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2 GUTQLL L LD LOMMILD 2611 | &F&S5F)

(NUTRITION & DIETETICS)

% Von Helmont of John woodward

(1699) :

o i LOMID  SrGLGILIT L &6t
graureueTidfle@ s geudlwid
st6ur [flemLI\GgeuTir.

s Saussure (1804 ) :
o Smeuy  &mbuedled @mhal

QUi gy &SlsTamD imLbs
STiTL6T, el e, 9| & e,

6MIBL [T 8060, G60LIT SITeUIT
sueTiTe oG Sleudlwid
Caemeulin(B e mg.

+» Liebig (1840) :
o SHTeUT suemitg s

sueflosuo_sugdled 2 atemr Co, eLpeuLd
STUeT 261 L 1D gjeudlwiordleTmg.
&miruer 2 LGWTsd CUTmISS
2 GUTRLL L euen&SLILIT(H

SMEmiy Umemity

(@6uflo smitue | (&Ml smiruest

2 LGWTSLD 2 LGWTSLD

CEuiLeme) ClEuiLeme)

spofl gmemTiy | eefl Udm &mity

Goudl smariy | Geudl Ym amiy
ST ()
Lo (&6utT6uuf]
6oL (hl6uuT 6ut]

1. eefl smemiiy 3| 66T S

STOUTEISEHD, K L&D UTd, LD
&hGs UTSleflwim

2. Geud) smemiy : soBL T GaT
GLomeormend, eOBELTCFT HT&HS60

3. eofl O ariy :
U &tefwim

MFT  HhHS

4. Geudl Um &miry : S| 5
eluBIGSE6T, L Eheme, G HLILITeomeuT
U SLerfluwim

5. mmieutTentl (9)) Lol (G 6utTeunt]

o UEhms - FReroL,
Wy sair, Quenflledlenr gamiflaen

o umdleflwr - Gudledeverd
gliemL 60l6r0, Gudlebeuerd
6MLOSTUILL_ 610

o LDT&6r - 6roLSlaTTeoT LD,
amli6uTLD

o G@LAGLmeruLr - Gumrlfssi,
meGaTGLMIgUILD

o I EhBGwmerd@LiTL-
ElGwimgwir, GomGeormig priiuim
6. 6oL (h6wTevef]
o uGdoleTey 6L (heveeuil
> geuuT(h 6L (hewurevef] -
ellervaid, GeurGirent SHerd
> Geulm el (Dlevtreuetl - Sdhwid
(5hs6uT LOMLD) , 6rOIpT&T  (S(HLDL)
o U 6L (Hswremnt]
> SewT(h 6L (hevoreuntl - SHeOGLLIT
> Geuim epL” (RlevaTewmtl -mlieSeflwm
7. 4,58 Ui &L STeurmIgeT
eflCaTsma eypold 2 emmemen Swrflss
@uwersHemel. STT6UOTD MEHLTNET &5
(SEOMEUTS 2 66T LOGUITEUNTIE0 6LETITLIEHEL.
o Ul&r detmer. - QBuBS6N,
gmyaeofiwm
o &flw uaflggiefl greumd -
g QUymeFiym
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o efered Y&fl Np&Gh sramd -
g Guimeoflwim

o WGermir Qeurm’- wfl@GCeuflwm

= gm@Gmmu 60 seaflumisear smeuy

gmibuedled e daslu’ LTeyiLd,
@ILI(HLDLIT6UT 6MLOWLIT S5 601
GeuflLomig6iT 3|6060T S G

Sreurmisaflgnd sremriin@®Slearmg).

Qs saflunsed srarsdear W
Crmg UTSllemu eFNUESSILD.

» @emdler usnileow Geuml eTgIeD
r® GEuiw (LpipImg.

" GreurEISeTleT ST ST 6uuT
QUETITE S5 (G SHTTEWILNSG B|6HLOU|LD.

= gmeurmisefler @erliQuUm&SLD
Gl seflugms sries
@5 GLD.

» @emdlar CxHmeu mmid LemTluTleT
serenwsow  Gurmsg  Arnon &
stout ETETLOITSET  @)([HEMSIITES

WIf&aeuriv
(PESW ePoSBISAT | [HIGWT CPSEISET ()
(=1) Gug ml eypevsmiser
CLPOOSHIEIEH6IT Minor Elements
Major Elements
C—-45% Cl - 0.01%
Ca-05% Zn — 0.002%
O, - 45% Mn -0,005%
Mg -0.2 % Cu - 0.0001 %
H, — 6% Br - 0.002%
P-0.2% Mo — 0.0001 %
N,—1.5%
S-0.11
K-1.0%
Fe —0.01%

safloisaflar  CxHmeauemu  sewrLdHluyd
(LpEOMS6T
1) embus UGLUTLIR| (6D :
= gmaurl Gurgl&ssmer 400 - 600°C
Qauliugdled  eflgared 9 EISHS
QUITHL&6T STOUTTGSLD.

Sraurailied

.................................................... *

» &S seflumisear semrLMlwin’ @

Qui, dlm| ELPEVSLD 6T60T
Ufl&slub e mg.

2) memGrr Gumeflée :
»  GTEUTEIGSEN6T [HT, L6WT HOHS 6
oam L 26Tl SHGSl60 aUATTLILG! (& LD.
= 6T.(p LOTEIFeS6T, IERISTT
Q&g sat, CaHTLLsSmu &g &sat
Sach’s 2emL &1 1860
Knop’s esmL & 1865
Shiev's oan_s1 1875
Hogaland’s 2ar_sw 1938
o Evan’s esmL s 1953
3) erGyrGurenflderd
= GTeuy Gouirsemem S&rmley
Qaflywry mausg IeelGurg)
oam' | oM _SHG5mGF  Gaursefled
Qzefldg STOUTSHMS  CUETITEHGLD
(peom
4) S eam_& eueritiiy
" STEUIHIGET

@)
o
@)
O

e ()

CETOISSILL G6UMITL. 610
26m|_ GBI 61160 UG
u(h&leurmeur.

" @anNG GQErL Emir LT & 60T
(pemmulled oam 'L 2011 &LD
Qeisslu@bSlearmg.
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wadélw saflurisaflar Gawedlwe LEEL uHDTSEGmpwTed HUELL @GNl EnLD.

LDMIT&(G6mMIITed 6JML(bILD

&6uflLoLd Qewedlwed LG aSlevarayeei

STTLI6G0T STEUTTRIG 61 |6oT QuTgleumer | & Hmiyevor EUETITE &lemw

mamlreeT | euerileng wrHmLd 2 (HEUT MWD LITEld(GLb.

o, 6r0leneur

6MIBL [T S06UT ursmiser, Blusefls gublomiser, | uFmsw  GCormms,  @Gsrmiw
gimemr Qrrdlsat ATP @eumeom | euaTTés], weviseaflar aaris sl
I[EMLOE (G)LD. (ST MISH6V.

SoLITerSLIT6erD | LemTmeroLomuL_6uLh, glemewr | euerTdd] (@eml, LmeroLIL GLord
Crrdlaar GQaweur@® 9 dlaiflgge0.
blw&aflGuirenL (h&emer
I|6MLOEGLD

QurLrun | 9 &GSl u@dlsaflad, | gemLdlrer 6L16TUT 650
@Qmed glmer QUESHFHSGW | uFmFWGFTmS,  SeueilenL Ll
GCxemeuL(HILD. LGISHET (GL 0L LITG60.

&60LIT sogwibler, eouGurigert, gememr | LTs CoTHma SH6mL
Qmrd) - 67, Ferdestr, FlerdewLerr | QFLWILL® @laTd @emeugafled
@leumemm 9|6MLE (G)LD. ugmaw Garema MU(hSH6e0

Quaefdud | usmswsdar s.preab PEP, |BrodoL  usmsw Gamms,
RUBP sriurgadlGaad | SibCsmewaflar Fimbl Lipey
G lulleor 261 S SWITSH LD
2 61T 61T Gjl.

STE0&ILLD Q&evaeur, Wermewr U_eggler | sTTGUTmen GrL  aerTdlmg
Gnml, oL Lrledled 2 ol LOMMMLD, IU5GS IS &6

urgliiy

@\(mLbL SoUGmGour s, Gl Geverd, | saflomkigefls I LiLomeor
QUi & emferfl GLerd Lpmd | 2 eorey  BrollL  LFmEw
L GLTGermd  Qnrdlseflar | Carems, STmm GEUTFLD
&n T (G)LD. un SlésUubhige0.

Guiryment Ca®* oaQer@ly  wmnmibd | UlemLlige uply  @@msWw
LWETUT. PS@GD  LEThEESEIST | Wwse  Grmi, oy lullaflat
(06T S SIS GLD, 2 6T SHFSEHOT HHMSWITH6E0
&mirGuremaml Gyl euTaeT (o) &SeuflaeeT (W&lmLD
SLISSNGGLD CaHeme. WererGw 2 gliTs60

LOTTE1S5607 |5 EED QemasEnd@ELD | pLadled mbusd ysTefl Grmul,
Caemel. &G, | Gout  QemEller  @soTmlw

Page 3



Sraurailied

@ eccccccetetteeseeesssssssssssssssctcteceeeteeeteeteeseessssssssssssssscctceccecetttteteessssssssssns P
SITTUT&erdlGeuerd, & Geuren | eueTTE
QErdlEemen 268 @@L
il AeormGeverd, oL CrrdlGemrerd | Ferd sewr(hsafler CleTuss
LoMMILD WermerdGLremawenflest | @miy er&&THSmr - Ll e ulled
Qmrdlsemer 26m s @eald@L. Cambg o (meurdsd &lmbul
QuFed - elemg 2 (HEUTSHEMEV
505360 S Crmiser
SIHSHTSLD o fIIGL mrGLiso Flera GLer, | QEm&aLns ELIE
smirumefls J\eTemam Gy, | @lemauss,
IjesanTs ememt GCrrelGared | Amdleme  Cwmil, sewT(Hisafler
QErdlEemen 268 @alls@L GoTlw eueriv e
Lmedllieeord | emmLreneufleut sustiileng | Fgmerlled wehaar yerefl Gmmul,
wrmnslaid gevariils gl | smedldereuflsy &L 60L6LIT6D
2 (HEUTS&SSS I Ui | Grm - @lemeusaT (&mnI&60mS60.
sudléSing).
goflFCarsHema
(Photo Synthesis)
SUITEOTED]
QLD 3\blgpiT allem&aLd
320 LIGU0T6mL_LLI STOUTEIGET SRIG6T Hmeseflar (CauTsafleT) epsuld
BC @k SlwiTaer 2 _guoTenelll GLUMIEISTS HLOL6TT. UL DT 6T6uTm
Qameoedlest QuT(meT Smevserfler eLpsld o mMlehsd
STEUTLD  6T6UTLISIT(SLD.
1727 | edlec®LIetT GRmeL6MD sreursisaflar oo’ (eonss eafl LHmID srmmleT
(Stephen Hales) @eTHluemLWTELMmWS S6uTL IS
1779 | wrar@risar-aded | srersdlar usmuwrar UGSlST Lr&nn STmemm
(Jan Ingen — | eperfluflent (et euflemeuuled SITUIGDLOWIT S (&6 S
Housz) ST Mlb ST,
1782 | Qzefiiit (Senebier) | CO, olar gLiddl gdlaflEgn Gurg, O,
GeueflGuimms leut Gougs (b glaflliums
Blers LG ST
1845 | sument GLowi uahaTourmSaT @& fw  eefl g hmome gmEsEL
(Von Mayer) Qumrmeflerr Goudlwrmmeors WTHMIEIMS ST MlHSTIT.
1845 | 6ifs (Liebig) RS0 Qur@lsermarg Co, Lomid Bifledlmhg
2 meuTSsILDemd GNIIIC L.
1920 |eumiruiré (Warburg) | @ Qg urdwrer GGarr@raamme aefléGaisms
FLUBSLUILL L QUIRYSE LILIGOTLIL &&n_lg UL
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Qumrmsgorer 2 wiilurs gyilypsd CEwsTT.

1932 | erLoieroeuT whmid | pefllFCarsmaullar qoflailonarser wLOHmD @ meT
S|TeuTTe0L allenerser Hlapeusng flemUlGseur.

(Emerson and
Arnold)

1937 arflsd  (Hill) vaRismilstsmer  Uf50s0ss  GQur@mssLomsr

stusLlomer  emullest  (pevTeflemeuulled T epaflly
e &geb blaLpsmey G gement sertleor eLp6ULD
les U &S STL Ig 6UTITIT.

1941 | emuenr whmid | %0, e LwaTuGsd efsCsismaular Curg O,
GaGwer  (Ruben | Bifled@mhg QeuefliL@®euens Hlem s gserir.
and Kamen)

1954 | gyiteurmenrt, Sgyevent | ““CO, el LweTu@sdl, WfNs0sOssiulL
LoMILD urlel | usmismissdame O, Hon EnssiuGams
(Arnon, Allen and | flepUllggeurir.

Whatley)

1954 | @meveler (Calvin) | eofl&EGarsmauller smiTueufleor LITDGHEmILIS
siLiibg C; &pndl  (smeeler &ipsd) umdl
alleuflgamT. 9eneErs 1960-60 IaimEE Grrus ufls
QUPBISLILIL L G).

1965 | Geaml & Lpmid | Flev QeuliLwemiLe Leaumasafled el Gumid CO,

soeurs (Hatch and | fleme  flmissasstar C, auflssLd 2 6iaTamss
Stack) Qsafleilggeurir.
= @g 99 % &L SryaurmSefle
pofl&Cargma eaaiug “gpafluller BL&dlarmg.
2 geflwimed 2_(HEUTEGS60” 6TaurLIg) » yeller g @M gaflilsd 0.2 %
QuTmar 9y @Lb. e wLECw gaflFCsismads

@hs QFws Frer ymeardg 2 uli
Coudl allemeraEps @ IjlplILEDL WIS
2 _GIT6T Gl

@& pHsEL COEG0L @G
BOLOUDD  m I &HnGarmy
RbGS alemarium@L.

B0 AUGLSHNG 75 X 10™ kg SieTey
siuet (CO, augand ) eefl&Carsma
epeuld 17000 LhlebedlwesT LeoT  gyemey
2 6T 6TEOL WIS LommmUILI(h\&leTmg).

LweTUGhSSLILGSlaTma)

senTemnl eeflulles  giemev wemd 390
-790 nm 60 2 _afer Qymmed GuTL L meor
(o)) GoumemeTLLD 6T6oTLILI(HILD.
pofleCargme earug eefl 2 uili
Coudllwed flapey (F(oms + 2 6T
Qwedlwied) @\dled
sefll@uTmLsermer  H,O  Lommid

CO, eeafl wmm Hlmblsermed
lengssiul ® aMGummeTmer
a&rTGuremam. CriLmrs LOMMMILD
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Aeijidl - @i
9,5 eneur
GeusflGuimmiL® g )
e ma. e T s

= gofl g mmermrg Geudl g mmers
rpniuG\ElaTng.

pS&lgai gHmid
(sperf] &lpemuL)

Elmibl

6CO,+12 HyO*TeH1.06+ 6 O, + 6 H,0

S 5&lmeT eOSs (@QmeT &lmemu)

" (LpgeoT PSOTS _GU0T6MLOLLIT 60T
pofléCargme FwCaTTUTSLewmals
(Bt urdl BGA) i mililssgl.

= UEhmE, SOGLLT  STeurmiserfle
aofl&Carsma e Gunadlsmeo.

= W Serleorm - STEUIEISEHEGL
6l 6urB1EHl6uT 1518 (615 & (LD @emL L
o Wiflwres  glwin@SleaTmg. @ flw
wofl  doLsgn  CQurys  serg
uFmawgdle epeld 2 cuoTemen HmGeor
swuriggsé QamereEpn. @flw eafl
@eers  @mefleor  Gumg Al
o uilirsemar 6l rsich] o_6UoT6)
Cameuemw Flouddl GEuiub.

= Heuly  mmrd omgm KM
goflsmhemmuiled LY |66}
soflFCaTHmE HL&EGLD

eofl&Carsma Forid :

" 96  grrgdar
LIGF6LOLLIT 60T LG8 (6L
ol CaiTdemasulled m(HIL(h&leurmeur.
IiFled e 2 My  Gemeuser
DHSLD.

» @ seur Lisvedl LT u@dlulled gjemiy
Lhl6be0lulen) & GLD I\ dlasLomer
LG BIG6u0T|SRIG 6T SiTeuorLiLI(hdsleuT meur.

S| GG

—

Sraurailied

.......................................................... S
ugbuelS e o6m6e| 4-6 enLOSTTeNT
1[10))) 2 _GIT6TG). SLEOL IS
SmeuorLILI(HlLD.

o Wit greurmiseafled @@ euemSWITeDT
soflCarsma Flnllser o arereor.

1. @CermrGymiled

2. &G igerm. (hsar

. @GarrGrmied :

@dled

GlLorg gL 9 : f\-o
6LI6T & &M 61T & _ \
s fisgeir 4|
gat Arnoff ad 7/ L\ A\
Allen 1966
@emen  Fleuliy
LMMILD  2ETHT
flm  eeflemw
FT&g USOE
Himors

7 luedliugmed
LIS 6WLOWLITS
SITeuoTLILI(HILD.
LI&6MELILD
O|6V6VIT SHEN6L
G6m6ueT
Eimblaar gy @Lb.
fimblser Camhgl o moursEh Blndl
Gsrely @6l  GsrEly  (photo
system) ereoTLILI(HILD.

(@ @6flseaT@lds 250 - 400 ausmiy
Blmihl epsudan miseT smerlin(HLD.

flolser  fleopkg — smeorliu(L
liymeurm Glo(hebeorr HiTeuT
seflCargma swd (active centre)
2HSLD-

JeundimE@  quantosomes  eTaTm)
Quuwit.  Quuifl’Leur Park &
Biggins

2 auend g6l QBTG 2 6TeTg).
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PS | — pafl@sr@iy :

O

| — uEmEWD a Pl

o glmewr Eimbl Gewmey
o seadlarm eeafl g mme 700 nm

sreoTGen (@& P700  ereur
Y& SILH ST
SmeTlU@L @)L LD &lymeorm

eroL_@rymLom, engeuamul(h

PS Il - gefl@sm@Ly :

O

@)

Il — u&mEWD a (GOmne
glemewr Hlmhl g dlsLb.

o sadlarm eefl g mme 680 nm

sreoTGen (@& P680  ereur

IS SILBSETnE.

SmenTlIL(OLD @I 1b  &lymeorm

gismevor Blmhl saurdlerm eafl gy mmed
uFemEwd a almgG sLSSLLHLD.

&GermGrmiled ‘a’

epu&anm eumiium( : Css Hyo Os Ny

Mg

eLPEVS: S M) 6TE0L : 893

= CH; group @emeworiy Il eug
sniuefled - |1 eug ewuGrmed
aUEmETWSSl60 SmewrliLi(hib.

» @men  Gusaflflugdar SGeal
2 LIS6Tm(GL.

» gmalugd e 15 x 15A° :
auTeILGS 6T 20A° 9|eTey

= g dla FTSEL0 gefl geme BerLd:
430 nm, 878 nm, 662 nm

» il 9dls garalle smemLELD
(psaimw  Hmdl)

" G @l 2.8
steorLi(pd (Universal Chlorophyll)

L& 6m&FWILD

&GerrGrmied ‘b’

epu&Ssm eumiiur® : Css Hyg Og
N4 Mg

eSSl Tem. : 907

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

CHO group Il eugy &miruefled - |1 eug
mUGTTE) aImETWSSH SmeTiiL(pLD.
IFlah FTSEGL gefl gme Beard :
430 nm, 595 nm, 644 nm

JimeTdg STeurmisefled SmemriiLELD
(urdeflur gelly ) GCarmGrmisd ‘c’
eSS Ml eumiiur® : Czs Hip Os
N4 Mg /

eLPEVEH En_ )| 6TEML 712

IFlah FTSEGL gefl gme Berd :
447 nm, 579 nm

= Lply urd, EOLWITL L Gdl60
SmeuoTIL(H\l6oT M.
SCarmGymiled ‘d’
*  epeus&m eumiiur® @ Css Hyg Og
N4 Mg
" eSS 1) 6TEOL : 895

JiFlan FiEGn afl geme Herd :
447 nm , 548 nm, 688 nm
Heuliy urdlsar srewTiLBSETMG).

&CarmGymiled ‘e’

umstefwm
&CarmGymiled ’a’

epuGEay  eumitur@® - gylw

L elsbemen
LIEALT
FTS@EW el
SI6M6D  H6ITLD
415, 654 mm
o &aififlwr,

g 6wy GUITTSLOM
(xanthophyta)

Two Light Reactons

P &0

ELPEV S Sn_ )]
eumuICum ()

Css
Og Ny Mg
eLPEVEEn_ )| 6TEML

Hz4

: 911
IFla FTSEGL gefl gme Berd :
358 nm, 391 nm, 577 nm, 733 nm
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> D|606T S G| eoflCarsEma
ursLleflumiseflsd srewriu@SleTmg.

Heliophytes spofl  eflpLoyd
STEUTLD - abratio-55 =1
Sciophytes : [Hlipsd eflmLd Sreurd -
a:b ratio - 14 =1
Common plants G gleumeoT
STEUITLD - abratio-25-35=1
SGrmL_ipsrmi@ser

% GCemmCrmisd : sSCrmTlgermibser

alldlgn = 5: 1
o 2 aUemSLIL(HILD
GCanGamilsd (Xanthophylls)

&G ig 6o,

SOTTLip6T :
- yosled Carlgai Caufld G\mHal

(CH,On
ATY
NADPH,
€O,

g Qi
ﬂﬂgﬂg(aggm?rg waken roder
(1891)

" PSS M umItLT(H) : CyoHs6
" PSS 6TEDL : 536

" Cy Hsg + 2H,0 — 2 Cy,o Hyg OH
(meul L Lhleur A)
CepGaxmisd (Xanthophylls)
» ifles g dles geraled smeiuin Hlmibl
- leutin : Cy9 Hsg O,

Sraurailied

GCarrGrmilsh 2 meurssid :
Light

» gsdlomered CoA + Slemenflar —
LG G &GarmGrmiiled -
&GarmGrmiled 2H

= 6TeuTG6u SGarmGrmiiled
2 mausss5dnG eaefl s geudub
Db SLD-

oflECardma allenarser :

» 2 auemSL(HILD

1. epeflellemenr  (light reaction)

o @flw spaflwmmmen, I5iT
SpFlwememn  FEUGSS ATP
(energy) , NADPH, (reducing
power) SiélweT 2 (HEITEGLD
allemeur.

2. @ et ellemeur (Dark reaction) :

o ATP, NADPH, uweru®sgl Co,
1) STTeuTenemL GrLLms
RbO\&GL alleneor.

Mechanism of Photo Synthesis

spoifl Lmerouflasiyevori:

= PS Il , eeflbler Gum Lmersemer
o s Guris g Sleried
S| 6T6VELITIT60T 56T 61T
2_(HEUT&GSLD.

= 9@ eELITaT  SLSg Fmledl
auplurs SLGslLGLD.

= 9uGurg ADP 2 L6t 6 umedGuL
Qar@ly ATP 2 (Haur&@Lo.

= @566 sperfl umrerouiflsievorLd
eTeoTLILI(HILD.

= 9UQurg) PS Il g &81Gearmm
flemeoulled 2 eTemg. @& Heor

yGrmlLmest, eTeusLgmest Lmmid O,
urs  Uars@En Smemer  oyefls@L.
sterGou  geaflullest 2 Heflwmed Hirspef]
61 &860 (photolysis of water)
L S&leTmg).
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- Qiflansdes Mn, Ca, ClI
owenflaer Caemel. UGG
o Heur@. e m, PS Il obhss

lemeuds @ GameueT(h 6u(mHL
@g GurGeu PS | b BLS&leTmg.

alpmd mmid sipmdlullsosor
umreroumflsyewrLd
Cyclic & noncylic
photophosphorylation

" L&D & 600115 5 55160 speifl
urevuflgremn 2 euflsafled
meoL Q) lermeor.

apheluflsbeor uredumfsyeomd / Z
Scheme : Noncylic
photophosphorylation

= gafl  gmmedd 680 nm  Gued
B@EELD Gurs
gmeuTLLIuO\&leTmgl.

= PS | , PS I @rewi
El&Lp6 & (LD GG ([HS6 60
L &(&LD.

oaf) DL

PS I

6T60SL_ITIT60T LML 68T
Qeuefl GuimmUILIL L 6L 6vT ([
&reoluflL_Lb 6e7mu(blLD. IS
srusLyTesr NADP' & e(hi&sib
O|6OL_LLI QSN HTS
SQUILTES IS @ SLSSLILLD.

gewi Ul Lej e GQeuaflGwmid e,

PS 1 & syul@erer srelullgems

Blriy Gerred GLm@UIGeorment,
sn&L L GLm@GCrmd be,
e GLr@Crmd  f,  NermerdGLim
& Wwevfleur uLplGu
sL &L SleTmg.

QuGlurgl  ADP  2La@r 6
uredGul.  Garsaslul@m  ATP
2 (U S&LIL[OSIMG.

6T6V&L T IT60T 6TRIS (Gl
CeueflCwHwGsT s GLS5ME
ewT(Hd  eupeudlevemen.  eTeoTGeu
@ synduloor e SLHSHO
6T60TMILD, umeroGuL @&y

Hlapeugme eefl  umerdLIflEreod
sTeoTeld &L LOu@Sleimg. Q& z
augalls) 2 aTergmed z  auflipsmm
eTeoTLILI(HILD.
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Sraurailied

@receecsctesctesctesctesctecctecccecsctesetesetesetesetecetesetecsttcsttesetesetesctesttesstesstessnieses P

apndl eafl Lmerdmfsyevon :
(Cyclic Photo phosphorylation)
= Hlasys SmreD :
1. PS | b (i Gsweu@mid Gurs
2. it speflilemiiy flaspre Gumrg

3. gdls getey ATP GameuuL

Gumg)

4. p(hss55nE Caemeunumssr NADP

+

S dasrg Curg).

= dlymeorm,

eol_Grmomelled 2 a6

SSTIHS6T60 FLSEGLD.

= 680 nm
O|6M6LML6TLD

almg  odlswomer

Gl meuTL

sperfl

SMEMMIITED GT6voTLLILI(HILD.
» QeueflCupmiud e sypndlEs
et seur Lempw @)L SFMCs aubg)

Ge& (mLb. ATP ase
ADP + iP + 8000 cal / mole » ATP + H,0O
alpndl egeafl alpmeluileor eafl
umeroLimiflgyevorLd umeroLimiflgsiysvorLd
@0 PS | L Qb |@dw PS I, PS Il
ukIGamElmg). YR 31T @\ 6wt (HILD
ursIG & maleurmeur.
U&6n& L 6T6VSL_IJIT6UT S 61T
e MellGhg | sphAumLig)
QeuaflGwmmis @G | Smyeudlsmen
6T6VSL_ITIT6OT & 61T LoMMmILD
apmélenL kg 6T6VEL_ITT6uT & 61f l6uT
Wewr @l  ymiule | @ipliy ifleor
QL 551565  aubgl | eefllilersgeme
Q@& dlewt meur. FREFILILHSInE.
@\dlsd it | @\gled it
gofllferdze0, O, | gaflilergzn, O,
QeuaflGuimmid QeuaflGwimmLd
BooLCmeudlsme. | el GumidlsTmen.
spaflumrerbumflsyeoerid | speflumerbumflsiyevorio
@rewi(h @)L misefled | @ @SSl WG
6oL GlLm)cleuT meur L QunIEImg.
QLG NADP' | @%@ NADP® -

CEEn WIT6UT G @SS
960L 6 606m60 JoLig  NADPH,
oUTS LTMISIMG).
FRS
-
;’.;@:;rmné;eﬂm\

e
T ADPHPI )
| c

\»/\I'P
& GLm@Crima b(J T

e
ADP+Pi
ATP e
6L CumgComa
C
SlearsuCGun swseflsir e
-
PS1
gl gD

@mor alewerset / smevaller spme :

speflellemeorulled 2 ewiLmeor  ATP,
NADPH, 2 g&illwms CO, gyerg
SMTGuemamL CrLyra R(HS5LD
JIEOLFemen 2618G6l& @G ellemeur.
Qmr&sefler 2_gallme
sriuaitloa  flngsiu@bdlarng.
@1 s pemmulled HL&ELD.

sl flibgeut  Melvin - calvin.

@an@ 1961600 Gmrumed uifla
GummmiT.

@snG &GermGiysdeu,
feofle QLervemerd  graursdley, C'
sGarGLmliemyu LweTuBh\G &)
ST IS

@g omarsg afllFGCasTEma
Sreurmisaflegd mL&dlermg).
@1 3 auflsafled BL&@EL
o CO, flmeblmissiLibhge
- Carboxylation phase
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o @065 Hlame -
Reduction phase

o RUBP Uil 2 [Heurse -
Regeneration phase

= Co, 6meu 6 [Hlemeowmenr
SMTGumamL CrLLma LOMMILD
HlsLpey

= Co, gn@w Gurgmer fyGsmed 1,
5 umedGul (5 smiTueT Gl&meooTL
G&iTLoLd)

= eLPEVS S| SITITLIEOT 6L
O, SEMEVEHL RuBP & [flemev
Fmssme om&@Gals@n GrTd
RUBP &mitumsenilGeusrd gy (L.

» @gar ellmeTars 2 mILTGWw 6
SMueT el QGumrmeT  lseab
HleoaGunng @& 3 smiuer
3| 60018661 G&meuoTL 2
epudbnm  umedGumr  Sleflafls
S|Lfleutoras Klemey(mLd.

Rubisc 0 &mrur&sdlfaeh
RuBP + CO,

> 2 ey PGA

= s Hlemeowmer smituer GaLoL
3 C serugme @smn@ C; spmel
6T6oT) GlLILIIT.
siTevedleoT aLphFluiled
Cur L sear :
= C; . umendGum Sleflarmeiigemam(
» C, . erflgGrmerd
» Cs - omammbemer
= Cg - HILGLm gybleud
= C; - F6Lm Gami@Gsumerd
Rubisco @Qmrd)
= 1fle yédlwwmerg
= @g 0 Grmomedlsd SmemrliL(Hid
» @CermCrr  dermetiged 16 %
2 _GIT6T Gl
= 6 wu smiidler synsl eped 1
ELPEVSEn_ )| (S(ETHOSTEN 2 (HEUTGLD.

QeLui" @

= Qg

- Gal 1500

..................................................... -
o _aT@err QeuaflGu
6 C02 1
18 ATP GIQEELLY
12 NADPH 18 ADP
12 NADP

C, sipmél / Hatch & Slak
umeng (1965)

» @ Ho gramsst 3¢ GEwwmer

umerdGur&lefllifle IblovgdnE
uglers 4c G TLOMEI oTIT 6uT
o serGor gfllips gjfleid, wmedls
I|ihluid, Iro&Tle I|ihlsuid
CuTETmeUMEDM  2_6UBTL & (G 5l6uT me6ur.
(@lemev C, Smeugb  eTeorLILI(HILD.
Atmosphere

Ribulose - 1.5
= bisphosphate

ADP ® Carbaxylation

\

[}5 3 - phosphoglycerate

Regeneration @

Calvin cycle

€Oy + HyD

L ATP

ATP @ Reduction

Triose A’%
phosphate

ADP

"
P; + NADP'

Sucrose, starch
&Y, WSSTCSFTETLD
FroursHle semrLfbsar - Caml &
LOMMILD 6rO6VIT S
lmleormiseflsd
(et Cwmerd@uiid - @ alsdleme)
et IL(H\S60T M.
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C; aufl&sL Lb C, aufl§gL Lb
aofl&Carsma wofl&Cardsma
@mewlem,g dl& | @emeuulLgdle: wmmid
Gasmafls &nemm 2_emm QFesafle
oL QunISImg. oL QunElng,.

@B CO, | umerdGUITFF6oTT 60

ELPEVE Gn_)] oumalls gl CO,
gnuwres  RUBP | 06088 migemer

o 6iTaTg. THSIng.

OIS p3edled | @IEIE (pg60led
2 _(HEUM(GLD 2 (HEUT@  [Hlemeuwimenr
Blemeowimsor GQuUT@aT | Qum et 4C-s6m6T &
3C - &ms | GlsmemiL 9,68 Geur
@Qamewi.  3PGA | Ji8ll1ps gybleod gy @Lb.
2pS\D-

goflFsaurasdlar | gafllFqourasdlar gere
3|66} Qr@ | Nss@mnel.  amssmy
I\ FlsLrs (@\6bemev 6TEUTEUITLD. 6T6UT G6l

@miusTe, Bl | @EiE CO;
fpssiu’e  CO, | Flomoflnsgelear  afswn
eLpeVE Sn_m1S 61160 AT TR

Quiy gHuGSng.

@sl CO;

iblemeuihlmi g 6bleot

aigSma

GOSN,

2 &h% Galulon | o sks QauliLblame 30°C
20°C - o@hgl | emhg aumrd5eC ausmy
25°C eueniy

6T.55IT. GIm6y, | 6T.SIm &(TLhL,
Carglemn  LwHMID | wSSETECFTaTLD, Liflyeend
2_(H6m6rT LOMMILD SLOTTHSH6M

% G@ollurs

Graminae, cyperaceae

GOLWuUBIS6Tleh 2 6T6Tg).

% C 4 gramsefled @@ eugen L&D

SEWTFHEIGAT 2 6T6Tg)

Chloroplast).

(Dimorphic

Sraurailied

% gerag QmaullmL dle Gae
(mesophylls) 2 eier  uamBISemTddHe
dlymeorm 2_6uoT(H).

<> smemm  2.6mm G (Bundle
Sheath cells) 2 6ifer  LGmBIG6mT &6
Sliymerm @lsoeme.

< @serme sefl elmer, @mer
sllemenr Feuflg ellCWw mLS&laTmg.

C, sreurmisar Fmlyser :
lLopusd  ofled  s@b
sraurmisar (effective plants)
CO; |66,
auemT&Flemw urdliuglsbemnen
3. GonNEs  IeTey
Gurgiomerg (8-10 ppm)
4.12 NADPH, (36ATP) + 30 ATP
= 66 ATP (@0 GEHEsTe
PVSE 0 2 NUSHSGS Came)
. steorGeu elghepmenflsear C; gmeur
ouemEBemem (Qmed, Camglemo, Limiedl)

2. eueflnsuoTL

CO,

C, STeuIEISeTTS  LrmmdleTmeori.
(@)s6ormeD 2 Mugd idlsLrs
SlenL 56T mg).
CAM ameumd / Crassulacean Acid
Metabolism
% C; C, sy 36ugl eumas CO,
iblsmeurblmI g s6b crassulacea

GusHled smeTiLbhEIng).

& SerLMinseur Cleary and
Rouhani 6r.( : glueTegwim, Gl&re,
3|Geur, 9)Cael1, oyereorTd [@emevs;
G606 AT I(pSsULL (b
srealuhagre (paarmn  CO,
BHoaknggissd e Gumgdlami
speflelemsraer LS  GUTLpSlad
srerlu@L. Guand C; &pndl
L&60 GUmSled BL&laTng.
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= @emeuullenL
BLS&leTmg). &MemM 2_6mm
GQassar smemriiL(heudleemen
= 30 ATP = 12 NADPH, = 1
&EHGamerd
C2 spndl (sefl seursid)
»  sewrLilgeur : Krofkov
» Guad elerdsn  geflGseurr
Decker & Tio
goflézarsid geag C, spndl
allomi@asear LMD urseflurisafis
@m.  seursLd 6T60TM  6(HEUEN S
geurgLd L B6L meL QunSing.
@a eofl E@@miusTCor  gseg
@sveur & ETGoOM
urdlésiu@edleme. gpermew &l
UG STeUTEIS6T60 spofl&aeuraLn
mmILd @@L Seursd  eTeor @I
Coumiu L Seurs eUemES&6T 2 61T 6T6a.
aofl Qs Gurg aafléCarsms
Qauyd dlasasefle aypsssms el
Idlsurs moLCumdlarn &ardi,
sefléseursd  (photorespiration or
light respiration) eTeoTLILI(PILD.
@iflespsfuller Curg gdls gerey
CO, QeauaflGwmmiLGElng.
spofl&geuraid eLp6IT ) Q60
pemammiysefled meoL Gumisimg.
O|6MEULLIT6LGTT LIGk 1860011 & mB15 61T,
QurT&eGamiba 6T LoMMILD
oLl GLramemt flurdase.

Spsedlmer  gdls eTel EMHmEELD

Gurrg RUBP gy &6nlsGarmmi
oL Elmg). @5Ceau
epoIfl & groum & & dleot YPS60
elemeuTIIT (GLD.

@e1aleneurLmealg) ST el Geverd

steorlu(pd e NledGasm  (Rubisco
Ribulose bishosphate carboxylase)
Qrrdluilermed 26nd@Gall&slUBEInG).

ooooooooooooooooooooooooooooooooooooooooooooooooooo

= @eieury RuBP g &amlmGarmmid

ST umeGur  Slenarsamedld:
Sfleod  etim  2C  GarogLd,
uredGurdleflafls  gyfleod  (PGA)
steoim 3C Gamopld 2 ewTLmalesTmenr.
Qeumilsh PGA &meveller  apmeled
LweTUGSSILGEImG. umrerdGuir
dlemerdarels gflaugdledlmEg

umedCul  epedEm  BHSIUL (D
SHlem6r SHTedls SjLhleotd
2 L TS SLILHSIm. 1P S 6u8TL
allemeur S6iT LIGk I 600118555160
meoLGlLmlesTmeor.

L& EISeTSSHmHESG  Slemerdamadld
9jLhlevtd Quyr&edGamLinG

Qeadlngl. oEE dlmarssmals
oiibled gy SedlegGeormid  gyewLS
Slemer gy s&medls gjLblevid, emamL” a6t

Gurrsemen(h YR
o meurdlewrmerr.  Uevteort  Slewerr
YR T o)) I|Lfleug ledl g

Slemeredlest 2wt TSmg).

Uereort  dlemerdleasr  eyevdhan miser
Quipmasendl Gambledlmig
eoLL_GLramemiflwme s

@& 6vdleurmenr. LT @remT(®H
Slemerdlert e miSeT  (Gemeuorig)
@ derear epassnm, NH; whmid
CO, g dlwsmen 2_euorL sl menr.
@eisilemeoruilesr  Gumg  NAD®
NADH,- eum& (D& &L060L Elmgil.
smiol GLmamever fwmelled o (meumsor
geogeor  etetm  blCGerm  gyubleutd
QurmsemilGamemn e Slmgl. @IEIEG
@\ Emamlg JT 6l LILeNs
I|blevors wrmmwenL &Slmg).
mameyrHeadl  eumelds  gbleuid
NADH, 2 et elemeoryflig) dlaflafls
I|fleowors s(hidswamL Elng.
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Quim&erdlGamLledl (kg
ueBISaTSsSNEG CFadng. HEIG
Sleflafls gbleod ATP eypeuden miL et

= 9 FTeug seflumhmene LweTUBHSH S

Sraurailied

Gamater  Gumgomer  gemey CO,
@svemeuGliseufled I\ SSLILIg wimeor
geflwurhmersarg sy  GEswsamer
L &elntGarnmd  Osulg  Hosss
. @iz Hlepsfurarg efl
Sy &6lmGarnm Hlenge| sreriLIHILD.

@mulgd, eefllésaursn  eTeTm
Hlapadl I\ FasLiLigwimeor Tl
Sy Hmedlewr 710 LGSlemw
LWeTUHS S5O\ ST 6T 611G 60T eLp6VLD

sraurmsemer  eafl g SedleyGeormm
Hlengallel(mEg UTgisT&ESing.

O, e gdlsflsgn GCurg
gofllFqourasdlar aisn g dsilsEL.
CO, gemey gdlsfsgn Gurg
gofllFqorasdar  olsn Gombg

sofliT&Camaemauller

I\ dlafladmg.

aigLh

paflGaTama urdlsE smaflser :

1. eperfl

2. Qeutiuflemev

3. CO,

4. 0,

B. IHiT

6 LTSHLHGIID STyewilsar
7. @Gemm@rmiled

7. 2 usgl oieTe

8. @emev YGyT_GLmiermeid
9. Geudlls GQumpL et

10. srgItGlLT L SaT

umerouflEyeuoTd  gewLbg  Lmeo@um
Slerafls ILfleutd (PGA)
2 e mImgi.
@ Sme06l6uT giLpmelufled
LieoySlaTng. spoflFaeaura
e pé Flulleur Gurgy
oLl GLramemrL flwmeyd et
AlPelGSsIU L @M  epGHE M)
CO, s FlemeulmissliuBSng.
geflésaurad | @@meT seaumsd
Qs Qg Ymarsg
ofl&Garsma | 2 Wimerer CEmsaflmin
Qasmetled | sowl CLramamil flwmreilsd
Lol (HiGLo weoL GumiElmg)
L QunIEImg.
@3 eerl @3 sefl hyid el
BmsEWeLTE) @lsbeurd; (&Lpedled
oL (HGLo memL GLmiLD
memL GlLmiLD.
gl gl
ugmiGeoTlsn, | enwl GLrsmevrl flwmeails
Quim&erdlGemLd, Bl GLmiSing.
soLoLl G
e fium -
Sa6fl60
memLGlumiLd
» gofldsamsurarg  gefllFGarsma
sriuer g &ellmGarnm  Sspms]
J|606u g C, &upnd 6TEUT6LD
IS SLILIHILD.

idls wafl, Gopeaursr CO, gy
GLpilemeusefled sefl&aeuraLd
sraurmisemer, eafl g SeadleGermm
lengeledlmig LTGISTSS M.
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