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oq!loll ��.Ill "-!llllll ,..,�1.:.1.19"9 u4lll gAl 
Plant Growth and Cycling of Essential Elements in Nature 

o.).;..ll J..I.,.JJ..t .:.4Jll _,.. 

.;i.'u � l...tc. •ft 01fo _,. .,w llA ,:,. ..,..t..'il U,.Jl JS w 
J_,........ ) wl,l .;1 ".r.IJJ ct.J ,:}S. wJ lt-.-t:iliJ wt\;lll _,.., ..Jc ;,:wn 
Jw.!YI,:,. ,:,ts. .;!lll ""*t:il!J J_,........JI.ill:l _,.., .,J=. w.lfo. ,.,l....:.ll,J.J-"! 
·I �\, -uJc 0 • •.. n • 1 .• n · ·''I · ;;...tc. 0 .<! ll=l n - . L•.n U .) . • � Y J"""' U"' .. Y'·".J .r--" 4JC' � � -s'� lJJ"''"·"" 

.l......bll . �I;;Ji W wl , J,.\Sl:l Jollo; u"l,lll •. ... • .>-" JJ t:" J . 

(Growth)_,..lll 
ui.,JI uJ_,ll ,,�.,J! l..l fo � _,.., .,r.;J.ll!l J_,.:Jl J\ J.#JI _,. 
J\ .:.l,lll � ,,�.,J! <;� ,,t,jll .ill; ufo .,; J ._.:;l,lll _,...,.JI } .:.l;lll 
yl.)t uj_,ll � ,�o_:,; lo.l� oWl � � w.; t'""'J -"'"J o}oi) '..!_,). 

,;, J(W )ll ....,._.. oft ""'-! c..W ,,1;)1 ,;. ui 'I'J FIJ (Fresh Weight) 
. <i>h · • -' ....;WI . . ·. · · I � ·-'1 ,_ )w., ,,�,jll 

� � j""' • "t-'.)Jl.J � I.S"""" � � 

• '\Sll _; WI "'-' ··" · • .. n ,,WI ,,�, · -uL i....:o,\ .·.n .....;., - · .<. . t..J.I '-r � .. .Y'-!.JJ ..?.' �.J . .. .r-' .. .)1J u--::J 
�J� U\ _;:.;,:j D� W.l:U .JJ¥' u�\ � o� � � :;.l�j .J1 �I 

�_,..;= ...::..:�->"' �J u�IJ u�J.;,JIJ t.:..�l_;�.>uiSll �� J�J � 
U\..,\.....jj")'\ • t:..:i\1.11 O,l..t..l.:a..\1 L)l..;..\1 \.ll ' I _-: ... � � � ·.'1 · 

.. IJA . .. . .. � , r..F � .. .. .. �Y.JY. 

.§;J.p.)' <)l;J l.,oL.YI JJ¥1 � t.... Jii ,J,t.,ll � <.it,.ll ;,WI ul ';! l.;J"WI 
:i.ih.JI ._, ·-'I wu...ll . ·'"'I wlbo . _; l..l " .n �1:,.]1 � ...ll · t.,;t... .. � .. J � .. ...,--- J�· .. .... (.)"' . . 

�J� .4.J:; � �fo I,)- .;fi.AL ,) .)J 0 _;..141! U�l L,tj_,ll �......s1J:y �J 
W · <,.�._,·"I J ·'- · · �1:,.]1 \J.ll ..:,\.; I oWl Lo::ul · ·'-'··' � u� . .r � !..)A .. � .J:IJ c...J-<1 c:--
.;�YI �� uYJ.....liJ ._.:;_,.-,J� yfoyil l.,ok. I.>;OJ .;�1 t_,.....ll �I 
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Growth Express _,.lll CF � 
u\.,.Jl ,:,j_,Jl ..,.y;, ..n; � .;41 _,..:.o. } ""41 .,1 _,..; ._.; _,J;u!l U..J 1� 
0i J;,..)l; Lll)j _,..Jl1 _,_,;,.,.; ,...,.,. '-;loj .:,1_,:;; � .:,4J11 tlilJ., ''IU' } 

. ! .:,\,; � J, OW\ . ·--'1 1 dill\;\.,.' ,-;.; J)l;. -"-"· 'J ..•• _,...,. J . _,.., . "' . _,....... J . - � ....--. _,.... 

'-"'"' s ....;_,.. JS..:., .;4! ._.hlo JS..:., _,..lll .�1 �_,. .} l.;l!o. J1 
_,..Jl1 J.w. ,:}., � '4!t..... i>cli 1fJ _,.ill u1 _,_,..� ,;J .Sigmoidal Curve 

• 

_,..; � � ,; o>clill ,:;. � "' t..s .rJl LJliSll ..n; F t"' 4J _,!. ..JM 
ul .l...:..ll >l_,..ll Jl,.::S .,.,WI _,..;!IJ .;\S.Jl _,..;S .r4'Jl _,..lll Jl .:,l_,_,J,ll 

.(Salisbury and Ross, 1960) '4!� '-llt...l\; J!.:n _JAI_,J;ll ,:;. � 

y = X 
e (H) 

. -'>4Jil � J}il �� J.W _,.. Y u1 .!,._ 
. ,:,. jll J,.. .,.;�1 _,llill J.W _,.. x ul J 

.�1 .-.,_,li. _,m i>cli � e u1J 

\f;JI (i -1) ,.;_, J>,:. ,.k J..,..; u_ollill I� .,.;t;, � J,.c �J 
.,:,. jll JJ-"' 'J ,;,_,t;. _,lll :i.ll.lll ..,...\ • ...1 � _,..lll ...,.\.# ,:, 

�I } tli>_,'}l) u4JI ,:,j)l <;,l=ll :.JI.lll, _,..;!1 :;c _,.:.!1 if...,J 
. (.,., _,) ,.;_, J>,:..,.; loS .:,;_,n t"' � = i>l;j Ji 

"".fo ,.k J ,:,. ji '"" J .,.; _,..Jl1 i.>\;j ""J _,..Jl1 '-<. _,.. u--41 cfi.ol loS 
.( 1) ,.; _, J.P.-J (__.. -\) ,.; _, J',.: .} ,:,.11 Sachs, 1965 rW J.; loS ,,... 

� =I .:,'JI.lll ,:,. <i1 .} ,..01 � ,:,1 _,5;14 _,..Jl UoJ 

...... J _,..;!1 :«._,..J _,..lll ,:,. � >bj; J}:/1 _,_,bll ..,.;; � Ul.>_,b '.?.J! 
. ..,.... J 'II Jl �_,li. _;::,J. _,_,bll, 

--------------���---------------
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''Yj Y:...:, ...-'\:JI J_,bll .) W, Logarithmic or Exponential Phase 
(___,. - \ -T � J JS.:) � _,..lll l.<. J"' J..,., \..... � ; JY'""! _,..lll 
� J-;;J (Senescence) _,..lll .) ..,.� •JY.. J# 1:,. <r>'J 

.(Grand Growth Phase) .s.;#JI _,..lll ;_;; uu# 

J\J •• \;A t..l\ •·• .:.LU I •t..ll • � . • . \-! -< '·•· '-" .J • -"" • <r " _,... JW �_,. rJ � 
._,.un � J'-' u'o!LWIA-"!.J c)oo� r.Jill .) 14t...,;! <).<a� _,.ull �J'-' 

.. , 

. '� 

' .' 

r,' 

'\' I '\, 

\,A 

\, T 

r,v 
' o I v 

Y f ,V 

'\''\,V 

n,! 

, "\, t 

vo,ll. 

,.� '\' � 

�!J f ,.., 

�!J , ,.., 
�l;l A -"! 

�l;l ' ' ,.., 

----------��r-----------
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,, 

� "· 
o,j ll•  "l •• • 

•• 
" 

l, ' 

)} t. 

'�" ' 
\'--' 

', ' 

\,'· .. , 
lo 'f, l"o f, Co ,, V• /l.o '!,o loo 

"'IJJI ,:,. rLfli = 

:J)> � i .... ; _,ll\ """' ..... .......,.. : ( ' -') ,; J JS..l. 
.;.. (E'ponential Ph=) ..,..�, J_,J,l _,..,.., </> J _,.;1 iF -"'""' ...,_;._,II >.U -1 

.u� ..�� .illl � tJ,!i � �'.JJI u- \.....!! o • .)_p. 
. (Sigmoidal Curve) � 4-lt!..ll.J .,...>li(Fo � � �� -'-:-1 

� .s'>- '-" Y"' ,., .1- f' � _,.;ll '-" _,.. 1_, </>' .:.! _,JI � _,.;JI "">- � ---+ 
._,.lll ""_,....,...,. .. ,.,, (".) ,_,..} ·'-" 

.Salibury and Ross,I969 :u.c-

----------------�c::J�---------------
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:_,..;ll <J"� J)o 
!i'reih Weight and Dry Weight '""+IJ t;:Jl.l UiJl c) i.L.JI-""'-I 

..:.� ''"- JL,.l..l .,...., t.. ..:.t,ll (;)thll .;,j_,ll .) ;,t;jll & J>.'i 
.; ..:.t4>1 ,;,. � (' .;,.. J t;:Jthll uJ_,I :u,... ..:.1 fo uko 41. ;,;,. .ll uw. 
.t;Jti:Wl UUp..ll U4Jl L,,j_,Il � � ,.OAo - V • �J_p. �.J.l c} t)_;ill 

.tJ..jll .JJ� AL.; .. oil W\:i4ill W4Jl t)j_,l\ � DJ4jl\ J� � ..illj �J 

.Planimeter:� U._;, -T 

wlft '"' uko 4'>-l..-.. .... ,,t;jll .>J.il;J Jl.;J'il ..... �..... u-l;i, .illlJ 
.w., �JJ uko <;;Gll �J_,n �J '-"' :i.iuhDJ ..:.t\;lll .,.; .;_,!. .� 
�J_,n <..t.... U"\l;J :0..,.-t,;\1 �.;_,11 Jl_;:; (' :U.;_,ll uko t,....._, 4"it.. '"""J 

. Planimeterj� �ly, �_,...._;Jl 

lJl • lU,\l • . <, '" i.>c.lill . _. ,I . I l.l)l.l • . .<•.. •\.. ' ,;,. � . L.Jy-*' t..r ' .J "#. -.J P. LJA L.J� .)� J 
4......u:. D.l.it! LJI . (viewer)..;h:J\ .t..r.:c. �J {micrometer) � �1 
'-Sy.:.. ..... l.i;i.lll U"l.;ill lJi t..l �l;l ,,_,.n <..L...ll 'J"'- � .... _,loll� 
;.)_,..., <..t-.!1 ..Jc. Jy.=ll :u,... J}4 .)) � d.l.fol J.,.:. Y-HJ 

• (Khudairi, 1975)� 

'<i'WI '-:'fo.o.J.fo..&ll � -r 
l.J= JLW,-1.. .illl ·'-" 1.. ·"·'I t.;J..;.. • Wl :u, -'-'1 ,;,. ' · , � . .J ...)"""'"-'' .J .� • .JA.I l.J" � -� � 
t;ys.,n ,., .illlJ .[ .L-'-] .:ufo.WI ....- <>'\;ill '"'"J .;,IJ ,_,._,.,. :<.....t.;,. 

- \ . . .  
c!ffi,J :C...t.;.. lJt., <..I.... � (' y fi..o Jfo.WI c) t'_,.l\ uJfo.WI c) 

. .;611 ) t;yS;l1 � = ..... .)',! 
: w4'Jl t li:i) .;;.:i:i -1 

W\:i\..p ii.!e. �I �J I� u.:o�4:JI t lli J � D..ll:fjll V'"l � .J 

tl.i;) .... ''4JII J,l... � (' '9-- wlfo uko �l.i;) Ll"l.i,.J '-tt..1. 
.()-oljl\ JJ...J-&;1 A! .. ; .. 1\ u'U4:JI 

--------���---------
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'JJ� uiJol.) _,.lll uJ:i -• 
"-& � J :<i:_,h & .:;u,..JI Jl .J# .... _,..ll1 l.il.l. �4-J;.) J.. '; 
_;;.i, r" """ � ..... <,_,t...1.. o:.tlt.... � 4>1 _,J.I ..,i ..,.;;-J� � :o.:;,u 
�J� ..,i � .!.p. _,..ll1 Jl.U.. r:-:-_,; :U,_,hll ,;. .:;1 .ut.:lWI L>!! ;"lDJI 
u'>.)llJ t.. ul.;l ;�4 ..,i �:,JJ ...;_,!. r-.1 1;1> .'J_,h,) ;Y-'- 'Jl.... � 
:w.;, � :U.6.1 A�'*'" ;.>.J .!I_PJ ,..1, � <iJ4 rwl .). .� 
;,\., · J '-' _ _; u.>l' ':-JI :o..u..n .:.1 ·'··'-' ·I � ··'-" · 4lL.. �.J _,........ � .) t.S" J . � u lJ'"""A" t..Y" • 

. _,;..J\ D- '-#"4!1 .:.I _,;..,WI "Y rll..'!! :uo_,..:.. 
Foctors Affecting Plant Growth u\olll ,...; .) o.):,..ll J.ol_pll 

�1�_,!1 J,.I_,.Jl .:;1 'l/) L. � 'JJJ"-" ul.;ll\ ,) ;_p:,.Jl J,.I_,.Jl .:;1 

,l ; !·< ; �......,.. u.. �" .;n J,.l _,.Jl ;sl ... <;;.\loll J 

Genetic Factors :l_;:I.J.jll J.oi_,.Jl 
. � �I jll .. -6...1\ • _ _; w _,n 'I - ' :0,..\ IL� t.>" � .) � .JA-1 �- � .) UA -"'"" � � 

J,..-6...11 � l,i,_j. Jt,w..L, .ill.i, b_,;, \,..s �U;'l/1 ..,i ;.>L._j 
;_,b.ll ;_)ll J;-.-.6... ,) � l,;,_j. ,·,1,.>.' Su.i Hybridization 
.(Loomis and Wiliams, 1972; Hallet al, 1972) lAJ#-J tbW.IIJ t,l_,...,lll1, 

,) §-;1 � (Plant Breeding)ul.;ll\ '-<l.P J :0:.1 �_,ll rl.J � .lil 
JS. '/4 � LoS .r _,;ll J ._AI � tu'l/1 .!.p. ,:,. �I J;..-.6...ll � 
ul.i;JI, uly!o.ll, u'>l__,.')i.l �Ji.i.., �I ...;t...,';l <..>'=! � J_,......JI 
i)_,.JI u4-�" ,) _,..;ll '4\;tl o:.b ...;u....\ ,•,b1u..I i..:,l '-<l..>J4J .<.o._,l.JIJ 

--�·.11· .( .. ... I elF ' -� 'I . ·e:.- 0 ..)-'":"" I.....GU-.- ..l:I.J � � 
.:.t;t..Ji � ;:;, uu,..ll .:;!., �� (�) w_,..,JI .:.pi _,;J 1:.. 
,;.Jl.o.o>•U ul..,jl';l !Y..fo � 4'_,h;..,. .ill.iJ ul.;ll\ ,) '*_,!� 
1:.. .) ; _;s .)" J ; ,,._ w _,..,1 )!.,_,], J1 jl.. Ji_,J.!i 01 "" '*_,!_,;->ill JL.c ';1 

------------���-----------
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Envi•onmental F�ctot"SlJ'J!n J,.I_,.JI 
..::,tzlill '-' �u.. '· <..... WI u -"" 'b..,_ _ _. :U..U -1 .J.J"'WJ � � ... .) .J..r-• � � '#"-

�- I.J 

''I""'�-"".} �;_;.ll<f.,,D ,_;Jfl U... ,:,.J :tp.ll 
.i)� �.>'.I 

.�WI .T 
·• _,.:..n • r 

• _,..J1 wU fi.. . ! 
. 4;fo _,; J t,...l _,; J <,_,;!1 , I_,. . o 

. (pH)l.,_,;ll <....:. _,..,. J1 �t;; . ' 

.l.,_ftll ,_,.P.,>JJ� _,...u..JI _;i� .V 
·cl,JI ·' 

. <.,_,.l. J..l _,.]I . I 
<.,;, (:" Jot;;;,:) '>') •�fo.ll GIY.'-b <l J..l, .,;1 ,J ,:,. �� �J 
uY.fill .:;..5.) .)� ) <.,_,..!1 <.,_,b)IJ <.,_,;!1 ,t..S 15�';1 <hJU J..I_,.JI 
.-.h, :U_..-J.ill;J )L.ili.. J..l, JS _;i :Wy � ..J Y) {:ll . • .  �}:IIJ 

Tempe•alu•eoJ!pll l...J� (1) 
,.]� 'I" '<).? �J_,_ � w4Jll 4-1 r-"' �_,1_,..; � JSJ ,:,1 
�_,I __,..!!I �I '-"'""-' J (maximum)<S"'""'"':II .».JIJ (Minimum)..'�YI 
)�1 Jl �_,II ; ) yJI � J� .} ,;,:; 4-'SJJ �I � .} 0.1., 
.!llli;J ijS_J\ 6t4ill � �� �)pl1 .lJ.l:>.] a� �.J (Optimum 
�?. _;b ,p � _J _,..!11 d,J....ll L.l ,l,;J:,;_JI � _,l_,;.dll �U;. _,Jl <.,..:J\., 
<1 •ci <,.;lli ·�··''' ,._..;,;n •..,J_,..;,II '-4_ft!l t,..-.1 �J iY.fi. ..,._; i)yJI 

" ' ,..::,\..., ··';1 '-'lW ,..::,WJJI J;.l� Wil "-"I:,OU u..JI t.-1.1 ,t,::WI � .. Y .. . � J .. _;....:> lJ""' .. 
....,.s "l � '· ; ·I --n ;;..,. ,_, •b ·! . ..::,\.;,l __ n • -« � IJ..ll ... Yl .. l.S"""'" .J �· • ...;- ..)J-1 u .. .JY." cY.�J .. .)'JJ 

----------------�c::J�----------------
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··' • '- ,..,._, t..S l..Uii �I ·�1 w.,.'jl �t.. ut;.:, ;,;... " · ·.n �y .s-' � J � . L .J-1 J l)"' • • J c.F.r--• 
•• _,..oll ;_;; J_,J.J ._;..:.n �.>'J ;� <i_...J\ u.l!.fill ,...SI ._,.ll!i 

rl .:_,;... "'""".)." J....; .? ; ) � .... .>' t t.;:; �4 ,,, _;;; � >.;!= w 
..._�, »'-D! ·)S; &11 � J ·•)� '4-.>' ;,4_j ��� ""- � 
.\.\\!.WI ,:,l>il � <!lr>J w4>JI J..,; �&I' �Jl.:J w�l... .}J ;)� 

1-.U.I U.., ·I t..S .wWI .;.. J,i · .WI l...wl n <...u _, .. n L.J-"1 • LJ • J� . lJ"' � Lf"'' • c..-· 
u.:.\i;..;�\ ) tt.;:;��' ,:,1 "' •J� '4-J' ;,\;j ""- IAJJ'! � .WI 

.w4>JI �-"'" <l!! u- .WI '-'""1-.U.I <.l<.J ..,J! <i'Y. ;)� '4-.>',.; � 
,;; '-;li;;JI J""\WI wl;> >' '-'""1-.U.I � ;:;, ; ) � '4-.>' ,:,1 t..S 
4 _;.l wfo � � ul.:iliJ' .. u4 .u-1.,: utp. _,...!I o� U""'l....:ii...J ,) ..l?-J 

�J� ._...;;:; :t,lW u.:o\hll _,. <!lr>.) .,.,..JJ ,:,§., L.,�J �'J <.,yll •J.J"" 

-� .,.,c.l <;>l.il � ) 

lA�� �J OY:4.-. .)#. ii_;� U4=J\ y..i > )Ji 6_;\_p.ll �y 0t 
'"Y <.,_-...ll w�\Sll ,:,. :t,lW ,:,1 .!;..._,! ,;; <.,jill .} <;;;"' .�;o-'11 � 
�Ci O.l\.:j � � .... �.n �'-"' � _P-Li �J <.S.l.):J 1.- o.;�� 4_;.l ttij.J4 
.ll..l y Ji �_j�D pH� y=ll � _;.l � u:cl.b...ll w� � J U.Juts.n ¥ Jl 
ojJI,.. ;�_,...., '-,ll:,]] J""GJI u- ro-' .fty ..,J! <J'Y .)tl4� ;.,p <...>._,.... 

�� li.lWI Jb.j t} �.}.! D).rJ' t;...).l t\j,j) UIJ � �\.....;..)'4J W4ill . . � :�11 .tJ · ii.lll' .,.::c, ::w 1.- � ::n wW UW D.lW) I .1.:., t, _.n _ _j . .>" .......... -� 1:: • ..>"" .JP.A • • .>"'" . _,., ..-

�WI (Y) 
) (�1 ..;) ;_;!pll .WI ;_,..s � '""" wb\;lJI F _,..:. ,:,1 . 

. (�-�) '"'� JiJ. ;;..,...u.. �J � ·�_,...., ;.,p '.l\.>..JI 

-:..,-Ill.,! w4>JI•WI :..,..1 �J .w _,. •l;o.JI J"P- J r_,l..l\u-J 

. . · - ·1...� ·" u.., . U\ .•. �' ; " ! u I ;JL. .WI • . \ <F _,.... . • .>"' • "' • _,.,.. _,... J • J Y.""J 

----------------�c::)�----------------
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.Jifil •- % A, ......., ;_.. ·."1. • • . n ;.i..J] ....,s • . _; ' ' •. . y cs- . . � ...Y"'fY.J..r." . .. y ..,--- � 

U �I Ullill W .:.LS Ulli.JI >I .n Jill :u...J ,WI • . r .. .., .. y.-:> . .JAJ .. ,...., J � 
. _;i.'i �l;Ull &- � _?.. u.. 

.;n u..lifill �JI .,..,�, .:-.-5J'il .;- ul;lll -4-J! ..:.IJW u1 .1 
.u4Jll J,!.:,. 11D ,.u J,! .WI .,.; y� 

'"· . ... ... I L::Wl !..ill :u.., • • • >'' WI :iJl ·! l..S ·' "---:J "t-"' ............. J .. r .. � (S"� tJ .r "' w 

.�\#! .J-4-i .U1r.J 
tp. J..IJO •� oJcl...., JJ4li J;_,l. � U4J!1 �,WI .:,1 �J 

:;,sy. .;!l;$J "-!fl.,.i v-� c.JUI .WI ):ii..J '-ifl ,t.. •)J>o l.;.,;-> 
-"II :U.., :0... :...II · - ' " ' :0.., . .n . _; •... < ';I ,; • :0.., . .n J .L . 
'-- .. Y-"J .JJ . � , .J"" r..r �J ..rYJ .�· � 

• J..J _,.Jl iJ" 14-"" J 

_;I:,..J J\i,:l ,,._, ,.__, "-!y.ll ...-' >_,.._,..11 ,WI .:,1 fi.\14 � J" t...J 
"-!fl �U> �J '-;_p..!J1 �WIJ -..,:..);1 �� lp. J..IJO ,,._, 
�JJ (Saturation)tl;!.'il .l..l"-!y.lloWI <;L") .lW ·"'-'�J "'-'i,o_;,;D 

,L. iJ" W,.:,U ..,._ ) :o.s,.:., .).i.J ...a..J .:,.. yfo.. .Ill .,.; t,y.ll ,;. 
_pll ,WL, ,WI 1;. �J �}11 "*'l;JI _»,1:, J;,..':/1 ulJ r:;-o:._;;, "-!fl 

,_.c,; "-!fl �> u;,_, ":_p..!J1 .:,t;l.,..JI til! ..,.;,w1 ,WI L.l (Free Water) 
�I .ftyll � <l\¥ �I "_,ill_, . (Capillary Water) "�I ,WI 
":ihJJ :i....Jl, <,<_p..!J1 ,WI .l;.lib.l '-'"' .)c .;u.,_, .!LI..:JI_, J-)i:ll�J ,WI 

�IJ .A,;:...JI ,WI ylcl J" <,<y..:J\ ,WI J � (Field Capacity) 

"'W-:1 �� �Jill "'L. LJA _p.T � �J:! 1.....S .u4l!l J:i &- V"'� 

t"" t,..; ;.>;.>.� ;_,;, J-4 ":,JIJ (Hygroscopic Water) ('-",S...Jfo.t,Jl) 

ul y; SJL;. _, wt;ill .) _;,. -"" (l..k ; J_,...,) _;,..;_, :..,_,_;ill <,y.ll �w 

----------------���----------------
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.tiJ �4ill I'}· (�J I)� U..,S.. c;Wl LJA tylll:lt. y...[y iii;� Uu.;,Jl 
-'4ft! ,L..:,. = t'-"�' ',:.. � (r-Y) �J �� ,_,.. :Ufo <..y, 

Chemically 4..44 � ,L. JS..:.i ._,fl .} ,WI _,.._,. � 
1:.0 wl .>.,lW wl;Syol4.....,:; �44 .w4SJA ;.., (;:'Combined Water 

• .1,; wl;lll ;_,;y.. ..>#> � ,_,.. <;1\&. ifo. � JA ,WI .:,. t_,lll 

�I \j)� wl:i4'JI Jij; <,<y..!JI ,WI j\i;-"'-/ "'� "-;lJ i)..!.�l J� L..� 
� ..,;\Sll , WI _,; J. .h � 4'J6. .)) wl:i\#1 1:7 y "i W,.. J_..;Ji 

. (Wilting Point Permenant) rl\.lll J_..;Ji <.b;J l.bll ,;.. 

I • • 

.J 
1 ,J 
1, •. 
�-

• • I • • 

"'4"1 � <? i.,.>'l\ol..l.;..s �...., "'4"1""' cJ � •(t-t) ,OJ� 
Houk, 195I:ua:- .� J..s..-l1 

..k iAJLllll� wl:i\#1 &JJ...,.; <..,..J�•J'J!II J.J_,.Jl L>" ,WI "'"'.J ILA 
..,; ) ,WI..,.; .;;.JI �.? Hydrophytes� wl:i\#l.!lll..A� ·u'>J�I 
,;II Mesophytes� Jbllill wta,l �j <,<l.iJ.r j)\S ,_,.. :l.;J.J '4.;-.0 
U.WJI :i.hWIS wl:iWI c£1 • · WI · l...ll.. .:,\,.,S .; • ll<. j,. · · J . . � c; LJ4 • .. .rY. ... _,..u.......J 

----------���---------
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l.;t,. u JJ> .} _,.;!1 .:,. ,:fi..:L ,;Jl Xerophytes<o1;Ji wl..1.,....;11 ::.....,. _;, L..!; 

; yl:.ll ..:.tt,ll ..,... J Halophytes� wtt,ll :.,. _;, o!lliSJ -'l_,.!Jl J _,..._._J\S 
.•• l. .Ln • t, .en J .1. . I t. ·'' · �':II · :tJ\o. t....l ' · • '· C'"" _,.... ..... • .)"' _,_. J ,.)"' ..,. c . ..,.. . . ..,.,... ...... 

t. ·'" t.. ,; ' �- wt..lll . .i ' WI � · 1 .>.. u..Ji t...Ull · 
• ...;- ll- ..r � .Y'-':1 • t.r u-- � U' . :.J .. .. (ji.J 

Ulfo. .:,J.;ll Jl U.W �::l:.li <;!, l , . , ri&. Fernandez and Laird_,.];! .>lli 
0;\) (t-Y) rOJ JS.:..} \..S 'J'J>Jp ;.....,�I wt;.sJ '-ifl .t.. � ._.....1> 

.J;...L...ll �.WI wl,llWl <,.yJI ifol\U;!J (Y-Y) r0J JJ:.,.J! 

(! 

88 
i 

••• 
•• 

Bonner and Calston, 1952 :tp .J.rA 

----------�c:J�-----------
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;] • 
"' 1 � % '\. t 

l� r 
0� � .,...,.... .. Ofo 'f' • y 

T ; J ;; 
;; ; ;; 

� ;; 
' ;; 

;; 

T• Oo vo 

..,s;'lll/ � tiw...J� N ��.;llll <;..s 

0(.:.:>) ..,.!;> Uloll r;:"-'1 � .;,..J,J1lll, l.,_,!.)l �""' •(•-•) �J J<.:o 
o0/o 'o ..,. l.,;'l\ (/A r- fo - o �.} i.A"'"' 4,_,!.;!! 4-s -1 

.% • 0 ..,. """" ""' ,... . 0 - . �.} ; _ _,i_,w! l.,_,l.;!! .... -.,. 

Fernandez and Laird, 1959 :,;p Jp.A 
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J;..ob..ll � •t..l\ ..:.4Jl>l.l 4� i.foli �ji (! - !) ... J J�� 
Jen and Hu Chang, 1968 :e;p 

t)o <.i .;D ) fo J, <.,. .)"' 'fo "'"ji 'i 
oJ\........:.:.. � ...:ic.I.Jj 

''-"'Jj)l U>..fo =<,1-'!.>lc. 
''-"'Jj_;D U;fo =<,1, .ll<. 

J_,....,....!l 

Broccoli 

• JJ;,JI u,fo; fo .t:cl J,.ill 
.Jt.<.,'-11 u,fo ;_,;; .�1 J...,;ll 

.wll_,ill.>ic.J ).o.j'-11 .>J<. l;l_,...\;ll 
. JJ;,JI <J>..fo u; J .,._; Willi 

• wll J.>ll u,fo _,., U.u.,Ji 

.) .. )iiJ <.j_,..o;.ll _,..lll •fo"" \;_,...,.!1 J_,; 
.'lli.JI . _,., '-'1-" .ll<. .-,t; . ··'I . �� � . ..... .:r-' 

• '4;;bJI ; 'WI, ._, _,.11 (,1. ; fo • �I ; J;JI J _,....:.11 J l.bhJI 
._,t..}JI =<,1-'l .,._; <)bill 

.=<,_,.)I r"lyll _,_,J.;J _,..lil ;_,;;.ttl �I 
.� .),; lJW!I _,..lil ;_p; .�1 jfill 
. _,� e..:.l .:,.. '_,;.h.!1 J>.l _,.n ufo.)l 

------------���------------
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�\!ill �.J.lll w.-lli'-- l �o� � Parks and Knetsch.J_,l:. ..u_, I� 
'<�"� .....;� r4'i� •t·J>�fill ,,..,�, w�.>.Al � ti_,:..ll �"'�' "'\..,.] 

Y = bo + b1 N + b2 N2 + b3 D + b.,D2 + bs (T-\) 

·r'Jo] I r'JC.#J.! ti_,:..ll �"'�' _,. Yul � 
·r'YI �_;e.j.!J., 'f'J>Jfoll ,,.,.�, :y..s _,. N 

.(.WI :ui) u\i.-JI r41 =. y. D 

.�l..:i W4--S � b5, b4, b3, b2, b�o b0 
..mJ ;y:,t.,. .;�- '-'-"""' wl;lll _,.; � i,.,l .;:, '4fl .t. ul L.S 
:W ·'·'I :W '- · " l....>l..i :W -" _ _; :W ... -" .6�1 wut.l '· •bt.. .? .� .J u__,... .Y"' r..r .�· • • IS""' ...>:J • 

Nitrifying iit.-.Jl 4JiS.:tll � � u� i� A.;.,&;;. ) i� t..u .JA 

'1_,..!1 � .;n <,�I .Y,.�IJ .WI wy..s, _;I:;, .ill,;SJ Ji' bacteria 

.;;.,yll .) ..,� 

Light ._."'-!1 (r) 
Uu..ull .,_ t. ;6l\ :C.b� '-''lbll ')I ,.,.JI •n :;,.,.:.1 0 0 

• . . Ju-- • � .) LJ""'-"""' � 

J_p..l.!l ,..., wJ o<..J"'_;'il J..,; '-""' .w,;n ._; J;.. u_,l.. �r '.it..... FJ 
,:,. u-.l.ill� u� QuaniUffiJ Photon....ll "-;,;hlJ ._,...:.lll)"'l_,;. t_,...,_,..) 

.yts.n 1� u� 
;,.,t.;,.J t..;�J wl.;l;lll _,.; ._; i,._ rt" J.tc ._. 'i;l_,...:.ll :0...1..1.!1 ul 
wl .. _,J..JI .)_,;,:,. rl'--" �J (Loomis, 1969)-G-"'J �J ._,...:.ll <,c_,; 

----------���------------
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10. .,.; i_,.. ''1;, ,fo r1 wt • ..lyll ul �! wt:.4'1 _,.u ..k ._,..;,.11 _;;,'u "" 
..... 1J ul.,.; ...,.._,.. J_.bJ ,_,..;,.!� �.).!; ..k �� <._.....! �t...>...�� 

J.; u- wh, ill t..�_,J,:;J wtt.,Jll _,.u .,; J..L.S'�,\.:.1...�1 ;.>.!; L.l 
.(Hall and Loomis, 1972; Upmeyer and Koller, 1970) 

'" � ·-" ;.>.!; ,; • """ i.... - w�WI -"-· ·L � W.:, �-•;I cs- c:._,_... ..rY . � . r-- r.J. r�·J · � J 
.(•-�) .-J� JS.:li._i LoS (::<.IS) 0.....:.. r� ._i ,_,..;,.11 �.>.!; c:J" � Jl J,W 

'-""WUI .,.! -'!Y • _,.,.n � ;,i.D � Y ),:, w � <>IllS J 
<l...l_,. r-*"�_,.JIJ wl.i.._,iiJJ .:,�.fi.!IJ ,WI ..msJ (\;l ..... �l) .:m-Jfoll 
r-*"�_,.Jil)o"WUI � u4 1nAJ '�w:;.,.. RainS.l;>-J .>ill �J;.,.Jl 
t... _psi ,_,..:.II .,.! ufo. <..»'�! .,.! <I .. ;, .. n :i.o._,l.i..JI ��;JI ,ji�JI <.!...1_,. 

.(H) .-J � JS.1 .,.! w; � .,.! 
'<i� � .:.l.l,S.. ( 1) 

<j_,.Jl oi_,.JI iJ.o % •, • r '.iJ4II uJ!fil! .,...SJI ..,.;� w\!Y,... � 
uJ!�\Sll ,.,.,S.JI � Jfo.; � J!,? ..,.l_,..;,.ll '*yll '-;!= .,.! t..... j�y 

.�1 u�_,.ll iJ.o \Aft.J .,.,J WJ . .>H �-""'-"�IS ;,t...). C02 

u- � _;c 11:'\.>S _,..JJI::"' Y- uJ!Js.ll ,.,.,s. Jl ._,.;l.l J'&. ul r _,l..JI u-J 
.<.;,;Jll .t,..�l '.J...I_, �I ;,WI Jh>) � .t,..�l ..,..;:;; '-;!= 

oh .>!CO · lSll lwS I ·� •.< • ;,t..' wLlll ··' 'U; ·" · I  . . 2 U.JU � J i..F �y �'Y. · ..r- Y � LJ 
:i.E · I ' · � U\..11 o.l\Oll\.i .:< • .;,.;u;. uots 't,J ·tu · I "" · •. LJI .trul u .s;Y.-'. (; rt' .  � U .. UP . •  

)uJ!JSll ,.,.,S.JI ._,.;� �� ;,l,j"" �co, ..\_6,; ,,\!j""" .:.t;:JI _,..; 
.(Wittwer and Robb, 1964 

o..:�l;!j tJ-o �\S..I\ o�WI U� ' ,, i r� Wittwer and Robb.;\..!;i .li1 
'4-�,J ,_.W.�I ;.>.!; �'i.D .ll=. ..,.lU ..,.t,..jll 4.\ .} uJ!�\Sll ,.,.,S.JI ._,.;� 
,.,..&) ..,.;u ..ifi.Jl �,l;J _;;,'u L>!!< \i;JI (r-Y) .-1� JJ_,...; w; ;J_,JJ 

. ..,.t,.. j11 w,J1 .,.! � uU..,.I """"' 1:: lOll � C02 uJ!�\Sll 

�------�[Jr--------
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• • t . ·" I,  T 

Lux, Min "¥• / u-S.,l•_,..l>ll i.s.!. 

Waggonereta1,1963:� i.;.,p..a 

----------------���----------------

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



I I 

,_..;.� ..,.; .:.l_,u l.JIJS ;� l.i.J.O e;-' u...t.,. f.....,U..,I u-l..l.l ,('-•) fi; JSJ. 
Rains, 1967:uc- DJ_p.. �.J 
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� co, W.J\Sll ..,..s�' crl!i ],SJ' ;,4.; -»'i:. U:;; (r-T) fi.J J�� 
-..r,�jl\4.\ ..; ._....;Jl ..... �, ..P; �;:�1 

,.,..,k co, 

'·' 

T,A 

Winwer and Robb 1964 ::;:. i J� 

'·' Bibb 

' . , Cheshunt No. 5 B 

' , r Grand Rapids H 54 

;.��� ;.>.!, ;o4j .J!.'u .}) � <,<:ill (V-T) f!J JS..:Jl o!)I:,SJ 

l..;W.�lu (M- 0 Hybiid);J.t.hll y:. � u..>�fll �} ._..;� jf> J" J 

)W;fil � Jl ._..;� J;. .s _,;.I WI jli. y y !il "'""fll �} ._..;ll .Jf.b 
� yy ,.._; (HF)U...JJ..,Jl -'lJ)lJ (CO)uY..fill �} J}J SOz) 

.� �-' ut\.,Ull _,...u 
.)! <,<':; w\L _,ill J r _,w'11 � wl;l-c u- �l..lll J_,!S.ll u< L.S 

-�t....-11 O.J_,\_;...JI Wb\.#1 r.} .JI_;..;,..l .!J_,h 
=�.h lf.ol_,!� .l.;_;;ll .,_,.. ( •) 

1�_, �W4 o� _,L...Jl Y.ft- Af.2111 wt...L....JI tY> ?'wi � ._,.'7i;.! ���� c) 
:ur,;_. Y-"! _,lJ U<>}il eJ-- J_,l <,<_,..11 .I_,.JI wl.lfo.o _,..i;.;,. ufo. .I_,.JI 
Jh' � .,_,Jl .I_,.Jl ,) t... fol <F' uY.fl' �JI ..,-'il '-'"" ul _,J "' 
.1_,. ,) COz))uY.fll �} ._..;ll l.S->'" • .;,J '-;yll ,) '4�1 ;oW 
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;.:;:.; u;hJIJ C!J.;ill.:;.. ;� wt,.i '»J->£ :O....l>.J t,_,;JJ yf.y L..l t,_jJI 

ts..W .>!! '-., fl wo\S ws J wt.,:.ll \i _,....;.!\ J \i � ,-ill .:;.. JS _,..; � 

�J J,,JJJ wl;lll _,..;! :U,...J 'f·111\ wL..I...ll <l,li_,yf._jJI '.l,.JJ ..:.>\S WS 
)i� _,..; � t.o.,....:;J t,_jJI <,_,J,JJ .1_,-J <,.JJI .!l..W _,;}:, U;a (!-T) 

.(Bertrnnd and Kohnke, 1957 

j "'I '· ' - " " •. ,I . 0 0 l&.l.lJ1 '"' •.• J .l>. .,u.;s .) ........... U..IOI.A.J .)� U'�J .JAJ � ,..)M' • .J J 
\-l.l <.J; b.J1 .• <.J; II :ij\..:,1 ;, .oil wl..t.... . ···- < 'il u<' J JJ . U"'" <S". • .'J'" .r u:;oo-J 

.) >»_,.Jl .1� _;ib �-" <,<jjl (A-T) riJ JS,:JIJ '4li..ll .;-I.WI 
• (Flocker et al, 1959)U.LJ.ll _,..; � '-<fl wL..t.... 

_,.; c)&. � ,....._,l.;_,J,JJ .!l...W_, l..;_,.:; J!k, ( 1-T) �J JJ...._., 
.Bertrand and Kohnke :c:;:o .o_;jl\ 

� 
.Jj)l I " �9 U4-J -

� u'>Ju.lJII r--iJ U4Jj >J.J..\1 
,)<! wl,lll J..411 r.h! ..:A.;.lJI ..,..+I (r\.1-) '.,fl eh.. 

(,I .I-) 
of, 'I' '1',1i \ f,A T''\, { u-..J �_,_, � JF. �.fi 
'I"T',Y T,rr ' o I' 'I'T',O � Ji:..J �_)J� Ji:. � 
,., ·" T ,'\i v l\'10 ;.l.&...o.A.J �4-.J � _;¥;. �ji 
'\"\,i 'I''\ A v � . ,r i.l-..o& ..)# .J � J � .)#. 4.tJ. 
'l''l',o T'! i v " ·�J .t:.bJJ � .o....; 
Y!,Y 'I' • '1'\ v,v 'v i..l.....w ..)#; .J � ..)J �t..l.. ...... .; 
n , t  \,VA "·r � . '\ 'i.l.o......J �..!1;-J �1....::... �ji 
T'\, T \ ''\0 '·' 1'\,l ;.l.o...o.or. JF..J .t!.4-J � �.; 
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(•.,.:.0 ""fl....:.)• .. co,� •-»' ... ' - -
(•.,.:.0 .... /l....:.)•·· COz�•.»'•• •  ---
(•.,.:.0 .... /l....J.)' 0 ° ° COz � •.» lo o 

(•.,.:. ""fl....:.)• .. co,� • .;.. 1 • •  
·········· 

---

v 

, 

� 
�- . 
"] •<1,_1-
-._ 
--
3· •J • 

T 

' 

• 

I 

I 
I 

I 

I 
I 

I 

I 

. .. -• 
. ·

· , .. · , 
.·

·, .. 
� 

.. , I ···� 
.. � 

/_ 

.... 
,. 

.. 
� 

............. " I' .. ·· , 
I .· � .. · � ; �. ; 

.. �··· ... 

' . ' . T • 
( \ U.l..o!.ll .::.w �� f.JlJ • .r- , . •• 

(M lli..J.l! _,.,"""" koz) ,;u,;ill .,..,.J\ ._,ll jjS,h •.,.:.D ;...:, � :(Y-T) r!J � 
Wittwer and :.:,.. .(Growth Chamberl.i,W l..i_,oll.) ""..,_;.!!- 0 Hybrid) 

Robb, 1964 

--------------���---------------

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



T• •• 

:<.;li_,.J�l..,ji.� .:.Lot...! � 4--m 

'U0 u,w,_, .:.t,.; .,.U .,Jo. l..,fol .:.L.l-o .) J...,._,..!l •I� .Jfr. '(A-T) ,.IJ Js.l. 
Flocker ct al, 1959 

... � '"'-' <.,p.; .:;;,.-SJ':II �'""'I wll � JW1 '-'J_;l; .)J 
_,.;; �y.ll yyll y!c\s,.. rl_,; wl; <.,yll u;ts lj\J t,...I_,;J l,;yll <.,_,b� 

.D� D_;� �\.j4=:J\ � 
w�4'!4 .:,;�_,; t..lj! J;\ � �J':II ..J! 1::� �WI w�L,lll t..l 

.<.,_,oil,) yi'-Jl .:;;,.-SJ'I'I <)< iJI.iO.u'\'1 � .!lJ.jJ u"'��l �<.,.WI 

pH or Soil Reaction '-;.;lll Jo.Li:; (, ) 
) l.&?-JJ�\ W\J .J:I1 � � LH ... ..!i ) .t....:. � � _;.l ,.,. .J 

."-!yll J_,b... .; JJ...S J.J'ifll 

--------�[]�--------
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u\..; _,I � _,...; t...>J..; u.bJl c:..!... � l...o...>.JI L>B>-,�-'!fl\ 6\..; _,1 ,I 
'- c ... n .::,\..; I � -' l...ll<o .<-n . �\.,. <.., .<n • . . •.• n � J.J--:rr" � .-- u--o�.J � ·-"" c� c..JR-.J� 

.�\.; '-!fl � 

._,...\ t"'>' <,<;n _,. Sorenson ..,S�Wlll <,<JY4J J r_,l...ll u-, 
6\..; I · . . < • � " . • lli -' �· ( H) . . .. <n , <... '" I <......W . .. . . <n -"' .r.-.J' . ...... I"'..J .J' �' p �� _,.... J • u<- _,.... . 

I 
pH = Log -­

(H•) 

pH = - Log (II} 

• (Mole / liter) .fo /J,.A, L>B>-,�-'!fl\ 

. . . . . . . . .  (r-1) 

. . . . . . .  (H ) 
.;;II pH ....ll ,.; w, :Y...,.�.>. � '-!y!l uiJ. v u- Jll pH ....ll ufo. t..=, 
t,.J J¥ '-!fl ,.; v ,:p pH ....ll �lj "! t..l .:<.bt..:.. ufo '-!fl uti v J�t.., 

.pH ....ll :<...,il i¥ :i.;_,1! ,1 �t; 
-:ul .;1 pOH...JI )"-! � w�> pH ul _,. <,,! ·�\.."il �,.... t...., 

pH + pOH = 14 . . . . . . .  (o-1 )  

OH -J;..& J�W, W u,.. ,_;WI 6\..; _,1 )iS y �-" ( o-I ) eO� J,,.JJ, 
. ( \ f  - • ) tJ.o 1: I,_,:;:; pH ...Ji t)o :i.;h;.. ,.;i\ 

wi,S_,.! Jl.S..!ol '"' ._; <.,yii ._..; ""-" """'��� wu_,l u\, 1:.. 

t <... .'.1) --� 1- ' _, .. 1 .  ·-- - <... .'.1) J -'- - . _; 1 .  ·-- - <... u.s �.J . ...)-'"' (.}l (S'"" � �.J . ..r � ..,--- � �-' · . 
J,L... y!o.l Ll Total Acidity ;;,,$11 '-!fl' :Y...,.l>. � L>B>-,_,.JJ 6\> _,i 
ul ,_, .>l, Buffer J_,h.. 1�,� ._,.):; I;! � _,..., pH ..JI 4,; � :;.; 'o' y!i 
l.1.. _,;.., (! u- Jll) i,_ ._.,61_,11 ,I (� u- foi) i,_ ,)WI pH ..J1 u- J5 

.6� �,:,..� 

----------���------------
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J....S.J.AtllJ (H) ""'"J.J';tll ..:..!:.� jf.y � .:.;, (•-Y) ,.IJ J_,.,.. 
.(Janick. 1969 =.:F) pH ....!I � �4 (OH l 

l.d.:.J1 �.,.JI .;.... JoUo 

.:u-;lll .»-"-

Jli'.)f .»-"-

.,.,hll 
..,w .w 
� �L. 

.;,_,t..Jl J_,h.. 

Mole/liter 

u-, ' 
II"-, . 
u-, • 
� �-, . 
\ .-, . 

�-, . 
·-' . 
v- \ • 
,_, . 
·-, . 
1- , . 
'1'-, . 

·-' . 
,_ ' . . -, . 

. 
.:.u..,l j;S.)l 

� 
Mole niter 

(•) 
.-, . 
,_, . 
,_, . 
1"-, . 
t-, . 

�, . 

,_, . 
�, . 

..-, . 
,_, . 

1 ·-, . 
l l-, . 
n-\ '  
u·-, • 
I I-, • 

' 
.ll.l..)i ...... �.. ' 

r 

• 

0 

' 

' IJ...:ia y 

A 
' 

' "  

Jl.ly '\o>oli " 

1 T  
, .  

" 

.,t.l - (I Mole of H) �J.>';<Il .;,. -'>1_,1 J_,.JJ(•) 
.,t. 1 V - (I  Mo\eofOH) J,..<J-"*' .;,. "'-'_,!\ J_,.JJ (00) 

--------��r--------
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.ill\J t.J_,.b;J w�\,dl _,.u � oy!-4- ff- ;J_,..., _;,:, pH J ,) � 
(�-�) r'J � .w\;llJ 'i;Ji;.JI y...u.JI ._,;...; _,.,.;, } _;;;; � t._,,b, 
�� J � wt,s _,.. ul � '4Jlill l..,yll � wli.. _,ill �;; :u; U;!J 
) _;WJ w� � J l.;yll l.;.fo •I.,> jl -"" w\;ill ; _;; J J!\ � U'Wll J 
:\lw...JI t;;_,..�l J t..S � ._,..ill <,;;; �1.ill l..,yll � Chlorosis w\;ill 
l.;yll • t;J ._,;...; ul _,.. J ,; J . � .>ii"l .._; _,.. v .:,.. _;,sl pH wl> <.,.; .). 

_; - 'J · .<•II '-'t..!l L, .<<.U � <., .<n •-t>;. 1\l:; L, ·" .n 'L.a\0. '-F yw tJF!'-.J� . � _ _,.... � . y. �� .J 
_;,1:;:, <;.\;ill ._,.;ol_,..'JI wt,.... ._,;...; uti .ill\ .). :\lW.'Jlu ...,._.w yyll 
� ...,.:OJAJ Potate Scab U..u.,Jl Y.?. ._,.;o_,.. c)l, � ill l.;yll �U.. 
-v � (Jlfo. pH wl> y_,l .j uiJ ";' Root Rot of Tabacco 6"11 JJ;.. 

.Jl\ Jl o,o .). l.;yll pH � ul...i\S; WI-'-_,..!I � JJ v,o 

� �I <.,clJ)I J,...Wl .,.U � y)< l.;yll �t.;; u\ r)...Jl UoJ 
l..,yll Jlli-'1 .;w, l.;yll �t.;; ul .PI, -" ... .JA \....J ( \ ' -�) r'J J>.:. .j 
J"""'u..Jl 4_,..ll wUJJ�I ) c);>.J�I uJJ4 <..;� W>\S I� '-#JI 
�u .:.t,s_,.. :l.lW.L, <.,yll ��.;:; _,., Lf-J t..S (' �-�) r'J J>.:. ·.s.?-�1 

�b utp:JA .} Liming � �� ��J ('JJ·..:ii.JlJ r�l utp;yS 
.\Aff-J r.Ji>_,..'JI wl.fo ) r.Ji'_,..'JI .:.W.. '"""' 

------------���------------
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4 5 6 
pH 

�6. �6. �6. 
• 

8 9 

'iP . .:.l;lli 4iliJJ � .;,.., ).f. .;o l.,.;Ji pH Jlk. '(\-T) ,.J; J<.' 
Janick, 1963 

--------���---------
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t_, 'A' .I 
...... 
.... � 

______________ _,��---------------
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H - OH � � oE ,.. Na• + Olf 

�ts lj) � � �p t...o..U-1:' '--� (pH) �J.!I tFW ul � : (n-T) �J JS.!. 
·<.S..P-'Jl �L4ll 4.,..n uu.J:!'jl Jl U:P.-JJ� ..:AJ_Jh �� 

Donner nnd Galston, 1952:u;. 

W:i&li w.Ji • I .i • (V) • .)'"' J"'i'.l .r.l' 
J� i� {"fA �.:;... �., �tS u� ���� ..rcW j;::-�· ,:) 

iJpi.ll J.I_,.JI _;;_;, � � .!Jlj .:,1 "E .r-IJjl\ (lo;YI <J.o '-1;. _;;SI � 
¥JI ._Ji!. ···;:1• Jl;O '''Jnfoll ;,_�\ ;.]; ) �J ,;; �I � \;,1... 

. _,.;JI U...., .)i:.l4J wl,lll J;l L>o u.>�fill 

(Lambeth. 1952; Weiret al, 1972) 

_;j....ill LJ.-4 �� w�\ 1_}.-!' 'i 1 A  � Osawa and Lorenz .1;>-.J l........c.S 
Jb_} U.lh:Jl � ,:J �� �JJ lhl.h:JI_, JJy..ll_, l:!J_,.....,.WI � LJ--...<> J_.Ji:: 

-(Tyler et al, 1959) ;;,...t;_,JI i.>.....YI �4 

(Wind) C:� (A) 
!-"' J c.,.,, � ../"" ""' ';y '! .:,I;L,Jll _,..; .)<- � .;_,1.; ( 4.)1 .; y 
l,;..u i� jfo Wl.ill U1.i_,.JIJ r4Jl '-...:.�\ wtl,Jll iJI l..S -'-1_;.11 ol... 
� c4)' ;:; t..s ·c4)' .:,,,..,. L>o 1::4--! :U.k..ll c:.t;L,lll ""' i_,..; J-liJ 

------------���------------
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�J c�_;l' o�� �� .. ��� � J4.:J' rod �  �t.:Jl .;�I..JI -y� 
.lA�� ..:.."4'11 0� .to,.;� � }� .. :!·;1 � ·� c:fl 1._,;... ,p:,; 

(Biotic Factors) � J.oi_,.Jl (�) 

! '-ULlll · I �I ..:..t.u.....; ·•"- _; • I .  ·-- • � ..:..\>W\1 •h.__, .J � - � J.& .. _,....... "'. u---H � � , y  

��� '-;<-1�)1 J;.-6..!1 �::""' Jli:l <?' � ..:..y_,....n <'"'I _,....hl ..:..i_,__.w 
.._,_�:,;1 ;,t, · "' · ..:..Llll · ;,\.," · ·'" ·•- 'IS. ! ' - • · Gt; 11 � . �J c.r--:.J . .}-"-! �J (..)o'l' ..)""" � J � � .,.. . . • 

-�Jl �J 
.,_. JJ\ill � '4fo.;ll J � u:-1 __:;u <.. �l.i. ._,t,; ul.l...l ...,.>' c,l LoS 
,s_,;..';l ._. JIU;I� .;�_,!.WI <:.,,.n '-;<-1�_;11 ul,.l r-'1 wH l.;_,__.:.,JI� 
.,,:all ,l_,.nJ ·�J .w <} J_,........ll \+WI.l. '""""' .r-1�_;11 �::tu'il Jl» < ·•-'IS. � l:,j � '-.UW\1 · I �I . ••< <h..\ \A 1.£1 11 :UL..>.'iw � . . • • . U""' Y � J .) . r.r. . 

.(Herbicides) yl..!c.'il  ..:..!_,.. JI...U..I Jl ._,5;>ts,..ll )  \?J,_JI ,;y.Jl> 

;; "J!'"ll � ""''9,.;.11 �lll.ll ,..,l.idl .:.1,9> 
Cycles of Some Essential Elements in Nature 

t.)a ��� t,)a ....ilb wlii.JP" J\ wW4l t.r �� w�ts.ll ,) r__,l....Jl 0"> 
:Li£ oWl 'il o.!o.l '"'IC J,.... . ' - • ·· L..,l :iJ \..o..ll ; · �I - - j - ... J • J - •. "" � • J � 
�J M � JS_, e-L...:.=.i o.le 0"' wfo..> O.JJ� jt.r;.. JS c) .lA)�\ 

.y')l:JI � 0"' UJ\:Jj ,.i.\_, �� li.le. tJ4 w.!i.:r:3 e-1....:=�\ L..i � 
'>' J '-;_,.;..JI JJ" J '-;_,.;..JI ..:.,I;S _,.J1 <)A 'J,.]I <)A l,;l _;.. l.;l>JI w\ -"' 
c,l t.;,) ll)J .lA)foiJ \A�_,.boJ \A_,.ul <..j)l.ll �I JW';I &""' r..oi' 
< ,,s y i:?-"- ,y. _,.WI Y) ._. 1.. ..:..ie5 _,.!I ,:,. c,l <5 y; i ;P ,I )lfo I:"' fo 
_,..u 4......1.).!! dlll -�' wllj\Sll ..t.....i � .U:..l.!ll �.;_,_,..:.JI ���� .>'-"::w 
'-.el:aJI _,...w ·� '-.ei�J' :.s_,... '-.!4->JI <} ,;1.o; 4'J:WJ ..:..�4>11 

______________ _,c:J�--------------
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<,<lli <,<_...Jl Jii' �I ,& J (Biosphere) � .��� ,& .:m 4'4S.>"J 
.(Ecosphere) �� � � � � ;,�, Jll.iJ .��� ,;,. � 

F � "-""_,..n J_,;.....JIJ "'u J..lJ "'_,.] .r.<- .l.p...l1 wl 
.:m-sJ'liiJ "*'pll .:,.. <J_,s...Jl <,<_,..JI o...i)lill f> (lithosphere) u'>J�I 
•.)Wl!J (Hydrosphere) ._,lW �J (Atmosphere) 1.5_,.;.1 ·

wlj�J 
wi�J J'.:.;!IJ u� U_,s... u'>J�I .;,. % VI � <,<lli •W4 
_JJ .:.1 L.S '-!.fo!J J_,;.....JI ._; ;,-""_,.�, •t,.JIJ �PJ #J J4'�1J 
<,<::!1 ,w Jl:.., � (Atmosphere) <,<_,JJ U)L;JI J� (Hydrosphere) 

I:S.J y_,lb.IJ ) �p ) _;k..l1 � � Jb;liJ ,y._f:;J to-.»J �\Sl,! 
y;$.fol t..1 (Hydrologic cycle) ;L....IIJ ;..,bl1 .} ,WI ;JJ' yo:...;; 

�· • �� � · · I x..; ·:;  ·J.S... · ut;..,; ·'" "' lo..£l1 IJ .r.-"' . � y Ll .5"- lJ l.J"' � r-- u-w l.j J .. .. 
'4-j. u1 .JJb _HI F c.SJ>- .:F tlli31'1 ;,!,_;, JJ"J (Atmosphere) . . 

J... ._, . .  < y�. ' - < - � " '.iJ.ll �_; b.; \l,� ,; .UI.. . '·< • 1:: " r ....-- <r . .,� •. . � .J'>-' .r.-YJ 
'.i;lo .:,l.;_,s... J.:... .:mJ ('-Y) �J JJ.>;-JIJ (Troposphere) ;L....IIJ u'>J�I 

(Troposphere) 

--------��r--------
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.Troposphere -U;Io y;Sji c)Ju ('-T) tiJ ..l.J"? 
Mason, 1958 : U" 

VOO\ o ,  VA.o '\ o o  N2 UR-Jfoll 

ll" \ 0 • •  Y o '\ O o  o o, �,'i' y 

\ YA • • , r . .  A ufiJ'il r 
n .  r . .  co, ""'.fill ,...s; ..;�:. ' 

• 

, .,.  ·" . \ A  Ne u_,;;l 0 

• ,VY. o,'l'• He r _,1;,11 , 

y ,, • ' , o .  CH. u� v 
l ,  '\ .  Kr """fil' A 
. ,A•  • ,o . N,O j,jilll ,..s.,1 � 
• • •  T' • ,o . Hz U!>-J.J'WI ' 0 

. ,, . 0 t f O 03 UJjJ";ll " 

· ,T'"l. • , • A  Xe u-"')1 \ Y 

(J.ll..JI �-' .;,_;....,ll � .,_,:......�� r-ill yf.._jJ J'"-' ,:,1 L..S 
.(V-Y) rl,;.ll JJ.:,JI ...,.,"y (Lithosphere) 

------------���------------
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Moson, 1958 :ep .(Lithosphere);u..lo 

J .a'i.D Jw1..lll 

02 .:.o;....S]l/1 \ 

TV,VT Si .:.fo.l;..ll T 

A,l T' AI r�fil r 

o, • •  Fe � t 

0 

Ca r_,..JJSll • 

T,Ar N a r _, _,_!1 , 

K r_,;..ll_,.!l 
v 

Mg rJJ··J;;.I 

(Hydrosphere) u,l. ._i <J .. •A,II .>-\Jall u'--1 "'�.>" J r)..JJ LI-J 
J<'l1 ol.., J¥1 ,L. wUfi.. u_,U, (A-T) rJJ J.J4ll_, .:,U). JS.!.! �_;:. 

-� ""�-' 

--------------��r---------------
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.:.1�� ;�I •t,.J _,...n ot,. .,..S._). u=i 4.;;\l.o (A-T) tl; J.J� 
GOldman and Welzel, 1966 :(F- -� 

mMU.,.. ,... j;S_;.tl 

,...n .�;.o �loll .:.l..)l";;l� ;�'\II •1;-o wfii � 
tov • •  Y" 1\ Na• 

�.v . ,,.., K+ y 

' ' . ,oY ca++ r 

., • • y \ Mg++ t 
on o I " ,.. Cl - 0 
YA  o I'\' ' so,- ' 

Y ,r ' I' o Hco,- v 

.�'il � D:� 'Yll:iill .J'-"'w :o.s.J>o ,J _,. � ;.Jt.:.'il � t...J 
_,;; .>o.IJ ol;..OI ,.S U-;;1 <S" (Eosphere) � 41 ,J"> J (Biosphere) 

.,.,s Jill l.;l-. � uJ!fi!l :.;..S J' .;�:o ut,..S ,:,1 ;�I .!. _,.,.n .:. _,.J;.I 
:• I . L  • . L ;J.u . n ....;)I.Al1 n • ,\1 � (, .;-, J�t_.:; ' · ._n ..,...,. - <J.r- . <;r.- .r: �y <r" - ·-� <$'_,.... 

·tJI . . .:.4\ill �J ,_,;}\ ..;Y"J �l, .��\ 

UJ:I.Jlil\ i J.,JJ 

(COz) uJ!fi!l :.;..SJI ..,'l:o J$.:., .,;_,..JI ....;:;..J1 .j uJ!J\Sll .).Jy 
.;_,..JI ....;:;..Jl ,.S �..,._,..ll uJ!fi!l :.;..S;I ..,� ufil t..S .P ( <"" • ,r fi.fo. 
.:.�IJ .J6!< •\;.o .,; yl:..ll uJ!fi!l ,..S.;I ..,'� It' ,:,jl.;. '-ll.. .,; 
l.;l-. •' � ub\;>JI � uJ!.J\Sll ,) (Rankama and Sahama, 1950) 

--------------�[:)�---------------

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



,:,. ;;...,-un � -,4 _;.!1 "'�' '4_,..;,.ll wt,S yJI J} <h .; _,.:.11 -,4 y!l 
.(3 - PGA) Phosphoglyceric acid � <,<•_,.:.\1 -,4_;.!1 

' . 
'4-.J! .:.� -»- ,\JI! J_,:n � "-l.J_,i..lll wt,S_,.JI ,;,. ul 
�� ... � ,._,.� wt,SJ-'� w\¥�..>1� '4'l.J¥..!!J\S W4SJoO ...IJ (Metabolism) 

·r!' w4'\1 F. '-' _,s... .; _pi � 

"-li..!!fi W4SJoO JS.:, .:.11.,;11 .) �_,.._,..n� � u.J!J\Sll ,:,. � C)  
) <,<_,..JJ ,I_,.Jl ..,J! � '.;1= ,\Jil C02 yS� .;_;>.! '.>-' f:'"-" � 
,:,. _p.i � � -'4.J>-!ll w� '-""' -""' JW JA LoS wu.,...ll � J� ...IJ 
.:.� .;n �� � w\Jl\Sll '-""' ..;,.;!. we _,..ll r:7-" <,<_,..;,.ll u.J!JI.S.ll 
· I  ' ·'-' · ··  n '-=.ll w\Jli.S.ll · t. .« .n wlll ··· n ··-- .< wtl..l\1 '-U.: � �...Jt-:""""' ' � �_, �_, � � • c.r-
wbl:Ull o� w.,.. ,ljr..J c.SY:.,.l wUI� o.l� J.W.,..j wUI_»:Jl .illi c)A t........i 
(Saprophytic Organisms) <>.?-! w\Jl\S J,l ,:,.  ,\:,OS Jo:...:; It'll w\JI�� 

·<,<_,.JI ,I_,.JJ '4"� '.>-' u.>!J\Sll f::?"Jd �� �I t,L.c ,Ill! 

.) .) _,.:.11 -,4 _;J1 '.;1= �I_,; ,:,. '_.,> w� J fol\; �I ,:,. � 
�y .li ulfoyJl o� UY..J\5. u-a \..........! ul_, u� .l! '&Y.l.i:. �_,!J:!-?- .;� 
<,<__,..JJ ..,.._;n JS.:, l...;.:o}Jl wu,hll .} � .ll _p.l t.....l� _,..u '43\!i '.>-' 
�-" �_,)Sll wt,SyJI .:.';_,.:, ,:,. lJ..J..JI ,;,. j � jWI� .hill\� 

.(I �-�) �J � .) LoS  (Carbon Cycle) u.J!J\Sll 'JJ"! 

"""Jfoll i JJ� 
% vv.o._.Jly. l.;lWJI J,J;J W)IJ FoJIJ u_,lll � j\ill 1;,. ufo. 
'4� wt,S.>-' JS.:, ,_..,.._,.. JAJ .t..,... ,I_,.JJ .:,. %  VAJ \JjJ ,I_,.JI .:,. 

-'-!fl .) ""'� .)#. J 

NH.+ r_,;;.,.'il wtlJi! � w\;lll 101,.; .•. , .;n �Jfoll JI,S,.!.! ul 
.>il NO - u ,., ,, t..! . · ·''·11 '-' - ·- - ' - -' • NO - wl ·"11 z :.J"'""'' l..J'R'-J..l""""" �� _)� �.J 3 � J 

.\A '-< • �1.., 'I "" 'lot.. :t..U -"' """"' ' ·1 • wW '' · ' -· ,. ..):"' y - ..) J . � C:· l.f-JI .Y.P' . U:"3 l.J-G' � 

--------------���---------------
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� l..,Jbll .:.�_,..u l.;_,p.JI l..,J44JI .. :N�I .)c. �J 1;. 
·( \ �-V) r! J J>..:. ._..; i...S U!;>-Jfoll �JJ-'1 � ._..; U!;>-Jfoll 

<..wJ ot..5tl ' · · ··' ._:,WWJI N ,  b'ii ·'•· 1"· " ·""' • .. � � f.J.-"-'"" � ..  r- l.P-';' I...IP.-J..J"""'""' 
· " .lil · �'" � WI ..:.Ul\Sll tl ·1 · (�-Y) J ,Ji · ·'"·11 !,.}� � .J..r- . .. Y' (».�;� .J . J � J� 
C?.Jfoll ,-,1!';' <)<> '-;L>.ll ,;. .r--"J u\;lll r:- (Symbiotic) � Jl �.J>o 
� 4fo!ll.i (Biological Nitrogen Fixation) .;� ,·,,>;.n_, 

·"'� _,;, � � "-!1 P.l J;.....b.JI JJ;._ .} �'\o. _,...,; Rhizobium 
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� .)  W.)1ll o.JJ.I '(' t-T) ,.IJ .JS.> 
janick et al, 1969:U'- •� 
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Rhizobium Yfo. �\...:. I 
Azotabacter Yfo. ("-ll�JA) �\...:. $ Y 
Clostridium l;fo. ('4l!JA .Jll-) � .Jll- r 

Photosynthetic bacteria l;fo. 
(Rhodospirillum) 

•\;JJll •l� .:.U.:.\11 ..,:..; 
Blue Green Algae 

�w . 
• • .Jf> 

Janick et ol, 1969:1.J'- ;J..P--

t 

0 
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t..i # =Jfo!i '':'""J (Nonsymbiotic) '..Ml..:Jl .)#- l.,fo.ll L.l 

� (Azotobacter) � ._.... ��� \.:�1 �J I� �IJA Jl �ly. J?F 
. t,;,.. =Jfoli ,·.,';; ..,.; ,.,._ 

.;JUJ (Atmospheric Fixation) _,Jl .)  4'1.,4 c);;o.Jfoll •"•i>J .ll L.S 
t;A �J_foll Jb.:il ..ill:l LJc. � �4�1 wlb..!Jl ��J J.;:ll �J.l:lo. � 
� · ·"" .:,tt..lll • • .>llli . :i..' - ' " . _; wl ·"" I,; .< .1 •... < �I . �J..r"'' . � .J �'1-"'' '-r ..,....... � �.J 
� � c);;o.Jfoll w[;S.J-' J� rl (NH/) r.>Jl_,..l } (NO,l wlfo 
tS�J -�� � w4fiJY- _,1 •J;J.i ��..P- Ufo.J (Assimilation) 
' -'- ·-1 t.� . . ,. ; •t,. · i ; •t,. wt..lll .:,u,; 1 • ..:,t.;\ ... " � J � � _;...... _ ..JF J .)""" .  . • .JY, I..S"""'" � 

Uric Acid "\!�_,;ll c,..o..b } Lu_, � �b 0=- """\.ill .;,;;..Jfoli C_;l,UJ 
..,.; t,..L-1 I �Jj t,ft;ll � wlll � J wtl,illl ,:,. ..:, _,.. .>0c. J .1.,1_,..1 } 
Ammonifying �fo:JI rfo .illj �J .AJ''Ja':Jl �l_pJI _H_p.:i_, (......:i:i.ll 

:<,lt.Jl w'U ... .JI .) L.S :0..,_;:.!1 J_,l.... ..,.; YJ:,; ._;.ll l.,l_,..YI ..H.rUi bacteria 

Protein 
Degl"3dation 

Amino acids 
Ammonifying 

NH/ 
Organisms 

1':¥4--- .)!,J� } wl.,lll J,i .:,.  ...,...::-.; ,; r.>Jl_,..Yli t.;_?; L.SJ 
;-<" ._;.JIJ Nitrifying bacteria ;t.....ll \;fo.ll u...J_, wi_,:.;JIJ .:;,_,:;.lll 

Nitrobacter_, Nitrosomonas ld. �� 

Nicrosomonas Nitrobacter 
NH/ N02 NO,-

•*' <.il...:WI \;fo.ll .:,1 Nitrification __, :<,� '-;l...JJ ,:,. � .;lb..., 
'4-�j J :0..,_,.6 ,;11 J ,I _,.Jl .) p, 4'J!W � ..n;J J ""I_,. J ; .?- <.>" '-;l...JJ 

.eJI . .. (NH!) r.>Jl_,..YI ..:,t.;_,l ,Y.li' """J pH ...JIJ :C,..1.J.JI i)yJI 
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l;fo!ll •41 � ..>#- _;;,.:, u!Ot.,ll\ '-#I wi • fo JR-ll .;,.. J 

<,<.r.JI .:...Jfl .;,.. �"l;:W'jl � 'i ..m!J .:...Jfoll � �Wll 
<.! ., . I (NO ' �.>..S· :lJh, � · ·"' '· UlS � J. i · •J .. '.F- J 3 I :JA , • �.J� c.s- � • ..r'"":""' 

(Nitrogen J\.. "-!-.Jl ul;l-JI OF- �t.!IJ "-!fl J)>.. .} .,_,.._,.n (NH/) 

.t. _>j;. J (Nitrification)J Fixation) 

..  H,; �I · "-' . .  , • t. '' :l, • -"'- t. '' · · · ·"' .!W ,; o.r � .JA .Jj.� .J � .J . ..)"' �� -� l.J'" tC!'-JJ'"'"' .. J 
,L;1 uljWl ._;..; J_,.:;:, ,?J (Denitrification) � :u..J_, .;!l\SJ <.,yll 
N · · ·"' ·�,; ' u\ ·"' J ·· · . '' Jl ···�I L ·" · J.;, U...Ji ,;.. 2 �.J_,..... J IS"'; ..r-· � I.F"" y::. � . � 

Denitrification '-;!= <>-*'J 1;. .NO .&..foll �JI ) N,O JJ.foll �JIJ 

•4!J <.,yll .;,.o .:...JJ"ll ,:,1.:;; .}. <,?":J. � lJ; )IO.i � ... .;#- uJ)' .} 
'-"4SJ-' ui;..S � '.loi� 'i';>J.fol\ ;,_.'it, <.,yll _,...u l,;.Ai � 

.LA '-• uL'Wl . .  ·.1 w::L. t....J, t. '·' _; · ''·11 J�J . .r-' . . . ...)"" o.r �J_,..... 
:Jfo.ill iJJ� 

.!:.i.., ..ml <,<.r.JI ...;:i;JI .} �J'il t:' ;_,_:, J=.ti;; _,...,.w1 ,;.. ,:,1 

(Lithosphere) LJ.!l: ...... ll_, J_p.......:.11 �-4b !.} �� .) �""··:U &.!tc �w1 � 
wl.i.....j L.:4S-y5. 04_,::..!1 ;il§Sl\ ul.i.....,_ill u\..foy � � %  · · ' "  � 
U·i � 4.J �  Ul.i..: J..\1 . � .  ·- -���-'IJ ..,. w.c -NJ , ... �IJ _, c..:.J\.Sn ..... ... """ .... � , ..... _,.. � ... 1 -· , .... 
� , .. , .... .., .li, J�t;Jl .dJ.:t! � ��_,.}.S u:ldl &Lb t""' ,&l..:zj � 6\.i....�\ 
L.A.!� _ _h � :�II - � ·-.,-- .!oil .ill::.! �J WWI L'ii. ,-...,. '""'� ·.!<.\...:,. ut. 

• � . ...]-' "? -'  . .. • � u- l.,.; J" • � 
-� ..:..:t.,ull &__,!_,:WI �� ul 'l'J L.Ai...._,J..\1 LJ..c1 0 Y.fi 

..:,\.;;WI ._;..;J ut,lll J;! i>" .......,L..;..I .>lc o\p.YI rl!r. J_,i.dll � 
: .J� L.:IU\..:-!ll � lS £ �I �.:A::\�� J ut�l w y. .llc. _, ��� .tp.J\ 
.�j!ll ul.i...._,..ill U\...A:J 1..:-;i .4._;�1 O.lW C: . .;-.-; e.r:::L�.., ..JF. J\ ty!.� 
?.-'! "'I ;II ..>#- 'Y_,;....,ll ""';S J-' "" J_,i.dll �_;>0 J Jhl ,:,1 "" r6 )1 � J 

J�l .)! )..,';I •lr � _;ll ..:,U... _,ill .)5-ll t_,.......ll ,:,1 -"! .� 
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r:-Y _,_,i...:ill � � WJ..:..S ,jl .1;>-J �-' .1-l;o- ii.;;.:S � u�IJ 
wt,;.Sll .:;li ��J .:;L>�I J,; .:.. •�u.....J� <!lt.....�IJ J_,hll U....l-" u:-.fJJ 
1..... I • L '� :i...ul..ll ..b.. '· wi>Llll -'' '-- '"" uti.. -'" · ; .; .o.n J _,.,.. . U'" • " <:: ...- • r"' !Y"' _,.,. U" � .>-
� llib..!IJ u""� �ti.._,ill '.;o.W....�I olo..�l � .)) _;1...:ol 
J_,i..iJ\ OJJ� 0;!: (' f-Y) �J �J :t,yll .) wU.._,ill .:,.. rDLJI )"-ll 

'..u,J,Ji • . -- � 
( · ·· · r_,..,a..� -.:....;PJ -r_,..!.SS - r�.Jill) "_,;.�1 <;lliJ � <,;., • »' 

r_,.J\SJIJ r_,..lo_..JlS ,;_p..IJI '.;JJ_,..JI- '.;ll:,]] _,....tJ.ll OJJ� .:;1 

,.J) t,_,;.. .-"""tJ.ll .::. .:,.. •-»P "'� .:,l.ili :o,..u .:,.. J_,w!l ....,.:; r_,..,..nJ 
-"""\.WI ,;. uSJJ <-,1,!1 U:O.fJJ 4<-4-J� :UW �_;1, �.T.'J UJ� J� 

·�4J'"'J 'iiJJ� o�l..iS. c) o.....i.t..:.., 
4'� Jli; :C.yll .:,.. <,l\:,]1 -"""tJ.ll \a--L.u..l _,;. wloL,lll .:,1 L.S 
'-"lti-"' wli ww4'JI "'-� Jl w�YIJ ,jiJ}il .1.!"L..; -""J '.;yll .; ;_,;_,wl 

. "'� J Jb;ll J....:. <)tl\;J '.;yll .} )·;;,. -"""tJ.ll ,:,. 
<....,t;.J -"""\.WI ,:,. ;::;i...l � <,<}..ll _p.;ll .L. ul ,;_p..l ...,._ tY>J 
J,.l _,... c)) J...,:, _,; J ;�\ ;::\!)\ J.i, '...JWI ,y...n r:' � r .,;-> _,..JI 

.(Gibbs, 1970) l...,l;ll U:OJYI J;.l� t,;..; ,,_. wilt... .). 1�\J J� 
<1 "J;)\ -"""\.WI .)c '-!Jb.l\ ;::Ull1 Y.?J '.;ll,; l,t;,J J4iJI .:;1 J#-

. .Jb..:Jl �J '"WI_, '"I .nil �� --� �� o y. J....;..:l 
.) '.;-U. '-'_,...,., �.fi.ll w� o�yj ,.)) w�l .:;L>�I Jl=l ui L.S 
(Gorham and .. :A�\ �iU � �j LP c..:i..i_, �� y.) .4.......::.1..:.._, � 

-Gordon, 1960; Riehm, 196d) 

.:,_,!.!\; .>o.l J •.?. (SO,) �ySJI :.,-<. Jl ..,.;to jf. _;. ,j_,;, l..-"<. .:,>J J 
.�1 � _,t Y!"'! wlol;ill ,._...,;ll .:,.. k _,; �_, _?,] .) (I PPM) 
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Y-" ..,._; (Microelements) ;;,;,u } .s_,o-ll _,...\.l.ll .;,IJJl L.l 
J#> J '-;JJ_,..:Jl _,...l.l..ll ._;....,J ·l!J;';D _,...\.l.ll J_..:;;J � :UJJ"" 
.s_,o-li _,...u.Jl iJJl � (l •-T) r'J JS.:JIJ .� <..t..IIJ '-;JJJ"'>li 

.:0\¥ ----+-
-� w\#>yll Li--!J 

.:.Ill_,.,. c} f:>J.f.U� 

1 

� 

i _,.. '-!JlSi 
Phatasynthetic 

acteria 

� "'""'fl .) .Jfo.ill .;,I.W 
l..,l>ll .) .;.,uJI ; JJ' : (' • c') � J JS.l. 

Odum, 1971 :tp �� 
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� l.i,lJll J\ .,_,o-n _,..,u.JJ ;JJ, :(I o-t) t-iJ J<.l. 
Allaway, 1968 :{P 
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