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Abstract
Aggregate stability is one of the most important soil physical properties which can affect the soil

disruption by raindrops. This research was conducted to study the aggregates breakdown under
raindrops impact and its relationship with aggregate stability in some semi-arid region soils of
Zanjan province, Iran. Thirty soils samples with three replications were taken from thirty dry-
farming lands at North West of Zanjan in 2011. Aggregate samples with diameters of 6-8 mm were
taken from each farm soil and put in a flat box with dimensions of 24 cm x 30 cm and 6-cm depth.
The soil boxes were separately affected by four simulated rainfall events with intensity of 60 mm h
! for 30-min duration. The amount of aggregate breakdown in each soil box under each rainfall
event was then determined by comparing of the mean weight diameter (MWD) of soil aggregates
before and after each rainfall event. Aggregates stability was determined using two methods: wet-
sieving and water-drop test. Results indicated that the amount of aggregate breakdown on the basis
of MWD values significantly varied among 30 soil samples (p< 0.001), due to rainfall impact.

Aggregate breakdown had no significant correlation with the aggregate stability determined using
the wet-sieving method, whereas it was negatively correlated to the aggregate stability obtained
based on the water-drop test method (R*= 0.29, p< 0.05). Aggregate breakdown in the soils was

significantly related to geometric mean diameter of mineral particles, gravel and organic matter
(R’=0.65, p< 0.001).

Keywords: Aggregate size, Mean weight diameter of aggregates, Soil disruption

Blie Lo S a3 50 S5 glagadld G Sage deuda

050 8 omiob) adbee Laalsla ol oL
Lia o ol bl Sols GlsSla g lwly (Y- -Y
K] &4‘5) el ‘ﬁ‘)‘..& L;LAJ_):\.\ _).\“).a od ‘L;a.!d‘ b_)‘.b‘
Olomeds LAOISIA (oaS Gl (VAAY oL
5 Ol Sk e LOISE @lalia g8
il 5 S T sabe ol ) sk 4 S S
solul (VAAY olKea 5 o) ol (S ]
S oy ol wiile ol S5 55l cas wlsa

S phes 5 OLL SIS 85 sa s el ieds

Koo 5l S alyd gad s s TLOISIA (A8
A o1 usmy L (VAY (I 5 gsl) sl
Sldas Ass 5o SB35 0l slaShs
Sha s s K agn FeoF GSea 5 ally)
Sy OS ol A3 SH18 pnmanse (Yo
Ao ol s n Sk abiae gl S5 556

S Sl G880 I8 e manse SBaw LG

! Aggregate breakdown



4

GBS (B 55 hl ol 4y il g alSE (gl o)

3ol gl cusds halS 5 LIS g luly Gl
Lod (YY) oS 5 usol s (oin 5 59 0
oo o SIS gl b 0T B, 5 oL ol ks
el olise @b € SSK Ul ol @l s S
Ok @lks ylss 5o s 8aS ol wiab e s SV
ool ) salaied b (Y- +¥) Slol &8a3 o .aiidly
o ‘J LA‘L.Q‘._\SB (5)‘._\&[% (Q‘JL} b)]a; QJ‘)S LA‘)
ol laasuSt (e Gl b oS uls Glis il oS
ssbt LUISE olul ol «Sal 5 assuegll
5 sole oia g5y o (RT=4/A%) sl Gialidl Llo s
OAJ_)MC)‘P):&ASL.AQU_)MJJ‘;:\‘(Y";)O‘_)LSA.A
Sial3l b aS ol plias mli e S e 1 SK
ool il LnalS S ciLas Gl S G,
sale S plseds Guy Se OB Jiloty g s e
Ls:ij;.;: BEIRER Y LadaloSIA Q.AJG.A ui;j‘bé‘ o L5—3LA3-4-L-'
Goluly o olaane dasly (Y0 +) OlSaa 5 usa
Ol @a3s R'=4/a1) T sobe ol L @lSE
5 omeaso -Basl cwst 1y bl
S e slen o o2 855 08 (WAY) e
Olid oyliie ud my o Sk oud Hly @ad
ol Ol gladlSla ws s il LS wals
S coglie 5 Juall oHL @ik b s laalsia
3wl iluyd n wlsSla g luly 3 (VA
O Sl 4;:\5—&3 YA o8 ‘J 6‘4:1:@4 A\ L;A:I_)Lj
- e dasly GISIA (g5l 4S oy olas ol . S
Otinad oyl o @lhhuas y Gilayd cad b ols
S osale Gloee 5 Juls podes do s b Gliae
J{EE ESX LISt QS u_:\.td.a GLAL’:I.AJS::\ %_\.LE‘_‘ BE)

bl sl 5o ol A S sl Sh,
Slaxs 5 wlea s Cobsedass 5 sbye 3ble sla
B IV B U VR N TR VR S P ] TR 21 P X | KEN)
Syl Baae S sla S35 5B 50 Lagaassy sl

.M‘ﬁ;J‘ﬁwaJJy%iQﬁSBJJJM

33 poiesll 5 oAl slawus) 5 sKebs ST
Jole Guy (Yoo A OLKaa 5 Gus,b) auS oo 38
JSE3 5 Sisas 4 SK gl s B 59 oage
S Wl e alis 5 Gus Ol il o LAGSIA
1o 320 LGISIA 5 Gy pats Sy S sladlss
ol g il g3 co uy glaGISIA ol s JSES
Gy U5 1) ede colSE Ll clacia
Sk LGS cand (Y0 GLlKeaa 5 @ sanss)
g5 3 (bl (Sas LagT (S15108 aigan 5 ST 5o
Ol RalS b s Gl e, S g 5 S
LS @ luly 5lo) puy (o) Kan 5 Cis)
w3l ol S s aes Ol €S was e Gl
R R L R O B
OGS o AT sole (VAAS Bleoy 5 saeS) ols GlSA
~olSla S ol gosles 5 S5e Jelse (naee
5 1aa3 5 VAR G SS) el SIS oLl 5 g5k
S o ol dism b T alse (YeF oK
3 oS cullad wass alSIA 5 SOl Gl
53 cad 1 OIS g)lul 5 JSEs i, wb,
Sl S (Yoo V ohlKaa 5 suule,55)) aas e 13
sl oo plaale goluly Ho Ade (BB Al
s ol sl (VAAY a5 gl oyls (Sal
oyl Jlasl 5 osten age Jalse 3 55 pssinasl]
potinesll 5 ool slassasl s gn g i o Hlades SIA
Jlasl 5 T olse (alacs Qda (a8 G SIA o
Loy oad Gus e 5L 5 Las] edie o)l o
SoS 50 WA S 4B 5 sl ol G Jy S5 asle
OLSas 5 Sans) v gl oo S @l Jlal] s oS
(Y--Y

S Cosas wnl i asse oo Ak slag
Sl LSl 5a ol 438 Salast o1LL 585 was
o9 eslie b S sla S5l (VA9A) 0L
Gyt by Sia S GLOISE CoAS
Siean <€ Bals L 5 B3 S ey I O Ik
5ol ekl b ol olalaa 550 on 2V
O o (=2 /VA) wols usa s S sl sla S
oo Sal 5 agiegll 5 oAl glawas) (18 Gle



WA Jlos /Y 0ylod YO s / S5 g O ils s

skely 9 51 FA

ol ab® o ad swild g Hie Sl g0 celas
S Sie e A B F (s 5ha8 b SIS 45 gad 0 SIS
L) o) solsiid L il il Yo B Jis Gac
wan o Jal o Bl ka5 bl dbs s
Jilots LIS 31 a3l ol GBI ok sals i3
550 cal OIS Cu)aS Glhse 380 ey oS
S LA S5y omnd (5 9 OLL @ikl 4y
csle 50 S5 aS S gt LS bt
s aledl @ 5 g 5w sadeols Hpe (sl
Olobs 5l conl Ladihasta ca A5 Wil oy 9

29 Sob alad ;) Sl el (S o AS wwl
I8 (erio3550 (VIS5 4w o SA £ 3 Y1) daaa A
sladas (Su,0 olia ;) 5 Hu ke col gl 8 S
ol ulaa, Ll el oS ssiae
cel s Slegle o ol oad b sadisilatnd
Y/AY coli ki b olyhd s S 5158 46ds Ve oseds
S 0555 5 OISIA mlawy 5 3T b sia e
Soslgen sl Laas 55 Lo elIE Jun S
3 eoSsla sl ad suls Ll @l olasl ol
S Oeod 09 s H Guw oola G ol plaal
o8 LadlsSla o a3 (Y JSa) a8 518 Sy, blas
-OISIA Gl (S5 Sl dslans ulisl 3 dana 54
Ol 5 (Siehie V) GG Jlael 31 Giay (MWD) La
Slen Latas mhai 5o oliie Gl sl el s
Aad ;58 sl poesie Al Ve XYV slul 4 s
9 SaLb alas; 58 L 5 Guy 5 saddais Sl o
Goad S dana 5o Ol S pho Gad Saa )
ozl Sl cudlil gy 5l jul U S|
YO 5 /0 ANA Y ¥ F) G e ) eud
a8 S ,1,8 S ol suls Hsae s (B gds (bie sl
5 8B 03y Ol o8 oud SaA ) ey SI A g,
3 Goslgen S a5, awile 3L 85 S (B3
9 o 8 Ladlsa 5 O soliiul boad 055
(MWD) €IS 513 355 0Soles dal g Las 5is
W (el 5 el )

MWD - Zf ;Wi Xl V]

LS golul » S sl Sy 5t gl L
Giulasd il Lo ceslie Lyl OIS 58
ol 8K L8 3080 ppsinse 0sSE SLL
das s S o ekt oo Ol el
Sl ol Lo Sal LS o lul wlel 48 Ssa
cnal Fla sl wisls L @l b s a5
2033 Oloae Gaaas Hobieds (a5 (nl socnld) ol
BB s s b ks Gl sas balslh
Ok il 5o OIS cuslia L S gla S5
oot Jlad Stidan dibie glaSE 3l da, Lo

s S aladl glasy

Lagdiyy 9 9l
SIA (5l adh gad

0 slape il dasa )l dallbes e slasSla
Jdsb sogaas 51 o olady oot Jlad sieslS VO
5 S YA YO 5 ¥Y0"— ¥A% 5 YA 5 YY" oLl aa
Y O5 ¥V S ON- ¥F O5 A 5 08" skl jaa o se
WYl ol e 5Ske ad golo s s Jlad
Yl Sl bgie 5 o grenls day0 V0 /4 ddlais
saae sl M s ol jie e YVE/F ]
e slacds Bl Senis aaly oo » 21
- slade Sal GLASKA sha 5 Rl G5 e
-~ dibie gASA Sk, 5 Sola w5 s
99 o8 LS 5 sus Sup) 5 Sude b S4 (sulas
IR Jswdpaisl 9 Bl panddds S s,
Ad 35 ans M2 S end o gae S Ll
(YA ab) sl 5l

Vool Sl gladsas Grasly ol sl sl
N EG RNV S PRV F SRR TR SR G SOV
oS sl lasla a5 Gulal s el
6o s pladla 5 adl daad) pliaad o (S5
Loripdodh 5 e (SO0l wan A ol s
Pl s e mle Y X ie il Yoo ol
Gl Sad Jie g lapdsa dilie 4 ie Tl
©od O el b ldaas S SK S 085



54

GBS (B 55 hl ol 4y il g alSE (gl o)

S o saile 3L S su s 5 Wi(ats) ol se

(rS) LiebedT 3wy S 58 s, o 5 WiS)
.(\‘\V? de) .A.a.Z-Lsu.A

S a sy OIS LS oSl Xi 5] Lo
o S e s, solSa ooy e (Wi (mm)
e g S slaxs Mg S sLOISE JS 50

el dawlas p) dasly SS 4 (W) LawlsSA 5

. Walass=w1s
M werrreos s wre ¥

e — U RO PN Ep Y

(<al1)

RIS G a9 (Q)0T S ol Blia (yIEIS 3 Gy oudd (5 jledand oyl L, ciad Al g gla ladana - Jsud
() Bléa

o w0 5 (VAAY ) Jles S Sosu,Kul b
(VA guu) pssipo] bl (g0 (ESP) Sl o
AL i b lalSE s O Lo balSh b
5 (VTP 5o) "3 S GBss 9 3 saliienl b sie L
Shaiie ssliie onl (shs i g nSeslal Teskd g
GRS S Gy SIsa G Sl sladlS (a0a)
(Sieglae /YD 5 +/0 NAA X & &) SN (55 555
Saets (Sl 6K b lag] sugae Guls oS ya
V doly 51 g b Sl ke O (o0 A8y S
(MWDyet) Lluly slaglSla Shd 555 (Sl Yy
oot GSE e luly oS3l el cawses
I s 5o IS sae Ve Gals S8 L skl o se)]
ctalesl ool o (YSE) ad aladl el +/YO
Sl o S Glas ) jie e Y/OY Jbi L O ol jls

> Wet sieving
® Drop test

U (sl 8335 Gasns
Giso b olsSla gladsas (58l o simde asa
5 ot i s (VAP 35,08 ) (5508 b
590 I @l ge SIE slatsa b KA 1ga
Gd) SKohd sl mhes (G 4) sie e
(VAP 5l 5 (S) soiesoasd Ghss b (0us 5 ol
LagyT L3 &k 5 o3 wemo Geleal Ly oo Gpaans
Gulas 55 (Dg) od Jhd pwns (She Gedls
oo e Sl il ey e (Sl el
09 saEEAE ey wans 4 ol Lu sadedl S G,
(Yo albin) wol s ot lansliol K Jslas
e ) (Giagslie A B Y) LIS 83 Sice oliue
sty OISR K 555 © OIS o S asa
e pH 1 soliial b plasl K 5o SI& uly el
EC 31 salitoal b plusd S s jliac 5o (S0 eulaa
3 SHs) Cobse Gl gyt S (M sube i
ol A (B, Jalas aalS ol S (VAYY SO



yyay JL»/\’a)l«ZYa.\J;/Jlsgg’luﬁ.jbq)&

skely 9 51 A&

SPSS ,i5slays 3 Lasals Jalas 58 5 Yo e 4as

oy solai) VA Al

&.m
slsSlh obavs 5 (58 sl S5y V Jsas
LS @l puliad 5 was o oL 1 dallhes 5
ol (8L (IS [len Lo (S 83 Y0 ) (s mas 5
IR el 5 Sdoops! (dps) (emops
ST ool Sul Sliie @l bisee LLSIA sl
Volor) Sal agie polis slls 5 (a0 /PV)
Losae LS Lo SHlS pt se sy o g (wes s
Loy ool (puoss (Y 5 2eS) use ol
f.)\}lo 6uuu) (5‘)‘.} ﬂk:u\ GLALSL.; 6 J‘J C,Lid_}fl
LaGlsla 5ls (S5 0SSl gy bl oo 805 5%
W ailie oSl « uls glis 50 5 S Ghog,e
so0Rl3) 5 wials (GiagleV/Y) OF Lo (Sl golul
sauslsd Jole 5slys 5o s 53aS coplie i o LT

sl sl (oY)

olykd el cas GISE C,as wTE
Om olaare (Sl aS uls plas (V Jeaa) oL
O </-)) LOlSE wyas e Lk LSK
S K e LOLSE a3lul S aTy) ensls osa
oS 58 ol W Oy pesmanse sla
s b ye LanT golub & latiw Llolsa
LS ol 5 SIS Cya3 G dasly s
S als ol (¥ JSa) skl Gsedl 5 5 S Qa0
s329 MWDye) 55 I Gy, Lo gl solub
5 SIS olal b Ll bae (Sias LiwlsS
) (R'=2/YA 5 pct/0) cls OT askd a3
and LGlSA (oA ol pnds e e YA Lo (b,
Loy Gsedl oo (o TISE) 98 o 15 oL b
Sasd) LIS olul Gl b ol syld Ga8

il GEalS oL Lab cas (o as

sosa OIS (g5, s oSI 31 (g5 /P plasy)
dans 5Sbe Lulwl 5 LOISIA (o lul .ws S
GISE Ve el AT gl Hliasse o ol

(VAFY Jasn) el s

S gy T o Laailasla (5 jlasly (5 yaSe Hladl —Y Jsuk
() oS (s lualay Ghig s o 4k il 1 59 9 (W) 5
Laoals Jalas g asjas
goss SRS Leals (alas 5 aa5as alasl 51 Gy
S 5 (Son s b al St Gigon Jlos
o OIS a3 gl S 5 i
Canlio (slag go )T S euliinl b gy 990 ST
288 O pmsnange S Gt SSbe
S la S5 o S A3 Gy (Sieases
08 So50 O OBsob (s BlSA ol
dasl,y WSy e (sa S5 Gl O 88 LIS
O > Sk S slaShs 5 GhSE G A G

Excel [l3slays 3 Lajlsgas aey Lo wael cwsds



A GBS (B 55 hl ol 4y il g alSE (gl o)
Gl () jo oaliiedls ) 9o SLASIE (lsasd 9 Su58 sLa S5 ) Jgu
Sl Bl oSiles O i S S (Soe
\EIEY 06/44 AY¥/YA YV/XY (%) o
V/P¥ YA/NY YEIAY AID- AR
/vy YY/00 ¥ /07 ¥/¥0 A
o/ Y/ YP/N - o/xY () oSy o
$I¥A a/.# Y¥/0A YN () 835 5 S
oA <JA¥ V/YA <JAY (gem”) o ks J&s
-JxF -/PV \AA% FAN (%) ST sube
\7ARS \efoe \¥/0F o/a¥ () Jolae el ol <
-IVA /A ¥/ ¥ AN | PRV
<YV AR Y/Y0 - IAY (mm) T Lo Hlab GlSla Hhs S5 oSl
Y/ a/y- N/ Bl 85h8 oy g03] 5o GISIA (o AT (gl 8 ks slaas
Al lasIA Hu olhl a8l cad IS G AT ol ae guilyly 43l -Y Jgaa
Golaine Jlial o F olasye 5:Sle @51 aasa lasye g sane BUELHIW
e YY/00A FYY/Y Ya YYAYY/# S g
AAJA - WWYEN A
4. AAZAYLVA g
100 y=-2.9022x+ §7.249 100 - y=-3.5992x + 64.614
: 90 R2=0.2763" ; 90 R%=0.0121
R‘ 80 - + *, i 80 hd ;;a + * +*
3 o L R } 70 | FPRASY IR
s \.{? . » 4 ‘:"‘
‘?J: = 60 - ¢ ‘a‘i + -':1; = 60 - .
j = 80 | 08 T ?}’ 4 = 50 t ', 00” .” ..
i 10 AN ﬁ 0 - RO
Y EIVIS ¢ 3 EVIE *
™ 20 2 20
10 10 -
0 0

0 3 6 Q 12 15 18

R I - SN e
Sl £ 1% Jes

(<)

i] 0.5 1 1.5 2 2.5 3
(558 ) laSas yhs 5 5 (paSilss

(1)

() 048yl jo LAIISIA (g laaly g () QT Ho LAISA (5 jlals 9 olyk J:t:\i:l Gl LAdalasa (o jAS G ddasf ) Y ISud

Sl 4 sake Gy 5wl WA O (=2 V0
criaad OIS Coas olee ok LGS Al
(1= /oA 5 P<o/+V) 30,8 Sluie ot 585 a3
A3 om A (Sheses Jlagpl b oS LIS
ooy 5 (=¥ 5 P</o)) T sule 5 Gl
¢ 2208 saalia (F=—/VY 5 P /+Y) ade Sl
4 oade €SB ol S5y F Jsas @B el

S sl S o8l (Ss  oles o @
Oloee € uls L (¥ Joun) GlSla cusas sl 8 5
o) S ol gy 5al ead LolsSa o)Al
2 oobd ol als sl aSe S8 (e s ol
o3 Dg) pwsia 5:Ske padld b cusas wwld
Dg (a3l b Sosbes o5 oladil Sig ol
5 D<) el Galiil cude LIS i



WAF Jlo /Y 0l Y als / S5 g O il 4y Shasly 5 655] VY

u>)l=3 u&-"JT BE LalaSIA LS.)L\fL’.. » _).3'3& pac d9> KYRW- a‘)jnz uJ—A‘)T BE [FYH BN CA—AJ[:Q.A U:‘.‘:fbs‘

L ol mas ss s wad ABly 556 oL S o

S LA 8519 9 wlasla oo A0 (s (Shewsa Y Jga

sokd (i sedl oo LIS olul o Lo balsSi olul (Su,b 3l LekSa A Sla K5,
— Y A -V ok
nea — Y —sy eli
VY YR - o
—pe Y SNV b 5l eia Sk
ya” —/\ vy oSl e
—yr o “JoN” 5 S
N %0 T ST eole
AR —+/+A —[-F PEVIN. QAL
N R ne S e am
vy 3 — oT 5o Ll g lul

RS JLo.‘;.>|@a..4)oLg)bsz.-,o*
aoys o) Jlisl mlas o ‘_g)bs;.-.,e‘mQE

sotia (Sle (S5 4 b golahne dal,y oL 5 GISA A3 G Gl A saes S5 4325
(Fdsas) ol T sule 583 S wol )3 ld (e Sl am) ol s Sk SKola S5

pods Lo 3 u_ﬂ suls ‘Jﬁ‘:‘é uZuS“):s B7E) ‘bj)i‘)ilu.u
535 cas LOISIA Cojas Gl S ols las (ol

S LS55 9 0ok Bl cad LISIA G AT G b (g S s yali-F Jgua

sl sae Jlaial pla t sadig Julicd cul s Hlas Glanl sads ol ol s Jae lxal
/ YV/-00 Y/OYA INTARRY cull sae
fees V/YVE - JoFY VIVAO OFIAAY ol)d sl wnia (Sl
[+-¥ Y/ara -/YYV HANS < /¥¥Y IR
[++¥ -Y/a¥F AR Y/¥YY AR ST sals

S50 a3 LadhSa G aS ¥ Jus mlis ol 5
adasl,y O SLa gla (S5 pulead 3 ol 15 OLL
150] st )
Aggregate preakdown= OY/YYA + 0F/AAV Dg + - /¥¥Y Gravel — v/\ya OM, R'=./s3, p </

S LalSa oyas Aggregate preakdown 0 o S
SR G TR PR RS s 5Sike DR 3e29) Dk S8 a3
(Y'\Y) d.\LA 5 (Y"\) U‘J‘SAA 3 owb ‘(\c\o\/\) OM K) é_&_)i.u.u s Hd :Gravel ‘(_):A‘_Afaﬁ) Q“)J

GalS 5 MWDye) O Lo LaalSla g lul Lok il oo (wem50) (M euls



\Al

GBS (B 55 hl ol 4y il g alSE (gl o)

D0 S pyy ag AT sole 3 88 5 sual cada
S ol LGS o sl plas liiae ol wlo
C0a3 558 Ol 0 SIS S o3l 5 Sk G
Slas (Yeo)) obKaa 5 cisnmgs A8aS Ho Lud
Slyd Gals W 5o gage Jole Glsieds Loy 4 wuls
5 S 5e Jae OIS YK 5 Sonan 4 SK )
T o LAISKE lul ey wens Gyl b
OBas5y o9 Ssaaiell il Galidl (MWDyer)
3 S Gy Ol Om golasne dasly maa Hols
5550 sladisls GA s oy ol ks 8l MWDy
o3l b oS wiuls plas o« s e (VARA) olKaa
Sl gladhSla Hls 55 GSike (S oy des
(28l a8 LB IO Lo

bl Jadads b olidas 51 ol o S
ol olgied Vb (s il 5 Guly (Ses
ool sazcalis of Jmleyy sy SKWosll
3 YA ol 5 (play AAVA Cuanl 5 sledy )
oluly Olal38) & sade v A G o b GRa 5 )
4w oL L3l o agT wusas Rl 5 LawlsSa
oo baas oo Gledl ol © s b Wl
suiuld 3l 8 S el (phass) i (s Lalya
oinlisd 4 LSE cuwlan Gl Lo aliw ol
G o gl 5y o3l Jlagall wis gbls ol
sk il s Llal LS UL 5o od ol
N R

GRS (i Gl Ol LS ol gl ml
CMas ol a3l SwLl il Le Lawlsl
5 plEatl ((Siin Sely € Gy 5 Sl 55 )3
O3l b ol e ol,d wad LalSa ¢ lub
G e (VAT ) 5 0) Sadlia call
09 oS okt 1y gl oA 5 sad Ll
LalsSa goluly 5 S50 delse (Y0)) ol (A3
Sl oo bl 5ol walhn S glasla e

olluyd (alS 5 oLk ks 31 s gl casas
Sieasad G253 ol 50 Jlacplls cal sat ol S
sualie MWDyt 5 LilsSIA Coas G Hlofas
o lagT eolub 53l cas LulsSa (,as L s
9 O Lmagd 5o a8 S L8 askd (e)]
s dasly maa € wals olas 50 (Y4-4) oLl
Ol 5 LIS s a5 oSk Gu @l
oo olylkd slaad s ddasl, Lot ads sws il yd
s olasae Glald 5 lls, Glise 5 askd (ge))
om lagiae (Siewea ST cle (magds ool e
o Ol ol usay LAISIA o yas s MWDy
59 0Lt LOLSE €57 Lot 3 Sl iy 0 <
eesee @olull Jdae wisde sasgss o
Olad Lo (ossiose Stidas 4ibis slaglS
5 ool oia S Lo LS ) ol alaas
Al s sadonal ol Lo LS SolKs olSa
Sh3 Sy oSl Sl ook el Lulul s
Gifine cLSE Gy MWDye) Llul @laalsi
Oloee LS Ghao Gl sool) sl saalin
Lo boass ol 580 cas Lalslh o )as
Lol s cpliie 5 a5kd shlala, iy, cuale
B Ghso ool oS s s g oL 53T bl
A3 Gl olual cwdl B (we e YA) (gls sl
e s 1 il slaSa Lo LaalsSa
oY) Slapre LAl 51 s oS als ol mls
ol S8 Lo LalsSa Cusas 5 (=YY 5 P<
o8 LUl ol ey dmyu Gialnel boaaly
OalS LOSIA Cusas dauiiye o ol B8l eks Ll
(VAAY) Guasee 5 5080 (ot sly Lo (Vsan) @il
o slie LSISIE wimys 5 S Guy demys oo sl
@B WS o b oL bkl s sl s
dms (S Gay wmss Gl booS ol olas
0L @bl b 55 a3 5l L9 polie glawlsla
OllSan 5 Kby a3y 5o (RT=0/A) il Gl 330

€ Sl wgad g9 Hu |y Gl (oA Gl (Y43Y)



WA Jlos /Y 0ylod YO s / S5 g O ils s

skely 9 51 v¥

Oid g3 (I=2/AF 5 P<o/oN) wols S T sule
c LaSIa T slge Gl <€ aau e Glis Lusla
o LOlSa ooluly sae 58 B3 o Olse
o9 wdlbiee GG e oo gl ceplie Gulsl
SIS (o0 b 50 (Y2NF) OS5 o S a5
(MWDyet) o 5o GlSE il s T @oole
Ghl ) e S 0 T alse a3l 4 wals Lt
a3 (GMD 5 MWD) 6lSl o lul slagasls
LIS ool 5 punal Sl S (a5 cpl o
R Gk B30 SIA AT 5 dauiye 5 il i
9 @A ws oldas A BMA L el Gal s
ol S & aib,s cdagd sa (Y0 A) oLKaa
598 ey 5150 S 53 o e wiile arnS
5 oolgie LEaT Lo st SE ol Jladl e
ol 5 Gshye ol siced GASLE o (VAAF) Loslis
ol el Sl S Gl GRINI L S Wl
LOlSE Co,ds damine o bl il alsh
paealS O v 2l RAS GG olkE b s
SSlyy (aalS tiel S sl S JMas) ) Jeals
(VA4%) b o853 59 wadie Lo,
2 S pladle @olul s el ol S s
S e 1 4l L LIS 5 oS el lasl
29 el S e Gl b S ol ol b
Cosa3 e s Gl SE plaale olul S
o ol malS oL ekl 4 i Le LolsSh
Sl 581 b 48 il ,u (VAA) Gulasa s lJ! slallias
MWDyei wmss F+ B sio 31 s ol S
el ol aalSa
Ok 58b a3 LOISIA 0,35 uala B8 55 o
Raias 598l (Bl (ol aas sis s GRI5 L
oyl cana 550 ol (VAAY) oLKea 5 wle]
@ oS s SBESP G aagn L oLt
Sois SB DS aa e 4 s oS ol glis

9 O Oloe o 4S ola (LS 5 0 S e culild SIS
ssas e (Siwses (MWDye) LaalsSla ok
08 Ol (V+00) oolKan 5 (550 (T=—+/FV) il
danlio 5o S Hu G 5 ol GYb weyu a5 S
Goluly (S 4 jaie S e wes (e b
wd S sl

ol 5 LalsSi as0 laey S ssag
08 S A5 e GLb lbbd sl e bagT solul
50 ) adas 033 S 4p S s S5 0L S
5 oad Sl Sk 4y 3 S s slailas sels
S cmiles 5 (505 s Gl Gels Koo (55
wsde S cdoua aal 5 S G, eld JE
Sl s ssage xS b hagdy ol Lo
Jidots S g daganse gl ol 5 Laolsla
wold ly 5o OIS glul s of e
bl il 8l caddas oL 3 e el (o jas

GISE 5l T sole (a8l b gl pulead s
~OISA a0 e e g bl Glul 8l ekl Ll o
gl a5y 5o (Vo) @il Quals o J31 5o La
00 SE I ulse £ wols Glas (VAA0) S
s el B OIS golul Lo 3w s JKES
LS Ly (Y+44) ohiKea 5 @b ghallhs Lo
abs S LIS olul € wols plas Sal
Sl € adbie SE I S Gl o Gl
5 Sul3 Eadal o aS sgaae | SK olyd usas
9 e Sdan glasSla o S (Yo0A) GlKas
sale Gl Glal38) b 48 il o cad alad) Gl s
© 5 il Gl3i (MWDye) Lol g lwl T
Baal cpl Lo esl GaalK balsSE cosas ol Jlas
sobe Jlaie UL (MWDye) ol Lo aalsSA (5ol 50
(t=2/¥0 5 P<r/\) Dhaire ofie (Sises I
55 (YooV) oblsar 5 goslins oy il
b Slagite (Sies LOLSE @,k « ol olis



Yo

GBS (B 55 hl ol 4y il g alSE (gl o)

S ol Lo balsSia golul Lab cas Lolsia
P=+/0) cudls a,ld o 5e3] Lo OIS (g b b
- S 8B (Bs 5 Oliwe o (R4
€ als olas LolSih woas iy 5 S sla
U_JLAGSSZU C,uin‘d Lfﬂ bJLA K] b:)i)i:u.u ‘u_.iéa.«o c;bj
sokd pl s Ho LGS ol JialhEl Hu S S5
L;LA[S BE) 5(&"‘ éJLA 9 oY (C.\.‘:u.u) AZIJ\Q.} ;3.& %;—"
ad @8l S5 50 ol Sl so OIS (o As
C,\f.u.l‘.;.u; dLagslsSla O9o8 o8 b:}:t_)S:u.u 399
550 et LS S0k CuydS 4 sate o als il 33

V- 5\

SeS LadlsSla cuoas gl ad¥ 550 LHlaie il
Olas (Yo 7) glolSea 5 sasle phiasly 5o asdiee
sl (ilnEl oage «SIA BSP (lndl o< wiols
03 1 (Sdiin o8 5 sl S slagu, G aasly
L LOlSE Coyds 5 saS Chuns LalsSi il
U‘J\S.A.A 9 uu.]‘)J“f.‘.u‘)li (SLAQ""‘J):‘ A.\Su.a .\id-ﬁ.n:
(LS ma s u GEalS S ols olas Ha (Y- 0)

ol Gl 1y LalsSi 5l

1S 5 Sanatsy
okl s 53l cas LOISIE o33 s
€ ol glis GISE gLl b oo daly 5 ol
Ol LRGN Alias glaslh oy Hlagae (SHlE

ouldicly,y go c._'llm

Grioiled Jole b Glsla oluly lagaals 51 A ddasly (s AYAY 0 gl 5 0 €SI58 ¢ s a0
slaain ¥ s)lad AV ala (ol Gl 5 f5 e SlEESS a3 Lebidead .G hlatud 5 soliinl L SK
NO¥ G YYF

Agassi M, Bloem D and Ben-Hur D, 1994. Effect of drops energy and soil and water chemistry on
infiltration and erosion. Water Resources Research 30(4):1187-1193.

Al-Ani AN and Dudas MJ, 1988. Influence of calcium carbonate on mean weight diameter of soil. Soil and
Tillage Research 11: 19-26.

Angers AD, 1998. Water stable aggregation of Quebec silty clay soils: some factors controlling its dynamics.
Soil and Tillage Research 47: 91-96.

Angers AD and Mehyus GR, 1993. Aggregate stability to water. Pp. 651-657, In: Cartner MR (Ed), Soil
Sampling and Methods of Analysis. Canadian Society of Soil Science. Lewis Pub. Boca Ratdon, Canada.

Attou F, Bruand A and Le Bissonnais Y, 1998. Effect of clay content and silt-clay fabric on stability of
artificial aggregates. European Journal of Soil Science 49: 569-577.

Barthes BG, Kouoa Kouoa E, Larre-Larrouy MC, Razafimbelo TM, de Luca EF, Azontonde A, Neves CS,
de Freitas PL and Feller CL, 2008. Texture and sesquioxide effects on water stable aggregates and
organic matter in some tropical soils. Geoderma 143: 14-25.

Barthes B and Roose, E, 2002. Aggregate stability as an indicator of soil susceptibility to runoff and erosion;
validation at several levels. Catena 47: 133-149.

Blake GR and Hartge KH, 1986. Bulk density. Pp. 377-382. In: Klute A (Ed), Methods of Soil Analysis.
American Society of Agronomy. Madison, WI.

Blair N, 2001. Impact of cultivation and sugarcane green trash management on carbon fraction and aggregate
stability for a chromic luvisol Queensland, Australia. Soil and Tillage Research 55:183-191.



WAF Jlo /Y 0l Y als / S5 g O il 4y Shasly 5 655] vs

Blavet D, Noni G, Le Bissonnais Y, Leonard M, Maillo L, Laurent JY, Asseline J, Leprun JC, Arshad
MA and Roose E, 2009. Effect of land use and management on the early stages of soil water erosion in
French Mediterranean vineyards. Soil and Tillage Research 106: 124—136.

Bossuyt H, Denef K, Six J, Frey SD, Merckx R and Paustian K, 2001. Influence of microbial populations and
residue quality on aggregate stability. Applied Soil Ecology 16: 195-208.

Canton Y, Sole-Benet A, Asensio C, Chamizo S and Puigdefabbregas J, 2009. Aggregate stability in range
sandy loam soils relationships with runoff and erosion. Catena 77: 192-199.

Chepil WS, 1962. A compact rotary sieve and the importance of dry sieving in physical analysis. Soil
Science Society of American Journal 26: 4-6.

Denef K, Six J, Paustian K and Merckx R, 2001. Importance of macroaggregate dynamics in controlling soil
carbon stabilization: short-term effects of physical disturbance induced by dry-wet cycles. Soil Biology
and Biochemistry 33: 2145-2153.

Fan R and Li Z, 1993. Rainsplash and sediment transport model on the slope. Journal of Hydraulic
Engineering 6: 24-29 (in Chinese).

Anonymous, 2006. Water dispersible clay. In: World reference base for soil resources: a framework for
international classification, correlation and communication (Food and Agricultural Organisation of the
United Nations: Rome), Report 13, 128p.

Garci’a-Orenes F, Guerrero C, Mataix-Solera J, Navarro-Pedren™o J, Go 'mez I and Mataix-Beneyto J, 2005.
Factors controlling the aggregate stability and bulk density in two different degraded soils amended with
biosolids. Soil and Tillage Research 82: 65-76.

Gee GW and Bouder, JW, 1986. Particle size analysis. Pp. 383-411. In: Klute, I. (Ed). Methods of Soil
Analysis. Part 1. Agron. Monoger. 9. [.S.I. Madison. WI.

Habel AY, 2013. The role of climate on the aggregate stability and soil erodibility of selected El-Jabal Al-
Akhdar soils-Libya. Journal of Agriculture Research 58: 261-271.

Jordan A, Zavala L and Gil J, 2010. Effects of mulching on soil physical properties and runoff under semi-
arid conditions in southern Spain. Catena 81: 77-85

Karami A, Homaee M, Afzalinia S, Ruhipour H and Basirat S, 2012. Organic resource management: Impacts
on soil aggregate stability and other soil physico-chemical properties. Agriculture, Ecosystems and
Environment 148: 22— 28.

Kemper WD and Rosenau RC, 1986. Aggregate stability and size distribution. Pp. 425-442. In: Klute A (ed.),
Methods of Soil Analysis. Part 1. ASA and SSSA, Madison, WI.

Khazai A, Mosadeghi MR and Mahboubi AR, 2008. Effect of laboratory condition, organic matter content,
clay and calcium carbonates on mean weight diameter and tensile strength of aggregates in some
Hamadan soils. Journal of Agricultural Science and Technology 12(44): 123-134.

Levy GJ, Goldstein G and Mamedov Al, 2005. Saturated hydraulic conductivity of semiarid soils: combined
effects of salinity, sodicity, and rate of wetting. Soil Science Society of America Journal 69: 653-662.

Le Bissonnis Y, 1996. Aggregate stability and assessment of soil crustability and erodibility: 1. Theory and
methodology. European Journal of Soil Science 47: 425-435.

Loch RJ and Foley JL, 1994. Measurement of aggregate breakdown under rain: comparison with tests of
water stability and relationships with field measurements of infiltrations. Australian Journal of Soil
Research 32: 701-720.

Lynch JM and Bragg E, 1985. Microorganisms and soil aggregate stability. Advances in Soil Science 2: 133-
171.

Mbagwu, JSC, 2003. Aggregate Stability and Soil Degradation in the Tropics. Lecture given at the College

on Soil Physics, Trieste, 3-2, March, Pp.1-7.

Mbagwu J and Bazzoffi P, 1998. Soil characteristics related to resistance of breakdown of dry soil
aggregates by water-drops. Soil and Tillage Research 45:133—145.

Mamedov Al, Huang C and Levy GJ, 2006. Antecedent moisture content and aging duration effects on seal
formation and erosion in smectitic soils. Soil Science Society of America Journal 66: 631-639.

Minhas PS and Sharma, DR, 1986. Hydraulic conductivity and clay dispersion as affected by application
sequence of saline and simulated rain water. Irrigation Science 7: 159-161.

Neyshabouri, MR Safarzade N, Oustan S and Tourchi M, 2007. Effects of some soil physical and chemical
attributes on three aggregate stability indices. Pp.1-3. International Scientific Conference on
Bioclimatology and Natural Hazards. 17-20, September, Pol'ana nad Detvou, Slovakia, ISBN 978-80-228-
17-60-8.



v GBS (B 55 hl ol 4y il g alSE (gl o)

Onweremadu EU, Onyia VN and Anikwe MAN, 2007. Carbon and nitrogen distribution in water-stable
aggregates under two tillage techniques in Fluvisols of Owerri area, southeastern Nigeria. Soil and Tillage
Research 97: 195-206.

Page MC, Sparks DL and Noll MR, 1987. Kinetics and mechanisms of potassium release from sandy middle
Atlantic coastal Plain soils. Soil Science Society of America Journal 51: 1460-1465.

Ramos MC, Nacci S and Pla I, 2003. Effect of raindrop impact and its relationship with aggregate stability to
different disaggregation forces. Catena 53: 365-376.

Ruiz-Sinoga JD and Romero-Diaz A, 2010. Soil degradation factors along a Mediterranean pluviometric
gradient in Southern Spain. Geomorphology 118: 359-368.

Six J, Conant R, Paul E and Paustian K, 2002. Stabilization mechanisms of soil organic matter: Implications
for C-saturation of soils. Plant and Soil 241:155-176.

Tejada M, Garcia C, Gonzalez JL, and Hernandez, MT, 2006. Use of organic amendment as a strategy for
saline soil remediation: Influence on the physical, chemical and biological properties of soil. Soil Biology
and Biochemistry 38: 1413-1421.

Topp GC, Reynolds WD, Cook FJ, Kirkby JM and Carter MR, 1997. Physical attributes of soil quality. Pp.
21-58. In: Gregorich EG and Carter MR (eds.). Soil Quality for Crop Production and Ecosystem Health,
Elsevier Science Amesterdam, Netherlands.

Torri D, Sfalanga M and Del Sette M, 1987. Splash detachment: runoff depth and soil cohesion. Catena 14:
149-155.

Vahabi J and Nikkami D, 2008. Assessing dominant factors affecting soil erosion using a portable rainfall
simulator. International Journal of Sediment Research 23: 376-386.

Valette G, Pre’vost S, Lucas L and Le’onard J, 2006. SoDA project: A simulation of soil surface degradation
by rainfall. Computers and Graphics 30: 494-506.

Walkly A and Black A, 1934. An examination of digestion methods for determining soil organic matter and
a proposed modification of the chromic and titration. Soil Science Society of America Journal 37: 29-38.

Wischmeier WH and Smith DD, 1978. Predicting Rainfall Erosion Losses, a Guide to Conservation
Planning, Agriculture Handbook No. 537. U.S. Department of Agriculture, Washington, DC.

Yadav JSP, and Girdhar IK, 1981. The effect of different magnesium-calcium ratios and sodium adsorption
values of leaching water on the properties of calcareous soils versus non-calcareous soils. Soil Science
131: 194-198.

Yoder RE, 1936. A direct method of aggregate analysis and a study of a physical nature of erosion losses.
Journal of American Agronomy 28: 337-351.

Zhang Z, Wei C, Xie D, Gao M and Zeng X, 2008. Effects of land use patterns on soil aggregate stability in
Sichuan Basin, China. Particuology 6: 157—-166.



