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Water infiltration into soil is one of the most important physical properties for effective
water and soil resource management, and it can be influenced by soil particle size
distribution. This study was conducted to investigate the role of particle size distribution
and gravel content on water infiltration indices in selected soils of a semi-arid region in
Zanjan Province, Iran. Water infiltration was measured at 68 locations using the double-
ring infiltrometer using the double-ring infiltrometer method. The measured infiltration
indices included cumulative infiltration, effective infiltration depth, initial infiltration rate,
final infiltration rate and mean infiltration rate, along with particle size distribution and
several other physical properties. The results of the correlation analysis indicated that
effective infiltration depth exhibited a significant negative correlation with silt content (p<
0.01), whereas initial infiltration and initial infiltration rate were positively and
significantly correlated with silt content (p< 0.05). Bulk density also showed significant
correlations with the different fractions of primary soil particles (p< 0.05). In contrast, bulk
density was negatively and significantly correlated with all infiltration indices (p< 0.05).
These findings suggest that particle size distribution plays a crucial role in the infiltration
process not only through direct effects, but also indirectly by influencing bulk density.
Furthermore, analysis of different gravel content classes (0-20, 20-40, and > 40%)
demonstrated that increasing gravel content led to an improvement in infiltration indices,
such that cumulative infiltration and mean infiltration rate were significantly correlated
with total gravel content (p< 0.05). Overall, the physical structure of soil acts as a key
determinant of the water infiltration pattern, and understanding the complex
interrelationships among soil properties requires integrated approaches and advanced
statistical analyses.
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EXTENDED ABSTRACT

Background and purpose:

Soil water infiltration is one of the fundamental components of the hydrological cycle and plays a critical role in
regulating surface runoff, groundwater recharge, soil moisture retention and the functioning of terrestrial ecosystems
(Zhang et al., 2016; Hillel, 1998). Infiltration is defined as the movement of water from the soil surface into a porous
medium under the combined influence of gravitational forces and matric suction and it is considered a key indicator for
describing soil hydraulic behavior (Zewide, 2021). Despite extensive research, significant knowledge gaps remain
regarding the precise mechanisms through which primary particle size distribution and the coarse fragment fraction
influence soil water infiltration across different regions of Iran. The present study was therefore conducted to investigate
the effects of particle size distribution on soil water infiltration in Zanjan Province, where a substantial proportion of
agricultural lands are characterized by light to medium soil textures and variable gravel contents. The specific objective
of this study was to evaluate the effects of particle size distribution, as well as gravel content and size, on selected soil
water infiltration indices under the climatic conditions of Zanjan.

Materials and methods:

For this study, the sampling sites were selected based on criteria including land use type, vegetation cover, soil
texture and available information from soil survey maps. Soil water infiltration was measured at 68 selected locations
across Zanjan Province using the double-ring infiltrometer method. Cumulative water infiltration was recorded at time
intervals of 0, 0.5, 1, 2, 3, 5, 10, 15, 20, 30, 45, 60, 80, and 90 minutes and measurements were continued until the
infiltration rate reached a steady state. Infiltration indices, including cumulative infiltration (CI), effective infiltration
depth (EID), initial infiltration rate (IIR), final infiltration rate (FIR), and mean infiltration rate (MIR), were derived from
the measured infiltration data. Soil samples required for the determination of physical and chemical properties were
collected as disturbed samples from the 0—60 cm soil depth and as undisturbed samples from the 0 — 20 cm soil depth.
Primary soil particle size distribution was determined using the hydrometer method (Yavari et al., 2021), and five sand
size fractions were separated using the sieve method. In addition, the properties of soil particles larger than 2 mm were
analyzed following standard procedures described in Methods of Soil Analysis (Klute, 1986). Particles larger than 2 mm
were classified into four categories: (1) gravel (2-64 mm), (2) cobbles (64-256 mm), (3) stones (> 256 mm) and (4) total
coarse fragments (> 2 mm). Bulk density was determined using the metal cylinder (core) method (Culley, 1993).
Equivalent calcium carbonate content (Page et al., 1982) and soil organic matter (Walkley and Black, 1934) were also
measured to assess their influence as aggregating agents on soil primary particles. Effective infiltration depth (EID) was
estimated based on the principle of mass conservation as described by Hillel (1982). A set of descriptive statistics,
including minimum, maximum, mean, median and standard deviation, was calculated for EID, MIR, IIR, FIR, Il and CI.
The normality of data distributions was evaluated using the Kolmogorov—Smirnov test. To analyze the effects of
independent variables on soil water infiltration characteristics: (1) Mean comparison analyses were conducted using one-
way analysis of variance (One-Way ANOVA) and error indices to examine statistically significant differences among
different soil particle size distribution classes and gravel content categories in relation to soil water infiltration indices.
(2) Pearson and Spearman correlation analyses were applied to evaluate the strength and direction of relationships
between quantitative variables with different data distributions. Data analysis, graphical representation, and mean
comparisons were performed using Excel (2016), Python programming language (v3.x), SPSS (2022) and R within the
Posit Cloud environment.

Results:

The results of the correlation analysis indicated that effective infiltration depth exhibited a significant negative
correlation with silt content (p< 0.01), whereas initial infiltration and initial infiltration rate were positively and
significantly correlated with silt content (p< 0.05). Bulk density also showed significant correlations with the different
fractions of primary soil particles (p< 0.05). In contrast, bulk density was negatively and significantly correlated with all
infiltration indices (p< 0.05). These findings suggest that particle size distribution plays a crucial role in the infiltration
process not only through direct effects, but also indirectly by influencing bulk density. Furthermore, analysis of different
gravel content classes (0-20, 2040, and > 40%) demonstrated that increasing gravel content led to an improvement in
infiltration indices, such that cumulative infiltration and mean infiltration rate were significantly correlated with total
gravel content (p< 0.05). The results showed that soil organic matter, as a cementing agent of primary soil particles, is a
highly effective factor in the infiltration process. Accordingly, all soil infiltrability indices exhibited positive and highly
significant correlations with soil organic matter (p< 0.01). In addition, the results of one-way analysis of variance
(ANOVA) indicated that all organic matter levels (<1, 1-2, 2-3, and >3%) had a highly significant effect on cumulative
infiltration (p< 0.01). In contrast, calcium carbonate did not show a significant effect on soil water infiltration.

Conclusion:

Overall, the results of this study indicate that soil water infiltration is a process strongly dependent on soil physical
structure. The findings demonstrate that soil textural components exert significant effects on infiltration indices; in this
regard, coarser particles predominantly enhance soil infiltrability by improving soil porosity and pore connectivity. The
results further emphasize that the influence of particle size distribution on water infiltration is not solely direct, but may
also be exerted indirectly through alterations in soil structure, bulk density, and consequently the soil pore system. An



515 Assessment of the Effect of Particle Size Distribution...

increase in gravel content resulted in improvements across all infiltration indices, highlighting the imp-+ortance of coarse

fragments in regulating soil hydraulic behavior. Among the soil properties examined, soil organic matter was identified
as a key factor promoting water infiltration, whereas the effect of calcium carbonate under the studied conditions was
negligible. Overall, given that the relationships between soil physical properties and water infiltration indices are often
nonlinear and multifactorial, the application of multivariate analytical methods and machine learning algorithms appears
essential for a more accurate characterization and interpretation of these complex interactions.
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(ol 1y (Ao, 0 YWY e oy (VES) 55 Jles 08 o008 sl s jo ol lis e g5 BB (SauSTy s )0 YE/AA
20,3 FVYA L B+ 4 51 (G) 05,55 (Weil and Brady, 2016) ams _ial33l ooy o 4y Cared |y T (6,065 b,k Wl oo a5
S5 0l sl (CO) Lo Kol 45 oo ulinaines 6ot 53 1321 ol 42 55 4B p9 iy YEIAA (ilin b 5 32 i
S8 G5 o ss MFY loes Gl b aoys YARY oSilos (TRF) e dhee ¥ 51 50uiiys Sl3 gsome (oops VYD) il
i i o aile g (elon e 5 425 o )d VB« b+ s lasals o) 3550 (slodigas ;5 (CAC03) padS Sy S lutie
e Gl (pizad Nigd oo ogmis S8 Iy S 53> WRB, (2014) (cosainb o a5 soesl oo )s VANY 5 1 V/ED
2l g J8las polie (OM) S I ools sl ccaslrdiges o, (CAC03) S Ol ST (6 53y s oaimolis A/VY
oy 45 el doys /A5 T ails 5 00y VTV s (OM) ST T osle (5uSlin s (6 Sl o ys FITY 5 +/0 ) (i iy
Vet Sl b gy0lls JB> ol anlllas 3550 (sladiges jo JT olge axg5 B 23S, soimolis auoys VY e lae Gyl b
Sl 5| S i oyl (Hillel, 1998) caul S 55 T a8 1o 5 dy585 gl cnmslin Ll i Lt S 2o il 1 o5
Sgdhge 4385 a5 50 ) 0 5 (5 pdydshs o Sgamma sl (o 9> Blsieds Ysone 4 Cel e yia il )5 VIS
S s bl oy Of adsl 395 15138l Cogo Wilgh g0 bddiges > 0 10 03,50 YL do,y0 3424 .(Reynolds et al., 2009)
Oy el g9 uizen (Poesen and Lavee, 1994) ol ol o Ol (510055 bbb 2alS b e o Lol gl (o 5
JGl  wilgi o 48 sl pole St £35 5 S LS5 bl 45 e slagliss oo )Lis badigas 3y e oo ¥ 5l 5cadsyo
((Poesen and Lavee, 1994) wil 35,55 cusb, @595 9 o
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SB (S d s Ty By ol oyl N Jour
Standard Pyaie(Kolmogorov

Maximum  Minimum Median Mean deviation - Smirnov) Variable
AR o/-a YV/SY YAIYY VWY A TRF (%)
YYIvS ofes ofes VYD ¥Ivs ofeeee Co (%)
FAVARN o/-a Yo/as YS/AA \RyINg -I8Y G (%)
70 QRN o/ o/55 AT JAY VCS (%)
YY/YA AR SIvE [ZA\ ¥IvY AR CS (%)
ALV -Ivy SIVE v/¥a /A -I5¥ MS (%)
\VNEg VIYY /vy Vefoy \i<d AW FS (%)
YO/SA V/AA \Y/AY WY AR NAns VFS (%)
N a/A- ¥Y/vse AAN VO/NY <YV Sand (%)
OVYA FI¥¥ VAN YV/AY a/vy i) Silt (%)
Yo/ sy Y¥/0¥ Y¥/AA AYY -/ay Clay (%)
¥V/o. ofe- \LVAN \Y/50 a/vy AT CaCOs (%)
/vy A .Ja5 \IYY Ve -INA OM (%)

oy -JAY A v/ VAN -5 BD (g/cm?®)

TRF: Total Rock Fragments, Co: Cobble, G: Gravel, VCS: Very Coarse Sand, CS: Coarse Sand, MS:
Medium Sand, FS: Fine Sand, VFS: Very Fine Sand, OM: Organic Matter, BD: Bulck Density.

S a4 T 9k slaps s

Sl SBlmil b e il VA 1oV Ll T 0 Sils g 00,5 s e S8l AVVAY B YEIVA (s (glacals 1o (EID) 35i5 50 (3o
Ol yadd o 30) Conl dalllas 0590 S ;0 3505 Gas (YL g5 oaimalis Jlake ol (¥ Jga) Cowl 00gr e 8l YYA/AD
cble 4z g8 BB asls VEIAY [Lae Bl youl g celio o gl Y2 A oSl L 58 (MIR) dawsgie 3685 ol (e )s YT 050>
Hillel, ) cool O Jsl g Gaz Sl ,0 S sladiges o axgi B glas sasasylid 5 (Celos p o 2le AFAY B O/Y - 5)
il 5 0090 e el e Sl FAL B VY 5l as ail oo (HIR) adsl de5 oo 4y bgs po Ol s aialo (s i (1998
gl Cughy e « S Ly Sglisas wilg co by SN ol .l el o Sl AVIFE o] JLae Bl sl 9 44/Y0 ]
FYsb slayle; ;0 3985 piumws (5 Il a5 ol 3485 Sl (Reynolds etal., 2009) ail bgs o 05 ,Siw 3929 5 (baw by
el yio gl VY /0¥ o]l Bzl g VYT ] Sl g ails |18 el o 8l $F/F LY s cano o islad |
oS Gl 0l 5,155 yie Bl YEIVY L ol )] 0 55le 00,5 s o Sl VYo /T B VA0 51 55 O oz 34i5 ke .l
599 i yio gl F/0 B /) 5l 55 adgl 3sai woles jo el LislesT ley Jsb o T iz o S S o Slae saas ylis
el Giolejl g9y alazd o S s le § (xdaw Lyld o Sglas [ Kbles a8 aiil so yte e +/VY (.Sl (gl

SB a ol 3445 bl Loy okl ¥ Jguo

(cm) EID (cm/h) MIR ~ (cm/h) FIR (cm/h) IR 11(cm) Cl (cm) Variable
AVAIAY AFIAY FE/F- FALe A \YUF Maximum
YEIVA oY ¥/ A/ e Y/a0 Minimum
VOSIYA VA/FY R YAl - <150 Yany Median
VAo YE/A \VIYE a9/r0 < IAY YEIV Mean
VYAD \FIAY /¥ AVI¥5 vy YoIma Sta”dazﬂj‘;"iation

CIl: Cumulative Infiltration, I1: Initial Infiltration, IIR: Initial Infiltration Rate, FIR: Final Infiltration Rate,
Mean Infiltration Rate, Effective Infiltration Depth.

S 4y T Sgii sloaslis b ol yd gaindils Kiumnd
<l 358 sl axls b gl sine gablal, S (So5d sla Sy (F i 45 0l (LS eyl 5 gy (Snnrad il 5o (o) 2
(e (o s 3055 5 3985 5o Bos (e a5 Ol (L3 b Ty b Ll (o0 b O (Sea 503 @l 5l
S wloe (Rl 3585 Jige Fes (S o Sl lie SRl L a5 canl 1 Sl azes cnl o)ls 9925 (P < 0.01) o see
Soosswl (Ravinaand Magier, 1984) il YU clew b oS o (Sdg 0ue coloe rals  ddles sladl 1 ab wlgs oo
(P< 0.05) 5 iixs § Carte Sinrad (1o (HIR) agl 39t s g (1) adgl 355 b Elous cols Ui 33 oyl (Sinod b
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(ot ls JS b b 3985 fige o ¢ hliayd 0)ls S 4 Ol 3gi5 an Ty lawl Jolhe 5o s idu 151 Lad 457 0
555 S ay 0T 3585 b3l crge ilsi oo 58 (VL oy 4F was e LiS asbly ) (P< 0.05) Sg s cone 5 Cere ((po )
e Bas oyl Lo )3 (Hillel, 2003) ol o5 sl o caiys sl a5l g dilie pogs 55,5 5l o356 Yol a5
oo Fiaros (5115 (MS) Lagie (5 5 {CS) o (5 (VCS) iy Jlamris Joli 1 o (sl 5 JS o L (EID) S5
52l 368 Joed 5 @85 o Glal¥l )0 o Slpd e S Gl Laaidly cnl (7 Jguz) wing: (P < 0.08) Jlo sies
el Wilgh oo gyl g jobay S oS5 j0 el ) Ol e Lil38l (Hillel, 2003; Rawls et al, 1982) ¢l S5 # o
slsul oy (lawgie ol g i )d (s opgdr) S s o o3 (Rawls et al, 1982) sgi Sl o ol 3585 JSge es il
(Tisdall and Oades, 1982) & ls 35i She o Liulil » i 5 pie 5506 O Bl plp o Cuglie 2als 5 5L ,ksle
ISesine g Cote (Kirad 5Is (TRF) JSo3,5 L (HIR) adsl 35a5 o o (HIR) adsl 355 slo asls sl po sl Julows
2l Sl e Ol 5 S 338 (5l s Sl s (elog Fr 3 sl i 51 Sl bl | ool 25 (p< 0.05)
Katuwal et al., .(Ahuja et al., 1984; Tisdall and Oades, 1982) cul 3425 olal Jolie ;o ofgds o3 Ko lils oS>
o TR 9 I T 5ol pas Lolen (e 5 gl 355 (Sla e Sbml b Wl oo (S (RS aiils ple 55 (2021)
5 o ST 5 03 K s 50 90 s s g S 5 sl o] LI 3 ST (53,85 51 5,55l 1 S5 olyo L oo, S
Caonl gy ol il ol 535 wald T g 3585 sl 1y 3 Ll o s 5 (Foj b blaih BLE (sla 5y
ele oSy lsieay @3 o3l mssi il T oke s oy wuST T Ssi oS a0 031,50 5 S L3 o5l asl sokus
.Jury and Horton, 2004) el ol 345 o138 ;0 00isS s

03 35w 9 Wl)d o3Il &9 395 g dgi (G AS LYyt (30 ] (Simod Y Jgu

TRF (%)  VFS (%) FS (%) MS (%) CS (%) VCS (%) Sand (%) Clay (%)  Silt (%) Variables
Voo Silt (%)
AR VALY Clay (%)
Ve e AY- eI - Sand (%)
N ee LAY A L sY- VCS (%)
AR ey "IN e IvY- vy CS (%)
AR oAy LAY ey e Ivs- VA MS (%)
oo vy YN Yiai evE else- Y- FS (%)
Voo YAV iYAtd <Y AN eIy Yia s Y- VFS (%)
Voo o5 AN T IYA YA Yivd <IyY <I¥Y- <o- TRF (%)
LAy o/-Y- NAYS BRYAR YA ies <I¥Y - vY- <\~ G (%)
YA /A -\o- [N oy <Y ooy <[+Y- o/-A Co (%)
AT .- o fe¥- [A NAY2 <\ o[- ofey- -/-0 Cl (cm)
ToIYY NAYS DALE /Y- .[-5- AN <JV¥- VAN A Il (cm)
ToIvY NAYS DALE /Y- .[-5- AN <JV¥- VAN AT IR (cm/h)
-/ <\Y- ofe5- o[- NAYZ <Y -/-¥ ofo¥- -/-5 FIR (cm/h)
AW NARS o/ +¥- o/+A AV AN o5 ofex- o[-0 MIR (cm/h)
<Y o5 AV YAeY Yint ALY AT - I¥Y- /Y- EID (cm)
EID (cm) MIR (cm/h) FIR (cm/h) IR (cm/h) 11 (cm) Cl (cm) Co (%) G (%) Variables
V- G (%)
e -/-5 Co (%)
Voo SAYs AR Cl (cm)
Ve VA AT oIy Il (cm)
Voo Voo v AV e IR (cm/h)
Voo vy vy VAW NAY ofo¥ FIR (cm/h)
Ve RYAYA AL v N NAY4 Iy MIR (cm/h)
e VAN e e el VAN <\ AT EID (cm)

VCS: Very Coarse Sand, CS: Coarse Sand, MS: Medium Sand, FS: Fine Sand, VFS: Very Fine Sand, TRF: Total Rock Fragments, G:
Gravel, Co: Cobble, CI: Cumulative Infiltration, I1: Initial Infiltration, , IIR: Initial Infiltration Rate, FIR: Final Infiltration Rate, Mean
** Significant at p < 0.01, *Significant at p < 0.05 Infiltration Rate, Effective Infiltration Depth.
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9 00,0 Yol pieS o) pSemw lacdl ;o S O 345 ol ools oLis 5.5 Ravina and Magier, (1984) iags slaaisl
d9ai Dl 3l gloy JLNl fols a7 srezs S9a5 axzils 515l 55 Lado etal., (2004) dLwlyopl o .ol jiiog (ao )0 O oYL 4
3o polie 'y tien 09 (pl 5l (Sl gy ol edelassds mls S sbas sl sy GlSE I i b slaS 1 o ol
3935 polie ' yteS cpaSiw £8L Sl WM IS joboay  Jlie,s oxils 1,3 Sew 8L ool b obbdiges ;5 bogos  cras
5,1 Slgzen Jury and Horton, (2004) slaadl L oS wisls olis 1) ez

S 4y O S9ii 50 )3 03Il & 597 diiamno yod i
Sog,S )3 (oxezS Seii (Sl Sglis aS ls ylas (One-Way ANOVA) a3, by uilyly Julos (ya0)] 51 Jol> mulis
6ol J&> oy oo s Koo,k (p< 0.01 - F = 6.71) coul o cime s,bel Lk 51 (F USs) (5,0l JS> calise
o2 (P 0.05) cesls (g0 sime (Simrad doy0 O Jloisl o ;3 —+/0V 5 +/FA oo b o iy cliw g b doy0 5 (BD)
85 Iy 1l oo Gl (6,0l Rz o F3,58 Gial53l g JS SIS alS Julsar oo (slyime ial5él b oS el o] S ol a3il
slojlasl L (BD) s ol JK> (Hillel, 1998) 59 o (5,0l JK> 2alS 5 J5dss 2l corge Yoone il iy jpa>
by (a0 08yl 58 G b g (e (o aS (55 (Bl o pme (SKion 55 (50 DS el
i alal) 35 calises laasls L (BD) s 0ll JE> Koo,k el covsay +/FY o +/FQ o /FF o /F4 L s S )
I b Lawgte S9& Dol 5 (ol 3985 Dud gl 395 o rea 3585 g (S < po polie 3l (LIS (5l e
olis e Laily, ol 592 (p< 0.01) =+ /FV 4 (p< 0.05) —+/FY « (p< 0.05) —+/¥A (p< 0.01) —+/FY 1l <o 54 (BD) (s ,0lls
JS Jdss aals Jdods Wl o 45 098 oo S 0 O 3585 e g oo 2alS 4 e (BD) (5,0l I iulj3l 45 wins oo
cpoiicns S| pogdle &Iy o5lsl a 595 a5 Conl () e a8l ol (ReynOlds et al., 2009) aily yige ddlie Siwgn g 03ll ials g
W5 oo 39k oSy 1 (BD) 6,0l SISz wiile (So3b slo Sy nbo b bLi) 10 5 ki s &y900 |y il i
393 Sad ol JeSTie S ghlea Wb Gl g el JBs ax 2 wans oo lis 5.0 Cleophas et al., (2022) iags gl
G55 G el 5 ey Sllllas WS e hled i | S ojlail sl (Shas Sl sl (nl WS e gy eSO

Slos 5 oSh Sl olas g S Glisle Jaw (gl JBs als 5l S K58 sl Sy p D13 ol
.(Assouline, 2006; Tuller and Or, 2005)
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1Ped ol )l oF oyloid DY 0490 (ol ol S g Of wlidizi  OYF

Tobw dod pisred Cubld )b pxe b o (St 3985 sl jadld eled b eualS” wlo ST (Kutilek and  Nielsen, 1994)
CLSK [> Al o0 D5 g 6yl ine il (Moyd Yo 5l i g Yo = Ve e = Ve Vel 56 S )8 il
» anTyd ol g(Lal, 2001) 18 dgsume |y S J8le ¢ Jglnols il 5 LS5 g S PH 3 136 b Sl oo S lis )57 ¢ Sal
s iy Yavari et al., (2020) iagh sdo (8,b 5l dsdh 0 SB 500085 5 (S colia ials 4 e Colys
D9 g0 0dnlie Slaww Jolo lgieds jiaS g 3)5 3939 SB 5 gl @)D Gygods yiin Sal g 1) oYL Sal e jeiS

Kigd o gmine Sbl 1ad cBSB gin 55 ik ol 5 adllae 3y5e (S5 WRB, (2014) caindib 5k

13m0 PRI
>
{ b
s . |‘ & e 1 =
2y - { B »
« "5 ) o~ 3 :
» I3 . el ‘u 3
we g . o n" 5
ot : 5 LR L") » =
" ’ [P
. . . gt > u
o ! - . n
..
. 2
/ r.‘ - ¥ ’t
. o 2
% ol o &
73 . =2 #
o a - " v Py -
e . - /3
- Ve, & TR
TR
A FAD Ak AR AIVeisen U W0 e
o o
”
"
bl
e < fe 7 =
‘l ~ » '-
v
- el - 1
L) - - a3
”.-‘_* [P %
g ~ E
. “ 3 ,
)
. «
“ "
“m
: < -
o E
» = » A
iy e Sy -
- .

»2
PR 't,"\ LRI
[ 3 0d 5230 0

Soil Texbure Triangke with FIR

S9i claasli b S cdl cdio gl ,logni 5 adgl ilyd 63100l @397 (Goms dw (g yloges ¥ JSi



OV . (S i g whpd o3l @ g H1 byl b 9 )9k

80 80
o1> b .
B1-2 c
60 ' mo.3 60 | a ©1.00 - 1.10
T | m3< o = (31.10 - 1.20
=40 | a (o ! b 01.20<
o 2 NS o G =7 b
20 %\\\: T 20 | oo s b
0 NN 2 0 = N
OM (%) BD(g/cm?)
80
mi10>
810 - 20
% &120 - 30
= a
\:)/ 40 a : a E;?)O<
© T Ry
20 i \
0 I l:l &
CaCos (%)

(CaCos) puwndS Ly 55 9 (OM) JT 05k «(BD) (5,0 J&2 b (C1) S a3 o oroxi 395 bl :F S
el o/ ¢} Jloss | b 50 5l Sro Lglds suddd LiS alic s B9, :bsa

S 4 T 39k (K iy 136
w0 S Jlade guli8l L aS olo lid (ae,o Feo5l s g Fo=V e (Ye—0) 05 K s o calize (sloog 5 o (slaslie Judoo
ol OV e+ 4y Jol 09,5 ;0 yia cilo YOI 51 nazss 39 (uSiles (O JK3) sl oo Linl3dl S 4 O 395 (slo asli den
IS J5lss a3l 5 256 g se 4 g B 2l (O JS8) b aalidl e il VA b +/0F 5l adgl 35i5 5 pams 09,5 4
Poesen and Lavee, 1994; Hillel,) aib o3 5w lyls oS 50 Of b ,> 6l p (oo lo 6l o sl g « S5 1515 rals
o594 g O 395 plyy 1o SilSe Cenglie 2alS cacl 03,5 3L |, SB ksl wiiles oo 0 Ko diile cadys 1,3 .(1998
Shls (ao ) F+=Y+) pgd 09,5 (5,lel Ll 51 .(Ravina and Magier, 1984) oil atils owwlie goj55 S s yile 0 a5 o
oeSilee 355l 50 YL B g i S 1eSy Sily a5 3g oxens 3585 (sl do s UV Ll (RSE) oo o il (slas
5 Sl 4 35 9o, VIV Jsleo RSE (slls dgis (paSibon 090 5YL 8929 b (aoys Fo 5l i) pons 09,5 ¢ hilie,s on
il 5 el 7% 5 J olml o S 5%0nl i Wlgi oo 550 (al el 055 <85 alS g Lnosls (SausTyy a8l

ANIimmo, 2004) a.il Lo o 03,5 YL slaas o jo dlie Siwgw

S (MIR) Lawsgie 355 ol 5 (Cl) onon S5 ufiloe glis a5 ol ylis (ANOVA) 48, bSy il s 5IUT s
Solas a8 ol lzs Tukey HSD  coiias (9031 (P<0.05) 545 lo sine o j0 O zebans yo (5 ol Ll 51 (glo s ;Ko calizs (sloog S
eSilos 53 Dl Lel .5l 335 (P = 0.04) Lawgie S5 ol 5 (P = 0.014) oxoz 355 10 05,50 pows 5 Jsl 05,5 Crt (6,15 e
9 o0l 5B )0 i (g ndydek Sgnte 5o oj e ol (B R lea 09 o cxe (e 5 adsl 395 slaals 5 adsl S5as
(2023) Fachietal.,  agh .o,ls callas 55 Ahujaetal., (1998) lawgs oo 45138 aulo b aidl oyl g 09 co ol 3985 roz
Rl VL ol dea5 ol iol38l g ez 3985 iol38l el (SIS e (0 (eazx Sy Fo 5l i) o5 S 38l ol lis
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