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~ , !l~t ~t~"lf-'~ "If~~"~ 
;p ,. ~ ~ ~i~~1 ~ <ffiJ .ffl ~~ 

~q ~tAf ~4M~ ?t ~(17:, G.~ ~fi..:-~ 
~ f~ f~jf,~ !,J,~ ~ I 

s. ;:111:,1,r4 .. ffelzv.--, ~'?f~C!ITTI 

t 
L 

~wre 
t/NII•'•\• .. 4'frl 

(tr~rmodynamics) ~~ e fufra ~ OTQl ~ 1 '?:i-t.f ~ ~ ~ QT, (i} "If"~~~ q.q t;.1':., ~ 

~ 1fi <~.,J -~ ~ -,,1,2ffi,t, ~ qfi3 (~q:J ;pf) i~t (ii) •~~~ 71-;m ~ ~ '\'11 &@G ~ 

'i;,J fq ffl '?l~ cltf; (~!11J ~) I 
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..l. IIIJ 1"fi! '" lllll◄'!!t't"' Qi 

~ "''f"ll 'W"! fflm ~ ~~ I "11T!! ~ iS~>i ~ l?lliM~ (solar energy) I <l"'l'5~ ~ 
~~~ ~ ~ ~ l.!l~ ~~ ~~ i.~~ ~~ 91?1C'51iaftt't~ lft~J ~ fiTRJ~ ~ I , ~'ll"lft 
~~"t~~ l.!l<1S ~<lC'1~ ~ ~ ~~ ~1i'lN!l~~ "1~ (energy flow) ~ I · ~ 
~~tt(t!I ~ (Stage of Energy Flow) : ~ •t~<f~ ~It 9 P!'tcl1 "i.fCV I ~~t-
1· ~ ~ (Energy Capture) : ~ ~~ ~rn"'iimf 11tJf 0.02 ~'ij ~~C'f?I (litt~I~ ~lift C-t~ 
~ l.!l~ ~~~~I l.!l~~ffl ~-ut ~~ ~ wtlffi?11~h1 ~ q ~ 1fl 
~ ~~~I~ l.!l~ 'leff'~ cmt, ~~~ l.!l<l~ ~ ~'.9f'liR l.!l<lS -rn I ~ 
■ ~ ~~~ (Gross Production) : Jilt'11~>i(C~l"'f ~ C<f 9fmt"f ~ ~ <il116Ctij ~ ~ ~ 
~ ~~9it'r-, (GP)~ I 

■ ~ ~~9ftiM (Net Production) : ~ ~ (R) ~ ~ C<f 9fmt"f ~ \S~qcqc~ ~ ~ 
~ ~ ~~91~ (NP) ~ I 
~~ GP - R = NP GP = ~ ~~9ftl1-, 

R = ~~ ~ 
NP = ~ ~~ 9ftl1-, 

2. ~ <\]q~-i1 (Energy Use) : ~ ~~~ <::5R."1MC~ ~~ ~ ~ ~ ~ I ~~ ~ 
r-------------, ~"ffi'5f,"1MC~~~~~~~ 
I=~~ EDW 1 R l.!l<l,ffl~~~~l~~~~11fm~ 
R = '\t>t-i"M .-=:.-::::----' '-8 ~lfij~ ~I~~~~~~ (Net Energy Intake) 
E=~~~ ~- <fCcifl ~~ ~'i'f ~ C<f, <l11mN5t\!5 ~{l~fil<fi ~ 
D = ~~ ~ __ °ffl ~"f ~ ~~ '5f~~ "1\!5~~1 100 ~'If~ 
E = ~ _.-.._ -TT I ~ C<T 9fmt't ~ ~'t ~ ~ C~?Hl'51'i'f ~ ~91 

~~9f'liR ~<l, ~ "11m~1@{1 ~ ~ ~ I l.!l~ ~ 
9@m't ~~~~~~ (respiratory energy) 
<lt'1" I 

3. ~ ~ (~nergy Transfer) : ~ ~ ~ 
~ "ffl '5f,"1MC"W ~~~~~~I 
~~ ~l1\!5Ctll ~~ ~ C~ ~ ~ ~ 10 
·•r::~R--r ~ ~M1~rn\!) ~. <l!Ri go ~,--r ~ ~9f5i ~ . 
~~ ~C'<S11JIC-i~ 10 ~,--f ~ (10% Law) ~ I 

}j'l,O ~ ~ /c-. ~ ~ ~ ~,t'lfm1'bc\!) ~~~ c~ ~~ ~ ~ ~ <lli:J~,,l!)zc, ~,,iy~ "-4"fl"(, \fi:J~ /U~~s , ... 'f,v ~ 

<:!iffrYfN,4157Z4 ~ ~~ f,mM ~) ~Ml~rn~ ~ I l!l<11~tC<l ~~ ~ C~ ~ ~~ ~ 
~ C~ ~ ~ ~ "ffl ~ ~ I --ifn 

~ ~ ~-~ "<Mr --I~ 91ffia,f¾,~ ~. ~ -
(a) ~ai<ll'}~Nl (Terrestrial Ecosystem) 

~ct 
(Grass) 

➔ 'clt>tq~, ➔ 
(Grasshopper) 

<lTII 
(Frog) 

'>it-Pt 
(Snake) 



~ ~,im 13 ~ _,-_,~ .... 1'11 ..... ~~- :qs,..._~ ___________ • ..., !. 
~ cl11'-'~ (Sweet Water Ecosystem) 

I~ -t ~ ➔ ~9lt:ITI~ ➔ ~•'>I ➔ ~rc'ul 11~ ➔ ~ 1TT~ 

I) (Amoeba) (Zoo Plankton) (Insect) (Small Fish) (Big Fish) 
jfUll8 

'1J ~ (Forest Ecosystem) 

(c)~ ~ ➔ ~'t 

(Grass) (Dear) (Lion) 

"lH.'SI~ czji; ~ ~~ ~ 
~"~ ~~~ 

met 
111.0 Cal 

15.0 15.0 

(13.4%) 

~~ ~o ~ ~> O ·O ~S ·O 

~ /'~ (i "11,>. 
<?.>: ·,l ~t; ¼ 

=%) ~ 

~ 011'G' atttfil♦ ~~~ '(3 ~()la, it• 1S~~ 

111~o$ 
is~9ft"R 

3.0 

~ Gross Primary Production and Net Primary Production ----
1 ,pllt"ilt~ ~~ ~1c~1flJ>a,1i_~ ~ ©Mt'rn iSfci, ~ ~-'51~~\5, -i~c.li!CIS?-i ~ ~ ~9f1~1C-i~ 

~ fflT ~ ~ ~~~ ffl~ ~~~ (primary production)~ I elf~ fflf ~ ~~'Pf:f 

) ~ ~ ~M ~~~ ~ (primary productivity) ~ I 

'i1t"il~$ ~ 11't~ ~ Q"f ~ llf ~'t C~~ .. ~ "1<fi~1~ ~ ~ ~ ~ ~ 
~~91t"R (gross primary production or GPP) ~ I ~ fflffl ~~~ ~ 9frn1Jtct ~ ~ \S 151~Hl 

llf1ID~1-ffi{l !lrn11S1C-i ~ ~ I!!~~~~ ~~"~I ~ ~ ~M ~~~ (net primary 

production or NPP) ~ I 

MEi.'ll~t't~ ~ ~ fflffl ~~~ (GPP) $T 50-80 ~ ~ ~ ~M ~~~ (NPP) I ~ "5R"Xf 

~~ (R) ~ ~ ~~'~~~~~ I 

~Q{f~ ~ lIDT, GPP - R = NPP 

◄l'fi!Ctit ~ ~~ 
Biotic Component of Ecosystem 

• ts"~ (Producer} 

~C<lC"rn' <111\bt:}I~ ~~Wf ~ ffl (biotic) l!l<f~ ~ (abiotic) I I!!~ ~ ~9f1'i1C-i~ ~ ~~~ 
!producer) I!!~ ~'ifJ ~~ I <11~\bt:31~ ~ '-!lit 10::il~ ~"f ~~I~~~ 



J:IE 
~,~ (Producer) 

S. ~lif5C:'.11 IS~~ ~~ ~ I 
6.~~~~~l 
7. ~~ ~~ ~-f.h~iSC?I ~ <rnl I 
8.~9\~~~-11~~~1 

~~~ 'G MC'11\SfC<1S~ ~~ 9lt~ 

'lflfi, ~ ~ Fttlil ~ 

'ftlfcfi (Consumer) 

s. <U~t:'.11 ~ "11~~ \S~91~ ~l"TI <li'tf I 
6. <ll~C:'.11 ,q/1~ ~ ~~911~ ~ ~l 
7.~~~~~~I 
8.~~~~I 

-...., 

Difference Between Producer and Decomposer 

~~ (Producer) 

1. <ll~lbt:il C;flt~l~~·P{~ • >i_4lti:i1<15, ~. ~­
~-151~~\S ~~N>t<fi ~ ~ >ilti:il<fi-,r,~ 
~ HCIS!C'i~ ~ ~ ~ ~ ~ ~ ~ 
I.Q~ ~ <Ul<fit'Grnm ~l>iHlH<fi .,,~ ~~ HCIS!t'i~ 
~cmist<lh1 ~ ~ ~ ~ -11"00f ~~~ <Ki:i" 1 
2. ~~9 IT't~Pft~'1G1!t.\51~ ~~151Qfr~ Ht1Sit'1?1 
~~~~~I 
3. ~~~ ~ >iltci!l<fi>i,~ ~ ~lt?ll~ci! 
151'1.~ ~I 

4. <ll1Gq ~~~ .,,,~ ~~ 91ffici!N\!i ~ ~ 
~~ '8 ~ ~ Gl?l\!il/J a,>Ip ~ <lrn I 
5. <ll1Gt:il ~~~~~~I 
6. ~~~ "'ll~~ I.Q<ll<I> ~ ~ I 

M C4111Sf4 {Decomposer) 

1. <lh}'.Gttl\ 8T ~ ~~ ~ ~ "<ll ~ 
Mt~IN3iG ~ ~ ~1>iHlH<15 m<U ~'1-5 ~ . ~ 
Mt~ IIS!<II <fCi:'j" I 

2. Mt~IIS!<ll?II $11~~ ~G~~ ~ 151Qfr~ ~ ~ 
C~ 9j_tl ~ C:'Wr't ~ I 
3. Mt~IIS!t<fi?I ~ >lttci!l<fi>imfm ~ 01Ciil~ 
151'!~~~1 
4. <i11\!it:il Mt~IIS!t<ll?l "11,~~~~~~~'11! 
~~I 

5. <l1~\!it:il MrntlS!t<B ~ 15~~~~1 
6. Mt~llS!<!>?II ~~~ ~ '8 ~ 9frnt11ll ~C<'IS ~ l 

rt! 

~~~'it ~ 
Classification of Food Chain __ ~ 
~ <l11Q>Ct3j ~~~ c~ ~~ ~-~ ~ ~~ ~~ ~'lrn?i ~rnMt~<tS ~ 1~

1 

•~~(food chain) ~ 11966 11fCc'f ~ '8~ (Odum) I!!~ Mi93MN5M<tS ~~'i93f ~I~~~-~ :.ii 
~ '8~ ~ <I>@ 8T ~ ~'1t'1)CQ> ~ ~ ~~9ft11<15 C~ ~~ ~ t;;tQ>Q>?l ~ <IC'ifl~~ 1(CllJ .. ~ ~ ™ ~~ ~ ~~~ ~\M ~ <ll~Q>CQ\ 9!fl ~Q( '8 ~ 9lffi<l~C-i'i:1 ffl I , .. -~ 
■ ~ (Classification) : ~~ ~~ I <T~-(1) C~ ~~. (2) C\S~l)I ~~. 
(3) >i~Hl<tS <ll ~ ~~ I ~ D c~ ~~ (Grazing Food Chain) : 8T ~~ ~ ~ ~ c~ 1{ ~ ~~ ~tf 
~'1C16I~ '6 -m,'>iMt m~ ~~ ~~~ ~ ™ Cffi~ ~~~I ~-
(i) ~ '1~fil<J:t ~~ (Grassland Food Chain) : ~ ➔ ~' ➔ <ITT~ ➔ '>lt9f ➔ ~~ 
(ii) ~ ~~ (Pond Ecosystem) : ~~t'Gt~~ ➔ ~~ ➔ ~ 9{Qjt1'if ➔ ~ ~ ➔ 
~~I 

(Iii) ~ ~~ (Forest Ecosystem) : ~ ~ ➔ ~'1 ➔ ~ I ,~ 



,,1 ~ 13 ~.:i ,-~f)f~~ Ds1 ID]~ 
p 

e YlW 

~ ~cf ~\lilf (Total Terrestrial Ecosystem) : ~ ~ ➔ 'iJPil.l'N#, ➔ <UT~ ➔ r,l?f 

11~) /~~~I 
~~ 
~ ~~ (Detritus Food Chain) : ~ ~~ ~ ~ c~ ~ ~ ~ 

fJm~ ~-l (detrlvores) 1'1~ ~~ (decomposer) ~ ~ ~~ >t4c•fClf ~ C\SfGC--=>I~ ~~ f4r.{ii!..~ 

CStfl~ ~C~ ~ffi~~ ~ ~ C\Sltut){ ~\FT ~I~~ <111GC;:i ~ ~~ ~ c~s 

:~~·411~ri. om~~~~~• ~a,1-1,~rn <lf1"3Cn! ~ ~ <1Sm ~ 1 l!I~ ~ ~~ 9f61 ~ ~ 
C~~ ~ ~Ul ~~ MCill"3fqS<IS1~ ~~ (microorganism) ~~ ~ ffl'lWrn ~~~I ~ 
ffS (Held, 1964) 1!1~ '3~ (Odum, 1970) ~(mangrove)~ '<39Rt AA~ CiSffii;IJ.1 ~~ ~ 

.o~ ,rm ~-rel'! fflrnc~.:i I ~'l ~lffi\St~ ~ ~"Btc'f (brackish zone) aTM ~ (Rhizophoro 

0
ng/e) ~ ~~~ ffl ~ ~ ~ ~ (~ ~\3~~ ~ ~. <Ul<¥5ltiffi~t. CtlllGICstBII ~ 

~) 1 l!ll 9fDl ~~~,a ~'ttm ~ C<fitr9f~ (copepods), ~ ~ (larva of insects), 

~~ jnimatodes) ~ C\Smt,f>t ~llt<IIClt~ ~ ~ ~ (Minnows) ~ ~ ~'l <ml ~ 

~ ~ ~ ffi ~ ~'l <liuf I ~~ C\Sffil;t>t ~~ ~ ~ ~-

~ ~ ➔ 05~1->1 <1>.:if@t@~rn ➔ ,a~~~ ➔ ~~ ~,~ ~ 

p ~ <tt ~ ~\!if (Parasitic Food Chain) : I!!~ ~ ~\ftaf ~ ~ ~ ~ 

cQfCclS ~ m ~1M ~ ~ ~ ~"Btm ~ 1 ~-

~~ ~ ~ ➔ ~ ~ ➔ cmtrclS/HJt ~ 

,., ccsffiut)l '8 ~~ ~~ ~ 
comparism of Grazing, Detritus and Parasitic Food Chain 

.~ ~~"'~ C~ xa_ ~ ~ ~ ~1'1<PClt~ ~ 1!1<1$ 'iH~ ~ ONT llnT I ~-~ 

~ L(lfl~ ~'1'1 (food chain) ~ I ~ -em (Odum) 1966 ~ ~~ ~9f 

~e11-i~~ ~,~ ~ ~-

,,~ ~ ~ ~~~ c~ ~~ '@ll>'f -e ~ ~ ~ ~~,.,11~~ ~ ~ ~. 
~ 11fra~ ~ ~ ~\M ~I" 

~ '1'1 ~ ~ ~QJt-(i) C~, ~ m~ ~\f'i (grazing food chain), (ii) ~~~ ~~ 

(detritus food chain) I!!~ (iii) ~ ~\M jauxilliary or parasitic food chain) I 

~ 

~ ~~ >t~~'f'-3 ~~ 

CO2, H20 '8 '5RJf,U ~t 

- -
<til~Fi:Pi 



1. o.Q~ ~ ~~ ~ ~ 
~~11.l~l~ttt~ 
~~~o.Q~'i!t~~~ 
fstat C:'tlf ~I 

1.111,~~\(Co'f~~~ 
~ C\Sffia'Ul>i ClltC<J ~ ~ ~ 
C\Siyt'51'!l ~ (detrlvores) ~, 

f.ltUl18i<II (decomposer) mm ~ 
~ ~ W~ C\Sffitel'!l -o f.ltUNii<II 
~ttlfi~~~I 

2, ~1'f •W;t\!>C~ ~ ~~ 2. ">i'(tf~ ~~ ~ C~ 
~~I ti~~.~~ 'O ~~ 

1St"11"1Ul'!l .qli:fGC:i\ c:qfict ~ <I'm I 
~ • 3. ~\!>J~<:stc:q C~ '!l •tfu'!l -a~ 3. 91C'!l l'11>'5IC.q C~'!l•lfu'!l '0~ 
·.. Al.:½~¢! I HIS'!l-lfc1 I 

4 . ~~ ~ ~ \!)~ ~ • 4. ~~ C<M ~ ~ ~ ~ 
~ ~ ~ ~ cajit I ~ ~ c:qfict ~ I 
5. l!l~ ~~~I 5. 1!1~ ~~ C~ ~~ 

6. ~~~~~~ I 
7. ~ct : 

~(~~~)➔ $~, 
(~ ~) ➔ <IJll,; 
(C5fM ~) ➔ ~9f 
(m:'lftct ~ ) ➔ ~~ 
(~~) 

~~ MNS~ 9!:flX!~ 

'(3~ HIS'!l-lrc; I 
6. ti~ ~ C\SffiCISI~ '8 ~~~ I 
7.~ct : 

<ltm~~911'5t ➔~ 
:qJ I <15 ct rn {I I ( ~\!l ISTI ~) ~, 
r.?:jlttlc1Strnl, ~ ~ ~ 
(ci5ffit'6t~) c~rc'vPrr~ (~~~) 
➔~~'89fffel(~~~) I 

Different Trophic Levels of Food Chain 

-11111111 

3 . ~c~~~~~<tr~~ 
'6 ~ ~'9laf I 
4. ~~ ~ ~ ~ 
~~fi~I 
5. o.Q-fu c~ ~~ ~~ 
H~~~ I 

6.tf~~~I 

7.~ct : 1 

~ ~ ➔ ~ ~ R~ilfJ~ 
(tf~ ~) tflit'tC~* ~l4tl,fbt 
(~~~) 
~Cf:2 

~91tm 9fffel 

~~➔(tf~~~) 
➔ ~ Ctllt'Gtt'61rnt ~ 
~ (ieptomonas) ~ 
~~I 

~~ •~• (troph) <!>~~(~ ~ ~'iffii ~ ~ (level)-1!1~~(~~~~1~~'-~ 
CC"IC~CC"I~ ~( ~ ~ ~~ ~ I ~ ~l~\!iC~~ ~~ ~ ~ 9jfb ~ffl 151-j_JIIC~ 
~~~(trophic level)~ I~ '51.:U\SIC~ ~~<I'm~~~~~ elf~ 
~~<ll@~~~~,~~~~~~~~~.41f"C:I 
~ ~ ~t~C~?l ~ \!>11'-llm ~~'if~~~~ lif~ ~ ~ ~~~~I 

. ~-1 (Trophic Level-1) : ~~ ~ ~~ ~ \blltait~ '5~ ~ C\!>rnt\!l ~ ~4C"S1ttt 
~ ~ ™ ~-1 ~I~~~ '8 ~ <tJl<ISt'Grnm \!I~~~~.~~'-~~ 
~I 



i~~ ➔ w~~ ➔ dfl"t ~ 

Producer Primary Consumer Secondary 

Consumer 

(~~) (~~) 

W'1C'51~ ~'tt llt~~'!t 

• ..-.. .L.l.....ll,H"•~­~·-• _ .. 
- ---! 

f5ITT'U"if ~~ 

➔ ~~'f~ 
Tertiary 

Consumer 
(~(~) 

~~ 

~ ~'t. ~,mxr ~ <ff'<T, Pf,~ '(3~ 

l i-:,.;:...::;.;,..:.___;_~.;,;;__-------------_- _- _- _- _- _....:. -~ _- -_;_ _- _- _- _- _- _- _- _- _- _---' ~, ~ -
ctlJ'!Ctil ~1'fJetlM(1St 

) Food Web In Ecosystem _________ ......__ ___________ ___. 

~~ ~ ~ l.!l<li'!f~ ~"'1 

~ 'Sci° I 15l'Qfr~ <ll~GCtl\'$1 XtTTf ~,~ 

r ~~~ ~~ lf~ m -~ - ►~--
~ ~ I ~ l.!l<f5ffl" <11~GCtll'$1 ~ ( ' '()l>t~R,, ~ _.. ~ .-1.•1t.v.-

~~ ~g~~'it -xrrn-~ ffl ,¥t..l---+· ~ ____ _.. · . ~ ~ 
1 ~ ~ <mf I l.!lt<l> ~l'TJ'Stlr;i<l>t (food ~ ~ ., ~·-~§_~ . ~"' ' 
l web) ~I 

S I ~'-ffi ~ct (Cause of origin) : 

; ~t'iNtlMwt ~ 151-i)G~ ~"f ~ 
J 

. ~~ ~ ~~ <WT.Jl\SJl>i.,1'5 '--------~-::.~~~~------__J 
r,~til?f 'lt/f'lf Nr1rt 
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¢f~ (Classification) 

!--
~ fq~ ~ ~ ~ I C<r.R-(1) ~,-<f.JW M<ifli?J~, (2) bf'e~ f¾.;(; ~. (3) ~ e;~ 

11
-•...nra F,<J:i ii-1-S (Pyramid of Number) : ~ <;l~..:-Ct!<J: ~ ~~U: ~a t=@ ca 7 ~ 

}!•,'IJ I>' 
.._ A: __ ..,.,.. ~ 

~~~~ffl~ (pyramid of number)~l~NSilf.16¾ ~f;.C\!1~~7 ~.t.VR ✓ no; 

~§R,a~e.. ~e..~, \&,!JI .. ) ~~c~ ~:.Jl'4Cil ~ ~~ m ~I~ .... ~--;;,??-, ?;, .. ~/~d: z:~✓ , .. ~ 
, J . = - - ....c;:r~ 

~ ~ c.ef'ffl ietlt<;:al c<o .. •« (ztt~ ~~ ~. fi~s: c~~ ~~. -:f,.,,1.#'?." -qpJ ~,i, --) ' .:b-!, 

~I ~~~f~rt<:: fir-~~ C~ ~~<."~A~ <-.-j<Jl;i ?:iC..:.J~3 '1Z~I..-S: ~..,~,., .. ~~,-/,Ji ~ .. ,~,.!,j 

ef'.' c~ ~ (in this pyramid the nu~ber of indMduals in the trophi~ teve1S d:creases _:or. 
producer level to the consumer level) I ~'f ~ <?.'I' ,.cJC..:. ~ C<:', "'I ~t~~ ~ ..--?;.f_--rS: ""~~ 

~ i;:,..;lil' cef'rn ~11·f?C:--s ~--OT ~ ~ 11.!P;~-olt<" ~~~ ,..-4.Jt t!~ c~~ ~ ..-;;,v~ }~~,f.l ?...t•?!, 

.. 
~I 

11 ~ f~ (Biomass Pyramid) : ~ ~ ~ ~ <1?f s:;C$ ~ '1n~, .. ~ .5,t.<.~ 

»;ie?.1.~ ~~~~,;r,r~ C<1 M<SllM ~ ~4W-?/ ?fl6iilcmi~ "-7 ,o( f1"1f;.~ (b'or1ass pyramid) 

~ (pyramid of biomass to the graphic representation of biomass present per unit of area of 

different prophic levels with producers at the bare and top carmivores at the tip) .!3 ~~ 1} ':,,v,I 

<;'j~~I~~ f.rf.fz ~11J "]~ ~ 'ffe<ttJh1 >icn . .:iG ~ ¥Al ~ I ~~,1~¼? e ••~c..::;~ ~~ 

~ $1~~?; ~ fir~ :af.l c~ ~ ~ MR,:: ~~C'Sl~ ..;,<e? ?;,. ·~t;:J E:P1 ?;ra I p;.¥ 9 s'"1!?k,..~ 

~ $14-.:,~ ~ fir« R?fir-!.~ 1 ~ t1i-1/f.imr2 (7~~> ~ '!..'r../~2 ( -b?i~r-? J ~ ~~ 

~I 

D ~ M'l:l tfil;s (Pyramid of Energy) : ~ ~ ~ <l~-.!.t~'9 ?:i~iU ~ffi~13:s; ~~ ~~•~.? 

@5U?: )it~c<a ~"l ~ C<l 191'!1'~'5 ,:,1i'~:g fl ~em c.li4 ~ ~ .. (~~ f-.-~ ':.:; (P'/ramid of energy) 

~ (an energy pyramid is the graphical representation of the trophic levels by which the incoming 

solar energy in transferred into a ecosystem) I ~ .., .... $- Z:<l~-i,.!I ~?P5W ~ ~.,;.c, ~, ~ I 

11"C,... ~. c,.,_ ~ ..,C!..e. ,_ £. - ,,,_ ~~ ~ 

n!,:, 6? -,~~ ~ ~l~?:11-::>~ ... I .. ~~~ ?ll~111 ,:rn~e:s::s: ,~14 . 'G ~ -;- ,s_ ,., ~ ,.,.~,-"If~· 

~ ~ x~c~ ~ ;~c~~ ~e.. ~"~ ~'K .-,¢ .... ; "'lfus: ,,.,1..; ~ ~:rr.?~ ~.ct~.;;,_< 
~ 1IB~t-irn ~'l ~~ ~ 1 ~ ~" ~ ~ 1~~:g c~ "?]~ -£?,-1 '1i~t:s: "'l;'G-=s:- '<"-i 

9'>< ~ ,,.....,_ ~~ c::"\. _,,,..... ~~- ~'"'"'""'""· ,.. 

~<;~ .. ¢IC~ ... ,.~ 9 ~'1 - 11~ ,.,...,1, ~ I ~Co1-€ll ~1~t1--~: -'1IC01 \P"'t~<;?\lft' ~ trsJ' 4..:-?-s:i 20 

~~ t~C'( ~, ~ '5!>1 .. c;i1tq P-s~:.i '1.IB~:g ,~ ~t,j\!,~ '1~~es: xm ~t,. ?;,~'/"~"t"t 1,« ,~~'.,!, ~~ , 

~ - ~ ~ ,_ ~,-,r,-,r,~- ,_ ,... 

,; · ~ C~ ~~ \!.1~111 9'1,&1$C'i: ~ ~l~l~??'t.~ C4 ..::..4 ~ ""i&-...s:'' 80-90 ◄,:,•rr °V'l~?'. 
,'1: 

"-'I - '"'i. • • 

~ 91
~, •1~~Mc;i ~-i:!INc'-"-e ~ c~ -xf;( .,.~~ ~'-~. ~~ ~'B1 ~. R.;' s: ~~ ~. • ,!i~ 

~~ -~ s < ,Q - / ~ ~ ~ 
•""i -

3 
'<l, .. ...,, •n1<A1~~ ~ ~ -!.i'l_.91; 4~l.;lrj ~ \!4 ~ ,;I~~ 1¢Vr;1~,,./~2~ "?:'~ R,1;7h~7i/ 

~~~"Ill9fl~ 
• 



~ ~~~ f9t~tfitxs (Pyramid of Number) t:- ':' q; 'f' 1' 1 S'" ·b: .,.,., 11% .!: 
~ <1t1'¢t~ ~ ~ ~~ ~-st,fal~ ~ ~--t~ ~~$Jft<!S ,i~~ ~,~ (pyramid of 
number)~ I ~<l~Qi:n Charles, Elton, 1927 ~ ~~~ ,:i,'Qijt-f9rm~ ~tu <ff~ <ISaR I "'f~~ 
f~tNt'5'!1 ~ '51t~~ '61Hl'¢t\Nl 9Rl~ ~ m f91m~ • ~ 1 \!l~ ~NC\?; ~~ ~ 
~~~ ~~ ~ ~ I ~ l;!i{Hl\?;C~Jl•1f¢1t\!5 ~ll&S~<tS ~~ ?fl~,~ f.tDfxt <l5Uf ~~ ~ 
~ ~ C9fre ~ 1 ~~ ~ ~ ~ ~ ~~ '611~,m ~t\!5J~ ;Jl~c~·BI ~ ~~~ ~ 
~ C9fre ~ (pyramid of number indicates the numerica l relationship among different trophi 
levels of a food chain. In this pyramid the number of individuals in t he trophic levels decreases fro~ 
,------------,;~::::;:::::::;;::;:=::::,;~==,---7 producer level to the con­

sumer level) 1 ~ <iti;c~ 

'61HM~ ~ ~~lqCTT ~ 
C~ '8m~9frn l ~ 

......::.::~~~~;;;:~":.=:.r--a <1l1\?;C~'!1 Carrying Capacity 
~~ 0mf ~,~ 
~ ~~~ 

~ 1,500,000 t~~ ~,~ ~ ~9lcf1 ~ 
~ ~~ f9Rltfilt\Slt 

~<il<t>I~ ~~ ~'>l_M ~~~I 
~ fv!?tifiNi ~~ fvr~tfil t'5 ~,~ ~ 

~ OODi1 ~ 1Stl<1c<1> ~ w O'N3m ~ 1 ~~91 ~~ ~ ~ \Q~ ~ l!l~ 
1!1<15C<l51:ft C"1<11Ci:1~ ~,~ W!ft<I ~ zj'~ I 

~ ~ ~ ~'&rn ~~,~~~~~<!Sm~~ f~ ~ "<!Sm W~t 
~ ~ <111'-'Ctil~ C<l5ic-TT ~~ ~ ~ ~ f.l'~~ <!Sm ~ ~ ~ l 
<l~CM1 ~ ~ ~ ~i9t~~~1Jl~ \!51~\!51{1 Q/l"C<fS I ~ ~ ~ ~~-~l~Cl.5~ '5f~>ill!J ~ 
~I 

• ~<NH~ fvf~lfitxs (Biomass Pyramid) 

~ ~ ~ \Q~ <111'-'Ctil~ ~ ~i&C~ ~ ~ ~ '5tml ~ '61111{\!s~ ~ 
~<1'5~ f~ (biomass pyramid) <l"Cc-f (pyramid of biomass to the graphic representat ions of biomass 
present per unit of area of different trophic levels with producers at the bare and top carnivores at 
the t ip) l ~~ C<i ~ \Q<t$ ~~ ~ ~-&t~'!1 ISTI<l'5'!1 <It <IIC~l~l>\C<1S 'X' ~ ~~ ~ 
C'4C'5'4 <It 9i_ll-&~C<l5 'Y' ~ ~ f9i~IN'5f11~ ~ 9ft\9m ~ I \!lC"4'CJl ""4i:1'5IC'51 ~ ~<1'5~ ~/ 
~2 \Q~ ~°<I\ '9t'4'51t'>t ~/~3 ~~ ~91 <!Sm ~ 1 ~<1<.S~ ~ ~~ f9i~tfilc\S~ cm 
C<lfxt <1514<:11~ 1 ~~ \Q~ ~ ~ '611<fN>~ ~ ~ ~ '61"1~ ~ ~ l \!51f<l'{,I ~<1'5~ ~ CQfeqS 
~ 1lfftf ~~<!Sm~ l ~ ~~ <15\!5<15~ 'i_('4\!51'8 ~ <!Sm <Im I llQJT-

(i) ~<1'5~ f.l''TTT ~ ~ey \Q°<I\ ~ \!51~1'{,I ~ ~ ~ ~<1'5~ AA°if ~ l 
(ii) ~ '61taifl11 ~ ~ ~<Ii ~ ~ ~911'1tc-i~ "'~"1U ~ ~ ~ m, ~ ~11f¼<(:I ~ 1 
~~ 1lfftf ~~~ ~ ~ '611'11'11 16111:\t'tt 91§11tt~ I ~~ ~ ~ -1~ ~fJl1 '61li:it'il ~ ~ I 



1 1M f9I <!!l~\S (Energy Pyramid) 

~ <11':p)ttij?l ~~ ~ Ci:1C'5i:1 c~ '6~ ~ ~ t:51'~ ~m ~ ~ ~~ ~ ~ ~ I 

IQ~~ >ill~~1Ci:1, ~. <111\!IC~?l ~ 9ill~C?l?l ~~ ~~ ~ ~ ~ '5l1i5N>~ ~ 

~ ffl ~ ~ ~ (energy pyramid) <fC'i:1' (an energy pyramid is the graphical representa­

tion of the trophic levels by which the incoming solar energy in transferred into a ecosystem) I 

<n1t'6c:j?l ~ '11l~c?l?l ~ Rcfbl ~ ~ ~~ w1.'f'1 

~~~ 
(Primary Consumers) 

~~~ (Producers) 

(Tertiary 
Consumer) 

-



~~ ~ ~~C'i:I ~~ ~1'fC<15-i:!I r.<T ~'t ~~'f ~. ~ ~ 151~1'1 ~ '-8 151.:01.:0 "11ffi'511~ 
~ ~:q~ ~I~~ ~ ~ ~ ~"lJ~ ~I~~~~ &>11gF>J111.:t"I ~~I 

~a,\Stt~ ~~ l!l~ Rsca,t~ai/~2/~ l!l~~ \sic,\Srt'if MSt'111![i7f/ffl'Grn
3
/~ 

1 

■ ~~ (Advantage) : (i) '<tflU f9rntfiit'5-i:I ~~ ~ ~ ~~ ~ctc<IT'i'fJ mc:t ~~ <lt~"C::il~ 

~•:::911'f.:t-Tic't"I ~9f ~ I (ii) ~ ~ <l1~\!5Ctll'i:I ~ ~ ~~~ ~~ 'iflW ffl'~ ~ 
~I 

■ ~~ (Disadvantage) : ~ fyf-i:!lfiit\5-i:I ~ 'if'l'ft ~ ~ <r>rn'f ~ 'if~ ~~C'i:lf:l ~<l<fC'i~ 

~ ~ ~'t. R~ ~ ~. ~ IS ~ ~ ~ ~ R'i1T <!Sm 1511<lffl I 

I~ 'f-iU>illlf.i♦ ~ 
Bio-geochemical Cycle 

~~cm iSi-U ~ 9lffic:.:ic-·rn 30-4~ cmm ~Q/' ~ 9fffi'r~ IS~ R~..ftc, 1 l!Tm ~~ ~1M 
(C, H, o, N, s, P, K, Ca, Mg) ~f:f<li mm ~ ~ . ~~ ~ 151N51llfdl<r 9fffi'r~ ~ (macro or 

major elements) ~ I ~ ~~ (Mb, Co, Br, Zn, Cu etc.) 1~1111!!Ul ~Ull\si.:t ~. l!Tm 1t111IM<fl 

ff~ ~ (micro or trace elements) ~ I 

C1l bs>l<fSlf:l 9f"CQf ~ ~ ~f:f<li ~ ~ ~'f ~Ulf@t~?-1 ff~ Clf!Ca!f:l ~ RiSi RiSi ~ 
151'i~lffi ~ ~ ~<lC'1C~ ~~~ ~<lC'1~ ~ 9lffic:.:ic•r 1511<l~\!5 ~ ~ ~ ~-f:lF>!UlH<fS ~ (bio­

geochemical cycle) ~ ff~ ~ (nutrient cycle) ~ I 

~ ~ ~-f:lf~HIH<fl ~ ~ -Mt (phase) 91ffic-tN" ~. ~Q/l-~ lfXtt ~~~ ~ -Mt I 

■ ~ lTxtt (Environmental Phase) : ~ ~~ ~ OOffl ~ ~ ff~ Cffl 9lffic:.:ic•r 151~tk 

~-<ffil_-~N3<fllC\!5 ~ ~I 

■ ~ lTxtt (Biotic Phase) : ~I!!~~ ff~W! ~<lC'1~><4 ~ C<fSIC•rn ~~ ~~ ~ 

~ ~ 1 ~ ~~ <1Srn<11ffl ~-f:lf)!HIH<fl ~ ~ ~ ~ • .:ifa:cU1c@t.:t 'bSS, 151~t\si.:t ~. ~fa:c~lc@t.:i 

~ ~ I I!!~~~~ ~ ~~~ ~ ~~ iSirU ~~I \?ll~l~I ~~ 

c<111t-rn ~ '51.:t)\!511 ~~, ~ ~<IC'1C~ ~~~~~~~~I~~ 

C~ l!l~ ~~~ ~ ~ 9lffit<lC"l' ~ mm Rtiffit?-1 m 161-i:!)ffll.J ffl ~ I 
1 

r__.il:;;t~.::a-.~,~,;:::1-,='!M.:::-'Qf-=----:-~~------:--------p--__,_,, l 
~itrogen Cycle I 
~ ~-f:lt>tHIH<IS ~~ ~~ '51.:tJ\!511 ~'i1J ~ ~ .:ifa:cUtt@t.:t ~ 1 IS~~ MN5ii'6ft<l ~ 1S ffl'lrn 
IS9@~f.Rm~I 

C1l bs>l<!Slf:l ~ <ll'~\!5Ctij ~ IS ~ ~~~ ~ ~fa:LUlt@t.:J IS ~ 8fl<;f~ 1511<1KW ~ IS 

<11~\!5Ctil .:ifa:tUlt@tC.:t~ ~ ~ ~ ~ .:ifa:cUtt@t.:t ~ (nitrogen cycle) ~ I 



a. ~41 
~~ 
~Cf 

b.~~ 
.__.....~ C:IJl<litliffiilBI ffll 

~Cf 

c. ~~~ 
~~Cf 

C:1)14tliffiilf '<3 

~ICC:15~ 
mrrn~ 

11 
;i~ffilJ!l~ 15()1Clltf.lill 
C:IJl<!St'GffiM 

li!WC'i5-l~tijlCIS!<i ffi ~ "1G<ts~I 0.1-0.5 ~lef I fflf ~ -l~tijlCIS!<i ~ ~ 77.17 XfGl~ I 

~. -a ~ -l~tijlCIS!<i ffi~ ~~~ ~ : 

1. ~ -l~flltlSfC-i~ ~~~ : ~ -l~tijlCIS!C<i~ ~e,~'iffer ~-
a. R'l_J~ ~~ ~ ~ -l~tij1CIS!<i ~ ~,;rn 'lft~ ~ ~ I 

b. ~ ~ -l~tijlCIS!<i ~ 4.Jl<tstUffi~I '6 ~ ~ ~ ~ .:i~tijlCis1.it<fS J9~IJ9f¾ ~"f 

~~~ OOTI 

c. ~ ~~ ~-~ l!l<l, ~ ~ '8 ~~ ~ ~ ~ fJrnr $ .:i~tijlCiS'/-i ~~I 

d. ~ ~ ~ ~ '6 ~,~rnA<11 ~ mm'>'! ~ • rl~tijlCIS!Crl~ 9frnm'f ~ 9fTTT I 

2. ~ -i~CijlCi9fC-i~ ~~~ : ~ rl~tijlCIS!Crl~ ~~~'iJFf ~-
a.~ -l~tij1Ci$/<i ~ ~ ~ ~'ifl 

b. ~ ~ ~'if~ N,-l~fG~~, 'tlt<11cuffi~m mm Rc~lf¾G m .:i~cUttiSic;i l~ ~ ~~ m 
vf~ ~~ rl~tijlCIS!C<i~ ~ ~ ~ I 

~ ~~CljlCIS!rl ~ ~ ~ ~,• ~ ~'iJFf 00 \511Ci:4t6-l1 ~ ~ I 

II!!' 



i• o~~ ~ 
~ • ~t.Mt!.'SM ~<I (Nitrogen Fixation) ;;;:::-

~ .:i~t\ilc'9iti ~ ~~ ~91~ ti~t~1C\\!r-i Clllr'lt 91~~ ~ lfft°uN ;@u'5 ~ 1 ~Qfr- ~ 

(I) ~'-~ct '<3 ~ (Lighting and Rainfall) : <fflf~, ~'it~ ~4 '<3 ~'f.l}~~ }f1flr 'fJ 
-=i~tlitc\9i"i "5i~C"5fCti-A ~ ~ ~ ~~ ~r~ (N2 + 02 = 2N0) "?l_9t~ ~ I ~ ~ ~ 
'lbi~Cist~"i~ ~ ~ ~ ~~l>i ~11~1.S -e ~~fQ<lf ~~ (2N0 + 02 = 2N02) "?l_~ ~I~ 
N02 ~~~'5 m .:t~\i1>1 ~ '<3 'i~l'Q<r ~~ 1lfll ?J:11 l!l<T~ ~t 1Tiffl Cf:fC1! ~ I ~I~ ~ ~ 
~~ "51Jt~'S ~ ~ ~ ~ ~~, 91mP'1lf11f ~«l'v ~~ ~"t 9 ®c:~ ~ ~t ~ ~°' ~ 
(ii) ~ '<3 ->i~C-1t~t<1Stufih1t ~ ~~t~ICIST'i '{¾~ct : ~jyNHltl! (clostrldlum), ~~ 
(azotobactor) ~ ~ffi~ 4Jl<tst'f;f~{l1 I!]~~ ~ (mostoc), ~JFlim-1 (anabaena) ~ 
~Hltl"il~t<IStt,fiht1 ~ ~fa:t'GIC'9iti ~ct ~ til~tUlt\\!i'i ~ C1il'i1 ~ ~ ~ I 

(iii)~ -Ut<ISt'GfihH ~ til~c~Wstti ~ct: W, ~' ~ ~ !Pf~@y ~ 
._g~C't-il ~ ~ ~ (nodule) ~ ~ ~~C\\!ilM{l~ (rhlzobium) ~ ~~ <qJ1<15t't;fihrr ~ ~ 
~~ <Ut<1Stt~!t1 ~ c~ .:ifa:cUtc\\!iti ~'t ~ ~,~.rn"ft~t ~M"ft<ts ~ ~ 1 ~~ ' 

(iv) ~ ~-srn ~ .:t~C~ICISt-i ~ 't : ~ ~ ~ ~ ~ ~ ~mm 15U1Ci!tf.ml1! 
~ta,c~t ~ ~~ ~lfGC\!> --1~tUWatt--1~ ~'t ~ ~ 1 

• ~ "iffl:tn!Vstii ~4t 'tt~ ~ (Absorption of Nitrogen) M MW& a 
t;';mc't~t ~ c~ ~~t'@ c'f<fct ~ct ~ HC\\!iC"f~ ~ --l~tUWsit--1~ ~ ~ I c>f~>ICl'if ~~ 
~mc"f'il ~ wi1c4 ~ct ~ Ptc'Sic"f~ ~ --11~cUtc1STc--1~ ~ ~, I!]~ ~ ~~cUttlSi-i ~,qc~~ 
~~I ~l:fR1lfu~91m~: 

■ '5(Jlt~IHM>t<ts•M (Ammonification) : ~ ~ \G ~'trn ~ ~ \G ~ 9f"'1lt~ --ll~tUltisr--1 • ~'i1 
~~ <Ul<rttrn~l-il $jt~c~u 151ltt~1H{lrn (NH4) 9lffi<I~ ~ 11!1~ ~fa>Me<r 1513tt"~1PtRlsc<ts-H (ammonifica- I 

tion) ~ ~~, ~ '5f,--t~~ <qJt<tst't;ffiMt<ts '51JIC~1H'-r~, <ut<tst't;ffim ~ I 

■ ~l~M>C<IS•~ (Nitrification) : ~ ~ ~ ~l:IJ ~ '51.llt~IH{lf <131<15t'UffiM~ ~ -i~~ "4l 
~fa:c.Ut'G l9it~M\!5 ~, ~ --1fa:ffiR!st<ts•R (nitrification) ~ I l!l~ M@{lrn '5f,--t~~ <IJl<15t'Gffi~IC~ 
.:i~ffi6flfa:, <U1<rt't;ffi~t ~ ~ 1 --11~cUtc$jn:111--11$j, --i~cUt<1J1<11't;~ ~f5 <IJl<rt't;ffi{ll ~ l!l~ ~ <1Jl<11t'Gffi ~1 1 
~ ~ ~ ~ ~. "f~tUlt$j1Citl--11$j, '51JIC~1HMC<15 --l~ij~t't; \!]~~ --l~tijl4Jt<IIU~ --l~ij~'Gt<r ;i~ty(U 
lYil~rn\!) <.fiT:'!l I ~ '11$ c~ ~~ l!l~ ;i1~c'@c<is ~ a<t1~~ ~ ~~~ ~ 1 ~ ~ ~ 
151J1t~IH~IC<15'6 >1-ill>lffi ~ct ~ ~ I 

• -1fl:c°ijl tiS'rii 00A (Denitrification) 

~ lfr~ ~ --1fa:c'@ ~ ~ ~~ 4Jt<isc't;ffi{lt~ ~ ~ --11~cUtc19rc--1 t~ m ~ 
~<Tm~ --t~tUttl9r--l ~ (denitrification) ~ 11!1~ ~ '5f,--t~~ <IJ1<tst't;ffi{11C<l5 ffl5;i~q~, 
<1J1<t>t'Gffi~I ~ I 



'1flc\lS~ 
0

-.,.yge_,n Cycle _ 

~-~ ~ lfe~ "Gl'~ ~ ~~ ~ ~ '<4f¾C~•i ~ I ~ ~a;r~r1 q ""~C"'~ <".f1'UX?~ ,?Tr 

~~ ~~~ ~ 1519ltis,.:i 15114~ ~ '(3 41~'6tf4 'lilfitlfeM ~ qGffl ~re~ ~re~ ~r;,17
,, r4' 

-8 • 
/9,J 

en cycle) <fl'1 I \!if~ ~ <Tm C<T, C<T bSil<PH'I "f?'~ ~"RI' ~~Cwl tf!i•
1 e -~,? " ~ 

~ -- ~ - . -~~m 
~~ i£1<f~ ,i1t"ll<t5~~~'5lffi t1Si~I ~~?ffl~ ~ .cf~~ ~tC~sf~•~f<~ ~i, ' ~" 

~~<ft'il 

• ~c4c•t ~fi!CIStlii~ ~~ (Source of Oxygen in Environment) 

--~ 151fitCISiC-i~ ~ ~~~~~~I~~ 2trn 20.60 ~(Al itii1tCi@rl '4fC~ I ;e;~r,~I~ ~ O 7
 

~ 151filtistrT a41~\b ~ ~ 1 ?@m.cr 1o,m(}ett .. '$1 @~-sffer ~ : 

(i) 'jf]tatl<Pf~ ~ ~ ~ ~ ,;~ ~ ~t'(;Rli\!I ~~ 4,f<:- f<if~J "5Csl -~~~C0'i (W) 

-8 m~filat (OW) ~ ?frn~ ~ I ~~fitoi ~ ~moi ~ (radical) ~'j,Q -~~s.,~ q-~ IZ:!'r/4R:: 

OPfR c~ ~ '(3 '5l!iitlS/-i ~~9':f ~, ~ 151f¾c~r1 <ITTJ:I~ ~ ~m, 

H20 ➔ W + OH-

40H ➔ 2H20 + 02 

(ii)~ i£lq"~ ~ 2j@JU{I R'5~ ~ <lP'f ~'-~,,Fie• w f~ ,;,f's.:n'f ~c9.i1 "ia ~~ 

~, ~ 151!i1CIS/-i ~~ ~ ~ 
H20 ➔ H+ + OH-

40H ➔ 2H20 + 02 

(iii)~~ '<3"CIS/H ~ (0 3) ~ "51~'- ~l/4ilC'ilMJs11ii (ownosphere) (}11;'4 '<.'Ce;r,J ~UPI a-,r,:t f,.~.,· 

'bl§ICISt-l <IDpf~ 00 ~ I 

I 91rnt~-1 cm t.51fi!C\Silii~ '51~'1 (Removar of Oxygen from Envjronment) 

9iffit~c•rn 151f1ttisl-i MN,~-olC.q ~ C!lft<:i ~~ ~ I ~ f.ITTf ~ism ~J ~4 

(i) ~ 'IPi-i<Plm ~ l\tl>t<Pt( blailt .. rn ~ ~ <td~C?:ii•I ~'I ~ 7;1M qf~r-s:- ·,efx,;qr,;r~ 

91ft'f ffi '91'rn I 

(ii) ~ . ~ . C'91~, <fit~ ~~N> ~ ~ ~ "'fsf '-tlf¾(.h.1 C"'~ ~ ~? ~,:q~~ 7-,C~ ¥1$ 

~~, 
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ftlfiirnr~ 
t1 ~«41J 



n 

s. ~~ ~~ ~ \'tFf ~ ~ 91R'1 ffl•~ <t11ll1~C~ lJ~ ~ 1 

'8tjc~ ~lb~ c~~ ~~ "!~~-m ~. ~.f~ ~IJSmln \%7flL~ I fr~~1if <1f1pr~r.ur ('/l"f<f~r~ ~ 
~,~~~ ~ 1 ~~ qr~l(tt'~1l ~~ l~f'8lNJ1t-t ~1ll,l1~t'l ~,~--1 ~,rt,i 1.[U ~ 1 ~ <!S~rr.~n ~~ft;ft l!l~ ~~ 
~~ ~ -,~ ~ ~~ ~ ~"!_~tl't I ~~Ht ~~lt tllf~<li 91~~ lfltfIT.'SI I.ii~ ~r~ ~ 
~ill~ 1 ~, ~ ~'11 ~,'1 'Of~ 1111.t1-1~ A~~~~~~ ~ r ~~ <rr <rllpl~ <irr<f.r ~-~ 
~ ~ ~~ ~,~ ~~ ~, tf1~~ t911CU ~~ 9.(r{:tl~ ~ ~ ~~ .fl I AA"lf ~'tt 
~ ~ ~ Qt, ~~ ~ 'r.wffl ~ CO2 ~~ ~ 0.64 ppm 91~1"1 ~~ l' ~~ I 1'r;5f 
1660-1980 ~ ~ $l ~ 12 ~~1Cf CO2 ~ C<lt'%itlii. I 

• 'll'l (Importance) a 
~ ~ ~ta; $f~~ CO2 '51Jtt>l'i1 \S1~>11~ ~ ~ l!l<T, ~<1ta-t ~ W1fiT ~ I ~ <lflir~ co

2 '51Jtc)i-i1 ~ ~ ~ \!>14,Cti )ilti:it<fi>l,00 ~ '>I',~ ~ ~ I C>l~J-tt"'i'f ~<1"fC'1~ ~ ~ <Rt 
~ ~ ~~ \S~ii"ftc'l~ '61\S1C<1~ lRC1" ffl~ ~Vl ~ I C¾J-tC'1'11 ~ ~ ~MM<fi <fSl~,q~ co

2 
~ 

tl\!5)~\Stt<i A~~\!) I!!~ <1Nf\!5~C<fi ~ ~ ~ ~ I 

• fllMNWHiWMMU¥E5&HM Ai I 

311>1tf.l~ et<5t~" ·~- ~ •·:, r : -1\
0

~ "' ., .. ' :■ 
Limiting Cycle __ _ 

~ ~ "1ffit<1C"l ~ ~. ~ '8 '5l--1Jf--1J "lt~~1.®~ <filCIS!~ ~ 1,R~ ~'1.ta-tl \S~ ~ 
titm\St-i 1 ~<fN>C\!5 ~ 104fu ciilfal<ts \S~ ~ey ~c<1~1 ~ 1Gfu \S9ftqfi ~ C<fcs ~ iSRJ 
r-----------------..,...-:---,-~ J-t<1C60-l l<l?t <0<1~Ht ~ 11!1~ 

~ ( 

~ W9ftqfi'1Ff ~ ~ ~ 
~~~Cf~~I 
~~ ~~ Essential Ele­
ments <fail ~ I 

~ ~ '9RJ 8T ~ \S~ 

~ ~Cf ~ ~ (N, K, 
Ca, Fe, S, Mg, C, H, 0 , P) 

\!51Cl1~C<1S Macro nutrients ~ 

~ I ~ 8T ~ \S~ ~ 
~Cf ~C~11S!-i ~ (B, Zn, Mn, 
Ca, si, mo) \!51Cli~C<fi Trace Ele-

_........_. __________________ _.__ ___ ____, ments ~ I ~ 91racqC"1 

~ tl1p{ I{] ~~ ~ ~ ~ l!l<T, ~'9t-iC-i'i1 ~ 
~'ijp,t 9f"t1Qf' ~ ~ ~er ~cm1ST--1 ~ 1 ~rnt\Sfc.:i~ ~ai.:irn ~ ~~ ~er <R ™ ~ ~ 
~ ~ ~ 1 ~ ~ ~ ~ ~ ~cmlS!~~ \S9ftqtc.:i~ ~t~rn w~ ~~ ~ 1 , 

~ ~ ~>tHlH<1S Justas Liebig, 1840 ~ ~ ~Qf'~ ~ ~ '61$1\!5~ ~Cf~~ Qt 

~ ~~ ~'1t 0M I~~~ ~Cf$ Liebig's Law of Minimum <1l ~~ 1)--1\!5~ ~~~I~ 
~ ~ ~ ~ '9RJ ~ <1l ~ ~c~t\si-i 1 ~~ 1)~\!5~ ~er ~ >1~<1~tc~ ~ ~ 



/' \ ~ '3 t.,,., 'l[-~P@f.l .. o,i, -~ 

~ P"fi'! Qf1t'I' (the growth of an Organism or a group of Organism Is dependent on the 

~ f food stuff which is presented In minimum quantity) 1 

unto -~ -= ~ 
arfl0 ~ ~ ~ ~ ~ ~ <JS>tt6l'!l ~ co2 ~~ H2o ~ ~,r ~Uil~ ~ I ~ I 

web~~ Mn, Cl, Zn~ ~ ~'t ~ I l!l~ ~r( 181fi1c0 .;yt~fif~ ~ ~ ~~ ~file~ 

~ ~ .,r ~ ~ ~ ~ ~ I ~ ~ ~ ~ ffll'1 '5JlJf ~ ~\SIC<f ~ ~C<lif ~ 

~~I . 

~ ~ ~ <fmt Limiting factor-1.!l~ -a~ ~ <tSC'!IC~-=I ~ ~ ~~ '<3 ~ ~Jrf"f'O 

~inimum-~ ~ ~ I ·1'!1<1~<tSIC61 Me:3I~ S)l<t511Jl-=1 (Blackman, 1905) ~~ ,J..f4'fi ~ 
taW 

0
~ ~ -'5l~'i(f ~ >t"i:2l>t1~1.!> ~ 11.!lfu ~ ~~ ~ ~ Law of limiting Factors~ 

~ I~~ ~'Pf~~~ 2fl~ 1)-=11.!>C11~ "ffi ~~ ~~ ~~ C<ffif ~ ~C<l?I ~ 

~~ 1 AA ~~t"rn ~ ~ ~ ~ <l>t{l<tSf& ~"11'1lt.:i'!1 ~~ ~ ~~-<1N>n?f CO2-~ 

~ '1, ~ ~1rnIRc:ai'!I ~ct~~~~~~ 1 ~ ~ ~ ~~ ~~ ~ ~c<1:si 

~ ~~ ~ ~ 151-=!Jt&'!I <fi(~Qsmc;qs >t~Hil.!>1 ~™I 4t4 Factor intervaction ~ I ~<1MeJf.n 

~ (Shelford, 1911) 91~<1~<tSICai ffi~ -a IDl<t511Jl.:i ~\:itml ~ctrn' '(3~ ~ ~'>ttm 91ffic<1•r 

~ ~~ ~1ffi?IM'1J1C<tS >t~~111 ~ '5l~'i~ ~ I 

blWtl 
en Demaod ( - -----

~ {;~ ~ ~9111-il-iC<tS '5l°'l~C<l?I >t1~1C~ MC{llf@rl.!> ~ ~ ~ ~'t '51~CIS1-i "i?l.qSl?I ~ ~ ~ 

~ ~ ~ Biological Oxygen Demand (BOD) <fCaf (BOD is a chemical procedure for determin­

ing the amount of dissolved oxygen needed by aerobic biological organisms In a body of water to 

break down organic matter present in a given water sample) I l!l~ 1iwrn' ~ 'firM~ (mg/1) ~~ 

~ ~ U I~~~~ (WHO)-~ 1fC\!> ~ ~ BOD ~m ~ 6ml/1 l!l~ ~ I BOD-~ ~'1 

~czjit~~~~~I 

elf~~~~ C<lfit, m ~ ~ ~ MC{ll18i<t5 ~~C<I~ ~~ ~ <Tm I l!l~ ~~C<l?I ~ 

p ~ a~~I.!> 151fi!C\9tC-=I~ ~ 9frn'11T'fe<IS ~ ~l>tHIH<I> "lfi!tet-1 ~~I 

BOD-~~~~ ~-

(I)~~ ~ ~ m, ~ ~·1~c<1~ ~~~ ~ ~ m 1 ~ t51'l~t<1?1 ~~~ C<lfit ~ C<lfit ~er 

02-~ ~ m, ~~~ i9fCC'l 02-~ 9frn'11T'1 ~ <l5'1TC<f I 

(II) BOD ~ 9frn'11T~ ~>t1C<I ~ ~ I BOD-~ ~ 151~ ~ ~ ~'1 ~ 911'<3m I 

(Iii) BOD-~ ~ 151i~1ffi ~ ~'1~ '1IRC<'I> ~'it ~ ~, ~-BOD-1 ~ ~ ~. 800-3 'lltt.f 

~ ~. BOD-10 ~ ~. BOD-20 ~ ~ ~ I 

tl~II~♦ '61f9it9M blf«I 
Chemical Oxypn Demand (COD) · 

~ ~ ~ ~ ~ ~cr '51~rnt ~ ?11.>iHIH<tS ~~ ~ ~ ~ ~'1 a~~\?; 

~CISi.:r ~ ~ ~'1 ~ errnt<tS'!l ~C{llef-1 ~ ~ m ~ '!11>tHIH<I> '51~Cl9fi! ~ (COD) ~ 

~~~-13 



◄ i om ~" 03!14~,11" ~ 
(COD Is the amount of oxygen consumed to completely chemically oxidise the organic water stitu~ 
to inorganic end products) ~~COD-~ 1lfi ~ ~ . ~ ~ ~ 9fqf~ql ~ ~Cf'<3 ~ ~ ~I~~ 1f~~ (WHO)-~~~~ COD-~ ~'t ~m ~ l 0ml/1-~ ~I~~ ~·"mt ~,>miA<l5~~~~1f ~~~~ ~ -il<l<ISlJ.~ ~~. ~~~~, ~~ ~~ ~-CJS1ffi-ilj_& 8it'if, ~. '51J1t~li!Jlffl<15 8n'if, ~ ~ 9ll1t~, ~-il"f◄:ll ~ 1 
COD-~ !f~ <15Ul<l5ft ~ ~-

(I) ~ COD-~ 9fml't ~ ~«<lfBd!J <!'ID!?, ~ ~«<lfb~J ~ COD ~ <mi I 
(II) COD-~ 1lfi i9fcc:, <l>i<ll>\<151~ ~~.~pH, T)~C-i~ ~~. ~~ ~ '6~ ~I 
( I Ii ) ~~ ~<15'<15 ~ ~ fiffaf~ I 

I CiSf.qM;q~ 
Biomagnification 

~ ~ ~~ ~ ~~ ~ ~ ~ »ffiN><15rn<l5 '5f91~<1~~~ ~l>il~H<IS ~~ <tt Clil,t 
~<W1C~ ti"C<l"t ~ C<IS&l~'!l ~ ~<f~ ~ C~ ~ ©~>'!>~ ~ ~~ ~ ~\!) ~ ~ 
C"3i<IM<I~ (blomagnification) ~ (biomagnification is t he sequence of processes in an ecosystem by 
which higher concentration of a particular chemical are reached in organisms higher up the food 
chain) I ~I~ ~~ c~ ~ ~1"01::Bt~ ~~ c<!Scm\S<IC-i~ ~'f ~ ~ ~ ~<R ~clC'i~ ~ffl ~1>1rnA<1S ~~ M<i@~IISfH\!5 ~ ,w~t\SIM<IS\!51 ~ ~ 1 "ifi~<l51~<15 ~1>1rnA<1S ~~ ~ 
4Ul<l5ft ~ DDT (\S~t*tt~t ~ Rfi-i~ril ~~t*tt~~t~.:f), BHC (~"ri C~IC*l~I~), PCB (91MC:flMC-1tG\S 
~ Rfi-i~ril), HCC (C~~IC*tt~t >i~t*IC~-i) ~ I ~ ~ <15C~<l5ft C<lfirtm ~ : 
(i) ~~ ~ ~ ~ ~ ~ ~ \~<1Sitt~1 ~ ~ ~ ; (ii) ~1>1rnA<11 ~~ ~~~ 
~Mt~<U ~ ~ ; (i ii) ~ ~ ~ ~ 9i\l1::Brn ~ <rnf, ~ ~ itl1_c<1~ ~ ~ 
1f~1laj'~~~I 

~~'f <IIU[ 

.!)'SR ~ ~ 
DDT 100 p DDT 3 x l o-6 ppm 

~ ~lkfl'Gt-i~ ~ ' 
Do.,. 'lh... DDT 0.04 ppm ,~ JJ YC~ • 

/J/J~ ~~~ 
--- DDT 0.5 ppm ,/ 

,..-.-~· ..... ~~ 
ciSi<rf41~ ~'1 

'9frilt•1nB1 ~~ ~~c~ DDT-~ c1St<1M<1(.:f ~~ : 
~ a~~\!) q~c'Gtfflt~ ~~~ ~ (~) 

DDT DDT DDT DDT 
0-01 ppm 0.024 ppm 0.123 ppm 10.S ppm 

~~ 
DDT 

12 ppm 



·~fdiNC+1'-l (Nitrification) 

Jil ~ '5()1t)l1Hill c~ ~ ~~~ ~, 
2
' ~l<tJl4~ (nltrobactor), .:itl:t'att>tlt)l1rf1>t 

~~ltrosomonas) <tJ14tUffi411 ~tfn~~<rnfl 

4. ;nlffiPPC4-1trf~ ~~ ~-

(I) 2NH, + 301 ➔ No-2 + 2H' + 2H20 

(11) 2No-2 + 0 2 ➔ 2N0-3 

s. -nlffilirt<Pfi Tj_1t ~-"l~,'Clm0tt...,.G ~. ~ (i) '5()1t111Hill 

~'51)1ti!IH411~ aR'f~ 4~fw; 9fffi~~. (II)~'-~ 

~ ~tU1<tJ14t°Gffi411~ ffislITTl ~ 9fffi~ ~ I 
6. [ •ttl:t~1<tJ14°G11, .:itl:cn1c>tlt1!Ml>t I 

'i1l:t°Glti9i4 ➔ '5(Jltlllf.hl1 ➔ .:i~f@ ➔ ~ 

1.------ -ttl:fGRat<1>.ct;i -------

~ Ol1i9i"1l 41 I 

l•t11t.c.-t-l 
Eutroflcatlon 

· ·. · -~~~fit.t.PM (Denitriflcatlon) 

; , ~ ~~ ~ .:i~t~ ~ ~ ~~ 
4Jl3l>tUHhl1-?1 ~ ~ .:i~t'ijltieil-l l,9fl-Sffi\!S ~ 
91ffit4t"1 00 ~ ~ .:i~t'ijtc'9t-i C11TR ~ 

fv5.:i~ffifqt:q"l"f01 (denitriflcation) ~ I . 

2. '-!l~ ~ ~ c~ -1~lt©t-1 {S~11if ~ I 
3. '-!l~ ~ ptSCl51t111rfl>t (pseudomonas), 

fQttJll<tJIPl611>t (thiobacillus ) ll~C¾1<¥>$1>t, ~l<i>Ctiffiill'>ffer 

~~~~~~, 

4. fv5.:i~mftlt4•tt•Bl ~~ ~-(I) N0-3 ➔ N2 f 

6.1 . Pl~t\51C111-il>t I 
~ ➔ ;i~1"G ➔ '5(Jlt)llf.Bll ➔ -1~t'falt15i-1 

.__ ____ f\S;if~ffiftlt~PM ____ ____. 

~ ~1-ca, ~ ~ ~ <f~iStfil c~ 'Sl~ffi~ .. ?ll>trn~~ ~ m~ ~ ~ ~ ~ ~ 
~'"11-trn ~~~I~~~ c~ (nutri~nts) ~c:t ~ c9fea=r ~ ~~ ~\!i~C?I ~ C9fre 

~ 11!1~ ~@~IC~ Eutrophication ~ ~ (the problem of excessive nutrient load in water bodies is 

called eutrophication) I 

Eutrophication-~ ~ ~ ~ ~ cm~ ~91ffi~a,~ ~ ~ 1Stc11"1C~?I ~c1C'TC"1 C>f'l?IMS?I({ 

~ ~ ~ .,f ~ 0 2-~~ ~ ~~I ~~ <mfr"J 'S!c1l•1rn?I \3a=WtC"1 <l>t41>t~1~ ~ ~~ W 

~ ~~ '51WC~ <11~~Ct3~ \Sl~>tl~ -re~ 1 ~1~.l"#l '51ffiC'S!C-i?I '51\SlC<I ~ ~ ~~ C-f<l1Cc1?1 {algal) ~ 

~~~~~I ~ ~ ~ (algal bloom) <fCc'f I 



J:~ ,nth~ ~ 
! ~'I '<l $1'1 (Causes and Effects) I! ~ 

■ ~'1 (Cause) : ~~~c;rn ffl'1~ ~ ~ 
(I) ~ ~~ ~ ,f4~11Bf ~ "fmT ~MC6'lil ~e,9fli:r;T ~ ISFfJ ~ ~ ~ ~~~ 
~'ii~, ~~~~~ 19f6'l f'Cfrn 91~ ~. ~ rxrn ~ ~ ~

1 
·~,·1~ ~ 

(ii) ~ ~"lfG'f '~ ~~ 1.o11:ql!(;:i1 ~ ~ 91~ ~. ~~~~I 
(iii) 1111.c~~ ~ ~CIJt ~9!W ~ "fmT ~lit Nffirnc\9/·t 9fl~ rn-~ ~ ~tnr ~ ~ 
~~~~9'TITI ~ 
(iv) ~ ~ ~ I ~RA~,~ ~m ~ 9fltt( ~~ ;rf(Qf 9 1fit<r~ m ~ ~ 
iSf'if--tC~~ ~ ~ ~ I , ~~eT""X"W..... ~. 
(v) iS'ta,f .. fc~ ~l,q\S{-,J ~ ~ ~ 9f!m"9f1~·~ c9fegf ~cU1Rfic,q/~ ~ ~ ~ 

1 

■ ~ (Impact) : (i) ~ f:q fta-i ?l ~ ~ t.!l<l~ '5l~C\9/Crl?l ~'f ~ ~rn. ~ ~~ 9w.f ~ 
~ ~ . t.!1~ ~ ~ (alga l bloom) <rca, I ~~ 

• CH)~ 't~t~ ~~ ~9hf ~~~~ ~ 911 '8~ ~ 9fR ~~ m ~ ~ , ~ 
~~~I ' >fi=f== . '<3 

{iii) ~ "'{~t~ ~ ~ ~ ~ ~ <lf ~ '>'lrniiiN'-6 ~ I ~ ~ ~~~ '{3~ ~~ 
~~, .. • ~.-r. -

{iv) ~ "'{~t~ ~ ~~ ~ ~ '8·911:r ~9f:q) ~ ~ I C~J-IC~'i't ~ @!T:'i'f ~~I~ 
~ ~ ~ <1rn t.!l<l~ IS/c,1"1C?-I ~ ~ ~ ~~,m ~ '8-ci I . 

' .. 

' 



~~ ~ ~~C'i:I ~~ ~1'fC<15-i:!I r.<T ~'t ~~'f ~. ~ ~ 151~1'1 ~ '-8 151.:01.:0 "11ffi'511~ 
~ ~:q~ ~I~~ ~ ~ ~ ~"lJ~ ~I~~~~ &>11gF>J111.:t"I ~~I 

~a,\Stt~ ~~ l!l~ Rsca,t~ai/~2/~ l!l~~ \sic,\Srt'if MSt'111![i7f/ffl'Grn
3
/~ 

1 

■ ~~ (Advantage) : (i) '<tflU f9rntfiit'5-i:I ~~ ~ ~ ~~ ~ctc<IT'i'fJ mc:t ~~ <lt~"C::il~ 

~•:::911'f.:t-Tic't"I ~9f ~ I (ii) ~ ~ <l1~\!5Ctll'i:I ~ ~ ~~~ ~~ 'iflW ffl'~ ~ 
~I 

■ ~~ (Disadvantage) : ~ fyf-i:!lfiit\5-i:I ~ 'if'l'ft ~ ~ <r>rn'f ~ 'if~ ~~C'i:lf:l ~<l<fC'i~ 

~ ~ ~'t. R~ ~ ~. ~ IS ~ ~ ~ ~ R'i1T <!Sm 1511<lffl I 

I~ 'f-iU>illlf.i♦ ~ 
Bio-geochemical Cycle 

~~cm iSi-U ~ 9lffic:.:ic-·rn 30-4~ cmm ~Q/' ~ 9fffi'r~ IS~ R~..ftc, 1 l!Tm ~~ ~1M 
(C, H, o, N, s, P, K, Ca, Mg) ~f:f<li mm ~ ~ . ~~ ~ 151N51llfdl<r 9fffi'r~ ~ (macro or 

major elements) ~ I ~ ~~ (Mb, Co, Br, Zn, Cu etc.) 1~1111!!Ul ~Ull\si.:t ~. l!Tm 1t111IM<fl 

ff~ ~ (micro or trace elements) ~ I 

C1l bs>l<fSlf:l 9f"CQf ~ ~ ~f:f<li ~ ~ ~'f ~Ulf@t~?-1 ff~ Clf!Ca!f:l ~ RiSi RiSi ~ 
151'i~lffi ~ ~ ~<lC'1C~ ~~~ ~<lC'1~ ~ 9lffic:.:ic•r 1511<l~\!5 ~ ~ ~ ~-f:lF>!UlH<fS ~ (bio­

geochemical cycle) ~ ff~ ~ (nutrient cycle) ~ I 

~ ~ ~-f:lf~HIH<fl ~ ~ -Mt (phase) 91ffic-tN" ~. ~Q/l-~ lfXtt ~~~ ~ -Mt I 

■ ~ lTxtt (Environmental Phase) : ~ ~~ ~ OOffl ~ ~ ff~ Cffl 9lffic:.:ic•r 151~tk 

~-<ffil_-~N3<fllC\!5 ~ ~I 

■ ~ lTxtt (Biotic Phase) : ~I!!~~ ff~W! ~<lC'1~><4 ~ C<fSIC•rn ~~ ~~ ~ 

~ ~ 1 ~ ~~ <1Srn<11ffl ~-f:lf)!HIH<fl ~ ~ ~ ~ • .:ifa:cU1c@t.:t 'bSS, 151~t\si.:t ~. ~fa:c~lc@t.:i 

~ ~ I I!!~~~~ ~ ~~~ ~ ~~ iSirU ~~I \?ll~l~I ~~ 

c<111t-rn ~ '51.:t)\!511 ~~, ~ ~<IC'1C~ ~~~~~~~~I~~ 

C~ l!l~ ~~~ ~ ~ 9lffit<lC"l' ~ mm Rtiffit?-1 m 161-i:!)ffll.J ffl ~ I 
1 

r__.il:;;t~.::a-.~,~,;:::1-,='!M.:::-'Qf-=----:-~~------:--------p--__,_,, l 
~itrogen Cycle I 
~ ~-f:lt>tHIH<IS ~~ ~~ '51.:tJ\!511 ~'i1J ~ ~ .:ifa:cUtt@t.:t ~ 1 IS~~ MN5ii'6ft<l ~ 1S ffl'lrn 
IS9@~f.Rm~I 

C1l bs>l<!Slf:l ~ <ll'~\!5Ctij ~ IS ~ ~~~ ~ ~fa:LUlt@t.:J IS ~ 8fl<;f~ 1511<1KW ~ IS 

<11~\!5Ctil .:ifa:tUlt@tC.:t~ ~ ~ ~ ~ .:ifa:cUtt@t.:t ~ (nitrogen cycle) ~ I 


