[ DOI: 10.61186/jeer.13.4.153 ]

VOY-AVE A F Y Olis o(8Y) F:0Y e Sialeh gt
http://magazine.hormozgan.ac.ir

Gdine gla S 59 ) dm 9 E15 08 405 Juad i 5 Bl )9S Slkes il
S

Il L 30 ply o8> sl 00,8 Slslel ¥ ogllldee Al il
d/,:t/u}b{fg}/:b aL{f‘J/) 4L;J‘JJLL’.(0}/_(&/4 :QSJ:-N}«J 03‘).:19 U.UL:.G

;(JL,J/) :f}/}!‘&“@i’;ﬁ‘fjﬂ (w}AJToL{iJ/) .f&j‘}/}.(/}ffd}j}b/:r‘ﬂ}ﬁ d}? w)‘ﬂ

(VEX/RINE 2y a6 VECY/OX/YE 1L )3 o 56) e Bty )b

o4

g o) 93 ol 6555l 3yl la by 5 (S cOle ) (8 ples S5 55 (Bl (5355l
ol g 8 3107 o y3 AU by S 5 5 S (B3 5 eae Bl w5508
S iy Sl ST Sz b (ol oS oS gl ()T 7k 5 55 ke iy Aalllas oy
53 3 adlaia 53 53 (BD) Sl ¢ palb o sae p = 5 (VWC) Cushy eSS b b 638 Slbes
(A Gl L b i) B 3 5l5 R2 sl ook plonil SHleils 5538 55 5l 5 sl Juad 53
L R3 alis 3ls b g 0lea R4 Gl 5 bl i b o ylgy 5 sl 3lalS 51 b sl R3 &gl
AMP) o 5l Sy a8 U (i (T3S i lajlod ol gl 5 el AL sl dad
NS @)1 s 5a XY 0L Bls 33 sl (D) pditons iS5 (H) o (Lo V0-A Gas 1§ S
9 S sby o e D plomil 6t Bl FoA Gas JIYNT Slp b 55 9 VY-S 5 F-A b ges
VYA VYY) 315 i) 581 gyl mims y o dn Gas 95 2 53 1y BD Hlude D b )l S eai BD
2 by oy MP L awlis j3 (H 5 D) Pl wd oyl i o F-A o8 45 .(Qr.cm™
Cogby 8o gdms 33 S Csby (Ao yd YT B YO/A Jilis 43 o ys YY B FA/S) W3 S o ,lugSS 3 55
$313 8 305 3 g1 (o e s 31 5VY 613 sme ysb & et 3T e 55 ol (sl 03lial 1B
$ T MK cad b AL bl ) Cute 1 ity Cslisa S 5l 5 sul b 93 )3
IS a4 S8 5 ST Olgy ol 5 201 4 Ll 5 g0 cp o 8 Alain 3 gLl 59 (1 gby 63 gubows )5 S
D5 s 2l Gl )

Ry G )13 g e o Bl W o8 A o gt p 7 o ALE SLl sulS OS5
S

0¥


http://magazine.hormozgan.ac.ir/
http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

daddo -\

b o ooslaS DSl e s e ol 215l s @ lwl 50slS Slles ol 4 4
Bais-Moleman et al, 2019 & FAO, from ) .l sl as 5, coma) 2lsa 5 0T Ol 5 S
O s o gummen i SB35 e 4 ol ol ousliS Ll Slles (http://www.fao.org/ag/ca
2 Sadoaal S pas gole b 4 BT 2lo) polt 5 5,5T 0 2ms  ST 23b s lots o] 5L 5
03 Sgb, L;Ju_,éﬁs e b zals” (Montgomery, 2007 & Garcia-Ruiz et al, 1995) s> b 2L ol »
e o pds (Bouchoms et al, 2019) 55d o awin STl ol i 5 o mes 3 dia slse a8 (ST
AalLS (6l Sl o e Glag Tl bl cepl by sl Sl (o555l e i 5l ST
S 4 8 Sl (Bl (505 ool ool ez Shels s 3b5 S a5 OT CuS sy 5 o
5 S ol (Bl ) S S 2 4 Odley Pl 48 o S8 ST s ST (gl 5
Torres et al, 2001 & ) coul Blis (5555t Al olis (as mhaw 53 (LS GblE (oK S I
OT Al oy asa e 3 (VWC) Sl s cusb, wl,\@_{s < b (Verhulst et al, 2010 & Wall, 2007
s ga ol (o] st 53 STt (Sl il (sl OT 51687 ol gla sl o 51 (BD?)
3t (S (S5 0T oS e asle St 5 olE g slaayl (S 55 cal (Tominaga et al, 2002)
oS 5 S il o e LB ol sl il sbagasls ol aly sl lal L3l aty ) s,
Sl g cl Sl po,s Oles Ly S5e (ol Jalse 51 STl cysb ) (ol s (TOminaga et al, 2002) <ol
laomes 03 OT 5 (30 iole b 2al8 5 Ollsy e Ol il Gl L sl (blse 0T 5 ST bles
(Zhang etal, 2019) Wb & 22l 5= fol STl 2 i s 5o 5 A8 s ol ool

33) T g la F s s s > 5 S5 o3l o5 ¥ (Gl s 2l Sl
a_uslis > (Bescansa et al, 2006 & Carter, 1994 & Hill etal, 1985) 545 o jowis (OT 6,053 5 Osg o _juwd
{(Bescansa et al, 2006 & Blevins et al, 1971) 555 o» ,oxa VWC 251580 ey Blis (sl ¢ o3
5BD (il 4 & cul STl (S5 IS sl Ol5,5liST Ole o bl o Oud analy Al 255 o
Beeler, 2001& Kooistra and Tovey, 1994 & ) 555 o s OLaLS 42y, 45, 55 cﬂyj.x‘m sbwl 4 o
@L?T S Slles cpair Sl cwl S5 Gl 65,5S (Logsdon and Karlen, 2004 & Soane et al, 2012
Wl 5395 g OT O3l A5 (51t oS 5 98 b & s ) 51 2187 s 1 (36 o3
Gaudin et al, ) ceuloas i 158 S Ol 5 dguams g9 Sllee ol Al Ol 31 am 55 45 S
3579 oS sl 2l b iolesT Jl= opl b <2015 & Munkholm et al, 2013 & Thierfelder et al, 2013

oS o S s 1 (AL Ll 5 il i) sl (65usliST Slles dea 50

1 Volumetric Water Content
2 Bulk Density

\of


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

VOFAVE A FY Oty (BY) £V e Jule b gla fags

S A By 0T O hame sles il e el G T LS o vy Jle s &8 s o
T g 3 oS a8 s adllas STt cysby Ols o Sl g al58l Olspn L ST o a5 o0
3103 ey w8 sl p 0L 1y (g 58" Casby (il elT L 8 Sl ey o S il gty b b
Oy Cwd 3l Ol 2alST L STl blis o e oy o adls o Famal do s 55 Cugb ), O3l Cuws
(2020) JIuS" 5 .55 meemes (Lin et al, 2018) uas o 2ol folud ol 5 1, ST Cuglie (ush,
e Ll STl Ol B 3 8 STl s smse g (slsee s LGS Co b, &8l o
ey Sas sl e 5 (easeasS OLE plsl der ) T (Sl Olbiacy s 5 b slapiegn ST
(Turner and Kodali, 2020) ol ol STl o e Slles

L5 53Tl o8 L o a Sl oy Goe U 8T8 b i Jal s 6 Jler (1994) 01K 5 Ball
iS5 (Al 7)) Saa Vs b s St (Wdd g oy STl e AL L) e sl gy Ges
b o D GYsb s i8S e S 5 STl Ll o | (Dl Cta) Seel S s
ol 53 ST Olasle 5 plSowl a5 Condy Wl ol b el (5 51 ST el o pase
o by lim s o e 51 (2008) O, 1Ken 5 BESCANSA 35 poites 28 oS S 2 (2T o
4—-“UiﬂLy’\:.—W‘ﬁu—w(’;—IJl—*&iﬁbOT‘wbﬁf&“gfjwﬁJBﬁs.»Tw‘-*efv'Ce—éPxL;“%w
b Opiy s 38 Lo ( ALS Ll B b it <387 Sl ] s Sl ki sl i S
53 a Bl N8 Ges 53 S (,alb o sasa p e ol 5 i b o3l (alS (Ll
2l g (i vy e okt Gl 1 G 0T Oy 5 (LS (Ll B b s <287 clajles
5Schjonning > Lajles ol 5l oy (o o5 3 8D o sasin o (o (Blo V01 s
etk gbeslb b oS s 1, Sl diae aw s v CiS g = ] «(2000) Rasmussen
AL o gt s SoS STl Son 53 i S ey S (SO 5 (S0 s sdine s S
L aglin 3 it e <t e (S 5b 4 e ls 11 (o Bl VEA 5 AT aGas 3 ) ST
Bl VA 5 FA sLaGas 3 g Sn (o 51 VL Bt 3 L Sl pmy b ys Bils ¢ g (52
05 sl S

(b Sl & S ol S s b LSJW-<5 b enls M2 eSS M o Sl 588 s
5y by a4 ST Caglin ol s 4 il (ol e Gl dlex Sl Bl (o555l Slles (ol ]
=2 i ielsT sl Coda ((Abdollahi et al, 2017) el 555, oo gdou b o all o suass e el
A Ll a5 (AL Ol il s 851l s50sleST Slee ol L 033k 31
o) e 5 i e ST st ol gl el OT (585 o pasia 5 ST s Sasby (5,0 s
e S ClS 5 bl s ssp 4 olul 50l Slles a7 cl opl g (8 e g s
S o Dy OT 53 by 6K b b Il 5 ST S5 S sl b Al gl 5 35k s

Voo


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

anllas b)y Ao Y
dsb g Jld aaisr. g ax 508 u,b)pﬁ‘r)])é Sl S e 93 5 axllls ol o gziu;Tdua;J»
AEE N 5 e ) Jsb s JUE EEE 5 a3 00 o se 5o TSN Slii S e s L8 RS TY 5 e
ol 5 se ikt s (2008-2012) Sl 5 bs buge 5 s o8 bl Joee ST () JSE) ol 55
Wl LN e o VY oS et g3 81 5 e el e 20/ 558 e B s AT i
039 s A s WU 9 S Ao 3 WY (e Ao 40 ‘_;3l>r}1)§ﬁ S sl (s ra Bl YO B v Gese o
QL;{W}(}J}QJ)JL&U_[To:LAJLﬁA .C».AN‘JZMJ-’V\ }c«l:-«NMJQ VE e dod V0 LSJ‘"L.‘.T?%
ps canaib e r,_ljé i _¢l,; SLs (Munkholm et al, 2008) <ol do 3 Y+ 5 ¥ 5 5
Krogh and ) s,ls I 5 Glossic, Phaeozem :s, s LS ik s 5 Mollic Luvisol 5, ;5 (WRB)
5 5 Typic Hapludalf &5, 55 LSS 0T cauvailb (s 3 5l 58 Aalate ol S czen (Greve, 1999

15 1,5 Oxyaquic Agriudoll 5, ;5 LEYW Gl

Sty 5528 33 LEUS 5 p o 5b anlllan 30 Adlaia 53 (5 8 518 Jomo Y S5

! Foulum
2 Flakkebjerg

\os


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

VOFAVE A FY Oty (BY) £V e Jule b gla fags

ESSEEIR

b 28 8 ezl 5 gm sged pan YooY Jla 51 S Vb olme GalesT G e s
5 ol O, (ool aw) ol 55 p UUSS Uler Lot 55 ol S (aSTok B s nlsT
Olals S ws Clssl 6“*5;“%6“15 <l .(Hansen et al, 2010) 55 & 5 oS o 4) @32 (s
R2 sls ad o3l wl R 5 R3R2 gls aw 5l andllen il 55 5,8 osn 1y STlals s eslizal 5,50 b s
5 6ln; O Sl alin S S RE SR &S S 55 g (8ln SE sdas sb 4) Sl OLLE L el
Sl 5l ey A GLE RS L ol 53 o LS Ll oy e RE 5 R3 ol s o ol
St e B 2 R2 55 L SLle (e 3l oS 5o 5 s L LB RA 55 Sl oS
/\—\~&—»ﬁU~<-a>b&‘b@gﬁ;(MP)ﬂ@bwawTﬁb@wvﬁ&ﬂij}épﬁ
0T 33 48 = (D) gt 228 66 L (805 S i 51 e 138" od 35 23 b ST o8 (H) sl
515 53 31 S a b el = G e Sl s Ol 5 3s5 e plsl ST (S oa  fila
S5 e 3V el e b ST 5 e aas a oSl &7 Celed LS5 e VYUY ob 5T o e
LSS L K s H 5D ol (Chisel coulter) asls s Jia <K 5l zobsT ol 0 b Sllas gl 58
S 55 g3 Sles (Munkholm et al, 2008) s eslizl (MP) AT98 5l ey e <28 ¢l , Nordestan
e s o o Jgeame iS55 g U3 e o8 4 by e (e S plsl ctS ) 15 L S
ds S el s (NHA-N) ol s s rf}l;w bugia jsb a o dalosT clacs S0 s eas S oM
S ils Jyame c bl Loty 55 0 Sloaros ol s (Bl Gb S5 A ST 5 5 il
LAl d s

S asby 53 ol Sl 0l 53 ¥t o Sl 3 5 (Jsame 28 51 g ole 93) Yar Jle 5l s
9 o Slw VY5 9 FA b Gae o YN L 50l Lab s (gls e ged S plsil (ls nai 50 (215 S b o
J-’MPJDW&QJL«::JJJF@V\‘—/‘&«‘JJMV'W o Sl Joad 5 5 (o) n 3050 lasles e s
i ol RA 5 R lasls

i S ¥ Ll e 8la 21 by (sl gl cla it Ja g 5 Sau b 4 S b ol
—le a8 > 43 TA 9 5ul el 43 4503 YIS 4 geS 5T §yoma 3 AD A (%&péuw=ﬁ>)
655 ol e A8 e oy 3T 4 STl it s S s S eill gl s il bT s S
5 T Ol sT O oy & s b 4y b p3 0T 51 Gy 355 gLl oy 516 23,8 S5 o5 G 5, s
Olss o 53 a3 2 p o s LS Ve v Ve o ) o 1S5 4 b s 2805 (oolts Slino
S AVWEC) oo cby et cd OT 5l el 18 <38 5 oam s Voo 05T s s Kt 5l e ¢ 55
2 OT o 5 53100 O3 5o O S 5l g St 6503 05p b 150 55 osb e G505 055 sl

vy 4 (TOC) St JS 08 Jas ad oond @lgal (2g) & S8 80 (o seasin o s dlons 4503 o

\av


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

b3, s Thermo Fisher Scientific =™ & c.xL Flash 2000 ol ey JT o3l (g jaie & 529 oKy K
(Tiessen etal, 1981) 12 pls! Kzt Sl g
ol Okl Laesls o555 035 JLa s 51 Shapiro-Wilk Osail Wby & bl 5JUT ol 51 LS
s oslial (ST BT (s 5 amles &8 o Slas Ol mil 5 5 5ks e (Shapiro and Wilk, 1965) .
Vel e Jae S s S Sk B s eai s s e S p b el besls (T T
ol s eslenal i lesT gl sles Sl31 o sl s Ssh Bolad S35 s ol Sl 3 s
5 oslawl (SAS Institute Inc., 2009) v -1 & .5 SAS o LT SIS PP PROC MIXED 33, jl ¢, stame

. T a I3 -
gl (S5 0pm3T L Sls i

Lo 5 () aadly

2B o gase p NS
Sbees (p=0.01) (lssme ssb 4 L ST ol o gaia o cadlllan 5550 Gika 53 8 3 S e
Sl A Gae B Sgs e g Sle T4 Gas o pslsd ki H3 Y 50l s (Y 5 dyax) als 13
MP 5 (e a8l s .8 VM) DL aglin s (e a8l s p 8 1Y) BD laa 3 58 & «(H)
Sal o oS V) MP e 8L A Y15 Goe 53 (DPMP>H) s e (e za sl s 5 1/1r)
Sl (GmeSa a8l Lz p S V) H g (oS ja gl 2 2 S VM) D L aeylin 53 1, BD (3 208 (oS
clasled a8 Sl «Y 5) o) 5 b gme e Sl VY8 Gas 3 ki 55 ol 31 L(D>H>MP) 5 &
Sl (oS za sl p S VRY 5V MY (85 o g o b i 4 RA 5 R2) (oL (Ll ol
a i (oSn e 8la g 8 V0V =RB) (LS bl Oy s b anlia s 685 o gaia o o 28
Slan 5 (p=0.078) cils 35m5 1) 8 sl s smn 5l Gty 3 sma Sl A Gas Lo (Y sz
GP5—aa p o e omE e Sl E le o aabia et s Ad sdalie e Sl \YS\S Ges )3 3gse A,
3 Gt (e sl 08 1F1D) s <t g 53 St b o sasia pr 5 a5l en ool
Wl ol 53 gl o oo oy 0l 1o (ooSe ya sl 28 VIV=MP) i ct8 Jls

(Y 5V dods) s Sl gma Y 50l OV

1 Linear Mixed Model

VoA


http://dx.doi.org/10.61186/jeer.13.4.153

VOFCAVE A F+Y Olias) o(BY) F2AY e Jule b gla fags

[ DOI: 10.61186/jeer.13.4.153 ]

5pslsh Slhdos Adlats 33 )3 adllan 3y 90 wid 5 03l Syl Slcod b o suasma p 2 (Sl o (L) il yly 43295 1) Ugur
LS

Sl posans o, @31 Az (re i) Gos Syl pdisei b et gl asllle 3 e Adlais

£/ \f f-A
Yoy ):ib
a/av® \ \Y-\$ ol
/A \ £-A YT Ll
£Y/Y8** \ f-A
AR ¥}
ek N .o A
£/ \ \Y-\$ o pslsh
S/4* \ f-A YT Ll
AT f f-A
Yoy ij
Y /4y f VYA ‘.:‘d)#s,a 95
a/sY* \ f-A YT Ll
oy Y £-A
LKA
TR Y VY- oS
V/oa™ \ £-A YTl
VYA Y £-A
YO oL y
fA/ 57 Y \Y-\s e LS
AYE \ f-A YOt Ll
A/AR*® f f-A
YOr oL
\/§ANS f \Y-\S rﬁuﬁ#ij
Y/\ANS \ £-A YO E Ll

el 3 gy 5 S ezl a3l a3l 5 (ol e OB ol 5 4 ° 5 %0 NS

Vo4


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

e

ol 5 M e e Sl 53 S 6 alb o g o (F Kile gl 1Y Jgix

P s el gy s &b Cond g
D H MP R2 R3 R4 (W) Sld pdigai Gyl 0k gl
VA Sy yed TSR YATS 1/Yy2 f-A
a b c b a b LA ):)“L
\/YA VIR LRI VP ey \/YY \Y-\s Iy
psrs
Yorf
\/pye i V/YVP M e £-A e
\/fy8 (VAR VA T VAR YA TS 1 /ra8 f-A
Yoy ):ib
VSRR VI LERYIVS VYRV VI T \Ys LS
V/fal - ik Y GER VI £-A YOl

Leslodd ol sy Do 4 s Bl ol £5 9 ¢S e oS 035 o sl ol g lae®
Cn_.:,.{v.:_..:..nD )j_:ﬁkff.)l_.u/\f\' G (] &u)bt};lb ra.»: H 4/,:,%;3[,,, ' e & &T}Lfb&d {"a':l MP JALN (""‘:'L;LAJLA*’#*

5 6l M Sl olin S5 RA S R3 clons il KINIRGR A L S sl b L R2 ot Gy sla,lus®®
loaz axils & alE L R4 s 5 B S L R3 s 5 ol

ol glasled g @md Golad o b Sl g e Ble TA Gas L3 YT Sl o LS sk s

WYAAE Gas 3 (Y 9) Jodm) 550 (ool o= A8 e SLw\YVS Gas s Ol 3] s (CSI S5
iy d(emsSa Bl s 2 S VTA) MP s 55 s e alh o g L oo Slod 31 e g5l
sl oy p AP H 5 (eSe a8l 1 2 S VA D L aglin 1o o8l o sumsin o e oy 58
e 3 A g ol o s pix L oiE ST g s il oes 3 (D>H>MP) i s (S
L;_wcﬂ_:{)ugjlL;.:_',(g,_&ﬂ@uﬁrf\/mmwmjuﬁsﬁ&udﬁwupw
B3 ailate ol 3 T sl asles 3 685 o gaie o sl 3l (@eSe e Sl 0 S 1/11=MP)
g anlllen pl o okd Galiss (gt 53 o STl das 4 a5 L YL Slialin (Y 51 doix) o5 olo gme
sloml 1 (ST oS et Bl A Gas 3 psl b dibte )3 S H g s e o B 4 ikt 0 0 035 o
Bl AV G 1 SKags oy 4 (013,81 O5e) @13 Slilos 313 (5208 o alh o g o 5 4S8
ol Sl 50 ST rf\; Sl 5515 18 s gdme ol g3 (gt Sl A Ges &S Sl gy 358 s plosl
5 Al jmty S (S5 500 sl el e G Gae ) > ST jw?ﬁ@d\s\»‘{)gDJL&;ﬁ
MP (s e 5l V112 o STl 50l Gas U s 5 4 il 55 OT (o alb o suasa o2 O3 iy
s J0lg 0 OT s .cles S 5wl Hy D s Jil b les 0 b awslis 5o S Vfl; oS
s s ciillan K5 idlln dir s b Slaalie ol il g ol s S OS5 k8 (gt Bl ey
4> .(Ball et al, 1994 & Bescansa et al, 2006 & Hill et al, 1985 & Schjgnning and Rasmussen, 2000)
oosasa s 008 5 aTHE b s 5 md Doy g ST (1984) O1ISen 5 TolINer cela; (vos
53 AL Gos i o (ST (gl Ye B Gas o &S Wl 218 5 a8 jleT S el


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

VOFAVE A FY Oty (BY) £V e Jule b gla fags

i 3 Sl Jag U o Goe 53 o 1 6 Sl 53 ezt 00 S A8 Sl s Op g
sy d Oy s 1 Gl 1005 S i
R3/RA | las s (pe o) R2 pmy pn) 0 S 03l 55 55 (o (o sl el i1 o500
Ol am Lacsls opl @uls ol Oud jaseia gl a5 a5 3,10 5935 (O Jgas & 5l5)
e ST ol Jlie s g ool Sl Golin 1 s (2013) OLSea 5 Munkholm Lzl 5L g mi
(2013) O1,Lea 5 Munkholm adlbs 55 x5 8" 5,158 1367 s o) o s K b Sl ey 03
Cmley lm ol g Ay o B a o) ) D) o el eslanal (¢ g e S ) ol Addlas b e lie o
Db Sl S sl (gt £ 55 Sls sl 0087 GBLal L RA S R3 (sl s (Bl (o5,5l8ST el
o b GalS 1y (R3) AL bk i ey i s (RA) LS (bl o)l Ll K0
BIanco- Loy i S mls b coze 51 ol by (oolsgme 5 Sote 1 e Sla \5 L0Y Gas s ST (o0l
5,008 dlw os 3l dn STl Jodss o7 wisls Olias T .csls wilas (2000) Lal 5 (2007) Canqui and Lal

Wiyl g Gl e b ST i s S bl Sl Jle s LS s o5 e pile 5 oot

S s Cugby g Y-S

lata 5o 1 (VWC) S s csby oo Jhie o 5o (alE (cllis e 5 o3 e
(1 IS colesls 13 3beos (gils pmn sb o il

Lol Lges JSL oS 03 B (sla 2850 3 e s8le -0 Gos 3 ol Bilaa s Yoar L sy o
e S Cusb, (Ao vY B ra/A=MP) 5 b alie o (e v GyassH 4 D) sl o
i Jlag > ST 53 VWC Jliie gl el 5 a8 (cla 2150 o 55y o) b oelazils Ly
S (H s MP (gl 55 4 o 0F 5 0v) J?%-’ s (e 93 5 (GUla gan ysb 4 (o0 80=D) s
el o (MP) o e s Jlad 5 Sl s a Sl VY8 sy 5ol Gas 5o Sy op) ol
ezl K555 50 Kos Sl 55 i (i dss3 03 6 T2) Slssne b 4 ) STl cush da 184
altio Lo amss s plosil e Lo AE Gos 3 b o7 (v JS8) ol b o Y1F o (gl g 53 (1 ISC5)
L) °l—:f ln oslial fB Cogb, b3gdme 53 STl by 55 YT Al 3 Ges et 3 sde] Cuns 4 Bon
53 (8 85 53 sz B dalan | IS ST 00 (280 ailate ol J3) s 5m S b by 53 s
Oy ol 35 (o3 ¥ U)o et L 51 5L (ouls e Lsb 4 d(do s ¥F B vr) (rodns eSSl
Sl e o i a8 0 Vb Gl 1S s ) 0T G man oL (s Sl o8 el e
EFRUR U SN K gEPI ACHIR pslsh ddlaa o v dle 5ol (ols naised o ol oS sl
23 Bl FA Gas 3 Ad el 8-.3" RN P LA CIPH o 2030 ek 93 a0 S 3 Cusb,
AL L Ll Sl SISl S 03 15 s e 5l 1115 Gas s 5 SISk b ¢! S
(Y JS) i e STl s b, M el < (R3) A bl B by b aylin s (RA)
JB b e il 4 S bl (eSS Sl & el e ol 4 b ESKe ol 53 s il

159


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

5T s 4 5 b e le3T o staT s 4y gl oot e (w23 05,87 1) ks Bl s (ol
Abdollahi .c_zls calas (Ciys Ble) 5oml b 256 5 jogas 4 St ady iobsT clacs $ ea
i e s 4 OS5  b MP L 5 (8l o sasie pr Do a8 o isls 2158 (2014) O1iSen
Jais MP s 55 STUs S cme ol a0l s L opl o (05,0 o< Bl dolae JlaB) i ys Jole
b oad slgty Wlan bl s Sl by S o MR 05,500 o Sl s Bl o 1 ST (s

;= (1993) Ball , Carter

D= (-3000)/pm il

MJ_EJ_'QL;&J_MZJ_LLLA.;D64-]}[&/“L;,.LIJJ.JJ}T&:AM)‘QL;«QJAJJ‘JJ["--:\;Md)l&ﬁﬁ&‘).’;‘SA
(2007)ubl_§@}De Vltabj\..kfg);%WJ)LMJB&WJéxALSLij}}@D}LJSK>
S cush, R el Blas (i o sl Ol 5 iolsT s 55 (2007) 01, 8.a 5 Habtegebrial
(R3) @L:f bl Ode b b wwlie 3 (R4) g“l:? Ll bl Sled cpslss Adbna 5o ¥ b Jley o
J34R4 st.g-’u,a)b\”/\U\/\).quqd.ﬁd&w\i}l;ojUmduﬁjbg.{\ﬁ-&{}bjdﬂd.@é(;éﬁuiibé‘q
(r JS2) (R3 (gl aon ¥ BV Lilas

\sY


http://dx.doi.org/10.61186/jeer.13.4.153

VOFAVE A FY Oty (BY) £V e Jule b gla fags

[ DOI: 10.61186/jeer.13.4.153 ]

5 2 | o D 48cm b | o b nisem
0.5 - \ —%— H 48cm = H 1216cm | 0.5
- —|+— P 4-8 cm —Q— P 12-16 cm
=
04 4 f; A, [ L 0.4
iy ~ A i
T =~ = [ —
& NG ¢ JE s 7
03 e Ny & =03 F
\ \ M
a8 A :
z A o 7 z
= o ,'l? =5 =
202 = Lo2 2
g g
S g
5 —= R348m|| 4 —m— R3 12-16cm 3
054 —o— R4 48cm —o— R412-16cm | 0.5 %
= -
g 3
£
5 04- El
> >
0.3 -
a
0.2 - N
a‘
T T T T T T T T
0.1 1 10 100 0.1 1 10 100

Matric suction (kPa)

3 (A sl Cdo 5Ld) R3) (a8 bl <o e 5 (MP 3D, H) g Cillisio slajlosi 53 ST 53 sy 51 15 503 1Y IS
F a8 53 1y g layled 318 15505 0 MW Jla 5l 53 p g8 53 2 Bl VY-V 5 F-A lagas 3 (AL bl il L) R4
3 S A BT Gos 531y LS bl Cu e lajled JIC 513 505 ¢ yia Slo 18 B AY Gas 53 1y 0t laylod F1D 13 505 ¢ oo Lo A U
Syttt e o S5 cadte D 58 la K5 53 aas o OLE o SLu 18 BT Gas )3 1) (AL bl Cu pots slayled 1 s sai
TR g 33 LT Sl e 4 S glie S oS By, 0 5C sl K 53 sl o )3 ety i 33 LT 15 das S ams 4 b yled

ROWIRETY-EIE R IR WopE)

\sy


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

& &
= a —— D 48| 2 —® R3 48cm E
E 05 A 48 cm —0— R4 48cm | 0.5
R =
: : :
E a =
5 047 2 o 9 5
e = L % g 5
z = 2= E
g 031 & A g :
: : 1 :
E ] - E
2 02 - 2
» 2
0.1 1 10 100 01 1 10 100

Matric suction (kPa)

Sl R 5 (2l bl B L) R3) a8 cbli <y yio s MP 5D b e 53 S 53 Cusby & 5l g0 ¥ IS

Shl Co e laylod 1D 513 50 5 pd Glaylad 18 513505 YV E o 5l 53 p o0 5d 53 o o F-A Gos 53 (AL bl cuilgS

Mrl?u\R43R3 gs\byju'}MP}D5\%)\»15):}):.09;5\«f—l\&o.‘«):w@)\bﬂ&}»i‘*'\f JL»)LQ)).M)@OLS\)@\,{

e B3 3am iyl 5 g3l 2S5 s e el A Gas s LY ik s vir Lo sl o

Cosby (Ao 3 )A B rs/v=MP) . 5 LAl o (e, ¥ byass<H 5 D) Jslas o sl ¢ ssb)
) el Jl Ol s ol Bihata o o i1 el s ol (5 JS8) clantls &S558 o (5 ntn St
2 (MP) (o e s8 coo Jlag o5 sl ol b 58 0 0ded 55 e Sl VYV s ol Ges L3 L)
& J<:> S 33 5l ot uo 1) STl cusb, ol gae Lsb @ - ISl 5hS™ 0s (om g« Koy 2
(et 93 Oyl 3 odal s @ m (f JS8) (D s H sl oy £V Llas ,s MP (gl s ys £Y7Y) Cslazils
o S p A B S > S Bl s sk S 355m 3 0T s 4y o Los b K
5390 sl 28 s b, d)‘-*«-é S bl s 1y s oL ik ol s Bl = sl S
Y Jl s pped 3 315 LS g gl Jaw Cusby Gkt s w303 Wi 5l 3 b el o b
Gt eed 3 odal S 4 S alie Uy B 4o cCanlodd el a5l A Gas > b &S (0 JS2) LSS
3 s b by 53 g 53 5 olE (gl ealin BB Cusb, Baguame 53 ST cush, 5o vr e s
vl Jolie 5D gl doa v B ) sy e eS8 leg S SV L;)b@»”loq‘rgwwfjug
g ei b LS e e S LEN S 3 Yy Jl Sl ol 650 53 (MP (el a s
Sl FA Gas 5 YV E Jl (gols paises 53 &S Il s 05 5 b e 3598 Ges 95 p s ST s S
Wi b yyiv=R4) @Lf Gl Ll g (s gl Jam Cusb 53gdm cny JIKLL BLST o B os b 2855 s
S s b, d)'%—é Jas ol 4 (aes Yo/s 1 /a=R3) L;Mcf bl Ol Jlad b awslis s (1o

\s¥


http://dx.doi.org/10.61186/jeer.13.4.153

VOFAVE A FY Oty (BY) £V e Jule b gla fags

[ DOI: 10.61186/jeer.13.4.153 ]

Jlaie ol bl 4 ‘@Lf Ll oS el e ol b Sl s Cusby gl (0 JSKE) as e

.. / 3
wlaMﬂ(ﬁjjﬂj&)ﬁﬁj .UL.'JJ.} 6)‘4..@_{; J{L‘B CA.E}LJ

a |~* D 43mm b |—* D 1216cm
05 - - —w— H 48cm — | —=—H 12-16cm | 0.5
=N —O0— MP 4-8cm —0— MP 12-16 cm
[}
04 { & E - -8 0.4
z A o
o = & - A Y Sz ~ = = s T
£ 03 - = s T &l s o & £ TfLos E
) PN - - o - i
E T = 0 A A [ = A =
= A " i e A fan] ] -
g 02 g i = g 02 2
e : : 2z
3 21
5 5
L . C |—= R348cm d |—= R31216cm =
0.5 - —<— R4 48cm || a —o— R41216cm | 0.5 %
= =
E 3
2 E
2 0.4 - Ei
= =
0.3
0.2

0.1 1 10 100 0.1

-
—
o
-
(=}
o

Matric suction (kPa)

3 (A sbl Cdo 5Ls) R3) (a8 bl <o e 5 (MP 5D, H) g o slajlosi 53 S 53 Cagby 51 1o i of IS
F 3as 53 1y kb Slajled F18 515505 ¥ VY Jl 5l 5 LEYE 53 e Lo VY18 5 F-A lages 53 (AW bl cslug ls) R4

a3 o OLE e 5o 18 U Y Ges 53 1y AL bl Cu e clayles 1D 1 gei

+

4-8 cm —&— R3 48cm
4-8 cm a —0— R4 48cm || 0.5

%
5
=

0.4
0.3 - - 0.3
0.2 - 0.2

Volumetric water content (i 3 m'3)

(=]
B
Volumetric water content (_m3 m'3)

0.1 1 10 100 0.1

-
-
o
—
o
o

Matric suction (kPa)

V58


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

S RA 5 (A sble B 5L R3) (aLE bl o pie s MP 5D g slajlas 53 S 55 Casby )UK 1o g 20 JSGi
Sl Sy s laylos FID 15 gai 5 oid Glajled 318 1550 YV F Jla lg 53 LEDD 3 0 e oA Gos 55 ((ALE bl il

b ol R4 5 R3 lasls s MP 5D slajlad 53 5y gl F-A Gas 53 Jas 615 46 305 ¥V Lo gy 53 dad o0 0L 1y LS

oS sl oS Casb 3l slosgons 5> S 5o T (s b b Sl S bl g e il
J (ol passad 53 b 03ls OLES )y 5590 ddbe 93 2 3 YV E Lo ()15 p&sad 5 Ladb il oslanal |6
eSS s sl (e as,S e Ly b Bala) oS cla 28 o 5 oyl Rileia o BB 31 oyl 55 T
s el 5l Sy ol o Olair aLE sl 058 05T Sl S ol s STl u b
Lol o llas uf-b')le (’L<-‘~‘" 23 ol Rl s 0387 ma8 5 Sy,

5 oo o> G Do a1y il gl 2l T s e eslizal sl IS 51 87 55 sgms ol 2l
5 (2008) Dexter et al sy ol 55 ods oLl b o) 2 3 Bl o a2l S 09,5 JT 08 aos
J@@mhﬁxﬁmj.\s;){&g Slow = Olge w v JT 0 S & ey <ows (2012) Schjgnning et al
(oo ol s 5 sk sl e 31T esle (581 slasle g Sl sl Sl S s S ol
6 (o3 AY) oy dos G S cadlllan ol iobosT s S s el et L3 el bl ol 51 s
A on OLE s ol s 5518 Ol o iy 03 305 51 5K 58 S 50 (a3 VA) JT (287 s
Lo S5 o (AT S 03538 6 ls I 05 o oS & s o5 S 3pms b STl ol s S
b Sl ot & 028 SR i Sl Bl 028 5l cote ST ol sl sl zae S ST (S5
(Abdollahi et al, 2014) a2l «3 § aoio

A Ll 5 i bl FIYS
DI L S o T sl g Sl 5 RE 5 R3 glacsls s 350 OLE 035 0L @ ax 5 L
oon ol B s S8 5 S e p pada sb 6 L L o e 5 omd Blie 1015 e el P bl
L oS 5 o bl e o ans o DL ¥t Jl s LS gl o ppie 5 it Bline 31 s e 0L 1,
e S \55=R3D) ies <t 3 Ll Bl 4 Sl (oS za Sl g .8 V1rERA-D) s ot
A aSl s b e Caledd s ST o (g alh o saie 02 b pns (2 4 (S e Bl
L9, Ll (P=0.073) cslodss Jls san oo ys gy ha 53 p b (o 0 2550 diata o A L S Jlie
e Cd (RA-MP s RA-DYMP 5D L o8 5 s (a8 (bl (eSS sl o aas o 0L Lol 3T
Wllan 53 (5 JS5) cles S sl 58 58 o sasa pr (R3-MP 5 R3-D) LS (bliy i s
i > ALE LG e & wsls OLzs (Abdollahi and Munkholm, 2017) Joe pas 3l od ||
B 5 g Jlie Jlie o s Var 2l o ea 4 ST o A3 s ches o VA il 4 (D) s 28

3%4.3JJ\;S‘UAWMWJJ&Q?&QLQ&JU&JJ&JUAOW&WJI dl.;ﬁ@ﬁw';fbﬁ

L Air Permeability
2 Blocked Air Porosities

\s8


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

VOFCAVE A F+Y Olias) o(BY) F2AY e il B sla s

GalST L S O by | Bl ol by e slacssime 5358 e ST a8 5 OT plaals

SV %

1.50
a
145
a
a
e 1407 . .
5
o35 a
& b a
z
2 130 A a a
=
=
B oyas
120
115 - : : I .
EIEHEE D E N
= = E 2 o E
Autumn 2013 Spring 2014

PV b ol 53 S a0 sasis o7 1 (RA 5R3) LS bl <y nts 5 (MP 5D, H) o sla o flise 3155 IS
MP 5D «layjles )5 9 e Sl F-A Gas 55 Jdd )15 e i ¥ VF Tl lg 5 . o0 5l $-A 3as )3 YoV E Hlg g 20 Sl VY18 Gas
cel 0315 53 Ao 3 gty o )3 64T S (das G)Dﬁoﬁ}ﬁs‘}aé)h)bbjw&;dj?.-\;ﬁr\gé‘R4}R3‘5h93w$

AT S )13 pdisei Juad I-FS
Sl Oy 53) Jle s (Jgams S8 51 g 0l 53) 5l Jaad (omy (13 pti 50 Juab 93 5 S g lis
5 3bess ) a2l S5 o 094 U (gl a5l Joad S ol Ol 2l b b 4 v s b, o (oL
b 51 oS ol ssb 4 (@S el s 0 8 V) Sl Lab s (68l o sasie px F Jsa) e
b Sl Sl asu 5 5 S s eb S bl (Sl pf \ive) Ll
o s—aa o 8 )Lss s Ba, ol cb by plal b B g3 o 5 WS (s o AL o s
e )l gy e S e G 5y Jem 5o STl s b g b g 58 e edalie (50
it S 055, 5 S Jb ooty o 51 STl lact G S 5l 2k ol e Juad
i L;L.&L;j.u 2 Jles=l Ol s cadlas opl 5> Ll (Franzluebbers, Hons & Zuberer, 1996) <.uloai
Jsb 55 Sl a5 b s (ls pa5ed 93 o anle (25 Aol @ a5 b dd ) 0 (Ul paised Juab 55 0 ST
Gl S s et (et K e a3 St (o5 Sl 158 was e s 4 Olis 5 5l

Moreiraet) sls s VT il S50 9 5 5 £5 L;ugﬁju;;l,“.‘pdﬁi; kVs & Uy ), ST i

\sv


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

O ST Ouis Kis g 5 sbeygs L Shces (Olow ol Sk 55 (2016) 01, 5 Moreira .(al, 2016
S s b oS et G, s s bk, o Ol L ST b5 Cons sl e 6T alodu 32
2 dSag 03,8 Ly BB GUl s Sl S Ly e Bl Vot 5 (Gl Ges Sl s CST
Lol g asl (ol s ootz 53 St (605 osasa pr ol illlae 3 T Salllas 3,158
o o ) gl 5 ST b 5 OV s & bgp e e ol 58 SIS STl Ou S 5 5 el ede

RHPCIRIE J.:s-.s odal Caws @

Ga8 3 TNl 5l 5 Y0 o sl 53 651506 505 A o 53 812 LS 5 p 05 Bdlaia 33 53 S 031 5 50 Sl S35 ¥ dgur

o sl A-§
ol Juat g Ja S L3

Yoy Yors

Vinudt \/rs? ooy il g1 p S w8 Al o sasma p
fA/§2 fA/YR (gl =) Ky 5k Jho 1S )3 S by oo
fo/8% fo/¥2 Il S S K g3 S cugby doys

v/ f2 /.2 Il kS aw i 13 S by doys

YV/A? Yv/? (1)) Cud B) ISl bS" 03 iKe 55 S Cusby do s
YY/AR Yy/¢2 Il shS” w50 53 S Cugby do s

\A/§R \A/S? Il S o iS5 53 ST by oy

Sl Wesls s A.pﬁ@ck.aﬁ}g,&i;)ﬁ asls LgJLATQjLE@um.Q)U&A K8 Dy "

6 S i 0
rﬁhﬁ H jl )lu\ib L;jjjw 9 L;“L'»\.&;- ngjjw CJL:L«.G lej"‘ JL.M °:jlf. A:)lj‘;‘ IR 6&'\,&).‘- O’»’“ JM

el S s b K Ed b s o A o s T AL bl g ALE il il

2 s S s A (4 b B ls g ssb Ly s 350 patls 53 (R e
—t IRl Gl ssb 4 Gas 53 8 3 ) o alh o st g (S Moy b 5 e R b e
DD

FoA ot 53 35 Sgline LS L 5 sLoled 53 lagme sk 4 58 STl e b, e
=l S B s pa i Cusb, (MP) (e i b wylis o (H 5 D) il ol sbajles e 5l
c B Sl s 1y b e o i b 2K Pl 53 MP L 555 slise e 5La VY5 G s i
s

ot o i (oS sl & e S ¥AS Ges s o sas 4 55 (RA) LS Ll S s
b L5 el b 1ol s am olE (sl eslinal BB Cusb Bapdme 3 ST Cushy ad e o 2l

.- - . / s
.aﬁ@wwfjugﬂ;’}!lgéjbwwbgwijJML;;J.AJ".;

\SA


http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

VOFAVE A FY Oty (BY) £V e Jule b gla fags

ssb i sl b 0 sl osame p oz g g ob ada] S 4 w5 (U1 p6 50 Jua S
g gy e ) i ol sb 6 ST o b (e b 5 S (gl e
Pl g by bapiome 53 S s 0T (e cui b 5 LS bk eSS et il
cha 53 @1 Gl b 0387 2S5 Clls, W5 2l w0 Ll o cp ol B 53 (s Bl /087 (gla 255)
A5 SRalST L il ks S5l Sl iy & silh et (Bl (o5,5laST coplaly sd e 405
50155 5358 ot W ST (Lol il 1 (SS Olie 4 ST Sl cblis @ T (ol b Sl ks 5 Sl
- o=l a5 sl ol S Gl (550U @ Ody S 2 L S g b b

Ll g9 g58lES

@L’.ﬁ
1. Abdollahi, L.; Getahun, G. T.; & L. J. Munkholm, 2017. Eleven Years’ Effect of
Conservation Practices for Temperate Sandy Loams: I. Soil Physical Properties and Topsoil
Carbon Content, Soil Science Society of America Journal, 81(2), 380-391. https://doi.org /10. 2
136/ss52j2016.06.0161
2. Abdollahi, L., & L. J. Munkholm., (2017). Eleven Years’ Effect of Conservation Practices
for Temperate Sandy Loams: Il. Soil Pore Characteristics. Soil Science Society of America
Journal. 81(2), 392-403. https://doi.org/10.2136ss5aj2016.07.0221
3. Abdollahi, L.; Munkholm, L. J.; & A. Garbout, 2014. Tillage System and Cover Crop Effects
on Soil Quality: 1. Pore Characteristics, Soil Science Society of America Journal, 78(1), 271-
279. https://doi.org/DOI 10.2136/s55aj2013.070302
4. Abdollahi, L.; Schjgnning, P.; EImholt, S.; & L. J. Munkholm, 2014. The effects of organic
matter application and intensive tillage and traffic on soil structure formation and stability, Soil
and Tillage Research, 136, 28-37.
5. Bais-Moleman, A. L.; Schulp, C. J. E.; & P. H. Verburg, 2019. Assessing the environmental
impacts of production- and consumption-side measures in sustainable agriculture
intensification in the European Union, Geoderma, 338, 555-567. https://doi.org /https :// doi. org
/10.1016/j.geoderma.2018.11.042
6. Ball, B. C.; Lang, R. W.; Robertson, E. A. G.; & M. F. Franklin, 1994. Crop performance
and soil conditions on imperfectly drained loams after 20-25 years of conventional tillage or
direct drilling, Soil and Tillage Research, 31(2-3), 97-118. https://doi.org/http:// dx.doi. org/ 1
0.1016/0167-1987(94)90074-4
7. Beeler, L., 2001. IRMP Tillage Survey Summary, 1999-2000 (USDA-NRCS, Des Moines,
IA, Issue.
8. Bescansa, P.; Imaz, M. J.; Virto, I.; Enrique, A.; & W. B. Hoogmoed, 2006. Soil water
retention as affected by tillage and residue management in semiarid Spain, Soil and Tillage
Research, 87(1), 19-27. https://doi.org/http://dx.doi.org/10.1016/j.still.2005.02.028
9. Blanco-Canqui, H., & R. Lal., (2007). Impacts of Long-Term Wheat Straw Management on
Soil Hydraulic Properties under No-Tillage. Soil Science Society of America Journal. 71(4).
https://doi.org/10.2136/sssaj2006.0411
10. Blevins, R. L.; Doyle Cook, S. H. Philips, & R. E. Philips, 1971. influence of no-tillage on
soil moisture, Agronomy Journa, 63, 593-596.
11. Bouchoms, S.; Wang, Z.; Vanacker, V.; & K. Oost, 2019. Evaluating the effects of soil
erosion and productivity decline on soil carbon dynamics using a model-based approach.
https://doi.org/10.5194/s0il-5-367-2019

V54


https://doi.org/10.2136sssaj2016.07.0221
https://doi.org/DOI%2010.2136/sssaj2013.070302
https://doi.org/http:/%20dx.doi.%20org/%201%200.1016/0167-1987\(94\)90074-4
https://doi.org/http:/%20dx.doi.%20org/%201%200.1016/0167-1987\(94\)90074-4
https://doi.org/http:/dx.doi.org/10.1016/j.still.2005.02.028
https://doi.org/10.2136/sssaj2006.0411
https://doi.org/10.5194/soil-5-367-2019
http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

12. Carter, M. R., 1994. Strategies to overcome impediments to adoption of conservation
tillage. Conservation tillage in temperate agroecosystems, 3-19. CRC press. Boca Raton, FL.
13. Carter, M. R., & B. C. Ball., (1993). Soil porosity. In M. R. C. (ed.) (Ed.), Soil sampling and
methods of analysis. Lewis Publishers, Boca Raton, FL.

14. De Vita, P.; Elvio, D. P.; Fecondo, G.; Fonzo, N.; & M. Pisante, 2007. No-tillage and
conventional tillage effects on durum wheat yield, grain quality and soil moisture content in
southern Italy, Soil and Tillage Research, 92, 69-78. https://doi.org/10.1016/j.still.2006.01.012
15. Dexter, A. R.; Richard, G.; Arrouays, D.; Czyz, E. A.; Jolivet, C.; & O. Duval, 2008.
Complexed organic matter controls soil physical properties, Geoderma, 144(3-4), 620-627.
https://doi.org/http://dx.doi.org/10.1016/j.geoderma.2008.01.022

16. FAO. (http://www.fao.org/ag/ca/). Conservation Agriculture. http://www.fao.org/ag/ca/

17. Gaudin, A. C.; Tolhurst, T. N.; Ker, A. P.; Janovicek, K.; Tortora.; R. C. Martin, & W.
Deen, 2015. Increasing crop diversity mitigates weather variations and improves yield stability,
PLoS One, 10 (2), e0113261 https://doi.org/10:e0113261. d0i:10.1371/

18. Franzluebbers, A. J.; Hons, F. M.; & D. A. Zuberer, 1996. Seasonal dynamics of active soil
carbon and nitrogen pools under intensive cropping in conventional and no tillage, Zeitschrift
fir Pflanzenerndhrung und Bodenkunde, 159(4), 343-349. doi: https://doi.org /10.1002 /jp In. 1
996.3581590406

19. Garcia-Ruiz, J.; Lasanta, T.; Marti, C.; & C. Gonzélez, 1995. Sediment yield under different
land uses in the spanish pyrenees, Mountain Research and Development, https://doi.org /10.
2307 /3673930

20. Habtegebrial, K.; Singh, B.; & M. Haile, 2007. Impact of tillage and nitrogen fertilization
on yield, nitrogen use efficiency of tef (Eragrostis tef (Zucc.) Trotter) and soil properties, Soil
and Tillage Research, 94, 55-63. https://doi.org/10.1016/j.still.2006.07.002

21. Hansen, E. M.; Munkholm, L. J.; Melander, B.; & J. E. Olesen, 2010. Can non-inversion
tillage and straw retainment reduce N leaching in cereal-based crop rotations?, Soil and Tillage
Research, 109(1), 1-8. https://doi.org/DOI 10.1016/j.still.2010.04.001

22. Hill, R. L.; Horton, R.; & R. Cruse, 1985. Tillage effects on soil water retention and pore
size distribution of two Mollisols, Soil Science Society of America Journal, 49(5), 1264-1270.
23. Kooistra, M. J., & N. K. Tovey., (1994). Effects of compaction on soil microstructure. In:
Soane, B.D ,.Van Ouwerkerk, C. (Eds.). Soil Compaction in Crop Production. Elsevier, New
York, pp. 91-111.

24. Krogh, L., & M. H. Greve., (1999). Evaluation of world reference base for soil resources
and FAO soil map of the world using nationwide grid soil data from Denmark. Soil Use and
Management. 15(3), 157-166. https://doi.org/10.1111/].1475-2743.1999.tb00082.X

25. Lal, R., 2000. Mulching effects on soil physical quality of an alfisol in western Nigeria, Land
Degradation & Development, 11(4), 383-392. https://doi.org/1099-145/10/1002X(200007/08) 11
:4<383::AlID-LDR393>3.0.C0O;2-6

26. Lin, B.; Egerer, M.; Liere, H.; Jha, S.; & S. Philpott, 2018. Soil management is key to
maintaining soil moisture in urban gardens facing changing climatic conditions, Scientific
Reports.

27. Logsdon, S. D., & D. L. Karlen., (2004). Bulk density as a soil quality indicator during
conversion to no-tillage. Soil and Tillage Research. 78(2), 143-149. https://doi.org/DOI 10.1016/
J.still.2004/02/003

28. Montgomery, D., 2007. Soil erosion and agricultural sustainability, Proceedings of the
National Academy of Sciences. https://doi.org/10.1073/pnas.0611508104

29. Moreira, W. H.; Tormena, C. A.; Karlen, D. L.; Silva, A. P. d.; Keller, T.; & E. Betioli Jr,
2016. Seasonal changes in soil physical properties under long-term no-tillage, Soil and Tillage
Research, 160, 53-64. doi: http://dx.doi.org/10.1016/j.still.2016.02.007


https://doi.org/10.1016/j.still.2006.01.012
https://doi.org/http:/dx.doi.org/10.1016/j.geoderma.2008.01.022
https://doi.org/10.1016/j.still.2006.07.002
https://doi.org/DOI%2010.1016/j.still.2010.04.001
https://doi.org/10.1111/j.1475-2743.1999.tb00082.x
https://doi.org/1099-145/10/1002X\(200007/08\)%2011%20%20:4%3c383::AID-LDR393%3e3.0.CO;2-6
https://doi.org/1099-145/10/1002X\(200007/08\)%2011%20%20:4%3c383::AID-LDR393%3e3.0.CO;2-6
https://doi.org/DOI%2010.1016/%20j.still.2004/02/003
https://doi.org/DOI%2010.1016/%20j.still.2004/02/003
https://doi.org/10.1073/pnas.0611508104
http://dx.doi.org/10.1016/j.still.2016.02.007
http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

VOFAVE A FY Oty (BY) £V e Jule b gla fags

30. Munkholm, L. J.; Hansen, E. M.; & J. E. Olesen, 2008. The effect of tillage intensity on soil
structure and winter wheat root/shoot growth, Soil Use and Management, 24(4), 392-400.
https://doi.org/DOI 10.1111/.1475-2743.2008.00179.X

31. Munkholm, L. J.; Heck, R. J.; & B. Deen, 2013. Long-term rotation and tillage effects on
soil structure and crop vyield, Soil and Tillage Research, 127, 85-91. https://doi.org/DOI
10.1016/j.still.2012.02.007

32. SAS Institute Inc., C., NC, USA, (2009). User’s Guide: Statistics. SAS Inst., Cary, NC. In.
33. Schjgnning, P.; de Jonge, L. W.; Munkholm, L. J.; Moldrup, P.; Christensen, B. T.; & J. E.
Olesen, 2012. Clay dispersibility and soil friability-testing the soil clay-to-carbon saturation
concept, Vadose Zone Journal, (1) 11. https://doi.org/10.2136/vzj2011.0067

34. Schjgnning, P., & K. J. Rasmussen., (2000). Soil strength and soil pore characteristics for
direct drilled and ploughed soils. Soil and Tillage Research. 57(1-2), 69-82. https://doi.org /10.
1016/s0167-1987(00)00149-5

35. Shapiro, S. S., & M. B. Wilk., (1965). An analysis of variance test for normality (complete
samples). Biometrika. 52(3-4), 591-611.

36. Soane, B. D.; Ball, B. C.; Arvidsson, J.; Basch, G.; Moreno, F.; & J. Roger-Estrade, 2012.
No-till in northern, western and south-western Europe: A review of problems and opportunities
for crop production and the environment, Soil and Tillage Research, 118(0), 66-87. https://doi
.org/http://dx.doi.org/10.1016/j.5till.2011.10.015

37. Thierfelder, C.; Mombeyarara, T.; Mango, N.; & L. Rusinamhodzi, 2013. Integration of
conservation agriculture in smallholder farming systems of southern Africa: identification of
key entry points, International Journal of Agricultural Sustainability, 11(4), 317-330. https://
doi.org/10.1080/14735903.2013.764222

38. Tiessen, H.; Bettany, J. R.; & J. W. B. Stewart, 1981. An improved method for the
determination of carbon in soils and soil extracts by dry combustion, Communications in Soil
Science and Plant Analysis, 12, 211- 218.

39. Tollner, E. W.; Hargrove, W. L.; & G. W. Langdale, 1984. Influence of conventional and
no-till practices on soil physical properties in the southern Piedmont, Journal of Soil and Water
Conservation, 39(1), 73-76. http://www.jswconline.org/content/39/1/73.abstract

40. Tominaga, T.; Céassaro, F.; Bacchi, O. O. S.; Reichardt, K.; Oliveira, J.; & L. Timm, 2002.
Variability of soil water content and bulk density in a sugarcane field, Soil Research, 40(4),
604-614.

41. Torres, L. G.; Benites, J. R.; & A. M. Vilela, 2001. Conservation agriculture: a worldwide
challenger. XUL. http://books.google.co.uk/books?id=yCenMQAACAAJ

42. Turner, B., & Kodali, S. (2020). Soil system dynamics for learning about complex,
feedback-driven agricultural resource problems: model development, evaluation, and
sensitivity analysis of biophysical feedbacks. Ecological Modelling, 428, 109050.
https://doi.org/10.1016/j.ecolmodel.2020.109050.

43. Verhulst, N.; Govaerts, B.; Verachtert, E.; Castellanos-Navarrete, A.; Mezzalama, M.;
Wall, P.; & K. D. Sayre, 2010. Conservation agriculture, improving soil quality for sustainable
production systems? In R. Lal & B. A. E. Stewart (Eds.), Advances in Soil Science: Food
Security and Soil Quality. (pp. 137-208.). CRC Press, Boca Raton, FL.

44. Wall, P. C., 2007. Tailoring conservation agriculture to the needs of small farmers in
developing countries, Journal of Crop Improvement, 19(1-2), 137-155. https://doi.org
/10.1300/3411v19n01_07

45. Zhang, J.; Zhou, L.; Ma, R.; Jia, Y.; Yang, F.; Zhou, H.; & X. Cao, 2019. Influence of soil
moisture content and soil and water conservation measures on time to runoff initiation under
different rainfall intensities, CATENA, https://doi.org/10.1016/J.CATENA.2019.104172.

\\a!


https://doi.org/DOI%2010.1111/j.1475-2743.2008.00179.x
https://doi.org/DOI%2010.1016/j.still.2012.02.007
https://doi.org/DOI%2010.1016/j.still.2012.02.007
https://doi.org/10.2136/vzj2011.0067
http://www.jswconline.org/content/39/1/73.abstract
http://books.google.co.uk/books?id=yCenMQAACAAJ
https://doi.org/10.1016/J.CATENA.2019.104172
http://dx.doi.org/10.61186/jeer.13.4.153

[ DOI: 10.61186/jeer.13.4.153 ]

Quarterly journal of Environmental Erosion Research Extended Abstract
http://magazine.hormozgan.ac.ir

The Effect of Conservation Agriculture Practices and Two Sampling Seasons on Some Soil Pore
Characteristics

Lotfollah Abdollahi': Assistant professor, Department of Agriculture, Payame Noor University, Tehran, Iran
Abbas Alizadeh Shooshtari: Instructor, Department of Agriculture, Payame Noor University, Tehran, Iran
Lars Juhl Munkholm: Professor, Department of Agroecology, Aarhus University, Research Centre Foulum,
Denmark

Received: 2023/05/14 Accepted: 2023/07/15

Extended abstract
1- Introduction

Conservation agriculture is considered by many researchers as a sustainable agriculture strategy. In this type of
agriculture, continuous minimum mechanical soil disturbance (no tillage or reduced tillage), permanent organic
soil cover (residues or cover crops) and diversification of crop species grown in sequences and/or associations
are important components. This 11-year long-term (longitudinal) study was conducted to investigate and
quantify individual and combined effects of conservation agriculture measurements (namely, plant rotation,
crop residue retention, and conservation tillage) on soil volumetric water content (VWC) and soil bulk density
(BD) of two sandy loam soils in a temperate region, Denmark. The possible effects of different sampling
seasons (autumn and spring) on the study results are also investigated. It was hypothesized that there would be
a positive effect of residue retention and diverse rotation on especially the no-tillage treatment.

2- Methodology

In a randomized complete block experimental design with four replications, an 11-year experiment was
conducted in two research areas of Denmark. Three crop rotations/residue management treatments were
compared. Tillage was included as a split plot factor. The rotation R2 is a rotation of winter crops (mainly
cereals) with the retention of plant residues, the rotation R3 is a mixture of winter and spring plants (mainly
cereals) with the removal of residues, and the rotation R4 is the same mixture of plants similar to R3 with the
retention of residues. Each rotation includes traditional plowing treatments to a depth of 20 cm (MP),
harrowing to a depth of 8-10 cm (H) and direct drilling (D). In mid-autumn of 2013, and early spring of 2014,
soil samples were taken by cylinder from the depths of 4-8 and 12-16 cm (in 2014 only 4-8 cm depth were
sampled). The amount of VWC, in matric potentials from 0 to 100 kilopascals, as well as the apparent soil bulk
density were measured. Also, the possible effects of different sampling seasons (autumn and spring) on the
study results are investigated.

3- Results

Tillage system and residue management, significantly affected soil properties studied. Direct drilling
significantly increased bulk density at both depths (1.31 and 1.38 gr.cm™). The amount of VWC of the soil was
also significantly different in tillage and plant residue treatments. At the depth of 4-8 cm, minimum tillage
treatments (D and H) retained more moisture compared to MP (38.6-23% vs 35.8-22%). This trend was
different in the depth of 12-16 cm and MP treatment showed the highest VWC in all suctions. The treatment of
plant residue retention (R4) also caused the lowest amount of BD, especially at the depth of 12-16 cm. This
treatment also significantly increased the VWC of the soil in macroporosity at both depths. The interaction
effect of tillage and residue management showed a trend of lower BD where D and MP were combined with
residue retention (R4) compared to their combination with residue removal (R3). The positive effect of
retaining plant residues on increasing the water holding capacity in soil in a range of moistures that are
available for plants was shown only in the spring sampling (2014) in both investigated areas. In the autumn
sampling (2013), this effect was observed only at Foulum area and in low suctions (macroporosity).
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4- Discussion & Conclusions

The above observations seem reasonable considering the depth of soil that is disturbed in different tillage
systems of this study. In the H treatment, which creates the lowest bulk density at Foulum area, at a depth of 4-
8 cm and has a lower bulk density, plowing (without turning) is done with a disk to a depth of 8-10 cm. It is
obvious that the depth of 4-8 cm is located in this depth range and the reduction of bulk density is expected. In
treatment D, where minimum soil disturbance occurs at this depth, higher bulk density is expected. In the lower
soil depth, i.e. 12-16 cm, MP has resulted in the lowest soil bulk density compared to the two minimum tillage
systems, D and H. The cause may be attributed to the plowing and soil inversion at a depth of 20 cm in this
treatment. These observations are consistent with the results of several other studies (Ball et al., 1994; Bescansa
et al., 2006; Hill et al., 1985; Schjgnning & Rasmussen, 2000). In this regard, Tollner et al. (1984) studied the
effect of no tillage and plowing with a mouldboard on the soil bulk density and reported that at a depth of 15 to
25 cm, bulk density in the no tillage system was higher than that of the mouldboard plowing, while at a depth
of 30 to 40 cm, bulk density of the soil was higher in the mouldboard plowing system than no tillage system.
The positive effect of plant residues on reducing the soil bulk density after 11 years of implementing the
treatments corresponds with the results presented by Blanco-Canqui and Lal (2007) and Lal (2000). They
reported a significant increase in soil porosity after 10 years of application of 8 and 16 tons/ha per year of wheat
and rice residues to topsoil. However, at zero kPa suction (saturation) and 1 kPa suction, the R4 treatment
shows an increasing trend in the amount of water retention in the soil at both investigated depths. This means
that plant residue management has increased the amount of moisture that can be stored in macropores. The
results of this study are consistent with the results obtained previously from the same long-term test, especially
at lower suctions (Abdollahi et al., 2014). Maintaining soil moisture in low suctions (macroporosity) in spring
sampling (2014) at both sites and in autumn 2013 at Foulum is not very effective in terms of meeting plant
needs. However, it is a desirable feature from the point of view of reducing the amount of runoff production
and water erosion.
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