Advances in characterization of soil structure. Soil Till. Res., 11:199-238.

14- Dexter A.R. 2004. Soil physical quality. Part I: Theory, effects of soil texture, density, and organic matter, and
effects on root growth. Geoderma, 120:201-214.

15-Elliott E.T. 1994. The potential use of soil biotic activity as an indicator of productivity, sustainability and
pollution. In: Pankhurst, C.E., Doube, B.M., Gupta, V.V.S.R., Grace, P.R. (Eds.), Soil Biota: Management in
Sustainable Farming Systems. CSIRO, Melbourne, pp. 250-256.

16- Emerson, W.W., and Greenland, D.J. 1990. Soil aggregates-formation and stability, in: De Boodt, M.F., Hayes,
M.H.B., and Herbillon, A. (Eds.), Soil Colloids and Their Associations in Aggregates, Plenum Press, New York,
pp. 485-511.

17- Gee G.W., and Bauder, J.W. 1986. Methods of soil analysis. Partl-Physical and mineralogical methods. Seconds
edition. Agronomy No.9. America Society of Agronomy, Inc. Soil Science Society of America, Inc. Publisher
Madison, Wisconsin. USA.



WAL 60— 13T oyl FF alr (S g ol 4 i Vo YF

18- Groenevelt P.H., Grant C.D., and Semesta S. 2001. A new procedure to determine water availability. Aust. J. Soil
Res., 39:577-598.

19- Herrick J.E. 2000. Soil quality: an indicator of sustainable land management? Appl. Soil Ecol., 15:75-83.

20- Karlen D.L., Eash, N.S., and Unger, P.W. 1992. Soil and crop management effects on soil quality indicators. Am. J.
Alternative Agric., 7:48-55

21-Kemper W.D., Rosenau R.C., and Dexter A.R. 1987. Cohesion development in disrupted soils as affected by clay
and organic matter content and temperature. Soil Sci. Soc. Am. J., 51:860-867.

22-Le Bissonnais, Y. 1996. Aggregate stability and assessment of soil crustability and erodibility: 1. Theory and
methodology, Eur. J. Soil Sci., 47:425-437.

23-Lovey, G.J., and Miller V.P. 1997. Aggregate stabilities of some south eastern U. S. soils. Soil Sci. Soc. Am. J.,
67:1176-1182.

24- Mullins, C.E., MacLeod, D.A., Northcote, K.H., Tisdall, J.M., and Young, .M. 1990. Hard-setting soils: behaviour,
occurrence, and management. In: Lal, R., Stewart, B.A. (Eds.), Soil Degradation. Adv. Soil Sci., vol. 11. Springer-
Verlag, New York, pp. 37— 108.

25-Noellemeyer E., Quiroga, D., Estelrich, A.R. 2006. Soil quality in three range soils of the semi-arid Pampa of
Argentina. Journal of Arid Environments, 65:142—155.

26-Rahimi H., Pazira E., and Tajik, F. 2000. Effect of soil organic matter, electrical conductivity and sodium
adsorption ratio on tensile strength of aggregates. Soil Till. Res., 54:145-153.

27- Sarah, P. 2005. Soil aggregation response to long- and short-term differences in rainfall amount under arid and
Mediterranean climate conditions. Geomorphology, 70:1 —11.

28- Shukla, M.K., Lal R., and Ebinger, M. 2006. Determining soil quality indicators by factor analysis. Soil Till. Res.,
87:194-204.

29- Sparling G.P., and Schipper, L. A. 2002. Soil Quality at a National Scale in New Zealand J. Environ. Qual.,
31:1848-1857.

30- Sparrow S.D., Lewis, C.E., and Knight, C.W. 2006. Soil quality response to tillage and crop residue removal under
subarctic conditions. Soil Till. Res., 91:15-21.

31-SU, Y.Zh., Wang, F., Zhang, Zhi-H., and Du, M.W. 2007. Soil Properties and Characteristics of Soil Aggregate in
Marginal Farmlands of Oasis in the Middle of Hexi Corridor Region, Northwest China. Agricultural Sciences in
China., 6(6): 706-714.

32- Taylor, H.M., Roberson, G.M., and Parker, J.J. 1966. Soil Strength root penetration relations for medium and
coarse-textured soil materials. Soil Sci., 102:18-22.

33-Tormena, C.A., Da Silva, A.P., and Libardiy P.L.<1999. Soil physical quality of a Brazilian Oxisol under two tillage
systems using the least limiting water range approach. Soil Til. Res. 52:223-232.

34- Van Genuchten, M.Th. 1980. A closed-form equation for predicting the hydraulic conductivity of unsaturated soils.
Soil Sci. Soc. Am. J., 44:892-898.

35-Wu, L., Feng, G., Letey, J., Ferguson, L., Mitchell, J., Mccullough-Sanden, B., and Markegard, G. 2003. Soil
management effects on the nonlimiting water range. Geoderma, 114:401-4.



Journal of Water and Soil SB g ol 4,85
Vol. 24, No. 5, Nov-Des 2010, p. 1027-1035 i YYY-1oTD o IFAR 65— 551 b oylecd FF al

Study of the Relationship between Slope of Retention Curve and Some Physical
Properties of Soil Quality

H. Emami *- A. Lakzian - M. Mohagerpour *

Received: 23-5-2010
Accepted: 27-11-2010

Abstract

Different definitions have been proposed for soil quality. Various soil properties have been suggetsted as soil
quality indices by researchers. This research was conducted to study the relationship between slope of retention
curve at its inflection point (S index) and other soil physical quality indices, because the reserches between S
index and soil physical properties are little. Thirty five soil samples were collected and some physical and
chemical properties measured . The moisture contents were measured at0;1.5; 2.5, 5.5, 10, 20, 30, 50, 100, 200,
300, 500, 1000 kpa pressure heads. The parameters of Van Genuchten equation (1980) were determined by using
of RETC software. The slope of retention curve at the inflection point were determined and it was considered as
soil physical quality index (S). Then the relationship between S index and soil physical properties was
determined by SPSS software. According to the S index and penetration resistance (PR), It seems that the
physical quality of studied soil samples was suitable for.accesssing. Also there was a significant correlation
between S index with mean weight diameter (MWD), clay percentage, sodium absorption ratio (SAR), organic
matter percentage, electrical conductivity (EC), least limiting water range (LLWR), available water content
(AWC), and penetration resistance (p<0.01). In addition the correlation between S index with bulk density and
calcium carbonate was significant at p<0.05. Among the studied parameters, the correlation between S index
with clay percentage, bulk density, EC, and penetration resistance was negative and S index had a direct relation
with other soil properties.

Keywords: Soil quality, Slope .of retention curve, Penetration resistance, Least limiting water range,
Available water content
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