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:� ._,;,I.J"IJ ...... I:WI J"'u.Jl ....iJU._, 
Essential Nutritional Elements: 
(Their Physiological Function, Availability and Symptoms of 
Deficiency and their corrections. 

.wJI 4ij;JJ � u..'l.l;_, 
.' '''" ' · I  . •- wLu "�I wl.illl wl,; -<- . .  H.S 'tiAld ( I  �· u �J �Y J . � "'#- � • .JA :..,.; 'l_...ll .u, ..,; <l!..b!l J""l;.!l ,..1 L.l 

· I - n •"""'\II · I - 'I ,..:,!,;,; .. n ...,S • _; J;..1o • -"' - I � _.,.- .. ..  � ...P-' .. .J..r.' . .. y ..,--- � �J� 
.(Alkaloids) ::.,_,!ill >h>.>P w�_,.Jl_, (Nucleic Acids) �_,Jll 

Phospholipids, ..J1 'l_...ll yt;_;, ..,; .<!_,:;.:,_, �_,;...ill - .,_, 

.A TP .J ADP <.:!lliS. .J Nucleoprotion 

J.:..�J �JP.ll - --:--. 

. ,:,_,jll u'--!J 

Calcium Pectate �A � ,Jy, <-45> ..; .!!__;,.:..__, �_,..J\SSI - ' 

.;,... _,! _,...iil wyt..Jl u>o y c:.:l.JS l,P.,lJ \;:'WI wl_& ..; _,. _, } 

ufo ..,fo.Jl � ..,-i ,_,._,..!1 ..,j_,.j'\fi J,;,_,_;,JI ,:,1 ..,j_,.}il _»;bJI (' 

.·uH.l\:,)1 :i,l\:,]1 1.;.11 )1..1 · --" • . • 

.J"" 
( ,_,. o_--

.. ..,fo.Jl __,....JI ..,; Buffer Action ...ll_, pH ..J1 uk _»;b!l (r 
� ..,-i pH ..JI uk _»;bJI � 4J <,ll;,]l .J""\: -JI w� yo ,:,1 -I 
._,.l_p.ll ,:,. e'U pH _JI uk _»;b!i F ,) ,:,. ,-6)4 ..,fo.Jl 

.:ti,WI .'i....l'\11 _ _; ':)II :(. .  ·-· '1 wl& .. 11 <. - ·--•1 .. . • ..,--- I..S P .. � . ...r- J .. _,............ 

Phosphate ..,. wtlpll ..,; ;,_,._...ll_, =<..,.JI Buffers ..JI ._,.U;.; ,:,1 -.,_, 

w�y <J<>l..,:;.\ ,:,. ufo t,.JI_, Carbobate Buffer_, Buffer 
ulJ <it..<. '\It, w\;ill � .1..... _,!1 ,:,. ,:,_,uiSll ..:,� JA _, �_,;...ill 

.�_,..t_,.JI_, �_,, .• ,-.•• r._, ,_,..JJSllS .Y""w l.;,.._,..Jl ..:,u_,'\11 .<Jlfo'l 

--------------------��-------------------
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.l.;_,..Jl w41...JI ""'"'"' ,.,J;"J ;oc.t... ..,.; c!ll�'lll ( t  
�� � �� _; .8_jl.!:j �J .ilijll_, I.J"WIJ �.l.:Jl -f 

.(Prosthetic groups) t'"'L,..JI .::. � J wl..;jl'lll 

} (Activation;) ji>..li.S .:.. J.w wl,fo!J �J IJJ•"i';.n -.,., 
.l..,.,jl'l/1 '-;,...n WkiLII ""'"'"' ..,.; (inhibitors) J.;...n 

.li;t.. fo � (Antagonism) �w.;!l l.;l= ..,.;  _,...w ""'"'"' c!l_J..lO (• 

lf...:li.i ulol_p\_, U..)ji ,.._.\:.ill J""u.JJ •;,;ll\ '-'�1 ...ilUO_,!I 

··-"·· a...a..s � .. ..  J 
.) J;..,; �J'li\J ""-'"J��4JIJ UJU\Sll _,...ll<. ,;1 1)...!1 .:,.. 
J;.� �.J � UIJ.l:?-J WI_;�Y.Jtsll.J W\;Jl_,y!\S. �U¥1 �I_,.Jl �_; 

'-iJJ'll ._,:...I_,.JIJ (Growth Regulations) _....n c.,W;J.J wl..;jl'l/1 ..,.; 
W!.l o_jp \.;:1 ":ll Cofactors _J\ .ll_,.. �_, lSP":ll �I Jl_yJIJ 
1...1 4-'-- <jY '-""" � 1... ���J.;J .WIJ UJ!�\Sll ¥Jl ..,-'� � ..:o�tpl 

:._,..; .sY..Yi l.;_;Jy.>JI _,...u..JI 
lU)Cill _,...W _,., '-i.JJy-<JI _,...u.JJ 1"'1 .:,. ""-'" Jfoli JP>; :�.Jfoll -I  
e!ESJ 'J';•YI u"""_,.JIJ w\¥J_,!! yfoy ._,.i � .o,:,'ll li;t.. ;�_,s:,.Jl 
porphyrins J wl.p.y .!IllS_, Pyrimidines. purines Jl.. �� �lj1ll 
Pyrimidines, J>. '-;_,.;..] �\_,ill ul r_,I...II .:,.J Coenzymes ....l\J 

(Deoxy J>. '-iJ_,lll ._,:...\ pJI yfo y ..,.; �b '-i.JJ.r'> rul � purines 
....II 1...1 (Ribonucleic acid) RNA e1ES J Ribonucleic acid) DNA 
wi;Sy J>. �I � wi;S_,..!I Udfo ..,.; c!lfo .,...; Porphyrins 

yfo _pi � <.' ,_.., :C.,.. � J Cytochrome wi;S _,. J J# J.;_,lS.ll 
� :C.,.. � Coenzymes �I 1...1 (1-V) ,.;� JS..!. �J .;_,...,n 

.wl..;jl'l/1 � 

------------------���------------------
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NO-, .:olfoll J mr. r-"' _,..';I G\.;Jll JUi .:... Jfoll G4'JI hi, '"� J 

..:.L,S_,.!I •:,. ylt.l ,:} "JI L,�_,ll �'<,_,.;,.ll ..:.t.,S_,.!I u'=IJ NO-, w._foiiJ 

(I r-Y rl.� JS..:.) (Nitrate Reductase) r>.Y-'il _,;,!:., Jfo.' ,:;1 � 'h>J.;'ll\ 
� · I ' '-' '' '' < ·I J!! wt.illl J>.l� Ll I ' 

� � u-" p u-': � c.Sfi-A lP-'-1 c.J . . � # � IS'� 
·t.S_p.l � W\.:S..JAJ LJ.f.IJY.J 

;�t.. c)! L,l _,.. "JI J,\..0 Jl J_,;.., 0" :U J.:-Jl <,� ._:&\;;!\ I"' I t..l 
,..,.. � 

(a - <,<_,..a...ll u'>-ohli � a - Keto AcidJ L,J_,..';I ,):! <5_,..ll J<-lilll -\ 
-Keto (glutaric Acid) 

COOH 
I 

COOH 
I C = O  

I lH' + NH, + NADH2 
)H' 
COOH 

dehydrogenase 

H,N-CH 
I 

CH2 + NAD+ H:10 
I 

Glutamtic acid 

CH2 
I 

. . . .  (1-Y) 
COOH 

a - Ketoglutaric acid Glutamic acid 

.:&Uo, <>_,;.! ._,.1 u-<>1....1 <Y.fo ,}. <.?�)J -" ,.,."JI uMhll 1;. ul 
·Llfl JP. w_,s::! 0� ul;l-.i �y, (_)-4\.....:,..'}\ I>� � J (fransamin - ation) 

_ll 0-- t-" JAJ (Giuatmine) _ll <Y-fo. '-""" <,<;]1 <,<_,...ll J<-lilll (l 
.Amide 

--=----------------��------------------
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CfOH 

H,N- CH 
- I 

CH2 + NH3 + ATP 
I 

CH, 
I 

COOH 

Glutamic acid 

Glutamine 
Mg+! 

synthetase 

C?OH 

H,N- CH 
- I 

CH2 + ADP + H3P04 
I 

CH, . . . •  (Y-V) 
I 

CONH2 
Glutamine 

.;JI (Purine) '.;� o.><.WI .:,._fo ..,.; (Glutamine) ___]\ .!l_;..:,u 

Adenosine Triphosphate (A TP), � (Nucleotides)u,fo ..,.; �.,:; 
Guanosine Triphosphate (GTP) , Adenosine Diphosphate (ADP) 
:<.;W.':/1; (RNA), (DNA) <;,_,;11 u»t.....YI .:,._fo _.i .!!_;:..:.; wi;S_;.o .."J 

.<;_,.Jt �Lilli jl,...;l ..,.; .>ct....;; :>..1bll., :U,..:... wi;S _;.o 401 �) 

(Carbamyl Phosphate) l.;_,..;,.J oJ...II Llifi' .).  .;>� .;JI .;� Jcti.i (r 
• 

Mg+2 
NH3 + C02 + ATP ADP + H2N-C-OP03H2 • • •  (r-V) 

Carbamyl kinase � 
Carbamy Phosphate 

'.;� o.><.WI .:,..fo ..,.; .!1 _;:..:.; (Carbamyl Phosphate) i'W J 
(CTP) Thym1dine JS..:., (Nucleotides) u.fo ..,.; � ..,:JIJ (Pyrimidine) 
(liTP) Tnphosphate ("ITP) Cytidine Triphosphate Uridine 
(DNA) (RNA) '.;,.,;11 u»t.....':/1 u,fo _.i � wl,&_,. .."J Triphosp!.ate 

. �1..1.. �b w� .;-- 4-11 ..ill.lS 

----------------���----------------
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� .u:;l .u�.,;; :U_,..J '''J?JF' ul;Syll �� <>" y_;,JI F ul 

t1.l.IJ · ·"" ·� 11 <'US ' · ' - '' I ul ·"'I <..,L;. J...>Ji .B �.J� .) t.S"': • .)A � �� J ..J"""'" J 

_.; <E.-J.foli ,_,..;; ul y;;n., � 0-J � t,_;,JI wt,__,..,.. v'=! .;Fh, 
�WI )Y....,Y4 :i.Jl..:WI � u>olyJ J_...l;J u\;Jll _,..; :i.Ji ..Jl li')l l..,_;,JI 
0-J (Y-V) JU ,:,foll "-;.ill! ,jiJJ'il _.; J.iJJfoll ;,t.. lJil (Chlorosis) 

.}#- .;_,;..\ u� ,:,fo <>" ul.illl _.; <E.-J.foli � .;_?.YI u>oi.J"'il 

.. ::.Ai;!_,.... c) � ��� � .l!J (Anthocyanin) ,JiJL�"J\S. �.J.J� 

-"" ;10.. 'JI ul LoS .<.._;.ll _.; <E.-JP ,_,.,;:, I...Jlc. '-bWJI ,jl JJi ,jJ-"" J 
<E.-J.foli ,_,..;; u>ol_pl ..,...., 1_,;, ( ' �'r) .uct..e.J ._;r. �L...I li'4li 
wW · 1 .  -·1 )l:. U.t..bl\S <.. . . _, 11 • -G...!\ •- .. ,_._ ·-•1 • � _;a.....<:� � J ��· � � � I.F" . 
�J OJ;:i.....a. JIJJ'J\ C�-' � .JJ� � fi..J �j!l\ C� J� 
_,.,.iJ u>ol_p\ 1.J'=-' (..:..Ji \ � vo U.. u..._, Jfo.ill Y..fo .}J 4JI)oi 

_;..o; J _,.:.11 �-"" <)o, � J '+ill' J� � __..l;.; .?' <E.-J.foli 
O,JA�U:. (....:o......,.J I� · .J.J�l_, _;'t...u'"";l.J JI.A}il � �J � ;j!J �y...::i....ll 

uti..._,; ,1 r.Jil_,.';l uW...S '''"Jfoll ;_,_yl '.it.<.!., <E.-Jfoll '-!_;,ll ,_,..;; 
J,..lyl!J �jill �_,.......:..._, .. :A��� �4 .....it.::...:i �'J� 4.;.t.:ll Jl r�ya'J1 
tJ.o 0 .)#. � J� ��� ..b..... J � �li U\.::JI ,jt5. \�\ Lai ·c.S Y., 'l\ �\ 

.. ·.1; ; .>< ' WI I · · Yl u� ul.illl . . "' '-.w.. '·''I wUS .. 11 � �.J l¥ .) y...:=- . � � • . J..J"""" . ...;- • 

'-"_,..,...ll _,... _.; :u;, 4� "'JJ\11 ,J,JoJ uu,..ll u.....:.J "__,.:.;.Jl 

.u"\#1 <} .JJ1;l\J )•jYI ,:,fo <} :i.Ji �! '.iL<.YL, l.,J4JI 

--------------���---------------
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RESPIRATION 

The Electron Transport System (Simplified) 

(Receives 10 W + lOe- for each pyruvate 

Receives 20 W + 20 e- for each glucose) 

Volts 
0.8 
0.7 
0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.() 

- 0.1  

- 0.2 

- 0.3 

- 0.4 

I 
- 0  
2 2--.. 

2e- (one at atime) 

(The Cytochromes) 

NAD � NAD2 

} 
} 

hv } 

Pi+ADP-+ATP 

Pi+ ADP-+ ATP 

Pi + ADP-+ ATP 

<J.J<l �I � ,)  l.;.,.J\ �u.!l .;..,J � (""J '(1 -V) i!J � 
.uUJfol'll Ji.' ,)  (Cytochromes) ....11 .!1\fo.t\ 

Howard, 1972 :(.)Co 

----------------���-----------------
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.>jUll -Y 
'-;_,_,Jll wt;,;;J.;,JJ J '4J_,lll '-""""(_,..JI U!fo .} J_,;...ill .!!_;:;.!; 
.:.t,S->' .;U;SJ Phospholipids ;J_,...., '-;_,J;Jl <J ·.;�1 .}J (nucleoprotein) 
(Nicotine amide adenine d.inucleotide)�.J NAD' .. � Coenzymes ..J\ 
(Nicotine amide adenine din!-lcleotide W � "".J NADP+ J 

(r-v �J JS.:.) (Flavin adenine dinucleotide) FAD .!ll::SJ phosphate) 
:U1.l.ll .:.I•J .:.I.L._,ill 'i.llllll wCS_,JI ..,Jj :uw,�t; coenzyme A . .!ll::SJ 

� ..,S_,Jl .;U;SJ Phosphoenol pyruvie acid ) (PEP) ..,S_,Jl � '4JW1 
.(!-V) �J JS.:, ATP :U1.l.ll 

------------------���------------------
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�tf ·� ~ 
I I I 

A B 

....,. ,.. <h.• 

c D /Pt� 
r·:;r..., ; ,�, .. 'W o1ir"l' t 

I f 
E 

" �  
F 

. 
G H 

._..,;; w� �ji :(Y-V) r'J � 

_., :<;,.LJ U.L.hll ww\;J ._,; '.;ll :,_� _;-oW 

.'.;lJ£11 J,lh.J1 

· J...l.S c5 � J.P.. .} �Lm �JW\ �l..tJ::II ..::.1..:-i A 

. J.� <I;,;,. J.Jb.o c) 4-!lll i,:J JJ i.-All lJ,W,D .:.l;l B 
-J,L.ill ......,.., <i;,;,. J.Jb.o c) 4-llll .l.;JWi l.J,W,li .:.l;l c 

-�.-w_,Ji ......,.., <i;,;,. J.Jb.o c) <;,.llll .l.;JWI U.L.WI .:.1.;< D 
, � Jfo11 ......,.., <I;,;,. J.Jb.o c) 4-!lll .l.;JWI U.L.WI .:.1.;< E 

• .:.._,;Sll ......,.., <i;,;,. J.Jb.o c) <;,.llll .l.;JWI U.L.WI .:.l;l F 
·f..,..nsJI ......,.., <i;,;,. J.Jb.o c) 4-llll .l.;JWi l.l,W,D .:.�.;< G 

..... � ......,.., <i;,;,. J.Jb.o c) <;,.llll .l.;JWI lJ,W,D .:.�.;< H 
.• D ' ·'" . . ' ·'·· ,_; . , . . ,  ·• " ' " ' " ..... I •/" ,JJ' ".! •• • � fj JL,t, c;,uoo-- v- �\.UI "":foNL1l � � 

.l.;:liill ->"'u..n <;1, ......,.., <i;,;,. J.Jb.o c) <;,.llll .l.;JWI U.L.WI .:.t,; J 
(Micronutrlents) . \ "vr.� �ts � Jp .J :ep 

------------------���------------------
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w H<r-�CH, 
0 

I 0 HO-P=O 
b 
I 

II P-OH 
I 
OH CH, 

O

CONH, 

II' 

Triphosphopyridine nucleotide (TPW), 
Mcotinamide- adenine dinucleotide phosphate (NADr) 

Or coenzyme 

-------------------1��------------------
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H H H 
0 0 0 
CH, - c- c--c-cH, 

CH,�NXN 'f=O 
CH,�N c�NH 

II 
0 

0 
II 

0-P-0 

da 

NH, 

N�N -...CH �J(N.) 
O= P-OH 

I 
0 
I 

CH1 

Fiu.VJiL ;dcni11e d;nuclcotide (FAD) 

co,- o 
I II 
C-0-P-0 

Phosphoenol - pyru"ic acid 

:(r-v) r0J JS.!. 
.(JL-.�1) 
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I? ' If IL HQ- ro-P-o-1!- CH, I I . OH - OH OH 

Adenosine - 5 - triphosphate (ATP) 

PhoSphocnoi pyruvate (PEP)� Jj �.,....U �.;a! � :(1.-V) �J JL..!i 
.ATP ;.;,:., J; .,.S_,.l\J ��� 

• • " '" • I' • • ·-'1 . "I - • .  •.< . • • , "I I '  .. II • I '  .......lYJ�. L.J .:l � ..)'"" � l ;.,r "� �� _.d..l �� ..)'"-' .!;... ... � J � 

.<:".:l'.:l ..:..:)Lb..:i � • .i.....il\ � - ·--'1 ..:.:L:S. __ n ..b , c. � • .4._: .___:..� . . :. • .4..1 � '"f .... �J..- ;� • � u ';f� .... . .r-- ,.r.:-_, ..... 

wl.l_,J (adsorbed) � -" t.S :C,yll .j .; _,....,.Jl .>1- L.i..il\ J.P' �! . . I_P._,; t.,;.... :C,_,;ll .:,\.;"& ,) solid phase Y..J1 _,_,hll ,)=- ·� .;oli.._,;!l . . 
.(Olsen, 1953) :C,_,;ll .;> di.._,;!l 0-' l.;l,IJ 

.;> (P 32);� _,_,;..;� :;._,...; J Me Auliffe et al, 1948 YJt.:. ,.,_� -"J 
l,i\..:,1 ""' Ul "J JJJ'! ;lJ y J1..JI _,_,bl "' e:.:...ll _,_,i-ii "' ul..JI _,_,bl 

.(o-v) ,.o_, JS.:]J ,; L.S :C,yl c.! (P 32) � <;p. '-!"'"'= _;�- .:,\L _,; 

:'-;JIOll J..I_,.JI � """-; :C,_,;ll .j L.i..ill _,;� 0} 
l.ih. J&!c\ � OJPl � y)! pH ...JI \;,t.... _?> \...S pH :0..,_,;!1 Jet;:; -I 
�b. :c,yn wJ_,l; ufil L.h; .:C,_,;lt J_,h.. .;. .o,\i.._,ill wu)·; 

t5-'<ll �) pH_ll r:") \jl \..i :c,JWI �I ;�J (H2POi) .o,b_,;'il J& 

•..,j I-f::Q.-2�1 �\.t:l\ �WI ..:.:U_JlYI J_.....,.j I� (V,'I' . }  J.s...JI 

---------=-=------��F------------------
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..:.&�lJ .i;�Ul\ ......iJ.;l:JI ,_} .::;..,.,L:.i (PO.a-�) �� �� ...:..:i,i..;,.,..i!l 

Conn 4J) �t.:i LoS c!!,�_,i..ill �t... � .,.b pH J _F.\:; � ,l.;ltl' 
.and Stumpf, 1967 

H3P04 �=W + H2P04-1 Ka1 = 7.5 x !0-3 Pka1 = 2.12 ... (!-V) 

H2Po,-• If' + HPo,-z Kaz = 6.23 x 10-8 Pka, = 7.2 . . . (•-v) 

Ka3 = 2.2 X 10-13 Pka3 = 12.66.('-V) 

(7.2) ..,11_,.. pH ...ll .:.fo. L.� <ll �'"···· "=>.,;'lll .:.'li.>..JI .::.. u-J 
� ,:.,.::.. uiJ tsl�S1. JS.!., HP04, H,PO,-.:.1.;_,1 (jy '.;_;11 J_,h.. ,) 

.;��<. 4-<-t-.u.l u\.;>ll � wl:illl t... .:.U.._,ill wu_�i cJ< 

Uli 1.!;>. �h �_;:ll UJY:. �� tjl :.tpW r .. o.;.W)'IJ .;:.::J! .. :}-;;& -Y 
r#itJ .!;:.!.:l...ll t.::t?y.S u\.i....,.,dll '-:!-.fl r .. �yfitJ J;.!=JI ��J-G 

(Cole and Jackson, 1950; o�k. ..:.:\..,:ill o.)p Jii:. Ufo r.;.!lJ �4..i...:. .. .ill 
A.:i5 c�Y �� �J'.:·_:<:ll wY.:�J Kittrick and Jackson, 1954) 

·t.S.J� J,c.tzlt wJ� 

Al(OH); + H2PO-, -- Al(OH), HPO, + H20 

Fc(OH); + H2PO-, -- Fe(OH),HPO, + HzO 

. . .  (v-v) 
.. (A-V) 

,) CaC03 1_.,..JISll u\1-��\S �G..J r.r.-J�Sll i}£ ul 1_.,..J�SJI '.P.-J -1" 
1_.,..J'.s!l uu.._..; u- .:.tu:ill J,!.ill .;;t. �� ll!fo .)) <J'Y '.;.fJI 

.(Ca3(PO,)z 

----------------���----------------
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J \ ,. · -

, . . 
, . 
� . 

T • 

P 32 in soli a! phase 

F. 32 in Liguid phase 

� �--�----�-----.-----
T r ! (Day) �� cijll 

� (P 32 in Solid Phose)� ,.:_.:...It � �  .,;;1-L'I � � :(:-\' )  tlJ J!..!. 
� � 4..!�1 � u-o j.'l J.J.>'-1 (P 32 in liquid Phase) J;\...J\ ...:Jol=.ll vi �� ..:,Ji-i.ll 

.� .;Jl=.ll qi (P 32) .!�J.j\ �J (P 32) � .4..tJb..lt ��� ..;,):. �U......si!l U..O 
l\!cauliffe ct al, 1948 :,:p 

Anion Exchange UWt ww &.�':/1 J�l_ij - f � . --� . 

� w\.i....,_....i.\1 wu _ _.�,_, �_,y..11 L.-:bl' �th Lm �� • .::A: ... ":!':/1 J..l� �.!.::...;! 

.<;··;bll .;lli.>\1 c.b... � ._LoO!JI (O!r) J;..SJ�.:,;;jl cd 1::" J'\.; 

Clay micelle Clay 
OH + H,PO-, :+:=� micelle -PO, H, + Olr (�-v) 

------------------����·�·----------------
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W,. '-!yll lime r_,..JJSJJ df.JA � ""' �411 ...! J<.li;l t4-} J..';J 
. wl;ill ; .} _;.. � c;,...:l .p. Wli.. ,a ..:,\.; ..tJ J>,. J..:. ..:,1.; ...,�\SII w�.; ..tJ <) . 

.:.\Jl\SJ u- ;_}_;.. ;_»P. l�>cl ,_,.J ;) :� � u�\SII ,_,.J -• 

:t.i}o ;�,..... l.;ftt! �_,i...ill � cJi; ._;,.. �yll .} � '+11 
<) ...! loll� .} � ,;#> �j...jll wt.,SyJI � .). <,J;; 
LJS.I J '-!fl J_,;..;J � J'.J 4--1..,.1 t '"J � u�\SII ,;. u,..:; 

.W� i.)jJ.A iJ� 

.} .u..:;.., ....;_,... HP0-2d H,Po-',.JS..!u_,w!l hi; \i;n Ul.,i <) 
.} t.l J;"·'' � ,; J :C,,.:..Jl � _,..J .:.fo J,.l 0- (�) ..,� .U\;l= 

.,ji�J"'il } "� .:,...ill .). y.I£JI � .} �I ,.., Jl J4-1 .....,I 

� wfo ,; t..>.l-"'1 �· �" J,;..;n �� l_;t..,.JI uc'\;'!1 t..l 
�;WI ud; '-;'...,.u1 wtl;>ll .;,1 ft. (�-V) JS.:, L?.JP u.,il ,Y.IJ"'; 

.1J . Ul;.:--1 Anlhocyamn _j\ � 4!\JJ! � �J ii�\ �IJ C� 
,jl�,'11 ..,h 9 t<; .;,fo, J..,W e-"' _,;,.� ,; t..S �411 ,..o ell:os JiJ 
.;,'J :O....,.oill ,ji�J�I ..,h u-oi'JI �""-"'\ �2\r. _,..1;.:; .)...,"iiJ t.;.ot;,_�J 
:O....,,;JI '-i04'11 ,W='JI, ,ji�J'il u- '.l� J_,.,J Ji:W :<.,�_,;..;11 wl,S_,..ll 
..:,t..)lr. _,.J;u �J ;�_,bW ���J � ).>}JIJ �.>o.ll ,ji�J';I �! 
Jl wu...,; y_,..ll Jl. '-i'U...jll ;:....';I �- '..!t..>.l � �� � 

l.;Jo!IJ wt.,oll u=t, � .:,y,._., l.;S_,.JI ;,.,.';I ,1 r-"',..'11 wu...,; 

.l,;_,.JI J.I_,.JI, 

'r.H"'"'Jill -r 

,..o11 � ,1_;,.';1 �! :o....,,;n rW'il .;,. <.lilJ r-""'t.;jill e:;j;' J,L.; 
�,wnJ <P.JJilll .} Jhll </' L.S :C,,;JI .} r-""'t.;yl\ � w'lt... .} 
wt.,oll ,..o .;I )II '-i't.,oJI .1_;,.';1 o..4>,; .} JJ� )I r-""'1:;_,!1 .;,1 .;,.  <"'fo� 
.4.i:�) .!1 � � _s; .. J:i _,.:11 L} ·•··.!_, r ;--b ... .,:11 y\.:iJ � � y • J...,b:j J 

--------�[jF---------
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--------------- ----------

•. : ... .'··;�·J.;-).1 W:!fo j!... :;"""+"-" ;-:!:-?-... J�I ��� ...,.:l:.i � (�J->- .)#- Lc 
Jfo..:! ,foWl U�L;lll ,jl.)} -""'t-.!....1 ��� *fil '�JJfol' � 
�w � Pyruvate kinase r=.Jli\5. . .: .. A.A�_jj�l �....:-.;1 \_;i-_, ..:.:'H.tutsll 

,.:,\ .)!;' JU\Sll � .} 
J't;:;!J J,ll ) (fixed) .··!'· � l.,yll .} �-�_,;11 �J!J 1;. 

<.,fl .} ' .... _,..!1 � -� _..,n <.,)5i ,:) .:;. r<-)I ..,J=. J yll.i JS.l .). <Ji...;,.'�t, 
.;,.. � <;_,b. w't... .:;. r-""'�.r.JI .)p ,;� Yl J'l;l.JI _;;<. JS.!l4 _,. 

0 

� Muscovite, 111ite. Biotite 

0 0 0 

0 
0 

0 

-illite ,j!J.A t} (Lcaktl ;� ��>'J 
.Si - 0 .:,.,._.s���� �I U< � [?...Pi 

. H - 0 - OH �J�I� ��\ U< ...,., Uillill 
.� .�1\ , I �  C. A.:J\,jj\ .llo c.�.W� ·,\I �U �: , J"" ;,;...,.------ c,;- • I _,. ..:t:"" .,. .. 

,J.!t::al �WI r..n-wl.:i»J &::U_c:l 
.(Fixed) "'��·II r-.!.:;;.11 .:.u.�l 

.lattice � l.J,:;.;..Ji r�-o;ll .:.t.;J!I 
\Yikl:mdcr, 1958 :::,� 

,.---, 

0 
@ 
e 
� 

-------....;; ". q---�----
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�S: WJklander, 1958 � �J (Weathering) -ll ��.?. 0-<' �.ll...r. 

. .:.4'Jl .A,W JS.!J1., •J_p:lJ r-"""�...,n ···"'" '-,l..c J_,....,. 
.:,.. _...l J_p:l � (Weathering)J (Leaching) J...all � � 
'-1...1_,. '-"JUD .fo-.�1 Jb:iJ Lattice JS1o .}  L.li..l.lll r�...,n �u_,.l 

·('-v) r!J JS1o ..,.;  L.S r_,...nsn } rJ, .. ,,; .n Jl H,o• r.JllJ.>'J<.ll �l.l-"1 

�l.l_,.l ut; '-!fl ..,...t;Y. ,t.....S r-'="'�...,n �\.Py <lW.I lJl.. .,.....; L..l 
"r• �J tll .. -r_,...!\Sl!J rJ, ... ,-.;.n �l.l-"1 J.... � <iL,..J� r...,_..�_<;ll 
�'il..,. ufo uJ.PI .!>J,., ""-J <;J...oYI r-"""�...,n wl.l-"1 u-- J-.>1 4.H 

..,ll :.1 r ...,...� ...,n -=--
...,. _ _ _  _ 

Soluble 
K 

''-'"'"'Jts r-'="'�.r.JI 
J,l...:;ll J,\ill · 1·. ·" .:..!WI � ··'I . . r .J<>"""-"" • r-""" -"" ...,. _ _ _  _ 

(Exchangeable) fixed 
K K 

...J! <J'�� w4'JI J;i �� ..,li:,II r»-�-"11 LJ""t..wl ul _,s:,n. -»"> .JA t...J 
.,.,.. <iJ� uJI.f. Jr=- u><?l J�' '--. .)! Jc.l>Jl <.\u"" 

ufo ,_;1 K+ r�.r.ll .:.l.l_,, JS,.:., r»-�_,!1 ..:.�1 JJ;.. '-"""'J 11. 

r ....-� ...,n )::l. ut; <..�<. ; J_,..,J >.,;ts � .., ,;1ll """I ..,.; ; _,;,;.. ..ot;s Y" 
:iu..S wli Ill <Ill.. .ill '..w.. ·•·

.n ..:.WS .. n l.>i.. · •-I <., ·''I • 

� J � .., J � � . J_,...., . .r-" .) (.)"' (S"""' • ...>"" c.r 
wl,ull ..,.; r�_,Ji ,_,..;; �� ut; � t.. I.J'l' 11>J '-!fl ..,.; r�_,Ji 
.ill:£J (T-V) JS1; JJJYI ..:,t;L,. ulJe.J J,;UJ )_,...! c� .)c. _,.Jo:, 
� �\.....djj �.J-J l.;.,;;;.l\ �)yJI W4..J.ll �Jli..a Ji;- Wb4:J1 c.-:--J 
�41.;;> ;I r�.r.li '-'.J_,!S <lW.� ...,.ill! w'il..,. (......,;J :O,"I;>ll ..y.lyYI 

·<>Y.YI <,;.W '-'J,;h!IJ �t.,;JJJ '-lfl uk ,.:w �'i- r»-�.r.l\ 
NH: 
I W:!.fi.ll - f 

HS--CHr--C--COOH 

I 
H 

.Cysteine ,_,.:;.�1 ""'.;'�\ � (V-V) ,IJ .J<." 

----------------���----------------
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{V-V) r!J � Cysteine .;.. 'J'J·�I <JAoi_,JJ ..;..., o..,if.y .}  .!1_,;.:, 
·tJI . . .  Methionine� 

.:, • .en .!1 . .  o.!ll.\S • - •. n •. . .  «1 • I ....,.., . !....\ .l>!l ,, 
• .r.- cJ'"'l � c:»'�_,.. � CS,?' . .  cJ" 1::" <r" 

{ A-V) rl J � Coenzyme A .;.. 4..!1 � wl;S yJ\ ..;..; r);fo .} 
Uopic acid, .;.. wUj.t,ill ..;..., .} � ...,.inll .} <._,.,.JJ wi.;W .} l.!;J.>ll 
.li..Jl B Uf.o� .:,.. .1_»1 ... � (_,. ,.,_, 1l �-V) r!J � Thiamin, Biotin 
<1! .l<n • u., . _; w.. . . <n J;...>;. .<. . .. n �UO!I . _; .!} • � '' - �J_,.... � - .. ..r.- -� ,_,_. .. .>'"" <F"" � 

.� • _ _; .!}  • •  "/ <Jl .I ., y � - Jl""':t � .J 
,)W ._.:;ll .:, ...,jll ..;..., wbfi.. .} J;.,. .:,fill ..m .). '-iW.�4 

·cs.?-�1 w!>t,;!l ..;...,� J>_jJIJ �;Jl .}  'J,yJl wu...JI 

.,., .,PI w";fl .:,u_.,l JS..:., wt,;!l JJ"'- :u ••. J_, w,fl � 
J,t;:; � U;bll .;;w .; ;, _,.,. _,..11 J.!.5. �J,.JI "'u ...,, 1::" J>4" to-;4 

. anion exchange .t:JWl uU�'Jl 

,j\J��' ,j;_,l, lF- ,.S.} .)l JS..:., ;;._;; "w....fi.l .:,. :iJfo <,..s lJI L.S 
J 0Y cs_,..,;J\ tJo-oill u.1J Jrw ;;...:;..n wl.;,..fi.l J (Always et a!, 1937) 

J;l Sulfhydryl ) (-SH) �_,..,.... ulJ � Jyo.; f' .:,.� 4;lc _;;;.:; til � 
. . �I :<cl .>l ' dw .n � • .  .l.!l • � .:,.  � I· •• • , I.S-..P- .. _y>JJ ..J .. 'JY.- . .. :.J-1 �- � .. .. tS � u:o.--u u ' 

..,l_,..:.ll y;Syll .} (C02) Jly;..l � :t,...lll, JI_,JI _,. L.SJ 

(S"2) Sulfide ..,l) so·', Jly;.l :u-u. �J .:;l;o.t:w .:;l:llil (NO,) ..:,i_pl� 
:'-;ll:lli '.hl....ll Y-""- :..-u. ulJ �\:W 

so·', + 8 electrons + 8 W 
energy s·' + 4H,O 

.:,.; (Sulfide) (""..fi.l) "it.;l.,\1 �! w";_,pll Jlfol l.;J.=. .)c. ,jllyJ 
l.,"o;o. .;:&i.i; ;""' J,..:;;J (Sulfate Assimilation) _, J,l..:.\l l.l,ll � � 

,._.J ....... 

----------------���-----------------

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



uJfol (A TP) <l..J-" ..:.ti!..ll .J.::.:i; _,. <j.JF> Jcl;; JJI u4 � -I 

.(Adenosine Phosphosulfate) or (APS) ..,S_,..Jl 
ATP + S0-24 sulfurylase APS + P-P • • •  (1 1-V) 

Adenosine 
Triphosphate 

Adenosine Pyrophosphate 
Phosphosulfate 

(PAPS) Phosphoadenosine Phosphosulfate � <i;D JeW "'-J\1 f' -T 
.(APS Kinase) ,_.:,;'lll i.>c.L.., 

ATP + APS __ .,. PAPS + ADP 
Adenosine 
Diphosphate 

.... (1 T-V) 

.!;o..r.u (Protein Cofactor) � �  �..fl. L.W � lWJfi ..!1� _,.. 
s 

� �) J.P; 1$;]1 Protein ( Protein Disulfide ) ,..S:,.. � 
s 

/SH 
Protein 'SH Protein Dithiol 

/s su Prot•in \.s +NADPH2---... Protein (SH + NADP'" . •• (I 1"-V) 

Pantothenic acid � N � � ? C� � � N��NJl.;_FH 
CH1CH1NHCCH1CH1NHCCHOHC�H10- I'- o-r -0 -CH, 

CH3 Ju OH 
....__ _______ _., 

Pantetheine yon 
Ho-r=o 

Coenzyme A or CoA - SH OH 
� .,Jo -IJW Cocnzume A .,.S_,..ll � <a,...JI >(A-V) �J � 

----------------���----------------
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.>i..J\ {'iy'il '-!...• _,; (PAPS I a .. j_;....,.; (Protem D1th10l). ____ll _.--l) - '  

(PAPS Reductase) 

PAPS + Protein/SH 
--... PAP 

'-sH 

/s -so·, 
+ Protein , • . •  (1 !-V) 

'SH 

• 

Phosphoadenosine Protein Thiosulfite 

Phosphate 

(1) � � .>"'! Jfo.; .M;J l.>;o. rl.. >--" (Protein Thiosulfite) __li ,j -o 

/".j>'il >.>c.l......,� (NADPH2) u- (Moles) = u- .it.,.:i .>....i .:,t;Jy....slli 
.(Sulfite Reductase) 

/s-so·, s;sH • 
Protein + 3NADPH2'_. Protein / + 3NADP + JH20 

'-sH '-sH . . . . . . . . . . .  (! o-V) 

(0 -.J'. .:,l;5,;JI ,.1 .)! (Sulfide) .>Jlli...ll C!.JJI JiL.; wl � .:;'11� -1 
Jot;;!� ,•, ·J� (Cysteine) �'1' u'>-'L..Ji wftr..l Acetyl Serine) 

.(Cysteine Synthetase) {'!.)'11 >.:c.t....., 
COOH 
I 

H1N-c-H 
I CHz 
I 

p 
c 0 
I _  
CH3-

0-Acetyl Serine 

CH, 
I 
SH 

Cysteine 

/SH 
+ Protein 

'-sH 

+ CH3COOH 

Acetic Add 

.(PAPS)t" i.fil "Jo; ,:)  � (Dithml) JS,:., (Protein Cofactor) .,_5yJ L) (> 
. t.. · "-" • ·, · 1 l, \io .:,.;Lil " ' Jl '' . '1 l,i,;� "'- ' .,; I :·• ..J�· ,... . .J �J � � .. .. . jJ J 

--------------���---------------
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t 
� 

I!H, CH� J...;.:;;,CH,,.:t-r-t"H� CH, � 
CH, •,..Jl ct- C -5 

� 

. 4;AJl ,) "'<JjSl1 � .;n .:.u,..� '( \ -v) ..s� � 
.(Biotion) .:,.� -1 

.(Thiamin) ,I (81) .:,.� -.,. 

(lipoic Acid) �� -� 
Conn and Stumpf, 1967 :ep 

--------���--------
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.;� .• J l.!.tl_, �4lJ.I � _p.'i �..?.- �....�"" Jiill .o..l:lill _,...-w1 (.)-to �fi.l �J I� 

<.. ....:, · <..;., • •  < utA n ·, - .>1 <.. . ·-- '' <..;., · ·"I utA ··'I · l. ;o..r-- JF � �� , ..;a '-5"'0 u� �� � .. � . ..rw U • 

. uU;!J <..;� t .  - . . • j\.u • . u� . ·'"' 
. • ..... �_, • r' <JA� '-.r.""-

<.,_,;11 <)- <j_,..o...ll �I � <.,...,;� ;�_,..,.. _,.._,;; U,_,.,Sll t..l 
.(Quastel, 1963) 

.Y,..)'I J.;, � ;�l l.;k., ul;ill i_,;_;,. c:..,...,; <,7.,..:..JI u.fi.ll� 
. Wiklander et al. 1950� J <? l,;Jt,.,SlS u-u.� � I...S <;� 

I chemical Fe (OH), + S . . . . (' V-1') FsS + H,O + -0, 
2 oxidation 

2S + 2H,O + 30, biological 
oxidation 

2H,so. . . . . (' A-V} 

�-' Cobaltite, Pynte, Epsom1te, Gypsum � u�l:t..JI � � �.J:! .!i_, 

. <.. ··•1 . ..; so· "'� · ·" · -� r..r 4 .. �· (JoQ 
_,.. ill UL..:JI :ubWI I...... 'J "I .. n . ..:, . ,<n j .t � t..l . � . • � " _,..., "' . .r.- _,.. ,. . . 
. ·• . ··" n -� -' <..;., . .  <n . j� . _; ::l;.\j ..:, .. <n • " • .  u�· J� .. ..  �· u � '-F .. ..r.-· � � 
� D.).jWI ��� ..:.a.;�_, Marl J_,t.._, Dolomite ..:.yt...j_,.lli.J Limestone 
u� ""-" I...S (AI - Samarrie, 1975) tJb .:,_,;!. (T • • )-! J\.;:...11 t,)h 

. J,WI rk. <ibl.. � U;fi\ ,:,.. �lA 
'"I J+!l � ..l _p,. _,.JI �.fi..ll y. _, �_;:II �y,Sl pi .;.!-=A � .J:! l..S 
� y_,;,; )J •• )'I .ho'l...W �� t't....Jl� �1_;;11 ,:,.. ""'t-:y <,?:,n� t;_,.ll 
,....... � U;fi\ "> .>!J ,,. .(Wilson, 1926) <.,_,;JJ JY.u U;fi.l\ "'� Y 

. 

L. 1 yc; I;,.,� r _,..JJSSI J r" •i· .n J r _,_G ..,n J r � _,...!1 u�.fi. US:., y yll 
u� � ...... """" J "'' <? u"4'J ,.; .:.,fl ..,..iJ -"� J_,.Jo J;.,.:)L; 
.;,_,b. J wti4lJl jl .J .) rl.c. } ,;i-1 _, ._jw ?-- J,..!:i _, .J£1-JP � 

--------------���--------------
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,_,.JJ.S.ll �t.;_,s ._;t..;,; lJWI '"' .jJ ('-V) ,JJ j>.:. ,:,fol � ,j11};1 

. j� -"C.fi. J_,h.., .,t;L,lll ..;. .) _,1 W;fil ...,.... �_,ul 

�J .;_,..,n yfiyll � �...,. .j -'l_M � lj, J 
_,._, J;i_,.;foll .,.,p_; .j r-'' ·;''•n J;.->; .,J_,'il � � .:J.>'Jo'Y..;tsll 
w_,y.Jti � :0.,� l.;U � t..l .J;i_,.;foli � .b.._, .,.;  4,_,;:; � 
41...J jb...S ,_,; ·1''•' ulJ �t...:> "''.>'Jo'-'ui.S.!I W..:i .:,t..,) .:,.. � .:,\; 
.ill;> ul J-':' -�J\Sl r"' l.;k .} wt..,... ATP ;,t..-' r � .. if> fo....J . 
..,.. :U_,s..JI Ribosomes.....ll -"L.;-.. � � y.;_,_;..;, r� ,_,.._, .;;..; 

.w�J..r.Il tY..fii � ,_j. �J Ribouncleoprateins 

J;.... __,..,w1 p,__, (Mg-) d;-"1 JS.:, r_,, .. ,-.•• n wL,lll ..,.,-...,__, 1;. 
._,.,il ,:} � .:,.._, _,.olll l.l,.:.JI ,l_;..'il .)) l...;.lil\ :O.,'L,lll ,l_;..'il .:,.. .M;YI 
t.. ).>'--' � � _,..!;.; <,<ill J;i_,1_,JSJI :u; .)! <,<>Y- <,yJ .,.; r_,, .. ,,,n 
:o.,_,t.. -.,.J>il �� ,:} fol4 � _,. t..._, .(t-V) ,J.; J>,:. ,:,11_,�1 ,:,_,-"" CiE 

�\.J � �jlll c} �..P.-J"' ("� '('JJ /'; .D �1.$.y rJ.a ¥1S � � 
<>" r�' u\0;_,5 w_;.Ccl t..S .Bould, 1963 w;.. JS.,:.,_, J>lpll cl!ll_, 
- • d.,;ll WI..,., · • • '' <... -"1 _; i \.!:,;1 · ·" .n d,S .'4 ,... ..s=- . JJ<- '-"" ..-·-' . .r ..- .; r _,..,...... . JA _,.. 

.ul\lll � r-''' ·;·,;.n .;.?'"__, Weathering....ll :<;!= 
j.,iJ �1..9 tS.lA Longstaff and Graham, 1951 wY.:.,4\1 � L...S 
y_,...,JI J_,l wL;; _,..:. .:,1 � � <,<:,]}_, ( '-V) r!.; J_,� .} r_,, .. ,;;,n 

.Dolomite_, Olivine_, Magnesite f'J2 ·/·;�11 W\.PJA � � �I 
._;w.; ,,_ o.;>U <Jt.. <>"-' <,yJ .,.; r_,1 .. ;''·il ._,..;; u'it.. .,.;_, 

'""'-'j.o-11 r_,..JJ.S.!I_, r-'; :''•II w\:,;_,5 
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ulal u- � cJJ> .:¥ 41...1.H f.H''\1;; .n IJ"'·O.•' .( I ·V) ,.iJ � 
• 

Longstaff and Graham, 151 :(p V 

N4 .. =·· � 
"'4lll ..... u... .,.u a.!/ r'.J.l. 

,......, u ..... s,� 
cJ.- �..FI �,p 
.,......,...s """ 
"' ""'-"'' """" 
·r .....,w """ 
v- u:ai,;c.l �� .,.....,.., """ 

,_,..,.J. _,.ll 
,_,..,.J. _,.ll 
,_,..,.J. _,.ll 

, 

\V,o 

"·' 

t , ,  ... 

...,... a,..a .:,a.� 
� .h,..,a.n 

.. , , I ;.,..I 

Control ., , 0 Hornblende 

• 0\ '\ Tak: 

0 I,. 0 Magnesite 
• ,  Tf. Olivine 
• ,1'1 Dolomite 

,.._nsll -, 
.) ::l.;J> Calcium pectate .,.S yo JU! � LJ Jl>o .} f _,;.oW _,...H 

• 

� � cj":.JJ \;lliJ LJ.Jl>o L1ll Middle lamella ..,J-_,1 <-_,; .• 1 UJfo 
�"i j_,.. cjJJ,Y:.. r� I;.JJ iJJ� � '-;i}ii L)y,.) .!U..l 
�J �Ul � WIIJ 4vo;).J �J..S 1"'1� .;1 �yoll l;ll.i.J ....... 
.,n; "'  <11...:.1 ........ "il ,;,. .,. � � d.>'+ u.foJ l;lliJ � lfol 

.w <iJ.!ll ....... "il .,. d.)l;IO.J!JSI J.ll:l .,. .).)J f.Jl••I.Sll • 
• 

� .:.! ...... .} I>»J' f_,;..W �.JA u- I.JJP 1.....1 L) LoS 
O:.':ii:fo) _,.._;, .i.J f� O:.':ii:fo) .,...I.JJ � � (Vacuoles) 

.,jJJ�I .} 4j!.&.iJ rj>li J,lo ..J.. '+-.fo.o f� .;J:._,.JIS.J r� 

------�Gj�t··�-------
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.,; J_,.:Jl J,ll .JAJ caH .:.u). JS..:. r_,...l\Sll u\;lll ...,...., .... llA 
'�" r _,;..l.Sll .:.u .,1 "' ,;,.. rb )\ ..,J<. J .� ._JJ <..;,;D <;:;4l!l <., .... S:/1 

·· -"' '.uir.l · I ·"' � :0.. -'' _ _; J_,I.QI l.illll t.,. .. n d; Ill\ r _,......- •. u Jr . .->- .. - . . . .  _,... ., 
anorthine ..JJ .:.I;SY' JS..:, J>l,Gll J,lill .;;b tJlll ,;,.. y. '4fl .} i>p,_..ll 

L..S -.. Ln "ll> J,..., 1 .. � i>\, . _._; J_,I.QI :U,W\ . . .  n<ll .:,l; I t..l ..,...... '-" c .r- ....- - . r _,.......- -"' 
.:.':/W .,! cation exchange i.;>Lt. c:-"Y- c,<;n (1 ·-V) riJ � .} 

� �w .,.fl) .} U;l>l1 � � r..,..nsn » Jli:. :( , .• -v) riJ Js.:. 
. (Cation exchange) UJ;oJJ"'fl\ .:.lijjl � r..,..nsil .:.i.l.Jll .J;� 

'4-<o.-Wl yyll l.e-JI...l � liming ..JJ �_;!. ul •fo � ,j.oJ 

(Millar et al, l951) ..:i\JJuiS ) ·�JI JS..:. r_,....l\Sli .:.I;SY' :m.-,4 .ill.iJ 

.l.hi..JI .} L..S 

-----------4�r-----------
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o:C( 

• 

� 
�� wuHo 

�...__..,.,'�­
.. ii • 

• 

�� hlW1 ""'\};\ c�Y (CaSO,) �I ;,t.. J.W..:i� 
('..;........!1) WWI � '·'I ,_; · ·'-'\ .. w '- 'ill..JI , . _n wll ! lJI ·� . . .r '# . u.- ._, w- r Jj _,..... Jj .; 

·r.JjJ� c)L.I lJIJ'; '4fl J..c. .Llll ._i� 

2Na Cl + Ca SO, "' CaC!2 + Na2S04 • . • .  (1 �-V) 

� �1_, Jj4-Jl .:�.?..Y. Na2S04 tJ.A "D�jll � �jl �..J I� 
·<>?I Sy WI.. '-ifl c..,...,� rl J,.\llll 

i"'I.,P.I .) ':·';· -yJI ......,YI _,.; l.U ..,.,.  r_,..J\Sll � u:-l,;c.l ,..1 c,l 
tJIJJ�I ��� U_;A � Li-"J iJI.J_,'Jl w�4JJ .;4-IIJ e,jL.J.l �t:J\ Wl\J � 

(CaSO,) �I <li..,;,l; r_,..!1S11 � wYlo. �_, (Y-V) r'.; JS,.l. 
.:O..._,I;4ll Jl '-;;1� ;,...';\ u'»-i !::" 4-�,;.... 

-',!...JI -v 
• � .JJ' � w\#J :i..pll � wl;Lull <--"\.l;,J .) � .!!� 

.) .!!� � <} ,.._, .!IDS w\#1 .) J;;,.;fol\ U!fo .)  _,.,t..., J.t.s 

----------��r----------
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.} J;..,; .;n (' 1 -V) r�� � Cytochromes J � ....... <,_,.. ut.,S_,.. 

_J] yS >' .ill.;S J (' -V) r�� � � J .; _,..:.11 y;S .Jill .;;..... 
l,l_,.l ul! ulfoll Jl_pl � J .;_,..:.�� y;S.J!II � .} ,...n Ferredoxin 
) Fe++ .;.>��I � .ljhll u\;lll � .Nitrate Reduction ;t....!IJ 
-"" ._ji�J�I ._;,_;1. 0<- ;;..:, Ji )  JJ:,Jl ..;,_;1. 0<- Ji... <i_..;- yS>' � 

u� J:.J 

-� � <.S.PJ Cytochromer.J.A� 'uAJll � :(1 T-V) r!J � 
"'.lo.ll <..b.. . _. '' ul:i\illl · - , · . . . --n ul:u .. < • � utA • ' . � ... . . .»"" J J.H'"'" ' ·-"'" ...... • . .)"! 
-"" ..:.,., I.., .._,.:1 i>!foll �.>o.ll ._jl JJ�I .} c.iJ_,.ll <J;!C. ) y.....1 J_,.l;., 
� i>lfoll �I ._jiJJ�I .} u'"IJ"�I ,;, J,.Ji. o\tn..!; r.>!"J;;,U '-""' 

u4Jll lJ;ll ..:;t.,s>' u� JU:u�l <Jfoll _,...,ll.ll .:,. ,....., Ji>a'.J 1;, (•) r!J 
_,....,, ""'lSI <..,t;. _,....,, utA '-"'" ._. ·'' -�-• • 

• ..n.;s • • J • . _,., • . _,.., r-- J1"" 
� """" ul,lll _,,.] J.i' .:,1 (Bould, 1963) Ui-'A!.fi.JJJ Fe,03.3H20 

'J,Il ;::_,...; t..,� ...,..b.ll t,yll .} G\;S>' _}.fo .!.p. pH "-!fl J=.li; 
4JW ""' ..,.....w, �1:.11 .:,1; u\;S_rll �w., u'";ill 1;,.1 ul..:ol ,;J u4Jlll 

----------�[]�-----------

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



,JJlSll _, 
.} ,. ;. �J .? cr ....,.,.. � ; J-'"'"' '-!ftl .:,.. J_,!Sll wt.,lll � 
.s.>o.i ,j, '"".!.> � � yplftl .} .!ly.l; wl WJ� IJ_,....ll ,;,_, iJllll 
..:..>ct... � • ._, ....,5 .<n .:,\.,., ""I "'-":: . . . . .... '...w)l '" U,"\.1;, .r _,...... . . .)"" .Y " __, .., • • J_,.... J 
,::.. � wl -'!/ .(!T) riJ � (Photolysis) l;l_,..:. oW � :o.,J..c. .} 

• 
• .t<n • l,.,;l .• n :<... -"' . ....;., L. l  •Ill ,.....,lb Ull "� �llOII -'� � � � . .>- ........-----:: ..r .J  J 

IA}_;i...IJ .JIJJ'il J_,.l � u�4'l\ .j J_,!Sll _,.,;; u"'IJ"I ,-.1 wl 
. _,..ul1 � JJ411 � � _, necrotic o Jfo c� �JJ 

"" .  t . ·,L ""'-'-' <II M - ..._,.,.. ol >< >. u�W . .  , · ... ,· .. tl :,;. • . Y "t-' . � � n J• � • Uf" '-""' .r.---" � 
i!t...:; .:,I:;4'JI wl w; Jfl ._> JWI _,. w; l,_,."l;lll 4=1 J;.l' '-!l.>!l <lh, 
L.l Toxicity F .:,.. t-" ...IJ ..;�S> -s;s w":: i,_ ;iJfo .:.y..s., �� 
._> � wt..,.)l'il ..,.,.., .J!i>' 4J.. J ;� ..,._; w4ill jJ1ilJI UlU. J 
.:.t......)ll ._> �J '-!J_,ill .,-..1p11 t)>..fo .}J •, .. ,:.u u"'l...."::l ,:,;fo 
.; _,..:.ll .,.,P _,:,11 :o.,I..c. .} J;.-'! .u\ w; Kerbs cycle ; JJl .} '-S �� ._,..;r,ll 

·(' _,) riJ JS..!i �J"::I' (!JftJ \;\_,..:. ,W � IJJ' <.....lo.J 
Ui - .:.W\1 · '�·�I :;.s --'1 u.Jill l.l.JI · • .• , " • 

�J . � u........ .J ...)-"'-' � ...r-a U"' � �.J 
. 'il '-1tJ\ \l.ll H ...JL. "-•· L. <.....to. �I u ·'•'I t. <OS I.S� - .J'v'A .J p . � .. J� IS-" .Y"-

. <on �I 'I 'il t. · I  "::I .. 1• II �·· · . . · . .,·'I :iJii .ill:ll (Y.�· .. 1.!1 J.J � � JC- -'-"""'"" 0"'. t.i .}-1 � .J 
.JIJJ'il ._> <;_,Jll <;.>t.. J ti'J � w\A,.:U J,..:;; .;DJ 

;�_,.._..11 jJ1ilJI wl.l.>!l w4 (Leeper, 1947) YJL,;, .:._,.1;1 ,;J 11> 
� '-=! (B"valent) � <..l� 1 . •  · no! � "" · :<... ��� . .i .. J 1 .. � uu..... . . .J.I . ..)""' r..r 

.(Tetravalent) �I., )I J (Trivalent) 

------------���-----------
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. 
-� .:.L,S_,.!I t"' I.,..J .)Y.. .JF JS.:., 

,..s)-oll JUii .:.fo � •""-� ....;_,... '-!fl Y <} •fo � UAJ 

(Mann and Quastel, 4.,;.. i�l � .ll t.S .:.4>lJ .)y..!\ JFJ (Mn"} 
:� .:,y,\..JI .} t.S 1946) 

Mn+++ 

t...)-" �.s.JJ �I w4S.>' <)A :<,;IS wl;A � '-;Jt.,. yfl }Si <} 
.:i <ill,;! (' ,o - o,o) .:,., '-l;. iJ-"""'J pH '-!fl Jcl.i:; ..,Jo. � w4>lJ 
l.il...ol } l;l_,..'jl (uti!...) "'"-.fi. Jl W,fi.l l.il...ol; P.W u..ll � 

• <� 'il 1. i..:. 1 ..., .• n n • ·'" n w\j, . .< '-" JJ � 'J J .'J"" U"'.l �· �� 

=w� - 1 · 
:Jl. �I '-;>��� �� <>""'4 UJJ_,.n w\;lll � 

HBo·',, mao·•,, a.o-',. ao-',. 

wJ_,ll .._..U;J L.i i� lJ,ll wt,..S. .:.\;lll �\h; .,;II J""llill .:,. .J'J . . 
j.)J .&;sJ '-"l¥JJ!li ,;,fo .,.; 4-o IJJ, UJJ_,.!I y.J; .l!J ..,._\.;. � 
.,.; r-'t... .ul w: :0.,�1 wl;l-!1 .,.; r_.....b_,JIJ r_,....\Sll .!lly!.l .} L. l.l,j., 
J t.S iJJJ_,.!I ¥! � ,L,.lii .,.; _,s...JI Jil ul _,.. J .lil J .:.1 .>';" .J!J\Sll Jil 

.�4-JI .ll.ll ,;,foi UJJ_,.!I .,.IJ e;:l:.,.:; wl;l_,i,ll 

----------���-----------
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ikl Y"""l .!llll ut.,lll .} c.l\iil'11 :iJ;llil _,...u..JI .:,.. .:wJ!ll _,;..,, llo 

i ·'''' . · '' · ·-'' ,,;�\.,. .!,� � ;....,., " :1  :t..Ji >.....J . ••. · • 

.r- u.JJr. � .. . r.S p .. . V" --,,J_J<J 
• 

• t.< :L!!.I.lll :6...�1 .., -• • :o...J � .:.lA � J,..:; <tt '""' f.T" ...... .,.. .J .. . � lS": . J _,......a r.s-J . 
oufo '.1 ,; JIAj'./1 <) LoS ul,lll 

yS yo � J>4:lll Jili _Y.t., Jili � ., fl <-# 1 .} i yl;llo .:uJJ!ll _,;w__, 
.} •fo. .,...., LoS r""J"·"' r� ""J-" } HoBO, �_,.n ........ t... 

• 

,_' .li' 1,_ Jfo .:uJJ!ll .:,.. y:.i;Ji ...-'11 .:) LoS '-;i _,JJ ot,.ll' l.;ll _,.JI y fl 
-"' •Loll · ·' .; • ' -"' ' l'• <.. ·'' . .i H.-ll �\i;) ·I r- � u . U.JJ� ..r .JJ U:!-"'""" LS"; 1.$ '..» ,J"" ...,-- p '- tJ 

.Jk.J '.1 "'4ill cuJJ!ll .>i.f> w4 .r-.>1 (Drake, 1941) J .>;! ""f.yo .:;4,; 
o'-!fl J<.\4 

} r.>!>_.....!l uiJ.,.S '4fo .} .....,;; P .:;,J_,.n .:¥.>" uw.1 ,;, 
0 

,1 ul,ll\ uk- t.:.J Na2B407.10H20 u£1J_,JJ � ,;, �JJ!ll c.w..t,.,. 
.<,_;Jl .dW.I 

o!lljll -I I 
' - ·  "· • " u..JI · ·• z • •...,t 1 '0"'"' .ilijll u\.ull • 
"t'i""� cs- .J'-'0 l.J"' .r-.J n � ---;'�:": . � 

0 0 

iJ!fo ,) ,, J.>i,Jfoll Wifo ,) ,J,, .ilijll w4 �..., 0'"'" � '-;4 
u� JIAjl .) �, (IAA) Indole 3 - acetic acid or Auxin ....ll w�.J" 
Carbonic anhydrase � uL.j_;f•lli

. u:-; y;S y. ,) � y..l, .ill jll u' LoS 
Y!"'l <$;n carboxylase ("!YI ,)! :UW.'./4 Alcohol dehydrogenase r;jll, 

.CO�·· .. l':i 
JW..'.Il ifo. ut,lll ,) .ilijll u..il u'.IL.. .:;1 fol4 Y-"'" _,.. t..., 
ul;lJI � .;w, .;tJ}ll y..s � ,_,.::;n .:,.. f:._.l ,)! � <i,�, 
_,;...1 wfo. .JJ}lll .;,..>" WJ! L. .:;_,t, .;1J}-:11 :i.i6. •_,.';; �, (Rosette) 

ut;..S; _j _;,. _Y.t. l...l&. 'J_,..... .ill jll _,;w__, llo ,t.;� u>-4<ll J,"L. j-1 ) 
<)lt...ll .} "'"-" .ilijll w4 (Bould, 1963) YJ4" .:.)� LoS  l..,yll ,) '-;iiS 

----------------���---------------

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



� ch Hombnblende .illlSJ BiotiteJ (Magnetite) Jl,. j;li.Wl � 
' -'" " l.h.!l1 '-'l� � o;.\l I '' " · .!ll " • Weathering _II � c.r-· .J • . . .JA .J:! � 'J"' J.J=W 

.t,fl .} J.>li;ll <�,t> ufo J � ;>W J ,;,.�.�� .;;ti> � 
" .  · I .illlS """ :0.. .<1 ,_; .m '" .; • 1• pH :0.. ·'" J.>li:; •,,, ..r,. u . .J.J • ..;- '£ ..,.. ..r � ts- ,,_,.- y .T.J 

.:¥J4 u.,S, ,; .!llJII j t.S (Camp, 1945) pH _i >Y->JI ,., .);,. .!lljll 
:Ut..:.l, .!lljll '-'""" � ,;fi..,J 'bJ.J-\lfll �� .;.u.._,; /!::' <,lll .)#. 

.,j!JJ'11 � t.:J Jl t,yn 12-J� d�,;P 
<J"blll - I T  

,;;�I � �.J cu++ �� u .. �l � U"� w� � 
. 

• W� _,....:J \� lJl}i U\.;.41 t/J.J� -".J Cu+ j>"'Wll 

.} Ji...>; .r.' wl,lll <)> �I d;1-JI <)> t..,.. IJJ> y..lJ ..,.6>l!J 
�� .} Electron Transport Chain _JJ lJ.J... .} Jlfo'I'IJ ;�I l� 
Jl_;,:.;..'I'IJ i.>.S:/4 :ui.l.Ji o;.t.,y')'l ,_,;.,.., W;fo .}  .!!� .illlSJ ._;I_,.Ji 
� f"!"" � .JA J Ascorbic acid oxidase Phenolase and Laccase t1w 
.). ,w u.o wl.lJfol\'1 Jil � .} t..,.. IJ� Plastocyanin ....,Syoll 
,·,11>;; � .} t..,.. IJ� ,_,.6>ll ul t.S ._..l# Y,S.;'I .} NADP" 

-Nitrogen Fixation 6¥!-.JJi.lll 
.} 9J Necrotic ;J_,;..;.. '-,...:.\ ,;p.fo .). <J>J! ,_,.hll '-""" uiJ 1;. 

. .JJJ'/1 wl!C.. J,b ulo """"''�'I .;.,.. J,:;;1 ,;J .:..foJ! � ,jiJJ'11 .;,� 
<J;JIJ Cufes2 ....,S,;-S �I J_,;...,ll <)> <, .,;J ;J,._,., U"C...U ,.__, 

.(Bould, 1963) <.,yll .j> '-"c...�\ .>Aofi.l ._....,;)l y....JI ufo. 
uJJl ,;...J 1:.. .i.,.. <l;m <.,yll .;. <,li;JI '-"c...n w\.PJ4 :o.,.s t.l 

. J"l,lll :U,Wl "I ,.ll J l.#JI '4fl w\u.;t. � J-OWl ,. .!1;-blll 

----------------���----------------
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�_,..!I !:=" � ;,;.. ul;S_,. Ul}.! .,;.; t,yll .,..; >»_,..!I u-Wil L.i 
.,..yll .fo.U� (Steenbjerg, 1950) ,J.>l,lll :U,Il .;io � l..,fl .,..; <,_,..;..JI 
uoW!l fo .li ...,._WI l..,yll ,;;1 �I uoW!l ifo .;io <.,.,Jil�J '.liLWI 

.t.., JIJ.J'l/1 .J..i> } u--ollll .,.00 t,yll ..,.wll �...;.s ul..:.l .!llil 

,..._,.�_,.!� - ' r 
.>-\l.ll u- y\JMao-'

. Ul;;l_,..ll ,;;_,1 JS.:, � .li rJJ''"'_,..!I ,;,! . . :u.a u� uW ' ··!h. '' l.». l.. · ·-• .. .. . .  � .. � . ,JJ�· 

<,k .� UUJ.foN' Jil .; �w JJJ> r�_,..n ,;;4 ,;;.JJ 1::.. 
y\J Nitrate Reductase ul..,ojll ;;.,.,...... U...IJi l,l_,.l ..Jl ulfoll Jlfol 

.Nitrogen fixation <.j_,J} """'Jfoll ,.,",., .,..; r>4 c!illS 
<.iiJJ�I dJ.r ,;,!.. )Y.....4 r.s.>¥> .,;.; r-"'�_,..!1 '-'""" '-"''.r' L.l 
c.l\i;]IJ <.iiJJil ulib. .) "»yJI �';1 '-"Y'J Jh; � LJ.oJ �J .,JWI 

.JiJ )•j�l i>lfo ,;;I L.S diJJ�I 

J;b.. .,..; yli::JJ � ._.. �I � t,yJI .,..; r�_,.J\ �-� 

..ms HMao· 4 '.h.:JI <,>1...�1 ui�_,..!IJ Mo0-24 wi�_,.JI ,;;_,Is. t,yll 
J>l,lll J.lill $ � J J>l,lll J.lill i>!IJI �ll> � � JS.,:ll � .� 

-�� } � DJt.. &- ,j.:..S 
u- �I = �  wfi.J t,yll .) >»yJI r�,..n u- i.....; ,;,1 w; 
o.fl_;... .Ji- �� JIS.!.'ll o� �J Mo20sJ MoOz.J Mo03 � ��� 
� .>..&b lJb. ,;,1 ";!! i).-!.';1 � t...J .>..&:,.JI � .t:m..t; wl,lll 
J "·" . n JS.,:ll � � • .·.• · •. n . <. .  u\.illl I ,; • .•< I .u....:; .· . ... 1 n ,...... c:. . . _,........ . u--. . �-" _,... . r-"'""" ->'"' 

. u\;lll ,Ji • .:...11 -"' 
mr J..SJJ'J<ll uu_,l !:=" Mo0"4 ul�_,..ll ..:,u_,l J>\,W ,; w; 
fi� C:+"'i t.S.;i-dl .J-\l.ll ,y&.; <ll J;..:)l; c!illS t,yll ��> .,..; •�»,..n 
uu_,u\S ul..:.l .!llil (Barshad, 1951) t,.:...Wl l..,yll .) � r.o;l�_,..ll 

------------------���------------------
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�Jf'_,...,Jl .:.1.>;!1_,.. uw.l ,;� .:.l;ill l_,lfo> .U... ,....;, pH J e;i) �_...JISD 
._,....Ja]l ..,...;; ..W '4.Joll r�_,..'JI Ui.l;!l_,.. } Na,Mo04.2H20 

�.,s.tl - I t  
� .:.� .;,1 '=! � ��..-. ,·,,lJ r1 ul,>fol u\;ll �l;al .;,1 
Evans and <... · '-• .>i.ll • 1....\.i. uL .<n � · -"" <l.l.1\ • . .  « .n � c.r .J .� l! �.J� . � 
u'-1 I y...fo I �y:.> (Nicholas, 1967) (Wilson and ul _;F. Kliewer, 1964 
,.,1 uL .<n ·1 u.l ,;  ll. .lA - ···• uL .<n .. � � U .:.n ... u\1Wll .J-' u . .J Y""'" • .r-"' ...:.. - 'Y":"' .A"'" • 

• (I T-V r!J JS,.:) B12LJ;.o� �_,s.. 

.Bu Ui-'� yS_,..Jl "-:i,!S.;lll �I :(I T-V) ..-� JS,.: 

----------------���-----------------
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� � �  
_ _  ,, 0 ....... .._; -� .:,:; �tulll 0 • --"-' " ll.ll _ _. ,y- t.Jo- • .JJ- J . � � II*"  J- ..,----- -J 

o(Regland. 1970) 

: f'H'_,...!I ( I 
u� _,; J (Alriplex sPo) � &"4ll <Jloo!l l,uJ_,..;. r->!' .-1 Jila; 
r->!'.-1 _;!>.; I.. (Protein Stabilization) .:l.JJ;J.»i (pH) J o"•J!" .} 4-o 
LJ .w...s ) '--!1JI .y..� .} :<;.l.ll .1� ,\iJjl ull..�l "" ,.] l,uJ_,..;. 

.)<. � .=J�.,I � .j I ji..o IJJ' r->!' _,....11 y.J; ,;; '-il _) .=J:l;ll .} 
oo j Jao,> _p.o J r""' Uo ri' _) 

: oi.,Hll ( T 
ufoJ >JJll u..1oU ..,:JI .IJ•••IIJ ,1� �'lll � l,uJ_,..;. Jila; 

0 >_,;ll ,)<. '-;Jbll � �4S _>JI 

=�..!:!•W (r 
1• W - -'-" 1;,. '-'!1 -" �tulll : >, �� i� • .r- r � • .r 0 U""'J .J"'l � 

• �tl.,lll .ill; .} r _,.,w F. u� �I.. _,J..JI J! _;, � .:,.. r<-)l 

.} '-1>. J lS;l,.JI o:.4J!o. JS,.:., 0:.�\;lJI Uo = .} y-loll I;,. � 

.:o.;-n d;l....!IJ Jilll .} Y_,;ll iJ� � 0� "" =  
.s,;O.�I J""� u'ai 

.:il..ll J!..-" o ! --< - - ' - '" _., _,. , __ ., _ _  'll ll.ll .:.. - I .. I.S _r.o..- w � "'t"'"'"' .J ....... '+"' �"--:! � u 
�UI-n J1 d;lll :;...\... ufo 1... � </' J �l,ll! IA � :ut.. .} � 

:J..!UJ �� <.�>1 

Selenium rJJ'h·U (I 
U.fi. "" 'li-'I 'J'J·'lll u<>L...'lll y;Sy .}  J!..-'1 _,;J .:yfl � JAJ 

.} (lnhibitorn)WI... r� ,)<. �bll 'J'J·'lll u<>t....'lll ,:.. c:_,....; 14\J 

------------------���-----------------
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y.:.ll � . i _,ps "»-" j.:r. y wtl,;ll u'--1 ,) .;,. � .;�.. d¥i JP.I ,:,fo 
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