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--.j3 t'r"s Jt ) vo .,'J-c 'rsrj+ ( -liui ..JrT ) .,.--*; ,-r.t-> "rrii ,-;) ...j

o\.l-cl *\lr1 *-L:lt,a"JL ,rEul u." Ir-aJ {-->-J*sl ,-s*i ;,,-lc cr,.-=-a",s
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:qli..rl I

o-slg e,,.! g'o t >f :l . qrll plgs 
"rNLc ri; J.lgc CJL; ( 1,-r,

J+-E-.X s:l.^;:qUl go.JJ t"'U" ut', t-c., ,lJl $ro,JF(*-r , ":((fg;,,.,

\ri[ t^, JS.J 4.>+.>,a.jl Ebll Lii,rJ q5rJl tsFJl Jg= oil) g,.c (I.r.
c.J -\..a3., 3\lL.ol (soll_STRUCTURE ) a_:.Jl ,l+ _l

( a*tile ,_*r"Jls J.o;l ) .r. # a..- d -i
q{.'Jl l+! u}SJ *^Jl q*Sr^jl9ar:2r-ll *t,--=Jl t^;ri -v

4irlJ .s5,-;l(,0 ^-ll ;[oL-]l - 6

'_ a:.

: "{ril ugJ .sJs r!1; *s+Jl Jrls"Jl g,-o -f
pUl oslCj tuss*ll orls:,^Jl ey -i

q{g.beil ii:LJl ,;r. qr.rJl uSci=-o -!-,

: o{y'l orlr= b.,!'l_oiJ_c, ulligt .sJI Jblg.e.Jl ir,. _f
"1:, ta*!r *>GoJLs;s -i

F-Jl 3J"-- ip l9al.l;;l -v

V qjqS'Jl u>lsoJl e,; -e

: 
i{ll .s3 nzl*jJ -s-,.,r'f I , r ^a-ll -[

,-,,to-,irll E *ii -i

qrrJL \5e+=jl .Lt .ull -*-

"il{i peLn_ilI U ,r,irl _e

: q.JUl e,GlrrJl JLaSI (Lu,
i^a {SOIL-STRUCTURE } q.rll n-..,(; .s1c;s, .}"Jl .}.l9ell _i

; ___-___-______ ss qclill E,i>Ul o,! LJll glyl ,Ji-bil _./

\J.s qJ-1.^JJ \.-sJl J..,=, 1;l,rJ ^-c o-c - d
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t
S0il water 4rJ.Jl rlo

Liquid phase of the soil q{ll .Jr9 qUL-.rJI q.lbdl

L*=i q.jlo qiliis Vsrg [+;-,"1g: {h+r )gzgaJl.cbJl arrrlJ q.iil,,,Jt 4Jl.>Jl Ja-tu-
ol;lng .srri 4jhi .;.al.;ss +*jl> .s-c,g <.jls 3\Li .1'n o(Jl lj.a qg::q t-{ .ljtsrJt{

. a1{i 91 4;.= qe-ac slgog

-5pis ,.-l,.rq t.*.> e.JrJt *s.i alitJl aJt-JI .yaLc up .-s**rl..,Ut ,-:*lt s[o.lt u95;
rlo-Jl g,,o ]I;iU lq.rLi dst +.e';.sJl ,.;n"blrl,l .5;>9 t4,pla "r+ls+:,.r".,UI iL.,

4sy,rl qrJl> .;.H.*i .il.c a*{.,1il1 oJS ( +tb9 <ala , {-Ut-,*, ) -iUL>Jl *s.ir{-oJl r?lgq
rt" ,JI ArkJl x,..9 AkJt tigS.o r.o+i?s ;l* .sJl Js-=.; 99J , 6j*4S

r5-r'7j *r.rJl A?9*=Jl9 <2glso<llS qgt/j*"-J-l .rlal^eJl B*oi? *.9 l"r*S l-p: rL*ll .-.o.!
[h,,,9 ufi e;l lai ,. ,:Ul t€rttt+l .sJl :lgsJl ,p-b-q."J rg re;j-o 9# , air.,ll Jst,

€.1rt,l :19^Jl9 q#"hnJl )-tt.eJl JE+ rLJl,og,q .:IhJ 4{j:Jl ,".ns qJgto+<ll o\Lct"iU
)-lS ,"J.9 F,S-?rJl .sls JspJg rul J*s o" t?;rt rt 

"St"i 
.:.il Lorzlg i.,Si"i i,,o

,.:uls dliJl.l d.h*^Jl i*r*,ll .lgrhjl c,,
E*o,?*SSie+*ni4Jtr.#trJl OgSrtsu;i.,,.,,!.,pJl eil.otr*o ilga)lgrl^Jl ,[-=;

sl"t '."J1 S,r- cr";Jl ;g2o1 rLo.Jl 4-.o5Ji: trr,t9...,.rL*Jt+ iirglo.n -:l,ol^,r."Jl

;IJt rq t++3 agq 591.'1,+ clJl u9,! ,s-Jls A-\rtuJt cilol*,ro.ll t+-e+i: p, Usi 6r+f.Jt

'lJl n oS .iJ.i*i l-il iilt+S ..r.*i itgii V 4*g fuJl .yl9t J9,= sLLiS 'toJl 6.+.a;

Lgai olsl-,.,.,n,J1 E;grg p+> q-*.l-> A41-a6 4b-J r+s qJy'i \"s

:q.;riJl rb ualg>'
: ,-rr-iJ *Jl tLJl -t

3.4 X 10 22"s.j19> g;'.lc .s9:.., #L^*Jl riJl 1;"o fp-*, JS
HzO oq9G,(ll A+Ji9, pgji:*Sjl Y lg.ic o-ulgJl Jas c*.lr-p,

;;1'c LgJs.>.r \r#;,4,r*+-*l5gi o;-r, ull.l;y g,c>gr-r.,n s+r-r: q,'! ulai ccsP # *Si
q.*iJl-ajl rl-qJl c.sFJ Jr+, i,sJlS a**la-tjl q-trc rLJl 

"+* 
lA"o a-i}-ijl 

';-.9 
<;'115i;;

-rolSLi q{g)rJl *rJl .srti. CgL-, p -bl-;!19 pi rl-o r.5;-7 q.o -Lt^;.,1U1 $Lc.

' 
qu-:-?9JJ"-i-e)

;qi.JL= r*+i -i
diuo G1L{ 9l Ji-p;"'.7 qil L5 :Lo.=.,\li Lrc 5 L+Jl ai-, sP; rtJl

qr>Jls .iJl o\J-rlrJ +o9- .--,ln ^ oiig .sr-i ,Jl 
"lL= +, oJg:.j lc 6y-5' 

-o*'.,ir-,

'LJ #',:.h-^*ii r,iJi -I

=1

\--

i-.



59.5 uiJl ts, gi-Jl ..iEJl q.?rs ,.-$9 lr-*,
ar rLJl J!, dJe-hejl :lgrjl u.a-e{e

\s.>ia,.,.,'il r-,:,ll 
'H+ 

i:Us=SJl

iJ*, .'L.,'LoiJ

elslUls a5

/ +:1, 75.5 
"r'ji.ijl 'Ld $-*.h*Jl u.-L ll Cal*

c.?il!l 3\l"Ul asLblg p 40 4>.r:.s,.! +*,lgrl:
9 a.rg-beJl .ts"|g=Jl {eLbl l-i , \r,=.h*^jl o,:-;

sa \5.>.h*..J| utJl ) ugfr^Jl Jgl>au
("Uj_*trd

u,,tiJl La-ajl _t

.Je *,"r .rXjf,.s crjtill *Jl qtl,.^Jl EJbJI 1,o ctall ,.lgr.j ol

,. "l ;.'ilr 
*r,s *tr -^a; arrr*lr 4>.;r slrs * rojf *i .0, ,Hl ,t ,./ ha..r

a,aol l-r-pJe us;[-*',ll q!-ib J,Jj, -sJl +rfo qlr J]r=" J'*il;J[u"i,i ;',. 4-,91d-Sl s.\lctaiJl ...*
:.+.':,' 'r ::'u';

4>q t^| -L)

",: : q{}.*$ 1rygbJl LSgj.*.oJlqlrJi Jlb -s.s Eg.blu c{}r"Jl E**Jt ) ga t, qqrJ *sb!r .sg*d! -r ^q
: : : Ll (.*trl si) _rtrl u;gu <*+q

: *l 
'.sli rlcJl u.ig

100 x *--r*r-- 
= ${gb-}il Ls$,*nJl

.ihil qr*jl o;s+, Ai 100 dl q+-AtJt ii:99.o,J1 
"t^Jl n*; **q.o,gbrJl sE=aJl ,=i .5nr*,qrj rs+gbll ..so>ail ui ;g; t, G , q*sio 

"-r; 105-110 qlrs .5Jc u.rijt+ a!r+
9 tloJl ,;'o p-co.-$1c *g.=.i .*.btl a.rll L,s A-c, ,0, oi.**.d;,1, %S 9o l,

( r.egS ,r-*Jl) +y'l U,o [o.i 100)

;J
=I

tl



P+:Jl UlvL,,l UJ.c, O;gJl g.Jt*,/l LJ.J.e i3Lill f2dl 5=ry1'ul:*1t

uU ai>9 l€,}#.,,tr ,rtsi or*lt{ GI+JI o;slJ ,n&--rltL \r,rg,bJl Lssri.}Eall ol (w
dU5 uffLi n,..... \+loll o;#l dro rliLj ,rSi *L=I u;fll

:frubul
4i q.gb: uU -lJ:g o:Lc c{y'J GI+JI uj# a+I.LrJL *rsbJl "sgi:*s,Jl o.c r.Ler

Elbrl 9i artr=tt qlri 8b.,5 g+JI .es.$ *UsU lo; ,rtu=;9ry,1t artr* 4+;j *s.s L
L*" ,qS!., t>s c.t$,>..il, .rri t-.:;.Lc c.lllJ \$rjl u;gJl .;.h:tj Lba.rr.L* -:lhj , q++*.tjl

;rfll of, ."SJS, o{r*U .*trl +;sJl L5.'1c, r.o.ie.r ,"prJl 
"t*J"=rJl 

Bjt, ._il.c .1!i{
,-.;b +;U ( -r"-l-:l urgJl )q.,,rU.eLJl ujgJl .il! El,. \5i .,-.tl oi--r+-, L;;

ii.,lr- qz;5.rJc Urs -.j*i t+-eb9i q*.llr.*r:#Lfi ffi'trS
. Lf-,, )9.>9-oJl rLJl nLq" +$+e 

"Si 
si a-ct*, 2a ii:aJg ( e rOs-lrO )

; C4r> F;.>il .rrLri .sJr .o,gbJl .sg>-Jt i,.c x+*Jl #-a; dhS

rta.ll p,*.>
100 x = #\..91"ri sg=*Ji

\SJnLbJl ar;ll p=.>
\ i'*-[*.il .Jil "teLbi 

.*l*Ji rl-Jl p*> €i.ea] #!i c,t*Jc-c ,.5..i trr,.* l-:as
:5! q;,.:lJ \$4gbJl LSSri=.aJl ;i;LAj q"-c,Ai t-o

tJ <;li r.r "r_*JL 
qr+/J r;9bji c,.,,,11 r:jij ,i

as\Lc U,f-Jl .sr;\.ll .-ly-r:':l! ,a"1 J\1.; o- &; "-^al irslg;i--5\ll ;:S
: 'l- *".,gLll .sg:.>sjL 6)-^:)L, )+-c. gl 6,it1o

,-,:lJl -l-Jl i*.5 +9;.rs-l r--s!l ,;l.r la- o.-o; ac-Jl ast:j 9i fu-! .-,.U| d-=Ji i,j;
"qr_LJ 

i",;st -!

(

=I

L

\fr,gbrl rSg;.xsJl

rLcJlp,p,

100x-
crrJ \s.lntbJl,lr*=Jl

rldl 0;g

100 x

iqJorl q"1.Jl u;s

sLcJl u;e

100 x
Edt:.,1 c{rJl u;s
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:t*aQJi g's*g tu+.fi grqSiprl tS+*:x*-tu q-$U-s t$ .-t+l-hsas

v1 , ' -.'

Saturation gases: B+iiiili €Jt5"

:.rh19 Q-t ;or,,,ii *.,

t 6---^L; ,Jl-=. .-r.i a"rJi
l-oi*,,, jl ._s"s J|;1Lri.sp*, d+oJi .o.Ji ,di qsr-ri )l& ,_r,;
ul J-ric JG.,o 

"(-oJl{ 
*LcL*di 6a^; JjNlii L}l," l*,n rly)i

,jltu e,-,-:tJl "Jb,'-s-b *.aro l- *r.-l ( Elbrij rr/9.^ll q-,-*ril ) *.igb!l ,sg,>-*rl u1

((saturation capacitrT anli.lJ Z* i n**i )) ""1.
, e,i,u-i!l +>.3:91 ( ri.c,ii ,'l ,*,,c.jJc'.5.&Lr-ll ;-j,,-ll ) 9i,, -

;Field eapacity q*Li;lJl i&"*rJ1 -l'
,G;*;;,: uGl+,,1- rlojl a-illbl rs, i,n+!glsi,"gt cs"-,{cli A{JrJi ,-!; ts .

,'-.U-: -u-c f sLJl .J9y,S94 dr;> a-brul d*tSl-zil .L.q Jr*"\Jl .-ili jjFrn-; S+-iljl
)) si (( *,L;JJ r,oul cLJ ;rlcUl :.>il )) r+..r+;l +qebJi .se*.Jl *jc,slt,

(( .*i;l e-aJi -":.-ir g.r9!!1 ,-sgi>*ji

;;A\ JzAr aW 4 / wilting point : dg, "ul

q-,

-><__

*,
r

rt J-c .j'ij eU: e>q.i-* ;i;oi,"L -{--! ,.ryStli .sg>-"Jl 
'ct-es:l 

-r:-c)tJ '. !l iq-> cLu Lo.J AiJ-c\Jl u*, r ,i,ll ass q+o;: 
's.i4r^il ,LJl .,atoio d,o e:|.+il 4-cl l^.:i^",I

,,,,, l;-i:..\Jr.l ..l.ll l-.r -rll .-ll ,c..: !__ .-:ti,!r .,i:-1,...,..=,.:!i :::!c.""'*a:**i v\/-rJi ut-t ;-r+rj u)-ul \ij!? ia-i L_qir;+;r Ci-ili Cgfpi -.di Lt-i,
,'.,l.+.,J,js-, ir> (( {-'s}ci Jg:jl {h.- )) qJlaJl o1-o ps g.q}Lrll us5;i-=s1J JLis

"toJl 
qiLol ,":s -r:-c,9 ,r,s!l -1s_ro-l .,(l ,,,.,. q,;'il EhJl q!L-l *r, qbLjn **r*.,-, ,ri

g; Lst^> q49+> o:l-c,j 8+k-."v;r t-*, *r'*-,'iii igriii qJt=.-$r1 *L:ji j-+.-,., qr>ij
4l-li )) 4.,*u \s.,ebrl seil-oJl .*tr ;lu qJl.>JI ojs .s'S,.., q"Jl li

9I.AJ

fr(permanent wilting point Jl Js,
a=l?Uiji .ig**ii .s'3 5:i-c Filrii is{jil 4.Lit ,;-c \s?gbri .sE=.Ji rrir;
Fl""dl ,i a-L'r=it ,i ,"..L^r-tt :i*-c. ,*[.- rl*lj c.,-rL,*:, .rbb gJiJ Lr-D p;:L-,*, . ^e

..tqJ ;t-c. a:1"+ l#rL-*'r,;r:L,,.Jl .,i's "{rJI +h*r a,o.,tJl gior.:l l.l1 >+L:.-rl -r+,s;)
Bbg, Lag-*; ilo 6..# \c/ u)L-Lli .J\Lc Jgr:Jl o.al.*i )tb Los-c5 ;;l*!l g--,- ,-k*
jlle\jl -,: 1.,-, ,*,1 l:!s a.L- i2 od 1,l:.,., Ai-a-os *}L!L gn-.li" gz ._*s ;r:L-* Jl

. ur,c,-il: 19.(: k-lS+i ;s-,rl l:!c *i!,5. Jg,-rJl ugS-., Lp-lS--1;
; ..ir ;" -l^ll *-*- , ,f.,,, cq-Jl *s-g;\-cJr )s-?s.,;-:c gu-e-rU.so"[.JI J_o;Jl aJL> *,J,:,q;l j-or5 ri
I i ,t >t -, ..il ..:r : Iac^f.-.! ur+lS,+-1 -W r*iJ! ;Sl o.:;-.1 ,*g-,*9! h,:>j,ioJl ;, 'A;,-S_ 

--t:a.t Lji::j;*ir.
.e-r*l ,J] +.S; Lr-e ,-5o> l.-h 3i-10cr00 *,o. *!--= *rs (;-,-.r.1]l a-3.j.:) _;*;5;*:-i

)) +.,nS*r;e!$l+,1 ,iet"sesJl a,J-e 3-Uor,-<-r]i "-LoJi lj-o,= *_:i:*i,.,Vj --,l-jji "-iSri
l;rS,ui; t'tI xAu-; q, t/l ,--n , sHl ts ;ol/ li.,,.' ; 11,, -i-lr*J i )iy(t,'.-t, 4Ls-i n 4*, ' ,t ) ,

// el. :',\!l - ;. t i- r:-Jyi , .; '-';J *4 a.rr,LJl l- * c-,3 -s:il "=Ji 
.-= {c

J
='l

lr,,,

I
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Soil water Energy q{J-Jl rlo ASLb
: rlhJ ,,... \-.+9.o.r=\Jls Jt--, L"or-=l (,-,*Ll itlbi ) q+hir--$ rtJl <*rp ul

.J,.o.,,.,l-o liag rs.pUl Lah=i .,-uig ui rLJl .]hi+J cSa; -)

(( Cohesion ila*lL""Jl ))

ols qJL- q*;l+-r"J.-L>-.1, <,F,;r.o c*-hJI A-1.;S Ell .s,,|.!-rlri .-.*=9 -t
.s-cJ;l-" l-r-og ,.G)l 'Hi -j> lp;.7-ot o;Lii:Jl c-re 39h.,*'

((ndhesion6raUJl ))
, .rG: J,s .r, ,LCl .:l-..u-o .-s'J, uiys,l (( .s-UJf, *fo| ) u\lnUl ulio -y

6l..eJtlG ljag ciL;-b or-e o,o qigs, i-ir.c.l o;9o,-ilr, ELa.ll Ell
((ndsorption i.pl-a.i.oU I ))

e+L- i,c.r.j[^Jl rLt,q-li #s, \-s.,(-.!.r->.ij$J oia,.rol..o-i."!l +5U" uJ - f
.... a,lrll *;Grjl

iG Jil.^rlul ,L* <rrt o aJ ^ll .1;il-gJl irc.'l .,rL;Jl ,L gsg" lo,r .--:"ruJ!
o;rl"*ll q.sl.tJl cr, #l a--S .s'.}l e t +9 c-{j=Jl ...+e }o5l q).r>,,1-,*,1+;Jl clJ

o;:*;J
t^ll +" css]? ( rs-zo ) +* eL"L*Jl 'l-s .9LoiJ\Jl 'G ii.'-- ggo;.o g-L,J -o

g.o cl-'lCl elo'u tJ'-J w.rl-qrG rl;;s'1 uSaJ GS , (r9)i^,^Sil 4o-oo.-ils- )
,':rl,iJl 9*J pjUl rt-oJl a," A.hc.\Jl rr-?il 'ojg!|s 

.:.,l-,;-LI ,oL= e-,lojl

e7

-

{**

( a.rf 10000 = s-drJl ) Gl.e\LiJl rlo

{ e.,.r" 311 = '.'ill ) J[-*,,1-.Jl cls

ta

,l

' . : '. g



;\.t\JgleJl rSg=sJlg h$+gjrll r .:dl 
u,.i+ {iI_eJl

$Jl rl; t'Js \5i .".. E.+ss q.5u-s rscabrjt -LIJI9 *n+*bJI rsg.,,.ajl u+J c5\tej[ ul4tll fgi r,,.,r-. n[:r.i aiiU_eJl ojsg ....b).r-..+rl 
"sg.u.Jt # cr.rU.".,gbr,l

*+-*Jr "Li-.i* w"-ir'''' r5r'Hl [*5ffi ,ffi
l

aIt

o

14

tt

ao

6

I

?
?

. -!t ;. .,r, .. r : ltuJiJl qrgb-rJ r.ssl+>+iJi ,e+.r.,+i;Jlu\-i {-r}!-rr '*J-u-i} -j-+j +ctQ) "l 
,n-q.-*d ++l 6gs..,-._,-.- aq>.Jl rL p_..ri, 

';i .s^J. lr2\ f"i,t)\ ) ,>?Jl al ,\-\\ ;)lr\ ,5'"* 
:

*$!l u.s,,.b+ q:U q;>J;J -il *JtJl y:a,p.rr?,Lo.Jl ,-,;"UOl 
eb')

ob,-r+ tull etJl ljs 1_rsj "S*; :{f-*;:*rte'.s.,r._Jl
' t',,L:rl 'oi> ,-c rrr-Jr risg qrlu *s.,*LJi ,-r<-:-rr *" i^" a-ilc 0.,r.,=

rr-':,q5 d,r,,o ( 31-10000 ) cr+ esr-, !i oe-ar .r-sffr' 'Leil -r
i-ic r 

"r'-ll oss *- .;sr o,-* ogs o\l .it+u Lari iol= -* sss qrrr .],.G. J9 G;_>
p;lJl Js,jJi a..hdj

ur.-r-r-us e.L,o (u3-3i) {lJs r-.-L, iisr+ 5e,..r,o.rt+l1 }6{=Jl ,k,lffl 
sl'aJl-r

[r:o >l;,.sJ \s,Jl c-:iJi aU.Ui; *Or_*;* +!( <.,rJl Jeb., ) t,t=iq-"*-,Jl t--v g_n+s , crlJl _L.9 +r.,ll*i._,o_il ,LIJ .r.._*r.;rl .i_\.aJl SeS.itJic'+-''dl Jr" orJt .r"rs- .,,- ,rJi iis a*€,s ;;, p;rrir .Je:Jr d.h_dis a**=,r

;=t

=

fo



i

. qjl-arJi :lyJi9
- : u_rlx;*)Jl nL"s -fl
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