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A �1\Wl �hdl ' .al,aiAl 

Absorption of Mineral Elements 

•''""\; (adsorbed Ions) :;.,yn Jlll.>e � 
._,JI .:,. w\;lll � J...=.; <?' �JYIJ 

-"l.u.P .:,.. l....,"t.; :C,yll .,. i·.;l\ '4J44!1J '4J4_;,;ll <>"'1_,;.11 ,;� -� 
(Micelles U;hll Jllli .:,.. ufo ww.Jy.ll ,;. J (Soil colloids) :C,yll 

.'-;_,..:..]1 o>WI .;lliS J of Clay) 

ufo.l;..JlJ r_.,.,NI w<,&yo .:,. '4Jy.ll U;hJI Jlw � Ulb; -r 
..illli.J � �"4� � ��J � O_;P. �lfo. 0�.?.-.JAJ 
c;h.. � Y.fo .ll .;JIJ (Cations) '.h..:ll :O..,.._,..ll w\.lJl';l .,;,u 
-"'.lJl';l J..;; .Crystal lattice ....11 wli.l.) ._i .U..b Jl o:bl1 Jllll 

.Ir J ..ill�.J Na+, K+, Mg++, Ca++ ....J\ �y-11 

U.;;l � � 6� Cation exchange �_,..n .. .::J.J��� J�4l 1j -! 

'4JJ'll u,bJ1 Jlw � � ) J;.i> pi �,.. uY-1 J>.. �,. 

u\.l) 0�.; ,_,..b_,JJ ";Jfo. :O.,)il1 ) '.hlC.ll '4.P J..c -"" � 
:Utll '.hl..JI . .. H.S �� :U. · L. · · ·'" w\.l 1 '- · '-' · · �< ·'I 

• ..- • ..r-"' r �� Y- � � r J;"'_, 

w\.lJl';l .:,.. t1,>1 •� � '4Jy.ll o:bl1 Jll.j> .:,.. '""''J JS .;� o>lo.J 

.W;;..l\J l.;;�l ...,.. _,.!1 
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�.fol ,..! o.!lWI 4_,.ll �'-'Y.'il 'I" �_,....J\Sll �t.;_.l �J 11. 

<; ·;'o_;ll wtJ_.�I 'I" .);i"J�';;D �t.;_.l � U;o- ,..J '.;Jill ill.\ }I J '.hl.O.JI 
�u ! .c..·,; ._, - "' l,\W\ w �n • t..i �W ._, ·" . _; J''-"ll <1\lll -" � ..,.- . . .r <r • ..r or . . 

.�lpll <l,\lll •,. ·A;ll �t.;_.';l .r- r-"'_,...n 

:¥1:.ill J""Uall U"t...l.l 'h;t.s;.. 
Mechanism of Nutrients Absorption 

,.,..1,Ull � •,.:c�l 
� wWI '' · :w�:,;.n W L-1.1 • · - '-'; • . � • 

U:"' 
(jA 

# 
..»-

� 

1... J"""''o JA rf.LI foP.' 

(Membranes systems) 4::lOJI <,.:.;! W;j :L..l!..J '-;liJI <-4-.J> :0....1.>­
._,:JI l;)l.!..ll "" uh  :··� .:,;:..� ,_,.._. .:;;;,, :ut;..JJ 4::w1 u�, ""-J 
ly;I.¥J ;1_,;11 WI:> 4)W ,y. J}ll tfo l.._,..c ;;.,.Jl �l.;l\SII Wly 
(membranes Plasma } � 1J�ci r.fo �J Procaryotic Cells 
Ullb )I ,;. ,j � uJ' <.,� Ullb_,JI Fa-- j�l, t,.l. '-;.oWl '-4-l yll J 

l;fo,ll ,..J L.S _,l_,.,.oll <-4-fll ) �I e;l ""J ,;; <SY..., t¥� �! 
'?�\ �l...!:.i.ll t.J-t. �ll A;.�·C 1 c} lS� Photosynthetic bacteria ol-....JI 
,.:.A ... _,la.J.I tJ_j:i.. we- �_,:,.....JI �IJ_,ll OJ'-" 1:.;\ t..S. (Plasma membrane) 
(DNA) Deoxy __.JI <jJ.Y] ..,.o..L,Jt, � _,;..'; J,.. ,y. lolliJ ly;I�_,JI 
• 

I_,J;.l Nucleoplasm .,......JI '#JI �J:!.,Y,l.. ,..! tj_..!l ribonucleic acid 

JS,.: ,U�jll ,I_,...;,;.JJ uW�IJ I;J'S;ll ,..! J6,ll .JA l..S <;i§, ;1_,; '»J �,.J 

:U_,..,;.. .JJC Procaryotic Cell >..,l!Jl ,ly,.l e;l <>?I ;�t,..,J (1-•) ,;� 
. .b.., c..u> • ; \.,)l;,JI ' • '.'I I;. • l..S 'l.:.i, lbl. . . I . . . - . 

• . . .  ->' J • u- '- _,.. .J!"-J ..r r . u=! uo ........., 
eucaryotic Cells <;i;bll ii.Y] uJ; u<-,; \;)l.!..ll ,y. ._.Jilll tY:. t..l 
�t.:.<, :<...hl! :U...I ._, ·WI <£l1 ui .C.;·c. ......:; - 1 . .  : (T-o) .l . I<> � Y. iJ-1 � r r----J . ..).IJ �-' r-' v>-""' 
J;.b �I U:lb_,JI ,:,. <>.»'J ..,.... '4_r... ;;Jt;J! � JS ,_,.,:.;..,..J 
t" :U.!Sl.J J,..ll :wo;. o.l>.IJ JS (Cell organelles) :i.;..J:!.,,;.JY. ut..,...,.. 
ul......... • . _; . ..l ,_;,!\ c..u> .;11 U..C. • - " -' - "' '- I · ';I . .  <.r ..... - . ..  ..;- .. lS .?.-J (,1 ......... ' � ls-' .J " ..» � 
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.} � ._JI_,.ll �J Chloroplast .l.;-4ill -:,\�1 ........, � 
Nucleus ;l_,lll .} Y.Y; .jJJ_,D. r�J Mitocondria ..,...._., .s_p.l w� 
,...nJ Vacuoles wl� .} '\_,..!\ ,:,. U..>JbJ � .:&W �r-'�-" .J�J 
<1.� ..,. ;.,.,w �� .:.� ) r SJ-l.YJ.-JI J "' '-""'\ Ju .. .'�l 1;. ._; 
� Plasma membrane � .� � (Membranes) �4 

.<,.:;,.'�! ,:,. t. .JP J ;_,..;n., � Tonoplast .uo. J r SJ-J_i¥-.J4 

..-::::::=;i#�>r---' c'/ ,.,JJ �iw-:" 
�"""""�,J .,J�� .� 

: ; ."· : ;:.�;.i.S. . . . . .  
: : - : . : - ; i'�1.> .. .. . 

: . 
... . . . 

,..�
. . . . 

.. .. . . . 
. 

. . 
. 

� 

. .. . . 
. . 

. _..,_., :. : ·  � · :: : ·. : . . . :· · ·: · 1 

chromaphore 

� l>A Jl.:i.J Procaroytic Cell 0\.;.ill � � � �.; :(\-o} ,!J JS...-!o 
Photosynthetic bacteria O.;:aJI 

Dahmus, 1971 :c.)Co 
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HIICLEUS 
RIIO�QII.fS, , 

�ICRaT<Jtlli.IS, 2JO.IJ04·-�==l:: 
LIPIO 

. .  
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J...iJ l.foo Tonoplast .ill;;.:; '4->ol;ll <,ww <;I -.,!) ;_;l .. !.'il _p.> t....J 

; �-'" J;.l,. """ t..S U;.J� � _; • ···'" ' - ·.< .. n ; �� '" .·� '" · · w ..,.... . . _,.,_, • .. -"'""" ""-"' .r- .?."" � r.r-:-"' 
r _., _,...!1 J r _,...u _,!! .:ou � � � .>#- .:ou � .)<. I;J'-=- ,;t. J_,h. 
..:.i;foJJ � <,llo � .:.,ys_,. ;_,.ill .} :.,._;, .ill:.SJ IAJ#.J �fo!IJ 

'4W\ yf._p OF- yl..o.. ''"- ">-.i>J 1;.) wt.,_y�l <.i--IJ "-;'J·�I <faloo.'iiJ 

(Jensen and Park, 1968; Kennedy, 1%5) :Jl.) J;,.. .)<. \ol- � fo lJ..,ll 
.(Loewy andSiekevitz, 1969) 

,• • t..S -U;JJ II · � � .II -�'- 111 :WO,'JI ,;. :o.....,l, t.l ,.?.U � l.s":J IJ"' _,...... JJY. r-- t.r' .. ... 
; fi _,. wb,l }.>.o wll j'i .,..; u\;lll .} l.;_,Jl ..:.�UOJI <.!> J.>o.J L'\S.. 
,;._;, u' .)<> ,t.Wl � .;i'l .lii �'-'1>4J <..:...""-- (��:;; .:oloJ �J 

J;l_,..Jl '-;o_,l .)<. ..;;:\! rl roo� 'il u�J.J! - WJ!j - w�J.J! <J- .,.••'JI 
� _, ' 1\  ro � Daninelli and Davson LJ.& JS. J!.b\ � �l!.iU tJfo\1 
rlJ Js.: .}  t..S (Unit Membrane) ._,...I J,l_,. .)<. \ � '  • :U.. Robertson 

. ..,. J I (r-•) 
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r..rv"VV'"'"'-'VV'V\.I'V l p,..ptei� ... 
•I.!.OII .:..t.... �.J C Unit Membrane ) -II � (""J :  l;!f �JJ$:.!. 

tAL r J,_s;,, ' . .  -•• 
.ieili and Davson , 1935- J:f � �� ( Unit Membrane)·� � -i 

Robertson, 1960 J:i � c,r&1 ( Unit Membrane ) ·� � -� 
� :::& � .., 

f:...-.J Sub unint membrane ......-J W ,.bJb;' r"'J :(t-•) r!J I'"'� 
Green et a!, 1967 :� _,_,:, (A) JJfo.Sli I • • �� &... 
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�.,p.o!JI � �� � �.J:t (Membrane) ,.w.an � t-.J :(o-o) ,J.; t-J 

(Polar U.ads) l.,oi.,Ji-S � l..>� LI"M i) Proteins "'UioJ.>!!iJ (Lipids) 

t,.:Jl "" :w"" ,HI <Jt.J.>!!i l..! .,l.!Ol\ <+}. ,I � u.J.o ;,..,._.., t..,.:.n � 
.• uu ,;  

Benson. 1968 : tp 

--------�C)r---------
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Subunit ,_,...! i�i :::�;.>_,. I �W .} (Green et a!) '-<-4 ijfi L.S 
.(t-•) JS..: membrane 

c:...:...» (•-• JS..:) ot.:ill �1 ::t,.>_,. I �'A :U... Benson _R ..n;s 
,6. j · J  · ··' j · •  l.!ill . �.lll .. •n wll..;; .. n '· '·" ...W "'' . P �.J ..JPJJ ,. r..r r�.J .. J� � . .. 'J""' 
Benson Jp_,..J y_;li.._, � J:l.,.. (!�� ' ,VY � Singer and Nicolson 

·('-•) r!J JS..: (Fluid Mosaic Model) <;Jr. i_,m,l, 

IOO A 

+ 

E.� J W Fluid Mosaic membrane � W � ,......; :('-o) ,.1.; � 

.(A) r� \ • • Jll o!l...ll 
Singer and Nicolson :r:p ..iJ-

wU.»'I'I � u4 ..r-" '-#JI '-4.P .} J.� iJ folY � J11 t..., 
'""' ._.ru ui Y;>; l.;_,WJ ;_,.;n ..-1! � u' J,.'i, '41!J1 1::J� ,,_,.._,.!1 
Plasmalemma or .,;_,!;.ll ol..:.ill !> Cell Wall � )4 ,:,.. � J>i_,. 
_1\ .t.ll. _r..:. i�IJ <...il ��fo.W J)lo. yo:, � -"!J Cell Membrane 

.'-;l!JI .} <1 .. !•)\ ;_,.;n .). J;...>a To�oplast 

} Plasma membrane ... ��Jy,lo '-;!!JI .t.ll. ul ...;,y<-JJ i:J.oJ 
uWi!l u-- i-t:.. h:. _,.i � �U � "� .u4 � Cell membrane 

.l.;WJ .))J ,:,.. ;:,;\.;ll •I _,.!I .>"' ltli). � .;JJ (Pores) 

----------------���----------------
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c,sg,p.ll � gl ,...I ..... t..., ... ,,lll 
Passive Absorption 

l"'.r.i'J Kramer, 1969 .!lliSJ Briggs and Robertson, 1957 t-"'J .oil . 
Lk "'-I \..,. �• .. �; <., �"I · '-'li::..Jl ,1 � �•1 t..u..l � "-� <., �1" . . � �  • .  �� . ..)"-' .,.,.. • .r" rJ""' .. .. . � � 
ct,; � t,..;l, <;!...11 ,;. fi<i'J yJI �l..d...�l .;1 (Passive Absorption) 

� t,..;i .;1 .,.S..¥ uJii' <J\,. ul! l.;4Jll .,_. ..:,t.;-"�1 J..o> .!lll> J l..1..b ul! 
.r." 4;l Li"'t..u..�l u4 .!lll5 �J .)J�I <..J-"1 .;,. l.l>t....ll <J�> t!" 

. 
tr-: L. c) �  �'u.J-J"il o1!. J..:� :}.J O_;WI ..:..:Li� � I� u- e;-:4 

\;)WI uiJ,_ � _pll E;l.)llJ Outer Space or Free Space �� E;l_,ill 
f:l_;ill �i ,n_, � ..:..:�IJ ¥}1\J � � �.(•;;ll U\jt.......l\_, 

A 
Fs = ­

C 

-:,.,w. 1 �,, <..;... ..' Epstein �J <J,t..., _pJI 

' 
. . . . .  (Y-o) 

ml / g. Fresh weight 0.!=>.. Y. Free Space p-11 t I Jill ,;A Fs J ..!J.;.:o. 
·�j\bll uj)l .... .>..I _,!I r1Jill.! r r"' .;1 

micro mole I g. Fresh O.!.:o.�o.: o�Llll } o�\ �U_,l'il jf.y A JJ 

.weight 

.micro mole I ml b._, .,...,.. ).;JI J_,b..JI :» _;. y. C w\J 

� ,.--..ill 1<11 ---11 'I '-'-> <., '·�'I 'i......l\1... ---11 ·� � "-""J . �.;.· r.r- � (.S'", . ..� • • � ._,...-- � 
-:,.,'JIS. Apparent Free Space .;y.I.J;JI �I tl.)ll c!b, •• 11 

A F S = 100 FS 
. . . . . . . . . (�-•) v ,  

.'-;_,:..ll � <..>'U.J .;y.U;JI _,..!1 E;t_,ill y. A F S w\ .:,.. 

• < .-J; � _,JSJI F""'' y. V, w\ J 

----------------���----------------
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A F S  = 
100 A 

v, c 
.. .. ... (!-•) 

,..,_...I ,) % l • - V JJ� A F S ul .,JJ _;;!;:, .!>_,...,!\ � ul 
-� ..,JSJI 

. .>J I .. •t · ·L .·.t :0.,W � � · ;,J, � "'- • l..S 

UJo' .l' � Y"""' ..,. ,_..,.,... • • � • Ui! • � • "' 
(CO) Carbony I J;..S �Y!fl ,].. (Polar Groups) ;L.....J t.>'t.,..JI � � ws; 
� .b.J ,) (CONH,) AmideJ (NH,) Amine, (COOH) Ji...SJ!)SJ (OH) 
�� �� ,} ,)...,;JI <AU wJ;J (Polarity) ...1 UoiJj � t,i)W., lJ.,...I 

.l.1!; '-.ob.':/1 · l...':/1 u\, .< I WlJ .I ,j •.n · .<.. \'o.l Will 1 ·-� •
. 

� 

J 'U"""""" • 1...17 �,._]_,.,.. u-:1 ""t-'J • u-:-

.;...;. 'll,_?..ll F J <,;Lilli J,l... U:! cs _p.l '-!!4.,1 :;.;:;., J;>. _,; � J 

�J ._,_,. �_,1.; J;:.r; ) ..,..,:;..; ':1 ..?1' ,,_,..�, ul, ,..J ,;a :u,... JJ"'­
..llJ ��wn � �� u"J� � fA·  _, • .lJ.h. � �P.JI 4JIJ) 

-:� LoS (Rate of Permeability) � J"'-' u..;.. 

Rate of Permeability = . . . . . . . .  (t-•) 

·<jJI...,J �WW':JI u,tl J" K u\ � 

K = Cone. of Substance in Oil (MIL) uJA>ll ,) ''WI j,Sy . .  o-o 
Cone. of Substance in Water (M/L) ,WI ,_,.; ;,WI :;,s_; ( ) 

.;,WI �jo.ll uj_,ll -"' MW uiJ 

�� J..,..siiJ , ..J1  u' ""� .:m ol_,.:Jl � '""\ill •*' ""_,; �J 
-c�w uJO\ill .,.; �;.. _,. L... Jii .,J"'i ul:ill, (CH,OHJ 

.\.a.la c.i .. J:. D� �� ..ll Passive Absorption _;:Jf l.Jo'=ll......:i..'JI LJI 
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I jp.;' )Sit .b. _,!1 "" "-;li:..J\ '' _,.JI �J->" yoJ Diffusion �tz,�l (' 

'""' " '-;1.:,11 .s' l.a;.r ufo. .;,IJ.JJ'il .,;,.\ ul -'e-J ,;; .1_,;5_;> Jl'it .). 
'»J Jt_.:,..l Jl .;..Jl i:_l;ill .j u}_,;ll .!.J.lo. .). 1..,..:..0 t;..,_,.,; u-ot...l.�\ 
,;., '-,1_,]\ .s' .:.�IJ 1'-' (V-o) ,J;.:J\ .j t..S '-,- ;).;... ) � 
Jl 1...1.1;.; \.; .;_,..Ai Ill.; "# Jfol"il -"" .>1 _,.JI u-ot...l.l :u,.. J ..,. l.ij).Jl 
l,;_;<.J '4_,:.!1 J_,b...S (0) <;,..;\0. l.i_;<. .:.,. .,fo.J '4-11 "'· ;}yo. '4-;' 
'-h.. uti (membrane) ,u, :U....I_, J_,...,i.. rthlll 1;.J '-;�ill (i) '-fo-1' 

.(Siatyer, 1967) .)., t..S � J;..b .)! �Jfol'l'l ? ;oW ;� 

. . . . . . . (H) 

. "'I p., .:,! _,!1 yo t 

·� I ,.... ..J4 ; pi Jl ;lZ.�I J,.t... yo K, 

.'I"" ..J4 ;,W � .::._r.o .;JI ,l.!all ..,....._,.JI tbWI :i..,.t... yo A 

�_,ill � r..j�J mole I cm3 ---i O.JU OlWI jfo_JJ J.) y. C� - C� 
.:.;t;JI j;.b .)) '4ll..ll ;,WI :<S_,.J '-;J�I Wl.ill 

r,;Y,..'i � u-- J\ �I udi � W� � '-:!J:P-JI I_;=.. w1:yj.;JI Ji,i ,j 
� .)_,..;,ll ..,.,Syll '-;!.., ,1�1 .:.1�1 J;..b t_.;-.11 )JfoJ\.; 
..,;u, } ._,.s_,; ufo. !...-"<. (:.;t;JI '-'""' .j) .JJ�I rJJ.I""ou1 .). ly. 

?JJ.IY,WI .j t.. ._.Jc\ ,I �I wl�l .j :U..\Sll '-,Jl;4J\ 

� � � I.S�'J � 0-<- )Jfo.:ll � \..ti,!jc. 1'-�\ (,.....i.i �..!:..:� �J 
.4-..i> �I �_r.:.'it :yJ;. .).  �\ y� ;.JJ� '-;_,.!.. 

;_,ill uti •, :e�l _r.o (.;,�_»;1 _,..,!J) ..:,t.;-"�1 '-Sy. :uL. .j L.l 
E!rctrochemical __, �-" J, .J.;; '-!Jt,.#-!1 ; _,ill J;l � � WI .ill 
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J_;iJ :t;w,. l.:..lS.II '-;,1;4li �_,ill _,_,; .:,.. :Ufi.. '�'-' Potential Gradient 

.l.:..lS.II '-;IL,.;<SJI �_,ill 
(K') r_,..t;_,ns L. cL. 0.» ul .:.- �_;�.; .d ,,1;.':1, � t..., 
��11 J!... uti. (Cil ".h.:.l1 .;s <J u-St... u.H c:- � .u.. JP .!lA 

.liti... ufo. 4l- JS! 

•1. IJ ' •  o 

:; .J 
J 
!! 

J� .:.l,l .>J;,. lJ...iJI _,!<ll, j;&W1 .:.t.:_,.l � :(V-•) ,.iJ J1.> 
.0.001 M j,S-"' (MnCiz) JJl>.o .:,.. (Parsnip) 

._.! W'.Jlli .:.J"" .,J! 1.,..:.. •J.... ,.: <,1..,a ._.! "'-'""' .:us, ��� .;,I � 
Ress, 1949 :ep (..Wll...al."ll � vi t.S.J:oJo � .lo.,P.o.J �"il Jl passiv ... pD e_l.,..ill 
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Ui � ue . . . . .  (V-o) 
,t.:.o.!l �IJ <) .:,t; .0Li '.;Jt,..;Sll <.,."t.,JP!l ; _,;Jl </' Ui .:,1 � 
,Llll\ (!..Jt.;. <) u\.;.0li '.;Jl;4ll '.;l4_;Pll ;_,;n </' Ue .(l..;hll �1') 

.} .;_,ill .!.,.;> ..,31 � :i.ht...ll � _,;; :.;,w ,:,. .Y.J (l..;hll 1!-.JI..!..) 
,\..!6 .;;c- '-<J� '.;lt.,fi-1 :<."U.ll <.i.fo. (JW\l ..ifoyll) .:.u_,,'il '.;lW 

-: ... -'-!15. Nemst '.hi... � . .:,jl_,:.ll 'JI.,.. <) l..;hll 

ll.E � 2.3RT log 
Ai � Z.3 RT log 

cat•o 
.. . .  (A-•) 

ZF Ao ZF cat•:!. 

. (Millivolt) ;.,.., .:.u_.jlll '-<Jt,..;SJI '.;\L_;Pll ;_,;n ._;_,; </' aE 
. 1987 Cal / mol. Degree <.j Jt..,.J w,l:;!l jWI J.l... _,. R 

.<ill..�! '.;1 � l..;.. .J' </' T 

. .:,.,�1 ""' ;;.,..:n J..,b ... z 

.23000 cal / vol <.jJC.,J .;�>1_,; W,\l _,. F 
" •· 'I ' • ·  ' ·  ''I · • " " • • · "I • 'W • · AI­-� " �....:.:c. �JU.J lP- J c....m ""-:Jr.......l l I,...JU_.<;!J � � 

A -0 

.�1 "\..:.c. J:.,.l.l.J i::.JI..:.. � �yll .:.J'u�'}.l � � cat:o 
cat i 

I."..'R'-) � J • fo � l.w J Nemst equation -'.h\a...J ��� � .J 

.:,\.; �I 1-ii.\ I :IS. d.S I� w . .. :wL...ll ,:,. . .... .. d ...• � L)-Q J ...?' � �_,... u� � 

t,..,_,.ll .) <;� '-""\� ..;_,J.:u .....;_,..J . .:.� u'-1 .} � ..... ) 1.?-
I • V 
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1,1 j,JI J� ..,. ..:J.. _,!... � 1 , w l..l.. Higinbotham et a! J-.. .;J; r-un 
l.;lll<. J.b.. .} ·� W....:OJ J# tlol .,._,; (1-0 rlJ J-""") .;\i_,!llJ 
� .:J.;_,;'il ,., .l;.,,.l f. 'i<.t... !A il<JJ d.l_,p.l =<..._,!... j#J_j. �·J <:.jlj-

·� .1Jb, .:J.;_,;'il ,;,. jf.y """J 1Root Extraction) 

'"""' ·;; · ·w «• lilWI J;.�> ., �.., - w\l 'lll JS · L  · • .ill . u '""' . <r"" • t"""" ·'-"' .Jl u . ""' 
' " ' •.• . . • • . . II I" • , , • "" •• I •A • .., 

Ai 
� '::P' .ft"• .JJ� tF r �u � " �· ......:.z� .l15 • .l:rr. .J t:,r. �· lo...:.l� Ae 
> » J � J>, t... uti _,.:J1 JJ4 .} t... _¢. wlll..JI -� l,ll Y,ll JJ4 .;1 

,w\l.H'il ..,..t....l.'i 4¥1\i .} wl>l,lll U:! w�l 

.(- 1 10 millivolts) J>� l,l\jl;ll t;:l!o. .}Ml .;1 .l;<oJ LoS 

.:.u_,.�l U"t-l.l ul< I� Lo �jil Nernst <ll!o.o Jl.W..I ( 1-•) rlJ .JJ-'!­
Salishury and Ross, 1969 :tp. •f'oy • � � Jl l.,;:. 

l,.,, .. ;•JI . _; .:.Ll �I '·" " • ..,.... � ..J:t'M� 
Micro cqu. / g. water content 

" YV vo V t  K' 

r YV ,, V t  Na' 
\ V  ro. r YV • • M + + 

g 
r ' f  . .  ' ' . ... . . ca++ 

, , • '  • \'o, ',, • , • 'I'Vl N03-
r • , • iVA \' . , .  n·, cr 

I V  o 1 ol"\'A " . , . , ,., H2P04-
• . , . . ' " '  " ' I ' ' o o l\  f S04" 

B 
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.(- 84 millivolts) _,li� 4->;l.>. .)! "'-' 
:U"U.ll .... ,jj\jl J_,....,.. �-'fo' •,;.; � :W_,:..II � ,jiJ 1"-A 

.(Nemst) UlL... J,.w.J f. ;,J!;.o;Sll �_,.Sll 

"''" , .. ,  " . ' .. ' I" Ai • . , • -: . ..... .�� -.J.J\JIIAll .� � �J - 4...1...orl lo...ll..o..l:..:lo.l "' · Ae . .  

Ia Ai = (0.11 volts) (10) (23000 cal/ volt) g 
Ae (2.3) (1.987) (298) 

= 1.68 

Ai = 78 
Ae 

. 1 .0 m1cro mole I ml J" r ..,..t; _,!! Ae ,:) t..,J 

.1.0 micro equ. / g. J,lt., 1::..J 

.Ali = 78 micro equ. I g. 

'? J (Nemst) Ull..., :;..I.Wl ,;1!; C::" 'JWll j;SI.fol y..> <> �\i. � J 
<>�'il ;,.._,.n ul.lJJ'il � <;-oll4 t.l .l.li '4-ll.:l. eJUl .;..,. r-""'"""' u' 
.!lliS <l 'I • · l..:iJI \.,;. J;.lo lA · . . <1 • J n • t... <il:i..o u;ts; :.J .) y.. _;.;r;. c. �.) _, � ..)J U"'; � 
F. ltJS Wl\Si l,JW ..:,\.:,Jl'jl t.l (Passive) ;.>"' ;�,_.. 4'>J"' JW,.I 
1::.. uk ll:;�. 'J '-'..\Sll ""L,JP!I ;,;;I J.) """ .!lp:;; .!!J.\SJ l..;W1 J;.lo 

.-a.;:o- ;J� �� �y..I1_, ·4� .!1� � • .:}u��� u4 '-""L...�J 

. • ..;, · '' .!. -· .n • "' ' - ' <....� .:Lll1 ;,;,;; "- ·I . .. \.. � r...: ..r- �· I.J"" �J- . . . .. (.Jio'Oto u �_, 
(t..:a,jJ iy.. D.;� 4_,...ll_, .4.:� D.;� � d:J�'il v.a�l �_;! 

u\.;.oS! ut.,lll 4->lh; .,PI �� ->""'I.J.JI ul.l). F J_,.. <5 �� ul. ,J...1 
:;..1�, J)J ·�J �J U'bl!IJ dljl!S (micronutrient) i'? :iJ;D 

I • < 
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. . � ,-.\,.• . . \ �� .illj 4_� _,1 l_p- ..::� .... :!'il �� F. 015. \j\' lA •;•<·' �_P.o.' 
J;..b � ..ili j1l �u.,) .:;\ � c::::.J� .:d.:! .J � J.J4 J . .ill jll ...:.:U .Hi 
JA"il � Ji,l.:� �� ut.p.Y' wfo f; exchange absorption � � 
· L · ., ;, ..m.. � J;.l, _; ..tjll l.l..IS!I '-' � ; .:n • Jli! . dl 

.J . c...Jo"'::o ...r= ,J - I.F 'D p .. .,.... r.JA. • '7' 
• 

• :...JI J;.b n 1 ,.. ..tjll JJ . tr: _p. � 
Ion Exchange ci\....uli'IJ u.a�'lll l.i,Jh, wl.l.JJ':/1 J't.;; (T 

Absorption and Adsorption 

:J,"l.._, '""" IA..J.>ll •lll J...!.l.J 
J;.l' ..J! _,..; l.;.fol J_,l.... ._; ;,_,.._,.!1 '*_,JIJ '41W1 wl.lJJ'lll -1 

�ts.:i.. 0.;� LS_?.I t:ll-J �JA UUJ::I � �.J � WE  L. Jl � 

. . 

. 
·(�1... t_,...:._,.ll l1> fo _,;J) 

� � l.h.:u 1_?_,.. fo .;JIJ l.;.ol.ill JJ4-ll wy4" .} -.,_. 
. 

�t.. l.l _,s... , WI .} y J;,J u-i"JJ .:,.. r;:-'lill uY.fill ,..S ,1 ._o� � 
:� �L...ll � 4Y.fill �I.:.. U=� � H2C03 4Y.fill 

� W + HC03- x H2C03 

'-!""�L, .;JIJ .JJ4li c;-b..o uk i?.JJ_,.JJ ul.lJJI � ;,;*"J 
JS.!.) l.;.fol J_,l.... .} ;,_,.._,JI 4_,.!1 l.;ll:,aJI y-olWI ul.lJJI /!:" J•t.;;ll 

.(i .\-0 �) 
<;_,fl .:.# J'lil J wl:l;ll .;� u. <.;.. _,.J .:.u JJ'lll Ji!; J W _;;.l; J --eo 

1'"' <S"'"' "' J.'PI J_,...,.J .1.... fi '-!fl J_,h.. .). ;.,..w uJ' • y:�.,. � .:i 
�_,.Jl .. :}J_c.;)'l J � contact exchange I.F""W � � L.."" t� 
j\bl .y....o :\"<. u,. .,; ... JJ::,J } .JJfl .:J.ll � � � 

.(y A-o) �J JS.1 1y!!.;.) J.-tpl J_,...,.. ,). <J'j) t.u. ,_p.. 

----------�GJ�-----------
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J.>\,nl4 ,•,; -·� .?1 �# � .)c � """_,.JI .:,ll_,YI ,J -> 

}:.,. J::l.;..� t,o::WI J>.b .)! �·>I t,yll J_,J.... &). 6<' j ..,..wn 
r:- .:,U_,':/1 ,;,. u-Wl wt...� .:m-�� .:,u.,J r:- � t..w <.;l>J 

rY.,.;.�..i" J>.b ...l .!IJ>Z ,;; (Plasma membrane) ry.,.;.�..i" U:U 
J>.l> t,li...J1 .:,ll_,YI ,·,;:';;1 t,..ll4 t..l (Active transport) "- � 

ull �> .:! yl ;t.....ll �..)ol. (Donnao) dJ y �) ,;; :l.;l>ll 
,; t,li...J1 .:,I.>_,YI ..,:.., ..:o\S I� :U.Iji.o .;n� (Equilibrium Donnan) 

J>.l> .)! """-"'� '-!l1.- .:,u). u- :;,:,;'-"'- �,.,! J� .\lc.� :l.;l>ll .}' ,·,;t, 
. \.:,ill •"b. 1. .:,\.; illl . • . .< . i;I � l.:i> :LW1 .JF- " IF . tr" !J:! �J.P u� .. " � .. 

=� �Ju. .t 
. . . . .  (H) 

.�1 """_,.JI .:,L;_,YI Jfil.ft t_,..... .>" X'  ul .!,;.. 
.� :uw .:,\.; illl ' ·<i • t � Y" ·! . � � ..)J  � _J- (J.J 

. . .. .  (1 ,-o) 

----------------���----------------
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. j;S _; X 4 ... ull J� �WI Ul.:. ... ":!':/\ jfo jJ y � J.-6..1 4JL.. � L!:i.ll 
:<il ,l.4ll .:.� p.YI ""!.,JI _,Jc '.;JWI �= :U,Illl· �llJ!'tl 

(X') (Y} = (X) (Y} . ... . (' \-0) 

, ' - - J.;. · -"1 U;J1 , . , , <A.J\ wll "tl '-< - · .< . .;ll;l � �.) c..JA � � .....,.. • � �y LJ� . •  J 
-"" �t.;.J ;.,..._,.. �u_,i _;...:. ul .,.,.., .illOl ._J4JPll u)fl f>i ul J..':IJ 
J .)) .,.,:, ,:,.,J ,l.4Jl J;.b .} '''·" '.;lWI �ll...,"tl '.hl..J � .� 
wll...,"tl Jf..fi .,..sa., (r..�J.;. .;,.. _pi :,WI .} <,..._,..n wll...,'tl Jf..fi u • .S. 

.(�-o) rJ� J$.: .'.;JWI 
fol � .} '.;lWI �u_.,.'tl F y;.. yo£; ,; Donnan ;,... _,; ul t..S 
.(1 ·-o JS.:' l...WI · li,... � h  .::,u l , :iJI... . , __  1.;. · t.... ' • ... . • . . _,.. � cP.'J ... ""'� ... 

F. j� 'tl P. ::.,\:; Donnan ; ft ul <;11 '�L:.'tl .>'>' t.... J 
J.JJ (Concentration Gradient) Jj:....Jl c.S..ifo.Ji.ll !!..J� � WI uUJ:'�I 

.�u��� j;S..f: � l!P .JI C!.J� ..ill.:l �_,.:..:....� �J:Po .0..,1..1.:. c)! �6.11 
l 

------------------���------------------
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Root 

Root / 

co,\ H,o 

W + HC0"3 . K  • .,.\<:;2-�· �/ I �· 
K .+ Hco-3 / .. - �  

'"'""'" .,,., "'J""' � ,...." '('-•) ,.;" J<..> 
-H1COJ ��;:.;, �L:a. �l..f1 JJI.f'll -1 

Contact Exchange DeYiin, 1966 :c:,.=. � � JJ� -�.:� 

-------------------��------------------
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Penneabllity and Selective Absorption ............ � t} �.J � 

..�-I.Wl cr,� :._,il .} ._,., Iii <A ':1 � ):.,. ul .:,. �fo. 

[.......o:.U � ,.t1oc. J:i•J Plasma memberane � ,.l.!.c. J ";;I �:lill 
� l.it;..JI .:.\J_,':/1 j.u·' .)<. �llll .oJ c;l differentially Permeable 
J;.l> <.,IWI� ...... _,.JI .:.\J_,':/1 <Jjl_i> .l.yl, .sY,.\/1 J�J" �..J � :._,ill 
.:.\J � ·' l..dW J,._. 1..:;;.1 :U.,i.i ..:A..lll · 1 ; L.., Llt. . · < U;JJ � l.)-0 .J � � ·  . t.S.P- J . -� � . ....Jt"'"'& � 

I.Wl :t...s w .L �t.;:;., " !....;.."\; · ···- • .illlS UI:..JI I.Wl .)'"" - t'" - J- - _ , ..,.. , , �_, � - .)'"" 
.<,fll J_,h.. .} ; _,; _,l.]l 

� •- k,; � � J;.l> n :uti..�� .:.\J i:/1 � · I  -\ u- -· .. .. '-S"� '.}} J.JJA c.J 
•N0'3..:.1fo)\S Monovalent � �';1 .:.U_,';I y:, ::ll..i :<;.'l;_,.sll 
.:.u_,';J .:,. t_,.J NH/ r-"'_,.':11 •Na• r_,_,_l\ ·K· r_,..u_,n c1· .l;,;_,!Sl\ 
.ill.lS Fe+++� � ) Ca++ r� cS04- �_,pl\S ".h.!JJ � 

J.:...; .s.;>.'il cr,_,-:�1 ..,..�1 � .,Jo. .ki> .:,�.,_,':11 """" ul ,..J 

rJ''"".!IJ ca+ + r..,..nsn .:.u� ,_,.JI �>J! r..,..U_,!l .:.U_.,I ...,..l..dW 
.Fe+++ �J Mg++ 

.oJ .... � • 1 ,, • · t; t.. · I 1....;..1 .>Jc. .,;I ...,n ; 1..:':11 . ,_, L.. • U..Jo! ..r Y U l.J.J:! � • ..) � .J 
.,. ) JJ';I u_,':/1 ..,..�1 "-;1..o. � .). c;>)l u_,ll ud' .} � .} 
_p.i u..,l .,Jo. _;:, ':1 .,; .s.?-1 .:.':16. ._.;� ·J�';I u..,-:�1 ""'�....;..1 .:,. 0 

·UAI....;..':/1 "-;J..o. ._.i 

(Epstein et a!, YJ� 4h..:.� .>il :i.b..:JI ._.i  wt.u.lJ .:.\JJI':/1 _i1:. t..1 
':1 t;_,.. r _,....u _,!! .:.\J _,1 Jill.ll u'-i (Luttge and Laties, 1966) .illlS J 1963) 

• <.,IWI Jfl .:.\J _.,! J\ill\; � 

----------------���----------------
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r _,..b_,l .:ll_,, � :;4 lJ1;I ' foJ ,, L,.:l .., j� '"' .} ,...-J, 
1;_,. )fo. ��__;,.'fl J l.S (Carner) <; u-ob. J.b. �JA '-"""' .)o ""' 
L. eW 4-_,.I, ;.,u .:ll_,'l/1 � j.l J,... J<; .)o J (Active T mnsport) 

� "'Ad �  jl..cl:.")/1 ,_� .} ..::..�y� � �.....1¥'" � � � U")/� 
t.rl r_,..ll.o;ll .:..1:..-.1 u-ot..;;.� JJ.... JSJ K,S04 J_,l.... ._; d,;l JP.> t""J 

,•_,\ • ' . . .< . .:Jd '-- . .,n:, · I,; =  .. <> .,:,\:,.! t..<;.l u, . � !... 
�� � c..J.J-';! • � l..1! � - lJ"' r.r 
Oxolic �:f. j'li ,1 Cilric acid <!L_y.JI ._,;..b. � '-;J.... '+,;! :ib .) � 
,• .. ) ,;;, r�-"' �1:.,;) ;.;,.j _,;h lli...l .;n:,, Malic acid 4W j acid 

·'J_,s;.l l.hl ,:,. (Uirich, l941; 1942)y� 

Antagonism JW:Ul\ o_;I>\JO - T 
y..i � '-"""-" l.;ll::.JJ ->-"l:..ll ..,:..., wl:.-"'ll rW y.lbl :i.lljl ,., 
u1� wb�l c)c. �.J!:J.. �11:. J.!l6.... � i* .,...n �L;::J\ �")/\ �,:,\ ..l.:?-..t .:i! 

. ... , Ji! w... . ,.. • I ,,.., � .r- � ... � J J 
Cell Cell Cell 

outside I inside outside : inside . : 
I I OUtside : inside 
I I I 

x+ -E - - "{- - -> x+ }{" <(o- - l. - - -> X' x: o(o---1---> x• I I y- � - - -:- - -> y- y- ..e- - - .1 - - -> y- y- <E- - - -1- - -> y-
l z- Z' I (bound) I (bound) I I - - - .1. - -> A+ I 
' 
' 
' 
' I I I i I 
c b • 
·.:1-'J• C)Y, I_,.Uio r::;•".Jl ('-•) r0J .JS.l• 

·''''' .:.1:.) '-"""' I""' J ,\..!ill r.""- .)<. wl:.-"')1\ .;,jl_,; -a 

----------------���-----------------
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.,:,\:,Jl�l t� .;1 '>F'IIJ(Z) <;hJI J;.b '':'·' l..,lU ul:._,�l ,_,..J -b 

· ' · - l.i.. . ·'·<! � ''I, UI....ll "':-\"".) .,>oa � .. u:o. • 

<,hll .} '*_,..n ul:._,�l t� .;li ul:.J' .;I _;;I .!.J"'J )..:m�\ _,., -c 
.(:t,..,._,.n ul:._,�l �) 4?-Jl.i.. .;,.. jE.I 

Cell Cell Cell 

outside I inside outside : inside . : inside I I OUtside I I I I 
x+ -E - � �- - -> x+ x+ -* - - L - - -> I X' X' <E---1---> X' 

I 
y- -E - --:- - -> y- y- � - - 1 - - -> '(" y- <E- ---1---> y-

1 z- r 
I (bound) I (bound) I I 

---l.--> A-I I I I I I I i 
c b • 

·uu�, uiJil ;_,.u; !::''"-" ( ' . -•) "'J JS.l. 
.l121 • .:.w,l '-?.--' �� •Will c.r."'4-� .:.w,pi wi.Jl -:i 

1:-"""'" .;I <,;•·IIJ (z') <,hll J;.b �� '*_,..JI wl:.Jl�l ,_,..J -b 

.t;..,..Jl.i.. c,. jE.I <,hll J;.b '*_,..JI ul:..,�l 
�1 J;.Ll .d...:fl..Jl L.:UY.'Jl t� Uli LJUJ.l ,j_]JI I.!JJ.!=o.J J�"il � -c 

.(<.,JU uu_,�l �) 4->-Jl.i.. .;,.. ft.\ 
.} � l.h.:JI .;,.. .!.o.l J t _,; wl> .:,t.; JJ! � l.;_,t,Ji J,lh.JI .} 

-"� � J:>•;. t".,_.t;yll 'iJfo c,. l.ib.. J.;b.. .} ""-JJJ-ll uiJJ4JI 

J_.b.. ..JJ r_,....'lSll 'iJfo u- lJ,Ji <.;..s �� 1>1 .:?JJ ""-.1"'! ,..._,:;JJ 
.:ou.JJ! ,;!>b J,.J' r"o;-l\SJI .:.u_,l u� J;:; ,.....:J u� uli r-""'t;r,l -\ufo 

.l...w r -""t;JJ!I 

------------------���------------------
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I _,;5 �, � llo J_,.. ; jS _,. '....I _pll W."\S 1.;,t... .:> _,l.o �, 
..:.u-"' w4 �, ,;J; _,.:.WI WI}> � 4ll.JI:. .,.,....., .;J ..:.\.. _,!..!1 .:,. 

� � � l_,lb fol </' .,;J_,lll J� � t;,..l '"'l,lJ! _,...\.WI 
.,.;u; } I..S ;,.:., ,:,t..ll.nj 'i r _.....1:. �, r .& _,...lU 141, (Antagonism) 
1,._ :iJ;li ul;.oS .:.4 WoJ ,:,;,;  1..S ·rY-J4li, r*"_,l\ } r_,..l\Sl\, r.&_,...ll 
wUY-1 � �' lll.i � .;l>b J4Ji.'i � W\:£WI _,...I.WI uU_,;I .:,. 
,u } ..,.iu.ll _,...;..11 .... .:,. .... _,... i� � .:,. ...,l.i J_,b..Jl � ......... 

• <.J';I � uu-• ..!i" _,...u.JI •4l w}� _,...,l;ll LJ �' 
Active Transport .. � j,jllll ) uo=l...ol.o'i\ 

. • "I ' . .  n "-=. L  ·'" <., ---11 '-\'11 . u..J\ olJo • • <s' <> .?.-' <r -..- •. -'" _,...- • .r.- u- U" • J!"U 

Plasma y;fo] .� _,.. WWI ull '•··h'l!l r"l, ;._,.i;lll � �� 
� o _P.i � J 1� Tonoplast � o _P.-i] .l.!:C. J memberane 

<,.._,.11, l.;ll..ll � ..:.U_,'il ._,; F. y;:,JI rt..11 J,..J1 (Vacuole) 
. UL --< l.l;�S>. ..:.' --<-

� -� '�.J 

jpy d.S. }, ._;.... ;_,..:;.... � � ..:.ll.,'il .;. F. <;!.o<- �' 
wl.l 1 ' ·' • ,; � <., -" J -'- - · L.. -"! llllll · uU ·�1 " _,.. y � _ _,... � <s' .... .r . <s' " 
u-'""' 141, '-lftl J_,l... � _,.. 1... _;,sl } �\ ·� � � r_,..l:>_,n 
.b.}, (Macdonld et a!, 1960) Active Transport J., l_,i;ll .:,. t_,lll 1;. 
LJU .!:ill _;bi..Jl �w u-.IJ�Hoagland Solution � II""U ..::..=� Jil .lk. �� 

. 
_., .WI ._). _,.:., 1_,;5.-,w 'i w4'JI � ;,_,.._,..!I '-;ll::aJI _,...I.WI wU_,I 
,1_,. ._,1> >.;,b. '-;\1;, J.!b..o � ..:.t40JI � '-"1Jj � .!Ill ._,1> J_,;..J 

�� ¥1� � � \;.]ij � P:r:! J:,.. {Radioactive labeled ions) .4......!.. 
'i u'U�I D� �� t} Radioactivity tt....!'il � ul �.JJ � •. ::.JI.jJ:!�\ 
'-"U.yi wi .:,. rh .Jy, (Epstein and Legget� 1954) Jill\ '"-! i_,;,s UJ1;.; 

u:-; ,:,1 'il '-;\L,ill '-;WI J;,.IJ F .li _._,;.';1 ..:,U.y'il u:-;, r-"'"t;_,ll 
<,.l;lll 4)WJ ul _,_,..; � � 'i •��<- r _,,_,..,ru ·�:""" 'i c; _,;. '11 ul.l .,-;1 

----------------���-----------------
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.(Salisbury and Ross, 1969) .ill,;S r,...JlSJI � 'll .:)..p.'l/1 '-"=' ._..;_, 
� l.,;ll..'l/1 .:cu..,'lll '-"=' j;Siy <J:U (�"' C:-'-.>1 (Y-o) rJJ J_,.>;JI_, 
.:CI,.l ._..i .ill,;S_, Jt....,II ol,;o ._i ;>_,..,..I J,,SSI_, ,_,....�>_,11_, r�,....IS 
. :ll.;ll r�,..,JJ F. ..:.W'l/1 ..s""' u\ .6.)1.,_, ol,;.JI ,;,. ._i ;,..\;II ..:.Ll.."'l/1 

)I.S tfil_, ·-"'""' .t.. ._; t... J!i ..sY..\11 �'ll' ._..; ,�,...n :;,s_,; ufo. w,. 
..:.t.;,, F. ..:.W'l/1 ..s""l ui I...S .;fo. ,,_.�_,11 F. wW'l/1 .;,. u;c""l 
l.;t,;.Ji ..:,L; 'il - . L .:w..., .illll ,; ·". :t..lWI � . . ... lJi, .1<11 � � U . �  � .J ...1"'-"< � • �.JFr- ....-- . .)� 
J,.;.. .)<. �\ C:""""' i;,._, ;,ol,Ull ti_,;')J\ u=t., ....m;., � ""'""' ... 
..:.t;t..lll - -•1 <., . ·- • · lWI · · I  1;,. · '·"'I u)\ ..:.t;W . � �JJ� Y.P- .J-12 � u u- ,J-- .. .J � • 

Wallace, J.,.... .>ill .t;,.... _;Sj L. U)l,;, 1;._, ..:.l:;l,Ull l;)l.o. ._i ;ys., � ,;  

� ..:.1_,..; Ji.." •?. � ,�_,...,.�, wu..,, u' "*' :w1 .)<. 1966 
Jl,.:; .:.!_,..ill ul .-1 :u,...., ..:.1_,..;11 .;,. O:Jy.JI � y � ... JJ4li 

·r-">,...DS ..:.u..,'lll u:-.J ._..,;)I u� 

ol,;o c) iJP.,.ll <,. '1',;11 .::.ll.J<'l/1 u'>a; �1_,; (T-•) f!J J.J� 
. .:.U.."'l/1 u'>a; .::.1� � ._..i iJP.,.ll ull.J<'il o:U. J!Sifo. <.;}l.o Jb;ll 

Salisbury and Ross, 1969:c;p 

Halicystis 0\'alis ��� 

,) ·  �� � -UJ:! � ..)J 

(T) rlJ HJ ,L. 
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. 
:<,!Wl ._,..;� Active Transport -l\ � .i>'"J 1;. 

J>. � •,·•'il <s' c,<l inner space '#JI .s> ..,h'� •.»! .s> � -I 
J,...ll ;� .fo.UJ ·rY...;4JJ Tonoplast ;� ,t.:c., t.y.;J .t.:c. 

.V..,_,.s l.l!ISl. � �_,..1, <;1U �u,#l ...,; F. c,<ll ......, 
• I �� li.. -• t... "' U;JI . ..i wu �� • ·b.; -Y , r=  "' . 1!:� .. .r- • .... .., � � 
-� 1::�li.., J;.�> Cr.! .,.S,..Il,.ill u}fl '-L. .)) :;,\.oJll .s> J_,...._,JI 

:(' -•) � 
- 100 mv .JA ._.liilll J... _,ll J _j,..ll Cr.! '-;JI;.o;Sll '-<l4.JP!I .._,11.!1 01 
·r"Y • t,.. .>' <s' 50 u mole I ml .JA ..-'I :ill\ l... _,ll <s' r _.,..u _,!! jf.y <i'ot,J 

-u-=��� �-" W<!J �4JI .s> r..,..U_,ll jf.y ..,_1 

aE = 26 X 2.3 log catb 
Z cat� 

-100 = 26 
I 

+100 = 26 

I 
t 

2 3 1 cato X . 0!! -.. 
cat� I 

cat� 
x 2.3 log --1 

catb 

cat! 100 log -1 = 

catb 26 x 2.3 

� 
:(A-0) Nemst <hi... Ji..W..4 

------------------���------------------
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cat� 
log --' = 1 .67 cat& 
catJ ---L = antilog 1 .67 cat& 
catJ 

--' = 46 cat& 
cat� -..:.::..!. = 46 
50 

cat1 = 50 x 46 = 2300 u mole I mi. I 

<,l;JI � �" .... �_,JJ � .;ll;,J <,wJ J.;.b � �_.,..�_,JJ j,S_fi _,.� 
.active � _,. vol..,;.'l'l� 4-;-JI.!.. � )51 

<?'� '-#JI J.;.b .)! .:ou_,.'\'1 t...:.. '-"".JLI <.,_,;.. <JU. . ...;_,.... yll.:i; -r 
-, .... -<;IS. t.-"-"' � '-.;Jy-11 :u-u.n <.;..s "'� '-;WI � •fol F. 

t.G = RT!n C, 
c, 

....... (H) 

cal / mole O�.Y. �J�I Free energy DyJ\ 4.!'1.l:JI � �G J � 

. 1 .987 cal / mole. degree O..!.:tr._Y. �I:Jl jl.il\ �\.a.. y. R ui.J 
.(273 + C) l.ill..JI o}yJi l,;..J' <s" T ,:)� 

.m mole I ml O�_r. �I J,:..l.! .:.J'w�'ll j#.y y. C2 LJIJ 

.m mole I ml O.l:o..J:I �I rl.,).:.. t.:)J�'JI �.fi .JA C1 d.J 
.2.3 Jog ,;J'-J ,;lll � ,.:;._,1<-_,Jll _,. In J.> 

----------------���----------------
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-:('-•) � 
<.. .Jl � I 0000 _y. "PJJ (OJ� J �. U.. UU .H"il .l>l jf. y ..,_.. <) 

."PJJ �· UU.H"il .loi.J UJ.J-Oll Ulloll :0,...S ..-'1.. • ·� 20 ;Jp 
J ·D 

ll.G = RT In C
, 

c, 

ll.G = (1.987) (293) (2.3) log 
10000 

I 
ll.G = 1.987 X 293 X 2.3 X 4 
ll.G = 5356.1 cal I mole. 

·.- < �� ·' • 1• ,.:;,u .!!m '"" � l..:.lll... l...'l. "il · I  w - t �.J .r.JJ � � .. f..)oA u . 
:U.,W •' _,.!I • Y> j. i_,.. <..t.... 4>\ .A lJW."i4 Hoagland, 1944 

active • � .:;1 _,..J .>ii (Ordin and Jacobson, 1955) <..U } � 
(CN},.,WI wU). J,.. <..U �_,.!I •.Y>-" ...;;..i\! } Jil "transport 

• ._..i;:Jl ww 

(Macrobbie, 1962) o)yJ\ 4.Jl ..,:.\.i!..l4 fo, l..:u!l ._,..l..l."il .:;1 -o 
.(Lookeren Campagne, 1957) � J_,b. ""'- ..,:.il..ll 4>\ t..S 

•;.':+\ Y.C- Active Transport _ll � &.;WI �\.::.J:!"';/1 .� J u:fJ Jil _, 
<J,lJ <.. J-'! "il � "i 4-o"\o u....:;; .p. (Plasma memberane) � 

�t....ll .t;�WI j.fol\ � � Ji.,b �) l!l\.::.J:!"JI o� JJy.l 1-l;t-

.(Arisz, 1964) 

:i.;-o.) \i\ Canier Hypothesis ....l4 � ,;,. � .;11U 1.. � J -v 

o'<-l...., 'J_,il.ll .:,�� J\ wU.H"il ul .;._;w <S"J J.W ..,S,;oll 
ufoJ � .� wUfi. """'' JD >J;,n J.'..JI ..,SyJI t" '·" ;..'UJI 
6, L . . n u. -. • U!JI , , I• n U!JI .� - ,, 0_,;.. .:LS 

... .r- ..,...... r' • ""' .r; • .)!<- JA' .,.. . . .)A 
••�<-I .,..,., ..n; ,..J t,;::WI J;.t. .:.!l..._?.ll Jl wU .H"il -'I _,:;:,I ;,;...JJ 

------------------���------------------
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<.,l.J.ll., '"JYJ 'i;hll .� (;;}.>. �! �J'il •>';• �! J,.WI ..,SyJI 
· ·�.J'> ;J.>J ..,;WJ �J.ill lj>l,. 0fo.l �I 

t-""Jl .... ;J"- _F. C:_,...;:, � J�b �) t.o.•fo ,.., wl;_,�l <JIJ 1:,. 
·(;�� t.o.•fo. C:"""'"' � <;WI .� 0� � [�t.;. �! 

.>.W I:,JJ � J;J' .,JJ .:,u_,�l till <;_,. <.,"1..1. .,J! ;_,.:t;.. [IA1 4-'l -1 
<...L,. l;,OI <sJ! :i.iW.�� (Hoagland, 1944) �J�I .)j> � l.;kll •'-' . 
(Metabolic Inhibitor or :.t...u_, "-;� � .li_,..Jl .l...P."J � l..l.;t. 

.(Ordin and Jacobson, 1955) y.J.,.2 .!lli, � \..S Poisions) 

.li_,..Jl .l_p..� .....i.!_A _,1 Ji:! (Active Transport) ...JI J.l.uo ,:) �_, .lii 
. ._,.;:,;n '...JWJ CN'" .>J;Wi .:,u_,l J.. :;,.u1 

\;.01 t..s (Macrobbie, 1962) ;)� :0...�' ._,;.�4 Jb l.;kll d -.., 
.(Lookeren campagne, 1957) � J,h ""' � 

(Sodium Pump) r.,9;•_,....!1 � 
..:fu'\UJI '-� .... .!.""; ,ji�J'il �) �J;,.JI 0< rJl-l_,...Jl wl;_,l Ji; i} 

..u.;sJ ,j1�}11 ..,.; ,_,.,_,...n :fiJ. ;s, <Jfi-11 _,.;,!} ....;U cs.l>.l ._.,; � 

•'-tW -' ' ·  • •• wt;W · <., .t  .. .  n .:,t;W • -' JWI !-"""' '-.7 1,..)-9-1 � . �J �J'�' . � I.F 
.:.4 � � 1.... .(Atriplex halogeton) u\,UliS (Halophytes) � 
� �6..Jl •�.:,. 45.:··� ..llt...U .4.i.l:i..:....\ w\..L:z'jl_, .4..;!1)1 wl.:i4lJ.I �..:.:a...: 
,_,,_,....,.!1 w\l_,, (--"! .,JlliJ [;)WI rlJ.i.i'Jl.. .} rJl-l_,....Jl ,._..61_,11 jpyll 
op ;�_,._., rJl-l_,..,.JI .:,1.;_,1 �I WS wi_,..;JI ul) rlJ.ifo.l..JI 0< t,_,. 

.4-J.>.IJ �! :i.;hl1 ul!. 0< (Passive) 

.)Y, � �_, �J:l-='o �J (Sodium Pump) �.tj 4§.:··�1 o� ,:) 
) �� l.;J....., ojp,.Jl (Adenosine Triphosphate) } ATP Js..:., :i.ilbll 

...;-'..:.. J.,.t.:.. 4.l .... .JJ: � ... ":!..l..,.....,.ll wliJ;!I u� w4 ·•�-:lJ LSY..l �� w� 

------------------���------------------
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..J.. r_....bP. .:.u..J ;;.� �J" (Sodium Pump) r!lol!l l;. � (carrier) 
..,. J..l .} .!;>..,! .lii ·LS fo <,..s,ps,� ;;.l' " r _....15 P. .:.u ..I <J .:.- � Jl 
.:Jj � rJ · r-»' .,-11 � .llc. .U.. r � P... r-»' .,-11 ....-1 · •..J 
'JA r_....bP. � .. r.»>.,-11 c:.J'!-1 ,�o,..; � 4l.o � r�J!ll 
� � � .A J4 � r�P. .:N u:-;11 ,;;.,. 1;.1 <#JI .} .sft 
� <#JI r�.f4.. r:;.F Ulij r.»>.,-11 <fi!.J (active tnmsport) 

.:.1.1.,;'111 jf..} .} •.liD .!._,.,. � I.. (Sodium Pump) i.Jfo.ol � 

.passive op � � r_....b_,.ll ;_,;; � .. � r:;}.i. <;.._,.II 

� .:.Lp.;..!l c.Jo'lt...:i.ol 
� ) .. p .. J.JW'I � d;S .;.I .,..t...1ol:, � do _,l...ll <) 
_,:.., .} � ufo. " •,;,.�, cfol...>.'lll .,..'"""'' <J ,.._, .>il! .:iJ;!i Jy � 

.,; t....;p_;:; Jfo. .:.\l,i_»D .;..� �Jll ..;p.fol ul � '¥Jll � .:.Ul15ll 
-�.. <.,.,.ll d;;ISll ,;. ·- l...>l<. WI .I... �· • •. J.JW'I - '-""" w J "' 

\,u1,4 � dl.o_jo. l>"t.A.I ._l<. ·� yJ..l .:...._p.J .lil 
:U.., .!, -•� J;.. .I .:.bW!\ . _; � i io � .tt ; ,;,,'1!1 ' � - .r- _,... . ..- - - J.J""'I �.... .,..,.. .,.. 
� .ll_, .:.U....»JJ ,;. <>"'"""'� ·(Competitive inhibition y-oilnll �) 

-� J..l � '""' ..J.. Ji (Carrier) ;;.,... .J.t.. ..J.. • J.J� y-oililll ufil 
..,:.W .,..t.A.� � .>i •1;,.'1!1 ..,:..i_,..ll ,._1 J .sfo � ...... J ,.__, L.S 
� t') '""" .) Y. .lJ\... .} 1..1 ·'JL.<_;:;n t;...!I ..,S """-� .sft 'J"u-1 
'PJ·'III ..,:..i_,..ll .:.0 UJa.o t..tl I:.W rfl ya....!l c).d (Carrier.;) J..I_,..JI .:.0 

! _p.�l tfo l>"t...1ol .l.Ao ;I � 
P- Auorophenylalanine yS .;.I .lib � l..llc. � o..il .:.l,..., .lil 

F{j-cHz-q-cooH NHz 
----------------���----------------
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�t...l.l � (d¥J.Jil Ll!fo � ·.} (inhibitor � ySyo J"J) 
J PhenylalanineJ Glycine c]>. � i.JY""! ;,_,.._,.ll <;;;.�\ '-"""_,JJ 
(Xanthium strurnarium).!l......\1 .,......JI dfJ\ .jl J) .;,. tl-1 J,l .;,. leucine 
..J\ .,.,Sft ...,u.. J"J Phenylalanine ._J;.o'il """� �t...l.l Ji .>ili 
<P lo-ifi.fi .} m;w <>.>'-�\ <;•r�\ u:.k..�\ .io.l � ..nlSJ Inhibitor 

.Inhibitor....!\ y,Sy 
� .} .):, � Phenylalanine .;,-�1 <.J'>.b.il .:1 •fo .J'lo; L...J • 

J.J _,.. '"' .:..liS I� .J., c;Jlll I;,JJ (P - Auoropbeny!alanine) � ySyoll 
L. &.u J.J,...I ,;. j; 'J'J·�I cfok..�l � .} <s� (carriers) 
,;,., ..,.,!_,;. fl .li )  '-ffo�\ """"_,.JI ,;. ol,:J (Poor Specificities) .......,. 

·'Wo �I """"_,.JI ,;. Ji; J J,... � lA .. !il:P •. ,. jll ,.,._ 'J......, J.J _,.J1 
Sugar ..nlS J JJfi..!l J jfo _;ill J jfi!Sl\5 ..:.�_,s...!l Jill � i.J 
J.,I_,JI :U...IJ! �.J>o J.h,__, ¥4ill � .} w,., .ill Phosphate 
J£ Sugar Phosphates �J {:j!_,.. J_p..ii uy.fi..Jl U� � �J carriers 
�.J.l:l.. .l;o-.J t...S .�1 J:;..l-1 a.,.,.,.J1 LJ4fi..JI .;.,.:L � lJ-oo.J �UiJ1 1A.;� 
"':,I' fi..!l ,.. JJ_,s...Jl '" r_,l...ll .;,.; .L>.lll .} <.li.; ""'  fi..!l '+.>' .} � 
Stachyose _,s...J1 ...'] JJfi..!l J_,.:; ..:.tl,lll <.>'=! ,J 'il '.lJ)I � ...,;_,s:; 

·<>ft';l ..:.t:;4Jll .IJ,.I .). JilJ ..,;n (uJ!fi ,J, Y £ J; fi..) 

(Pinocytosis) _..L..pJI rlfilil � 
"""",..JJ J ..:.\"" J.Jil J (Virus) "".fi.l\S � �j,.l u4 .lla; 
,;., ul w; • ..:.l;ll .} y.'J • j,. .;,. Jl:W i")JJ � ., •c ';i .:;_,:;;.; "' l.,u,lll 

.W 1 '" ' ' '' 1liAl U.:S: · IS.'iL � I< · " "  .li ..:.lli •-' .. � � � J u u . u::> l.J4 � -:..r.-" 

hll l...,t.;, '.iti..11 �I l.d.'il lA · .;,  ..:.t... .. , ;.., · I , ,;J .)J . J • .  � .)� .. ..)Jl u . J 

.t,..'il <...L>.J � .t,..'il <.>'=! .} WW; ufo. ..:.IA)Jl'il Jl.)l 0! w; 
.• llill <J<'L.U.l i.,J � ..,sJ (Pathogenic) �y.l\J (Saprophytic) <,.)I 
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I.SY..'i �"'41 � U<a ... ; . ;..n 1!.1� .� .uP � u1 �..J 
,;,.. yo:; .J J. � � U,JI ..u; •.,!, .(Plasmalemma) «"""l t.. � 
� .:.!..> YJ� .;) .>:J .(Plasmodesmata) ""_,!;JI ,,,..c�l � "":l_;..ll 
.�'il .I '-' ' ·" � N • .  <l . N� � --• ,;,.. � � t.liS..I -" J'� ..-- r .re"'- .,_.. _,.. u-- • 

,;,.. � <-¥ .J" ro-J1 Jly.ll, .w4Jll F r::)..;. .:.. .sft'il ""'Ylll 
,_,.., u>-.fol .illll ! (Plasmalemma) � .� Jlfol L;.aD wU.j.JI 
..,.,:W· ,) l;·'•')u .:fi.; �-'" (Pinocytosis) � Jlbl ""_.,.. '-;k 
.:.1.;1_.,..11 � .;  .:,J;,._,l � ,;,.. ul .'.;lWI 'fu...;.JI l)j,�l wil >l_,..ll 
ufo. ;_;,;,n � wUIIS.ll <!ltl (Plasmalemma) ..JI u'i (Amoeba) Jl. 4>ll\ 
�....,. c;:l...>ll y_fi.._;S...]., ,._,.:. � .;_;!5. .:.1� -<;i, u.l4-'-o _;F. 
1.5_p..�l � t)ol � � �\...!:il\ � c.5�4 (Pinosomes)�l �.l 
'i,ilil �,_,..,. <.it.!.. .li _,..Jl :U.I... (Pinosomes) ..JI ufo ,j J..l...>__, •• Llill . ( ' 1-0) ,.; J JS..:. • .rJI ,YIS!I 

.illll' w\JI_.,..ll � <} ...... (Pinocyto;is) ..JI '-;k ul �.J 1::. 
(Pinocytosis) ..JI J�l <,JIS..I ..l) ""'\#1 �_,!_,...ill Jlloll WP."i 

-� .:,U, ·-If �'i � 
�� �  � �  . 

� � (Plasmalemma) ..JI u\, ._.;,ysNI y_fi..foJI �� .:.!..> .>il 
.... IS..I � J.lJ t.. 1;.._, <.it.!.. w�t..,ll to,; Ji W� w...;J � t;::WI 

.y:i.;.l\ D� � (Pinocytosis) _ll � I!.!Jh 

� '-;k � (Pinocytosis)..JI.ul .:.. r"Jl.i -..;i ,fio # .:,., 
u..,J .u1 'il (Adenosine Triphosphate) ATP � '-'"1bll _)� � �, 
""'44ll '-'"1bll c;:ft -'""' "..,..n u--��� � ul fJJ'->_,.. .:.. 

.w1:.4Jll JS � :<..1<. w...;l (Pinocytosis) ..JI '-;k ul � <1.\Sll �4_;Pll 

----------------��r----------------
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.!. 

..... 
• 

Cytoplasm 

disintegraUog membrane 
of Pinosome vesicles 

:(I 1-•) tlJ Js.l. 
....ll � .s-'>1 UJS' .:! o'li• (Pinocytosb) ....ll � � ,_,J.,lol.:l f""J -1 
J. t;� (Pinosomes) iL........n � � U.J (Active Transport) 

i...,;J, •l.l.Oll �;:fo ull � tl ..... e-->"• <;wl .� ... ... ;il tl fJJ.i� 
.<;w\ c)o[,P> 

�foll •l.l.Oll• fJJ.i� c)o (Pinosomes) � "'-"' .J-ol � -.,. 

·*"" W tl (Plasma!enuna) 
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cp�l ..... LA:iA� ul¥-!lJ4 ... ll c:,!;i.J.,J..ll 
The Dual Mechanisms of Active Transport 

uJ'h·ts;.. �_;!. ,_,..J Epstein et al, 1963 YJ� �) Jil 
<:J.I_,ll );SI.fJI � J..:; 4-11 _,.!; .)J'JI WIS;.JI .,.ii c,<� 0"'� 
'-< • •· . • •-' ' ' "" 'I . •· .. II 4 · •  ·•· • · •· .. '11 �.)J .l.J--.. I...J........, �� D.!to.J f'�U.r.'"' •.CI!D2'] JU..U.J �U.3:l-"""" 

.,...,..n J<.l.i;ll :;.,. Y" Jl (v) <;\.lj 0"'\..ol.'JI J,._. ul LoS .(0.2 m M) 
:;.,. I J_,.. 1• &Ul.ll !JWI '-< • •1:; ""'JI ' · \.i;l\ l.l>t... -' Y" J ..- � >' .»' " �J' U'"' ..-

.Michaelis Menten Kinetics r\...l:u c} J:.I...Ull 

?.Y. CJI.ftl .s,. �J <s""Jw J_,h.JI P..ft ,,\;J Jlc. -<ll ? 

wU_,I 0"'\..ol.'J <.,;� <,s;·,ts.. 6� (I - 50 m M)r-*'�_,!1 wU_,\ 
.,;; r_,..,,1_,!\ .:..,�.;_,<; '·· ·"· .>#- 4-'l t...S (I Y-•) JS.I ._i  t...S r»-�_,!1 

r_,.-1:>_,!1 uu_,\ ..,..11.;; .s.?-'11 's>-_,.JI wU_,';I Jl r-",_,_,n .:..,u_,\ ul _,..J 
ulitW J-ll .;;,;.. ul t.S (Bowen. 1968; Rains and Epstein, 1967) 
.:..,\.;--1 l....:l.\ · I � 1 �I >..&l\Lll" .. iHJw..l\ wU �I •bJ � � 1.)-"l L.l .. LJ"' J .. • .. o.r- � ...>¥ • • 
._; L.S :yn.. .:.,U_,Is -'!Jfoll ut:.>fi.l c.fA'� Jlc. i.fo ;� '1 r-*'�_,!1 
JY r-*'�_,!1 0"'\..ol.l J!Lo ul _,..J <.,;llll • • .s,-.•S;.JI ._; \..l;! (' r-•) JS.1 
u- J5 j Epstein, 1966) . .:.\J (Lu) � .:..,t;_,ls ul!...fi.ll ,_,..J Jlc. ifo. 

·cS.fo'JI <1jW .....,'JIJ �J_,l\J J� ......,\ .j � Ji � 

----------------���----------------
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-
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e 
;:J 

• • I 

II 

1 - - - - - - - - - - -

. .  ' , . • •  

J.S;'I <J!JS _,..!J1 .JJl,. <J...J_, f� .:JJ» U"t..l.J J...., :(1 Y-•) ,.IJ Js.lo 
f-"_,.!1 uJ.I_,JI J.SI;'II ..,; J.W .;,�, ,,.,,.,.n .:; ""' 4h �Jill .:.J.J» 

. ..,w JjS;'�! ,)  J.W <;llD <,s,�s,,n, 
Epstein el ol, 1963 :,:p 

----------------���----------------
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\ 
•

. Vmax 

{ .. 
= 

'3; 5I '! :::: .. 
,L -
> " ' "S ] i  • 

-
.... ..... 
-
J .� 

Kd 

Km 

/ 
o/o �  % \  % '  

(Mm)f-�.,;1\ .:..u""l J.,S.;l 

j;S_;.ll '.l!JS _,...ll ..,.,. l.J,..J_, (v) �..,..U..,I .:.lljjl O"l..ol.! � ...... :(1 •-•) r!; J<.l. 
� f_,...l>_,l\ � Ll"l..ol.! JJ&.o (JI � (K,SO,) ;I (KCQ __, Jl.W �..,..U..,I 

Epstein, 1972 : i:f' (CD ;I (SO",) t,n..ll .:.U_,�I ;.,. -"' � 

----------------���----------------
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�j,JPJl � �'IS,wll .:.A)oll � us1..l 
.:.U_.,'I'I ..,..t-w."J � u[o;<;M;· � _,_...-" ..il_;;c.'l'l ,;) 

· I ""' .lili ,:i,;t;.Ji � <..:b."; l....llt.. ' -'-- . IS.. • ·� J.'-'. • . . " . '-- . u . :J # # • • ....-- (.J ...,....- "-'::! ..J-1 � 
Plasma membi1111e ) Plasmalemma � ,u.,. .; J,W .)�'1'1 >,.S,uiS;.JI 

;,_,.._,..n� l. -< .. D cll..,::U o"J-loo ill ,_,....>! _».;; .)J'I'I lf;;ls,..JJ ,;) � 
,:,. � Y'H .;>JIJ r..,..�_,JJ .:.u_.,!s. ._,Jlll J_,J... .; •..,l-IJ ,jf.fo. 

• '" · "  .n n ' -• · I t."J � U.. 'I' I "'' .:.U �I (' .Y'-1� U"'� LJO-CLI u � .. ,. J .,..-- � 
""' ..-��'1'1 w� .; cll...,'lll ..,..t-w.l J,>... oll,j JA ,;;.'il JJ>II� 
ul (Epstein, 1965) ,..J .>1� 1:.. • ..,..}�ll J_,!...ll .; r_,...J\5.ll , .... � 

WI J . I • .  n · . . n<n :u; ""' .. " .. u t....l.l . ,_, · . "" ..,...,; .r-- 'I' r,.-- J r-""'�-"" vo u- .Y. r.,....-
._... .... � � L.1 Selectivity ..,...t-w.'lll .} u·· .;·,u l.ll_p <!,....,; 
,U.. .; u.,.P.-.>! Epstein et al, 1963 u:-fo. t..;,i J.lli� � ):... .:.llj'll 
ul <>Y .)�'lll Vi� � J.t.slll� uJ� J,WJ Plasmalemma '4Wi 
.Tonoplasti_,..;.ll ,\..!.<. .} l..ll� loll u_,..,.fo; Osmond and Laties, 1968 

(Parallel) tiJfo. J:L.l uJ.S;;� � ufo .:)  t..l c::'""' <!11:.! 
.( ' t-•) rJ,; �(Series) Y''Wl4 ) 

�I � ,;,St..! ,;) � 1:..,; <ijlfo. � ,...:1 ll.4jiil Ill! 
, 

<ll.l� jfi_;;JI .lJ6. .}J (Plasmalemma) � ,�..!.<. .; JA ufoMIS;.JI 
t..! 'J..L.JI . _. I �I <...s,;IS,.JI · .co � � � .!... . ..i .:.U . .'< I o..r- I..S" .J .. .. .. r.J.;-o .. • .. ... '.) .., ..:JY'"' 
.. "1) I �� I \S;lL J...u � ;;..,s,ts,.JJ · ij :LlWJ '-<1 .on :IJ6. I r-- c.rJ � V" • • .. .. .. .. U .. .J:t"" ..JM1 IT 

.(1 H) rJJ � uo �";1 
(Tonoplast) ;� ,�..!.<. .; J,W � � <) U..jlll 1:,1 1...1 
� Ji..";l .....,;D) (Series) yiWI\; � Ul'h\S;d � ,;) � 1:..,; 
I� .:.U...,'I'I ..,..t...;.l ..)l.... uiS 1:,1 ofo � L..J (1 !-o rJ,; � 
..,..t-w.'lll J,>... ..,.IJ ..,..� .;t..lll ..)l....ll � 'I'  � .,JJ'lll • • .S;%;..!4 
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� JlSIJ. .!.J..:; <) <fi..J 'J .s.Fl o);., <il ,h'll � .} ...., c;_,.....JI 
.} :i.;_,....JI .:.. uk y!i2 Je.':iJ r:}JJI u::L>. .h I::O.J � .}  wll_.,'lll 
�_,..J :<16. .}  .ul., ..:.C.4J Laties c;.fol (Series) y>-wll., c)fo,.SJ;ts;.JI J= 
w\l .,'}I .J·"" ·' t,'\lll < ,s,,s,n •- ' - . ·· < • .:,\l �'JI .·� UWI o.<l ·"' J; � .. .. .. - U"""' u� � � .....-- .. ..r.-..J""" 
�.J Plasmalemma� �L!'.C. J::::l;. Passive D� � (Diffustion) 
WI )I -';l\lll l,.SJ'sJ.n J.<. .).; � ,} J'JI � .} ..._, c;_,.....JI .;,. ukl 
Torii and Leties Y.J4U .;,. _,. Laties .,...yl J,!lil uiS.J o� .� .} 
l.h..l_, (Rb� rJJ'J!J.h (Cll .JP wll_.,l ��� � l_,..l! � 

•�lf'o '4_A. � l.h..l_, c!illS J (The Apical 2 mm) o ,;lll '-#_,hi .JJ4li 
;;�JA ) �u wl� wl� � 1,)4 A..l� �"il ,�_, ut.pll �J � 
J,l . ... •.n .) h .. , U;,., .I I...S ··" --' · .<.qS,...ll .·..oi, .Ln . " · I � ·· . LJ-'1 �· J . ...,. :.}' � � .. �.r=""' t..J4 � 

lJ 
. 

.r 

.(Epstein and Rains, 1965, Elzam et a!, 1964) 

jfo yll .} .fil J ,} J 'JI < h•ts.,...ll J= _,. _,.:. •Jol )I jfo yll :<16. ._..;.; 
"".Jl>.ll J_,J....ll .} wu,.'JI jfoY, .;w, ��'JI J.:... ul -""J JW 
Laties c.fofol .:!J (Diffusion) ) -"ti\ l.;k; � �I ,h;JI '£A.s 
�� 14JJ w1� :<..;� ufo �_,..n <;i_,hll .J4ll t;)li.. ,:,1 ..:.c.t....; 

.:<,l�l '.6J;ts;.Ji ,_,..J �J (Tonoplasts) wl� 'J :.oi � ..... J r� .':/y. 

� �y.ll � ul rtlfo. .ill:l .LJ� .UC.\......:.._, Epstein ,) � . 
rl ul .;}.•-" (Tonoplasts) _JI <..I.....J ..,KJ1 t_,.,..ll ,:,1; 1,._ o,;;i.-o wl_p,.i 
..:.c.t...,J Epstein ,;· .. J � �Ull � .} (Tonoplast) _Ji t,t... uk �Y 

.(Parallei)<JJIFL! 'h·\S;.JI J= ,:,.  � �� ..,Kl1 J.>..ll J. 
jfo_j. ufo. l..>lc �I .JJ4 .) t.._,..,;u..l .;J1 Y.J4UJI <.<�1 .}J 
ufo. ��'JI � ,:,t; "".Jw J_,h.JI .;. (10 mMlr_,.,..u_,.n .:,u,.l 

1;1 :<,l�IJ ,}J'JI <_6j;IS;JI �)., c.J"'�'JI w'l.kAl .)Sll t_.......ll t;,t... 
· I  (10 Mm) � li. ·U . . II · . . < ' · I  · ' l.ll ·'"" 'I ·'' · ·.'1 --' I:UIS. u J . .J • r-""' r. .r--.>' u u;>o. . � <i .J r� u-
,:,1 • .;.s; .J""' t....J (50 mM) ,}) _Ji...JI .;,. CJI..i>J r,o;.>_,....ll jfo_j. 

----------------���-----------------
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• • 

I '  • -

" ') •· .n • ' .  " • . , • . • • ., ,_, • , "" • 

. c-.. �.) UMo-0 r ... o.:-1.:.9.-" I.....:�.Ji.: �I.! .. ... a,. .. r "'-;l.!ll "';"';·� 
Welch and Epstein, 1968: 19b�,..:i L.S 

P/. '"· . Tl. Yc<o 
' 

r= 

; 
lfl<lt.J :· -

Hl�i "'•JC ., 
•: 

i t:� :· .. 
lf..i. f .. 

' 
::: \ 

.. lL' 0 

Hf11 "''<!' Htt,. J .; Vtlf. . H�·�e ' .. :: . fc.� H�- J • .. 0 • f: •' 
•• 

.:,.. <i.?ll t-Ill ,) (ParaUeO <i:,IP., .J.o.ll �.?I � f'"J '(' <-•) "-' � 
.� .:,.. .,JU ,_ill ,) (Series) .,&.a, Jl J<.:.ll . 

.Jl.l '' ·<�1 ,) 4....,.n J._,l.i.ll ul . .:.IJ.JNI uool..ol..� uhS.''rn c:.'Lfl l:f-'ll 
.(Diffusion) ,pJ1 ��I .JW; '.,;o;, .. n .l,_,l.i.ll t..l L,.,.. .:.l.l_,'il uool..ol..l <,s,.u,. 

-� ,w.. Jl <..):>4ll ,w.. Jl (Piasmalenuna) PL 

-�� Jl (Cytoplasm) Cyt. 
.i.,P.Jll ,w.;. ) (Tonoplast) To. 

oJU..'jj J (Dilfuslon) DiiT. 
.Epstein, 1972 :tp 

----------------���-----------------
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l.,;l.<. >_?.J t= Y.J t�Jfll � uPN·\S;.Jl iJA!.)oll J � y..i � 
-�4 J Laties J.i ,;,. c.fol !..S Plasmalemma J Jll;. WllJl":ll } ·"'I 

.>i1 Epstein �.;! ul! _pl � Kannan, 1971 J".J _,;.1 � rl! � 
<J...J_,. (Rb"') rY.'ilJJI U'"l...l.l .,; .:#;l\S;.JI U!'L..;I.ll J= J;.,.."J 
Chlorolla ;_,.; � <iJW ":1 .?' � ;.>;>-)! .1� .:.U..'-:11 

ul,lll 1;. .} �,._,.,. u� (Tonoplast) ;_,.;11 .t.:l> j \..;J pyrenoidosa 

(Plasmalemma) J y. uJ>.o<:J;\S;.Jl U!'L..;I.ll J- .fo.ol ul � � 
Ul .11 .:,\:;Wll . ..i ' - �  Ulll.:i 'Ubi ·' uWll _! l....l.":ll U, ·'- ·I UoWi 

� .r . � ........... J" . 1-.F (..loA .,J£' LJ # .J 

.i,.. .:_,;, ,;p. _,;.\11 � u� .• n,, 
l.,;l.<. ,;�IJI fo. .l.il ;,;.� Epstein ,;,..W � ul � ..n;s 
_;!I uYWI � �; �.J Active Transport �J¥1- �J=.! r.><"\.....:U...'i1 
<>Y..i .!.� .)) c:;lhl � Passive Absorption lyo. 4;l Li""l....l.":ll u� 

·<i� u<"l....l.":ll uJ.>o. 'h' J L;St..i o)o .:Sto.ll ;:f..JA 
The Nature of Carrier t).bll .,S.;oll � 

t_,; Jl (Permease) r-".Jl-:14 ....,.:. li (Carrier) J,.b.ll yS _,.ll 1;. ul 

.:,. .>;,.JI � .;.9-J ti;,n.J (Epstei� and Hagen, 1952) U;'J_Hll ,;,. Li""� 

J;l .:;. � .p (actives sites)) Binding sites � .!.\WI USt..l 

.(\ ,-o) r!.; � (Petterson, 1966, persson, 1969 "#lill y.oi.WI .:...u_,i 

.:...u_.,-:11 jf.y � � � LJSI..":II JW.I Jl �� """ ul L.S 

·t.u ·, ' J- 1.. ll\.! .., .. <r"' 

----------------���----------------
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-5 10 
e s .. 
- 6 
� E 4 :;: 2 
� 0��10�-2�0--�3�0---4�0--�50' 

Na. mM 

.;,<.;ll l.ll.S ...,...,.n .JJ:.,. <J...�.., (V) �-"'"'Jill .:.U.W .,.�, """ '(' ·-.) ,.;; JS.l. 
.(0.5 mM) _,. (CaSO,).;,< ;lJ (10 mM) .>' (KCI) .;,<;l ul (NaCI) 

Wckh and Epstein, 1968 :(F 

�YJ <,<"_,..ll J_,....l ..)<. r_,;-.�_,;11 dlJ!S dl_,�l ..,.,t...;.� J>... �JJ 
(Michaelis Menten r\loJ -<A l. ..)<. J...=., .}>"::I J_,....l ulc r-"""'.r.ll dl.JJ 

-Michaelis- Menten lJi... J •fo � 0-J (I V-0) ,.;J JS,.:.Kinetics) 
" =  Vmax X (S) .... . ( \ .  -o) 

Km + (S) 
{Jy.Jfo.L. '""� ..,.,t...l.�l J""' jl <$� �illll :i.e.)"' "" v '" � 

.:i.r.L. /ri.Y­
Micro mole I gram I hour _,i 

.'.;L.II ul,.__,l ..,..,J u-ot....o..:lU J.w. ,)ci Jl .s_,..,ill :i.e yJI <s" VmaxJ 

.(mM) J_,. ._.1. ''"'J! :;...;;..n dl-"�1 �y Jl '.kll:..ll ;,WI �y <s" (S)J 
'...y.II �� w\J_,;�I Jl ;,WI �YY.J Michaelis w,� J.t... ,. KmJ ( � Vmax }1 ..,..t...l.�l Jl �illll u- .s_,..,ill :i.r.yl u..,; .yfl 

J.w. Jl Jc.illll .!>JJ>J w\J_,;�I �.; y. (S) wl u>o_;ill .,_p.� •J'�J 

wfo illill (� Vmax }).li. t., u-ol...:;.�l 

----------------���----------------
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.!_ Vmax = 
Vmax. (S) 

2 Km + (S) 
..... (1 1-•) 

.(Curler) .J.WI i;Sl �-" l::j_,..JJ � f'"J '(' ,_,) tiJ � 

'+>l1 <) 4-" JS! l  .... ., •• .J.o\,pJI � <,u Jl .... .,.n �J/11 "" Jo4'J'jl <J\.,. -1 
. � ,u..n 'l.!.ill "" ..... fo.ll .�,u..n oi..WI .:,.. -.w.oll � ..,lj JW.o"il� .li&.oll .,.Sjd � U. -.,. 

.l.;W! J>l• ..,ll 4<'1!J.l� � "" � ... '11 .JJ'W u. -..... 
. Loewy and Sleke\itz, 1969 :Lj:- � 

Km + (S) = 2 (S) 
Km = (S) Km (1 Y-•) 

;,.,.yJI u.....; .!.J.l>.l <..Jllll ul.l.Ji'il Jl i•WI :;;s_;, _,.. Km uJ � 1:.....J 

oi.J"I....W'i\ J ... u.....J ) cj_.,.l\ Jc.\,i;!J <)< .s_,...,i!J 

i� �� J! Michaelis - Menten U�t.... u1 "-:1! i.Jl.!!':ll � l-.J 
<i;JI (1 Y-•) r!J JU _,.. �_,:. t.fol u1 .)#. :<;11;;!1 u\;hloll .;,.. J1i.:1 
JI IJ"'i....W'il J...,. � ufo o._bl_,ll (S) ul.l.Ji'il j;S_p '.lb. .}  <.ll U;iJ 

----------------���----------------
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1:;.� � � l.i::l.S (S) r�J!ll ct. • .J ?..h (v) J<,lilll ""J"' 

(Andrews, 1970) r� Physical Chemistry '-fo.o_J;;ll •1;4li ..,.; � 
.(F�rnt Order Kinetics) 

d (S) = K (S) 
dt 

V = K  (S) 

d (S) = K 
dt 

V = K  

., � u • 

. • • . •  (1 r-•) 

... .. (\ !-•) 

... .. . (' •-•) 

1:, �� ..:.ll...,YI ?..I> ..Jc. � JF- c.,_, (v) u-ol...l.YI J,.. ul <jl 

.Zero Order Kinetics <,<...,.J\ rll>lli .:,.. t_,l\1 

o b e i k a n d l . c o m



8 Zero order ldnetlcs 

of-----�o.���--�o��--------�1.�0-----­
(km) 

;l,J.)Ij �'.H ,...:.1 .JJ:,.,. <�...!_,. �_,.J.l_,ll "".JJ O"l..o>.! JJ&.o '(I V-o) tiJ J<olo 
qlllLII .IJl>.oll .,.! �_,.J.l_,ll � 

Cann and Stumpf, 1967:U:. � 

.: .. A,Syo ;.., .:..:..fol ,;; :O;;h .>S:,.. .)#- ,.> J,.W ySyoll 1;,. J4» i..! 
-,� ""'fl llfl "'* 

� � �b..J � wl� �J.J:' wt.p JA ,.;-.J Cytochromes -1 
.lA . • .. ... n o....uS ·'" . '�" :0,..-- n .:&WI • .!! • � JFo J 'I'_,...... . •  j"' J ..,.....� ,_,... <r ->""' J 

_-tJ.JI u'u� Jil � (Cytochromes) ....JI u\.,syo ,jl.l � L.l 
.< • u � ;L....JI '-""" -"' ' - " '  .:.t....:. " iJr. ' - ·" ..:. •1 ,;; �llill r J� � .. ..J- "t'""" • ..r "t:!"J JJwJ .. 

I �rr :tl.. BurstromJ Lundegardh IAJJJ� .;JlJ Cytochrome Pump 

:<;� ..:.I;Jl..;ll l»!J :<;li...JI ..:.u _,NI '-"'l..kl cJ:! � , » Jl l.lltlll J 

.).. yl.ll .u ""' U4l Jil ""' ,il..» ""'l..k�l J,>... ,;) .l;.,._,l ,;; � 

1;,. �J (T-') r:i� US.:. Salt Respiration ;_,.u.n ,;,., , .. ,;",J .rJ.. J)>... 

----------------���-----------------

o b e i k a n d l . c o m



I �;_';!...'II _,..t....W4 Jl·<> � 1 � o • 'il... Lundegan!h t"-� .lil IJ"l..';l 

-: '"""ftl .>1 � l;.,p. 
<;.._,..Jl .:.u..,'JI _,..1-l.l � � 'i :l;!l.JI ut.;..,'JI ..,..�....WI <} -1 

,:uti.. � • .!..>..:; I . L " . - . � - � � 
(Plasma <;kJ1 ,u.; Jo,IJ� 1::�1.;, .:m ��'II jf..fi .:m Jjl �-" -Y 

.-<l!..b Jlj1io.'JI� ,Llall �::�li. ;J..Slll � J,...;o 1... Memberane) 

(Cytochrome System) nfifo.W rllol _,. '4ll..ll .:.u..,'JI J,.b. J. -1" 
.(1A-•) ..-� J>.!; .}  t..s 

(i) 
.��� :x:x:�x�(,A:-'}----1'-.2� 
oJ,� r ® ® p;;. 

!4o, ! 
'-+•' 

�II. a 

� .). � (Cytochrome Pump) .,..... 1..1 � I""J :(1 A-•) rOJ .ls.l. 
(M')(Cytochrome)(M'J..JI .:.t,sJ" l.l...l.., � � <,I.. o:ll.H (Al :c;::Lo'jl 

.(Passive Absorption) ..JI u.;., � � o!I..I.H 
.Lundegardh, 1950 •U<-
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� �4 '""' J.i u- .:dUI .:! (Cytochrome Pump) <;)ol d  .:;, 
(DNP) 2,4 'Dinitrophenol ..,S.J' IJ..,..J .:,;;DJ Robertson el al, 1951 
Oxidative Phosphorylation � .l..f>l Phenolic compound .) .J\!1 ..,5 .;A 

.Jljl .:1 � J>... <J .JP c::L-'111 <J"t...lol J!i..J 
�J (Oxidative Phosphorylation) J � .;,1 '-' J_,..ll J 
� � .uu. .:.�:, .:.t,SJA U;fo. u� � '·• ''"! u� � 
.). il\il;l Handley and overstreet, 1955 ...._J 1..S (' ,-•) riJ JS.!. (ATP) 

.l..:l; r J!l _,...!1 J r � .J!ll .:..u � '-""t.-;.1 ,;J.. � lii Lundagardh � ,;i 
(Cytochrome J .;,1 U:. fol Lundegardh I) '-' J_,..ll J � � 

. .l.U ..,uJ dl ..H'il4 � system) 

J � � � MarGoliash et al, 1970 yll li J 1;. 
J .:..t..;..,. J;.ll .). Active Transport :<;,_,!., .:..\JY-'11 1 � Cytochrome 

-(� • -•) riJ JS,.:JI .} I..S Mitocondria 

t" LJ;lJ.Jl u- Ulb;J .1;,_,;11 u\J,s..JJ ..,,J �J Ribonucleoprotein (y 

.Ribonucleic acid Jl RNA u\PJA 

Adenosine � _;..Jl � Phosphorylated Energy Rich compound (� 

.(A TP) Triphosphate 

(DNP) 2,4 ill.. u4 l; .. o:.nJ Robertson et al, 1951 �t,; ul 

� �J Oxidative Phosphorylation :;,1-l � Dinitrophenol 

:U,_,J., c::L-';1 <J"t.-;.1 .} (ATP) JJl jj<> li 4JI'" c::lo'ill '-""t.-;.1 
'-""t.-;.'11 'ft'<J• 1956, Bennet - clark t""J .;!ill Active Transport 

.:l phospholipids J .:..t,SJA u4 cfo1 liJ ATP ..,S.yoll u...IJ! c::L-';1 
.} I..S (membrane systems) �';1 Woll .Jl" .:.UY-'111 J;l! IJJl ..,.Jl 

.(� 1-•) tiJ J!>-1 

----------------���----------------
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ATP A'TP ATP 
� 

--+--- zH•--it---+­
� IJ II/ 011 

iJ,g FAD 'te:V 't!t 
@ ""A! A� 

1&0 

d-Ji 
<.!_;:.>..n lJ.,.-_,11 .:.l;$J..Jl (>" U...J.J""" .:.U_,.\J .:.U....,:sl'l\ .Jil"l :(I •-•) ,.lJ � 
� �  � �� u,.. � .;;::. Krebs iJJJ �FADno1 . .J NADnd .� 

Wolfe, l972 :.:p (ATP) OS.:., <lll.l """"" •I.HJI u..-<},. 

----------�hW==;"de ma�t�nx-· __ ��-----­cr 
cytochrome 

Inner 
membrane 

Inter membrane space 
outside 

& 
pool 
ATP 
ADP 
ea" 

.::.UJ/11 Jill (Cytochrome) ...JI � JlWI .J;J...,n � �J :(Y • -•) ,.lJ � 
MnrGoliash et nl, 1970 :tp � olA tl£,1J ulJ (Mitocondria) � U::JJ;. .Jii-
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(CH,), CH, - CH, - CU. 
0 0 I I Ledtblnase 0 0 0 a- 'N c c I I I I 0 = P-OH r 

� CH, R R I 
... I OH 3 CH, • 

Phosphatidic acid � 
• I 3 0 R R + 

I I I (CH,), • 

o·-p = O  c c I 
I 0 0 r l'r+cr. a-
0 0 0 I 
I I I CH, 

CH.--- CH,-CH, cb,oH 

tlil J. PhosphollpldsJI Lecithin .,...,.ll .Jlo' <)!.oo ......., (""J :(I 1-•) tiJ .Js.l. 
(Inner Space) •l.lill UM• .,.II (OuterSpa«)•l.lill r:;J.>. CJ" �,..JlJ <.,J....I .:l.>Jijl 

.Bennet Clnrk, 1956 :{P (ATl'J oJCI...j ..,_,., Jla, Lecithin .,.S_,.I <J rl 

Plasmalemma � .� • .:.iufoo <S""'"\ \o.;�4 phospholipids ut,Sy (l 

• ti:L... l!l:to. � Jij 
.liJ 1;. .(Qhnishi and Urry, 1970) ull_,;:IJ '.!.I.... '-#JY. Ut,Sy (_. 
� ylc.\ .} U.� J U.t.. .s> (Aclive Transport) ....ll � .;,1 ,.. J 
,> .J JS.:!i J • � J JU .} �Ull r-iJ1S l.l..:lll t;::l!JI .:,ij <...t;. J .:,� 

• 

Active :o.;LuJ Briggs et al, 1961 ..... .fol \..1.. n,,b;> UJ!J (TY-•) 
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(x)J,.bll ..,.s � 1::" = cr J_,JS!I � '-!lU .:l.l...,'lll iJ .!.;>. Transport 
:(,WI � ''I J n ....., jJ .>i.uJ1 ul: . . I • . . P..I 2 .I, I � !;.. • .. • � U"'� \.-----.. tS . :..r"' � � • �J � 
.;"' J .;>! J.6. (;" = .lil �_,.II dl.!!'lll l..l � .:l.l...,'l'l oo!IJll �� 

.Passive Transport ....1 � 
�:.a .>...Ll&li .:A:..jjl ud"'''' .:.ljU 

!lall .:.ll . J • "-- • 
0 0 " :0......: ·' �1..lll • W.. 'lll . _. : . '- ' (I .;- » r-- ......... .. 0 0 cJO" 0 0 "'"� J_,..,.., 

.(Yr-•) r!J JS.1 :;,;t:illl 
..,lJ :,;:;:; .>! <IJ_,!l � � _;J 'i;ll;,aJ _;-lJ.JI .:l.l.JJ iJ :JIJ�'lll (Y 
:w,n .:.\lt..JI . ..i � '"' ··" I '" '· .r. ··= .J., <I -• ''I> .. �· y- ...,.--.J LJ-'1-'.Jt'""" J J�· � � .. J� u:o. 
(Mesophyll Cells).I..._,:;.JI � t;ll<. J,! .:,.. ,,,.J,.;;J iJS.y f> .:,..� 
ul .!.;>. ��� <;ll:illl .;-!l.ll u""-! .:.�.� .)' .;. J """ "-'i.Jl.ll �� 

� :U..).ll ,;,. � .l!� JP .;._;. LF- 11'!; .. � l.a->"lJ.!!I 
.(Foliar Application) 

...,...;; [ :::b .} <......� � .JW>bll .:.i _,!1 .} .:.1> jl .l! "-'').ll ,;,. <,;..I ul 
,, . _., !lall ,;,. .:.� •i'JI 1 ·"' � .• ·' _, :�,i,i;,aJ tJ.l1 � u_,...... ..>- . JA u � ...}t-lli '-::11' ..)"- - y....o 

' <..U. ; :0..... WI .>1 · • ; •• l.&l\S, t..l ,:;,. ·'' • "··� '  >.1\i c.s'; .)� - ·  J .,.... � .. - - .'....}'- <r (.JI..UUI.I • 
oo!ll.iS. � (Wittwer et a!, 1965) ,..,.. lJll..y '"" J,! .:,.. � .lil <I J_,!l J;.IJ 

.'JJ_,!l ...pi.;. .:li'lll .:.1'*' >_,il� .Jifol � Hull, 1970 � 

lJlWI u'� ..,JJ) <>J_,!l J>.l> ..,JJ '*Jw >1_,.11 �Ill 61 ,;;.,.J 

.::. ufo oo!llll (Epstein, 1972) (Passive) .J>o <;!- .;- (<>J_,!l �.>ll 
[J� ..,JJ <>J_,!l t;J�.<. uiJ"> .:.- [fo 61 <,l:wl �_,..u Lf.w.J � <,l..JI 
.} JMJ\ lJ""-! .:.� Ill� � .l! 'JJ_,!l � ufo. ul .l.fo. UJ_,!l 
.:.� ••• • ::. 0 · I.>U ' -'- .:.I:J.,ll1 01 I ,_ � • • .< I :u, .I. . ..;-• � u .......... . " JJ es- .. I.J'IJ u............ -� 
<......�� .J.)l <J,).. <iJl ,LtJ } Jho"il .l._,i.. ,ttl J..&ll :U....;lo! � 

..,:.t....'lll u""-!� t;J.>Jll � � .:.�.JS.;.!I.S ui.J�ll ;� .:.�..?� 
. .:.!..?� .:,.. IA_;.e� ,,,,o'lll 
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ly. .J'o JIJJ'il .!!J. ,:;<- �_,.!1 ..,..1..-l.l ,J .)c. �WI J;l>ll LJ 
.;'J YJ� u- .)..; (Outer Free Space) y.ll f:.l_;;ll .; �J (Passive) 
) ,;... y5->" � ..,...t....)l J..U..IJ Crowdy and Tanton, 1970 It-! rU 
Jp..ll l:.. ,j. JJ Ethylene diamine tetraacetic acid ) (EDT A) t" � 

;.>.! H,S .o,;; � .} ,j JJ'il .:...4 J :0..\.. H JaiJ :u.....\1 .:J fo. ,jl J} .)c. 
..,......;JI ""iJ JIJJ'il .)c. ..,...t....)l UU....;.& ;Jl.. .:.,.Oft il>J.J ;;_,;, 

.I;:W ,:;t .;'<> ._.!<. I� y.o yl1 J ,:,:.; .r.fi.. � 
J.J4ll 1,;)13. .} y.ll t I _;a LJ:! ro.JI J}ill J • fo � � .J 
J_,....,. J,._. � .>oJ J!i:; .JiJJ'il ._lW .?' U!'.Jfoll ;.>!.. ,:;1 .J'o JIJJ'ii.J 

.y.ll f:.I_;;D _; J_,I...JIJ .p):.J J_,h.JI LJ:! ,:;jl� 

w.&i -'" · - I " �I «· .. < _ _; " ""·' · •'··�· .>! 1:.. . "' ..;- � _yuJ .J '-" J.J � .,n.a ...,--- � � ---;1 .J 
JJJ" � 1... ljo.J JIJJ'il ·� 1,;)13. .;  Plasmodesmata ;L....ll � 

- "'" · · ·t �I ''I> n ._,.lil � - " · I � W · �· �.J c.) J.J U"" LS"� "' .,....... � .JI "' ..>"- � 

Jfo.... � ..Y.J >Y>.JI ;,;,] .>il JIJJ':/1 . ..,JJ ;p <_6,;J<J•.J JJ. ,:;<­
� •.»>-':11 uly...ll .,; l.;c-IJJl1 �� JIJJI _.k �:ill! -'""w 

· ·1 I •- '·"'·" Wll .!lljl1 � .:.�..& Jfo.... • • -' .I � tJ JJ LS"""' � .J t.>" .J J .. . J'4 .. UAJ u.___..... 

,ill;!; <., '" . _; .:,toWll \A .; • aw. ....,.., <., �-• " 1 -"W.I · -"1 uWLull • .,F' .... • ..r ..Jl • .• • . ..;- CS": � (.)A � . 

lJ_,...J JIJ.J'il .)c. ,j.)l '-i.,Y., �J_,ll � 'Jb.J.ft'll ,,_,':11 ,.,,,.,,J 
l,.,..,\)1 :t..li:WI u.JI ;.w.i ' • • .>! .'lu-wll 'I �I • ·  '> n \Aj\;l 

.. .. .. � 
� .J .. • tJ JJ IJ=W IS"'.l 

.,j.)l '-",Y., \A_,c.J l,J_,w!IS. .s_?.':/1 
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cr 

\ Plasma membrane .y5.l .�a. J ""'-------=:--� Pore 

X ----;o.X 

, 

' ' 
'... Substrate 

, '  i�ll.• 
HV�----------------� 

� F� 
Plasma membrane 

Outer 
..... �� 

cr 

.:.u..,�l <;! �.J<I (Active Transport) ...JI l.,.lal � r-J :(11-•) r!J � 

.:.U..,�I �fo """ l.;WJ :<i-1> .,'! �' (x) J,.\..>JI .,.S_,.I\ � """ (Cn .Jl. <,li..J\ 
Bdggs :r.p .iJJJ.Il iJI&.'i t.;:u � � � � cJ.aW �.,.,..ll �...Y.J � 

et al, 1961 
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.:..I,_,J.;ll .;, <,.,,� ;,;:,w .)J � Mycorrhiza _.JJ c!b. •• u! 
.>.all ....:.. L. ·'-'" .l. . . .<, u... (.:.Liill <....\.;. .I Ul)l .:..� ···-

• � � ..JPo U.J"'""" � , .J.I � , .J�.J 
_.JJ .I .. ' .·--n � ''I> l&.l .. ·"' .· • • n ;  "" • . .  • hl1 J LJ'-:' �J � . u.:a. . � � ..r- "'�"' .) . p 

:J,U, c� • ;,. •·• .:..\.;JI u-ot-;..1 ,:,.. >J.i' Mycorrhiza 

.<...t.....ll · .:..t.Wl\ u.....n .:..w · :1...'11 �� '-' ti. ( ' _EC-
• 

.J . . lJ:H c. lJ"" .) 
� fy W, Mycorrhiza .:.....i1 (>.!JU.. .} .:..\:,l.fJI ""'.»4 � U<.Jj .lil 

:.;.l;t.. .b.)J (tl}i.JI -'>tl,.;) .s_j>.'il ...,.,w 
· utwn.... � u.. � tc. · · 1  · .I u\j �lS 4...Jt...-...n �t:iL.ill 1 -i � . . .) (,j-" � u.,. . . o.J.l 

. w_,!l\ ; _,i......ll <.,l..o.ll 
Wt:i4lil t)ol _;s.l UL;., l.U.J WIJ �lS _;b.i.lY �\...-.JI �W4-i!l ,J - � 

-�� JF  

J�l J LJ:!o?o _,_jill1 � fo\ � Ulj � .;hilt.: �L....:..J\ W'U4i!l .j -� 
. '_,...� pll ' 
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.:J.;.. 
er..;..:...� 

.�l;JI .} I.,! :WI �,..DJ •WI U"l...WI JloU.. c:;....O.>I ,.,o;b>:i !""� :(Y r-•) ,jS.!o 
Kramer, 1949 :(;p 

Wl,;.>t., �IJ.>J .ill:>J wtl,lll ..,.IJ ;�t.,.. Mycorrhiza _ll fo :i,;W.J (Y 
._,..:ll:; (Mycorrhizal .)c � J\.;b�l J.,. � ...... J,.J .} ,)!,;..JJ 
.} :0.,.:,1..:; � ""',s J J,. )I .; w.l .:l _,.bill .1. _,;.. J .1;..,} J ',;.>t.,Jl 
..,JJ <..:.n �,:.,.�IJ "''fol\J wl.i.._,;JI .:.,u_,l �� .&> "''J ·J# 
t... o , ,,, '1... :,.. II <..:.ll uU il'l J\i;ll .1;... .I - '-"' 'Jloll .b. -' J"''-:"' t-' J .JJ • (.5"', � 'J' .J � r..r· .r 

. .
·

. -'1 .:.,t.; " .  ,._ <.....:..!1 .:.u i'Ji w....;..: ,; '-" J. · J ' • Y.� . (.5"'; � J .J-J � .1¥"- (S'� .>.!"-":! 
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JJ� '-l...l-"' l.;ll:..Jl .>""\,;all ...,.,. ...... , <} ;_;� J,.\_,.!1 
_,..� ��\ .u,� �loll _,....lJ.ll U"'t...l.l J.>... J :o)_p..l ;.,.y (' 
Up. r" t . ._;,.. <5 _,l.JI ,;.... "" &) _,..� ..,. .>' ""'j\; �l j; ... _..,J\ }. 
. u� . ��� • ' ..k _;, L. 1:.. . -' -· .• �\ J.>,... . ,,..eo. IA.>u e,j6 . � � .--- ..,..---;; J � 1..1"""""'"""';1 • 

. (Y t-o ,>J �) ,,J\>J\ <,.fl � _,.;!I  

J_,h.. 01! dlJl�l jf.y ._; J_,;J\ u\S ws :wUJl�l jf._p � J_,;J\ (Y 
.wt.. �loll \l.ll ut.; ··' ::. ·· u.... �, ., ws lk :o...w� <.. ... . . � � .N .JI.I .. .) .. .. J . .r'' 

. uJ.I _,!\ jf. y!l J::. .;\S.JI 
ul; y y ._i � .>! u� J_,.b:; J _,..; ul � _,l..JI <)A pH <;_,;II J<.ill (� . 
J<.ill ufo. L.ll<. 1-'P.- _,..:.:; uU\;lll F-o u' .Y.'- (pH 4.5 - 9) J<.ill 
U"'l...U.I .}c ]>:, pH _.II uti. p::. L.SJ (pH 7- 5) 01! /:}l <,j>ll 

<.:JI.l �� ,:;u �6. �yll Jew u� �..a.llc. � "� �L... Y. J'""'\..l.a...' 

u- :u_y \..:.;, t>Y.YI 4_,.11 uU_,�I ...,...�, � JJ;; 0Jo.JJ.>;tll 
1:::" '-""t:w.. ,:,;,.. J.J'l>ll ut1 _,, ul ,y,l fol .}c <;li..JI wl.l _,'tl U"'l...U.I 

."-#Jl ._i :l,, .• .n' U"'l...U.�\ �\yo ..,1! J_,..._,ll <>.;�'tl 4_,..11 ul.l_,'tl 

� (HCO-,) ut.;_,J\S;!l\ }. (O.Ir) MJJ>WI .:,U_,.I �,_:;; lo.ll.oJ 
ul "" '-'lUI wU ill\ U. . .. ;t:w.. "·,>,; H ..JI ut..\1 :t. ·'' <J6. _,-� . Y. • . 1:::" � ..... p • ·->"' 

_;.:, pH _n ul -'?-J .._,�.;.. 'J.>-"!J �w u»,;ill � JfoliJ uU.._,iJIJ 
<,c._,; ufo � pH _n ._; u� uti.. _,ill wl.l.J) ._,...l...U.I .}c ,_,;, 
""j.o -'?-.Jifo '·' YJ� <,!lll pH _.II � t..i H2PO-, ,J" •.>:.W uti.. _,ill 

JWI pH ..J\ .) P0-34 uU_,i ,_,...:; i_..;.IJ HP0-20 H,PO-, u- Jll.:W 
�\..b:i.....\ � _;....i; 1.... \ja,J U4:J.l "a_jjw Y.f:.J ��� .Ji:. WU...,.til\ � �J 
� .>J.>o.ll ul �� -'?-JJ �WI ',.,.:JI yfl .) _,..l\IJ J.i.ll <)A uU\.;'i 

. 
.\,._ �\ill yj>ll ,.; ul:.c,ill .)Y. ? 
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.:..�JJI � o_,..;J\ ..' <,.WI '-""l;lll wl �J .lil :(Light) o_,..;Jl ( !  
'-'""L...:...)'I .}SI ,I_,.. Jlol .} <,..llll u\;\;llJ <)o f:� <;lJ;&Jl .>-\.WI 
� .;n .;_,.;.�� .,.,s fl <;!.= ul! ..u;, >->' wfo. .>1 J � } i .)" 
.;. i� i_,;b ._,..:.�� wi ""' '-'""t.->.'1'1 <;!.= ..,.. >J.,; .... � ill.ll 
,:,. <) � "iJ...!\ w"l;lll d-<J wU.."JI <l..JJ! c:ll.'il ..,...L...:...I 

(A TP) JS,.:., :;,_,. � <.i1.1. .). <,l_,.:.ll lJI.I.i\ J.,U ;.,.Jl wW\Sll 

u-ot...1.1 ..... ;>W ,:,. '-'1..1. J.W..; ._;.B (Adenosine Triphosphate) } 

•b · I :iJ.,WI :ell � . � .. ;.n :i.ll..bll <>.hi! . > .::,\.; f;l -"' u - J ...,....- - ... �.>--" . UJ "" 
.l.h ;sl wt.._,I... .,.!! clh., :;,;1li!l � .:J.J_,, � .;.  ._,..;JJ 

Ct,u � .Ji:.e. J, ' � n ri&. Steward ,JWI _,.J :,1_,.) J UJ!ooAJ'I'I ( o 
.,;J (Y•-•) JS..:; c:ll.YI .;,.. � wt;..sll u-ol...l.l J..'; �J'I'1 .,.!! 

�J'I'1 .} ,_,..,;:. .;i ;_;I orJ ,.._,!� ;_,.U;ll ,-l)l" � � 
�'1'1) Active Transpon:o..,l.= :u; .ill;!;J �_,:,...n <illil <li, ,_,).. •J 

� .,.;  � � -� l.W .,J.. ....., .,:,n u-ot...1.'1'1 �J (<,<_,.Ji 
� ,...,:. ul! <j>J'..J � wa ..,yn ..n; .;. Hco-, J co, � 
w� t..,Ji W.J" JIJ 1;. .-::.�_,)'1 �J � � .}-<1>1,;! �AJI 
il..b., · .c . :U,ji ' . ··'" ..:,IJ w\..iL....I1 I :W.)I . �• f;1 _ _; ..:!3A · 

� . u� � "":l...M""" J . cr-J �- . � . t,.,J. . . .. ... JF'J 
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l 
.'l • 
. j '  

-' ,. • ! • • • 

(>" � Uo..\.>1 ....,..U_.,ll .;}.J.H\ �\ � OJ\_,.J\ 4.» � :(T t-o) eiJ .JS.:. 

Sutcliffe, 1962 :ep .JJ:..Jl ,;,. �.-1 J\ _,.ll .,._,.�, u..;., .iJ>l' .JJ4 

llii ...; 1 .  ·,\.i :U. ··-11 .. < WS ..j ,., .,;! :; WI u\l. ··-11 (' .Y" '1t" �� � � • J .) �.ft""' � 
. .J., \;':l>ll .J>i' ..ll 

)y:..'i\ J,...,. ,;c. �Ulll ,,�, �' jl (Injury) � )y:..'il (V 
·'"jl .ll _pl1 u->t..,;.'JI ufo. ..n;,J JJ;,.J\ �J .y.s �I 

(Chelating U.ts!l �_,..!1 u'=!J u'l,.sli ul .<.,_,ill �_,..!1 '.?.J (A 
.�\.....AW'il � Ji:!J w4ill i...-1..... wl�b y,wU J5 Agents) 
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' . T '  ,. • t • • • 

� nl,. Uo..d_,. .:.u..._,.;n uo\...WI ..,Jo u..-<J'II Jib :(To-•) �J J<.> 
t..l"'I.....A:...�I Ufo. Ji.J . t _, PHJ 10--'M �.J..! .:.l.i..._,&ll J.J1- t.) �..,..:S,..DJ �,Jhi.tJI 

Hopkins, 1965 :uo t,..,> ,I IJ> 
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