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The Media of Plant Nutrition 

'-lW.c-1 I wi:LllL :u......J1 :i.l.ul., wtLJJ -,, :til£� bL. �� � '"!"' .J • • � r• • • .Y"'"' " J JLI 
) l,lS ,J_,.... .._,:,.ll J..,'l/1 ,y..� )�� .; ;.,.w ..:.� ·'- J_,.Ji JJ.,<ll� 
...,] · •  -1 �1 .W -' ' - - --t. ..:,t;Wi ,;,., · · · - ' · .:i.IW ' -'·'-- --' Ll '  . jl \..f-'1 .. r..r � .  . yu L)4 rc J'�J .. � r..r .. 'fi" 
)L.I % r o :t...> •- .• ·' ,t.. • � ;;,u _ _. :i...J..:. :;, t...s ..:.� c; ' . ..- J""' .;.-. .. .. .., - . 

·c )L.I % • , . .  Y :t,.-u .,Jc J<-lll .t.. .; _,.,., ,; � 

<,lW1 wl>l,1!1 u- ..::, J_,;,. ._.:;11 J ,y. }il c;..l... .,Jc .... WI wl>l,1!1 t..l 
·ts.. . � :;, .• n ..:.l.i>i..ll '· J - -- n .  ')I , _  L . :;, -•'1 "'·" u LJA .Y"'J .. IS""'" � � �J . .>"" � 

tu..JI w�l """"' '-* _,J_,.t.,ll � :t,�\,o4!1 � �\;j;ill ...,..1 _,;.Jl .,; y.. "; 
(Jenny, 1941) IAJ¥-� :t,ll_y._,_,hll� _,..Jl� :t,yll :U_,i.Jl J_,;-JI� 
) ,:,�I ,y..., _,.oll \;ll;, Lb..� .;_,.ll ,I _,.!I _;;;.; :t,yJIJ ,WJ <>W.�\;J 
,I_,.Jl t...Jt-;y u:-SJ';IJ uJ!fi!l ,..SI � ,) �_,l..JI (>.ol -4"�1 

• �\SO.JI ,;11 · I LoS ' -- .n :;, ·-" oill\J; Lill · ·'' wWll - 'I � c..S u """"'t-"" .. � Y- r  .. (...}-""� . t$Yf"'" 
. <;bll • '-WI . __; ,WL d:;W · • __; ' -

• '-"""' <,:. • • � y. '""t-"' 

:0...\.lll w\Olilll ' - ·' · ' -- '. · ·<II ,tz..t, 'loll;.] \J.ll - L - · 1 • . � � U.H..l'""' . • � r--- u 
c:F- ,,._, ufo �� .,.., J'-"'w ,;,., ,:,1 J t,,;; <,yn u- u:-J �� F- <3_,; 
ul t..s ...,..:;..:; ._.sJ , JJ;,. u- l.,y.fi J <,yn J_,h.. .; • .ft y.. J, wl>l,1!1 JJl"­
L.-... II J_,:,JI .)) lA> _,. J .:,S�...I <J.o y-<>W ub _,1 4S � ._.:;11 l.it...JI 

.(,J- -'- uJfo.Wl., '-"t;:, • · . 
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,;;. '0 .:.foi �� _,. '"'" ,;;. '-""� Y-'- .l.;lo. "-!fl .:.1 r _,l.-.ll u--J 

.;!J;SJ J_,;......n ,;;. �I � � _,..n., JlWll Solid Phase yl-!1 JYJI 
Liquid JlL.II J_,l.JI \;l�J J6.'ll <)A � �_,. .} ;,_,.._,..n � ;�WI 

�_,:...1 ..,..., Soil Solution 4J_,J.... ��4 Jl <,_;JI ol.. .)<. <j}� Phase 
<,_;;II wljli. .)<. <Jfo>..i <i:,n Gas Phase jlill JYJI f> t,!:.O �_.. i.>co .)<. 

•• L.ll • UWI '-'lull w\.it.....ll � " c..>- � .. �· �-
.;JI _,...,u...u <F4� J.>......JI Soil Solution <,yn J_,J.... Y.=.J 

wLlll 
. 

. ., • • • . . .JJ� r..;.::> !.>"' � 
<,yn J_,J.... �J.il _..; Solid Phase t,_;JI .} yi...l1 JP 1..1 
'<lt.:...JI o.>.....�t J L.S .<,_,.,._tl •�wJ .:.�t...II t,I� .� � _,...,llill; 

.�\:>ill lJ.ll... '., .<n J I � .• - .J'-A . -�· y..:o..- J..)J 

�J :o..,n... w� :i.k....ll '-;_,.-..] ;,wJ .:,bll c;Jt;� .,..t;J 1::. 
.·. "'I • .  -'1 \:; .n ·· ·" -'1 · ncn � '-'... wll I ' - -'· (' ..J¥-"'".1 J f' .J-F .;--' J (" .»-" Y.''J f'� J f'� . . y � � 

.<,.._,.II wu_,�l � .} t,..W \JJ� .:E-JJ-'!fliJ 

uUJJ�I 1:" �4J<S J�LU; ,?J '-;fl J_,J.... .} t,n...JI WUJJ�I L.! 
.wl-"..;foi\J wtii..IIJ wU.._,il\ 4-JL..J wl.foll ...,_; <,.._,.It 

Jj...JI wU '-" . \; .<. , .... i.t1l . .  ,_, -" J ll .<' t..S J . ' .)y= !.>" J-- � . ..J- � J 
.'., -" . _; --,- "I '., . .. n .L..�L •b; . ..; ..nli .:tl.lJ . -'' bJL. ·w . ..r '-1'- � I..F" � • .  Y � J . .Y"'" .J J 

• 

t,_;;II .yw � ;;,;t.. :u,J. Jl .t.:.. ..,; ._;,., l.;>JI wi.lli.S.II ,:,. 01 

01 t..S t,yn ..,; .w1 '..lh, _;,tt, ""'-'' wl.lli.S.II '-;lW 0\.i I;.JJ wt\.;li JJ;..J 
wl;_,s..Jl t.jl.)l ..,_ t,_;;II J_,J.... .)<. �bil ,;;. � _,l � wt\.;li JJh 

_,_, · · - -'1 '-'...ll wl.lli.S.I! .1"-5 J...o.;, ·.n <.ili..YI .;,t.,_\>1 -� - tr'J .. ..  u J 

Solution Culture '="ill\ J;lb.oll c) �IJ)I 

<>" <,_;JI u4 IA'o  :U... KnopJ Sachs u�l u.m-}_,.dll <l!J�I _,;] 
j'-4l.h.ll � LJ� �J 1.;-l.JL:U '-1.»'1 t:� '}_, �� JFJ � .b.....J 

------------��r-----------

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



'-"1 j1 <....,\.,;. '.;., -'- I .«J ill !"·-' wWI � _ _i &i.lll '-' · •.n .) �.ro .J� ""6-'-' . � � �..J.J� 
t.....SJI . .  - � • •- , .L. • -.c.- '-'lL. '-'ll;.; '-" . - -' t.. · -�w <JJ . • ..,.. J' os- __,....... . .,...., • • ..,.- ..,. ..,...., i"t" . 

j (Solution Culture) >.;lW «.i�j\4 «.l�jll ,:,.. �J.ll ,;,.. � ,_,u.,_, 

.j e--'-.1# Knop ofo.l .;:ill <J;w J_,b..ll L.! (Hydroponic Culture) 
� Jlt..)l ...-1 J""! '-"l�jll ,:,.. �J.ll ,;,.. fo.'J .('-!) ri� J_,.,.. 
wWI - - ·-' .1.n ., o.n · (1-!) .:; ''"" u�>W � _ __; � . -" . _,...... � (.. � .--J �J . .. ..,.-- � 

":,o] J -'· · n . __; ; · , b. '- - · '" '.i. -'-" · wWI wt, .!=. wL. ,- �· "'�' .J� .JJ . � cr· :lJ"""'� . • .. .. .. 

)yt., .ill.lJ �J:,JI � rYJI ,:-..SJ'l/1 .fii>l J_,b..ll '4� .s.»> LoS 
. ._;!_,. }i' 

( 1- 1) ,oi� JJ� 
Konp ofo.\ <i:.n c,rlljaJI J.p..ll 

� J•<' 
Molarity c;Wl 

' • . .  ,.. , • ,A Ca (NOsh 
• 

I I I o l  I • • T KNO, 

• ' • ' l e • ,T KH,PO, 

• I • • •  A • ,T MgS04. ?H20 

• 
'""'" � '4.5 

r ..,...nsn wl fo . 1 
uJ!ll w1 •· T r »" . ->" • 

r-""'�_,!1 ..... .Jt.L _,.i . r 
. 4.11 ;,_u\!JI l..k!7' J...J ... .. 

("J' ,·,a .1\ U'Lu_;.:S. . ! .. .. .. . 

�.l:J\ Ul..i.....j .o  

------------�[:]�------------
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JJl>.o l.;W,'i � 
.1:1� �ji_,. 

Epstein, 1972'U" <SlW � .:,. l.r.I.Jjll � ,.....:.11 '(1-1) ,.;J J<t, 

(.�U.....� o_;l_p.ll �.J.lJ �#J �£...11 �l.l...II � U_)ji lj]_, 
..,y11 c,-1 ....,t.:., ""li.ll J_,b.Jl .:,li 4;_,;; �� <,<li.ll J_,b.Jl pH .;.,J 
Hoagland, .;:.;1 � oJ.,h.JI � l.i,_;.b!l uli "'"'t...'JI <p.llll 6-J �I 

lA fo.l .;n l.l,_;.bll 6<' 1-'"' �-y l;lt.. wb\;lll ;;.,1 J) \ � o • '-'... Amon 
�J� .ll_,... �� y. � c,;... W.b. L.. JS,_, . l A1o rlc. Sachs, Knop 
.:,. J_,h..ll '4JWI .,;1J';1 t'.....l _,;J .�_,!.. J#' wi.>..JI J o)H.'JIJ ;J\il foi 

'l_,.ll jf.y J!l .:,1 .l;>-J _,;J (Natural Polyethylen ) ) u£.;;411 c:4-j 
Wb�l � UL,Qj J.i � , . . . .  ' . . . . .  LJ� �.?-e,JI_R ��� 

"�'il L.� _,..u � Herbicides �L!:c.'il WI� _,1 Antibiotic �_n.:JI 

;;.,1Jjll t_,.:.._,. ._.l C'"-.:JI l"fill ts}ill 'I} lllJ yUc';IJ o_,..a..Jl '.;_,..,..II 
.Hewitt. l966 y\:6 WJ.l � �WI 
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:t...LJ tl<. Q:Ci '- ,,,,; J -'- -'1 1'-' b£!1 ....uS ·''I W - _,.... <r- "� � """ <#J- .  · - """ 
K+ r�.,.:ll � .4..:?-_,.. W'u�t O.J� Macronutrient �.Sfi. � 
ul.follS. � UUJ:!I � �.J Mg++ r.JJ'"Ji;o!l_, Ca++ r�IJ 
ul_ftl_, �..,...U_..JJ ulfo c)L.I JS..:., ...;� ;ob_, uiO>fi._, uli.._,ill_, 
wt,_fi._, (KH2P04) �_,..to_,n uti.._,; _,1 �_,;_,.'JI wli.._h r_,...!\Sll 
J;.;h, ul_, <)>1_, Jfifo. � u1 """" .,y....,JI w\#.JI ul L.S �J' ,.,..; .n 

·<J�I J_,J...ll ._.l pH _JJ .,.,. .,.k. 
oob J!b,_, ul!',;- u,l_,b-. Hoagland and Amon 1950 �_,!. .li J 11> 
._.l w_,,..,n_, U�.ill t,Jt.. �J Hoagland Solution � .,1 .,.k. 
ulfol\J �_,;_,.';\ .,.k. (Y) ?'� J_,b..Ji <J.i=-JJ <"WI wl� Who 
(' ) ?'� U£lllill u,J_,b..JI '-4y .Ji!J (Y-f }  ?'� J�IJ <ffi'Jfoll �� 

.(Y) ?'�J 

lfo ,w u sSJ  ul """" �h;'JI ._.; J,h.JI ,;,., LJ.o ;oLC...'JJ J..';J 
..,..1_,.,_ .;.,Y> uJJ .,1 Molarity J#ifo.J _p.; L.S '4il c::L.'JJ ufo uiJ 4i'J 

. .;ki.Jl '"WI 0-> .b.l_, yl ,} yl� 

� /.S_p,o.l ..!3 ' 'lOY � Johnson et a! r!WI 1,)1 P4 .J;!.l..?- y\ 1........_, 
J_,'-;>-11 ._.l L.S Hoagland Solution LJ.o (Y) ?'� ..,-li;.J\ J_,b..JI ._.; w\�1 
� ..,-11:, J_,b-. fo.l _,; 1 �or """ Evan and Nason ul L.S (r-t) ?'� 

.(t-q "� JJ.,Jl 
·�_,!. � wt;l;lll l..>i;jl c,'Jj;JJ J_,h..JJ '*'-.f> ( Y-t )  r>� JJ� 

0 

0 

I 

( 1) r>� _..:Jj;JJ J_jh..JJ Hoagland and Arnon, 1950 

M K Hz PO, � J.H<I '-l''" r _,..�_,,I Wli.. _,; 
M K N03 r»-�_,!1 dfo 

M Ca (N03)n,_IJSll .:.lfo 
M Mg SO, ,;;-4W �-"-fo. 
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' 
, 

y 

M NH.H2P04 �.,;lyYI ..:,t;.._,; 

M KNO · " .. n ..:,1 •. 3 r�r.· jU 
M Ca (NO,), � _,....!lSl\ ..:,I jil 

M Mg S04 � JJ .. ,-.; .n '-"\'Jfi. 

:u.&ll J.,l6..JI 0>-.Jfi:WI L>!Jll:,.]\ U;l_,b..JI ,y. \ii ,)J <...i\..;,1J 

'� J_,b... t'" I J_,b... <b, <S y.....JI ""1:,;,]1 _,.,.,!.WI ,)<. <,_,:;,...!1 J 
'·'"·" · ··'I '·· ·'' ·' -'1 �1:,.]1 I.Wl ' <  J ·'- · · · -1 �·J UJJ.r. � lS� .. � � � �  

Y,A1 

• • 'I' '\'  

• , . '1' 

: <r "'I r ""'-"" _,..11 J ..,.�1 J clli jll J 

H3B03 �...JE! �1..:.. 
Mn ClzAHzO � -'..ufo 
Zn S04.7Hz0 .ilijll "'"'� 
Cu S04, 5H20 u-WI c:.t,� 
H2Mo04. H20 4¥. _,...ll �6. 

(' ) � � \1::...!1 J".h.JI u- p J5.1 (.b,J;.JI) J_,h.JI 1:,. ,y. ',...., uW.._, 
. (Y) �� ) 

yJ J5.l ',...., �J (% . , o) _,.>o.JI .-"lyy JS,.::.. _,-'>.ll uC..., --, 

. (Y ) �� ) ( ' )  fo� <;::...!1 J_,b..JI ,y. .!>.IJ 

----------��r----------
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(Iron Sequesterine 330) ,;... .;�· :,.s_,. JS.:., .>;,.]� ul...:,; ,;� 
'I"" � J\-0..1 !> .}oWl ,W\ .;,.. jl � ;,W\ ,;., .;,.. ri.Jf' H :C,I;t, �J 

.(Y) riJJ (1) r!J <;:,un J_,J...ll .;,.. .».IJ ft J$1 J_,J...ll l;. .;,.. 

I nr � \ �" .} HomeSJ I �,\ .} Steiner ul � � t...., 
t..l .<&:.1.. • I ' ""l;aJ\ J,lh.JI •. <1 • • • • ·'-'··' ' • I t........ >I 

� p :..PJ .)� � - �..)J � c:-- JP.' 
..,'1;,.]1 J_,J...!i � :0,..) � OJ�i JS. UJ' � ._.ll:,;,]l J_,b..JI pH 
� _;:,; pH _n ul 41) �tl .} .F:.. pH _n ul ,.,.., ,;; t.... "'"\,Ull, 
_,..,tl.ll wt,.S_,. .:,t,�; �li .}.  l.lL>Nt, 4-'ji.>'J ,..sbli, Ji_p.�l l.;J..<. 

pH_, 0* �.*i WI� �\:ill! JJlh.JI Uj\S \�\ � ��'i\ l+JhJ �liil\ 

Fe(OH)3 ,,lJ'J"" .,..SJJ'!" JS.:., y.._Al t.,; •'l;>;.>o.ll uY.I .:,u I> <jJ� 
� .tul:illl w �u 1 · ,., � · I LaS wlilll JJ.!:Jt .� � Y �� p � y..:. � � ...r:..P u . p ...r� J 
�J .(Hodgson, 1963 Ponnamperuma 1955) J_,b...ll_ pH � 
HP04, JS.:., w\,Ull 4.....:..., .;11 wl.i.._,ill ul r_,J...ll .;,.l '-;!WI wll.illl 

Larsen, 1967 , ,, .)I_,. J_,h.ll pH ufi.< � w\;lil .)fo H2PO-, 

J;..SJJ,_.,JIJ (H') """��� wllY-1 .)_,; � yj; pH ..JI iJ 4;>�, 
'i.;J..c 'i...,L;. ; J.>-"!J .,.JI;aJI J_,h.ll .} :C,..Ull wl.'I;Jll JJ:,. -"" (O!r) 

·J_,:,..ll � ;_,.:.ill � ,,,, J:L;. Jill\ 
Wl..G OJ� lj�\ J_,h..JI c)::. �_,WI � .}:J\ .l:.W C) �-' I� 

J;,JI J.i:y � L.S <,<£.ll J_,b..JI .} wU.:.YI _,..:;; 'J <? ,_,.;,JI ,jlfo� 

u,...JI .} \...,� y.'; """' .).. .;O.WI J_,h..JI � � �ES .,_,.;,JL, 
tJj :U,Y, t.ut..... L.l .;£.ll J)>..oll <;Jc,.;sll .,_,s ftl � :i.J;;'.....ll J.,\1 
\ii lA JJ:,. wl!> � I )iu ) .fo-L, :C,..ll ufo 'J "'"L,;ll ,:,. .:,u �t.. wl.'L,;ll 

.IAJJ::.,. �->"""' .ill:>SJ ;ollc' �) 1::� 4>\ 
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• 

Johnson etal. l956<lo.J.J! � r,l)lill J.Jb..1 (�-t) ,.J � 
"'"' ....... ,� ;,s.;. 
..... ...... ....,.... .,.,.., """" 
_, ..... ""'"' .,. uiJi' - <WI 
,.... _, .,..,.. ·.-u'Ji' - '""' """" ........ 
•.» ,._ ,.,.., -�,;Jus,! "'""" """"" 

""""" ""=""" 
""'"' """ -

• 
PPr.t ..,�:.a P./�.1> • 

"' ,,, . , �.J.i-P �.,.I .:.I� 
' 1 .  '·' ., . ' · '·' ·  

«• . . . .  ,-.. 
"· f • •  0 ,,...... Tn,\'1: . . .  11'',,11 ,...-w .:.�,;:; 
" '· . .  _,._.. • \\O,o,lo ., . \ID0o A. �1 .:.U..� 
" \ , , , """' ,_.... """" 

tn,(\ '• · 'f:',H 
" , , . . �' 

• 

Micronutricntr,s� �::All _;....::�U:.ll 

I'\'\' • • .)� I" ,YlA ' . \'{,".:! ... � J.w!S. 
. , l \'  •• iJJ� , ·":; .. ". 1,.\t �� uA-1...., 

· ·' ' • � . ,rr., • \ H, , \  '"""" �""" 
. , \ '1" \  • ,£,ij!! ' ·""" • Ho\',;>C .l!:j-1 ..::.� 
. ' , ,..,. . .. IJ"� •, I tO · ·" l !  �-''' u-ta.O:I ..::.� 
· · ·" · ,= ... �,.�� • , • A I  . .. ''  ' ·"' ��,...J. u£.4. 

' , I  l • •  .:;� ;,�H ' . I"!':, . ... .:,.!.aJ! uk> <IJU. 11_,.:=. ..,.s...., 
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Molar J,t1_,.. 

. . • •  � 0  

. . • . o  

. . . . � MgSO�. 7Hl0 ,_.... """"" 
Cl ' KCI .� """' 

M" • .�o MnS04 � -=.Ji-1 
Fo . ·' Fe- Versenate -- �ft 
B . . � 0  n,Bol """" ._.;..l> 
z, • • � 0  ZnS04 "'jO """"" 
c, . . . � cuso� u-Wl =.Ji-1 
Mo • , • T Na!Mo04 � .:..1�,.. 

� ,.....J1 � J_,...,.JI US., .._,\ :U,)oll ,:,. 41 Y. <.>'=; i.>4 U"J J 

. .)J� .,..u �1 yo � L.S. w...... �_J�l 

.:J..Ull • .w � Lll� Jllb..ll · n1 J.Wo� • (J"l J"o.J - <$»-'� 

(Water ,Wl :G.lSll '_,ill ..:..li WS J_,b...ll ._,l c_'::l..'JI jf._;, �lj WS 
.wt.,illl J:.,.l.l "W1 �_,ij �\.! <U.A �J C)L.e)u "':-'::iJI Potential) 

.b;; oWl "·.;,) c_---; oL:.<., J.,h.o U" ._,ll]l ,WI J,-l ""'- �_,J....ll i>"J 

.,PI ,Wl ;.,.\Sl1 <;,y..,s.JI '_,ill u'> (Semi Permeable) �\J w....,.; <,<1 
_r.o ::;;, ._,llll ,WI> �J J_,b...ll ,1... ._,l 1.... �I � (Water Potential) 
;;WI., l..;lo.JI ,:,. _.;J j_,h..J\ � '.;}....JI '+;JI .}) �� w....; ,L!ill 

.(Y- £ ) ,0� JS,.: Osmosis 

----------------�c::J�-----------------
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:) ,)] j_,illl l.;J= -"'-"J J_,!...JI ,)c. '-,uWI '4;JI <} \.l,i...;. 1.\;J.J 
> �J .WI j_,ill �I ;_,ill., J_,!...Ji tiL) 0<- �llll .bWJI J'� 

.Osmatic Pressure t.j]Y.J'il � �� I� 

% Ill , JS- JP... 
c_.....::l:i .............. jl.l,.!o;. 

_,... 

t 

- -
-=- -

- "'I :: 
,Lo -

(Osmosis) �l.illl � � r""J :(Y-f) r5.J ...JS,..: 

·c....::.U ....l....:..j c. \..!A.; .;bi.JI c.W we J_,..a.. % o ,  _,s.....ll J_,b.... -1 
t!.i3J 4:--_, fi.JI J� .)J c....::.Wl <......i....a.i .,.l..!il;. J)Li.. _;hi..JI c.W J� -y 

J_,h.ll t"'J uo ,..:IJll l.w,\] J_,l.:;, � � _,..,..,, ._.1.�1 �! J_,b..JI 
(Osmotic lj)�j'Jl .h&..:.J1-:� .l..i....:.:JI 1� uk �.J .. WI J_,.i..ll � '&_,;14 

Bonner and Galston, 1952 :(..c. J.P-"' .Pressure) 

\ � '  � 'L. (Salisbury and Ross) uiJ. wt,.li::JIJ .WI l.SyJ �l!J 
cJ�y..J <" J\ 0.J-i� [.......;,:..;1\ � '"Ui.ll Y.C W\_fl\l\1 J c. WI l}�_p,. � � 
_,.J (J) .U Y.JJ (flow) � L. l_,..:.fo\J l...Jti.\1 .)!Co .,..l4_,.sll .J4'!1 
co Y'.;b Y..�J el.!il! <.r"'_,.Jl cJoWI :O...l... '""J J)l;. JlUI uY.?.­

l...}>• CO �J (Ll�) .Wl <,.Jt.;..,SJI Wl.>ll ij.\1 <} ,;_;ill Ji Wl.>ll ij.ll 

.(r) e;:...ollll U..U .�1 

. . . . . . . . . . . . .  (1- f) 
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mole S -- ee 
em' 

sec 
em 

.,.:.n•l.;l\;;ll .!Ill (Lw) .l.:ill l.;ltil "'_,Sa. <s" .l.:ill :o..3u.. ,) t.S 
.WI-t,_,� Wl>l ; _,ill JJ�h uu .WI ;_,;; J>... .)! _,.!t. 

Lw = 1 
r 

....... (H) 

r = _1_ • . . . . • . . .  (r-i) Jl 
L w  

J = /;.lJILw . . . . • • . .  (i-f} .:} <jl 

/;.IJI = M' - !;.n . • • • . . . •  (o-i) ,J .>;; . 
. (Water Potential) t::.L..ll �JL:4ll Wl.l!l o�l tF' llVf ui � 

J = Lw (M' - !;.n )  

-..,O.I.i:.l':/1 .lo.w.ll <3.) .... M' 
.... j ... j':/1 .hi..<JI <3.;' .... "'' 

. -<' '-"W..':IL u_,....... . -' 
. . . . . . .  (H) 

"� � .illll :Ul.Ull U;..ll Llio I - ,,L •• • l.:ill ' I  u.:, • I� U"""" · · � � - .. '- l.j � .r- 1..1 ..r J 
.hwJI ,.i )Y. <j;J\ (a) } (Reflection Coeficient) .,....., y..i J.tr. 

:u.A! � ��..:=z��� J-* _, � �JJ.J-4J'JI 
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J = Lw (AP - a An) ......... (V-1) 

_;i..oll 01! � � ,;I J Reflection Coeficient _ll ._. a J .!.p. 
,J """" 1¥ 1;4; .:.t;J:iJ �J_,., � ,t.:.;. ;: ...... "i L.W (I - • ) .lo.I_,IIJ 

.(Y-1 rl� �) p Osmometer _II �� � �J ""'J J.>l.; a :;...,; 

<_,1;,.. •�t.. :o..,i �Jyl '-"b J#.J \;l\._; ;..,_,..n _,,; ,t.:J.JI i)S. I>! t..! 
:;:_,...,J 1y..... J.>W a :;...,; ufo � 

J = Lw t.P  . . . . . . • • •  (A-1) 

. .>oJ_JI ,:,. Jll <,w� .t.:J.J a :;...,; ufo �� .:.Yhll .)J 

J.>W ... �WI <j� .l.i.;.ll .) .,P ,WI '-!J� WI.>! •_,iii ul _,.J .,;J 
.bw.li ul """" <,.!�... ufo <#JI .) oWl WI.>! '_,ill ui _,.J ..niSJ 1.)- ( • ) 

. ..,j_..jYI .hw.li ,:,. Jll ufo. ..,.;.�.W'JI 

4.it.... X i_,§ .-J) 
tSJi.l • J4au 

..... . .... 

uJ• r-' X t);l.l ) 
,,... ..... 

. .bi.....:.:J\ 'O.b. .J � "�J 

.Atmosphere <jl" .bW. )  (Bar) };ll, ''"' U'l.iJ .bw.JIJ 

.' (-' JSJ I u,l• ' I • J•t..,; ).,II t..! 
'-!J�I Wl.ill '_,ill u\ _,.J .,;J '<i» .bW. · .�AV J•l.; �4JIJ 
ul t..s (Holley, 1966) 1�4 (Y •- ..JJ I ·-) y�l.ijL. <jJU "":.,;II � 
L.i 1)_, (' + .). • ,o +) uY (JI.i>J t,...U.!I ""':,a] J.,!L>..ll <jj>"j"il bi..:,li 
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.WI .:..0 :;,..s .>- '4.Jbl!J � _;p '.,_.UJ .j J,-1 .. 11 <,?j.JAj'll .hi...:.l1 
ol}_, (T + .}. I +) r;J_;.._, '-fo:,;JJ J,b..ll <,?j_,.j'JI � t.,..._fo ..._,u, _,..! 

Sand Culture 4;1.._;11 �I.JJll 
ut;WJ wt..l '""" 0 WU!I �w «.1 jll ,, t..... 0 • -'"' J..'l • • .---- tJCo • � .) uo J 1.)"1 � . 

.:..- :.,'JJ <i;,w J_,J...ll .:..- '!:., .1....)1 1:.. .} J,.}l JW....J l.r.J.Jj.JI 
�PI � � �.;.l _,j_, �Iii!! .>'-""tl...\1 u.-. �-' � �.; J.-:i..,..l 
y)_,s.Jl J,..J u_,l..4Ji J,..!..\ _,;J o'� � WJ""J .WI ._.k. <J;.lh..ll 
00J!';;J � JSU. � :.l__,..Jl ,:.,J (Perlite •:.Lo Jl) J_,...i.JI ._ill\ Quartz 

;_,n .:w; ::>,i U.. .n l.r.l )1 ;;,_;, -'- _ _; t.l o�u..n -"' "-'1 "'o·' wtl.ll\ .JJ . . � J'' .) �� �- . r--- --;:!I"'"J . 
_.JI:,.jl J_,!....l4 l.r..Jj.Jl "JYJ J,.)l .} ;_,.:.t.,.. t"-"'_;, J, 'IJI t;;}.;JI .} 
� Gregory and Baptiste .U.W....l t?�l J_,h.J\S. y..'J. LJpo. 0-- �\1J1 
_.JI:,;Ji J_,b..Jl c.i\..,;,.,,_, Hoagland J,Jb.o '-'""' Jl (o-f) �.J JJ_,.. 1 In 

: '-;ltll J_;!Jl "_,.,t., 

ooy!<t.,.. J,. )1 ._.k. _.ll� J_,b-JI � _, 

otSY..I> ;,;bl J,. )I .>- _.JI� J_,h..ll hP' -T 

oSubirrigation (l.;l�l) '-#_,..ll <;;;;\\ -\" 

.>-'II ,)! .L"!l _,;. .:..- � \?:ow J_,h.l tiY. ;_;;;..'JI '-",;bll fOJ 
n -"1)1 J _._ n ,.:. o · � J,.c u; Lot.:; J,.)l - o ' )I  J)l;. .s: .F'"' r:; -"" Y. t!""' - '-"' 

<;<p.jl O.J.J""'' ;:.\c. � J,..:;J � :.\..,_, � _.sl J,.)l Ji-1 

_ o_;io.'i UJo. .:..0 _.JI:,;Ji J_,b..Jl fo. � �J oJ,.c Ul_,., t.bi-P.J4 
J,. .11 ,_ J.  --'1 '... • -�· U..)i l.r.l jll .., ·'- 0 t..... Lol .r l.s--' _,.--.-. -� � � .J �-F LSJ 
<,» :;, _,....n ._.k. J_r-=11 <fi.; 'J 1..5 :;,p:,.jl ->'""llill � .:..- .)WI 
t.l wtt.,lll ..!_;_,.. _,., WyJ '-illy � 'J -.;� ,)! :i,;L.:.'J4 Lot.:; w... 
<,-t....'ll ->'""\J.JI � ..,k. <i� u' � (t;,t.... .fo LoS.;) _.JJ:,;.]J J_,b-.!1 
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�"' .sy....li <, .. A ... ')'\ .J-"lWl jf._p. <.< '•'J '1'1 �J <.<y....liJ <.<fl 
-o . . � t.S ..r.li1l �:ill! y-at.JI ut.....o:.:i � u� ".?.- • ,o - • , • , 
"" c:J_;;;; '-;JI;,o] � •41 <iJ..-J'l'l .J,;..,.J\ · t..!J uP� • .» ' · · · 

.IJ.! l + .). IJ.! , ,o 

Gregory and .J,i c;,. � .,.,.:.a � -&Jl (•- ') r0J w� 
.l.;l-_,!1 <...JJ.]I <,� Bnptiste, 1939 

Jll I ,;. j;S.f"l 

' ,A! 

,.., · 'I" 

. ,"l.Y 

' '  1 T 
0 1 f 'I' 

t;---loll 

Na,HPO, W!i'-JJ� l.;>L..I t »' _,...J1 .:,�;.. _,; 
NaNOs 

K2S04 

CaCI, 

MgS0,.7H,O 

t »' _,...J1 .:.1 fo 

t � .)!11 "'"'.r.S 
t _,..J\Sll 'wJS 

:UWI _,...,w w\1....;;5 . t . . . 

� 

' 

' 

r 

! 
0 

Commercial Hydroponics :<i.,u� .:.t.;-".JJ� 
..Jl :U,_,h. :.;:,.... J,l6... ._; <j)� .;\.bl � J,...t.....ll l,\Jj .:,s.; 
.d.JI....I_p.Jl .;... � .)#- D_?. L..:c\_p-1 � �.;l:JI a� �J Hydroponic 
,;,. ._,; '-;:,WI J,lh.JI �-·J l;: •;, } � cl)f ) (c.L.!I .:u..JI) 
� ......=JIJ J..;ll -'.P.-J �J 4-'J.l; Jf <.<""""' ) J.J C' ,IJ""' ..,:.1_,..')11 
�l_p.\'1 .}J.YJ .�u Jwll > L:t\..,Ull .!c.W u ... l . ..l. Lf-:>) �t.:i4ill .JY: 
wlJ c.,. l,Jj.JI ci_,h.. 4;l � _,y._i ..,:.1_...� �t,..IJ ·'-� u� 

u\,5_,.11 � �J JJ� � �_;:tll �J'I'I <; YJi, � y._':J 
,:) �J wt:i\..:!]1 L.-4\_p.i ,)j 1.5_?.i i.y �� � J_,b..J.I .4_j�\ �;�I 

J_,h.JI <-4fo. � ::Ill '-;J\,..,Sll y.;1� c.,. �  Jl J.)l :(;� � 
J4. ,..,_. J-CS') ;;., JJ.>JI u�4ill JY'o <if � � 'I' ._.sJ J <i:,Wi 
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:U..O. � '\u4-'11 w\.;_,u_,.,._!1 ;;,.. _,;..1 t-" �J (' WY .<.;_,..... u.on 
4-J_,J.... � ..m,J <,<:wll Jy,...ll,

' 
<-"yo Ji-.�1 .)l t..ih djl t..lSl ,I_,.JI 

·�* ,..., J.....J 
. :� �I lJ;h �Uiwo�l tJIJ-li .!..jl:i Jli...J 

:lf.l;ll:l lJiJSJ (:llo'il .!..jll - I 
us:; ;-1 Sachs and Knop �L,ll .,,.1 � w!>4>Ji <i•;' u_,., JJ} � 
"l_,l.Jl Jl_,..!l ,;. ,J """' � lfi_;.>; ;-IJ l,;JJ""' ,;J:iill J_,h.JI .!._,!l >.K.:.. 
(_,...! J ;,;, y �4-'11 uj,jl ;;,.)I �JY'I .J '11 -<.<_,o...,ll � y-a\J.ll .iP.' 
,_:,. "" .)l  '4li:iill J;hJI J.<. Jfo <1,, .. D c:Y..':/1 .}'! j <!,.L,JI � 
:U...). JI.W..I '-"' c:Y..'11 <)"I :o...,;.1 J;l..)J <"'i ul .(IPPb) uJ#.i 

-� _n �)I u.Jl :i,.,. .. n ..:,\.; -'" I. �UOJI •--'NI �'11 LS� � . ..>*'"" • •  .Y"" � � t.r- • � 
e_,.J.Sll ..:,\.;.J'->�;. � �1;!1 _;;<. �_,..!l �J (Preferential adsorption) 
'-"'J <.<.?1 :U...). cll •• �.l .:f..; l.S &fl4 �1;!1 ,_,.'L,ll c:Y..�I Jly �J 
wys.J4 t:- lS_;i...oll � Y-t.Wl u�_p,.._, uli) !,)A -e� W\.:Sy � 

<-"\&-! wi;Syll :0..,1� .ill:> c/".J (di phenyllhiocarbozone) � � 
y;.. _;, J (CCI.) u.J!�\Sll '-'....Jfo (:} � } (CHCJ,) r �_,; J�_,lS.li.S. � 

.Hydroxyquinoline� � <.,lll � � _,., "'_y...,ll � �IJ.ll 
:<�ijiii_, ,.w l!:afo _,. 

..ill�_, Ion Exchange Resins .l� � � t...S "WI � � 
.:,L;_,, � '-;.JI:.. �\l, � <,<� <,<:,)! j4;JI ll. � _;bi..JI ,WI �J->'! 
).i.l ,w � ,,_,.._,..!1 :O..,.._,..!l .;,1.;_,.';1 t" J'I-P'J :O..,.._,.l! "*J_,.,.JJ 
J,;..S�_,.,.Ji .;,1.;_,1 ,> _).i.ll ,WI .,_;..., L.S u.�J .ilijl!J '-"'Wll .;,1.;.Jlls. 

.�_,JSJIJ ui�_,JI ) wi_,}_,..Jl .;,I.;.Jli t" J"-Pl .?J  (Oir) :o..,ll..l1 

'li� •'JJ-ll r) .,.J'ii .!.fo -r 
ui _;;<. .:w�J ufo.l;-Ji ;;,.. �_,_. �t.,.j .;._,1 � "'�4-'11 <,<_p.:. 
<,<)� .!...;II ;,;, ;)A J"J <,<;nJ uJ�� � J;hJI � .li .j>Jil ,;. 
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...:i � � c:..�J w_p t_,.:o_,.. .JJJ_,JJ .:,ts q l....\!..J .:.t.;cl ,,.,;, .j 
v''J'Y.I ,:, L) .looJ � Polythylene .:.tJ .,J_,ll ,.:,. «._,;...... ._:J} . · .\ .. ; .. l 

; �� '" (Pyre ) . .  < . u 1.. · ·I ""- _,;! .doll .. •• .illjl · • r.r J ...>= X I...J""-" .r,.""t" C: . J U . ...J J, • _,...... .)6-?-J 
,I_,.JI J"' .:,.. '.'J""J ._:JJY.I .!>_,ll � J .looJ l.S ·u'>J'II 14J :...;::<. 

.'4� ,.,'lill � {;;!u .).  <;t • .:,;;y v''J'll � .;.,'I...'J "';,n "'� 
:JJ¥1 � .:.. .!._,!ill - I  

.illjliJ r�_,.JIJ ,_,.WJY ._:J'-'11 J_,h..Jl <!>_,t � .,; JJl;ll "' 
ui �J ..l.i9 .r""\..Wl ��� .t;.,..Al .;4-J;I .JAo �� l)4 � t:JI.S U,l �l;._, 
,.:A:l4::Jl ��� �ts. lj! .t....::a\3._, ,.'-11 wt:� 0A .;-b...!l ,1\ wt.p.Y' J,W .JJ¥1 

·c:Y...'JI ,:, .:,. l,;!IS "-;.oS .,Jc YJ.. �X. .b. J .} '4-oll 

(Chelating Agents) < "'; •D Jl U.\Sl\ JlyJI 

u� � 4..:i:....!JI � .,.J1 .s_,;.-.ll .t;�l .>-""w �.; � 

Ligand Ji Chelates � �� it.ll.a � � �Y' � �'liill J!l6...Jl 

Chelatcs :0....:....\.S.ll � ... � a'"Wl ui � �IW � .:i- 0Y..1 � �.=,.. 
'"""'_;, t""' �J �� <,<:,w � t"loll .,_... _,.ll .:,_,pl .:,t.; Jfil _;..,.:; 

• � "':,w _,...wJ 
(EDT A) Ethylenediaminetetra ;t.......JI ;,WI J _,.J �I JJ,.. ._.JcJ 

-(�-!) r!J JS.!JI .} t..s .illjl t" Chelating ''1.. 4.1, .iJ"" acetic acid 
Chelating '.l.\Sll Jl_,..ll ;_,..J� ��\ 1) � � _,. t....J coor coor -: ,_,.. agents 

CH, CH, 

I I 
N- CH,-- CH,- N 

J�z .. /c�, doo-/ n ---- Joo· 
.Zn- EDTA .J<.:., "'.)ll t" EDTA <.,lW oJW <(f-t) tiJ � 

----------��r----------

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



.t,_,:.n .} '';"'' .l,p.'l/1 J..; �J .... ,) """" -\ ' 
t" ..,.;JJ fo.-11 <>;,w � u.J t" i,;... i.,sy uP. ,;,1 ..,.. -T 

. .JiPll ..,;,w __,.-WI u.J fo.-11 lf::..n � u.J (;A (Chelator) � iJt.ll ufo j -'r 
• • • . t.,lll l>k.. l.p .)" 

fo.-11 lf::W � u.J (;A (Chelator) � ;,t.ll ufo j -£ 
(Negative -<.h.lll yll... ) (Neutral Charge) '.;,..!11 � j,;... i.,sy UJ. I (-<.h.lll UUI) ' -" ' • · I  �- ·t • · t J..., • Charge) . .J . �· u �  tJ JJ:Io  - .. � 
,t...., • .ll Lwlc. :t...l.i.. " 'l/1 . _; (-<.h.lll UUI) '" · �• l..Jo".J � .J r.:J'JJ ,.,...- . I...JO'ol...t.l"'"'"' 
(Foliar Fertilization <>� �) ,ji_,J'l/1 ..,Jc. ..,_,....n wl;li.Jl 
,.} �fo u_,..... 4.h!J1 4.,.J1 t.S.fo....Jl u� wu.J ,:) � 
,•,! .. ; .. ! l. l� ltW �' .). ;,;,; 'l/J JS;etfoll ;;,\, )  ltW ,:)� 
..... i UJ� (!-f) r!_,.!l �IJ .JIJJ'lll ..,Jc. �I iJWI u.t'l 
'-;!WI J!i- wl;li.oll (;A (Chelating Agents) � Jl_,.ll J\.WJ 

•If � ,....,n l.;l= .I_,.) � 

Folia• abtlorp11on oft..-. elements 
---
_ .. __ _ ··--
. --· -· ·�·-·· ...... _ ..... 

-------

•.JJJ'II .}&- �_.;...,� � �J •ltl l.,.li.oHJ..I .,...,.. ;....1 :(1-1) ,OJ JO.! 
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�) (""" :,....) r-.,.JISD t" l.;_,l .UJI 4l EDTA __JI ''l. ,:) '->JJ 1:0. 

,.-J .>p.!l t" ..u; .s_;O.I � o� �I I;) (o-f r'.; 

.(Ethylenediamine di (o - hydroxyphenyl acetic acid) (Fe - EDDH) 
,:,.. <..;;!. ,:) -';! :0..,_,:.!1 ._; l.;a;,J. >.;.-. .!u.:l .>l � ,I_,..JI J P,J 
�""-! � .JJ.ill I*' r fol :.,_,.:...JI � yl1 u...;. ftl ,; J .cJ''il .>o..1 '-"" ,.u _,..n 
W;..ll ,1 . . n ,. • u\;L:Jl . _; ,uu, . . n tl ·1 · <.. . ·-- '1 · 1....)'1 � ·  .r'' . y . �-J .. J...r.' y �J � LJ-"" 

I -''" .. - - " · ·' .n �I lJ..II � • • · .• 1 I1:WI _ _; J <j.r-· �· U" <S.r-- • _,.... . -'"" c:- . ... . 
rfo u�J.JFI <.>'=� )  :.,_,.:...JI ) 'h·YI ..,:01....)'1 u4 �J 1JJ.;fo.W 

�; .n .�t..l <.,;;.J� l1JI u\J I . "·. · <' · I ' ·- · L..S .ill I '• r Y.:-" P-' .. , # y..a .Y.. r-- u_,..... u � JJ � . 
.;..>oJ1 :J.J.l :.,.'\;111 t;lWl J>.b (Chelated) :i.lh; ,,_,.._,.. (1Jfl_,...liJ 
w�.J Cytochrome r.J.fi.fJ.:W u� � D� wfo ("J�'\.!;;,cll_, 

.J ,:,<- Sl...o; Jol J.)_,lS.ll 
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