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(w.an p.ul1) .:a� �� ,.ll .:al.!�ll, ,L..II .JI.illll 
• 

.uu . l.t:� !lc. � � . I.!.! _I_� -� � � �· lJ" "t-""" '.J • � J.Y"""'J .. .  
� iJf.>l J_,l.; J ..:.13.pll ,:,. � � :t..#J ._;..};1 .)! ..:.� 
"""' t....i ufo .;) .:.13.pll ,:,. .,1> i.t j1 1!'!'-"l '*' J � � � 
• _,..:.! w. J"A '-!fl � ..;_,; _,..lj _;>.I ,-1 J (<,o_;,..ll <&. _.11) '-!fl .} 

i;;...l J!_,I.;J Uifo iJJJ"'o .)! J...ill 1:.. <S�J (<J� r-ill) ..,..tJI 
.(JW) Ji..�IJ .,J<>::U .:.y:,w, ,WI Jill '-l>. 

�•• ,ttl <itW t. �- " � �-"-� '!Sl " .:.W ..._W j _,,._ � oJ..JT- .. r:--J U"' Lrl . . _y::w .J 
(Plant Hormones) �_,...;+ll } _,.l1l .:J..Jol.. ..;..... .)! �WI .:.jJ! '*' 
.>F- '-!fl .:,.. ,pu� ,WI yJ<.I � J..=.> <;..:-};1 ..:.�>l;lll u' r_,!..JI .:,.., 

(Cuttation) tL.,'il, (Transpiration) � ,lt.l Jiil ,WI .:,.. i_mS. .:.1.;-S .:)  
0 

oWl ,:>.i '*'' <itW _,.l1l ..:.t,W. .} oWl .:,.. i.J!i- .:.t.;..S � W, 
J.w..; ._;r. :;......;�1 .). _;,..JJ .:,.. ;;,....w • w... Yl, :;......;�1 J)L>. .,. � ul 
� • '' ' -' --' • 1:.0 -···• ' L  � ..:.Llll L>. ' - '- "'-'� I ,W\ ' - ·' J="-':1 � � �J (,..- � . (!J ...- '-""""""': J "ff" 

.... t...ll ' --·''· '·'il " .:.W N' .:.t.:>W oWl ' - ·' �� � � . � - J � 

_;sl JIJJ�I .)J J4JI .:,.. ,WI I}'J! '.1 .:.\ _-.:n, l..,;J.JI .:.l>l;lll <.f-.l .)J 
..;..... .; � '-<JW1 .w :<s� '.1>;. .:.'.IL.. ul .>F- r',;l ......., u­
(<F"'�_,.... 4fo...) Red Wood �'.II � J� � :U.__,bll J�'.ll 

iy.. � '  -""' (40'� 4fo...) J�l, iy.. ' ' '  -""' .)! �lil) J..., ... lll 

;,;,;.\1 .... I )I :.Jt-ll u'J. '-!fl .) J..o4JI ..;= .illll Lli...:.l lj\J 4>JP.IS .) 
. y.. n T � -\!Y ,; ,WI � �  .;ll 
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• - " •···"· •• , • n • ,vi . .  ., .. : J�:.�.o�o�Q,U c---: ... , '.Jot �· .J -:s--• 

,.,.,. t.::li. . _..,., ·w . '-n . _; ;...,:,... .. " l......u�l \..i.-'ll <.....:;; .. . .. w_,...... t.-' -' � "" .. .. ...J- • r . ..  
._..I... )I �  ulJ � .} J_,l.;; ,;Jl Phragmoplast _] <;,.1. �;I I •."; 

.} o'P.li t,::Wl Primary wall .,lJ�I ).,J! ufi:ol � Middle lamella 

Primary pit .fo11 .,....., � $ .:fo\.J .)J�I )_,JI .} _,..i>J _A.JI_, JW 

)� t"--" � Blind;,_,;.. Jl pit pair.; (;;IJ) .} .fo11 ,;. � ,;J field 

)� <j.?; ;,lo.J � o:o.J .,JJ�I ),JJ ..k- J4JiJ JW y:lW <j_,l� 
l.;lo. .) ;.,..IJ "'1 (pit pair.;) :t,.._,_j. � ufoJ (pits) .fo ..k- ,._,wl 

(y ,1 \ -A) ,JJ $.: .} L.S <.<_?.�1 '-#JI .) 4J :U,Ii. <.<_?.�IJ l.J;... 
.:,. ufi.ll Pit Membrane o.fol\ ol.:<. u-ilJ ,;,ts_;:;.:; �.foll ,;,1 c:;-'>Y- \?JJIJ 

ut;.:; tit;.. �L ..:,,;; .,;; .:·.n l.l · · b:WI · ' ·'' n 1 �I 1,.] . �· U;;lJ.J . � tr.J _) . 

(Esau, 1960 1965) u�l;lll �t., 
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Primary Well 

"'"'' ),:J 
SeCondary Well 

"""' },:J t'it Pair 
Pit membrancc 

•foll ·\...:6. 

(Primary� .,lJ'jl }.>,.nJ .;..-_,11 � u- UJS.oll <;wl Jl..,. -I :(1-A) ,OJ � 

• (Plasmodesmata)l.;.o�J.H .:.1_,:1 u,..,_, J;'>l .jl!J pit Field) 

foil � lf.¢11 }.>,.nJ .,lJ�I Jl.>,.nJ .;..._,11 � u- Ufoll l.;Wl Jl"" -.,. 
• .,ill """ U.,S:., � 1!.¢11 Jl.>,.n ell ""' �""' (Pit Pair) � J'_;.ll 

Esau, 1960 :U'=' 
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<;;'' '+-J:i..l-"JJ! .:.1_,;; (Primary pit field) _;illl ..;_,:w .:l L.S . . 
<s" J:i..,_;, JJ! .:m J,.tm J Jt..,;·'JI .} � J I JJ> ..,.h Plasmodesmata 

Lil,;.J l¥JA ufo. .:.t,.�� ._; t;::W rJ:i.!-"J-" uti ��J L>!1JJt;.loli uf;l.;n 
Primary pit ...JI .,_.., L.f .(Y-A) riJ Js.: (symplast) ......,:; :u...:;. � 
.>!J .:.I;;JI '4-oli .;,.. .:.�J .w Jil t_,.:._,.. ..;l.z.i pit pairsJ field 

u\_,.1§ .Y.=' 1.5j..� � cJ.4 1!1� � �l:wl JI_,.JIJ c:W ,:;1 �J 

(Tyree, <,WW .t.:.c. JJI"' w> ::;IZ!I J Jt.::.l'iJ .�.;hJ Plasmodesmata 

._;,_,J, Ji" Jli:;,"il .;,.. t_,lll 1::. ul . 1970) Plasma membrane . 
Wb t.� ufo .;JI o _r.i..oll .:.t.l;ill t,l!S ufo. .>1 Plasmodesmata 

-� .4.t11J\ LJ.ll.a..JlJ c:Wl i..JJ� 

(Y. I • • .)!_,..) o � .:.\it... ..JJ � .W t" JJ .;JI .:.1:.\;lll .:) .)#. 
I�J lJ!U �_,JI '4-oJYI ,_,.._,. ._,_,.....,.. l.;l!S .:.IJ#J .:.� ..JJ (� 
._.; L.S l.;lb)l �YI J.,J.; ).Pc'il fo. :c.f � � • ;fo o.l\i 
:C,..: .:.FIJ t..s .(Weir et. al, 1970) .:.1:.\;ill � • ;1' a1ll 

W, lJl\Jll l.;lb)l �YI .)c �1_;,.'; .:.t.l;111 �) Tracheophyta 

Jji (Mosses) .:.�IJ (Liverworts) .:.l;_,s.!IJ .O.yjlj>ll :C,..: .:.FI 

'J_,kll rL- .,.; y; J 
�� �I .;,.. :o..;_,s. oJh.. :O.,...UI l.;lb)l �';1 �J 11\ 

.'-ill.ll .L..JJI :o.,...;IJ l.lh..ll 
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....II <;i d.J<J (Symplast) .,......a � � ,-; :(•-•) ,I; .Js.lo 
Brouwer, 1965 :� (Plasmodesmata) 

....!.OJ -........! • • 

::i,l\;ll .... -u .<- . - � � .:.\.1 .<- ,., � 
""" 

- e>- c:-" . . """ ._V"" 
Tracheids and V esse! Elements :� .]-�IJ .:.� -I 

r fo �, fo. U!l _,bll '-!!,. JS..Ill '-!! _,1, � .;;c. � .;!;<. .:.t,.,....il\ u' 
.:.� _ _. L'gn'n ·--•<" �,t.., ;._,.m ' - •' .... . - �  ,.t, t.. '" ' - '',\.1;, . 1£-J 1 I � • :U"....., '+".J • t:ftt-Ul ... _,..� '"t"""' Yo 
J l.;l Jjh '-tl.o '.;to.. JIS.:.4 � "eo .J!J (Phenyl proponoid) ;,t.. .;.o 

• <;,... .1.\il l.><.t.. w..;JI ·1 ·•- ·-""" '-"· .a � I :i,;!,. ......... • 
• U' � t'""" u-'' ....., J • . J • 

ufi. .�.,J JS utl vessels �}il t..l .(r-A) rl.; � .,;  L.S Pits _)Jll 
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t,lllll .li_,.JIJ ,w J;> :<sp :u;.F- ..lJ <i>lJ "i rJ:i..!i'J� .:._,.. J .;fooll 
J\S..:.4 Perforation plate-ll � t.., '!;o;. ..,ti � � t..l <;I 
(scalarifonn ,.U � J simple (perforation plate) � lflo � 

<;� Jl (Reticulate perforation plate) 'h' ) perforation plate) 

#J .(t-A) ri.;.JI � ... I...S (Fonnaniate perforation plate) JS.:ll 
<;I �  "-WW .:.�;, ....... �, t..l � "" ·�J iJp '-.PJ'il 

'-;l::..Jl �_,.JIJ ,t..ll :urul1 ijo.;o.'il ,..t (Vessels) .... J'il #J .iJ_,t.; _;Gil 

�to. ..; I>» JA .JP ..,.. J (Angiospenns) J.J¥1 IU.... .:.t\;l ..; ,.._1 
.�"il ,..t 4,; .:.� _w.:. .,;J (conifers) .:.yi.Jftool\ t...\.>.J JJ;,.JJ 

ufo. <.P J'il ..; Ji:.l1 J <;IJ •J. .. ""il � t...J .<;� :o.,t:i..ll ,,_,.JIJ ,l..,ll lJ!\Jll 
·4'1 .:) "" �.J.;J .... .J'il ... .t..Jii.Ji l.lil l.fo> � ... I... fo. J.-.1 
.t..ll (Lateral Transport)'-*4 :<s p .:) "ii ..,Jc."il ..lJ <)i.."il .;,.. _,. Jill\ 
..,� <lip >»J � � <) I...S (Pits) ....1 � � :o.,I::..Jl .li_,.JIJ 

.(Salisburry and Ross. 1969) ,bl!IJ � tS.»o< l»l 
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• 
• 

� u\il'IIJ .:.�J � .._,.,J�' .:.. � e'.,:l •(•-•) rOJ JS.!. 
Esau, 1965 •<P 
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(Perforation Plates)c;...a.>'J � �J�I C:.. Ulli.o et� :{1-A) ,JJ � 

.(PIIS) PJ 

Esau, 1960 :c;. ----------------���---------------
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Xylem fibers : ..,..:.U u� · · ' 

U;lSil4 :i.illl. .JY<- .:,�;� '1;4ll! � :l.i;iJ :U._,l. � .... � 
.,.....s ..-" � <;JI;,J r-'1 .J .(r-A) r!J t$.:.11 .,; � � """ .:.�� 

.• w ,;,.. J;!i r-.5 �� J::l.;. Y'i .>!� ".6;�<,. ;..,I...� ;_,! .:.4lll 
X ylem Parenchyna ..,..:.U ,) � � -r 

....... �, " • . :;.;; • . .  « .>! ' � ' - •• " �- :0..,. � • � . '.)A �  J' .  � U"" � .. ..  rs-� 
(Esua, l.:lltS :i.iJ:;;J! .>1 _,.!1 uY.. ...S �i.lllo � r-'1 1..1 X ylem Rays _.:; � 

.Wl (Lateral Transport) '.,4J4 J;lll <sp ..) ,.,�...; .>! 4J1 � 1965) 

• .jt..ll �1 P. ..)  <;..;...)<- iJJ->l �:;;JI .>I _,.!I� 

,;J 3¥ .} � � .... <vio-l . .:.1.-:.n� iAJI'� .J 

:.}.! � ..,.,..;all ...J.i., P. y;S.fo.:.fo..J -'-!fl J� C:" ..,.w, ufo 
� .:.�; (cortex) �pi! � 4J; f' ..,_JWI � <F' Epiderm iAJI 

,;J (endodennis) '41>-l>ll ;pD li!b! ;p�� ..,.:w� ....,,j:...ll $ <;_,.wt 
;;._,J., • :uJ. 1- �>JI i · "" • • •J .L J to t;; lA' ·"' · . . « • <J-0 • ...- • ..r- tj.J">' � .,.. _,.... .,..... • :yo ..-- u.,-
:t,l..a i>l. <¥'� .(•-A) r!J JU (casparian slrip) �1 (starch sheath) ,.....:; 

�>ll iylil4 :U.IS U.L..I J.p.;� subrin ;.>L. � �� >_,;;ll :U,I! .)#-
. 

� :uiWI �I ..J! ipll ,;,.. Ul,olW� .w J�_,..l WI.. � �  ll,.l� 
.(peirnon andDumbroff, 1969) � uiY<- o.!ub 
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. ... !A 

";k• .. r,J 
Cuptri" 1/,'f 

(Symplast) .JAA <;i <JJ'...J � Jlol .,-A.P � .:... � :(•-A) �J �J 
·� •�<>Jll ulJ <,ri'JWI � .:... •WiJ .:.LiJJ�I l..s� 

Esau, 1965 :,:p 
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. .... : .. . .  .. 
' ' . . . . . . .. . .  .. 

tad·-�·�;.._.� 
� 0  
8'3( r; 

.cji.)J�I c)! cj\.wJI� J� <,_,n .:,. .:.�lW� •WI cJ!.Jlo :('-A) .,JJ J$.1 
Devlin, 1966 :{.P ;� 
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V' 
' -

wl\.JI .hi.<J1 ' 
-------'':..._----- Positive pressure Neeative 

. .,.n..JI� � J.i.Oll C$ � f"'""J :(V-A) �J JS.l. 
l;)l!.. 1P.,.i>JY. iliJ.b we .><> ,:,1 ;_,WI �1_,..11 � i..1jl c..,..,IJ 
'-;jSyJI :i..ll_,.b..YI .;b (' .Symplastic movement �1.. Jl '-#-1,]1 ;yt;JI 
�WI � illfl �J pericycle �� 0 _;jl.!ll 4l _,l.J Stele -'�1 � 
l.,......ol i} r _,J...JI <JA J . J:,JJ ..,; u� Jl � '-;<. }JI �) uy:....JIJ 
J)..J}l\ J.JY::. � Jl_;J'll w�_,......, !3L.JI � _,�1 tJ.o � � �� 

1j>.ll u�l �) (•-A) <"-' � Mesophyll .h....jWI �� ..,; i_,;.i tAu 
' b.. · ·" •. .h... '-" -· ·'" _ _; ' ·'·"" Vascular bundler :i..Ub ·11 .J.J . IJ_,........ (.S""-"" :t"""'' C:,.'":"""""'' .... - � - .,... 

. • . -.n ....,s '" lul....., •• ·-11 lli;Jl <r _,...... . • J"' • . r .J" " • 

bundle '"'yh l;)l!.. w- rl _:,..., :ebb.. '.,; _;bll <;;�<. _,JI r j>.ll w- L....i e;l 
J"H .h....jWI �I �) .,...:.;JI <)-< <;;l:ill �I_,..JIJ .WI Jill ', n• "; ;. sheath 
we � :cb .. .l_, .WI � <.;_,_,JJ I;)l!.. .>WJ >_;fii.ll l.,......oYI ,:,., .J!C- .WI 

.:.lilll ;::-;_,.;.; tY.:,y ..,; t'"'_;,n ts)ill �I) I�J Stoma J.0JI ._;,_,b 
.(Esua 1965) :u!y.ll Plant anatomy y� U_,� u• ,;, .) 

.:.I#J c) •WI ._,.... .:.\;)Ol 

Cohesion adhesion theory :�.1 .!L..I..ll\ t.__fo; ( \ ) 
�WI -U; � <$.!11 y'll JlJ_,'JI LJ.oa �L.JI � � � �J.b. Jk. 

JJ4J: <JA .Wl '-;JY4Ji Wbll ;_,;n <.fH.J.U �_,; � �J �1_;}:11 ..,; 

________________ _,��-----------------
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;;., :..11 wl -·- •n. ;;., -
-

· •1 ' -1 -'-'\ .h.\ -'-'\ l1cl1 J)l;.. -, ';1 'I �.J . � '"" . ../"" l..)A U'-"'1 .;- .J . ..,..... (' l,j .JJ <.,5", 
1:,.J <.;�_,JI .,JJ i_;;;.IJ ._;UIJ �.>;Jf � '-h'UII '.;l"'-.>11 �';1 .,JJ f. ;_;.:.i!IJ 
�.P.>JJ (V-A) �� JS,:. .j> w; � .l.i.D Jl _;,_;, � �J ,WI iJI � 
t..>., iJI I A � o  <.;... Dixon and Joly J.... L... 1;.J �IJ &Lull '-'_,; 

� LJA �y:ull o� w�I.J �-' �L.:ill o) � '"WI �� t;c. �_;l;l 
�_,...... iJi l.;_,I;;ll �J (Renner, 1915, Askenesy, 1895) ,.._;. ,\..k ;.., 
:iuc :Ill � '" ,WI •=I dl, · · &.oWl\ ; ·' n • -' ,WJ � J 

r.r-'' 
�.» l.);!t .r loS"'.\ c-:-.) 

surface tension ( �) Jl 0 fo. �')U � 'OJ...c. "J\ 0� wl .J .. .:.! •.; n w� .J 

.WI ..:,\.l, . . • ...,;� ..!lJ:,] w..:.l -"" . �I .....ll... .l.i.D I �.» � . . c;...- LJC .. J . J 
L.l .'ili1.lll '+JYI ._,; ,WJ �_,......, J,...., � ('ili'UII '+JYI) '-;_,;)U )-';JIJ 
.loi......G r .  • JJW (Runner, 1915) I.A..l?-_, .liS Negative Pressure .l..!JI � . 
'"""" '-.Ui.,; lil... • L" � "-h..., :t, ' 1 - .c:.Ji ; ·' ' - 1'1 ·c. � . c:---' . • . . _p.o..J (,..oU-;1 .r .)� U-'"'":!J t.? P. 
wtljj;o. &.oW 1""- �J �I '+}il .j> ,I_,.JI J!...>; l)l;l ,WJ � 
.U_;b �J c.L. � �4-j � � o�L:w �_,bi.Jl L;L..Jl o� ,··t···J c.Wl 
.;. .3,Ujll tli:.) wi_,ll "" ,_,_, ,.., � ....;_,..; .3,Uj � '-""-"" .;. �)I 
,WI i.>..r-1 _,., ;_,; .>l.f>J (�1) ._;I�JYI .)c ,WJ ..?--!' ..,_.,.., � ._;1... 
JS.:. � �_,;;..!1 ,WJ J.... J,.;l .)c)ll ,WJ �yo:.._, Negative Pressure 
.>.!.11 ,_,.� (Scholander et al, 1965) iJ!oo.4ll � '.;...,.0 iJI Y-'- (�-A) �� 

� th! .lls! �..» ..l9 Negative Pressure Jl Tension �� .l:.i....all Jl 
W;-o .l.i..:. :u_,c .;. ......,JJ -"_,:....Jl J <J.L.hll } cli:dl J.. "''" ""' . 
t'->-�'1 l;l\S :Uy.ll .)c c;:�WI ,:,. .b...:. 1.1..., f. (Pressure bomb) 
� .ill:> J �I iJ'& .). '-""' �L;JI .l.w.lJ ._...... � w.;ts .;J1 ;�t....ll 
� Lr-.J binocular microscope � Jj y�.fi... .th....IY. �1 �JI 
� t...s Oy!.� Negative Pressure ___ll l.jJ�J .b!.....JI .bi....:,JI )� Oo.\_,3 
A· y};,L. ;,1_,; ...! ...,...t...J Scolander J..,._;, .>!J llA ( ' ·-A) �� JS,:. 
� O.J..!.'il .J� t-J Renner t�J.;JI LoS l.j.P.- � i • . �J (.j...P.- ..b.i......:.:. 

.l.;�'-""'i l uJ_;l;JI '"""" .)c)ll ,WJ <S_p. ,.k.J :C,L...!I ;_,;n JA �I iJI 
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Hg 

'*'" .>.:. i_,! "il-" .,11 <i'jl � � Jl.,u�l .:.. ololl .# :(�-A) riJ �J 
·<...�jll tW) 

. ' � , t I l.ll Jicl....l JJlS.lliJ ....... � .uli• OF 
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....... ,ba.;. ' • • 
- � 

Tension ..,.l;il Pressu•e Bomb ..,...... W � f""J (' • -A) r!J � 
Scbolander et al, 1965 :� 

Root Pressu•e 'IFJ� hi.:oll (' ) 
.} .ll_,;..ll .k.>.ll <04 \FJ:,JI � Stoclang, 1965 u_;o -"l 

· ._. ..• n JW).l � � .:,1 .. "1 · ;� .. n � ; l...JI � • .r.-· . . .  .. ,- � .... -""' J 
.k.>.ll ,:,fo. l4 )\fo �IJ ;.J!i- JIJJ':/1 <Jfo � &�.J. .} •JJ:,JI 
,:,1 "<>J LoS . .:ol,jl ..; .w tlL.) '-Sp ""' JJY.... J"J ,,:l ""'" <,<Jl,J\ 
.} <,<J:,.J\ ,k.,JI .y\;;J .�1 <;!= b.:w t..,;c � <>J:,.Jl ,k.,JI "4 
<.1'" .:,;,L,lli � �t.. 'lj; 'i J ( \ I -A) ,J J JS..!; y_. yL. :U...I J! ut.,l <,<I 
._. ' _; u� " t..� .. L� ·- '· '"'I \til..L ._. :,.. 1. . · .Y I.F . � J �fr � ...s- l.J:!-""' " . �.J . � 
uU JJI <>'--! t" l.;lWI ul _;.bill .:,. � y _,.J;.>; 4.b J p.l1 ,:,IS J <:.il� J l.;b J 
......,:. .,;Jl JIJJ'il .} l.;>W >.lill <>'--! u- JlJJ':/1 ulil... J� ""'" ,;-liall 

.Guttation � l.;l-JI .;. .r"J Hydathodes 

l.;ll:all ,;-liall <>'--! uUJJI ""'" <,<_;...; � .w llA ,:,1 ""J ,;J 
.(Lauchli and Epstein, 1971) '-!fl J� .} �,.._... .,.. t.... ;sl Y.fo.J 
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Vital Theory � 4;1Ull (r) 
(Westermaier, 1884; Bose, 1923; Gold � Jl��l � � <) 

l;:ll>. ,_...� .,1! t.s..;.. dpl �I ...! .LJI U\illi <J.i l_,il .l! Lewiski, 1884) 

.,..:.,;. .,; ...,m �� l;:ll>.� � .,; � lf:W ...... � � Jt..ll .,; 

<l;.o_,!l u4 I Mr � IM I .,i Strnsburger YJ� ,;;.. � .>!� .!t..ll 
'i.aJ , ,. , ' .  "-� � .:.tl..ull .. H l-ll J ·- -' :W.,;,�I � � u-o- . ...,- .J � .. • 

<ll...., .,; ew """.,i .,.,;.J� li..:.ll c:Wo/l <.,_»; :(1 1-A) ,.._, � 
Meyer and Anderson, 1952 :tp i.J..Pro" 
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� � = � � .}  .u <sJ"' ..J<. ;_,;& YJ� <5..,..1 .Iii J\..1..1 
• • 

n �J_, :u.. vo IAJOD .l.)l ·� J..u.l � r_,....l � � 
4-..P � .} t_,l.i.l u)ol _,..&._, u>-J'il .:.- YA � ... l.foo 
� � "..IJ ,j..l.J .li_, l:,. -� iJ.l""' <lUI .} � � jl.ll 
J.J 1:,. � .>1_, ,jt..l .:._,.. � .:._,.._, � ,j.J..I';I <J.! rtl>...)o! .:ll..'; 

.<Ji31 ¥_,'II 3.>-d ol J"' <Jk iyl4. � 'i J.J!ll .:J.. 
.,lo-:ll.l ol.oll � .:.u_,pl <s� 

Oilier space � .}. � -'"' .:l.l..t�'JI .:J.i ,u <s .)'"1 � 
� ... iy:.;l .} t;W .:}Jl?- .}. ) Apoplastic Movement ) Movement 
:U,1- ,_,.. _, <s � <u- tJ _,u .!,. endodennis �ll i y:.;J ._;,... <s _pol 
;_,.:a � rY., .. h.Ji � ->"> .:J _,_!:.) .:..ll.>} .)a! �  ... Casparian Strip 

.Symplastic Movement (Pein;on and Dumbroff, 1969) � ) �ll 
� ' - :<..WI oi..:C. • � ..:.U �I ,;. · I  <.JI i \..:.�1 • l... ut .. _Y.A.J � u .. • J .rH- .J 
i.fl.>ll ._.!! :.p ,.._, (•A) r!J Ji,: Plasmodesmata -..y..,.w- o!A_,li 

Ji' :iJrull ¥ _,�1 ._.!! J_.U_, Symplastic Way ..;,,). .:.1:.,;�1 o!l.fo <;fiyJI 
J.a...Ji tib., · .I'-' .:.l;.J \.ll .• � lLI � ' � .»' . --- �..I • <S� t".Ji .� 

. <J" • 
.J+!;.'i "� ' �I"� :U.. Hoagland_, Stout <S.P.-1 ,;_, -� LF- yL.ll 
i' <j:O... J_,J.... .} ..,..un ...;t. .; •• .:A.,; ::I..W..J ,;; <;.,WI .:..1:.,;�1 <s_,.. 

,,......_,_, <;!_,!. ,J_,_ wl.,lll .:,.. o-&- .} l,;l6.1ll ..,....�, _,1 Ulill � 
<Sy.l 'J'J".JI .lolly!. ...... r-d � i' .:.- ,6!1_, � c):! 'J'."'.Ji .l.ll� 
c:ll.�l .a� U;.;.� i' (H-A) r!J � .}  L.S u-aJ1 .:..- ,u .;,I,;; tw 
,.., ,;:o...!l J_p..!l .). Radioactive Potassium � r�J! ..J<. <;_,WI 
� .... w � .,; t t..."'il � �, '"" .,JJ .;,-All r}-1 .:.�<>t.. ...,...;. 
.,; .Wll .} l... fol � .}  tL..."'il � J ,.._,; ,W!I J � .}> 
.:J ,.. _, ,;; .Jlil � ..J.W Ji' .;,...&lJ rul 1...1 ;).!il � ;U.W :i.il.l.ll 
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:<s ·t.. I _,, .I Wl1 � . " . .i Lu "'  L l ..,_ t�l A;.S ...>=>- u .  �J � .J . (...)-0 
� 

..,.- -�..r- �........... � � 

Lateral W6. '�·I :<5 · I  .>.u � . .i <....ul ; � ·<" ltf .. . u ......... P. U  •. . �- . .. J .J� . ......... �.}! 
,»J U,..J oWll � � !)A  "_p.:, <...:..!� r..,..U,Hll uUJ# Tmt�sjl<ll!. 

.• Wli ��';I 
:o.r. ·"·" • --' n " - ' ' . .i J...:; � . .i uU f:/1 :<s ., . ..r-" d.JJ"'·" I,S"; "";......... �- • ..,. - :-':! p u 
F. Mesophyll :UJ)l :U..._,wl � t;:l.ol. J •fo � I)AJ ._;1J;:u 

14JJ Active Smith and Epstein, 1964 Transport <;..,.. �,;b, wU_.,�I 

· �� b.l1 _; ;,.I · • t.. - - <.,;J;,a lJ.ll uU .I 1' - ·ll 1.5..? J .J . r.r .J LJ:I ..>"' � � .. .J"- .J'J' � kJ. 
c:::)l.l :o.s.?-J '-""t-,u..l u� u_,..,!l ;_;,s u- r<-)I;J :UJ)I � .l)r. 
JI.J' � 4)_,..;.il lyl...ll ,;. 'N·ts,.. ,:,ll uU\#1 .; ,WJJ '-;ll:illl J'"'u.JI 

.(Bose, 1923) ;..,:...u; 
:_.i, L.S ct; _,�1 :i.S_p-1 ..,..,. _,; I , r A .) Crnfts and Broyer u"" ftl· "'-.• 

wlyill ,r.r- J ..,, r. !)AJ ;y:;J� t;:t.;.. :U...I_, �;_,.. '-""""' ..:,L;_,'1,l 
�.)co Symplastic Movement � ....?' .t.b.....l ..... � Plasmodesmata � _1;4..#-JI 
,r.r- ..::,\.;",;'�1 c:::....;,r; u._,.,J Stele '-!:f.,;.JI :UI_,h..�l J...:; ._;:,.. IS.A'i � 
l.;>l:JI -UI.P.-_, � �""Ull ��� �j Plasma membrane ?ll ,.ca 
�\.; _ __. 'L "  · n :UI -'- .�l lil\.;. :W..I · I  :0..,., ·" ,;. • ... < ' - ·• 

,-- .. �...>"""' ...,...,...... .. .. lJ .. ..?" LJ4.J-W.J �· 
1 . . n J.,.. • '" :i.....wl1 "' "' "  ··" · · w  t... n .:,U f:/1 � "  __ ,. .  <1 �• Y �F"· . ..  ;._r.J r�� C::J � .E � � r.rr 
(Crafts and Brayer) ..,_,._,. ,:,1 '-'PI ;)_,.;J .(Laties and Bud8, !964) 
'L ·< . . n ._,I ·'- "I � · t.. wU "I · ; · '" �� •' · •·• .. Y� -""""""' " . lJA.J � Y.. .l � � • !JI -tJ-4� 
uUJl'11 Jil :UU.. 1_,1..,. (Yu and Kramer, 1967) J .)#- wbfo � 

L..>.r. JJ:,JJ u1 ..,.... (Crafts and Brayer) ..,_,.,;li l_,u;i, r!J i�;sl 
Ca" ..nlS P32 Cl36 S35 J\,. Ul;,o]l lJ.ll ·-- .I <...:..!� uU !i/.> . -""'' .J ' ' .. ...J-'-"> � .}!'. u--
t;:l.ol. .)  L... _psi '-J:f.yJl '.JI_,h..�l ._; <...:..!� ct;_.,�l �y ,:,I IJ""' .>ii. 
-'!! �tlll ,;. Lauchli et a!, 1971; Lauchli, 1%7 YJ� �I L.S lp;l\ 
'-h .)  l_,lllJ (Crafts and Brayer) ..,_,.,;li i,l.,... lfo. �l....J (Laties) ,:,1 
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ljj..i. �� .>!" ( ' ) ,.l� <,<)� ,;.:,> .:.luY-'11 .Jij o.,.l-1_,!1 wl:.Y-';1 jf.y 
'4.? ,.l. U _,J...'JI _.l! Symplasll¢ Movement Jl _,;.. .)c. <!! _,.:;:;J ,_,:.;n 
·.<1 � '......l\ • :0.. •< .. n '-.;\ .L ,'JI 1 .'1� �� , - � """J . . """ -->-.r- ,.... ,_.... • ..>!" c- J 
r!J � ..,..... t. .:;,.. 41"' .;tlill J_,h.Jl .} wl:."'JI fi..i' ufo. L..>lc. 
.)) J...>J :UJJ"A Jib :U.....)., Tonoplast wl� ol..lb ..,; � (l) 
....,._,; u\ ofo � L..J ·� .)) l:_,..;.lll ;, 0-'J '4fi_,.!l '-ll_,.b..'Jl 
.)) wl:.Y-'11 J;l, � 4 wW-" '"' �) ll>fo (Crafts and Brayer) 

, .... J � 

Jill! J,l...J <FJWI .l.p..ll ..,; wl:.Y-'11 :;,s;. .;,;, :t;)WI - 1 
,:;..., ·'- :i£ll.<. . . « · I � �  n - � u_,..... u . . .. . r.s-: 

r-""'1>-""J (Rb+) r-""'JJI J... '4-l\.!WJJ wl:.Y-'11 .E WI:.. ,.__, 'J -l 
.cr Jfoll J Br - r J�' Ji K• 

Cl- s,. '-;!WI wl:.Y-'11 �-" o)o � 'J r.r.-<1>_..11 ..:..,i:.Y-1 J\j:.ll .:;1 -r 
.so=, ) 

Jill' w4!= t'-"' ..,:J1 r _,....!I � » fi '4� wt;J...ll � 1.. _,; _,; r"' - t 
.(Luttage and Laties, 1967) wl:.Y-'11 �l.-,0.1 .)c. t._,;.b, '->}i• 

The Endodermis - Jt..IIJ '4fi_,.Jl '-ll_,.b..'JI - �.>ll •y:;JI ...... _,; 
"-" _,J...'JI Jl (Crafts and Brayer) ...... Y, 1:.1.... I� Stele and Stem 
'4_,. :U.._;l., � � wl:.Y-'11 .:;'u \i;l.. fti L.S <· ... ;,·,.IIJ (�Llll 
Symplastic Movement 4.S.� oydll � Ji:W � Active Transport 
y..t t,...il '4._? _,.ll "-" _,.b..'JI ) endodermis 'ylill �1.>!1 :;,_;,1.ll .:;1 �I 
�.;bl uy...;,._;5 o� �_, � � �.J"i uU-':!'il �ji � l_u.l 
'4fiyll '->I _,.b.. 'II �) wl:._,)U � J-' ;,_,1;.1.>!1 •y:;JI .:;1 tp. J-ll 
.>iJ ! � JJ-'1 rfo ,'l1 olj;o.';i .;!!:; .... .:;.. -"' � Jl_;..JIJ 
P:tSsage o� � J.:WI �'jl � �1_?..1 o� �� ��fol 
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r-"' ._,si .,_..:.,.ll ,_,._,; <..&t..... ;J_,...,� :i.,J;.IJ.ll ;_,.:;n ._; ;,_,._,.!1 Cells 

..:.t.;� <.Jll;S (mitochondria) _,.II J= W.,l ._,;.fol LoS J�J.il 1:,_, 
.(Bonnett, 1968) 
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.:.U_,I '-'"""' l.llu..� Stout-Hoagland� .;Jo;b>:i f""J '(I T-A) ;oiJ Ji.l. 
.u� Jl.. .) r.-U.J;�I 

Stout and Hoagland, 1939 :(E-
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