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fhg;Ghpik 

jkpo;ehL muRg; gzpahsh; Njh;thizak; F&g; - 2 Kjy;epiy kw;Wk; Kjd;ik 

Njh;TfSf;fhd fhnzhyp fhl;rp gjpTfs;> xypg;gjpT ghlf;Fwpg;Gfs;> khjphp Njh;T 

tpdhj;jhs;fs; kw;Wk; nkd;ghlf;Fwpg;Gfs; Mfpait Nghl;bj; Njh;tpw;F jahuhFk; 

khzt> khztpfSf;F cjtpLk; tifapy; Ntiytha;g;G kw;Wk; gapw;rpj; Jiwahy; 

nkd;nghUs; tbtpy; jahhpf;fg;gl;Ls;sJ. ,k;nkd;ghlf; Fwpg;GfSf;fhd fhg;Ghpik 

Ntiytha;g;G kw;Wk; gapw;rpj; Jiwiar; rhh;e;jJ vd njhptpf;fg;gLfpwJ. 

ve;j xU jdpegNuh my;yJ jdpahh; Nghl;bj; Njh;T gapw;rp ikaNkh 

,k;nkd;ghlf; Fwpg;Gfis ve;j tifapYk; kWgpujp vLf;fNth> kW Mf;fk; nra;jplNth> 

tpw;gid nra;Ak; Kaw;rpapNyh <LgLjy; $lhJ. kPwpdhy; ,e;jpa fhg;Ghpik rl;lj;jpd; 

fPo; jz;bf;fg;gl VJthFk; vd njhptpf;fg;gLfpwJ. ,J Kw;wpYk; Nghl;bj; 

Njh;TfSf;F jahh; nra;Ak; khzth;fSf;F toq;fg;gLk; fl;lzkpy;yh NritahFk;. 

  

             Mizah;> 

                   Ntiytha;g;G kw;Wk; gapw;rpj; Jiw      
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 Von Helmont of John woodward 

(1699) :  

o ePh;  kw;Wk; jhJg;nghUl;fs; 

jhtutsh;r;rpf;F kpf mtrpak; 

vd ep&gpj;jdh;. 

 Saussure (1804 ) : 

o  jhtu rhk;gypy;  ,Ue;J 

ngwg;gLk; Mf;rpfuzk; mile;j 

fhh;gd;> i`l;u[d;> Mf;rp[d;> 

iel;u[d;> ry;gh; jhtu 

tsh;r;rpf;F mtrpak; 

Njitg;gLfpd;wJ. 

 Liebig (1840) : 

o  jhtu tsh;r;rpf;F 

tspkz;lyj;jpy; cs;s Co2 %yk; 

fhh;gd; Cl;lk; mtrpakhfpd;wJ. 

fhh;gd; cgNahfk; nghWj;J 

czT+l;l tifg;ghL 

                   

jw;rhh;G                                             

(fdpk fhh;gd;  

cgNahfk; 

nra;git) 

        

gpwrhh;;G                                    

(fhpk fhh;gd; 

cgNahfk; 

nra;git) 

xsp jw;rhh;g;G Xsp gpw rhh;G 

Ntjp jw;rhh;G Ntjp gpw rhh;G 

rhWz;zp (m) 

kl;Fz;zp  

Xl;Lz;zp 

 

1. xsp jw;rhh;g;G  :    midj;J 

jhtuq;fSk;> ePy gRk; ghrp> gRk; 

fe;jf  ghf;Bhpah 

2.  Ntjp jw;rhh;G : iel;uNrh 

Nkhdh];> iel;uNrh fhf;f];  

3.  Xsp gpw rhh;G  :    Cjh fe;jf  

ghf;Bhpah 

 

4.  Ntjp gpw rhh;G :    midj;J 

tpyq;Ffs;>  G+Q;ir> ngUk;ghyhd 

ghf;Bhpah 

5. rhWz;zp (m) kl;Fz;zp  

o G+Q;ir  -  <];l;> 

kpA+f;fh;> ngdprpypd; mfhhpf]; 

o ghf;Bhpah  -  Ngrpy;y]; 

rg;ilyp];> Ngrpy;y]; 

ikfha;l;l]; 

o khr];  - ];gpshd;rk;> 

`pg;dk; 

o nlhpNlhdgl;lh  - Nghl;hpf;fk;> 

iyNfhNghbak; 

o MQ;[pNah];ngh;k;- 

 epNahbah> NkhNdhbuhg;gh 

6. Xl;Lz;zp 

o gFjpmsT xl;Lz;zp  

 jz;L xl;Lz;zp  - 

 tp];fk;> NyhNud;j];  

 Nth; xl;Lz;zp  -  jPrpak; 

(re;jd kuk;) > ];bh;fh  (fUk;G) 

o KO xl;Lz;zp 

 jz;L xl;Lz;zp - f];Fl;lh 

 Nth; xl;Lz;zp  -ug;yPrpah 

7. G+r;rp gpbf;Fk; jhtuq;fs; 

xspNrh;f;if %yk; czit jahhpf;f  

,ayhjit. fhuzk; iel;u[d; rj;J 

Fiwthf cs;s kz;zpy; tsh;;git. 

o gpl;rh; gpshd;l;  -  nege;j];> 

rhurPdpah 

o #hpa gdpj;Jsp jhtuk;  -  

bnuhrPuh 

czT+l;lk; kw;Wk; Cl;lr;rj;J 

(NUTRITION & DIETETICS) 
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o tPd]; G+r;rp gpbf;Fk; jhtuk;    -  

bNahdpah 

o gpNshlh; nthh;l;-  Al;hpFNyhpah 

 Vwf;Fiwa 60 jdpkq;fs; jhtu 

rhk;gypy; fpilf;fg;gl;lhYk;> 

ngUk;ghd;ikahf xNu 

jdpkq;fs; midj;J 

jhtuq;fspYk; fhzg;gLfpd;wJ. 

 ,e;j jdpkq;fs; jhtuj;jpd; kPJ 

Neub ghjpg;ig Vw;gLj;Jk;.  

 ,tw;wpd; gzpia NtW vJTk; 

<L nra;a KbahJ. 

 jhtuq;fspd;  rhjhuz 

tsh;r;rpf;F fhuzkhf mikAk;. 

 jhtuq;fspd; ,dg;ngUf;fk; 

Fwpg;gpl jdpkj;ij rhh;e;Nj 

,Uf;Fk;. 

 ,tw;wpd; Njit kw;Wk; gzpapd; 

jd;ikia nghWj;J Arnon & 

stout vd;gth;fs; ,Utifahf 

gphpj;jdh;  

 

fdpkq;fspd; Njitia fz;lwpAk; 

Kiwfs;  :  

1) rhk;gy; gFg;gha;T Kiw :  

 jhtug; nghUl;fis 400 - 600C 

ntg;gj;jpy; vhpj;jhy; mq;;ff 

nghUl;fs; rhk;ghyhFk;.  

 Kf;fpa fdpkq;fs; fz;lwpag;gl;L 

ngU> rpW %yfk; vd 

gphpf;fg;gLfpd;wJ.  

2) i`l;Nuh Nghdpf;]; :   

 jhtuq;fis ePh;> kz; fye;j xU 

Cl;l Clfj;jpy; tsh;g;gJ MFk;.  

 v.L : kyh;nrbfs;> myq;fhu 

nrbfs;> Njhl;lfiy nrbfs; 

o Sach’s Clfk;   1860 

o Knop’s Clfk;   1865 

o Shiev’s Clfk;   1875 

o Hogaland’s Clfk;  1938 

o Evan’s  Clfk;  1953 

3) VNuhNghdpf;];  

 jhtu Nth;fis fhw;wpy; 

njhpAkhW itj;J mt;tg;NghJ 

Cl;l Clfj;ij Nth;fspy; 

njspj;J jhtuj;ij tsh;f;Fk; 

Kiw 

4) jpl Clf tsh;g;G 

 jhtuq;fs;  kzy; (m) 

nehWf;fg;gl Fthh;l;]; 

Clfq;fspy; tsh;f;fg; 

gLfpd;wd.  

 ,jw;F nrhl;LePh; ghrd 

Kiwapy; Cl;l Clfk;  

nrYj;jg;gLfpd;wJ.  

 

 

 

 

 

 

 

 

 

 

Kf;fpa %yfq;fs; 

(m) ngU 

%yfq;fs; 

Major Elements 

Ez; %yfq;fs; (m) 

rpW %yfq;fs; 

Minor Elements 

C – 45%     

 Ca – 0.5 % 

O2 – 45%   

 Mg – 0.2 %  

H2 – 6%   

 P – 0.2 % 

N2 – 1.5 %  

 S – 0.11   

K – 1.0%  

 Fe – 0.01% 

 Cl – 0.01%               

Zn – 0.002% 

 Mn -0,005%                 

Cu – 0.0001 % 

 Br – 0.002%                

Mo – 0.0001 % 

 



 
  

                                       Page 3 
 

Kf;fpa fdpkq;fspd; nraypay; gq;Fk; gw;whf;Fiwahy; Vw;gLk; mwpFwpfSk;. 

fdpkk; nraypay; gq;F 
gw;whf;Fiwahy; Vw;gLk; 

tpisTfs; 

fhh;gd; 

i`l;u[d; 

Mf;]p[d; 

 

jhtuq;fspd;  nghJthd 

tsh;rpij khw;wk; 

rhjhuz tsh;r;rpia 

cUthjiyAk; ghjpf;Fk;. 

iel;u[d; Gujq;fs;> epAf;spf; mkpyq;fs;> 

Jiz nehjpfs; ATP ,tw;iw 

mikf;Fk;. 

gr;ira Nrhif> Fd;wpa 

tsh;r;rp> kyh;fspd; tsh;r;rp 

Fd;Wjy;.  

 

‡gh];‡gu]; 

 

gpsh];khglyk;> Jiz 

nehjpfs; 

epAf;spNahilLfis 

mikf;Fk; 

tsh;r;rp Fd;wp> gh];gl;Nl]; 

nray;ghL mjpfhpj;jy;.  

nghl;lhrpak; Mf;Fj;jpR gFjpfspYk;> 

,iyj; Jis ,af;fj;Jf;Fk; 

NjitgLk;. 

miljpus; tz;z 

gr;iraNrhif> fZtpilg; 

gFjpfs; Fl;ilahjy;. 

ry;gh; ijakpd;> igNahl;bd;> Jiz 

nehjp - V> rp];Bd;> rp];ild; 

,tw;iw mikf;Fk;. 

Guj Nrh;f;if jil 

nra;ag;gl;L ,sk; ,iyfspy; 

gr;ira Nrhif Vw;gLjy; 

nkf;dPrpak; gr;iraj;jpd; $whfTk; PEP, 

RuBP fhh;ghf;]pNy]; 

nehjpapd; Cf;fpahfTk; 

cs;sJ.  

 

euk;gpil gr;ira Nrhif> 

me;Njiradpd; epwkp gbT 

fhy;rpak; nry;Rth;> gpsh];kh glyj;jpd; 

$W> ikl;lhrp]p];  cjTk;  

fhh;Nghi`l;Nul; tsh;rpij 

khw;wk;> Mf;Fj;jpRf;fs; 

ghjpg;G  

,Uk;G ‡gNsNth Gujk;> Nfl;lNy];> 

nguhf;zP]pNl]; kw;Wk; 

irl;NlhFNuhk; nehjpfspd; 

$whFk;. 

fdpkq;fspy; El;gkhd 

czh;T euk;gpil gr;ira 

Nrhif> fhw;W Rthrk; 

ghjpf;fg;gLjy;. 

Nghuhd; Ca2+
 cs;nsLg;G kw;Wk; 

gad;ghl;Lf;Fk; kfue;jj;Jfs; 

Kisj;jYf;Fk;> 

fhh;Nghi`l;Nul;  

flj;jYf;Fk; Njit.  

gPl;&l;by;  gog;G ,Uja  

mOfy; Neha;> Mg;gpspd;   

cs; jpRf;fs; jf;ifahjy; 

kyh;fs; (k) fdpfs; KjpUk; 

Kd;dNa cjph;jy; 

 

khq;fdpR tpijfs;> ,iyfSf;Fk;  

Njit.  Mf;]pNl];> 

Xl;]py; rhk;gy; Gs;sp Neha;>  

Nth; njhFg;gpd; Fd;wpa 
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fhh;ghf;]pNy];> ifNd]; 

nehjpfis Cf;Ftpf;Fk;  

tsh;r;rp  

 

jhkpuk; gpdhNy];> ilNuhrpNd]; 

kw;Wk; gpsh];Nlhiradpd; 

nehjpfis Cf;Ftpf;Fk;. 

rpl;u]; jz;Lfspd; gpd;gf;f  

,wg;G vf;rhe;jPkh - gl;ilapy; 

Nfh;e;J  cUthf;fk; jpUk;gg; 

ngWjy; - tpij cUthjiy 

jLj;jy; Mfpa Neha;fs;    

Jj;jehfk; bhpg;NlhNgd; rpd;jl;Nl];> 

fhh;ghdpf; md;i`l;Nu];> 

my;f`hy; Bi`l;Nuh[pNd]; 

nehjpfis Cf;Ftpf;Fk; 

neUf;fkhf mike;j 

,iyfs;> 

rpw;wpiy Neha;> jz;Lfspd; 

Fd;wpa tsh;r;rp 

 

khypg;Bdk; iel;u[dpd; tsh;rpij 

khw;wj;jpYk; m];fhh;gpf; mkpy 

cUthf;fj;jpYk; gq;F 

tfpf;fpwJ.  

rpl;uh]py; kQ;rs; Gs;sp Neha;> 

fhypgpsthpy;  rhl;ilthy; 

Neha; - ,iyfs; FWfyhjy;.  

 

Xspr;Nrh;f;if 

(Photo Synthesis) 
tuyhW  

 

tUlk;                 mwpQh;                       tpsf;fk; 

320 

BC 

gz;ila 

,e;jpah;fs; 

jhtuq;fs; jq;fs; fhy;fspd; (Nth;fspd;) %yk; 

czitg; ngWtjhf ek;gpdh;. glk;gh vd;w 

nrhy;ypd; nghUs; fhy;fspd; %yk; cwpQ;Rk; 

jhtuk;  vd;gjhFk;. 

1727 ];B‡gd;N`y;];                   

(Stephen Hales) 

jhtuq;fspd; Cl;lKiwf;F xsp kw;Wk; fhw;wpd;  

,d;wpaikahikiaf; fz;lwpe;jhh;. 

1779 [hd;,q;fd;- P̀];                    

(Jan  Ingen – 

Housz) 

jhtuj;jpd; gRikahd gFjpfs; khRw;w fhw;iw 

xspapd; Kd;dpiyapy; J}a;ikahf;Ftijf; 

fz;lwpe;jhh;. 

1782 nrdPgPh; (Senebier) CO2 tpd; mlh;j;jp mjpfhpf;Fk; NghJ> O2  

ntspNaw;wj;jpd; NtfKk; mjpfhpg;gij 

ep&g;gpj;jhh;.  

1845 thd;Nkah;                     

(Von Mayer) 

gRe;jhtuq;fs; #hpa xsp Mw;wiy mq;ffg; 

nghUspd; Ntjpahw;wyhf khw;Wtij fz;lwpe;jhh;. 

1845 yPgPf; (Liebig) mq;ffg; nghUl;fshdJ Co2 kw;Wk; ePhpypUe;J 

cUthf;fg;gLtij Fwpg;gpl;lhh;. 

1920 thh;gh;f; (Warburg) xU nry; ghrpahd FNshnuy;yhit xspr;Nrh;f;if 

rk;ge;jg;gl;l Ma;Tf;F gad;glf;$ba 
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nghUj;jkhd caphpahf mwpKfk; nra;jhh;. 

1932 vkh;]d; kw;Wk; 

mh;dhy;l;                      

(Emerson and 

Arnold) 

xspr;Nrh;f;ifapd; xsptpidfs; kw;Wk; ,Us; 

tpidfs; epfo;tij ep&gpj;jdh;. 

1937   `py;  (Hill) gRq;fzpfq;fis gphpj;njLj;J nghUj;jkhd 

vyf;l;uhd; Vw;gpapd; Kd;dpiyapy; ePh; xspg; 

gpsj;jy; epfo;it Nrhjidfspd; %yk; 

ep&gj;Jf;fhl;bdhh;. 

1941 &gd; kw;Wk; 

Nfnkd;  (Ruben 

and Kamen) 

18O2 it gad;gLj;jp xspr;Nrh;f;ifapd; NghJ O2 

ePhpypUe;J ntspg;gLtij ep&gpj;jdh;. 

1954 Mh;dhdh;> Myd; 

kw;Wk; thl;yP 

(Arnon, Allen and 

Whatley)   

14CO2  it gad;gLj;jp> gphpj;njLf;fg;gl;l 

gRq;fzpfj;jpdhy; O2 epiy epWj;jg;gLtij 

ep&gpj;jdh;.
 

1954 fhy;tpd;  (Calvin) xspr;Nrh;f;ifapd; fhh;gdpd; ghijiaf; 

fz;lwpe;J C3  Row;rp  (fhy;tpd; Roy;) gw;wp 

tpthpj;jhh;. mjw;fhf 1960-y; mtUf;F Nehgy; ghpR 

toq;fg;gl;lJ. 

1965 N`l;r; kw;Wk; 

];yhf; (Hatch and 

Stack) 

rpy ntg;gkz;ly Gy;tiffspy; eilngWk; CO2 

epiy epWj;jYf;fhd C4 topj;jlk; cs;sijj; 

njsptpj;jdh;. 

 

 Xspr;Nrh;f;if vd;gJ ‘Xspapd; 

cjtpahy; cUthf;Fjy;“vd;gJ 

nghUs; MFk;.  

 ,e;j nray; jhd; midj;J caph; 

Ntjp tpidfSf;Fk; mbg;gilahf 

cs;sJ.  

 ,J ePUf;Fk; CO2f;Fk; ,ilNa 

eilngWk; xU Mf;rp[Ndw;w 

xLf;f tpidahFk;. 

 xU tUlj;jpw;F 75 X 1012
 kg msT 

fhh;gd; (CO2 tbtk; ) xspr;Nrh;f;if 

%yk; 17000 kpy;ypad; ld; msT 

cyh; vilahf khw;wg;gLfpd;wJ.  

 

 

 ,J 99 % fly; jhutuq;fspy; 

elf;fpd;wJ. 

 Gtpapd; kPJ #hpa xspapy; 0.2 % 

msT kl;LNk xspr;Nrh;f;iff;F 

gad;gLj;jg;gLfpd;wJ 

 fz;ZW xspapd;  miy ePsk; 390 

-790 nm y; cs;s Mw;wy;; Nghl;lhd; 

(m) Fthz;lk; vdg;gLk;.  

 Xspr;Nrh;f;if vd;gJ xsp caph; 

Ntjpapay; epfo;T ($Lif + cs; 

nraypay;) ,jpy; 

fdpkg;nghUl;fshd H2O kw;Wk;  

CO2> xsp kw;Wk; epwkpfshy; 

rpijf;fg;gl;L fhpknghUshd 

fhh;Nghi`l;Nul;lhf khw;Wk; 
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epfo;;r;rp - ,jpy; 

Mf;rp[d; 

ntspNaw;wg;gL

fpd;wJ.  

 Xsp Mw;wyhdJ Ntjp Mw;wyhf 

khw;wg;gLfpd;wJ. 

Mf;rp[d; Vw;wk; 

 (xsp fpUia) 

         
6CO2+12 H2O     C6H12O6+ 6 O2 + 6 H2O 

                                         

 

     Mf;rp[d; xLf;fk; (,Us; fpUia) 

 

 Kjd; Kjyhf cz;ikahd 

xspr;Nrh;f;if raNdhghf;Bahtpy; 

(ePygRk; ghrp  BGA) Muk;gpj;jJ. 

 G+Q;ir> f];Fl;lh jhtuq;fspy; 

xspr;Nrh;f;if eilngWtjpy;iy. 

 A+f;spdh  - jhtuq;fSf;Fk; 

tpyq;fpdq;fSf;Fk; ,ilg;gl;l 

caphpahf mwpag;gLfpd;wJ. #hpa 

xsp fpilf;Fk; nghOJ jdJ 

gr;iraj;jpd;  %yk; czit jhNd 

jahhpj;Jf; nfhs;Sk;. #hpa xsp 

,y;yhj ,Uspd; NghJ rpwpa 

caph;fis tpOq;fp czT 

Njitia  epth;j;jp nra;Ak;.  

 rptg;G kw;Wk;  Cjh epw  

xspfw;iwapy; mjpf msT 

xspr;Nrh;f;if elf;Fk;   

xspr;Nrh;f;if jsk; : 

 xU jhtuj;jpd; midj;J 

gRikahd gFjpfSk; 

xspNrh;f;ifapy; <LgLfpd;wd. 

mjpy; Kf;fpa cWg;G ,iyfs; 

MFk;. 

 xU fd kPy;yp kPl;lh; gFjpapy; miu 

kpy;ypaDf;Fk; mjpfkhd 

gRq;fzpfq;fs; fhzg;gLfpd;wd. 

 gRk;gzpj;jpd; msT 4-6 ikf;uhd; 

tiu cs;sJ. jl;ilahf 

fhzg;gLk;. 

 cah; jhtuq;fspy;  ,U tifahd 

xspNrh;f;if epwkpfs; cs;sd. 

1. FNshNuhgpy;  

2. fNuhl;bdhl;Lfs; 

 

1. FNshNuhgpy;  :  

 ,jpy; 

nkhj;jk; 9 

tiffisf;  

fz;lwpe;jth;

fs; Arnoff ad 

Allen 1966  

 ,it rptg;G 

kw;Wk;  Cjh 

epw xspia 

<h;j;J gr;ir 

epwkhf 

gpujpgypg;gjhy; 

gRikahf 

fhzg;gLk;.  

 gr;irak;  

my;yhjit 

Jiz 

epwkpfs; MFk;. 

 epwkpfs; Nrh;e;J cUthf;Fk; epwkp 

njhFg;G xsp njhFg;G (photo 

system) vdg;gLk;. 

 xU xspj;njhFg;gpy; 250 - 400 tiu 

epwkp %yf;$Wfs; fhzg;gLk;. 

 epwkpfs; epiwe;J fhzg;gLk; 

fpuhdh nkLy;yh jhd;  

xspNrh;f;if ikak; (active centre) 

MFk;.  

 mtw;wpw;F quantosomes vd;W 

ngah;. ngahpl;lth;  :  Park & 

Biggins  

 2 tif xsp njhFg;G cs;sJ.  

 

epwkp  

Xsp 
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PS I – xspnjhFg;G  : 

o I – gr;irak;  a  mjpfk;  

o Jiz epwkp FiwT  

o fth;fpd;w xsp Mw;wy; 700 nm 

vdNt ,J  P700 vd 

miof;fg;gLfpd;wJ.  

o fhzg;gLk; ,lk;  fpuhdh 

];l;Nuhkh> ijyfha;;L 

 

PS II – xspnjhFg;G :  

o II – gr;irak;  a  FiwT  

o  Jiz epwkp mjpfk;. 

o fth;fpd;w xsp Mw;wy; 680 nm 

vdNt ,J  P680 vd 

miof;fg;gLfpd;wJ.  

o fhzg;gLk; ,lk;  fpuhdh 

o Jiz epwkp fth;fpd;w xsp Mw;wy; 

gr;irak; a tpw;F flj;jg;gLk;.  

FNshNuhgpy;  ‘a’   

 %yf;$W tha;g;ghL : C55 H72 O5 N4 

Mg 

 %yf;$W vil    : 893 

 CH3 group ,izg;G III tJ 

fhh;gdpy; - II tJ igNuhy; 

tisaj;jpy; fhzg;gLk;.  

 ,it nkf;dprpaj;jpd; fPNyl; 

cg;GfshFk;. 

 jiyg;gFjp  msT 15 x 15A :  

thy;gFjp msT 20A msT 

 mjpfk; <h;f;Fk; xsp miy ePsk;: 

430 nm > 878 nm >  662 nm 

 kpf mjpf mstpy; fhzg;gLk; 

(Kjd;ik  epwkp)  

 vd ,J cyf gr;irak; 

vdg;gLk; (Universal Chlorophyll) 

FNshNuhgpy; ‘b’  

 %yf;$W tha;g;ghL  : C55 H70 O6 

N4 Mg  

 %yf;$W vil   :  907  

 CHO group III tJ fhh;gdpy; - II tJ 

igNuhy; tisaj;jpy; fhzg;gLk;.  

 mjpfk; <h;f;Fk; xsp miy ePsk; : 

430 nm, 595 nm, 644 nm   

 midj;J jhtuq;fspy; fhzg;gLk; 

(ghf;Bhpah  jtpu ) FNshNuhgpy; ‘c’   

 %yf;$W tha;g;ghL  : C35 H32 O5 

N4 Mg /  

 %yf;$W vil  :   712  

 mjpfk; <h;f;Fk; xsp miy ePsk; : 

447 nm, 579 nm  

 gOg;G ghrp> ilahl;lj;jpy; 

fhzg;gLfpd;wJ.  

FNshNuhgpy; ‘d’   

 %yf;$W tha;g;ghL  :  C55 H70 O6 

N4 Mg  

 %yf;$W vil    : 895 

 mjpfk; <h;f;Fk; xsp miy ePsk; : 

447 nm , 548 nm , 688 nm   

 rptg;G ghrpfs; fhzg;gLfpd;wJ.  

FNshNuhgpy; ‘e’ 

 %yf;$W tha;g;ghL - mwpa 

gltpy;iy  

 mjpfk; 

<h;f;Fk; xsp 

miy ePsk; : 

415, 654 mm  

 cr;rhPhpah> 

biuNghePkh 

(xanthophyta) 

ghf;Bhpah 

FNshNuhgpy; ’a’   

 %yf;$W 

tha;g;ghL  

 : C55 H74 

O6 N4 Mg  

  %yf;$W vil  : 911  

 mjpfk; <h;f;Fk; xsp miy ePsk; :  

358 nm, 391 nm, 577 nm, 733 nm  
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 midj;J xspNrh;f;if 

ghf;Bhpaq;fspy; fhzg;gLfpd;wJ.  

Heliophytes   :  xsp tpUk;Gk; 

jhtuk;  -  a:b ratio - 5:5    =  1 

Sciophytes  :  epoy; tpUk;Gk; jhtuk;   -  

a:b ratio -   1.4     =  1 

Common plants  :  nghJthd  

jhtuk;  -  a:b ratio -  2.5 - 3.5 =  1 

fNuhl;bdha;Lfs;  

 FNshNuhgpy; : fNuhl;bdha;Lfs; 

tpfpjk; =  5 : 1 

 2 tifg;gLk; : fNuhl;bd;> 

Nre;Njhgpy;  (Xanthophylls) 

 

fNuhl;bd;  : 

 Kjypy; Nful;bd; Nthpy; ,Ue;J 

gphpj;njLj;jth;  : waken roder 

(1891) 

 %yf;$W tha;g;ghL   : C40H56  

  %yf;$W vil   : 536 

 C40 H56 + 2H2o  →  2 C20 H29 OH   

(itl;lkpd; A) 

Nre;Njhgpy;  (Xanthophylls) 

 kpf mjpf mstpy; fhzg;gLk; epwkp  

-  leutin :  C40 H56 O2  

FNshNuhgpy; cUthf;fk; :  

                     Light  

 rf;rpidy; CoA + fpisrpd; →    

GNuhl;Nlh FNshNuhgpy;; →   

FNshNuhgpy;;  2H  

 vdNt FNshNuhgpy;; 

cUthf;fj;jpw;F  xsp kpf mtrpak; 

MFk;.  

xspr;Nrh;f;if tpidfs; :  

 2 tifgLk; 

1. xsptpid  (light reaction) 

o #hpa xspahw;wy;> ePh; 

Mfpatw;iw  <LgLj;jp ATP 

(energy) , NADPH2 (reducing 

power) Mfpad cUthf;Fk; 

tpid. 

2. ,Us; tpid (Dark reaction) : 

o ATP, NADPH2 gad;gLj;jp Co2 

it fhh;Nghi`l;Nul;lhf  

xLf;Fk; tpid. 

                         

Mechanism  of  Photo Synthesis 

xsp gh];ghpfuzk;: 

 PS   II ,  xspapd; Nghl;lhd;fis 

cl;ftUk;; nghOJ mJ fpsh;r;rp 

mile;J vyf;l;uhd;fis 

cUthf;Fk;. 

 mJ vyf;l;uhd; flj;J rq;fpyp 

topahf flj;jg;gLk;. 

 mg;NghJ ADP cld;  xU gh];Ngl; 

njhFg;G  ATP cUthf;Fk;. 

 ,JNt xsp gh];ghpfuzk; 

vdg;gLk;. 

 mg;nghJ   PS II  Mf;rpNdw;w 

epiyapy; cs;sJ. ,J ePiu 

GNuhl;lhd;> vyf;l;uhd; kw;Wk; O2 

thf  gpsf;Fk; jpwid mspf;Fk;. 

vdNt xspapd; cjtpahy; ePh;xsp  

gpsj;jy;  (photolysis of water) 

elf;fpd;wJ.   
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 ,e;epfo;r;rpf;F  Mn, Ca, Cl 

madpfs; Njit. mg;NghJ 

cUthFk;. e-
 I>  PS II  xLf;f 

epiyf;F nfhz;L tUk;  

 ,J NghNt PS   I Yk; elf;fpd;wJ.  

 

Row;rp kw;Wk; Row;rpapy;yh 

gh];ghhpfuzk; 

Cyclic  & noncylic  

photophosphorylation 

 

 gRk; fzpfj;jpy;  xsp 

gh];ghpfuzk; 2 topfspy;; 

eilngWfpd;wd. 

Row;rpapy;yh gh];ghhpfuzk; / Z 

Scheme : Noncylic  

photophosphorylation 

 xsp Mw;wy; 680 nm Nky; 

,Uf;Fk; nghOJ  

J}z;lg;gLfpd;wJ. 

 PS I , PS   II  ,uz;L 

epfo;TfSk;; ijyfha;Lfspy; 

elf;Fk;.  

 

 

 

 

PS I :  

 vyf;l;uhd; Mw;wYld; 

ntspNaw;wg;gl;lTld; xU 

fhypaplk; Vw;gLk;. me;j 

vyf;luhd; NADP+  I  xLf;fk;  

mila nra;tjw;fhf 

‡ngulhf;rpDf;F flj;jg;gLk;. 

PS II :  

 J}z;lgl;lTld; ntspNaWk; e- , 

PS 1 y; Vw;gl;Ls;s fhypaplj;ij 

epug;g gpsh]; NlhFapNdhd;> 

irl;lNlhFNuhk; b6, 

irl;NlhFNuhk; f, gpsh];Nlh 

radpd; topNa 

flj;jg;gLfpd;wJ.  

 mg;nghJ ADP cld; xU 

gh];Ngl; Nrh;f;fg;gl;L ATP 

cUthf;fg;gLfpwJ. 

 vyf;l;uhd; vq;fpUe;J 

ntspNawpaNjh me;j ,lj;jpw;F 

kPz;Lk; tUtjpy;iy. vdNt 

,J Row;rpapy;yh e flj;jy; 

vd;Wk;> gh];Ngl; Nrh;g;Gk; 

epfo;tjhy; xsp gh];ghpfuzk; 

vdTk; Rl;lg;gLfpd;wJ. ,J z 

tbtpy; cs;sjhy; z topKiw 

vdg;gLk;.  
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Row;rp xsp gh];ghhpfuzk; :  

(Cyclic Photo phosphorylation) 

 epfof; fhuzk; : 

1. PS I kl;Lk; nray;gLk; NghJ 

2. ePh; xspg;gpsg;G epfohj NghJ 

3. mjpf msT ATP NjitgLk; 

NghJ 

4. xLf;fj;jpw;F Njitahd NADP+
 

fpilf;fhj NghJ. 

 fpuhdh> ];l;Nuhkhtpy; cs;s 

ijyfha;Lfspy; elf;Fk;. 

 680 nm tpw;F mjpfkhd 

miyePsk; nfhz;l xsp 

fw;iwahy; J}z;lg;gLk;. 

 ntspNaw;wg;gLk; e-
 Row;rpf;F 

gpd; jd; gioa ,lj;jpw;Nf te;J 

NrUk;.               ATP ase   

ADP + iP + 8000 cal / mole     ATP  + H2O 

  

Row;rp xsp 

gh];ghhpfuzk; 

Row;rpapyh xsp 

gh];ghhpfuzk; 

,jpy; PS I kl;Lk; 

gq;Nfw;fpwJ. 

,jpy; PS I, PS II 

Mfpa ,uz;Lk; 

gq;Nfw;fpd;wd.  

gr;ira 

%yf;$wpypUe;J 

ntspNaw;wg; gLk; 

vyf;l;uhd;fs; 

Row;rpaile;J 

kPz;Lk; Gwg;gl;l 

,lj;Jf;Nf te;J 

Nrh;fpd;wd. 

vyf;l;uhd;fs; 

Row;rpaile;J 

jpUk;Gtjpy;iy 

kw;Wk; 

vyf;l;uhd;fspd; 

,og;G ePhpd; 

xspg;gpsj;jyhy; 

<Lnra;ag;gLfpwJ. 

,jpy; ePh; 

xspg;gpsj;jy;> O2 

ntspNaw;wk; 

eilnWtjpy;iy.  

,jpy; ePh; 

xspg;gpsj;jy;> O2 

ntspNaw;wk; 

eilngWfpd;wd. 

xspgh];ghhpfuzk; 

,uz;L ,lq;fspy; 

eilngWfpd;wd 

Xspgh];ghhpfuzk; 

xU ,lj;jpy; kl;Lk; 

eilngWfpwJ. 

,q;F NADP+
 ,q;F NADP+

 -

xLf;fk; 

miltjpy;iy 

ahdJ xLf;fk; 

mile;J NADPH2 

thf khWfpwJ.  

 

 
,Us; tpidfs;  /  fhy;tpd; Row;rp : 

 xsptpidapy; cz;lhd ATP, 

NADPH2 cjtpahy; CO2 MdJ 

fhh;Ngi`l;Nul;uhf xLf;fk; 

miljiy Cf;Ftpf;Fk; tpid.  

 nehjpfspd; cjtpahy; 

fhh;gd;epiy epWj;jg;gLfpd;wJ. 

,J Row;rp Kiwapy; elf;Fk;. 

 fz;lwpe;jth; Melvin calvin. 

,jw;F 1961y; Neghy; ghpR 

ngw;whh;. 

 ,jw;F FNshnuy;yh> 

rpdpbnl];&]; jhtuj;jpy;> C14
 

[NrhNlhg;ig gad;gLj;jp  

fz;lwpe;jhh;. 

 ,J midj;J xspr;Nrh;f;if 

jhtuq;fspYk; elf;fpd;wJ. 

 ,J 3 topfspy; elf;Fk; 

o CO2 epiyepWj;jg;gLjy;    

- Carboxylation phase 
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o xLf;f epiy  - 

Reduction phase 

o RuBP kPz;Lk; cUthjy;  - 

Regeneration phase 

 Co2 it xU epiyahd 

fhh;Ngi`l;Nul;lhf khWk;  

epfo;T 

 Co2 Vw;Fk; nghUs; hpGNyh]; 1, 

5 gh];Ngl; (5 fhh;gd; nfhz;l 

Nrh;kk;)  

 1 %yf;$W fhh;gd;il 

Mf;i]il  RuBP y;; epiy 

epWj;jiy Cf;Ftpf;Fk; nehjp 

RuBP fhh;ghf;]pNy]; MFk;.  

 ,jd; tpisthf cz;lhFk; 6 

fhh;gd; $l;LnghUs; kpfTk; 

epiyngw;wJ ,J 3 fhh;gd; 

mZf;fis nfhz;l 2 

%yf;$W gh];Ngh fpsprhpf; 

mkpykhf gpsTUk;. 

 
 Kjy; epiyahd fhh;gd; Nrh;kk; 

3 C vd;gjhy; ,jw;F C3 Row;rp 

vd;W ngah;.  

fhy;tpd; Row;rpapy; ,ilaPl;L 

nghUl;fs; : 

 C3  -   gh];Ngh fpspruh];bi`L   

 C4   -    vhpj;Nuh];     

  C5   - irY}Nyh];    

 C6   -  fpl;Nlh mkpyk;  

 C7  - rPNlh n`g;LNyh]; 

Rubisco nehjp  

 kpf Kf;fpakhdJ 

 ,J ];l;Nuhkh]py; fhzg;gLk; 

 FNshNuh gpsh];by; 16 % 

cs;sJ. 

 6 KO fhh;g;gpd; Row;rp %yk; 1 

%yf;$W FSNfh]; cUthFk;. 

cs;Ns    ntspNa 

6  Co2 

18 ATP  

12 NADPH   

1 

FSNfh]; 

18 ADP 

12 NADP 

 

          C4  Row;rp /   Hatch & Slak 

ghij (1965) 

 xU rpy jhtuq;fs; 3c Nrh;kkhd 

gh];Nghfpsprphpf; mkpyj;jpw;F 

gjpyhf 4c Nrh;kq;fshd 

Mf;]hNyh mrpl;bf; mkpyk;> khypf; 

mkpyk;> m];fhh;gpf; mkpyk; 

Nghd;wtw;iw cz;lhf;Ffpd;wd. 

,it  C4 jhtuk; vdg;gLk;.

 

 ,ij  fUk;G> kf;fhNrhsk; 

jhtuj;jpy; fz;lwpe;jth;  - N`l;r; 

kw;Wk; ];yhf;  

 ,J 1500 rpw;wpdq;fspy; 

(md;[pNah];ngh;k; - xU tpj;jpiy) 

fhzg;gLfpd;wJ.  
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 Fwpg;ghf  Graminae, cyperaceae 

FLk;gq;fspy; cs;sJ.  

 C 4 jhtuq;fspy; ,U tbt gRk; 

fzpfq;fs; cs;sJ (Dimorphic 

Chloroplast).  

 mjhtJ ,iyapil jpR nry; 

(mesophylls) cs;s gRq;fzpj;jpy;; 

fpuhdh cz;L.  

 fw;iw ciw nry; (Bundle 

Sheath cells) cs;s  gRq;fzpj;jpy;; 

fpuhdh ,y;iy.  

 ,jdhy; xsp tpid> ,Us; 

tpid jdpj;jdpNa elf;fpd;wJ.  

 

C4 jhtuq;fs; rpwg;Gfs; : 

1. cw;;gj;jp mjpfk; jUk; 

jhtuq;fs; (effective plants) 

2. tspkz;l CO2 msT>  

tsh;r;rpia ghjpg;gjpy;iy 

3. Fiwe;j msT  CO2 

NghJkhdJ (8-10 ppm) 

4. 12 NADPH2 (36ATP) + 30 ATP 

= 66 ATP (xU FSNfh]; 

%yf;$W cw;gj;jpf;Fj; Njit) 

 vdNt tpQ;Qhdpfs; C3 jhtu 

tiffis (ney;> NfhJik> ghh;yp)  

C4 jhtuq;fshf  khw;Wfpd;wdh;.  

,jdhy; cw;gj;jp mjpfkhf 

fpilf;fpd;wJ.  

CAM jhtuk; /  Crassulacean Acid 

Metabolism 

 C3, C4 jtpu 3tJ tif CO2 

epiyepWj;jy; crassulacea 

FLk;gj;jpy; fhzg;gLfpwJ.  

 fz;lwpe;jth; : Cleary and 

Rouhani v.L : xg;gd;\pah> nruy;> 

mNyh> mNft;> md;dhrp  ,iyj; 

Jisfs; mKf;fg;gl;L 

fhzg;gLtjhy; Kjd;ik CO2 

epiyepWj;Jjy; ,uT nghOjpYk; 

xsptpidfs; gfy; nghOjpYk; 

fhzg;gLk;. NkYk; C3 Row;rp 

gfy; nghOjpYk;; elf;fpd;wJ. 

     C3 topj;jlk;       C4 topj;jlk; 

xspr;Nrh;f;if 

,iyapilj; jpR 

nry;fspy; 

eilngWfpwJ. 

xspr;Nrh;f;if 

,iyapilj;jpR kw;Wk; 

fw;iw ciw nry;fspy; 

eilngWfpwJ. 

,q;F CO2 

%yf;$W 

Vw;gpahf RuBP 

cs;sJ.  

gh];Ngh<dhy; 

igUtpf; mkpyk; CO2 

%yf;$Wfis 

Vw;fpwJ.  

,q;F Kjypy; 

cUthFk; 

epiyahd nghUs; 

3C – fisf; 

nfhz;l 3PGA 

MFk;.  

,q;F Kjypy; 

cUthFk; epiyahd 

nghUs; 4C-fisf; 

nfhz;l Mf;rNyh 

mrpl;bf; mkpyk; MFk;. 

xspr;Rthrj;jpd; 

msT ,q;F 

mjpfkhf 

,Ug;gjhy;> epiy 

epWj;jg;gl;l CO2 

%yf;$Wfspy; 

,og;G Vw;gLfpwJ.  

,J   CO2  

epiyepWj;jypd; 

tPjj;ij 

Fiwf;fpwJ.  

xspr;Rthrj;jpd; msT 

kpff;FiwT. Vwj;jho 

,y;iy vdyhk;. vdNt 

,q;F CO2 

epiyepWj;jypd; tPjk; 

mjpfhpf;fpwJ. 

cfe;j ntg;gepiy 

20C - ypUe;J 

25C  tiu  

cfe;j ntg;gepiy 30C 

ypUe;J tiu45C tiu 

v.fh. ney;> 

NfhJik kw;Wk; 

cUis 

v.fh : fUk;G> 

kf;fhr;Nrhsk;> l;hpGy]; 

kw;Wk; mkuhe;j]; 
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 ,iyapil jpRf;fspy; 

elf;fpd;wJ. fw;iw ciw 

nry;fs; fhzg;gLtjpy;iy  

 30 ATP = 12 NADPH2 = 1 

FSNfh]; 

C2 Row;rp  (xsp Rthrk;) 

 fz;lwpe;jth; : Krofkov 

 NkYk; tpsf;fk; mspj;jth; : 

Decker & Tio  

xspr;rthrk; my;yJ C2 Row;rp 

 tpyq;Ffs; kw;Wk; ghf;Bhpaq;fspy; 

,Ul; Rthrk;  vd;w xUtif 

Rthrk; kl;LNk eilngWfpwJ.  

 ,J xsp ,Ug;gjhNyh my;yJ 

,y;yhjjhNyh 

ghjpf;fg;gLtjpy;iy. Mdhy; rpy 

gRe;jhtuq;fspy;  xspr;Rthrk;  

kw;Wk; ,Ul; Rthrk; vd ,U 

NtWgl;l Rthr tiffs; cs;sd.   

 xsp ,Uf;Fk; NghJ xspr;Nrh;f;if 

nra;Ak; jpRf;fspy; tof;fj;ij tpl 

mjpfkhf eilngWfpd;w Rthrk;> 

xspr;Rthrk; (photorespiration or 

light respiration) vdg;gLk;.  

,e;epfo;r;rpapd; NghJ mjpf msT 

CO2 ntspNaw;wg;gLfpwJ. 

 xspr;Rthrk; %d;W nry; 

Ez;ZWg;Gfspy;  eilngWfpwJ. 

mitahtd gRq;fzpfq;fs;> 

nguhf;]pNrhk;fs; kw;Wk; 

ikl;Nlhfhz;l;hpahf;fs;.  

 Mf;]p[d; mjpf msT ,Uf;Fk; 

NghJ RuBP Mf;]p[Ndw;wk; 

milfpwJ.   ,JNt 

xspr;Rthrj;jpd; Kjy; 

tpidahFk;.  

 ,t;tpidahtJ  fhh;ghf;]pNy]; 

vdg;gLk; &gp];Nfh (Rubisco : 

Ribulose bishosphate carboxylase) 

nehjpapdhy; Cf;Ftpf;fg;gLfpwJ.  

 ,t;thW RuBP Mf;]p[Ndw;wk; 

miltjhy; gh];Ngh fpisf;fhypf; 

mkpyk; vd;w 2C Nrh;kKk;> 

gh];Nghfpsprhpf; mkpyk; (PGA) 

vd;w 3C Nrh;kKk;  cz;lhfpd;wd. 

  ,tw;wpy; PGA fhy;tpd;  Row;rpy; 

gad;gLj;jg;gLfpwJ. gh];Ngh 

fpisf;fhypf;  mkpyj;jpypUe;J xU 

gh];Ngl; %yf;$W ePf;fg;gl;L 

fpisf;fhypf; mkpyk; 

cz;lhf;fg;gLfpwJ. fPo;f;fz;l 

tpidfs; gRq;fzpfj;jpy; 

eilngWfpd;wd.  

 gRq;fzpfj;jpypUe;J fpisf;fhypf; 

mkpyk; nguhf;]pNrhkpw;F 

nry;fpwJ. mq;F fpisf;fhypf; 

mkpyk; Mf;]p[Ndw;wk; mile;J 

fpisMf;rhypf; mkpyk;> i`l;u[d; 

nguhf;i]L Mfpait 

cUthfpd;wd. gpd;dh; fpis 

Mf;rhypf; mkpyj;jpypUe;J 

fpis]pd; cz;lhfpwJ. 

 gpd;dh; fpisrpd; %yf;$Wfs; 

nguhf;]p NrhkpypUe;J 

ikl;Nlhfhz;l;hpahTf;F 

nry;fpd;wd. mq;F ,uz;L 

fpisrpd; %yf;$Wfs; ,ize;J 

xU rPiud; %yf;$W> NH3 kw;Wk; 

CO2 Mfpait cz;lhfpd;wd.  

 ,t;tpidapd; NghJ NAD+ , 

NADH2- thf xLf;fkilfpwJ.   

 ikl;Nlhfhz;l;hpahtpy; cUthd 

rPiud; vd;w mkpNdh mkpyk; 

nguhf;]pNrhik milfpwJ. ,q;F 

,J i`buhf;]p igUtpf; 

mkpykhf khw;wkilfpwJ.  

 i`buhf;]p igUtpf; mkpyk; 

NADH2 cld; tpidGhpe;J fpsprhpf; 

mkpykhf xLf;fkilfpwJ.  
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 fpsprhpf; mkpyk;  

nguhf;]pNrhkpypUe;J 

gRq;fzpfj;jpw;F nry;fpwJ. mq;F 

fpsprhpf; mkpyk; ATP %yf;$Wld; 

gh];ghpfuzk; mile;J gh];Ngh 

fpsrhpf; mkpyk;  (PGA) 

cz;lhfpwJ.  

 ,J fhy;tpd; Row;rpapy; 

Eiofpd;wJ. xspr;Rthr 

epfo;r;rpapd; NghJ 

ikl;Nlhfhz;l;hpahTf;Fs; 

tpLtpLf;fg;gl;l xU %yf;$W 

CO2 kPz;Lk; epiyepWj;jg;gLfpwJ. 

 

   xspr;Rthrk;   ,Us; Rthrk; 

,J 

xspr;Nrh;f;if  

nry;fspy; 

kl;LNk 

eilngWfpwJ. 

,J midj;J 

capUs;s nry;fspYk; 

ikl;Nlhfhz;l;hpahtpy; 

eilngWfpwJ 

,J xsp 

,Uf;Fk;NghJ 

kl;LNk 

eilngWk;. 

,J xsp kw;Wk; xsp 

,y;yhj #oypy;  

eilngWk; 

,J 

gRq;fzpfk;> 

nguhf;]pNrhk;;> 

ikl;Nlh 

fhz;l;hPah -

f;fspy; 

eilngWk; 

,J 

ikl;Nlhfhz;l;hpahtpy; 

eilngWfpwJ. 

 

 Xspr;RthrkhdJ xspr;Nrh;f;if 

fhh;gd; Mf;]p[Ndw;w Row;rp 

my;yJ C2 Row;rp vdTk; 

miof;fg;gLk;.  

 mjpf xsp> Fiwthd CO2 Mfpa 

#o;ep;iyfspy; xspr;Rthrk;  

jhtuq;fis> xsp Mf;]p[Ndw;w 

rpijtpypUe;J ghJfhf;fpwJ.   

 mjhtJ xspahw;wiy gad;gLj;jpf; 

nfhs;s NghJkhd msT CO2 

,y;iynadpy;  mjpfg;gbahd 

xspahw;wyhdJ jhtu nry;fis 

Mf;]p[Ndw;wk; nra;J rpijj;J 

tpLk;. ,e;j epfo;r;rpahdJ xsp 

Mf;]p[Ndw;w rpijT vdg;gLk;.  

 ,Ug;gpDk;> xspr;Rthrk; vd;w 

epfo;r;rp mjpfg;gbahd xsp 

Mw;wypd; xU gFjpia 

gad;gLj;jpf;nfhs;tjd; %yk; 

jhtuq;fis xsp Mf;]p[Ndw;w 

rpijtpypUe;J ghJfhf;fpwJ.  

 O2 msT mjpfhpf;Fk; NghJ 

xspr;Rthrj;jpd; tPjk; mjpfhpf;Fk;. 

CO2 msT mjpfhpf;Fk; NghJ 

xspr;Rthrj;jpd;  tPjk; Fiwe;J 

xsph;r;Nrh;f;ifapd; tPjk; 

mjpfhpf;fpwJ.  

  

xspNrh;f;if ghjpf;Fk; fhuzpfs; : 

1. xsp 

2. ntg;gepiy 

3. CO2 

4. O2 

5. ePh; 

6 khRgLj;Jk; fhuzpfs;  

7. FNshNuhgpy; 

7. cw;gj;jp msT 

8. ,iy GNuhl;Nlhgpshrk; 

9. Ntjpg; nghUl;fs; 

10. jhJg;nghUl;fs; 

 

 


