1399 /3 o bt / 34 aler [ il / S5 (gl a4,

CuiS ) Pl s e S S e b oasls anlis
‘a.\.f 9 Q‘QJKJL’;BT

. .01 . @ o e
53 jaul SR obbjs....c O ‘uJLo.‘:.c u}J
ayob.osmaniil369@gmail.com saw | s&iils SB ke 058 i) s,
asgarzadeh8688@gmail.com saws s, sKails (S pole 05,5 Ll
farrokhasadzadeh@gmail.com ca. , | s&ils (Sl pole 05,5 Ll

99/7/15: 5 599/3/19 1l s

0AS>

9 pa5 il hwy) 9 b LSS (SPQ) (i CuisS slagasli obiil Bsa b Glags ol
2 CiS g5 9 S slaay 5T S sl (PCA) (Lol sladilse 45555 5. plosil dgeg )l s Ol ST
dcyin 0335b) deyre 30 (b ) 5 b S15) 4Y 95 50 g S o3lsl 5 g )ld pdiges .ab salitwl SPQ
Sladiges 13 S5 (59,98 Cuglin 9 S5 53 OT 14 slagizia 4 plowil (01, KT s )30 8333k 9 piS
o XD (6 S 031Nl giwg 505 9 i Amio g P duaz SlaolKiws Sl oolitwl b i 5 4 839w
FuS3 S (S5 CaisS pasly 5 (IWC) JI,SK51 O GialowS (LLWR) cydgame Jilas b Goghy aisls
9 b LS ($jd CuiS Glagasly (Sle nolie Gu (P<0.05) )logine olis . ad dwlons (S)
LS ;5 T jalie 3 3855 b ) LSS (RBD) (oai (5,0 JK jolie cuisls 3979 (b )
sl o l.pT 2olie I JiSK5eS Hluw bw ) S S 9 LLWR IWC polie guizzen 390 (sxbaw
4 Klg5 oo Al ol Sl (wwy 2 3590 o130 93 (b ) S Clurd (K5ud CadaS sdibd0lis a5 39 (b
4838 sladas 53 (S5 sk Cugby bulpd 55 059 41) 039 Giw S39WS Slageile b by G951 Juds
S s asblw c)\..ol Sgidnen Slgiiny pl pls .Cawl 00l b ) S ) P.x.:a 4 JoSKiS w457 2L
9 pAS golpe SPQ slagasly objsl 2.5 ploxil dibie ;3 SPQ L IS 5 S Sl dtwgs ol 5 o9
S S Ol BT 5050 41 S paiS gol50 457 513 05 PCA 9 (uSlie dunlie 31 o3kl b wls SL3T
Y5 g e 0l BT 5050 55 Olusl iy 33,5 9 olS 93 sl Al sla wlbe glis . aizbls 5y S

il paiS S b duglio 53 01, RWT LS 53 S (Kb Sl alS Lol

Sl r)l; "})§ LL;)'))L.':S@JS\.L}\;— ‘\:.A}_)‘ ali.:\..':\.: M:A}_)‘:J»_)JT LJ):-\M a.);....i);'.l



fxf,ouﬁ,uig.:.sﬁ; b ) 5 e S K5 CukS gla e Ls awslie / 374

CuiS 55 Larls Olge o |, (Ciles ot s St
oa>Ls (20048, b, ) 1S5 S slgin St S
e ey Sldis Ale S S gla Sns L1, S
Cotla b e Sdader Solla 5 a8l J&s T
Ble Sllp edasOlis S 5855 slie sls Olid
Loy b bl s S e (S oS 5 slasle
Al e S s o Ol s S aly,
S etls & k55 ol (2009) o, en 5 W40,
5o bl b el Jbolasle sl ¢l Llg
Sl e gl e ls Olatle Gad glasS:
kS slapar s ple 5LS s 5 Blal Ll 55 0l
ol (20040) naSs s eslinad S S
ol Ol ciliie LS 55 5 8 alanbes]
CekS Sl b ) Shes S el 4 e Lol
ot Jt § > 00050 153 iy S S
0/035 > s > 0/020 ., 0/050 > s > 0/035
wins L= 0/020>S 5 Cias
rsein s (PAWD) WS o s 5
(SAW?) sslizad LB o Ol U adaly 55 & oo
3,50 03 1S sb ay (g5,4LES g’)l-" 52 el gl S
5 S ol wls 8 PAW .55 5 eslinad
E Sy abi (FC) o S esgde
S opriele Olge 4 s e lla |, (PWP)
Sl bos sy S el b bl 53 SAW ailsws
OLes 5 0303, Kes) Wb e 215l PAW Sl
2 W samle pl PAW (sdes s 355 L (2010
(S 3 05S] 35S 5 ol St O G55 el
Colls Al (S s g05 5 sl ol ade, oUls
SRS ps Sl 5 S o SES L (S
Lyl i olS (gl eslizad LB O Ol &5
(1994) (o, an 5 shaals sy cpl 55,8 o i 5o
L (LLWRY) s pdoms J3las b by aisls ol
S Csl St Cugby 3l glawls LLWR L isls &l
Caslie 5wy (Sl fedly Bl oS
ol b spey Cussdee Plas L S SO
o e oo ol Al Sge Jele an p sgde
CkS Sl el Olge 4 L5 o s500) 55 LS e
S eslal sy Jseme g gl S Ol
Sletle gla S5y b g5 byl jaxle ol 5,5
Doy (2011 52010 ol Kan 5 03l Ks) 3405 St

2 plant available water
% Soil available water
* Least limiting water range

Aodde

23 Gosmn ok S (S5 CakS e
s S oy o NS Canby a4 by e Oldles
65 ilis Sl (S oS (2004a 25)
5 JEl 5 Sl Wil S (S Ll
A S0 e 1y ad, a5 Ol (gilee ot
cais asly (2002 0as 5 ) des e
S Gy A Sl a ) S (S5 5 abesd
3l glacans L3L clie Sl S5 S
Sy s;_j 03 Jele plde sl 5 1 ‘g_j ol
A G Pl s Jsee OAS Slas
L (1997 0hSas 5 L) ssi e bl s slas
Ll S sl S S sdS al
ol aals ;a4 O3Sl Saisy s SBU
oslizad LB OT e J2alS 5 Sl (65,55 conslis
Sl 1y elS s, (1994 ohKen 5 shls) St
(2020 0, an 5 05l aids) Loas e

Soosles laile 5has 51 i eslandd
@ ‘_J osle by slacasb, 53 siss (K
el 5l el S 5 clial glasls s ,is kS
n 53 5 SR sk oS1S 4 e &S Aies ege
Oed 5 o p g o S g oiS 2alS
oslizul 5550 (53,538 slapile 45 sty 0L (2012)
S sotle W Gas U1 Sl Wil G5S
5 b S Kb i ams o5 wsle
b S o s das a8 Ol ) b
ALl a5 g0 005 ot Lo a2 5, S o
Cls gy s Oley s e S OUS 6305 i
AL o 1 Sy J e e K155 0 ok J e
DSt 5 Opdis)l) LS axlge 2alS L ode Jlo
yd plamil 3l slacugh, s WS15 S Sl (1996
PRSP S-SR CE . PR TP
Sposblly S WS oS (2013) olises
s oo JBAL Jl 14 6 PBlas sdew Sl
Glacdls w g b Sl gladsl b Kl5
Sl s ) Sl s Bl emen 5 s S
Sbt (Kb CokS @ xS Soeal IS e
e e OLES Ly b 5 5 e

L cla..« Gl oS Gl e la s
Sy Gl eld )l S S5 CueS 4
Sashy dmmie e opd) SUaxls (2004a)

1 Dexter’s index of soil physical quality



375 /1399 /3 o)led / 34 al | il ] S glajta sy 40

LSl Ol O 288 L s e ol st gl
o (s 6 - el s (s
Sl (AFPY) lga lslss b (sl s oo 2l
~S sy opl 31(2003 oS 5 55) Lb e Ll
oS i) Gl Ghemle 4 Ll all wil
s (2020) O, Kas 5 eslands S e V.Al).e
&l 0128 cm® em™® 5l xS AFP sl S as S
d:.il).el .,L.g-jﬁ Ll e.,\;'.g:j.,\zﬁ T.,\._:'.J\.;: (a.Jvf aL_S .,Li)
LS o e olS sl 1) asg kil s S AFP i
Ly oos olS Csllae o T e ) e s Ll
Ay ol Eel O 35S AFP U Sl i il
oS
N . 7 . . é .

ke e &S (RFCY) s o) b8 558 0
(0 Sk slsl cusb, Jluie 4 FC s St O
OLSan 5 dsl s o 0L 1y 15 5 Ol (g3l
5ol i e ane dols S L5 Ll (1998)
e S RFC s o8 al o Sl Sloy S (gl sn
A 07 5 58,5 RFC slas 55,050 0/7 1 0/6
530S 3 53 0/6 51 S RFC slie j5 5 3L &g
Al n Rl oS A 5 s S s O
Bl o3l sy b Lol 03 ks e edd S5 S
S s Ll S le a gyl ol S
S 5t bl ol ey i 1 S Jike
P T S S R T N R
5 pS LS S5 e S Slles U
» j:]ﬁ.wﬂ) E) jv.}d«d Sl 6[.&4.331 » Q\:ﬁkﬁ]
a9y 935
dsb 5 Js 37°0 250 37.99" Ui 5
(5)5]4 Cotond DL CEU v';f;‘ 4504 6‘4 9.02" L;).k:ﬁ‘jx}
crl s sl Ol il 515 g8 Ol 3T Ol
Lg @l) 6j)ﬁg5b- Co ‘\LJJK 6&.&@) DL L;ﬁl)‘
”J;fgugﬂ;sﬁmﬁmi;w@ﬂuséum;u
el 03 Ol ST

a5 15 5l eay 3 cons St gls wgel
53 3 el 0ls S sl aey3 15 5 puS (0)

5 (30-35 cm) ko 5 5 (7-12 cm) oo Y

® Air-filled porosity
" Relative field capacity

5 s S by s (IWCY) Sl T pales
s d R Olpea (2001) O1Ss
Lo bl as 8 slgiy olS (gl S eslinad LG
033, 50s) 3yls olS Wiy 5 St Slasle b S5
& (2020 (oS 5 ealaads 5 2010 ol SKan
e Ay 4 e L S5 @b; IWC  acil>s
St oY Ol i 53 o Olse 4 dalas s
FB T S ond sl SIS e 5 0
"L‘fd“ fb.g}l oslaiul

Vsars & Cl 25 (BDY) s 0l JEx
Sl glatle Condy 5 (S50 ax )3 cho s G2
Cands b (Shs opl bl e v g0 S«
Osea ) Ol Ul S (55 Caslie 5 458
wde bl 6 S (Sps caiS 5l s ls
Sis 5 Sl @ O g 5 Sl palis Sy ole
ool s palie jts Uyl A8 S JIwbe
(2007 O Kan 5 2uS3) ol odiSel 2S5 BD (gl
Gl ol Sas 14 Mg m? 1, BD hsed sl
03 Lol b oS3 pioms 3L 5, S K s olS Uy
oS alyy Ay gl ol CBL Sy S SO
Sy ol (2007 O 5 2Ss) AT sl
Y (RBDs) s b ‘_;Kp; ¢l & R OERGNAY
Lokt OF ppslie 5 03 Sbt (2L) ¢ 1 Joe
s Ol Gl el LS Ll 5o anslis LB
BD oo 512 RBD .3 45 e eslinal S ;;fié
Ll o (BDref4) lagPs sab JK" b
5 Se~ RBD Jltie cons (1990 (05ns)
Sk (S caiS slagasle sl ol
wloasls L oo bl jasle opl il e
2010 O, Kas 5 o313, Kue) IWC 5 LLWR aiibe
ol (1392 (Shas a:\)'){w_p

Sl sl oY 3R el 03 kS Jes
s (oS (1967) A .aS o ol 31, ST sle sl
S| Shdsny Sdd s Sy U oS as,
Gy 35S S5 Al 4 a3 55511 (ODR)
bl Lb oo 2l ol 0/4 pg em? min? 51 5 2o
Mg cm™? 5l 5.S ODR slie 53 OlalS 5 i 43,
Shisy Xph e LAd A s 02 mint
S st St O e 4 ules L 05051

Integral water capacity
Bulk density

Relative bulk density
Reference bulk density
Oxygen diffusion rate

oo W N



f.uf,at;ﬁuiwﬁjﬂwﬁj,ﬂﬂsu_&p%éupu anslia / 376

6503 10 slaw & ages Oles 51 e 5L 4150 ¢l
.,\..:4:@5(43}&.3600&)@)9 oY 5l

i

409! (3l pns Jlows 53 @81y (1,5 S e 51 (5510 aiged I Curdge -1 UK

- & - - ..
Caglle gomis B3l 9 $939,8 Cuylle Sl
S sy,
cilie pislie 4 on) ey S glad sl

ol wugby leKer gl LAE sl Sasb
bl glaanS 045 auin 2 St 4 St ek pas
Sslegl s mwspns bawg LT (Q) usp
i, Sesll (ams) of Sl 3T oS s esll)
sdels Jlas 5 a3 30 s S5, 03w b sl
5mmmin® 1, so,s5 o LS 3 3 mm O
.M))‘_}Lﬁb‘}ij&iwi\)ﬁ‘)it{)‘ﬁS))
oSSle Sl Casby a3 W A (G Swslis

J"‘J’ BE 6_5)_5;5 g;.ULE.» “ L‘})Jn A in Lf"h"
sdiolss Jdo 5l eslinad U (4 5 L) St b,
B a;l)')i\..;) L iledde (1980) e eS0s
(2014 O, Ken
)

1
SRR S o
S G Sl Q il ol s
oM’ o S > sk, 0 MPA
(e 53l sbs b Ngy 5 agy Qary Quer 5 €M™
S Lasle i 5 S b ki S5 e
b bbbl 5 MPR sy S el

Gle wses 13 8 sl mer 06 60 5 e
39132 J=ls as a ol wlgnal boesy i s Sl

@l 5 (S5 sl S5 680500

(2002 sl 5 ) gessda iss 4 S il
B oosbas 5 (S8 e ola b (S 01 colas
oSk 51l J&s 5 (1996 ss) gl
a))}SQC_A.w) 6‘..&4)}».) S g M )‘ a.,\.ATC_,—w.,\.)
A3 6 Seslnl (1986 sl 5 L) Wl e
by Aasis s & S 0 )l
11 5 St ab) aaiin gove oS3l Gl
520 10 5) h oS slie . ad eslinad (h) S 5le S
o&ews Ly (15000 hPa , 8000 2000 .1000
olind S b o Ske i Sl e
Lo S0 susb) amsie g Jb S
M‘A@.{J a.,\.bdj:faj‘v\i‘ 61..&4@)‘) 2 Solver )‘Jg‘ff
(1980) o= 5805 doles di o3y a3, S ol
NGO VR SISV PY
©)

ab
0() =6, +(6,-6,)[1+(ah)' |"

> Sl w}:’-f_‘;}.}o) ‘H(h) c@‘) ‘).3" BL)
50 hPa s, Sl K sle 25 hoem® em™®
e S plal 5 e lilel o by S5 4w Os
39,9 aled; BE k):‘g" ‘)Mgﬁ L: .]Q?JJAU, )CfT]e'Crr]_3
Bl o3lLl mis satlin s hPAt s 1sa
Al e Sl



37711399 /3 ojled / 34 al | il ] S glajta 53y 40

IR T
SHIWC) I Ssl O a8 vl (4l
T eslizal 5 alal

IWC = jo []‘1[@ (h)JC(h)dh (6)
Ch) em®em® s . IWC dal, opl 3
e b S Gate) sk e S = [do/dh]
o5 o) 5 Pt o (S ab, aasie
SSeh Uil K58 slacys siow C‘j}‘é‘ﬁ 3T
S ol opl skasolis IT s hPa c 5 K Sl
ol eslinal oy mls Lol S mls
colas bels (2001) o\ 5 Jss S bawss
SEle Caslie sl s ol S
o2 Els ol ile oS (S culda 0L
OLen 5 Wb LS s SI3 16 as auls
Gl 55 mls Sl eslizal &S wsls olas (2021)
Sy e ear e 4 5 IWC WLl e ol S sy 5
S b eslizad LU Ol alous
o s 2l J&
S Sile 5 S (BD) s pl I e
(Sbesa ol 6300 3) o3 s slawisad 50l
(1983) 5= aaly 5l BDyper annle (sl el e 4
el 3 e @ (2004& U."....S:)
(7)
BD,s = 1/985 - 0/00857 %Clay
=031l oy s Mg M® o BDrer alaly ol
AL o doys ey S gl els (6,8
P a5 aal; 5IRBD el s

(8)

RBD = BD/BDyet

Al S b sl s s

(AFP) lsa Jodos U (sl s Jodss Sl
el iy 25 4l
AFP =6, - FC 9)

cm® em® > o AFP 5 0 FC daly cpl 5

sisby gows 3l eslizad L FC 5 6 Jlaie il e
e Sl g s S e gl e el 2l
el cewts 100 hPR 5 v K Sl
o #y) b

dafy 51 (RFC) i 15 ShleS i
Tal Cewds (2008 (ol \San )'JJ);U) )

FC
RFC=—~ (10)

S

Al o> Sasp Laslie b ol e dbE L
Sl o sb
S (K3 S 6l a5l e

S LS (oS el el Gl
Ul o sS0s Jae bl ol 5l S WSl
JK’: 5 S uT il glaesls el sl
ozl 5 Oy« (2004 2aSs) S el
R

@)

S =-n(
BD n-1

o= Sasby S5 4 O 5 05 daly pl o
el n em’em® sy S ekl L 5 sl
2 S g plb JEs BD 5 Skt ke ol =5
S el e aien S pslis a3l o Mg m® >
L S 0T Gllas S8 sl eslizal pSa 55 ol
oS &y oy B ST

i Lol 5 (PAW) oS o s LB T
E S dhi (FC) Sl ad b s s uT
IS arlos 5 & 50 4 (PWP)

(4)

6, -6, )[2n —1}[“}

PAW = FC - PWP

s as S L s emPem® o
Codgdoe Pl b o gb,y auls

S LLWR _=xl: (UL) YU 2 laz
A Sl S8 o ShbeS s Sushs Ol
oS S PS5 10 gl s b (100 hPa
&}.fd) oS o3l gj:l)‘j‘, C;U )‘ oalaiul L) 4.,\;:(.3 JJ
Ol S (LL) OF b A s o s (1 adl)
hPa i, sl 5S0) (s (o e b
St 4 pl0S 2 2 MPa (55,55 Cuslia b (15000
‘Q) ol 63l U;'J‘J" C;')j )‘ oalail L) g,.:';j; @ 4.1.2:(.:
(2 daly) o sS05 stsadas 5 (1 alal) oo pS
j‘.’.j d@b j‘ oalaul Lg LLWR )‘.,u.ﬂ Q._{Lé_/ DL LS w:.’.’;
A dslee
(5)

LLWR=UL-LL

eM’ =, LLWR 5 LL UL abal, ol s
9oy e g LLWR 6‘]: &m ﬁ:L&A Mb& Cm_3
jjm))ng}])l.liﬂ &AJ‘JAA QJJT CAMJJ..) Q)}.ﬁ))
3350 4335



fxf,ou,f,uig.:.sﬁ; i ) 5 e S S5 CukS gla jasLs 4w lia / 378

055 » 1,5 >0/050 S ,slise .l (2004c)
1,00020 > S 5 oy Jr S S L sbasl=
Gb s ot S kS L Sl 0 S s
S (S slaparls S ol oS gy
adlas sy50 GaSE CoiS ax s LB ks s
0L ae ls IWC slis sy € sad gl o
0/24 cm® em™ Jluis 5 b slan SO 5 oS (godins
sdasolis (s 6 Soilkl luie Slas Ol siew)
adllae 550 S 5y O s Kb oiS
e b ) U (2020) O SCes 5 el aids s
3 S IWC slis &8 i S 4zt oS A, IWC
-5 pdoes IS e xS oS wsy sl 0/104 em® em®
L S IWC jlie 56l b el s .ol s
S Casgows 0136 om® em® 1z, sl
3,5 54 r.l;fat.:;.l..:)élﬂ S S

"ol s (Bl Sy (Seeer b
sl o3y Ol 2 Jadr s S S ctS gle
i S L3y plaaxli IS 5 IWC RBD .o
Clgarle 5 Bl sl Sns ale L Ses
s S sl S b coiS

LT Jobosi g 4 35

SL il ol Lo 5 s sk 4
Microsoft | ;! SN sdal s 4 slaesls Sedbl

o 3 Sl slalis Gl 5 g Excel

s3lizd 3,50 SPSS 16 1 3l 3 la o li (St
ol sl o 4w B, Sl e (23 SIS
A o3lital Lad ga
Wy" )LAT

o Aoy 5Ske 5 PBlas STas slis
bl S S cds jarle s s s Sl
Ly IWC 5 LLWR PAW AFP S RFC RBD
s el sl osls ol 1 Jaas s 0l Kbl
i Ol s als & 55k 4 Ln g bl Ko 1S
Sl= 6 25/95 Blas 5l ik S s )
) Lls S oy OLiS o« S 0/013 QT UJ_JZ»QS
S il andllae 5550 slaSE s (K5d S

Faxllln 5,90 S 60 (51 (Sojud CudeS S ad i huogi ol -1 Jgsa

IwWC LLWF\’3 F;AW AFP S RFC RBD O S () oS g5 P o ol
cm’.cm’ - (%)

0/19 0/12 016 027 0/081  0/76  0/93 36/09 46092 49721 ) Sl

0/24 0/25 029 0720 0/065 0/91  0/89 23/90  51/93  51/64 puS S 4

0/10 0/12 0/16  0/14 0/036 0/85  1/02 41719 45/95  65/28 b Kbl ' %,

0/18 0/21 025 014 0/053  0/98  1/05 25/95  58/58  54/27 puS s

0/03 0/03 0/07 011 0/022 0/52  0/77 74T 23084 3103 il

0/08 0/08 0/19  0/05 0/036  0/66  0/65 523 39/90  26/54 puS S 4

0/00 0/00 0/06  0/06 0/013  0/70  0/85 736 2128 25/95 Kbl =

0/00 0/00 011 001 0/017  0/75  0/70 5/47  37/41  26/55 puS s

0/09 0/08 013  0/16 0/043  0/68  0/85 15/50 4141 4310 s Sl

0/16 0/17 023 010 0/048  0/82  0/79 14/89  45/08  40/03 puS e 3

0/03 0/05 012 om 0/027  0/76  0/9 17145 38/64  43/91 s Sl \via

0/04 0/05 0/19  0/04 0/031 0/91  0/93 13/61  44/59  41/81 puS s

0/04 0/03 0/03  0/05 0/016  0/07  0/05 8/93 614 57T bl _

0/05 0/05 0/02  0/04 0/008  0/07  0/06 706 342 8/57 puS S %i

0/03 0/03 0/03  0/02 0/007  0/04  0/05 1022 727 903 s Sl o 3

0/06 0/07 0/05  0/03 0/010 0/06  0/09 6/61  4/93  9/28 puS = B

0/57 -028 -2 140 0/85 -115 -0/29 136 -2002  -0/86 s Sl

0/00  -0/14 oL 119 0/98 -0/94 -1/08 -0/04  0/91  -0/34 puS S 4

1/30 0/73 -0/19  -0/46 -0/51  0/79  -017 Vg 107 026 bkl ' %

1/66 1/36 -0/12 179 0/60 -1/29 -1/03 059 57T -0/41 puS s



379 /1399 /3 o)led / 34 al | il ] S glajta sy 4oy

0/43 -0/31 mnr oy 0/95  0/74  -0/66 068 4/23  -0/30 b,k

-1/09  -0/76 1791 115 010 0/59  2/08 -1/90  0/09  -1/47 puS q
1/82 122 =027 -0/11 -0/24  0/41  -0/08 0/60  0/64 U755kl Y
1/93 0/94 -0/91  4/60 -0/07  29/4 120 -0/71  4/08  -1/36 puS s

LLWR ol oslizal b5 ol PAW lon 55 AFP Sl S50 oS bl S oo aely) b Caghoy RFC s (5ol J5s RBD”
ISl ol il IWC audgaoe Jlis b O aals

S (S5 CubS s adld 5 bl G S iy (Simumod o Slo-2 Jgi

Sand Silt Clay IWC LLWR PAW AFP S RFC RBD
1 RBD
1 01325  RFC
1 0436~ -0/725" S
1 0566~ -0/978"  -0/425"  AFP
1 -0/288"  0/460™ 01421 -0/481"  pAW
1 00635 0/224 06157  -0/126  -0/845" LLWR
1 0/933"  0/522"  0/456™  0/755" -0/335"  -0/869  1wcC
1 -0/261"  -0/358" -0/308"  0/038  -0/180  -0/016  0/467"  Clay
1 -0/365"  0/369  0/397  0/438™  -0/058  0/257°  0/165  -0/537"  Silt
1 -0/374™  -0/727"  -0/012  0/063  -0/016  0/005  -0/011  -0/106  -0/068  Sand

Ol PAW lus s AFP (Sl (K5 coiS Lol S (o ol b b ooy, RFC (s ool JKo RBD*
S OF 2w dWC oy s il L T aiels LLWR LS eslizd LG
Ao 33 95 Olabsl o bl ine (Stesen ¢ (0053 99 Olicabol o b Sl e Sias 7

Slageile 055 SRlpl Lol elen ey
Iy 3sed jri ebaw i lasss S5 08 (g5 5lis
SisliS slagile (2003 WSea 5 5px) XS
0 Gas U1, S dls o 555 eolizal 34
S CekS amS s g atle oSt (g el
OLSar 5 aw ) das alS Cus o |, S
CoiS laaxls sl Sle to s (2012
s 5l wslin b s bS5
baasls 5l an 3 Lol lais bl 3 p sdaw
ol e ke isad Sl s e bt
3/35 (07124 cm® cm®) b eSS+ 5 IWC
sy (00035 em® em?®) e glasS: Ll
5ol Ol x5 LB olus 55 LLWR Sl
SS w4 e slaS 3 LLWR Sl oo

(2 2 J2) 50 20810 a5 sl

@bﬁjﬁu"h‘“ LS as lin

5o s S (o plie o S0ke i
2 S5 55 oS pp B8 s 0pd ek
Olabl Cb.ﬂ) Solssmn sl Ll ol esls QLIS
5 S ol g ey 5 b slie (%95
pde 3y (2l S8) Bl s O S
sl bl (S 8L gla S5s sl sme O
Loolsgme ooty b bl glastle gla
Lils by glasS s blie gla jesls
slaarls ol sl ol Lol cle (2 K2)
Slaeile 3,5 Gl b claS dll s
g oS Slles Gl S 5l
C,ML);,J&‘ 4@]:4.17—,0 6:3,\:—ij5 4.l>-f
sl iy Oddes,is 5 St b oY 01



f.\.‘f;bbﬁ\ﬁiwﬁj b ) 5 e S K50 CukS gla jasLi auwslis /380

()
Topsoil
B8 Subsoil

Topsoil

E Subsoil

©
Topsoil
B Subsoil

0.00

AFP

kS Ly O KT L alie 53 paS CiS ol
S ol LLWR Jlais o Ske il Sl (S5
LLWR Jlais ke 51 zi %69 (0/104 cm® cm®)
(23 JS2) 5 (00064 cm® em?) ols Sl o515
Sl atli sl Lt a8 oS Clils a2l )l
iSOl ol s S S SkS
aslie 53 el bl Hlasl Wl 50 1 Jseame
Gosb 4 b Lo mads w3 52 e JSCs
Ol Jsb 53 S mbu s g b eSS &S
ST IRIE S WP SPE GRS paee
RS L Sl S kS slaarls oS

a ()
er .
- B Topsoil
]

1 B Subsoil

R

AALLLLLLLRAY

Silt Sand

[y

Topsoil )
@ Subsoil

o o
~ [{e)
QO

o
o

=hy RS 5 e s 2oL JBs
‘5‘....5
o
o

o
o

9 P SB (S50 ColsS gl pad L dun i -2 U
Py

013,87 5 puS g 5150 Ao
5o s S (o plie o S0le A lie
5 oekS plp sl Sipb oS atl
¢ yomn 3 ol el esls olis 3 Jﬁ.; 3 Ql;ﬁkﬂ
¢l Susyp g adlas syse iy e 4 a5 L
St Dl Sk gl Db lade Ol ST 5 pnS
CehS slaarls Obe 5l di el S L
5 pxS 6013 S 5 IWC RBD :Sle Sl (S5
95 Oluabl b 3 (i3 pme slis Ol b
-Sk LLWR PAW RFC - Sle Jb= ool b izl
bl pslie 51 iy g ls pae b 4 ("’\"5 ol sla
S Gedias OLES oS 54 0ls ol slasSs s Ll



381/1399 /3 o )led / 34l / il [ S glajin g3y 4

WVl Ol e B & St (S5 caS gla el
e &

(<)
Bwheat
OSunflower

PAW100 LLWR100 IWC
0.05
4 Swheat ()
ﬁ) a @ Sunflower
3 0.04 | a
%003 |
%
9
0.02 |
0.01
S
0.16
Bwheat 'II[') (C)
B Sunflower ]
i 9995,
2227
4, 008 P e
2 5%
T 2255
(&)
& 0.04 E
5 9999
= 9999
0.00

AFP100

89/4 i&w EREEY gg._). )l U,L:J 378) ﬁ:L&A 6‘)‘:
4 ge sl Aoy 30/82 5 58/54 (55 oa) Ao
re 1 i gad 03 352 e Sl ki Sl (p53 5 Jsl Lol
S Ko Gl 553y Sy sk a4 gl e
BE) ol :B:.il 6LAQ)3 Sl g,;iij:ﬁ CA.:A.:S 6(.&&)..42-&2
cShls s a ol gbaadse 4 4 S
A 6‘;3 9 w\i Qb): 4(2016 4&1)&&.& K] g}’:")ﬁ)
Gl e e e 5l sl € 3 Jpdr s el

Gl By oS Jl= s das o UL (515 pme 3Dl
Ml (3 K8) S e LSS gy amlie

()
wheat
8 Sunflower

Bwheat )

09 r

08

0.7 r

0.6 r

=y S 5 (e b JB
w

0.5

OXS £yl50 5 S Sy b CapleS S s L duany o -3 IS0

O‘J)igmi 9

LS oy S 5 ol slaadl g0 4 4 o5
gloarls Sl Julr or sl
ey s e gS s S S5d caS
ol po 4 a5 hgy 3l 0ls KT 5 ok iS5
CoiS e jastli a4 by e glaesls s eslindl Lol
PAW AFP S RFC RBD Ll: S S5
w45 el L S sl 55 IWC 5 LLWR
k] W3S e s e sy Lol slaad e
(PC2 , PC1) £33 Jol ol sadl o 55 oS sl LA



fxf,ouﬁ,uig.:.sﬁ; i ) 5 e S 5 CukS gla jasLi 4l / 382

L o jv_}a.ﬂﬁ) K] j:]é.w S 6\.;543)&.3 g_(.:.i.ﬁ
Ql:ﬁtﬁ] E) r.l.f CAS L @‘f *-5:‘5,. & LSty
ol O3 5 2 L IS 53 o )l gl s 5o

K3y O35 Cp e Shls ps2 s« ;3 RFC 5 AFP
"4 pes K& s byt o ol Coeal (godias Ol &S
Al el Al S S ) Sl s
05 LLWR 5 IWC axls o o5 4 5 b el

# . R A ” . .
SB (S5 ColS s adld gl wSlow ly (Rg 4 4Bl ol y93 Sogyjy o Sle -3 Jgaa

(PC2) pg ool ailgo (PC1) Jy! ol ailgo oL
0/239 ~0/894 RBD
0/982 -0115 RFC
-0/1378 0/785 s
~0/957 0/251 AFP
0/546 0754 PAW
~0/006 0/942 LLWR
~0/239 0/934 IWC
2/158 4/098 o35 yolio
30826 58/543 illy Loy
89/369 58/543 ez lsly oy

AFP (Sbt S kS el S (s sl Subsb cusb, RFC (s o8l J&~ RBD

Of (28 AWC s sdoms Bla= L OF wls LLWR ol eslizal LB Of PAW len Joilss

S

2500634 L Ll Jeol ladid po 4 4525 3 & pas CuliS (gl 2 (KMO) STl o oS Q}aﬂu,_:.,«*

Ldle Jb 3 oS i o AST 5 0l 0L £ 505
Bl adlee js b 5 slaS pslde LIS 5 S
Aledd g 55 5y S (Kb kS
G UKl 5 A polie G amlie 3
oS A L allar o S 5 s il S8
N s e Gt I S
g5 S0 eds 0l el sl (B K)ol edalia
st anlie .l S (S5 ciS ) oiS
5 kS il s SSE o4 S (S cuas
5 IS gl S LS (55 dje O
Vil 2oy 355 ol 013,81 ¢5l50 b 4yl
Clls gl clls aul s Jsb s (g5oslis
ol Y3 Sl S Wl e o kS L aglie s 0l K]
Syl OV dile 33 5 r.,\;f LS L el sl Ll
S8 s aS s cl cldls B8 dls e
o s e 53 B e e pdle Ola Kl oL
dom Sl ke Slaal gl goslis YT il
5 oS gl on S O glcde s
w3 g edd asie 3l J e Sl S 5 ilen
CohS B D > 5 (53,058 sl e 15 e
(SisSl e glais, Gb s Sl S
CohS A e bl ailaie 3wl

St ek gl Ganslie 5 o) p sk o
o 5 ps3 5 Jsl sedlpe 53 4 o WOT w35
53 kE sdues S L 5 s 5 (B 5 4 e S)
g5 5 B ,e Sk sl (4 JS5) Js) S
SS& 03 b 5 e S Wl oS
3G e e (B K2) e93 S 3y L
SSE IS g bl D3 b s (elaw
RS
frome ol 6 das e 0l 4 IS
5 ke bl (S ciS sl el
5 e Ko Sl SSE JB b o
3355 g bt SO ok s Ko len
alie il cpl L ls 13 SuSS Sl e 65 S
5 b Sl S gberls (Sl
S ol 1S e Wb 1, (2 K)o s
e 146 Blas oy St (S15 e sladely
Cos 1y Sl wlal sladsl 3 Kly e 5 035 L
sy )l (2013 O Kan 5 LLI) das S5 3G
e S Suscanl Ol Lasis ¢l
Ll b g ol 5 (2011 s 5 Sy))
Sk bl @B Gl ol s Wl S
b e GousSE et slanl 3 s b 5



383 /1399 /3 o,k / 34 W | I S5 sla jin g 4 i

oS L Ol Sl S 4 S S (S5 kS flp 52 Jpame 3 See RS 5 S (S

Second Component (30.8%)

Second Component (30.8%b)

25 faS o) I3 st spe 5 Ks ol Kiasy by Ol S
35,5 2000 o Sae g_)\.wlS) ol a S
IS g A8ty 0Ll gt K5 (g g (2015
Sl il 53 baadyy 228 L L5 e O o1
OIAl s s lealSE Wl E s o

41 i
e Subsoil ! .
. .
3 Topsoil i .
1A
! A
21 H A
e @f S
[ ] : : A
11 i PN
[ ] Al A A
° ° !
0 L] [ P © ‘ A
. A - ]
° i A
1 A A
-1 ‘ [ ] ° EA A . A
0. [ ) y .. 1A A A 4 A
2 ! °
! A A o
1
-4 -3 -2 -1 0 1 2 3 4 5

First Component (58.5%)
Jgl (ol allge 95 Jgo (o g (Paw S sadiged 595 =4 S

4 1
e Sunflower i °
A Wheat !
31 i [}
o
°
2 i °
o ©° [ ]
[ ] .. : °
14 L4 | Y
b e ° A
° . ° o *
0_______________.____’_ _____ - ]
A i A
! A
-1 A A A ' A 4 A
A A A A A A A
a a A 1,4 A
24 ! A
' A A A
1
-4 -3 -2 -1 0 1 2 3 4 5

First Component (58.5%)

Jsl ol ailge 93 Jg (13,081 5 05 €150 S (gladiges @598 -5 S



fxf,ou,f,uig.:.sﬁ; b ) g e S K5 CukS gla e Ls 4 lie /384

5 Shscand Ol saseis Gl ol iy, <l oyl
ol 5o Wl S Bl s slaeslSa
L 0ls Kl 5 ok )15 SPQ (slaals b3l
oy oS sls Ol PCA rSols i 3 eslizal
St (Spd S 0Kl ol 4 ool paS
Jab s islis QYT&ZL» e 33 5 Aadls 6 g
5> s KT glse 53 il 5 il (S T
g il opl Y 5 S s e S L Al
Ll OF (ST iS5 oS ;o3 2 ot
Ll g e S il s baly, 2S5 L
Skt Kb SekS JRIB ens s 5 gsleslass
35 GoyeSL 6L@M sga o dlgdy plals s
b S SPQ IS 5 iS5 eld Sl el

2,8 L8 A g

& 7St
alie 5 Jol Glaadlpe o as gy Sl
IWC , LLWR PAW AFP S RFC RBD u.i;t.n
hslie gl Sb (SGd kS slaatla Olge 4
5 f.x.f @l}/a b 3 g e sbaS L5l
Gl ls o 5l ad eslinal aeyyl cuis Ol Kbl
5 Jsl sailye 53 LLWR 5 IWC (Sl S5 CoiS
Ly O oy ol £33 s« ;3 RFC 5 AFP
S 4 pes K& s byt o ol Coeal (godias Ol &S
momle b e 58 s a4 adl e S osls
Casby bl s s ey 4) O3s K $islES sl
oy S widS gladas o (s 5L
S bl Gl amab ol e Koo oS
63 Bl by S Sl st slasly

J;A;suéu;ﬁséﬂmgétﬂ AT i, S sl s slein 1392 e Baas 5z el S L

9.

56-73 11 ojles L sl .S (65,05 ol 1ol (gl 5 St eslizal LG

. Arvidsson, J., and |. Hakansson. 1996. Do effects of soil compaction persist after

ploughing? Results from 21 long-term field experiments in Sweden. Soil and Tillage
Research, 39, 175-197.

Asgarzadeh, H., Mosaddeghi, M.R., Mahboubi, A.A., Nosrati, A., and A.R. Dexter.
2010. Soil water availability for plants as quantified by conventional available water,
least limiting water range and integral water capacity. Plant and Soil, 335 (1-2), 229-
244,

Asgarzadeh, H., Mosaddeghi, M.R., Mahboubi, A.A., Nosrati, A., and A.R. Dexter. 2011.
Integral energy of conventional available water, least limiting water range and integral
water capacity for better characterization of water availability and soil physical quality.
Geoderma, 166, 34-42.

Asgarzadeh, H., Mosaddeghi, M.R., and A.M. Nikbakht. 2014. SAWCal: a userfriendly
program for calculating soil available water quantities and physical quality indices.
Comput Electron Agric 109:86-93.

Berisso, F.E., Schjgnning, P., Keller, T., Lamandé, M., Etana, A., de Jonge, L.W., Iversen,
B.V., Arvidsson, J., and J. Forkman. 2012. Persistent effects of subsoil compaction on
pore size distribution and gas transport in a loamy soil. Soil and Tillage Research, 122,
42-51.

Blake, G.R., and K.H. Hartge. 1986. Bulk density. In: Klute, A (Ed.), Methods of Soil
Analysis: Part | — Physical and Mineralogical Methods, second ed. ASA/SSSA,
Monograph 9, Madison, WI, pp. 374-380.

Cherubin, M.R., Karlen, D.L., Cerri, C.E., Franco, A.L., Tormena, C.A., Davies, C.A.,
and C.C. Cerri. 2016. Soil quality indexing strategies for evaluating sugarcane expansion
in Brazil. PloS one, 11(3): 0150860.

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

10. Dexter, A.R. 2004b. Soil physical quality; Part I1. Friability, tillage, tilth and hard-setting.



385 /1399 /3 o jled / 34 Al / il ] S gla i sy 4o

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Geoderma, 120, 215-225.

Dexter, A.R. 2004c. Soil physical quality; Part I1l: Unsaturated hydraulic conductivity and
general conclusions about S-theory. Geoderma, 120, 227-239

Dexter, A.R., Czyz, E.A., and O.P. Gate. 2007. A method for prediction of soil penetration
resistance. Soil Tillage Research. 93, 412-419.

Da Silva, A.P., Kay, B.D., and E. Perfect. 1994. Characterization of the least limiting
water range of soils. Soil Sci. Soc. Am. J.,58(6), 1775-1781.

Etana, A., Larsbo, M., Keller, T., Arvidsson, J., Schjenning, P., Forkman, J., and N.
Jarvis. 2013. Persistent subsoil compaction and its effects on preferential flow patterns in a
loamy till soil. Geoderma, 192, 430-436.

Gee, G.W., and D. Or. 2002. Particle-size analysis. In: Dane, J.H., Topp, G.C. (Eds.):
Methods of Soil Analysis. Part 4. SSSA Book Series No. 5. SSSA, Madison, WI. pp.
255-293.

Groenevelt, P., Grant, C., and S. Semetsa. 2001. A new procedure to determine soil water
availability. Soil Research, 39(3), 577-598.

Hakansson, 1. 1990. A method for characterizing the state of compactness of the plough
layer. Soil and Tillage Research, 16, 105-120.

Jones, C.A. 1983. Effect of soil texture on critical bulk densities for root growth. Soil Sci.
Soc. Am. J., 47, 1208- 1211.

Jones, R.J.A., Spoor, G., and A.J. Thomasson. 2003. Vulnurability of subsoils in Europe
to compaction; a preliminary analysis. Soil and Tillage Research, 73, 131-143.

Kasap, A., and M. Coskun. 2006. Sunflower Yields and Energy Consumption as Affected
by Tillage Systems. Asian Journal of Plant Sciences, 5(1), 37-40.

Kazemi, Z., Neyshabouri, M.R., Haghi, D.Z., Asgarzadeh, H., Milani, A.O., Irani, M., and
A.D. Mohammadi Nasab. 2021. Revisiting integral water capacity on the basis of
stomatal conductance at various soil and root length densities in sunflower plant.
Agricultural Water Management, 243, 106451.

Khalifezadeh Koureh, H., Asgarzadeh, H., Mosaddeghi, M.R., and H.
Khodaverdiloo. 2020. Critical values of soil physical quality indicators based on
vegetative growth characteristics of spring wheat (Triticum aestivum L.). Journal of
Soil Science and Plant Nutrition, 20, 493-506.

Langeroodi, A.R.S. 2015. Sunflower and soil response to seven years of tillage, residue
management and nitrogen fertilizer. Turkish Journal of Field Crops. 20(2), 194-202.

Letey, J., Stolzy, L.H., and W.D. Kemper. 1967. Soil aeration. In: Hagan, R.M., Haise,
H.R., Edminster, T.W. (Eds.). Irrigation of Agricultural Lands. Agron. Monog 11. ASA,
Madison, W, pp. 941— 949.

Olness, A., Clapp, C., Liu, R., and A.J. Palazzo. 1998. Biosolids and their effects on
soil properties. Handbook of Soil Conditioners. Marcel Dekker, New York, NY, 141-
165.

Reynolds, W.D., Bowman, B.T., Drury, C.F., Tan, C.S., and X. Lu. 2002. Indicators of
good soil physical quality: density and storage parameters. Geoderma, 110, 131-146.
Reynolds, W.D., Drury, C.F., Tan, C.S., Fox, C.A., and X.M. Yang. 2009. Use of
indicators and pore volume-function characteristics to quantify soil physical quality.
Geoderma. 152: 252-263.

Reynolds, W.D, Drury, C.F., Yang, X.M. and C.S. Tan. 2008. Optimal soil physical
quality inferred through structural regression and parameter interactions. Geoderma, 146,
466-474.25.

Rhoades, J.D. 1996. Salinity: electrical conductivity and total dissolved solid. In: Sparks et
al. (Eds.). Methods of Soil Analysis. Part 3. Chemical Methods. ASA/SSSA Madison,
Wisconsin, USA. pp: 417-436.



fxf,ou,f,uig.:.sﬁ; i ) 5 e S K5 CukS gla jasLi 4y lie / 386

30. Topp, G.C., Reynolds, W.D., Cook, F.J., Kirby, J.M., and M.R. Carter. 1997. Physical
attributes of soil quality. In: Gregorich, E.G., and M.R. Carter. (Eds.), Soil Quality for
Crop Production and Ecosystem Health. Developments in Soil Science, vol. 25. Elsevier,
New York, NY. pp. 21-58.

31.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.

32. Zink, A., Fleige, H., and R. Horn. 2011. Verification of harmful subsoil compaction in
loess soils. Soil and Tillage Research, 114, 127-134.



387 /1399 /3 o jled / 34 Al / il ] S gla i sy 40

Comparison of Physical Quality Indices of Topsoil and Subsoil
under Wheat and Sunflower Cultivation

A. Osmani, H. Asgarzadeh', and F. Asadzadeh

MSc., Department of Soil Science, Urmia University; E-mail: ayob.osmaniil369@gmail.com
Associate Professor, Department of Soil Science, Urmia University;
E-mail: asgarzadeh8688@gmail.com
Associate Professor, Department of Soil Science, Urmia University;
E-mail: farrokhasadzadeh@gmail.com

Received: June, 2020 and Accepted: October, 2020

Abstract

This study was conducted to evaluate the soil physical quality (SPQ) indices of
topsoil and subsoil of wheat and sunflower fields in Urmia plain. Principal
component analysis (PCA) was used to distinguish the effect of soil layer and
cultivation type on SPQ. Soil samplings and measurements were done in two
layers (topsoil and subsoil) of 30 agricultural fields (15 wheat fields and 15
sunflower fields). Soil water retention and penetration resistance curves of
undisturbed samples were determined using sand box and pressure plate, and
micro-penetrometer, respectively. Then, least limiting water range (LLWR),
integral water capacity (IWC), and Dexter’s index of soil physical quality (S-
value) were calculated. There were significant differences (P<0.05) in the mean
values of physical quality indices between the topsoil and subsoil. The relative
bulk density (RBD) values of subsoil were bigger than topsoil. Also, the IWC,
LLWR, and S values of subsoil were much smaller than those of topsoil,
indicating poor physical quality of subsoil layer in the studied fields. This might
be related to conventional tillage with heavy machinery, especially under high
soil moisture conditions in last decades, which induced some compaction
effects in the subsoil. These findings recommend improving of tillage systems
and continuous monitoring of cultivation effects on SPQ in the studied area.
Evaluating the SPQ indices of wheat and sunflower fields, using the means
comparison and PCA, showed that wheat fields had better soil physical quality
compared to sunflower fields. The difference of root systems and more human
trafficking in the sunflower fields could be the main reasons of lower soil
physical quality in sunflower cultivation compared to wheat cultivation.

Keywords: Least limiting water range, Integral water capacity, Soil penetration resistance,
Dexter’s index

1 Corresponding author: Department of Soil Science, Faculty of Agriculture, Urmia University, Urmia, Iran



