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Abstract: Dry desert climate zone require search for the best ways to, conserve water. This study was conducted to 
minimize evaporation using mulching with different rates in two soils loamy sand (Sl), and sandy clay loam (S2). 
Sawdust mulch rates used were (zero, 2, and 4 cm) depth. Tape water was added to soil columns on the basis of required 
water to saturate soil. After the leach ate (free water drainage) ceased, evaporation experiment was started until stable 
weight of the control (no mulch) was achieved (83days). The cumulative evaporation (E) was determined by daily 
weighing soil columns. The soil water (9), and salts (ECe) distribution on soil profiles were determined each (lOcm) 
increments before and after evaporation experiments. Results indicated that the two soils had different hydro physical 
properties, such that sandy clay loam soil(S2) was higher in water retention. The study revealed that sawdust mulching 
reduced evaporation significantly on both soils. Mulching with (2 cm) depth was enough for evaporation reduction to a 
rate lower than that of water flow toward soil surface. Results indicated that there is a linear relationship between (E) 
and the square root of time (t) (E = bt l/2) for all mulching rates of both soils. It has been found that the soil water profile 
distribution was significantly higher with mulched soil columns compared with the control for both soils . However, there 
were no significant differences between sawdust mulching with (2 or 4 cm) depth. These results were reflected on the 
soil water storage, where mulched soil columns were higher than that of the control. In general, results of evaporation, 
soil water distribution and water storage proved that sawdust mulching with (2cm) depth was enough to limit evaporation 
and conserve water for both soils . This effect was more pronounced in loamy sand soil. Generally, the results of the (EC) 
and salt distribution (ECe) after the leach ate ceased showed that salts were decreased on the upper soil layers, and 
increased on the lower soil layers for both soils and also in leach ate. Results also showed that salts were redistributed 
after evaporation period, where salts, moved toward the upper soil layers especially in the control soil columns. Results 
revealed that salt distribution reached equilibrium state in mulched soil columns of loamy sand soil, whereas sandy clay 
soil did not reach such equilibrium in loam soil. This study emphasizes the importance of mulching to limit evaporation, 
increase soil water storage and thus availability of water for plant growth . (2cm) depth (28.41 Mglha) sawdust mulch 
was found to be enough to achieve that target. 
Keywords: Soil water conservation, soil water storage. soil water content, soil water profile, sail profile, sandy soil. 
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. (1) JJ~I ~ F1J ~ L..5 .(S2) :';'I..'JI ~I ~ .4i ';I.,:JI ~ 

.(Klute, 1986) 

~~I , ~~I ~ ~ ~~IJ ~l:~1 U"""1y..J1 U""'~ :(1) ~ 

.(S2) ~I ~IJ ' (S 1) ~I 

~~IJ ~l:~1 ~L.;..J I u->lpJ ~ 
~.,,:J I 

~~Iyi..,.,...J15 wL.;y.;5 ECe c)l,.ipH ~~~ uJ....NO .-3~1~ ~ JoJ 

(S 1) ~~I37.88 1.23 dSm' %12 %6 %82%30 %0.69 %8.48 
u~.:r- ,~ ~I 

%52 (S2) ~I2.94 dSm' %24 %24 26 %35 %0.85 %8.36 
u~.:r- ,~ ~I 

http:dSm-'2.94
http:J.-...r.II
http:I'J\..;.;.:r-~~~..l..L4
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http:w.......;..JJ
http:ei'"""/~1.45


.....~ JJ.;-4JI ~i) <L4....-.rla i"1~~ ~~.,.:;.lI0:! JJ.;-4JI ~J..J....>. 

~..s.,.......... -L..L.c. (LSD) Least Significant Differences 

,(Steel and Torrie, 1980), (%0.01 ) 

:d.,...-Ull ~U, LJ""yJ' (I) 

.6JI) (,Lil Lr- ~'I') <:,yWI ~I 0:! 0)1...,.)1 (1 jS:.:.J1) ~Y­

~y::J.! •(<r"'iyl .6JI) e-~ 1~8) ~I <,T'~yl..sY>-lIJ (~~I 

,(S2) ~yl ~I ~I ~y:JIJ .(S 1) ~I~yl 

0.5 r---------------...:......, 

0.4 

l. 
.~ 0.3 

i
~ ,..., 
a> 0 .2 

J­
}... 
'-' 0.1 

10" 10' 10' 10' 10' 10' 

(S2)~1~I ~~I = 0 , (S 1)~I ~.;JI 4,.~1 = 0 * 

(Van Genuchten , 1980) ,4.J.)W ~i>"- ;;.)~ J..a.;.ll ,b.n, 

j (SI)~1 ~.), d.,...-Ull ~I d.,..Jk.)1 ~ :(1) ~ 

(S2)~.)I~I~1 

~~~.)~ l.....+l ~y:J1 ui 'D)l...:.i (1 ~I) 0-" ~ 

;;J4j t"" (8) ~y..yl ~4-A>.~l.i.;..;I..!ll..i.oui L.~.h..)l; .~ 

t"" (8) ~y..yl Lr- ..sY>-l1 ~<r.=.)..w ~l.i.;..;! ~ . ('1') <:,yUI ~I 

t"" (fl) ~y..yl ~~~l.i.;..;)' I I~J . ('1') <:,yUl ~I Lr- ~WIFI 

~.;l4.. .(Sl) ~I ~yl ~y::J.! ;;...,.;;Si ulS. ('1') <:,yUl~1 ;;J4j 

..sY>-l1 ui ~ (1) ~I Lr-J .(S2) ~yl ~I ~I ~y:Jl; 

:[~~Ij d...,jlo.)1 u-o cS~1 ..H~ (6.2) 

~~ ¥-b.. ~~ . I?,! ~ ~y..yIJ r)l.)'1 Cjjy -':~ 

l&J~iJ~y:J\'; (~I~),I ) ~y:J1 ;;..L4.C.i ~~:'! , ;;~~~I 

;;..L4.C.i ~~ ,Wl y.J \ ...:s~\ -Ay .A.o..!J .D:>Lc.·\ ~\~ .UI 

t.\..W ~ (8) ~y..yIJ (ECe) r)L.~1 Cjjy -':~ (~ 10) JS" ~y:J1 

u~~I c1!.)o v.o:. .6..:.ijj-l1 ......~\.; <"r.'y..yl..sY>-l1 ~~ ~ . ~.,:JI 

..sY>-lI..,...bulS ~.)ov.o:.J ' (:"':'L.. 24);;..u (i"0 105) ;;J ? ~';J..LLc. 

~J .~~ ~ ~.>-"'WI ;UL:.s:J1 .;~)'I ~Lr.!:G.i .~I <r-~.rll 

';\.;..*J1J.:....j4l1<>"~ ~ ~~I )lS' ~ ~y:J1 tbw ~I ~I 
~J .(EC meter) j~ i"1.....;.;...~ ,Electrical conductivity 

. (~lyl~ l ) ~~I.L..~(ECe) ';\';..*J I ~j4lI<>,,~~j~1 

:(Ks) Fl' ~jJ~1 ~yJI ..>:!.J.4i (7.2) 

i"1....;.:...\.; ~ ~ .~y ~ (Ks) ~I~J.) ...t.;.&ll J.:....j4l1 ~~ L..i 

4- ~y:JI ~~ .Constant head method ..:...;>WI..b.<:.WI~.)o 

,(SI) ~I ~yl ~y::J.! e~/f'!'1.5) ~lb djJ~ ~bj ;;..L4.C.i 

.(~ 10) t.Lu.;\.; .(S2)~yl ~I~I ~y::J.! e~/~ 1.45)J 

.(Klute, 1986) .(~ 2) t.Lu.;\.;..:...;>D . L.. J~J 

:('1') ~yUl u~·lIj d.,..Jk.) 1~~..>:!.J.4i (8.2) 

Lr- JJ...t.><.o J..LC. ~('I') <:,yUI ~IJ .(8) ~y..y l 0:>Lc. ~~ ~ 

.~y::J.! .U I Lr- (~15000 J 100) 0:! Ol~ <:,yL.. ~..LLc. JoWl 

.hi...<,J1 ~J .Pressure-cooker ~I il,.. ;;~I i"1~L; ..ill:'J 

¥ ~ ,~ ~J .(Richard, 1948) ~.)o ~ Pressure plate 

Lr- )lS' .:...:oJ" . j~1 ~~ <:,'1~~ .h.i...OJ1 ~~ ~y:J1 

<,T'Yoyl ..sY>-l1 ~~ ~ Uly)'1 -'-'IJ . ~yUI Jj-P,JI....,....;..J ~y:J1 ~ 

~iw....,J~J.=U (Van Genuchten J 980)C:'~~J:~jJ 

....... 1..411 JoWl Lr- J.A.o..!J 4..I...lS ;;.)~ ~y::J.! ;;..J.t..ll ~y..yl ~~ jS:.:.J 

: ~l:J 1 yUJl ~ 4..IJWIJ 

:ui~ 
.~WI ~1j4l 1 J..ly:. = m ,n ,n 

, <:,yU I ~I= 'II 
.~I ..LLc. ~y..yl Lr- ..sY>-l1 = 9s 

<:,yL..~..LLc. ~y..y l ~~...J .~I ~y..yl Lr-..sY>-l1 = 9r 
. (,L.. ~ 15000) ~I ...u l JJ;.JJI ~ <:'JI...... (......:;.) 

~~l.:.:J1 ~ ulS ~ .~ I.;~ ~)C; ~ ~~I d~~ ~.;~ 

~ .La... J.J.>..lI';~)'\ ~I ~J0:LiJI ~i"I"";':"'\.; .~~! 

. (S2) J (S 1) ~y:JI ~ -,:~I J..L....J (Van Genuchten . 1980) 4..IJL.... J..ly:. ~ :(2) JJ~ 

-,:~I J..L.... c,.tJ l ~1j4l1 J..ly:. ~IJ~I..LLc.~y..yl<:,~ 

~y:J1 

n m ar2 8r 8s 
) . I­ ) . 33 

~ ~~~~ 

0.039(}2.0208 0 .50520.999 0.0228 0.4146 (Sl)~I~yl 

(S2)~I~10.999 1.5972 0 .3739 0.0148 0.0690 0.4614 

http:WI..b.<:.WI
http:r.'y..yl
http:jS:.:.J1
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..,.~ e-~ 3~0_2217 = (9) ,UI u--~ 300 = 'I' -"""- K(9)) * 
_(S2)~~1 ~I ~I 

(Sl) ~I~~I ~~ (~L..JI /5-10 X 3.4) ":";\$ * 
(S2) ~I~I""~ (~L..JI / 4-10 X 1.7) 

:Evaporation ~I (II) 

~I~~I .J~~I.Hb «...,...)J (i) 3~1) ~Y­

~~I~I~I ""~IJ' (S 1) ~I~~I ..,.~."..Y--'I~I~I 

_(S2) 

(.UI u--~ 100='1') .(0.1875) .(SI) ~I ~~I • 

. (,UI u-- ~300='I') .(0_2217) .(S2) ~~I ~I~I • 

(m. n. 0:) uJL",.-A ~I.J--L ~ «2) JJ~I) ~~ 

J..L.... ..ill:.sJ'~ ~ ~)l.:.l&J <?IJ (Van Genuchten, 1980) 

.(S2) J (S 1) ~~ (r2) -',!..uLJI 

J9i":";\$~I~;;J.u-J.I(m, n, O:)~ui (2JJ~I) u--~ 

W' (SI).~1 ~~I ..,.~\,o d..:.JI..4... (S2) ~~I ~I~I""~ 

"""...,...LI .~L....t'" ~~ ~t.......~~ ~1.4I.1 (9s) ~wi.b~ 

~~I""~ e~/f"':' 1.5) ~y JS' LA-"",,- ¥I ~.JoAU<J1 ~~I -"""­

-(S2)~~I~I~I..,.~e~/f"':' 1.54)J(Sl)~1 

~I~ .;oUI ~".:.JI ~ "-!~I U~I (2 ~I) ~..H 

'4L.rl1 ~~ e-~ 3~ .9) <,r.'~.rll .5J",..~..lIJ .4.LL.../f- .(K(9)) 

(j.~..,-/wJ' (S2) 4-Lo.rl1~I~I "-!~I J (S 1) ~I 

.(Van Genuchten, 1980) 

220 

1200 

180 

-ii, 160 

\ 140 

120 

1 100 

80 

60 

40 

20 

220 

200 

180 

1 
160 

140 

-ii, 120 

\ 100 

80 

1 60 

40 

20 

0 

0 

LSDo.o, r~ SI 

0.4 7 (i) 
1.0 21 

3.1 

4.6 

5.9 

20 40 
(f1/.).;;»1 60 

80 

LSDoo, .. S2 

1.5 7 (...,... ) 
2.8 21 

3.8 42 

5.3 63 

4.5 83 

20 
40 (fJ',J ",)1 60 80 100 

100 

~2~ (Ml) = 0. ~~~(MO) = 0* 

()-AISJ'~I = - .~4~ (M2) = .6 

~I~I ~I ~ ~I .J~ ~1.Hb '(,,:,) ,(i) ,(3) ~ 

(S2) ~~I~I~IJ.(SI)~~I~I..,.~."..Y--'1 

......~I ..,.~ '-'-! u-- (31) I"Y--'I 4- ...i . (3) ~I u--.b~ 

u-- ~-'-! .<t"39)..,J~ 4\..o....~ 4~jll ~I.;lj> ~JJ.:....W;l 

.:..)\.AWI ~ I"Y--'I..illj 4-~1 .J~j~~ .5J1l...A . (I" '29.5) J."..y.lI 

WIJ J9i .• \.hi.. ~":";\$Y ~ ' ''''~I u--~I ,).b~ W' .~~ 

.~ UJ-'-! . ..I.A~I <U...L.... ui .:..~I ~Y L..,...,. .u--~I ~I u-­

~ .~ ~)CJI J:..I.;J.I .:....>&1Oi ..... ~~I %I .(MO) ~ ~ 

~.(M2)~4'J(Ml)~2. ~~I'J~~I.:..)\.AL.... 

.b~ '''''~I'~ J~..:..,.l3 ~ J.1.LA .:..Ij ..,J.,''' ~.)-" 4-~~ 

~I~ ..,J~ wJi ..... ~I .J~ ~I .:..)\.AL.... ~ ui 4i 

~\...;,.;.,j'jl JIJY.J .~~I %I ""~I .~ J~ (P =0_01) ('~ 

~I ~~I ..,J~ ~t..;JI ~~ .~I 'J~ ~L;.,~ J.1.LA ;;J~j t'" 

~~I ~I ~IJ (%75.9) ~ (SI) ~I ~~I ..,.~I u-­

.(3) JJ~I u--~ W' .(%79_8) ~ (S2) 

'fJ., 
J; 
-:; 
~ 
.t, 

t 
~ 
L 

J 
~ 

L 

10-1 

10-l 

10" 

10" 

10" 

10. 11 

0.1 0.2 0.3 0.' 0.' 

(Sl)~'~~1 = - * 

(S2)~~/~'~'= -- * 


(ad..../\""'" .K(e)) ~I ~ ~UI ~.iJ1 d.:9~ :(2) ~ 


J (Sl)~1 ~yl ""'~ C"'\""'" 3\"",,, .e) ,?"Yoyl .s~~ 


_(Sl)~yl~I~1 


.b~ W' .(Van Genuchten, 1980)~u-- ~J....=..:J.I.:..~ 

""~I ui ~ ~~I d..:.,.;I..4...,.J .(9) ~ ;;J~y' JIJji (K(9)) ~ ui 
~I ~I ..,.~ illJj u-- ~i K(9) ~ l&J (S 1) ~I~~I 

:~ wi ~ Jl3.11 ~~ '0:'-" .,...JI.>,.;.5~ ~ -"""- (S2) ~~I 

~~I..,.~ .~L../~('-IOx6) = e-~ 3~ 0.3= 9 -"""- K(9)) * 
.(Sl)~1 

~I""~ .~L../~ ('IOx2) = e-~ 3~ 0.3= 9 -"""- K(9)) * 
.(S2) ~I 

l&J .(SI) ~I ~~I ""~I u'l ~..ill:' u-- ~I ~.)SJJ 

,:?yL.. v.:>A ~ -"""- .(S2) ~~I ~I ~I ""~I u-- J9i ~y 

:~ wi ~ Jl3.11 ~~ .~4JI ...,....4JI 4- .:..1.:...J4J'0:'-" ('I') 

..,.~ e-~ 3~0_912 = (9) ,UI u-- ~ 300 = 'I' -"""- K(9)) * 
.(SI)~I~~1 

http:I'J~~I.:..)\.AL


t" (E) crSl~1 ~I ~)Wpi )~)' I ~~I~b:(4) ~ ~1,,(Sl)~I~~I~~ I Lr'~lv:oL;a:,~~:(3)~ 

.(E =bt l f2)j..>'-il:!.;u l (t)Lr')1J~~I.;~ 1 .~I ;;.;~ ~I...;...c." ~~I tl.;'-i'~ (S2) ~~ I ~I 

<...h.LJ1 . . ~ ~~I 

(MO)~~ 

~I~~I 

(S 1)
(Ml) ('-'-' 2 

(M2)(,-,-, 4 

(MO)~~ 
~I ~I 

(S2)
(Ml) ('-'-' 2 

(M2)(,-,-, 4 

( % )~I~I-'t"'" L.",,83·7 J»At"~1~ .....LM.;t ~I 

(~) 
~~I 

tY-83 tY-63 tY-42 tY-21 tl.;i 7 

70.6 73.5 75.1 76.6 75 .9 2 
~~\ 

~I 

(S 1)78.0 79.2 79.8 81.4 79.8 4 

69.7 73 .0 73.5 7204 67 .3 2 
~I 

~\ 

(S2)79.0 80.6 79.6 77.0 69.9 4 
<f,;t,...1I....sI.,-;.yl = s.e. * 

~~I tl"';'-i ~ Lr' W>~I 0i" ...;,..... <?ll ~I ~)WI .:a 0i ,,~ 

;(Blackelal., 1969) ' Lr'~ .; l..!.i L.5~d.;,... "i ~~~dJ.,.WI 

;;\..b.lI"i , (AI-0mran et ai., 1987) ; (Mustafa et a/. , 1983) 

~.",:.u ~ ..:.Jl j L.. ,(AI-Darby 1989) ~"i L.5 ~WI l.;~ 

~ (b) ~0i ...,.J!~~I ~J .~~I .:a~ L.5 ,~I ;;.;~ ;;lhLll 

~I ~~ I ~~I ~ ~ ~i ,(S2) ~~I ~I ~I ~~I 

;;Jl.;j t" ~I ,u (b) ~0i .b.)l,--, .~I ~)l.L... ~ ,(SI) 

(~~ '~0P) ...... ~IdJ.,.W (b)~":"';lS'~ , ~IJ-'..LA 

."J lpJ ,(SI) ~I ~~I ~.",:.u (.j~i 4.8" 3.8) ."JIJ-"L! ~i 

~"".;L;.". , (S2)~~I~I~I~y:.lJpL......;.,i 4.9" 3.6) 

\..;AJ" .."JlyJ l ~ ,(~4lJ (~2)..;....; ~I ;;.;Wo..;; ~I <?--w 

~~i.:...:.lS' (~2) ..;....;~ I ;; .;Wo..;; ~ (b) ~.:...'I.b.)G 

~.",:.u.ill; (.j~·1 104" 1.3)."J~ (~4 ) ..;....; ~.ill; Lr' 

.."J lyJ l ~ ,(S2) ~~I ~I ~I ~~IJ ,(SI) ~I ~~I 

.(3 j5..:JI foi l Lr'yIJ~1 ~~)l..lJ ~~ ~y ~~I.:a ~J 

V:OI,re'i ~ ;;JLi:...)'1 ~~! Lr' ~~I ~)WI .:a ~i ~ t..""""J 

.~~I ~:....LII 

~"Jo~1 <.S~ I ~ ~ ;;Jl.;j «..,... )J (i ) 4 j5..:JI) Lr' .b.~ 

~1 ~~I~~l;4.;.;l4..(S2) ~~I~I ~I~.",:.u'; I ...::.,.), 1 

~ ~ ~"Jo~1 <.S~I -b.,:.l ~ J,,~..illLL..':"':'lS' ~ , (IS) 

~I ~ JIJj.: , ~.",:.u ~~~I <.S~ I 0i .b.~ .... 1...::. ~" .Jk'il 

0.36,,0.33) ~"Jo~ 1 <.S~1-by...0lS'~ ,~~I t~Lr'~'-i1 

J.i.....i ~ e'~ J ~ 0040" 0.38)" t,.wl (~ 10) ~.J..U:. e'~ J ~ 
,(S2) ~~I ~I ~I ~~I" ,(SI) ~I ~~I ~~I t~ 

t l~ .j)G>! ...,.J! .j)G>~ 1 ..illJ <.S~ ,u" .(4 j5..:JI foil ."JlyJl ~ 

~~\ ~I ~\ ~y:.lJ . UL; 4..;..b~~\ ;;.;..L4.l10i ~ ,~~I 

.b.)(". . ( 1 jS'..:J I foil (SI) ~I ~jl\ ~.",:.u.ill; Lr' ~i ,(S2) 

~~~I tlJ..4J <,r.'"Jojl l &jyJI ~.:.....S.....; I 'uLr'y\ t" ~I ~)l..::. 0i 

;; .; L..:;.,;". ~I~b (4 jS'..:JI) ~y-~ ,(t..y- 83) ~\ ;;~~~ 

~~I" ,(SI) ~I ~~\ ~~ I t~J,..<,r.'"Jo~1 &jyJI ~~I 

. (4~), (S2)~~I~I~1 

.,;~/('I'y'" ~ 48.41 =~2~ ,~I ';,;I..:..U ~I * 
.,;~ /('I'y'" ~ 56.82 =~~ 

~lS' 0lS' (~2)..;....; ~\ ;;.; L..:;.:,~l...;., ! 0i, (3 J,,~I) Lr' . I~ 


...,.J ! ( .Ut ......--'~) ",.,wI .~)'l; •Ut 0l.;j""' Lr'.foi J -'..LA ...,.J!~\ ~ 


~~I ~Y" .~I ;;~ J )G.. ~lJ J-'..LA ~~b. ..ill.JJ" , ~~I ~ 


0i~--,.~\~~I ;;.;~~l...;., ! ~)l.W~I ~b.J\.~ 


~ ,6.:!lb.JI . ~I 1\ ,~I ~)l.oL....... .:... .'.11 . ~\ . 
. , v.o .<.T.. t-'"~ v.o .<.S~ 

.~"L..t"~Iy;~~\.:at..""""J . ~~I ~~~I;;.;L..;.;~l...;.,~ 

'~~\Lr'.."..u.J I 

(Xin et. aI. , 1989) ;(Corey and Kempaer, 1968) 

;(AI-Darby et. at., 1989) ;(Modaihsh et. aI. , 1985) 

.(Groenevelt et. aI., 1989) 

.~~I ~ (P =0.01 ) ~JJ~ <.!.lLL.. 0i ~~I ~*i L.5 

4.;.;l4.. (S2) ~~I ~I ~I ~~\ Lr' ~I -by... Jl j ~ 

:<?':ilS'~ \ ~)l.L...~~(SI) ~1~~I~~l; 

, % 10.2) ~~\.b......y...~;;JL;j ,tl.;i (7) ';".Y' ~ * 
~('-'-' 4 , 2 , ~...;...c.~~I~)l.W , ( %39 .7 " ,%33.8" 

.."JlyJ\ 

% 13" , %7.5) ~~I -by... ;;Jl.;j , t..y- (42 ) ';".Y' ~ * 
.."J lyJ l ~~4 .~2 , ~~...;...c. ~I ~)lAW , (% 8.4" 

, % 11.6" %9) ~~I -by... ;;JL;j .t..y- (83) ';J.Y' ~ * 
.."JlyJl ~~ 4 ,2 , ~...;...c. ~I ~)l.W , (%4.2J 

~I ~)l.w(t) Lr'yl Jb. t" (E) crSl~ 1 ~I ~.b.,>,;.J..U:." 

~L:!.JU~JJI": ; ' .~~ \; I ON '~~\~ 

)~),I~" .(0.90 - 0.82 ) ~ Ol~ ..,,"""":;J,.L......,. (E =bt lf2) 

. (4JJ~ \ ) ~~J.AY"L.5 (b)~' ~l:J~~~P' 

http:6.:!lb.JI
http:0.36,,0.33
http:f,;t,...1I....sI
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~~.:".,-'I) .J.A~I il..L....:..II>4-~ (~4.,~ 2) ~~I. 

4).,) (Ml ~ 2) ~I <?--L....0:! ~j.,~.!llLAtP~., .(~ 

cS~1 .h..~ ~ j.,~ dllLA <h. ~ L.> .~y:J1 %1 (M2 ~ 

.w~WIF. ~y:J1 0:! ~"J...)I 

c.;.k .~ ~b (4 ~ jli.) ~I .).~ ~.:"i ~Iyl 0-­

~ ."-;y:JI ~~ tlW 4-..,. ~I e-~ 3~) ~"J...)I cS~1 '~l:j 

%1., .jL...:.~1 ~ 4-~I ~I 0-- c.;.ki ~"J..) cS~ c.;.k ~I> 

~I :..II> 4- d,.ji ~ .(S2)., .(SI) ~y:J1 0:! ;";)~l;., .~y:J1 

4L..,JI"-;,;.u."..,."Jo..,JI cS~l0-"w~lj (~ 2) ..;........,.~I.)~ 

0.21) .}Iy-..)I .~I ~I) 3_~ 3~ 0.1875) 0-- .(SI) ~I 

0.29) .}Ij-> ..)1., .(912) ~ ~i .4W1 (~20) ~ e-~ 3~ 

~"J...)I cS~1 ~Ij ~ .(955) ~ ~i ...,.J.4..J1 jL...:.\u e-~ 3~ 

0-- ~I u-..A.U ~I :..II> 4- .(S2) 4-0.)1 ~I ~I "-;~ 

F. e'~ 3~ 0.29) .}Iy-..)~ ((~I ~I ) 3-~ 3~0.2217) 

.(%13) ~~i .jL...:.)!1 

.UI <,jA 6..:~1 d..:-iJ~ (IV) 

~I ~ .UI0--~ L. ~ l&.'i c.;.k .UI0-- "-;y:J1 ~.,~ W)..u 
.( (..,,)., (i)5 ~I) 4- L.> . "-;~I ~I-'I ~ ~y:JltlW4-.,.KJ1 .UI..)~ 

0.0 0.1 0.2 0.3 0.4 

0 
Sl 

(i)10 


1 20 


"\ 

1 
J 30 

40 

50 

60 
("I'- \~... 0) 1),,»)1 '.$y$1 

0.0 0.1 0.2 0.3 0.4 
0 


10 


1 20 

"\ 
J 	 30 

1 40 


50 


60 ~------------------------~ 

S2 

(M2).0 .("-2 ~~I = (MI) .O .4hU':'-9..y = (MO).LJ* 

,?"y.,yl ...~J.h...y.... =Initial .0 J.,........ 4 ~ 4-hLJ1 = 

.~I J..j~/...."YI 

t~	4- ':T'jb.;JI t=jsJl ~~I ~b :C,:,) ,Ci) (4) ~ 
.(S2) d..:Lo.;J1 ~I~I J (SI) ~I ~.;JI6..:~1 

t llo...4.l <,r'."Jo..,JI cS.,:..-l I J.......".:;.... u"oL;..;..j1 ~ l:U.J 1 0-" ~ t.~ 
~lui.ko.)ljL.> .~lw~L....F. "-;~I ~1-'l4-~~y:J1 

J..LLA c.;.k ~I> .}tJl;J .~I J..LLA ~..)~ w~i ..u ~I .).~ 

~I ~I "-;y:J1 4- ·I>~.,..;si I':'" .:,,\5., .~~I .~ J)l;.. ~G 

u.A<,r'."J..)tlW~i ·~~"J..)&jY dl~ 0" ~~ .(S2) 4-0.)1 

~I 4-0.)1 "-;y:JI L.i .Transmission zone 4LW~~ 0--~ 
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