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ifjp;

ouLifr foKku dh ;g iqLrd e/;izns'k ds fofHkUu fo'o fo'ofo|ky;ksa esa
ch-,l-lh-] rr̀h; o"kZ] izFke iz'uIk= ds fy, fu/kkZfjr u;h okf"kZd i)rh ds
ikB~;Øe ij vk/kkfjr gSA

bl iqLrd esa fo|kFkhZ;ksa dks uohure 'kks/k dk;kZs ls izkIr tkudkfj;ksa dks
miyC/k djk;k x;k gSA vkSj bldh Hkk"kk Hkh vR;ar ljy gSA tks fd] fo|kfFkZ;ksa
dks vklkuh ls le> esa vk ldrh gS] vkSj fo|kFkhZ ljyrkiwoZd mldk v/;;u
dj ldrs gSA iqLrd iw.kZr% ikB~;Øe ds vuq#Ik gSA izR;sd v/;k; esa bdkbZ ls
lacaf/kr y?kq ,oa oLrqfu"B iz'u Hkh fn, x;s gSA

Ikkni dkf;Zdh ouLifr foKku dh og 'kk[kk gS ftlds varxZr vki ty
dh lajpuk] mlds tSfod egRo ds ckjs esa le>saxsA lkFk gh ikS/kksa esa laiUu gksus
okyh fofHkUu dkf;Zdh; fØ;kvksa folj.k] ijklj.k ok"iksRltZu bR;kfn ds ckjs esa
Kku izkIr djsaxsA bl iqLrd ds }kjk ikni dkf;Zdh ds iz;ksxksa ls Hkh voxr gks
ik;saxsA

izLrqr iqLrd esa fo-fo- ds ikB~;Øekuqlkj izR;sd 'kh"kZd ij Lrjh; ,oa
izekf.kr ikB~;lkexzh lfEefyr dh xbZ gSA lkFk gh] lacaf/kr fofHkUu fp=ksa]
ekun fp=ksa dks ikB~; 'kh"kZd ds vuqlkj n'kkZ;k x;k gS] ftlls fo|kfFkZ;ksa dks
le>us esa lgk;rk feysaxhA

ikB~;lkexzh dks ljy] lqcks/k] lqxE;] #fpiw.kZ ,oa rdZlaxr <ax ls
fo'ysf"kr fd;k x;k gSaA iqLrd esa ijh{kksi;ksxh oLrqfu"B iz'u] y?kq mŸkjh;
iz'u ,oa fuca/kkRed iz'uksa dh J̀a[kyk nh xbZ gSA var esa] ;g iqLrd Nk=ksa ds
fy, vko';d LkzksrxzUFk dk dk;Z djsaxhA

MkWa- ¼Jherh½ lfork frokjh
tcyiqj ¼e/;izns'k½
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Lo-vf/kxe
ikB~; lkexzh

bdkbZ 1 ikni tYk laca/k
(Plant-Water Relation)

Lakjpuk (Structure)

1-0 ifjp;
1-1 mÌs';
1-2 tYk ds HkkSfrd ,oa jklk;fud xq.k
1-3 tYk dh lajpuk
1-4 tYk dk tSfodh; egRo
1-5 ikjxE;rk ,oa v.kqv ä dk xeu
1-6 ikjxE;rk ds fl)kUr

1-6-1 fjVsa'ku nkc fl)kUr
1-6-2 vYVªkfQYVªs'ku fl)kUr
1-6-3 bY¨DVª¨dSfiYkjh fl)kUr
1-6-4 fYkfiM foY¨;rk fl)kUr
1-6-5 dfYkYkh; fl)kUr
1-6-6 dSfj;j ifjdYiuk
1-6-7 dSfj;j osfldy fl)kUr

1-7 inkFk¨Za dk xeu
1-8 folj.k

1-8-1 vo/kkj.kk ,oa ifjÒk"kk
1-8-2 folj.k dh nj d¨ ÁÒkfor djus okY¨ dkjd
1-8-3 folj.k dk egRo

1-9 ijklj.k
1-9-1 foYk;u ä ds Ádkj
1-9-2 vkYkw ds vkWLe¨Ld¨Ik }kjk ijklj.k dk Án'kZu
1-9-3 ijklj.k ds Ádkj
1-9-4 ijklj.k dk egRo
1-9-5 ikni dksf'kdk dk ijklj.k laca/k

1-10 tYk vo'kks"k.k
1-10-1 tYk ds Ádkj
1-10-2 tYk vo'kks"k.k dh fØ;kfof/k
1-10-3 tYk vo'k¨"k.k d¨ ÁÒkfor djus okY¨ dkjd

1-11 jlkj¨g.k
1-11-1 jlkj¨g.k fØ;k dk lR;kiu
1-11-2 jlkj¨g.k ds fl)kUr

1-12 ok"i¨RltZu
1-12-1 ok"i¨RltZu ds Ádkj
1-12-2 jU/kzksa dk forj.k
1-12-3 ok"i¨RltZu d¨ ÁÒkfor djus okY¨ dkjd
1-12-4 ok"i¨RltZu dk egRo
1-12-5 ok"i¨RltZu dh nj dk ekiu

1-13 viuh Áxfr tk¡fp, Á'u¨a ds mÙkj
1-14 lkjka'k
1-15 eq[; 'kCnkoYkh
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ikB~; lkexzh

1-16 Lo-ewY;kadu Á'u ,oa vH;kl
1-17 lgk;d ikB~; lkexzh

1-0 ifjp; (Introduction)

vf/kdka'k i©/k äa ds 'kjhj esa 80 ls 90 Áfr'kr Òkx tYk g¨rk gS D;¨afd i©/k¨aa ds
thou dh leLr fØ;k;as tYk }kjk lapkfYkr g¨rh gSA i©/k¨aa dh of̀)
¼Growth½ ,oa fodkl esa tYk egRoiw.kZ Òwfedk fuÒkrk gSA tYk B¨l] æo rFkk
xSl rhu ä #i ä esa ik;k tkrk gSA

tYk thoæO; dk vko';d vax gSA vfÒdkjd ¼Reactant½ ds #i esa
tYk }kjk vusd mikip;h ¼Metabolic½ fØ;k;sa laiUu g¨rh gSA Òweh esa ;g
xq#Rokd"kZ.k tYk rFkk dsf'kdk tYk ¼Capillary water½ ds #i esa ik;k tkrk gSA
tYk ,d lkoZf«kd foYkk;d gS ftlesa YkxÒx lÒh [kfut Yko.k ¼Mineral
salts½ ?kqYku'khYk g¨rs gSA ftUgs i©/¨ vklkuh ls tM+̈ }kjk vo'kksf"kr dj Y¨rs
gSaA

1-1 mÌs’; (Objectives)

bl bdkbZ dks i<+us ds i'pkr vki ty dh lajpuk] mlds tSfod egRo ds
ckjs esa le>saxsA lkFk gh ikS/kksa esa laiUu gksus okyh fofHkUu dkf;Zdh; fØ;kvksa
folj.k] ijklj.k ok"iksRltZu bR;kfn ds ckjs esa Kku izkIr djsaxsA bl bdkbZ esa
ikni dkf;Zdh ds iz;ksxksa ls Hkh voxr gks ik;saxsA

1-2 tYk ds Ò©frd ,oa jklk;fud xq.k
(Physical and Chemical Properties of Water)

1- tYk ,d jaxghu (Colourless), Loknghu (Tasteless)] xa/kghu
(Odourless) æo gSA

2- tYk dk fgekad 0ºC rFkk DoFkukad 100ºC g¨rk gSA

3- tYk dh ÁÑfr /kzqoh; (Polar) g¨rh gSA blfYk, ;g ,d vkn'kZ ifj{¨i.k
ek/;e dh rjg dk;Z djrk gSA

4- tYk esa vusd jklk;fud fØ;k;sa rhoz xfr ls laiUu g¨rh gSA

5- 'kq) tYk Å"ek ¼Heat½ ,oa fo|qr ¼Electricity½ dk dqpkYkd g¨rk gSA

6- tYk dk i`"B ruko ¼Surface tension½ vf/kd g¨rk gS D;¨afd blds v.kq
etcwr llatu cYk ¼Cohesive force½ ds dkj.k vkil esa ,d nwljs ls
tqM+s g¨rs gSaA mPp i`"B ruko g¨us ds dkj.k tYk esa dsf'kdkRo
¼Capillarity½ dk xq.k ik;k tkrk gSA i©/k ä esa jlkj¨g.k ¼Ascent of Sap½
dh ÁfØ;k dsf'kdkRo ds }kjk gh laiUu g¨rh gSA
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7- tYk ds ,d v.kq esa mifLFkr vkWfDltu dh oS/kqr _.kkRedrk
¼Electronegativity½ gkbMª¨tu dh rqYkuk esa mPp g¨rh gS t¨ tYk
d¨ ,d /kzqoh; v.kq cukrh gSA

8- tYk ,d ÁcYk foYkk;d g¨rk gSA blesa Yko.k {kkj] vEYk] 'kdZjk;sa ,oa
dqN xSls (O2, CO2½ vklkuh ls ?kqYk tkrh gSaA blfYk, bUgsa tYkLusgh
¼Hydrophilic½ dgk tkrk gSA nwljs inkFkZ t¨ tYk ds lkFk fefJr ugÈ
g¨rs gSa tSls& olk ,oa rsYk ¼Fat and oils½ mUgsa tYkfoj¨/kh
¼Hydrophobic½ dgk tkrk gSA

1-3 tYk dh lajpuk (Structure of Water)

tYk dh lajpuk esa ÁR;sd v.kq esa gkbMª¨tu ds n¨ ijek.kq vkWDlhtu ds ,d
ijek.kq ds ik'oZ Òkx esa lgla;¨th ca/k ä }kjk tqM+s g¨rs gSaA bl Ádkj tYk ds
v.kq dh prq"QYkdh; (Tetrahedral) lajpuk g¨rh gS] ftlesa prq"QYkd ds pkj¨
d¨u ä ij vkWDlhtu ijek.kq fLFkr g¨rs gSA

fp= Ø- 1-1% ty ds v.kq esa gkbMªkstu ckW.Ml dh fLFkfr

1-4 tYk dk tSfodh; egRo
(Biological Importance of Water)

1- thfor tho¨a ds fYk, tYk vfuok;Z gS D; äfd budh dksf'kdkv¨a esa
YkxÒx 90% rd tYk g¨rk gSA ty ,d lkoZf=d foyk;d gSA

2- tYk Ádk'k la'Y¨"k.k dk ,d egRoiw.kZ ?kVd gSA vU; mikip;h fØ;kv äs
esa Òh tYk ,d vfÒdeZd dh rjg dk;Z djrk gSA

3- dksf'kdk esa g¨us okYkh dkf;Zdh fØ;kv ä ¼Physiological activities½ tSls
fd folj.k ¼Diffusion½] ijklj.k ¼Osmosis½] var%pw'k.k ¼Imbibition½]
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thoæO;dqapu ,oa fodqapu ¼Plasmolysis and deplasmolysis½ vkfn dk
fu;eu tYk ds }kjk g¨rk gSA

4- tYk dksf'kdkv ä d¨ vk'kwurk ¼Turgidity½ Ánku djrk gSA fjfädk
¼Vacuole½ esa 90% rd tYk g¨rk gSA ikS/kksa dk rki Hkh fu;af=r j[krk
gSA

5- i©/k äa esa mifLFkr of̀) gke Z̈Ul ,oa dkf;Zdh; fØ;kv¨a esa Òkx Y¨us okY¨
lÒh ,UtkbEl dh fØ;k'khYkrk ds fYk, tYk vko';d gSA

6- Ò¨T; inkFk ±̈ dk LFkkukUrj.k tYk ds }kjk laÒo gSA

7- i©/k äa dh tSfod fØ;kv¨a ds fYk, vko';d xSlsa ,oa [kfut Yko.k
¼Mineral Salts½ tYk esa ?kqfYkr voLFkk esa jgrs gSaA

viuh Áxfr tk¡fp, (Check Your Progress)

1- tYk dh ÁÑfr g¨rh gS&

¼v½ vEYkh; ¼c½ {kkjh;

¼l½ mnklhu ¼n½ Yko.kh;

2- tYk dk ?kuRo lokZf/kd g¨rk gS&

¼v½ 0ºC ij ¼c½ 4ºC ij

¼l½ 10ºC ij ¼n½ 20ºC ij

3- tYk dh lajpuk g¨rh gS&

¼av½ gkbMª¨tu ¼c½ MkbgsMªYk

¼l½ VsVªkgsMªYk ¼n½ i¨YkhgsMªYk

1-5 ikjxE;rk ,oa v.kqv¨a dk xeu
(Permeability and Movement of Substances)

dksf'kdkv¨a esa tSfod fØ;kv¨a ds n©jku cM+h la[;k esa v.kq dksf'kdk fÒÙkh }kjk
dksf'kdk ds vanj Áos'k djrs gSa ,oa mruh gh ek«kk esa v.kq dksf'kdk ls ckgj
vkrs gSaA dksf'kdk f>YYkh ¼Cell Membrane½ ds bl xq.k d¨ ikjxE;rk
¼Permeability½ dgrs gSaA ikjxE;rk ds vk/kkj ij f>fYYk;k¡ rhu Ádkj dh g¨rh
gS&

¼v½ ikjxE; ¼Permeable½& ;g lÒh Ádkj ds inkFk¨Za ds v.kqv¨a d¨
vkjikj tkus nsrh gSA
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¼c½ v/kZikjxE; ¼Semipermeable½ rFkk p;ukRed ikjxE;& ;g dqN
inkFk ±̈ ds v.kqv¨a d¨ vkjikj tkus nsrh gSA Y¨fdu vU; dqN v.kqv ä d¨
j¨d Y¨rh gSA blfYk, bls p;ukRed ikjxE; ¼Selectively Permeable½
Òh dgrs gSaA

¼d½ vikjxE; ¼Impermeable½& ;g ,d j¨/kd ¼Barrier½ dh rjg dk;Z
djrh gSA ,oa fdlh Òh inkFkZ ds v.kq d¨ u r¨ dksf'kdk ds vanj tkus
nsrh gS u gh ckgjA

i©/k¨aa esa rhu¨a Ádkj dh f>YYkh;k¡ ik;h tkrh gSA dksf'kdk fÒfÙk ikjxE;
g¨rh gSaA dksf'kdk f>YYkh p;ukRed ikjxE; g¨rh gS tcfd D;wVhfdYk
¼Cuticle½ vikjxE; g¨rh gSA

p;ukRed ikjxE;rk inkFkZ ds Ádkj] mldh Ò©frd ,oa jklk;fud
ÁÑfr ,oa dksf'kdh; f>YYkh dh ÁÑfr ij fuÒZj djrh gSA

dksf'kdk f>YYkh dh ikjxE;rk mlds okrkoj.k eas ifjorZu ¼tSls& vk;u dh
lkanzrk] rki ,oa fofdj.k esa cnYkko½ }kjk ÁÒkfor g¨rh gSA

1-6 ikjxE;rk ds fl)kUr (Theories of Permeability)

p;ukRed ikjxE;rk ds fYk, dbZ fl)kUr fn;s x;s gSa&

1-6-1 fjVsa’ku nkc fl)kUr (Retention Pressure Theory)

Vªkmcs (Traube 1867) ds vuqlkj f>fYYk;k¡ dqN inkFk ±̈ ds lkFk ca/kqrk
¼Affinity½ n'kkZrh gSA vksj bu inkFk ±̈ d¨ vanj tkus nsrh gSaA tcfd vU;
inkFkZ ckgj jg tkrs gSaA

1-6-2 vYVªkfQYVªs’ku fl)kUr (Ultrafiltration Theory)

;g fl)kUr #gyS.M (Ruhland, 1912)] rFkk :gyS.M rFkk gkWQeSu Ruhland
and Haffmann (1925) us Áfrikfnr fd;kA

CELL MEMBRANE

CELL INTERNAL
SOLUTION

LARGE
PARTICLES

(B)(A)

fp= Ø- 1-2% ikjxE;rk ,oa xeu
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bl fl)kUr ds vuqlkj dksf'kdk f>YYkh esa dbZ N¨Vs fNæ ik;s tkrs gSa
t¨ fd lw{e fNæ (Ultrapore) dh Òk¡fr dk;Z djrs gSaA bu vYVªki¨j }kjk N¨Vs
vkdkj ds inkFkZ ds v.kq vklkuh ls Áos'k dj tkrs gSa Y¨fdu cM+s vkdkj ds
v.kq dksf'kdk f>YYkh ls ckgj jg tkrs gSaA

1-6-3 bY¨DVª¨dSfiYkjh fl)kUr (Electrocapillary Theory)

bl fl)kUr ds vuqlkj dksf'kdk f>YYkh esa mifLFkr fNæ ä esa /kukRed ,oa
_.kkRed fo|qr vkos'k mifLFkr g¨rk gSA blfYk, ikjxE;rk folfjr g¨us okys
d.k¨a ds vkos'k ij fuÒZj g¨rh gSA

CELL MEMBRANCE

EXTERNAL SOLUTION

CELL INTERNAL
SOLUTION

PORE WITH
NEGATIVE CHARGE

(A) (B)

fp= Ø- 1-3% bysDVªksdSfiyjh fl)kUr

/kukRed vkosf'kr f>fYYk;k¡ dsoYk ,uk;Ul ¼Anions½ d¨ tcfd
_.kkRed vkosf'kr f>fYYk;k¡ dsoYk dsVk;Ul ¼Cations½ d¨ vkjikj tkus nsrh
gSaA vFkkZr os d.k t¨ f>YYkh ds vkos'k ds leku vkosf'kr gS Áfrdf"kZr g¨ tkrs
gSa Y¨fdu f>YYkh ds foifjr vkos'k okY¨ d.k vkjikj pY¨ tkrs gSaA

mnklhu f>fYYk; ä }kjk dsVk;u ,oa ,uk;u fcuk voj¨/k ds xeu djrs
gSaA

Lipid Insoluble

Highly Lipid
Soluble
Less Lipid
Soluble External Solution

(A) (B)

Cell
Membrane

fp= Ø- 1-4% fyfiM foys;rk fl)kUr
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1-6-4 fYkfiM foY¨;rk fl)kUr (Lipid Soluble Theory)

ge tkurs gS fd f>fYYk;k¡ fYkfiM f}Lrjh; g¨rh gSaA v¨ojVsu&1900 (Overtan–
1900) ds vuqlkj t¨ inkFkZ fYkfiM esa ?kqYku'khYk g¨rs gSa ;k muls ca/kqrk n'kkZrs
gSa os vklkuh ls vkjikj g¨ tkrs gSaA Ykkbi¨fQfYkd inkFk¨aZ ds folj.k dh nj
fYkfiM ?kqYku'khYkrk ds lekuqikrh g¨rh gSA

1-6-5 dfYkYkh; fl)kUr (Colloidal Theory)

bl fl)kUr ds vuqlkj dksf'kdk f>YYkh ,oa thoæO; i¨YkhQsftd d¨YkkWbM+Yk
ra«k ds #i esa mifLFkr g¨rs gSaA DYk¨o ¼Clowe 1916½ us bls Qst
buotZu ?kVuk dk uke fn;kA

1-6-6 dSfj;j ifjdYiuk (Carrier Theory)

bl fl)kUr ds vuqlkj dksf'kdk f>YYkh ij okgd v.kq mifLFkr g¨rs gSaA bUgh
okgd v.kqv¨a ¼Carrier molecules½ }kjk inkFk ±̈ ds v.kq feYkdj dSfj;j
dkWEIysDl cukrs gSaA ;gh okgd dkWEIysDl inkFk ±̈ ds v.kqv ä d¨ dksf'kdk f>YYkh
dh vkarfjd lrg rd igq¡pkrs gSaA tgk¡ ij Carrier Complex okgd ,oa
Substance ds #i esa vYkx g¨ tkrs gSaA okgd viuh ckgjh lrg ij okil vk
tkrs gSa tcfd inkFkZ ds v.kq f>YYkh dh vkarfjd lrg ls g¨rs gq, dksf'kdk æO;
esa Áos'k dj tkrs gSaA

Cell Exterior
1- Carrier + Substance + Energy  Carrier Substrate Complex

Cell Membrane Carrier Solute

External Solution
(A) (B)

Carriers Cytoplas
m

fp= Ø- 1-5% dSfj;j ifjdYiuk

Cell Interior

2- Carrier Substrate Complex  Carrier + Substrate

1-6-7 dSfj;j oslhdy fl)kUr (Carrier Vesicle Theory)

LVkby ,oa dksfdax (Stiles and Cockings) ds vuqlkj] inkFk ±̈ ds v.kq dksf'kdk
f>YYkh dh ckgjh lrg ij mifLFkr Vesicle ds }kjk vanj dh f>YYkh rd Y¨



ikni tYk laca/k

10

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

tk;s tkrs gSaA lrg ij mifLFkr ;s Carrier Vesicles vanj dh rjQ /k¡ls g¨rs
gSaA ckgjh lrg ls Substances vkdj Vesicle esa fit g¨ tkrs gSa ftUgsa vkarfjd
f>YYkh rd igq¡pk;k tkrk gSA f>Yyh dh lrg ij vkdj Vesicles VwV tkrs gSa
v©j Substances d¨ vkarfjd lrg ij N¨M+ nsrs gSaA ;g ÁfØ;k Pinocytosis
dgYkkrh gSA

SExtra Cellular
Surface

Intra Cellular Surface
5

2

S

S

S

3

Metabolic Energy 4

fp= Ø- 1-6% dSfj;j oslhdy fl)kUr ifjdYiuk

viuh Áxfr tk¡fp, (Check Your Progress)

4- ikjxE;rk dk dfYkYkh; fl)kUr fdlus fn;k&

¼v½ DYk¨o us ¼c½ gsUlVhu us

¼l½ jkWcVZ us ¼n½ #gY¨.M us

5- dksf'kdk f>YYkh g¨rh gS&

¼v½ ikjxE; ¼c½ vikjxE;

¼l½ v/kZ ikjxE; ¼n½ mi;qZDr d¨bZ ugÈA
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1-7 inkFk¨± dk xeu ¼Movement of Substances½

thfor dksf'kdk;saa t¨ fd p;kip;h #i ls lfØ; g¨rh gSa buesa dbZ rjg ds
inkFkZ dksf'kdkv¨a esa Áos'k djrs gSa ,oa ckgj vkrs gSa ftlls laiw.kZ tSfodh;
fØ;k;sa laiUu g¨rh gSaA inkFkZ ds bu v.kqv¨a ds xfreku jgus esa eq[; #i ls n¨
rjg ds cy dk;Z djrs gSa&

1- v.kqv äa dh xfrt ÅtkZ ¼Kinetic energy of molecules½

2- tSfod ÅtkZ ¼Biological energy½

;g xfrt ÅtkZ v.kqv¨a esa varfuZfgr g¨rh gS vr% viuh varfuZfgr ÅtkZ
ds }kjk gh v.kq dksf'kdk f>YYkh d¨ ikj dj tkrs gSaA lkekU;r% ;g Ò©frd cYk
dgYkkrk gSA tSfod ÅtkZ t¨ fd 'olu fØ;k ls ÁkIr g¨rh gS] o¨ Òh v.kqv ä
ds xeu esa lgk;d g¨rh gSA bl v/;k; esa rhu Ádkj ls v.kqv¨a ds xfr ds
ckjs esa v/;;u djsaxs&

(i) folj.k (Diffusion)

(ii) ijklj.k (Osmosis)

(iii) vUr%'kks"k.k (Imbibition)

1-8 folj.k (Diffusion)

1-8-1 vo/kkj.kk ,oa ifjHkk"kk (Concept and Definition)

tc Òh ge fdlh dejs ds ,d d¨us esa vxjcÙkh tYkkrs gSa] ;k b«k dh
c¨rYk ,d d¨us esa [k¨Ykrs gS mldh lqxa/k iwjs dejs esa QSYk tkrh gSA blh
Ádkj vxj ,d U tube Y¨dj mlesa uhps dh rjQ ,d fNfær f>Yyh
Ykxkdj ,d rjQ ikuh ,oa nwljh rjQ 'kôj dk xk<+k foYk;u Òjrs gSa r¨
'kôj dk foYk;u ikuh ls Òjh Òqtk dh rjQ~ xeu djus Ykxrk gSA dqN le;
ds Ik'pkr n¨u¨ Òqtkv¨a ds foYk;u dh lkaærk leku g¨ tkrh gSA

fp= Ø- 1-7% Bksl inkFkZ esa folj.k dk izn’kZu
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,d chdj esa ikuh Òjdj mlesa dkWij lYQsV dk ,d VqdM+k MkfYk;sA
dqN le; ckn ns[kus ij irk pYkrk gS fd /khjs&/khjs og ?kqYkus Ykxrk gS ,oa
CuSo4 ds fØLVYk lÒh fn'kkv ä esa xeu djrs gSa v©j ikuh dk jax gjk g¨ tkrk
gSA B¨l] æo ,oa xSlh; voLFkk esa folj.k ÁfØ;k d¨ n'kkZrs gSaA

ifjÒk"kk (Definition)

folj.k og ÁfØ;k gS ftles B¨l] æo ;k xSl ds v.kq vf/kd lkaærk okY¨ {¨«k
ls de lkanzrk okys {ks= dh v¨j xeu djrs gSaA bl ÁfØ;k esa folfjr g¨ jgs
v.kqv ä ;k vk;u¨a esa ,d ncko mRiUu g¨rk gSA bls folj.k nkc dgrs gSaA

folj.k nkc ¼Diffusion pressure½ folfjr g¨us okY¨ v.kqv¨a dh
lkaærk ;k la[;k ds lekuqikrh g¨rh gSA vFkkZr folfjr g¨us okY¨ vk;Ul ;k
v.kqv ä dh lkaærk ;fn vf/kd gS r¨ folj.k nkc Òh vf/kd g¨xkA

xzkge dk folj.k fu;e (Grahams Law of Diffusion)

bl fu;e ds vuqlkj folj.k dh nj folfjr g¨ jgs v.kqv ä ds ?kuRo ds oxZewYk
ds O;qRØekuqikrh ¼Inversely Proportional½ g¨rh gSA folfjr v.kq dk vkdkj
ftruk cM+k g¨xk folj.k dh nj mruh de g¨xhA

1-8-2 folj.k dh nj d¨ ÁÒkfor djus okY¨ dkjd (Factors
Affecting the Rate of Diffusion)

1- ek/;e (Medium)& folj.k dh nj ek/;e dh lkaærk ds Árhikuqikrh
¼Inversely proportional½ g¨rh gSA

2- rkieku (Temperature)& rkieku esa of̀) g¨us ls folfjr g¨us okY¨
v.kqv¨a dh xfrt ÅtkZ ¼Kinetic energy½ c<+ tkrh gS t¨ folj.k dh
nj esa of̀) djrh gSA

3- folfjr g¨us okY¨ v.kqv¨a dk ?kuRo (Density of diffusing
molecules)& folj.k dh nj folfjr g¨us okys v.kqv¨a ds ?kuRo ds oxZ
ds foYk¨ekuqikrh g¨rk gSA ¼xzkge dk fu;e½

1D
a



4- folj.k nkc foÒo& fdlh Òh ek/;e esa folj.k nkc foÒo vf/kd g¨us
ij folj.k dh nj c<+ tkrh gSA

1-8-3 folj.k dk egRo (Significance of Diffusion)

1- Ádk'k la'Y¨"k.k ,oa 'olu ÁfØ;k ds n©jku xSl¨a dk vknku Ánku
(CO2) ,oa (O2) folj.k }kjk g¨rk gSA

2- ok"i¨RltZu ÁfØ;k esa tYk ok"i dk ok"ihdj.k g¨uk folj.k }kjk laÒo
g¨rk gSA
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3- folj.k i©/k äa esa dkcZfud foY¨;¨ ds LFkkukUrj.k esa egRoiw.kZ Òwfedk
fuÒkrk gSA

4- i©/k äa dh tM+̈ }kjk tYk dk vo'kks"k.k folj.k }kjk laÒo g¨rk gSA

5- folj.k ÁfØ;k }kjk gh [kfut Yko.k¨a dk vo'kks"k.k ¼fuf"Ø; Yko.k
vo'kks"k.k ds n©jku½ laÒo g¨rk gSA

1-9 ijklj.k ¼Osmosis½

;fn fdlh Òh n¨ fÒUu lkaærk okY¨ foYk;u¨a d¨ ,d v/kZikjxE; f>YYkh }kjk
vYkx dj fn;k tk;s r¨ foYkk;d ds v.kq vf/kd lkaærk okY¨ foYk;u ls de
lkaærk okY¨ foYk;u dh v©j xfr djus Ykxrs gSaA ;g fØ;k ijklj.k
(Osmosis) dgYkkrh gSA

vFkkZr ikuh ;k fdlh Òh foYkk;d ds v.kqv¨a dk v/kZikjxE; f>YYkh }kjk
vf/kd lkaærk ls de lkaærk dh v©j folfjr g¨uk ijklj.k dgYkkrk gSA og
f>YYkh t¨ ikuh ds v.kqv ä d¨ vklkuh ls ikj tkus nsrh gS ijarq foYkk;d ds
v.kqv ä d¨ j¨drh gS] v/kZikjxE; (Semipermeable) f>YYkh dgYkkrh gSA

mnkgj.k& IYkkTek f>YYkhA

1-9-1 foYk;u¨a ds Ádkj (Types of Solutions)

1- vfrijklkjh (Hypertonic Solution)& tc foYk;u dh lkaærk
dksf'kdk jl dh lkaærk ls vf/kd g¨rh gS rc bls vfrijklkjh foYk;u
dgrs gSaA

2- vYiijklkjh (Hypotonic Solution)& tc foYk;u dh lkaærk
dksf'kdk jl dh lkaærk ls de g¨rh gS rc bls vYiijklkjh foYk;u
dgrs gSaA

3- leijklkjh foYk;u (Isotonic Solution)& tc foYk;u dh lkaærk
dksf'kdk jl dh lkaærk ds cjkcj g¨rh gS rc bls leijklkjh foYk;u
dgrs gSaA

1-9-2 vkYkw ds vkWLe¨Ld¨Ik }kjk ijklj.k dk Án'kZu
(Demonstration of Osmosis by Potato Osmoscope)

ijklj.k thfor dksf'kdk dh ,d vfr egRoiw.kZ fØ;k gSA blds Án'kZu gsrq
vkYkw ds vkWLe¨Ld¨Ik d¨ Á;¨x esa Ykkrs gSaA

Á;¨x

,d x¨Ykkdj vkYkw Y¨dj NhfYk;sA blds uhps dh lrg d¨ pkdw dh lgk;rk ls
piVk dfj;sA Åijh lrg ij ,d xgjh dsfoVh ¼Cavity½ cukdj mlesa 'kôj
dk xk<+k ?k¨Yk Òj nhft;sA ?k¨Yk ds Lrj rd ,d vkYkfiu Ykxk nsrs gSaA
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isVªhfM'k esa ikuh Òjdj vkYkw d¨ mlesa j[k nhft;sA dqN le; Ik'pkr~ ns[kus
ij irk pYkrk gS fd dsfoVh ds vanj ds foYk;u dk Lrj Åij vk tkrk gS
D;¨afd isVªhfM'k esa mifLFkr ikuh vkYkw dh dksf'kdkv¨a dh v/kZikjxE;
f>fYYk; ä }kjk dsfoVh esa Áos'k dj tkrk gSA ;g ijklj.k ds fu;e ds vuqlkj
g¨rk gSA

Pin
Patato

Petridish

Water

Peeled
lateral
side of
potato

(B)(A)

Sugar
Solution

Pins

fp= Ø- 1-8% vkyw ds ijklj.kekih }kjk ijklj.k fØ;k dk Án’kZu
(A) izkjfEHkd Lrj ¼izkjaHk esa½] (B) vafre Lrj ¼iz;ksx ds var esa½

1-9-3 ijklj.k ds Ádkj ¼Types of Osmosis½

i©/k¨aa esa n¨ rjg ls ijklj.k g¨rk gS&

(i) vUr%ijklj.k (Endosmosis)& tc ikuh vFkok foYkk;d ds v.kq
ckgjh ek/;e ls IYkkTek f>YYkh }kjk dksf'kdk ds vanj Áos'k djrs gSa bls vUr%
ijklj.k dgrs gSaA

mnkgj.k& lw[¨ fd'kfe'k d¨ ikuh ls Òjs chdj esa j[krs gS r¨ og vUr%
ijklj.k g¨us ds dkj.k QwYk tkrh gSA

Water

Swollen
Raisin

Petridish

Dry Raisin
(A) (B)

fp= Ø- 1-9% fd'kfe'k esa var%ijklj.k
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¼ii½ cká ijklj.k (Exosmosis)& tc fdlh dksf'kdk d¨ lkanz foYk;u
esa j[kk tkrk gS r¨ dksf'kdk ls ikuh ds v.kq ckgjh lkaæ foYk;u dh vksj xeu
djrs gSaA bls cká ijklj.k dgrs gSaA cká ijklj.k d¨ fuEu Á;¨x }kjk
Ánf'kZr fd;k tk ldrk gSA

,d chdj esa 'kôj dk lkaæ foYk;u Y¨rs gSA blesa vaxwj¨a d¨ j[krs gSaA
dqN le; ckn ns[kus ij vaxwj fipds gq;s ¼Wrinkled½ fn[kkbZ nsrs gSaA pw¡fd
vaxwj dh dksf'kdkv¨a esa de lkaærk dk foYk;u jgrk gS tcfd ckgjh foYk;u
dh lkaærk dksf'kdk foYk;u ls vf/kd FkhA blfYk, tYk ds v.kq vaxwj¨a dh
dksf'kdkv¨a ls v/kZikjxE; f>YYkh }kjk ckgjh vf/kd lkaærk okY¨ foYk;u dh
v¨j xeu dj tkrs gSa v©j vaxwj fipd ¼Collapsed½ tkrs gSaA

Concentrated Sugar Solution

Petridish
Swollen Grapes Wrinkled Grapes

(B)(A)

fp= Ø- 1-10% vaxwjksa dk ckg;ijklj.k

1-9-4 ijklj.k dk egRo (Significance of Osmosis)

1- lEiw.kZ ikni 'kjhj esa ,d dksf'kdk ls nwljh dksf'kdk esa tYk dh xfr
ijklj.k fØ;k ds }kjk g¨rh gSA ikni dksf'kdkv¨a esa vk'kwurk
ijklj.k }kjk vo'k¨f"kr tYk ds dkj.k g¨rh gSA

2- dksf'kdk esa ijklj.k nkc ds dkj.k gh drought ,oa frost ds Áfr Áfrj¨/k
{kerk fodflr g¨ tkrh gSA

3- ijklj.k fØ;k ds dkj.k gh dksf'kdk;as ,oa ikni vax vius vkdkj d¨
/kkj.k dj ikrs gSaA ijklj.k ds dkj.k eqyk;e Ård (Softer tissues)
d¨ vk'kwurk (Turgidity) feYkrh gS t¨ fd muds fYk, ;kaf«kd lgkjs dh
rjg dk;Z djrh gSA

4- ijklj.k fØ;k }kjk gh ewYkj¨e feÍh ls tYk dk vo'k¨"k.k djrs gSaA
ijklj.k QYk¨a ,oa Li¨jsfUt;k (Sporangia) ds LQqVu esa lgk;d g¨rk
gSA QwYk¨a ds [kqYkus] can g¨us ,oa iÙkh ds eqj>kus ¼NqbZeqbZ½ dh fØ;k
ijklj.k }kjk laiUu gksrh gSA
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1-9-5 ikni dksf’kdk dk ijklj.k laca/k (Osmotic Relation
to Plant Cell)

1- ijklj.k nkc (Osmotic Pressure)& og vfrfjä nkc t¨
v/kZikjxE; f>YYkh }kjk foYkk;d ds Áokg d¨ foYk;u esa tkus ls j¨dus
ds fYk, Á;qä g¨rk gS] ijklj.k nkc dgYkkrk gSA ijklj.k nkc IYkkTek]
f>YYkh ds n¨u¨a rjQ ds foYkk;d ,oa foY¨; ds d.k¨a ds rkieku ,oa
nkc ij fuÒZj djrk gSA

2- vk’kwu nkc (Turgor Pressure (TP))& tc fdlh dksf'kdk d¨ de
ijklkjh foYk;u esa j[kk tkrk gS r¨ ikuh ds v.kq ijklj.k fØ;k }kjk
dksf'kdk esa Áos'k dj tkrs gSa vkSj dksf'kdk vk'kwu g¨ tkrh gSA bl
dkj.k dksf'kdk fÒfÙk ij ncko iM+rk gS ftls vk'kwu nkc dgrs gSaA
pw¡fd ;g ncko ikuh ds v.kqv ä dh vf/kdrk ls mRiUu g¨rk gS blfYk,
gkbMª¨LVsfVd Á'kj Òh dgYkkrk gSA

3- fÒfÙk nkc (Wall Pressure)& U;wVu ds fu;ekuqlkj cYk foijhr fn'kk
esa cjkcj ek«kk esa mRiUu g¨rk gSA vFkkZr~ fÒfÙk nkc vk'kwu nkc ds
foijhr Ykxus okYkk cjkcj ek«kk dk cYk gSA t¨ fd ikuh ds v.kqv¨a ds
Áos'k ds lkFk&lkFk c<+rk gSA

Lkkj.kh Ø- 1-1% ijklj.k ,oa folj.k esa varj

(Difference between Diffusion and Osmosis)

Ø- folj.k ijklj.k

1- ;g inkFkZ dh rhu¨a voLFkkv ä B¨l]
æo ,oa xSl esa g¨rk gSA

;g dsoYk æo ä esa g¨rk gSA

2- v/kZikjxE; f>YYkh ugha ik;h tkrhA ijklj.k esa v/kZikjxE; f>YYkh dh
vko';drk g¨rh gSA

3- folj.k fØ;k esa v.kqv¨a dk xeu
vf/kd lkaærk ls de lkaærk dh
v¨j g¨rk gSA

ijklj.k fØ;k esa ikuh ;k foYkk;d ds
v.kqv¨a dk xeu de lkaærk okY¨
foYk;u ls vf/kd lkaærk okY¨ foYk;u
dh v¨j g¨rk gSA

1-10 tYk vo'k¨"k.k ¼Water Absorption½

1-10-1 tYk ds Ádkj (Types of Water)

tYk fuEu Ádkj ls i©/k äa }kjk vo'k¨f"kr fd;k tkrk gSA

e`nk tYk (Soil water)& lkekU; ènk esa tYk dh ek«kk 25&30% rd
g¨rh gSA ènk ty fuEu izdkj dk gksrk gS&
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1- xq#Roh; tYk (Gravitational water)& o"kkZ g¨us ij tYk xq#Rokd"kZ.k
cYk ds dkj.k iF̀oh ds vanj var%lzkfor (Percolate) g¨ tkrk gS v©j
Water table rd igq¡p tkrk gSA bls xq#Roh; tYk dgrs gSA Y¨fdu i©/¨
bls vo'k¨f"kr ugha dj ikrs D;¨afd tMa+s bl tYk Lrj rd ugÈ igq¡p
ldrhA

2- dSfiYkjh tYk (Capillary water)& og tYk t¨ feÍh ds d.k¨a ds chp
mifLFkr ufYkdkv¨a] fNæ ä esa Òjk jgrk gS dsf'kdk tYk dgYkkrk gSA
dsoy dSfiyjh ty gh ikS/kksa dks miyC/k gksrkA

3- vknzZrk tYk (Hygroscopic water)& feÍh ds d.k¨a ds pkj ä rjQ tYk
ds v.kq ok"Ik ds #i esa mifLFkr g¨rs gSaA bls vkæZrk tYk dgrs gSaA
bldk vo'k¨"k.k i©/¨ dh tM+̈ a }kjk laÒo ugÈ g¨ ikrk gSA lkekU;r%
i©/¨ dh tM+̈ a }kjk gh tYk dk vo'k¨"k.k g¨rk gSA ijarq fo'ks"k
ifjfLFkfr; ä esa ru¨a }kjk Òh tYk vo'k¨"k.k laÒo gSA tM+ ds vxzLFk fljs
d¨ eq[; #i ls pkj Òkx ä (Zones) esa ck¡Vk tk ldrk gS&

(i) ewy Vksi izns’k (Root Cap Zone)& ;g tM+̈ a ds fljs ¼Root
tip½ ij ,d vkoj.k ds #i esa mifLFkr g¨rk gS t¨ feÍh ds d.k¨a
ls Root tip dh j{kk djrk gSA

fp«k Ø- 1-11% r:.k ewy esa mifLFkr tM+ ds vxzLFk Hkkx
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(ii) foÒkth Áns’k (Meristematic Zone)& bl Áns'k dh dksf'kdk;sa
Ykxkrkj foÒkftr g¨dj uohu dksf'kdkv¨a d¨ tUe nsrh gSaA
ftuds }kjk 'olu rFkk [kfut Yko.k¨a dk vo'kks"k.k rhozrk ls
g¨rk gSA

(iii) nh?kÊdj.k Áns’k ¼Zone of elongation½& bl Áns'k dh
dksf'kdk;as tM+ dh YkEckbZ c<+kus esa lgk;d g¨rh gSA

(iv) ewYkj¨e Áns’k (Root hair zone)& ;g Òkx nh?khZdj.k Áns'k ds
Bhd Åij fodflr g¨rk gS ftl ij ,d dksf'kdh; ewYk j¨e
fodflr g¨rs gSA blh Áns'k ds ewYk j¨e }kjk lokZf/kd tYk dk
vo'kks"k.k g¨rk gSA

Epiblema

Nucleus

Root Hairs

fp«k Ø- 1-12% ewyjkse dh lajpuk

tYk vo'k¨"k.k ewYk j¨e (Root hairs) }kjk g¨rk gSA bl {¨«k esa tkbYke
fodflr ugÈ g¨ ikrk rFkk ,ihCysek ,oa ,.M¨MfeZl (Endodermis) ikjxE;
g¨rh gS ftlls tYk vo'k¨"k.k vklkuh ls laÒo g¨ ikrk gSA ewYk j¨e dh la[;k
ikni Átkfr;¨a ds vuqlkj vYkx&vYkx g¨rh gSA tSls fd 'kkdh; (Herbacious)
i©/k¨aa esa dk"Bh; i©/k¨aa dh vis{kk ewYk j¨e dh la[;k vf/kd g¨rh gSA blh rjg
iq"ih; i©/k äa (Angiosperms) esa ftEu¨LieZ dh vis{kk vf/kd ewYk j¨e ik;s tkrs
gSaA

ewYkj¨e dh lajpuk (Structure of Root Hair)

;g nh?kÊdj.k Áns'k ds Bhd Åij fodflr g¨rs gSA ewYkj¨e YkEcs] ,ddksf'kdh;
lajpuk g¨rh gS t¨ fd ,ihCY¨ek (Epiblema) dh cká fÒfÙk ls mÒkj ds #i esa
fodflr g¨rs gSA ewYk j¨e dh cká fÒfÙk isfDVd inkFk ±̈ dh cuh g¨rh gS t¨
fd feÍh ds d.k ä ls fpidh g¨rh gSA bldh vkarfjd lrg lsY;qYk¨t ls cuh
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g¨rh gS t¨ vUr%'kks"k.k }kjk tYk vo'kks"k.k esa lgk;d g¨rh gSA ewYkj¨e dksf'kdk
esa ,d dsUæd rFkk cM+h fjfädk ¼Vacuole½ ik;h tkrh gS] t¨ fd Cell sap ls
Òjh g¨rh gSA lkekU;r% ewYk j¨e feÍh ds d.k¨a ds chp mifLFkr ty ds laidZ
esa vkrs gSa v©j tYk vo'kks"k.k djrs gSaA

1-10-2 tYk vo’kks"k.k dh fØ;kfof/k
(Mechanism of Water Absorption)

i©/k¨a esa tYk vo'kks"k.k dh fØ;k ewYkj¨e ä }kjk g¨rh gSA feÍh ds d.k¨a ds chp esa
dsf'kdk tYk mifLFkr jgrk gSA ewYk j¨e feÍh ds d.k ä ds laidZ esa vkdj blh
dsf'kdk tYk dk vo'kks"k.k djrs gSaA ÁR;sd Root hair esa dksf'kdk jl ls
Òjh ,d cM+h fjfädk ik;h tkrh gSA ty vo'kks"k.k ds nkSjku ewyjkse dk
lkbVksIykTe ,d v/kZikjxE; f>Yyh dh rjg dk;Z djrk gS ftlls gksdj
dksf'kdk ty rFkk yo.kksa ds vk;u vanj dh rjQ folfjr gks tkrs gSA ;gh
ewyjkse dkWVZsDl dksf'kdkvksa ls gksrs gq;s ,.MksMfeZl ,oa tkbye rd ty dks
igq¡pkus dk dk;Z djrs gSaA

fp«k Ø- 1-13% ty vo'kks"k.k dh fØ;kfof/k

Øsej ds vuqlkj i©/k ä esa tYk vo'kks"k.k n¨ fof/k;¨a }kjk laÒo gS&

1- lfØ; tYk vo'kks"k.k ¼Active Water Absorption½

2- fuf"Ø; tYk vo'kks"k.k ¼Passive Water Absorption½

1- lfØ; tYk vo’kks"k.k& ;g n¨ Ádkj ls g¨rk gS&

¼v½ ijklj.kh; fof/k }kjk lfØ; tYk vo’kks"k.k ¼Active absorption
by osmotic theory½& bl er ds vuqlkj folj.k nkc dh Áo.krk ds
vuqlkj tYk vo'kks"k.k g¨rk gSA vUr% ijklj.k fØ;k }kjk ewYkj¨e feÍh
ds d.k¨a ls tYk vo'kks"k.k dj Y¨rs gSa ftlls ewYk nkc esa c<+̈ rjh g¨
tkrh gSA vxj tkbYke jl dk ijklj.k foÒo ¼Osmotic Potential½
ènk ds foYk;u ls vf/kd g¨rk gS r¨ tM+̈ a ds tkbYke }kjk tYk dk
vo'kks"k.k g¨us Ykxrk gSA ,VfdUl (Atkins 1916) rFkk fizLVys
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(Priestley 1922) us crk;k fd tYk dk vo'kks"k.k ènk tYk rFkk
dksf'kdk jl ds ijklj.kh; varj ds QYkLo#i g¨rk gSA lkekU;r% ènk
tYk dk ijklj.kh; nkc 1 atm, rFkk dksf'kdk jl dk 2 atm, g¨rk gSA
bl ijklj.kh; varj ds dkj.k fdlh Òh Ádkj dh mikip;h ÅtkZ dh
vko';drk ugÈ g¨rh ,oa Lor% gh tYk vo'kks"k.k g¨rs jgrk gSA

ijklj.kh; tYk vo'kks"k.k esa fÒUu oSKkfud ä us vYkx&vYkx er ÁLrqr
fd;sA Atkins (1960) ds vuqlkj ikl fLFkr isjsudkbek dksf'kdk;sa
tkbYke osfldYl esa 'kdZjk dk lzko.k djrh gSaA

ÁhLVY¨ ds vuqlkj dksf'kdkv¨a ds inkFkZ t¨ tkbYke vo;o d¨ iF̀kd
djrs gS o¨ vko';d foY¨; ¼Solute½ Ánku djrk gSA ,.Mjlu ,oa
gkml (1967) ds vuqlkj thfor dksf'kdkv¨a ds tkbYke vo;o Yko.k ä
dk vo'kks"k.k djrs gSaA

¼c½ vijklj.kh; fof/k }kjk lfØ; tYk vo'kks"k.k ¼Active absorption
by non-osmotic theory½& (Bennet Clark et. al. 1936), Thimann
(1951), (Bogen and Prell, 1953) bu oSKkfud¨a ds erkuqlkj tYk dk
vo'k¨"k.k vijklj.kh; fof/k }kjk g¨rk gSA lkekU;r% ènk tYk dh
lkaærk dksf'kdk jl dh lkaærk ls de g¨rh gSA vr% ijklj.k ds
fu;ekuqlkj cká&ijklj.k ¼Exosmosis½ }kjk tYk ewYkj¨e ls ckgj
folfjr g¨uk pkfg,A Y¨fdu tYk vo'k¨"k.k Ykxkrkj g¨rk jgrk gSA ;g
Áek.k gS fd tYk vo'kks"k.k lkaæ.k 'kfä ds fo#) g¨rk gSA vr% ;g
fu"d"kZ fudYkrk gS fd tYk vo'k¨"k.k ÅtkZ ds mi;¨x ls gh laÒo
gSA ;g ÅtkZ dksf'kdh; 'olu }kjk Ánku dh tkrh gSA rÒh vf/kd
DPD ls de DPD dh vksj tYk dk vo'k¨"k.k g¨rk gSA
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Áek.k

(a) vkWfDltu 'olu nj d¨ c<+krk gS] og tYk vo'k¨"k.k esa Òh of̀) djkrk
gSA

(b) ,sls dkjd (O2 dh deh] rkieku esa deh½ t¨ 'olu nj d¨ de djrs
gSa og tYk vo'k¨"k.k d¨ Òh de djrs gSaA

(c) dbZ 'olu fuj¨/kd inkFkZ ¼KCN, vk;¨M¨ ,lhfVd vEYk½ t¨ 'olu dh
nj d¨ de djrs gSa os tYk vo'k¨"k.k d¨ Òh j¨drs gSaA vFkkZr~ tYk
vo'k¨"k.k esa 'olu fØ;k }kjk mRlftZr ÅtkZ dk mi;¨x g¨rk gSA

;g Áek.k n'kkZrs gS fd dksf'kdh; 'olu ,oa tYk vo'k¨"k.k esa fudVre
laca/k gSA 'olu dh ;g ÅtkZ vÁR;{k #i ls dksf'kdk dh ikjxE;rk ,oa
tkbYke }kjk tYk ,oa Yko.k¨a ds vo'k¨"k.k esa of̀) djrh gSA

2- fuf"Ø; tYk vo’kks"k.k& fuf"Ø; tYk vo'k¨"k.k dh fØ;k
ok"i¨RltZu ¼Transpiration½ okYkh n'kkv¨a esa g¨rh gSA i©/¨ dh ifÙk;¨a }kjk
Ykxkrkj ok"i¨RltZu g¨us ls iÙkh ds vk;ru esa deh g¨ tkrh gS v©j budk
vk'kwu nkc ¼Turger Pressure½ de g¨ tkrk gSA QYkLo#i dksf'kdkv¨a dk
DPD ¼Diffusion Pressure Deficit½ vf/kd g¨ tkrk gSA ftlds dkj.k ;s
dksf'kdk;as tkbYke dh dksf'kdkv¨a ls tYk [kÈpus Ykxrh gS v©j Xylem dh
dksf'kdkv¨a esa ,d ruko mRiUu g¨ tkrk gSaA blds dkj.k dkWVsZDl ¼Cortex½ dh
dksf'kdkvksa esa ty f[kapus yxrk gSA bl f[kpkao dh izfØ;k esa dkWVsZDl dh
dksf'kdk;sa ewy jkse ij f[kapko mRiUu djrh gS t¨ feÍh ls 'kh?kzrk ls tYk
vo'kks"k.k djus Ykxrs gSaA vFkkZr fuf"Ø; vo'k¨"k.k esa tkbYke esa mRiUu ruko
ds dkj.k tYk dk vo'k¨"k.k g¨rk gSA

fuf"Ø; tYk vo'k¨"k.k ok"i¨RltZu dh nj ij fuÒZj djrk gSA bl
vo'k¨"k.k esa tYk dk vo'k¨"k.k i©/k¨aa ds Åijh Òkx ds dkjd ä dh fØ;kfof/k ij
fuÒZj djrk gS ,oa ewYk j¨e dh dksf'kdk;sa fuf"Ø; Òwfedk fuÒkrh gSA

Øsej ¼1937½ rFkk Y¨fpuehj ¼1932½ ds vuqlkj fuf"Ø; vo'k¨"k.k esa tYk
vo'k¨"k.k dh nj YkxÒx ok"i¨RltZu ds cjkcj g¨rh gS D;¨afd ;g ,d Ò©frd
fØ;k gS v©j blesa ijklj.k foÒo ds foijhr tYk dk vo'k¨"k.k g¨rk gSA Øsej
ds vuqlkj bl fof/k }kjk i©/k äa esa YkxÒx 98% rd tYk vo'k¨"k.k g¨rk gSA

1-10-3 tYk vo’k¨"k.k d¨ ÁÒkfor djus okY¨ dkjd
(Factors Affecting Water Absorption)

(i) mifLFkr e`nk ok;q ¼Available soil air½& ènk esa ok;q dh deh g¨us
ij mikip;h fØ;kv ä ¼'olu½ ij ÁÒko iM+rk gS ftlls tYk vo'k¨"k.k
dh nj de g¨ tkrh gSA ;fn ènk esa O2 dh ek«kk de gS r¨ ubZ tM+̈ a
dk fodkl ckf/kr g¨ tkrk gSA
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(ii) e`nk tYk ¼Soil water½& ènk tYk esa vko';drk ls de ;k vf/kd
tYk dh mifLFkfr tYk vo'k¨"k.k dh nj d¨ de dj nsrh gSA

(iii) e`nk dk rkieku ¼Temperature of soil½& ènk ds rkieku dk tYk
vo'k¨"k.k ij lh/kk ÁÒko iM+rk gSA lkekU;r% 20 ls 30ºC rd tYk
vo'k¨"k.k dh nj c<+ tkrh gS fdUrq blls vf/kd rkieku ij vo'k¨"k.k
dh nj Øe'k% ?kVrh pYkh tkrh gSA

(iv) [kfut Yko.k¨a dh lkaærk ¼Concentration of Mineral Salts½& ènk
tYk esa [kfut Yko.k ä dh lkaærk c<+us ls tYk vo'k¨"k.k dh nj de
g¨us Ykxrh gS D; äfd ènk foYk;u dh lkaærk c<+us ls bldk ijklj.k
nkc c<+ tkrk gS v©j ewYk j¨e dksf'kdk ls tYk cká ijklj.k }kjk
ckgj folfjr g¨ ldrk gSA t¨ fd tYk vo'k¨"k.k ij foifjr ÁÒko
MkYkrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

6- okLrfod nkc ftlds }kjk tYk dksf'kdk esa Áos'k djrk gS mls dgrs
gS&

¼v½ folj.k nkc ¼c½ fÒfÙk nkc

¼l½ ijklj.k nkc ¼n½ Mh-ih-MhA

7- tYk ds lfØ; vo'k¨"k.k ds fYk, vko';d gS&

¼v½ 'olu ¼c½ ijklj.k

¼l½ ok"i¨RltZu ¼n½ jlkj¨g.k

8- cht ikuh esa MkYkus ij fdl ÁfØ;k ds dkj.k QwYk tkrs gSa&

¼v½ ijklj.k ¼c½ vUr%'kks"k.k

¼l½ tYk vi?kVu ¼n½ mi;qZDr lÒhA

9- rkieku esa vf/kd of̀) g¨us ij tYk vo'kks"k.k&

¼v½ de g¨xk ¼c½ vf/kd g¨xk

¼l½ fLFkj jgsxk ¼n½ buesa ls d¨bZ ugÈA

10- fuf"Ø; tYk vo'kks"k.k eq[;r% fuÒZj g¨rk gS&

¼v½ folj.k ¼c½ ijklj.k

¼l½ ok"i¨RltZu ¼n½ Ádk'k la'Y¨"k.kA
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1-11 jlkj¨g.k (Ascent of Sap)

LFkYkh; i©/k ä esa ik;h tkus okYkh leLr dksf'kdkv¨a esa ¼tM+] ruk] iÙkh ;k
dfYkdk;sa½ tYk dk Lkz¨r ènk tYk g¨rk gSA ,d 'kkdh; i©/kk g¨ ;k o{̀k g¨]
Òwfe ls tYk dk vo'k¨"k.k tM+̈ a ds tkbYke }kjk g¨dj Åij dh rjQ xfr
djrk gSA N¨Vs i©/k äa esa ;g 2&3 QhV dh Å¡pkbZ rd tcfd o{̀k ä esa ;g
250&300 QhV rd dh Å¡pkbZ rd xfr djrk gSA Stiles and Cocking ¼1969½
us i©/k äa esa bl Ádkj tYk dh Åij dh v¨j xfr ¼Upward movement½ dk
v/;;u fd;kA buds vuqlkj tYk tM+̈ a }kjk vo'k¨f"kr g¨dj tM+ ds tkbYke
esa fQj rus ds tkbYke esa g¨rk gqvk i©/k äa ds vU; Òkx¨a esa ig¡qprk gSA
tM+̈ a }kjk vo'k¨f"kr ;g tYk 'kq) ugÈ g¨rk cfYd blesa dkcZfud ,oa
vdkcZfud inkFkZ ?kqfYkr voLFkk esa ik;s tkrs gSaA vr% bls tkbYke jl dgk
tkrk gSA v©j blh tkbYke jl ds i©/kksa ds fofÒUu Òkx ä rd igq¡pus dh fØ;k
jlkj¨g.k dgykrh gSA

ifjÒk"kk (Definition)

**i©/k¨aa esa xq#Rokd"kZ.k 'kfä ¼Gravitational force½ ds fo#) tkbYke }kjk tM+
ls ikS/ks ds rus rFkk vU; Hkkxksa esa jl ds Åij dh v¨j xfr djus dh fØ;k d¨
jlkj¨g.k dgrs gSaA**

1-11-1 jlkj¨g.k fØ;k dk lR;kiu (Sap Ascent Verification)

oYk;dj.k Á;¨x ¼Ringing Experiment½

fp= Ø- 1-15% oy;dj.k iz;ksx A& Nky fudkyk gqvk ikS/kk]
B& tkbye i`Fkd fd;k ikS/kk
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Áfl/n oSKkfud eSYkfif?kvkbZ (Malpighi) ¼1671½ us vius Á;¨x esa
le>k;k fd ,d i©/¨ dh 'kk[kk A d¨ Y¨dj mlds rus esa ,d oYk; ¼Ring½
bl Ádkj cukrs gSa fd tkbYke ds vfrfjä lÒh Òkx rus ls iF̀kd g¨ tk;sA
bl 'kk[kk d¨ ikuh ls Òjs chdj esa j[krs gSaA nwljh 'kk[kk B esa fjax bl Ádkj
cukrs gSa fd mldk tkbYke vYkx g¨ tkrk gS ,oa vU; lÒh Òkx ¼,ihMfeZl]
dkVsZEl] ¶Yk¨,e½ rus esa gh jgrs gSaA dqN fnu¨a ds Ik'pkr ns[kus ij irk pYkrk
gS fd A 'kk[kk gjh Òjh gS tcfd 'kk[kk B dh ifÙk;k¡ eqj>k tkrh gSA bl
Á;¨x ls Áekf.kr g¨rk gS fd jlkj¨g.k dh fØ;k tkbYke Ård }kjk gS laiUu
g¨rh gS D;¨afd 'kk[kk A esa tkbYke mifLFkr Fkk tcfd 'kk[kk B dk tkbYke
Ård gVk fn;k x;k FkkA

1-11-2 jlkj¨g.k ds fl)kUr (Theories of Ascent of Sap)

fofÒUu oSKkfud¨a us jlkj¨g.k ds vYkx&vYkx fl)kUr Áfrikfnr fd;s gSa&

1- tSfodnkc er ¼Vital Force Theory½

2- ewYknkc er ¼Root Pressure Theory½

3- Ò©frdnkc er ¼Physical Force Theory½

1- tSfodnkc er ¼Vital Force Theory½& bl fl)kUr ds vuqlkj
jlkj¨g.k dh fØ;k thfor dksf'kdkv ä esa gh laiUu g¨rh gSA xkWMY¨&foLdh
¼1984½ ds vuqlkj tkbYke isjsudkbek rFkk eTtk fdj.k ä ds chp ijklj.k nkc
esa Yk;c) ifjorZu ds dkj.k ifEiax fØ;k ¼Pumping action½ g¨rh gSA ftlds
QYkLo#i jlkj¨g.k fØ;k g¨rh gSA LVªkWlcxZj ¼1893½ ds vuqlkj thfor
dksf'kdkv¨a d¨ vxj fo"kSys inkFk ±̈ }kjk ¼tSls fidfjd vEYk½ u"V dj fn;k
tk;s r¨ Òh jlkj¨g.k fØ;k laiUu g¨rh gSA vr% mUg¨aus xkWMY¨ foLdh ds
fl)kUr d¨ vLohdkj dj fn;kA

lu 1923 eas txnh'k paæ c¨l ¼t¨ fd Òkjrh; ikni dkf;Zdh oSKkfud
F¨½ us jlkj¨g.k ds tSfod fl)kUr d¨ Áfrikfnr fd;kA MkW- c¨l us LofufeZr
fØLd¨XkzkQ ¼Crescograph½ }kjk fl) fd;k fd rus dh lcls Òhrjh dkWVsZDl
dh dksf'kdkv ä esa Lianu xfr ¼Pulsatory movement½ g¨rk gS ftlds dkj.k
jlkj¨g.k fØ;k laiUu g¨rh gSA MkW- c¨l us Á;¨x gsrq xsYosu¨ehVj rFkk
uhfMYk ;qä fo|qr midj.k d¨ Á;¨x esa fYk;kA xsYosu¨ehVj dk ,d fljk lqbZ
ls rFkk nwljk fljk iÙkh ds lkFk t¨M+k x;kA midj.k dh lqbZ d¨ i©/kksa ds rus
esa Áos'k djk;k x;kA tc lqbZ dkWVsZDl dh lcls Òhrjh dksf'kdkv¨a ds laidZ esa
vk;h r¨ xsYosu¨ehVj dk lwpd rsth ls fgYkus YkxkA mUg äus Kkr fd;k fd
dksf'kdkv¨a ds Lianu ds QYkLo#i gh tYk tkbYke okfgfu;¨a esa Áos'k djrs gSaA
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fp«k Ø- 1-16% ts-lh- cksl ds iz;ksx }kjk ikS/kksa
esa jlkjksg.k dk izn’kZu

e¨fYk'k (Molisch 1929) ftUg¨us c¨l ds fl)kUr dk leFkZu fd;k]
mUg¨us Á;¨x }kjk fl) fd;k fd vxj i©/¨ esa jklk;fud mipkj fn;k tkrk gS
r¨ dkWVsZDl dh Òhrjh dksf'kdkv¨a dh fo|qr fØ;k;sa rsth ls laiUu g¨rh gSA

2- ewYknkc er ¼Root Pressure Theory½& ;fn ,d i©/¨ d¨ Òwfe ds
dqN Åijh Òkx ls dkVrs gSa r¨ mlesa ls jl ¼Sap exudes½ ckgj fudYkus
Ykxrk gSA ftls fjlko dgrs gSaA t¨lsQ ÁhLVY¨ ¼Joseph Priestley½ us blds
vk/kkj ij ewYknkc fl)kUr dk Áfriknu fd;kA buds vuqlkj tYk ds Ykxkrkj
vo'k¨"k.k ds dkj.k tM+̈ a esa gkbMª¨LVsfVd ruko mRiUu g¨ tkrk gS t¨ fd tYk
dh Åij dh v¨j xfr ds fYk;s mÙkjnk;h g¨rk gSA ;g nkc tks i©/¨ dh
tM+̈ a }kjk mRiUu g¨rk gS] ewYknkc ¼Root Pressure½ dgYkkrk gSA

Stocking ¼1956½ tM+̈ a dh mikip;h fØ;kv ä ds dkj.k tkbYke ds
Vªsfd;jh rRo¨a ¼Treacheary elements½ esa mRiUu nkc d¨ ewYk nkc dgrs gSaA

jlkj¨g.k ds fYk, eq[; dkjd ewYknkc gS fdUrq jlkj¨g.k fØ;k muesa Òh
laÒo Fkh ftudh tM+s dkV nh x;h FkhA lkekU;r% ewYk nkc 2 atm. ds cjkcj
g¨rk gS t¨ fd N¨Vs i©/k¨aa esa dqN QhV rd gh ikuh Åij Y¨ tk ldrk gSA
tcfd cM+s isM+̈ a esa vfrfjä ewYk nkc dh vko';drk g¨xhA vr% fuEu rF;¨a ds
vk/kkj ij bl fl)kUr d¨ fujLr dj fn;k x;k&

 ewYknkc lkekU;r% 2 atm. gksrk gS tcfd cM+s i©/k äa esa blls dgha vf/kd
nkc dh vko';drk gksrh gSA

 B.Ms v©j lw[¨ {ks«k¨a esa mxus okY¨ i©/k¨aa esa jlkj¨g.k fØ;k laiUu g¨rh gS
tcfd muesa ewYk nkc ugÈ g¨rkA
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 LVªWklcxZj ¼Strasburger½& mu i©/k¨aa esa Òh jlkj¨g.k g¨rk gS ftudh
tMa+s vYkx dj nh x;h gksaA

Á;¨x }kjk ewYknkc dk Án’kZu (Demonstration of Root Pressure)

xeYks esa Ykxs ,d 'kkdh; i©/ks d¨ ysrs gSaA feÍh ls dqN Åij i©/ksa ds rus d¨
dkVdj jcj VÓwc }kjk ejdjhesu¨ ehVj ls t¨M+k tkrk gSA dqN le; Ik'pkr~
ewYknkc mRiUu g¨us ds dkj.k tYk Åij p<+rk gS ftlls ikjs dk Level c<+
tkrk gSA ;g ewYk nkc d¨ Ánf'kZr djrk gSA

3- Ò©frdokn er (Physical Force Theory)& bl okn ds
varxZr ,sls fl)kUr lfEefYkr fd;s x;s t¨ tkbYke dh èr dksf'kdkv¨a }kjk
jlkj¨g.k fØ;k dk leFkZu djrs gSaA blds varxZr fuEufYkf[kr er ÁLrqr fd;s
x;s gSa&

(i) ok;qe.MYkh; ncko er (Atmospheric Pressure Theory)& bl er
ds vuqlkj ok"i¨RltZu fØ;k ds dkj.k tkbYke dksf'kdk;sa f'kfFkYk g¨
tkrh gaS ftlls muesa ncko ?kV tkrk gSA bl vUrjkYk d¨ Òjus gsrq
ok;qe.MYkh; ncko ds dkj.k tYk uhps ls Åij dh v¨j p<+rk gSA bl
er d¨ vekU; dj fn;k x;k D; äfd&

 ok;qe.MYkh; ncko gsrq fupYkk fljk [kqYkk g¨uk vko';d gSa ijarq
tM+sa feÍh eas nch g¨rh gSaA

 ok;qe.MYkh; nkc ds dkj.k ikuh dqN QhV rd gh Åij p<+
ldrk gSA vr% YkEcs o{̀k ä gsrq ;g er ekU; ugÈ g¨rkA

(ii) var% pw"k.k okn (Imbibition Theory)& lsDl] (Sachs-1878) ds
vuqlkj tkbYke okfgfu;¨a esa var%'k¨"k.k ds dkj.k gh tYk dk vkj¨g.k
g¨rk gSA ijarq ;g er ugÈ ekuk x;kA

(iii) dsf’kdkRo fl)kUr ¼Capillary Force Theory½& c¨ge 1809
(Boehm) ds vuqlkj& jlkj¨g.k gsrq dsf'kdkRo cYk ftEesnkj g¨rk gSA
tkbYke okfgdk;sa dSfiYkjh dh rjg dk;Z djrh gSaA ftlls jlkj¨g.k
fØ;k laiUu g¨rh gSA fdUrq ;g er vekU; g¨ x;k D;¨afd dksf'kdk cYk
dk eku bruk vf/kd ugÈ g¨rk gS ftlls YkEcs o{̀k ä esa jlkj¨g.k fØ;k
laiUu g¨ ldsA
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fp«k Ø- 1-17% iz;ksx }kjk ewynkc dk izn’kZu

(iv) ok"i¨RltZu f[kapko fl)kUr ¼Transpiration Pull Theory½&
bld¨ tYk llatu fl)kUr ¼Cohesion Force Theory½ Òh dgrs gSaA
bl er ds vuqlkj i©/k äa esa ok"i¨RltZu dh fØ;k ds dkj.k ikuh
tkbYke ds }kjk Åij dh v¨j p<+rk gS rFkk tM+ ls Y¨dj iÙkh ds Air
Space rd ,d ikuh dk dkWYke ¼Water Column½ cu tkrk gS t¨ fd
fujarj ¼Unnbroken½ jgrk gSA v©j jlkj¨g.k fØ;k g¨rh gSA bl er
d¨ fMDlu rFkk tkWYkh ¼Dixen and Jolly–1894½ us ÁLrqr fd;k v©j
vius Á;¨x ä }kjk fl) dj fn;k fd ikuh ds v.kq vkil esa ,d nwljs ls
tdM+s jgrs gSa ftlls ikuh dk dkWYke VwVrk ugÈ gSA bl er dk
Curtis and Clark 1924, Bonrer and Glaston 1952 rFkk Øsej
¼Kramer–1966½ vkfn oSKkfud ä us leFkZu fd;kA fMDlu rFkk tkWYkh
ds vuqlkj bl fl)kUr ds rhu eq[; igYkw gaSA
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fp«k Ø- 1-18% tkbye VsªdhM~l ,oa tkbye oslYl esa ty
dh fujarjrk dk izn’kZu

 fujarj ok"i¨RltZu fØ;k ds dkj.k tkbye esa ok"i¨RltZu f[kapko
¼Transpiration Pull½ esa mRiUu g¨rk gSA

 ikuh ds v.kq vkil esa llatu cYk ¼Cohesive Force½ ds dkj.k ,d
nwljs d¨ tdM+s jgrs gSaA llatu cYk ds dkj.k gh ;wdsfYkIVl tSls o{̀k¨a
esa 120 QhV rd ikuh Åij p<+ tkrk gSA

 ok"i¨RltZu ds dkj.k ifÙk; ä esa tYk dh deh g¨ tkrh gSA ftlls iÙkh
dh f'kjkv¨a dh tkbYke dksf'kdkv¨a ls ijklj.kh; ÁfØ;k }kjk tYk
[kÈpk tkrk gSA t¨ eht¨fQYk dksf'kdkv ä ls g¨rk gqvk vUrjd¨f'k;
vodk'k ä ¼Inter cellular spaces½ esa igq¡prk gSA ckn esa ;g ja/kz¨a }kjk
tYkok"Ik cudj ok;qe.MYk esa pYkk tkrk gSA eht¨fQYk dksf'kdkv¨a ls
tYk gkfu gksus ij budk dksf'kdk jl ¼Cell sap½ xk<+k g¨ tkrk gSA
rFkk budk ijklj.k nkc ¼O.P½ rFkk ¼DPD½ c<+ tkrk gSA ,oa
eht¨fQYk dksf'kdk;as vius vkl ikl dh dksf'kdkv¨a ls tYk xzg.k djus
Ykxrh gS ,oa iÙkh dh f'kjkvksa sa esa mifLFkr tkbYke rRo ls tYk dk
vo'k¨"k.k g¨us Ykxrk gSA pw¡fd tkbYke ufYkdk esa ikuh Òjk g¨rk gS vr%
ikuh ds v.kqv¨a ds chp mifLFkr llatu cYk ,oa vklatu cYk ¼fdlh
lrg ls fpidus dh ÁÑfr½ ds dkj.k ,d Ykxkrkj Water Column cu
tkrk gSA tYk ds v.kqv ä dk llatu cYk dk eku mPp g¨rk gS
vUr% ;g dkWYke VwVrk ugh gSA

d¨iYkS.M ¼1902½ ds vuqlkj tkbYke esa mifLFkr cqYkcqYk¨a ds dkj.k tYk
LraÒ ¼Water Column½ dh n<̀rk (Rigidity) ÁÒkfor g¨rh gSA ijUrq 'k¨Y¨.Mj
¼1957½ us Li"V fd;k fd ok;q ds cqYkcqYk ä ls tYk LraÒ dh fujarjrk ÁÒkfor
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ugh g¨rh D; äfd tkbYke dksf'kdkv¨a esa Å/oZ rFkk {©frt fn'kkv¨a esa fNæ g¨rs
gSaA ftlls ikuh ,d dksf'kdk ls nwljh dksf'kdk esa vklkuh ls pYkk tkrk gSA
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fp«k Ø- 1-19% ok"i¨RtZu }kjk tkWyh ,oa fMDlu
ds lYkkaxokn dk Án’kZu

1-12 ok"i¨RltZu (Transpiration)

i©/k¨aa }kjk feÍh ls ftruh ek«kk esa tYk dk vo'k¨"k.k g¨rk gS mldk YkxÒx
5% tYk gh i©/k¨aa }kjk mikip;h fØ;kv ä esa mi;¨x fd;k tkrk gSA vU; tYk
ja/kzks }kjk tYkok"Ik ¼Water Vapour½ ds #i esa okrkoj.k esa mM+ tkrk gSA vr%
**i©/k¨aa dh ifÙk;¨a esa fLFkr ja/kzks ¼Stomata½ ,oa vU; ok;oh; Òkx¨a }kjk tYk ds
ok"Ik ds #i esa mRltZu dh fØ;k d¨ ok"i¨RltZu ¼Transpiration½ dgrs gSaA

ok"i¨RltZu dh fØ;k lkekU;r% xfeZ; ä esa vf/kd rsth ls g¨rh gSA ;g
ns[kk x;k gS fd csVqYkk ¼Betula½ tSls i©/kksa ls xfeZ; ä ds n©jku
ok"i¨RltZu }kjk fudYkk tYkok"Ik ifÙk; ä ds rktk Òkj ls ik¡p xquk vf/kd g¨rk
gSA es;j ¼Mayer–1956½ ds vuqlkj eôk dk i©/kk ,d ekSle esa 54 xSYku tYk
mRlosfnr djrk gS t¨ mlds Òkj ls dbZ xquk vf/kd g¨rk gSA

1-12-1 ok"i¨RltZu ds Ádkj (Types of Transpiration)

1- miRoph; ok"i¨RltZu (Cuticular transpiration)

2- jU/kzh; ok"i¨RltZu (Stomatal transpiration)

3- okrjU/kzh; ok"i¨RltZu (Lenticelar transpiration)
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1- miRoph; ok"i¨RltZu (Cuticular Transpiration)& ;g
lkekU;r% 'kkdh; i©/k¨aa esa ik;k tkrk gSA iÙkh ,oa 'kkdh; ru ä ij ,d ekse dh
ijr ik;h tkrh gS ftls ijr (Cuticle) dgrs gSaA ;g tYkgkfu d¨ j¨drh gSA
bl ijr ls g¨us okYkh tYkgkfu d¨ Culticular Transpiration miRoph;
ok"i¨RltZu dgrs gSaA

2- jU/kzh; ok"i¨RltZu (Stomatal Transpiration)& ifÙk;¨a esa
mifLFkr fof'k"V Ádkj ds fNæ ftUgsa LV¨esVk dgrs gSa ds }kjk g¨us okYkh
tYkok"Ik ds #i esa tYk dh gkfu d¨ jU/kzh; ok"i¨RltZu dgrs gSA 'kkdh; i©/k¨aa
esa rus ij Òh jU/kz (Stomata) mifLFkr g¨rs gSaA lkekU;r% iÙkh dh fupYkh lrg
ij jU/kzks dh la[;k vf/kd g¨rh gSA i©/k¨asa esa g¨us okYkh dqy ok"i¨RltZu fØ;k
dh 80% ls 90% tYk gkfu (Stomata) jU/kzks ds }kjk gh g¨rh gSA

(A) (B)

(D)(C)

fp«k Ø- 1-20% ck"iksRltZu&fofHkUu izdkj ds jU/kzksa dk forj.k

3- okrjU/kzh; ok"i¨RltZu (Lenticelar Transpiration)& dk"Bh;
i©/k¨aa esa f}rh;d of̀) ds n©jku isjhMeZ dh dksf'kdkv ä }kjk ,ihMfeZl lrg
vYkx g¨ tkrh gSA isjhMeZ dh cká dksf'kdk;sa èr dksf'kdk;sa ¼dead cell½ g¨rh
gS ftUgs dkWdZ ¼Cork½ dgrs gSaA vkUrfjd thfor Ård d¨ okru ¼Aeration½
miYkC/k djkus gsrq dkWdZ Ård esa dbZ LFkku¨a ij njkjsa ¼Slit½ mRiUu g¨ tkrh gS
ftUgs lenticels dgrs gSaA buds }kjk g¨us okYkh ok"i¨RltZu dh fØ;k okrjU/kzh;
ok"i¨RltZu dgYkkrh gSA blds }kjk vR;kf/kd de ek«kk esa gh tYkgkfu g¨rh
gSA
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fp«k Ø- 1-21% okrjU/kz dh lajpuk A& r:.k (Young Lenticel),
B& ifjiDo (Mature Lenticel)

jU/kz dh lajpuk

iÙkh dh ckáRopk (Epidermis) ij mifLFkr N¨Vs&N¨Vs fNæ (Pore) g¨rs gSa
ftUgs Stomata ¼jU/kz½ dgk tkrk gSA

Chloroplast

Guard
Cells

Epidermal
Cells

Stomatal
Pore

Nucleus

(A) (B)

fp«k Ø- 1-22% jU/kz dh lajpuk A& can jU/kz]
B& [kqyk jU/kz
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ÁR;sd LV¨esVk n¨ fdM+uh ds vkdkj dh j{kd dksf'kdkv ä (Guard cells)
ls f?kjk jgrk gSA j{kd dksf'kdkv ä dh vkarfjd fÒfÙk ¼Inner wall½ e¨Vh rFkk
cká fÒfÙk irYkh ,oa YkphYkh (Elastic) g¨rh gSA bu dksf'kdkv ä esa xk<+k
lkbV¨IYkkTe ,oa dqN DYk¨j¨IYkkLV (Chloroplast) ik;s tkrs gSaA ÁR;sd j{kd
dksf'kdk esa ,d fjfDrdk g¨rh gS t¨ fd dksf'kdk jl ls Òjh g¨rh gSA j{kd
dksf'kdk;as ,d dsUædh; (Uninucleate) g¨rh gSA tks fd pkj ä v¨j ls lgk;d
dksf'kdkv¨a (Subsidiay Cells) ls f?kjh jgrh gSA

1-12-2 jU/kzksa dk forj.k (Distribution of Stomata)

forj.k O;oLFkk ds vk/kkj ij jU/kz ik¡p Ádkj ds gSa&

1- lsc rFkk ’kgrwr Ádkj (Apple and Mulberry Type)& iÙkh dh
dsoYk fupYkh lrg ij Stomata ik;s tkrs gSA

mnkgj.k& lsc] 'kgrwrA

2- vkYkw Ádkj (Potato Type)& Åijh lrg dh rqYkuk esa fupYkh lrg
ij vf/kd Stomata g¨rs gSaA

mnkgj.k& vkYkw] VekVjA

3- tbZ Ádkj (Oat Type)& jU/kz n¨u¨ lrg ij YkxÒx leku la[;k esa
ik;s tkrs gSaA vr% iÙkh mÒ;jU/kzzh dgYkkrh gSA

mnkgj.k& xsgw] tbZ] cktjkA

4- okVj fYkYkh Ádkj (Water lily type)& ;g tYkh; i©/k äa esa ik;s tkrs
gSaA Stomata dsoYk Åijh lrg ij g¨rs gSaA

5- i¨Vse¨thV¨u Ádkj (Potamogeton Type)& bl Ádkj esa
Stomata ;k r¨ vuqifLFkr g¨rs gSa ;k fQj dk;Zghu (Non-functional)
g¨rs gSaA

mnkgj.k& fuEkXu tkfr;k¡A

jU/kzksa ds [kqyus ,oa can gksus dh fØ;kfof/k
(Mechanism of Opening and Closing of Stomata)

ok"i¨RltZu dh eq[; fØ;k i©/k äa esa LV¨esVk ds }kjk gh laiUu g¨rh gSA dqN
cká mÌhid tSls Ádk'k] va/kdkj] Cell Sap dk pH eku] rFkk 2CO dh lkaærk

Òh LV¨esVk ds [kqYkus rFkk can g¨us d¨ ÁÒkfor djrs gSaA oku e¨Yk ¼Van
Mohl–1856½ us vius Á;¨x }kjk Li"V fd;k fd tYk dh mifLFkfr esa LV¨esVk
[kqY¨ jgrs gSa ijarq Sugar Solution esa j[kus ij can g¨ tkrs gSaA lkekU;r% jU/kzz̈
dk [kqYkuk rFkk can g¨uk j{kd dksf'kdkv ä dh vk'kwurk ¼Turgidity½ ij fuÒZj
djrk gSA j{kd dksf'kdk;as vius ikl fLFkr lgk;d dksf'kdkv ä ls tYk
vo'k¨f"kr dj vk'kwu g¨ tkrh gS ftlls budh cká irYkh fÒfÙk QSYkrh gS
ifj.kkeLo#i vkarfjd e¨Vh fÒfÙk f[kapko ds dkj.k vorYk ¼Concave½ g¨ tkrh
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gS ,oa jU/kz (Stomata) [kqYk tkrs gSaA tc bUgh j{kd dksf'kdkvksa dk ikuh tYk
ok"Ik cudj okrkoj.k esa eqä g¨ tkrk gS r¨ ;s dksf'kdk;sa ladqfpr ¼Flaccid½
g¨dj <+hYkh g¨ tkrh gS v©j jU/kz can g¨ tkrs gSaA

LV¨esVk ds [kqYkus ,oa can g¨us dh ÁfØ;k d¨ le>us gsrq fofÒUu le;
Ikj vYkx&vYkx fl)kUr fn;s x;s gSa&

1- Ádk’k la’Y¨"kh fl)kUr (Photosynthetic Theory)& okWu eksy
(1856) ds vuqlkj j{kd dksf'kdkv¨a esa mifLFkrh DYk¨jkIYkkLV fnu ds le;
Ádk'k la'Y¨"k.k fØ;k laiUu djrs gSa ftlls bu dksf'kdkv¨a esa 'kdZjk dh ek«kk
fnu ds le; c<+ tkrh gSA ifj.kkeLo#i j{kd dksf'kdkv¨a dk ijklj.k nkc
(Osmotic Pressure) c<+ tkrk gS vkSj ;s dksf'kdk;sa vius pkj¨a v¨j dh lgk;d
dksf'kdkv¨a (Subsidiary Cells) ls vr%ijklj.k }kjk tYk vo'k¨f"kr djrh gS
v©j vk'kwu g¨ tkrh gSaA ftlls budh cká irYkh fÒfÙk ij ncko iM+rk gS v©j
o¨ ckgj dh v¨j f[kaprh gSa rFkk LV¨esVk [kqYk tkrs gSaA jkf«k ds le; tc
Ádk'k la'Y¨"k.k fØ;k ugÈ g¨rh gSa r¨ j{kd dksf'kdkv¨a esa 'kdZjk dk Lrj de
g¨ tkrk gS vkSj LV¨esVk can g¨ tkrs gSaA ijarq ;g fl)kUr ekU; ugÈ fd;k
x;k D;¨afd j{kd dksf'kdkv¨a esa mifLFkr DYk¨j¨IYkkLV esa Ádk'k la'Y¨"k.k
¼Photosynthesis½ dh fØ;k vR;kf/kd de g¨rh gSA vFkkZr~ j{kd dksf'kdkv ä esa
'kdZjk dh lkaærk vf/kd g¨uk laÒo ugÈ gSA

2- LVkpZ&’kdZjk ifjdYiuk ¼Starch Sugar Hypothesis½& ykW;M
¼Lloyed 1908½ ds vuqlkj jkf«k esa j{kd dksf'kdkv¨a esa LVkpZ dh ek«kk c<+
tkrh gS tcfd fnu ds le; de jgrh gSA tcfd 'kdZjk dh ek«kk fnu esa
vf/kd ,oa jkf«k esa de g¨rh gSA vr% LVkpZ ,oa 'kdZjk ds Interconversion ds
dkj.k gh LV¨esVk dk [kqYkuk ,o can g¨uk fu;af«kr g¨rk gSA buds erkuqlkj
ijklj.k nkc Starch-Sugar ds Interconversion gsrq mÙkjnk;h gSA Lottfield
(1921) us Òh bl er d¨ leFkZu Ánku fd;kA

ls;j ¼Sayre 1926½ ds vuqlkj j{kd dksf'kdkv ä esa pH eku vf/kd g¨
r¨ LV¨esVk [kqYkrs gSaA pH eku de g¨ tkus ij can g¨ tkrs gSaA buds vuqlkj
Ádk'k la'Y¨"ku ds n©jku CO2 ds mi;¨x g¨us ls pH c<+ tkrk gSA ftlls
LVkpZ 'kdZjk esa ifjofrZr g¨ tkrk gSA

LdkFkZ ¼1932½] LekWYk ¼1942½ us bl er dk leFkZu fd;kA

LdkFkZ ds vuqlkj& fnu ds le; 'olu ÁfØ;k esa eqä CO2 eht¨fQYk
dksf'kdkv¨a }kjk Ádk'k la'Y¨"k.k esa mi;¨x gks tkrh gS tks fd gkbMª¨tu vk;u
lkaærk d¨ de dj nsrh gSA ijarq tc Òh pH eku vf/kd g¨rk gS rc LVkpZ
'kdZjk esa ,Utkbe fØ;k }kjk ifjofrZr g¨us Ykxrk gSA va/kdkj esa CO2

varjd¨'kh; vodk'k¨a }kjk vo'k¨f"kr dj Ykh tkrh gSA ftlls gkbMª¨tu vk;u
lkaærk vf/kd g¨ tkrh gS ,oa pH }kjk g¨us okYkk 'kdZjk dk LVkpZ esa ifjorZu
de g¨us Ykxrk gSA
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Hanes ¼1940½ ds vuqlkj QkWLQ¨fjY¨t ,Utkbe LVkpZ 'kdZjk vr% ifjorZu
gsrq mÙkjnk;h g¨rk gSA

  7.0

    1,
5.0

light pH

Starch Inorganic Phosphate Glucose Phosphate
dark pH



 

LVhoMZ (1964) us viuk er ÁLrqr fd;k ftlds vuqlkj j{kd
dksf'kdkv¨a dk ijklj.k nkc rc rd ÁÒkfor ugh g¨rk gS tc rd fd
XYkwd¨t&1&QkWLQsV] XYkwd¨t rFkk vdkcZfud QkWLQsV esa ifjofrZr ugÈ g¨
tkrkA muds vuqlkj bl ifjdYiuk d¨ fuEukafdr Formula }kjk le>k tk
ldrk gSA

Opening of Stomata

1.   1,.
phosphorylase

starch Phosphate Glucose Phosphate
phosphoglucomutase

 

2-  1. cos 6Glocose Phosphate Glu e Phosphate
Phosphatase


3-  6,    Glucose Phosphate Glucose Phosphate 

Closing of Stomata

1-    1,  
Hexokinase

Glucose ATP Glucose Phosphate 

2-  1,    PhosphorylaseGlucose Phosphate Starch Phosphate 

3- i¨VSf’k;e vk;u (K+) ifjogu fl)kUr (Potassium Ion (K+)
Transport Theory)& Levitt (1974) ds vuqlkj jU/kzksa dk [kqYkuk ,oa can
g¨uk j{kd dksf'kdkv ä esa i¨VSf'k;e vk;u ds vanj tkus ,oa ckgj vkus ij
fuÒZj djrk gSA bl er ds vuqlkj LV¨esVk ds [kqYkus ,oa can g¨us dh
fØ;k d¨ fuEu pj.k¨a }kjk le>k;k tk ldrk gS&

(i) Ádk’k esa (In Light)

 Ádk'k dh mifLFkfr esa j{kd dksf'kdkv ä esa laxzfgr LVkpZ izk;%
dkcZfud vEyksa esa cnYk tkrk gSA dkc¨Zfud vEYk¨a esa ;g fØ;k
QkWLQ¨buksYk dkc¨ZfDlY¨t ,Utkbe dh mifLFkfr esa g¨rh gSA

 j{kd dksf'kdkv ä ds vanj esfYkd vEYk dk dissociation g¨rk gS
v©j ;g esY¨V ,oa H+ esa foÒä g¨rs gSaA

 eqä H+ vk;u lgk;d dksf'kdkv ä esa ;k fQj j{kd dksf'kdkv¨a ds
ikl ,ihMfeZl dh dksf'kdkv¨a esa LFkkukUrfjr g¨ tkrs gSa ,oa K+

¼i¨VSf'k;e vk;u½ ls foufer gkrs gS rFkk K+ vk;u j{kd
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dksf'kdkv¨a esa Áos'k dj tkrs gSa ;g fØ;k vk;u¨a dk fofue; ¼Ion
exchange½ dgYkkrh gSA

 vk;u fofue; fØ;k esa ÅtkZ dh vko';drk g¨rh gS t¨
'olu }kjk ÁnŸk ATP ls miYkC/k g¨rh gSA

 j{kd dksf'kdkv ä esa mifLFkr esY¨V vk;u rFkk vo'k¨f"kr K+

vk;u dh mifLFkfr ls lkaærk c<+ tkrh gS ftlls dksf'kdkv¨a dk
ijklj.k nkc c<+rk gS v©j ijklj.k }kjk vkl&ikl fLFkr
dksf'kdkv¨a ls tYk vo'k¨"k.k ÁfØ;k laiUu g¨us Ykxrh gSA
QYkLo#i j{kd dksf'kdkv ä dh vk'kwurk ¼Turgidity½ c<+ tkrh gS
vkSj LV¨esVk [kqYk tkrs gSaA

Light Stomata Open
↓ 

Malic acid Production Increased Turger Pressure
↓ 

Dissociation of Endosmosis in
Hydrogen Guard Cells

and malate ions

Intake of
K  ions through H K 

ion exchange

fp«k Ø- 1-23% K  vk;u fofue; fl)kUr

(ii) va/kdkj esa ¼In Dark½

 j{kd dksf'kdkv¨a esa 'olu }kjk mRlftZr CO2 dh lkaærk esa of̀)
g¨us Ykxrh gSA

 pH de g¨us ds dkj.k CO2 dh mifLFkfr esa dk;Z djus okYkk
gke¨Zu ,Clhfld ,flM ¼ABA½ lfØ; g¨ tkrk gS t¨ K+ vk;u ä
d¨ j{kd dksf'kdkv¨a ds vanj vkus ls j¨drk gS ,oa t¨ K+ vk;u
Áos'k dj pqds gSa mUgsa iqu% ,ihMfeZl dh dksf'kdkv¨a esa ;k fQj
lgk;d dksf'kdkv¨a esa okil Òstrk gSA

 ,fClfld ,flM ds }kjk vEYkhdj.k ds dkj.k j{kd dksf'kdkv ä dk
ek/;e v©j vf/kd vEYkh; g¨ tkrk gS ,oa budk pH de g¨ tkrk
gSA

 pH de g¨us ds dkj.k dkcZfud vEYk iqu% LVkpZ esa ifjofrZr g¨
tkrk gS ftlls j{kd dksf'kdkv ä dh ijklj.k lkaærk de g¨
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tkrh gSA QYkLo#i j{kd dksf'kdkv ä ls tYk fudkYkdj ikl
fLFkr dksf'kdkv ä esa pYkk tkrk gSA

 bl fLFkfr esa j{kd dksf'kdk;sa Flaccid g¨ tkrh gSa ,oa LV¨esVk can
g¨ tkrs gSA

1-12-3 ok"i¨RltZu d¨ ÁÒkfor djus okY¨ dkjd
(Factors Affecting Rate of Transpiration)

1- cká dkjd (External Factors)

(i) Ádk’k (Light)& Ádk'k dh mifLFkfr esa LV¨esVk [kqYk tkrs gSaA rFkk
vuqifLFkfr esa can g¨ tkrs gSaA uhYks ,oa YkkYk Ádk'k dh mifLFkfr esa
LV¨esVYk fØ;k izHkkfor g¨rh gSA

(ii) rkieku (Temperature)& rkieku esa of̀) ls ok"i¨RltZu dh nj
c<+rh gSA D; äfd ok;qe.MYkh; vkisf{kr vkæZrk de g¨ tkrh gSA
QYkLo#i ck"iksRltZu rhozrk ls g¨us Ykxrk gSA

(iii) ok;qe.MYkh; vkæZrk (Atmospheric humidity)& ok"i¨RltZu dh nj
ifÙk;¨a ds vkarfjd okrkoj.k ds ok"Ik nkc rFkk cká okrkoj.k ds nkc ds
varj ij fuÒZj djrh gSA vxj ok;q esa vkæZrk g¨xh r¨ ok"i¨RltZu dh
nj de g¨ tkrh gSA tc fd 'kq"d okrkoj.k esa nj vf/kd g¨rh gSA

(iv) ok;q dh xfr (Wind Velocity)& Ykxkrkj ok"i¨RltZu ds dkj.k
ifÙk;¨a ds vklikl ds okrkoj.k esa tYkok"Ik ,df«kr g¨ tkrk gSA ftlls
okrkoj.k esa larÌrrk vk tkrh vkSj ok"i¨RltZu dh nj de g¨ tkrh gSA
ok;q dh xfr ds dkj.k ifÙk; ä ds fudV dh tYkok"Ik gVrh gS ,oa
ok"i¨RltZu dh nj c<+us Ykxrh gSA

(v) ÁkIr e`nk tYk (Available Soil Water)& Òwfe esa mifLFkr Ik;kZIr tYk
dh ek«kk esa ok"i¨RltZu rhoz xfr ls g¨rk gSA blds foijhr ;fn ènk
tYk Ik;kZIr ek«kk esa mifLFkr ugÈ gS r¨ ok"i¨RltZu dh nj de g¨
tkrh gS D;¨afd i©/k¨aa esa vkarfjd tYk dh deh ds dkj.k LV¨esVk can g¨
tkrs gSaA

(vi) ok;qe.MYkh; nkc (Atmospheric Pressure)& ok;qe.MYkh; nkc de
g¨us ij ok"i¨RltZu dh nj vf/kd g¨rh gSA ijarq igkM+h {¨«k¨a esa i©/k¨aa esa
lkekU; ok"i¨RltZu g¨rk gSA D;¨afd ogk¡ dk rkieku de g¨us ds dkj.k
i©/k¨aa esa lkekU; nj ls gh ok"i¨RltZu fØ;k laiUu g¨rh gSA

2- vkarfjd dkjd (Internal Factors)

(i) iÙkh dk {¨«kQYk (Leaf Area)& iÙkh dk {¨«kQYk vf/kd g¨us ij
ok"i¨RltZu dh nj vf/kd g¨rh gS ijarq Áfr bdkbZ {¨«k ls g¨us okYkh nj
vf/kd {¨«kQYk okYkh ifÙk; ä esa de rFkk de {¨«kQYk okYkh ifÙk; ä esa
vf/kd g¨rh gSA
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(ii) iÙkh dh lajpuk& iÙkh dh lajpuk ok"i¨RltZu nj d¨ ÁÒkfor djrh
gSA iÙkh ij e¨Vh D;wfVdYk dh mifLFkfr] iÙkh dh lrg ij e¨e dh
ijr] j¨e ä dh irZ vkfn ok"i¨RltZu dh nj d¨ de djrs gSaA e#n~fÒn
i©/k¨aa esa ok"i¨RltZu dh nj d¨ de djus ds fYk, vusd Ádkj ds
#ikUrj.k (Modification) ik;s tkrs gSaA tSls& iÙkh dk N¨Vk g¨uk] e¨Vh
D;wfVdYk] ifÙk; ä dk dk¡V¨a esa #ikUrj.k] ?k¡ls gq, jU/kzz (Sunken
Stomata) vkfnA jU/kzksa dh la[;k ,oa mudh mifLFkfr ¼Åijh lrg ij]
fupYkh lrg ij ;k n¨u ä lrg ä ij½ vkfn dkjd Òh ok"i¨RltZu dh nj
d¨ ÁÒkfor djrs gSaA

(iii) i©/k¨a dh vk;q (Age of Plants)& ok"i¨RltZu dh nj vadqj voLFkk esa
de ifjiDork (Maturity) ij vf/kdre ,oa th.kkZoLFkk (Senescence)
esa de g¨rh gSA

1-12-4 ok"i¨RltZu dk egRo (Importance of Transpiration)

;g fØ;k i©/kksa gsrq YkkÒnk;d gS vFkok gkfudkjd( vko';d gS vFkok
vuko';d bl ij oSKkfud ,der ugÈ gSaA bl fØ;k ls dqN YkkÒ ,oa gkfu;k¡
fuEukafdr gSa&

YkkÒ (Benefits of Transpiration)

1- ènk tYk ds vo'k¨"k.k gsrq ;g ,d Suction force mRiUu djrk gSA

2- i©/k äa ds rkieku fu;a«k.k gsrq vko';d gSA

3- vÁR;{k #i ls ok"i¨RltZu tYk vo'k¨"k.k d¨ ÁÒkfor djrk gSA
ok"i¨RltZu dh nj c<+us ij tYk vo'k¨"k.k dh nj c<+ tkrh gSA

4- jlkj¨g.k (Ascent of Sap) ,oa [kfut Yko.k ä ds vo'k¨"k.k (Mineral
Nutrition) esa Òh ok"i¨RltZu lgk;d gSA

5- feÍh esa mifLFkr vko';drk ls vf/kd tYk ok"i¨RltZu }kjk tYk ok"Ik
cudj mM+ tkrk gSA

6- ok"i¨RltZu ls QYk ä dh 'kdZjk (Fruit) esa Òh of̀) g¨rh gSA

7- jsftu (Resin) ,sYdsYkkWbM~l (Alkaloids) o.kZd (Pigments) vkfn dk
fuekZ.k ok"i¨RltZu nj ij fuÒZj djrk gSA

gkfu;k¡ (Disadvantages of Transpiration)

1- i©/k äa esa ikuh dh deh g¨ tkrh gS v©j i©/¨ vLFkk;h #i ls eqj>kus
Ykxrs gSaA

2- ènk esa tYk dh deh g¨ukA

3- vo'k¨f"kr fd;s x;s dqYk ikuh dk YkxÒx 97% ok"Ik ds #i esa mM+
tkrk gS t¨ fd vuko';d ÅtkZ dh cjcknh g¨rh gSA
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i©/k¨aa esa laiUUk g¨us okYkh n¨ eq[; fØ;kv¨a Ádk'k la'Y¨"k.k ,oa 'olu gsrq
xSl fofue; ds fYk, LV¨esVk dk g¨uk vfuok;Z gSA xSl fofue; gsrq ok"i¨RltZu
Òh j¨dk ugÈ tk ldrkA vr% dfVZl ¼Curtis 1926½ ds vuqlkj
**ok"i¨RltZu ,d vko';d cqjkbZ** ¼Necessary evil½ dh rjg gSA LVhokMZ
¼Steward½ us bl fØ;k d¨ u j¨d ldus okYkh cqjkbZ ¼Unavoidable evil½ dgk
gSA

1-12-5 ok"i¨RltZu dh nj dk ekiu
(Measurement of Rate of Transpiration)

ok"i¨RltZu dh nj d¨ ekius gsrq vusd oSKkfud ä us midj.k ÁLrqr fd;s gSA
Á;¨x'kkYkk esa lkekU;r% xsukaXl ,oa QkjelZ (Ganong’s and Farmer’s
Potometar) mi;¨x esa Ykkrs gSaA

xsukaXl i¨V¨ehVj dh lajpuk (Structure of Ganongs Potometer)

xsukaXl dk i¨V¨ehVj ok"i¨RltZu dh nj d¨ ekius esa mi;¨x esa Ykk;k tkrk gSA
bl ÁfØ;k esa vo'k¨f"kr tYk dh ek«kk dk ekiu fd;k tkrk gS v©j ;g ekuk
tkrk gS fd ;g ok"i¨RlftZr tYk dh ek«kk ds cjkcj gSA xsukaXl i¨V¨ehVj ,d
Å/okZdkj ¼Vertical½ dk¡p dh uYkh dk cuk g¨rk gS tks tYk laokgd ¼Water
reservoir½ ls tqM+k g¨rk gSA Å/oZ uYkh dk fupYkk fljk vuqÁLFk ufYkdk ls
tqM+k g¨rk gSA vuqÁLFk ufYkdk dk ,d fljk Åij dh vksj eqM+rk gS rFkk nwljk
fljk uhps dh v¨j eqM+k g¨rk gS ftlds var esa ,d fNæ ¼Pore½ g¨rk gSA tYk
laxzkgd ds uhps ,d MkV ¼Stopper½ Ykxk g¨rk gSA rFkk midj.k YkdM+h ds
LVs.M ij Fix jgrk gSA

midj.k d¨ n'kkZ;s x;s fp«kkuqlkj lSV djrs gSaA midj.k esa ikuh Òjdj
LoLFk i©/kksa dh rkth Vguh d¨ dkVdj dkWdZ dh lgk;rk ls vuqiL̀Fk uYkh
¼Horizontal tube½ ds p©M+s eq¡g okY¨ Òkx esa yxk nsrs gSaA ,oa blds nwljs Òkx
d¨ ikuh ls Òjs chdj esa Mqck nsrs gSaA iwjs midj.k d¨ ok;q j¨/kh ¼xzhl dh
lgk;rk ls½ dj fn;k tkrk gSA tYk ls Òjs chdj okY¨ fljs d¨ dqN le; ds
fYk;s gVkdj ogk¡ ls ,d ok;q ds cqYkcqY¨ d¨ Áos'k djkrs gSaA ,oa midj.k d¨
lw;Z ds Ádk'k esa j[krs gSaA ok"i¨RltZu fØ;k 'kq# g¨us ij ok;q dk cqYkcqYkk
xzstq,sfVM VÓwc dh uYkh esa ,d fljs ls nwljs fljs dh v¨j xfr djrk gSA
cqYkcqY¨ }kjk r; dh nwjh d¨ bdkbZ le; ds fglkc ls u¨V dj fYk;k tkrk gSA

ok"i¨RlftZr tYk dh ek«kk dh x.kuk fuEu lw«k }kjk laÒo gSA
Calculation in unit time /unit area

V = πr2(y – x)
V = Volume of Water
r = Radius of graduated tube
L = Length travelled by air bubble
l = (y – x)
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ok"i¨RltZu dh nj fofÒUu Ik;kZoj.kh; n'kkv¨a ¼Atmospheric
conditions½ ij fuÒZj djrh gSA bl midj.k ds }kjk ok"i¨RltZu dh nj ij
dkjd¨a ds ÁÒko dk v/;;u fd;k tkrk gSA

fp«k Ø- 1-24% xsukaXl iksVksehVj

fcUnqlzko ¼Guttation½

dqN okrkoj.kh; n'kkv ä esa ifÙk; ä ds ok;oh; Òkx ä ls ikuh cw¡n¨a ds #i esa ckgj
fudYkrk gSA ;g Ò©frd tYk gkfu fcanqlzko ¼Guttation½ dgYkkrh gSA ;g fØ;k
ifÙk;¨a ds fdukj¨a ij fLFkr LV¨esVk ds leku fNæ ä }kjk laiUu g¨rh gS ftUgs
tYkjU/kz ¼Hydathode½ dgrs gSaA

fcUnqlzko.k fØ;k lkekU;r% rc laiUu g¨rh gS tc vf/kd ek«kk esa tYk
vo'k¨"k.k ,o de ek«kk esa ok"i¨RltZu g¨ jgk g¨A ;g fØ;k tkbYke okfgdkv ä
esa /kukRed ewYknkc mRiUu g¨us ds dkj.k g¨rh gSA
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fp«k Ø- 1-25% iÙkh ds fljs ij fLFkr tyja/kzks
}kjk fcUnqlzko iznf’kZr

ÁR;sd gkbMkFk¨M] LV¨esVk ds leku fNæ g¨rs gSa t¨ fd ue ,oa Nk;knkj
i©/¨ dh ifÙk;¨a ds fdukj¨ ij ,oa vxz Òkx ij fLFkr g¨rs gSaA budh j{kd
dksf'kdk;sa lkekU; ,ihMeZYk dksf'kdkv¨ dh Òk¡fr g¨rh gSa ftuesa [kqYkus ,oa can
g¨us dh {kerk ugÈ g¨rhA fNæ ds uhps ,d cM+h ok;q xqgk ¼Air cavity½ fLFkr
g¨rh gSA ok;q xqgk ds uhps irYkh fÒfÙk okYkh isjsudkbek dksf'kdkv¨ dk lewg
<hY¨ #i ls O;ofLFkr ¼Loosely arranged½ jgrk gS ftls ,ihF¨e ¼Epithem½
dgrs gSaA ok;qd¨"k ds uhps tkbYke mifLFkr g¨rk gSA tkbYke esa mRiUu g¨us
okYkk ewYknkc tM+̈ a }kjk vo'k¨f"kr tYk d¨ varj d¨'kh; vodk'k¨ esa /kdsYkrk
gSA ;gh tYk gkbM+kFk¨M }kjk cw¡n¨ ds #i esa ckgj fudYkrk gSA fcUnqlzko.k }kjk
fudY¨ tYk esa dkcZfud ,oa vdkcZfud inkFkZ vf/kd ek«kk esa ik;s tkrs gSaA
dkcZfud inkFk ±̈ esa 'kdZjk;s] ,LikfVZd vEYk] [kfut inkFkZ vkfn mifLFkr g¨rs
gSaA ;s inkFkZ cw¡n ds #i esa ,df«kr tYk ds ok"iu g¨us ds ckn iÙkh ij gh jg
tkrs gSa t¨ fd gkfudkjd gS D; äfd budh mifLFkfr ls ifÙk;k¡ p¨fVy g¨ tkrh
gSa] ,oa dod rFkk cSDVhfj;Yk laØe.k dh laÒkouk c<+ tkrh gSA
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fp«k Ø- 1-26% iÙkh dh [kMh dkV esa tyjU/kz dh lajpuk

ok"i¨RltZu rFkk fcUnqlzko esa varj
(Difference between Transpiration and Guttation)

Lkkj.kh Ø- 1-2

Ø- ok"iksRltZu fcUnqlzko

1- ;g fØ;k Ádk'k dh mifLFkfr esa
g¨rh gSA

;g jkf«k ds le; va/kdkj esa
g¨rh gSA

2- ;g fØ;k LV¨esVk] okrjU/kz vFkok
D;wVhfdYk }kjk g¨rh gSA

;g fØ;k gkbMkFk¨M ds }kjk
laiUu g¨rh gSA

3- bl fØ;k }kjk fudYkus okYkk tYk
'kq) g¨rk gSA

blesa fudYkus okY¨ tYk esa
dkcZfud ,oa vdkcZfud inkFkZ
/kqY¨ jgrs gSaA

4- ok"i¨RltZu LV¨esVk }kjk fu;af«kr
fØ;k gSA

;g ,d vfu;af«kr ÁfØ;k gSA

viuh Áxfr tk¡fp, (Check Your Progress)

11- fcUnqlzko.k ¼Guttation½ dk eq[; dkj.k gS&

¼v½ ijklj.k ¼c½ ewYknkc

¼l½ folj.k ¼n½ ok"i¨RltZu



ikni tYk laca/k

42

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

12- LV¨esVk ds [kqYkus ,oa can g¨us dk fu;a«k.k fdlds }kjk g¨rk gS&

¼v½ K+ ¼c½ Mg2+

¼l½ Ca2+ ¼n½ N

13- og fof'k"V dksf'kdk esa t¨ j{kd dksf'kdk d¨ ?¨js jgrh gS&

¼v½ lgk;d dksf'kdk;as ¼c½ cqYkhQWkeZ dksf'kdk;sa

¼l½ gkbMkFk¨M ¼n½ ysUVhflYl

1-13 viuh izxfr tk¡fp, iz’uksa ds mŸkj
(Answer to Check Your Progress)

1- ¼l½ 8- ¼c½

2- ¼c½ 9- ¼v½

3- ¼l½ 10- ¼l½

4- ¼v½ 11- ¼c½

5- ¼l½ 12- ¼v½

6- ¼n½ 13- ¼v½

7- ¼v½

1-14 lkjka’k (Summary)

bl bdkbZ ds v/;;u esa vkius ty ds dkf;Zdh; egRo dk foLrkj iwoZd
v/;;u fd;k ,oa ;g fu"d"kZ fudkyk dh ikS/kksa dh leLr dkf;Zdh; fØ;k;sa
tSls fd folj.k] ijklj.k var%'kks"k.k ty vo'kks"k.k ok"iksRltZu vkfn ty
ds }kjk gh fu;af=r gksrh gSA ty ikS/kksa dh of̀) ds fy, chtksa ds vadqj.k ds
fy, dksf'kdk ds thonzO; esa gksus okyh lHkh vfHkfØ;kvksa ds fy, ,d
egRoiw.kZ ?kVd dh rjg dk;Z djrk gSA ikS/kksa dks feyus okys [kfut rRo
dkcZfud inkFkZ ,oa fofHkUu xSlsa ty esa gh ?kqfyy voLFkk esa fon~;eku jgrh gSa
ftUgsa ikS/ks vklkuh ls vo'kksf"kr dj ldrs gSaA
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1-15 eq[; 'kCnkoyh (Key Terminology)

 tSfodh; egRo% Biological Importance

 ikjxE;rk% Permeability

 folj.k% Diffusion

 ijklj.k% Osmosis

 ty vo'kks"k.k% Water absorption

1-16 Lo-ewY;kadu iz’u ,oa vH;kl
(Self Assessment Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- ty dh lajpuk ij fVIi.kh fy[kksA

2- fuEu ij laf{kIr fVIi.kh fy[kks&

(i) fjVsa'ku nkc fl)kUr

(ii) dfyyh; fl)kUr

(iii) dSfj;j ifjdYiuk

(iv) folj.k dk ikS/kksa esa egRo

(v) lfØ; ty vo'kks"k.k

nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- jlkjksg.k dk o.kZu dfj;sA

2- ijklj.k dh ifjHkk"kk] blds izdkj ,oa egRo dk o.kZu dfj;sA

3- ty ds tSfodh; egRo dk o.kZu dfj;sA

4- ok"iksRltZu dh fØ;kfof/k dks le>kb;sA

5- ijklj.kh; ,oa vijklj.kh; ty vo'kks"k.k dk o.kZu dfj;sA
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1-17 lgk;d ikB~; lkexzh (Suggested Readings)

1- College Botany, Volume Four (Plant Physiology and Molecular
Biology) S. Sundara Rajan Himalaya Publishing House, 2013.

2- Plant Physiology 3rd ed by Lincoln Taiz and Eduardo Zeiger
Hardcover: 690 Pages Publishers: Sinauer Associates : 3 edition
Aug. 302002 ISBN-0878938230.

3- Introduction to Plant Physiology Fourth Edition William
G. Hopkins and Norman P.A. Hiner.

4- Devlin– Plant Physiology.

5- Verma V. 1995 Plant Physiology Emkey Pub.
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bdkbZ 2 ikni iks"k.k] tSfod v.kq ,oa mikip;
(Plant Nutrition, Bio-Molecules
and Metabolism)

Lakjpuk (Structure)

2-0 ifjp;
2-1 mÌs';
2-2 [kfut iks"k.k

2-2-1 oxÊdj.k
2-2-2 [kfut rRo¨a ds dk;Z
2-2-3 foYk;u lao/kZu
2-2-4 nh?kZ i¨"kd rRo
2-2-5 lw{e i¨"kd rRo
2-2-6 ikS/kksa esa /kkrq&fo"kkDrrk

2-3 [kfut yo.kksa dk vo'kks"k.k
2-3-1 [kfut rRoksa ds vo'kks"k.k dh fØ;kfof/k

2-4 dkcZfud foys;ksa dk LFkkUkkUrj.k
2-4-1 LFkkukUrj.k dh fØ;kfof/k
2-4-2 dkcZfud foys;ksa ds LFkkukUrj.k dks izHkkfor djus okys dkjd

2-5 tSfod v.kq
2-5-1 dkckZsgkbMªsV
2-5-2 dkckZsgkbMªsV ds dk;Z

2-6 vehuks vEy
2-6-1 vehuks vEyksa dk oxhZdj.k rFkk jklk;fud lajpuk
2-6-2 vkiwrhZ ds vk/kkj ij vehuks vEyksa dk foHkktu

2-7 izksVhu
2-7-1 izksVhu fuekZ.k
2-7-2 izksVhu dh lajpuk
2-7-3 izksVhUl dk oxhZdj.k
2-7-4 izksVhu ds dk;Z

2-8 ukbVªkstu fLFkjhdj.k
2-9 ukbVªkstu ,oa olk mikip;

2-9-1 olh; vEy la'ys"k.k

2-10 viuh izxfr tk¡fp, iz'uksa ds mŸkj
2-11 lkjka'k
2-12 eq[; 'kCnkoyh
2-13 Lo-ewY;kadu iz'u ,oa vH;kl
2-14 lgk;d ikB~; lkexzh
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2-0 ifjp; (Introduction)

gjs ikS/ks dkcZfud inkFkkZsa ds mi;ksx ds fy, nwljksa ij fuHkZj ugha gksrs D;ksafd os
Lo;aiks"kh gksrs gS tks fd lw;Z ds izdk'k dh mifLFkfr esa vdkcZfud inkFkkaZ s ls
dkcZfud inkFkZ dk fuekZ.k izdk'k la'ys"k.k dh fØ;k }kjk dj ysrs gSA ;g
vdkcZfud inkFkZ ikS/ks feÍh ls vo'kksf"kr djrs gSaA tks fd feÍh esa [kfut yo.k
ds #Ik esa ik;s tkrs gSA bl v/;k; esa [kfut iks"k.k ds ckjs esa foLr̀r v/;;u
djsaxsA

ikS/kksa }kjk mudh of̀} ,oa fodkl gsrq [kfut rRoksa dk vo'kks"k.k ,oa
mi;ksx gh [kfut iks"k.k dgykrk gSA

2-1 mÌs’; (Objectives)

izLrqr bdkbZ dk mÌs'; Nk=ksa dks ikS/kksa ds thou pØ esa [kfut yo.kksa ds
mi;ksx mudk vo'kks"k.k ,oa egRo ds ckjs esa v/;;u djkuk gSA izÑfr esa ik;s
tkus okys vdkcZfud ,oa dkcZfud inkFkkZsa dk ikS/kksa gsrq mi;ksx ,oa egRo
le>kuk gSA lw{e ,oa nh?kZ iks"kd rRo dkckZsgkbMªsV] izksVhu fyfiM ds ckjs esa
foLrr̀ tkudkjh nsuk gh bl bdkbZ dk mÌs'; gSA

2-2 [kfut i¨"k.k (Mineral Nutrition)

i©/k¨a esa Lo;ai¨"kh Ádkj dk i¨"k.k ik;k tkrk gSA DYk¨j¨fQYk dh mifLFkfr ds
dkj.k lw;Z ds Ádk'k }kjk gjs i©/¨ viuk Òkstu [kqn cukrs gSaA blds vfrfjDr
i©/k¨a d¨ fofÒUu Ádkj ds [kfut rRo ä dh vko';drk g¨rh gS ftls og
tM+̈ }kjk feÍh ls vo'k¨f"kr djrs gSaA ;s [kfut Yko.k feÍh esa foYk;u ds #i
esa ik;s tkrs gSaA ftudk vo'k¨"k.k i©/¨ viuh tM+̈ a ls djrs gSaA

feÍh esa mifLFkr [kfut Yko.k ä ¼Mineral Salts½ dk vo'k¨"k.k gh [kfut
i¨"k.k dgYkkrk gSA ;s rRo i©/kksa dh fofÒUu mikip;h fØ;kv¨a ls lacaf/kr g¨rs
gSa ftudk mi;¨x i©/¨ of̀)] tuu fodkl vkfn fØ;kv ä ds laiUu djus gsrq
djrs gSaA

1830 esa Sachs ,oa Knop us i©/k¨ esa feujYk U;wVªh'ku dk v/;;u fd;k
v©j foYk;u lao/kZu ¼Liquid culture½ }kjk i©/k ä ds fYk, YkxÒx 10 rRo ä dks
vfuok;Z rRo dgkA

muds vuqlkj dkcZu ¼C½] gkbMª¨tu ¼H½] vkWDlhtu ¼O½] ukbVª¨tu ¼N½]
QkWLQ¨jl ¼P½] iksVSf'k;e ¼K½] dWfY'k;e ¼Ca½] lYQj ¼S½] eSXuhf'k;e ¼Mg½
rFkk vk;ju ¼Fe½ ;s lÒh vfuok;Z rRo gSA ijarq vkt ;g ekuk tkrk gS fd
blls vf/kd rRo i©/¨ ds thfor jgus gsrq vfuok;Z gSaA i©/k ä ds Ård¨ ds
fo'Y¨"k.k ls ;g irk pYkrk gS fd 92 rRo¨a esa ls Áeq[k gS dkcZu] vkWfDltu]
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gkbMª¨tu] ukbVª¨tu] lYQj] QkWLQ¨jl] iksVSf'k;e] dWfY'k;e rFkk
eSXusf'k;e ,oa vk;juA blds vfrfjä ftad] dWkij] eSaXuht] c¨jkWu] e¨fYkCMsue]
l¨fM;e rFkk DYk¨jhu Òh i©/k ä esa ik;s tkus okY¨ vko';d rRo gSaA

2-2-1 oxÊdj.k (Classification)

(A) eq[; #i ls [kfut rRo¨a d¨ n¨ Òkx¨a esa ck¡Vk x;k gS&

1- vko';d rRo (Essential elements)

2- vuko';d rRo (Non-essential elements)

vko';d rRo¨a dh Js.kh esa dkcZu] vkWDlhtu] gkbMª¨tu] ukbVª¨tu]
lYQj] QkWLQ¨jl] iksVSf'k;e] eSXuhf'k;e] dWfY'k;e rFkk vk;ju d¨ j[kk x;k
gS rFkk vU; d¨ vuko';d rRo¨a dh Js.kh esa j[kk x;k gSA ijUrq vk/kqfud
[k¨t¨a ds vuqlkj c¨jkWu] eSaxuht] ftad] dkWij] e¨YkhCMsue] l¨fM;e] DYk¨jhu
bR;kfn rRo Òh i©/k ä dh of̀) gsrq vko';d g¨rs gSaA vr% vko';d ,oa
vuko';d rRo¨a dk fopkj mi;qDr ugÈ ekuk x;kA

(B) Shkolink ¼1950½ us [kfut rRo¨a gsrq fuEukafdr oxÊdj.k ÁLrqr
fd;k t¨ fd vR;kf/kd lqfo/kktud ekuk x;k&

1- lajpukRed rRo ¼Structural elements½& blds varxZr dkcZu]
gkbMª¨tu] vkWDlhtu] ukbVª¨tu] lYQj] QkWLQ¨jl rFkk eSXuhf'k;e
'kkfeYk gSaA

2- tSo mRÁsjd rRo ¼Bio-catalytic elements½& blds varxZr vk;ju]
eSaXuht] dkWij rFkk d¨ckYV vkrs gSaA

3- vifjgk;Z rRo ¼Indispensable elements½& buesa iksVSf'k;e] dWfY'k;e]
c¨jkWu rFkk e¨YkhfCMue 'kkfeYk gSA

4- jsfM;¨-,fDVo rRo ¼Radio-active elements½& ;wjsfu;e] Fk¨fj;e]
jsfM;e] ,DVhfu;e rFkk j¨fM;eA

5- mÌhfIrdkjd rRo ¼Stimulating elements½& l¨fM;e] DYk¨jhu]
vklsZfud] VkbVsfu;e] d¨ckYV] fufdYk] vk;¨Mhu] cz¨eÊu rFkk :chfM;eA

(C) nh?kZ ,oa y?kq iks"kd ikS/k¨ esa rRo¨a dh vko’;d ek=k ds vuqlkj
bud¨ n¨ Jsf.k;¨a esa j[kk x;k gS&

(i) nh?kZ i¨"kd rRo (Macro nutrients)

(ii) Yk?kq i¨"kd rRo (Micro nutrients)

dkcZu] gkbMª¨tu vkWfDltu] ukbVª¨tu] lYQj] QkWLQ¨jl] iksVSf'k;e]
eSXuhf'k;e] dWfY'k;e rFkk vk;ju d¨ nh?kZ i¨"kd rRo¨ esa tcfd c¨jkWu (B)]
eSaXuht (Mn)] ftad (Zn)] dkWij (Cu)] DYk¨jhu (Cl)] e¨fYkCMsue (Mo)]
d¨ckYV (Co)] l¨fM;e] flfYkdkWu rFkk vk;¨Mhu d¨ lw{e i¨"kd rRo¨a dh Js.kh
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esa j[kk x;k gSA lw{e rRo ä d¨ Vªsl rRo (Trace elements) Òh dgk tkrk gS
D;¨afd budh lw{e mifLFkfr esa gh i©/k¨a esa of̀) rFkk p;kip;h fØ;k;sa
(Metabolic activity) lkekU; #i ls laiUu g¨rh gSaA

2-2-2 [kfut rRo¨a ds dk;Z (Role of Mineral Elements in
Plants)

[kfut rRo i©/k ä dh dkf;Zdh ,oa i¨"k.k esa fuEu Ádkj viuh Òwfedk fuÒkrs gSa&

1- i©/k¨a ds ?kVd ds #i esa (Constituent of plant body)& [kfut
rRo ikni dksf'kdk ds LFkk;h la?kVd gS tSls& Á¨Vhu la'Y¨"k.k esa
lYQj] U;wfDYkd vEYk¨a esa QkWLQ¨jl] DYk¨j¨fQYk esa eSXusf'k;e] d¨"kkfÒfÙk
esa dWfY'k;e rFkk lkbV¨Ø¨e esa vk;ju rRo dh eq[; Òwfedk g¨rh gSA
dkc¨ZgkbMªsV ds eq[; ?kVd dkcZu] gkbMª¨tu ,oa vkWDlhtu g¨rs gSaA

2- pH ij ÁÒko ¼Influence on pH½& feÍh ls vo'k¨f"kr g¨us okY¨
[kfut rRo Cell Sap dh gkbMª¨tu vk;u lkaærk ij ÁÒko MkYkrs
gSaA ;s rRo i©/k¨a dh dkf;Zdh fØ;kv¨a ¼Physiological activities½ ds
fYk, ,d cQj ra«k dh rjg dk;Z djrs gSaA QkWLQsV cQj ra«k i©/k¨a esa
ik;k tkus okYkk ,d lkekU; ra«k gSA

3- thoæO;h; f>fYYk;¨a dh ikjxE;rk (Permeability of cytoplasmic
membranes)& thoæO;h; f>fYYk;¨a dh ikjxE;rk dsVk;u
rFkk ,uk;u ä }kjk ÁÒkfor g¨rh gSA f} ,oa f«kd la;¨th dsVk;u
ikjxE;rk d¨ de djrs gSa tcfd ,d la;¨th dsVk;u bls c<+krs gSaA

4- fo"kkärk ¼Toxicity½& i©/k¨a esa ik;s tkus okY¨ vk;uhÑr rRo
gkfudkjd g¨rs gSaA dkWij] vklsZfud ,oa ejdjh ,sls gh rRo gSaA

5- mRÁsjd ÁÒko ¼Catalytic effects½& dbZ rjg ds [kfut rRo ,Utkbe
ra«k esa mRÁsjd dh rjg dk;Z djrs gSaA ftad] dkWij] vk;ju] eSaXuht]
d¨ckWYV bR;kfn vfÒÁsjd ¼Activator½ ;k voj¨/kd ¼Inhibitor½ ds #i
esa dk;Z djrs gSaA

6- d¨"kk ds ijklj.k nkc ij ÁÒko (Effects on the osmotic
pressure of the cell)& dbZ [kfut rRo d¨"k jl ¼Cell sap½ esa ?kqfYkr
voLFkk esa ik;s tkrs gSaA t¨ fd Cell sap ds ijklj.k nkc d¨ cuk;s
j[kus ds fYk, mÙkjnk;h g¨rs gSaA

7- Áfrj¨/kh ÁÒko (Antagonastic effect)& i©/k¨a esa ik;s tkus okY¨
[kfut rRo ,d nwljs ds Áfr foj¨/kh LoÒko n'kkZrs gSa v©j nwljs rRo ä
ds ÁÒko d¨ [kRe dj nsrs gSaA tSls& t© ds i©/kksa esa eSXuht ¼300&400
ppm½ fo"kSyk ÁÒko mRiUu djrk gSaA ijarq ;fn [kfut foYk;u esa
flfYkdkWu mifLFkr gS rks og eSXuht dk fo"kdkjh ÁÒko lekIr dj nsrk
gSA
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2-2-3 foYk;u lao/kZu (Solution Culture)

bl rduhd ds }kjk i©/k¨a gsrq vko';d rRo¨a dk irk Ykxk;k tkrk gSA ;g
rduhd v'kqf)jfgr (Contamination free) g¨rh gSA bl rduhd esa i©/k ä d¨
lh/ks Yko.k foYk;u esa mxkrs gSA c¨j¨flfYkdsV XYkkl ds crZu esa Yko.k foYk;u
d¨ Y¨rs gSaA okrk;u ds fYk;s blesa ,d ufYkdk g¨rh gS ftlds }kjk cYkiwoZd
ok;q d¨ crZu esa Áos'k djk;k tkrk gSaA bl Ádkj ds ikni lao/kZu d¨
feÍhjfgr of̀) (Soilless growth) dgk tkrk gS] t¨ fd gkbMª¨i¨fuDl dgYkkrk
gSA

gkbMª¨i¨fuDl (Hydroponics)

gkbMª¨i¨fuDl d¨ tYk dh [¨rh ds #i esa ikfjÒkf"kr djrs gSaA bldk rkRi;Z
i©/k¨a d¨ tYk ,oa i¨"k.k foYk;u dh lgk;rk ls feÍh dh vuqifLFkfr esa mxkuk
g¨rk gSA gkbMª¨i¨fuDl }kjk ;g Áekf.kr g¨rk gS fd i©/k¨a ds fodkl esa feÍh
dk dk;Z [kfut Yko.k ä] rRo ä rFkk i¨"kd rRo¨a d¨ /kkj.k djuk] tM+̈ a d¨ fLFkj
j[kuk] ,oa i©/k¨a d¨ [kM+k j[kus esa enn djuk ek«k gSA vFkkZr i©/¨ ds fodkl
gsrq feÍh vfuok;Z ugha gSA

gkbMª¨i¨fuDl ÁfØ;k esa i¨"kd foYk;u dh lgk;rk ls tM+̈ a d¨ lh/¨
i¨"k.k miYkC/k djk;k tkrk gSA bl rduhd }kjk fu;af«kr ek/;e esa ¼rki]
vknZzrk ,oa Ádk'k½ mPp d¨fV ds ikni mRikn ÁkIr fd;s tk ldrs gSaA

Air

Jar

Nutrient
Solution

Inlet Tube for
Aeration

Cork

fp= Ø- 2-1% gkbMªksiksfuDl fof/k }kjk [kfut iks"k.k dk izn’kZu
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gkbMª¨i¨fuDl ls YkkÒ (Benefits of Hydroponics)

1- bl rduhd ls i©/k ä esa feÍh ls mRiUu g¨us okY¨ j¨x¨ dh laÒkouk de
g¨rh gSA

2- bl rduhd ds }kjk fdlh Òh LFkku ij QlYk mRiknu laÒo gSA blds
fYk, fdlh Òh Ñf"k {¨«k dh vfuok;Zrk ugh gSA

3- bl rduhd esa ikni mRikn vf/kd ek«kk esa ÁkIr g¨rs gSa D; äfd mUgsa
larqfYkr i¨"k.k ek/;e esa mxk;k tkrk gSA

4- 'k¨/k (Research) }kjk bl fof/k ls fodflr i©/k ä esa i©f"Vd rRo¨a dh
ek«kk ,oa xq.koÙkk mÙke ik;h x;h gSA

5- bl rduhd ls lhfer {¨«k esa T;knk i©/k¨a d¨ mxk;k tkuk laÒo gSA

6- gkbMª¨i¨fuDl rduhd ds }kjk fu;af«kr ek/;e ¼xzhu gkml@ikWYkh
gkml½ esa iwjs o"kZ Òj i©/k¨a d¨ fodflr fd;k tk ldrk gSA

7- ;g rduhd [kjirokj dh leL;k d¨ lekIr dj nsrh gSA

lkj.kh Ø- 2-1% Different Solution

Compound Sach’s
soln.

Knop’s
soln.

Arnon and
Hoagland’s soln.

Ca((N)3)24H2O 08 1.18

Nacl 0.25

KNO3 1.0 0.2 0.51

Ca3(PO4)2 0.5

K2KPO4 0.2 0.14

MgSO47H2O 0.5 0.2 0.49

FeSO4 Traces

FeO4 Traces

FeC4H4O6 0.005

H3BO3 0.0029

MnCl2H2O 0.0018

ZnSO4 0.00022

CuSO45H2O 0.00008

H2MoO4 0.00002
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2-2-4 nh?kZ i¨"kd rRo (Macro Nutrient)

,sls i¨"kd rRo t¨ vf/kd ek«kk esa i©/k ä dh of̀) ,oa fodkl gsrq vko';d g¨rs
gS] nh?kZ i¨"kd rRo dgYkkrs gSaA buesas eq[; #i ls C, H, O, N, S, P, Ca, K,
Mg, Fe gSa&

1- dkcZu] gkbMª¨tu ,oa vkWDlhtu

bu rRo¨a dk vo'k¨"k.k i©/¨ feÍh ls rFkk okrkoj.k ls cuk ldrs gSaA i©/k¨a dk
vf/kdka'k Òkx bUgÈ rRo¨a dk cuk g¨rk gSA i©/k¨a ds 'kq"d Òkj dk vf/kdka'k
Òkx ;gh rRo g¨rs gSaA ;s lÒh rRo thoæO; (Protoplasm) dh lajpuk esa Òkx
Y¨rs gSaA dkc¨ZgkbMªsV dk eq[; Òkx Carbon, Hydrogen ,oa Oxygen gh g¨rs gSaA
i©/¨ dkcZu dk vo'k¨"k.k okrkoj.kh; CO2 ls rFkk O2 dk vo'k¨"k.k eqä #i ls
djrs gSa t¨ fd fofÒUu ÅtkZ #ikarj.k ÁfrfØ;kv¨a gsrq vko';d gSA bu rRo ä
dh deh ls i©/k¨a dh lkekU; of̀) #d tkrh gSA

2- ukbVª¨tu (Nitrogen)

dkcZu] vkWDlhtu rFkk gkbMª¨tu ds ckn ukbVª¨tu ,d vfr vko';d nh?kZ
i¨"kd rRo gSA

Lkzksr (Source)

ok;qe.MYkh; ukbVª¨tu gh bldk Lkzksr gSA t¨ fd okrkoj.k esa YkxÒx 78%
xSl ds #i esa miYkC/k jgrk gSA i©/k¨a dh tM+̈ a esa ukbVª¨tu dk fLFkjhdj.k
¼Nitrogen Fixation½ tSoh; rFkk vtSfod ?kVd ä }kjk fd;k tkrk gSA
ukbVª¨tu feÍh esa ukbVªsV~l ,oa ve¨fu;k ds Yko.k ¼Ammonium Salts½ ds #i
esa mifLFkr jgrh gSA ftldk vo'k¨"k.k i©/k¨a }kjk fd;k tk ldrk gSA ;g
vo'k¨f"kr ukbVª¨tu ukbVª¨ftust ,Utkbe }kjk i©/k ä d¨ miYkC/k g¨rh gSA
Y¨X;qfeuslh QsfeYkh ds i©/k ä dh tM+̈ a dh xzafFkdkv¨a ¼Root nodules½ esa
jkbt¨fc;e cSDVhfj;k ik;k tkrk gS t¨ fd okrkoj.kh; ukbVª¨tu d¨
ukbVª¨thul dEikmaM ds #i esa Soil esa Fix dj Y¨rk gSA lk;u¨cSDVhfj;k ¼Blue
green algae½ esa Òh okrkoj.kh; N2 d¨ fLFkj djus dh {kerk g¨rh gSA i©/k¨a esa
bldh miYkC/krk 1-3% rd g¨rh gSA

dkf;Zdh; Òwfedk (Physiological Role)

ukbVªkstu i©/k ä ds leLr nh?kZ v.kqv¨a ¼Macromolecule½ Á¨Vhu] U;wfDYkd vEYk
¼DNA rFkk RNA½ esa Áeq[k #i ls mifLFkr g¨rk gSA Á¨Vhu la'Y¨"k.k] Ádk'k
la'Y¨"k.k] 'olu rFkk vU; mikip;h fØ;kv¨a esa eq[; Òwfedk fuÒkrk gSA

deh ds Yk{k.k

ukbVª¨tu dh deh ls ifÙk; ä esa gfjeghurk (Chlorosis½ g¨ tkrh gS v©j
ifÙk;k¡ ihYkh iM+ tkrh gSA i©/k¨ dh fupY¨ Lrj ij ifÙk;k¡ lw[kus Ykxrh gSA
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i©/k¨a dh of̀) #d tkrh gSA D; äfd Á¨Vhu la'Y¨"k.k] Cell division ,oa dksf'kdk
nh?kÊdj.k esa deh vk tkrh gSA

3- QkWLQ¨jl (Phosphorous)

Lkzksr (Source)

ikS/k ä ds fYk, QkWLQ¨jl dk eq[; Lkzksr feÍh gSA i©/¨ bld¨ feÍh ls ?kqfYkr
vdkcZfud QkWLQsV ds #i esa vo'k¨f"kr djrs gSaA  2 4 4,H PO HPO  vdkcZfud

QkWLQsVA

miYkC/krk

QkWLQ¨jl dh miYkC/krk] ,uk;u] fofue; ènk esa lw{ethfo; ä dh mifLFkfr]
ènk ds foYk;u ds pH ij fuÒZj djrh gSA ;g tfVYk ,uk;u ds #i esa d¨"kk
esa vo'k¨f"kr g¨rk gS ijarq voÑr ugÈ g¨rkA

dk;Zdh; Òwfedk (Physiological Role)

;g d¨"kk ds fofÒUu dkcZfud inkFk ±̈ ¼QkWLQ¨fYkfiM] U;wfDYkd vEYk] Á¨Vhu]
NAD, NADP, ATP½ dk eq[; ?kVd gSA Ádk'k la'ys"k.k esa ÅtkZ ds p;kip;
¼Metabolism½ esa QkWLQsV dh egRoiw.kZ Òwfedk g¨rh gSA ;g vusd ,UtkbEl
dk ÅRÁsjd gSA

deh ds Yk{k.k

QkWLQ¨jl dh deh ls DYk¨j¨&IYkkLV ¼Chloroplast½ dh vkÑfr ,oa vkdkj
vlkekU; ¼Abnormal½ g¨ tkrk gSA iÙkh ,oa QYk ä ds Åij usØ¨fVd {¨«k cu
tkrs gSaA fupYkh ifÙk; ä esa ,UFk¨lkbfuu o.kZd ¼Anthocyanin pigment½ cuus
Ykxrk gS ftlls ifÙk;k¡ ihYkh g¨dj fxj tkrh gSA tM+̈ a rFkk ru ä dk iw.kZ
fodkl ugÈ g¨ ikrk v©j ;s N¨Vs jg tkrs gSaA

3- lYQj (Sulphur)

bldh ek«kk i©/k ä esa YkxÒx 0-05% ls 1-5% rd g¨rh gSA

Lkzksr

;g feÍh esa ik;jkbV ¼Pyrite½] d¨ckYVkbV ¼Cobaltite½] bIl¨ekbV ¼Epsomite½
rFkk ?kqfYkr lYQsV vk;u ? ?–

4SO ds #i esa mifLFkr g¨rk gSA dqN

lw{ethfo;¨a }kjk dkcZfud lYQj dk vkWDlhdj.k g¨rk gS v©j ;g lYQsV
vk;u esa ifjofrZr g¨ tkrk gSA

Biological Oxidation

Organic Sulphate + 2S + 2H2  3O2 →2H2SO4
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miYkC/krk

i©/k¨a esa lYQj dk vo'k¨"k.k lYQj vk;u ds #i esa g¨rk gSA ;s vk;Ul PAPS
rFkk ATP }kjk voÑr ¼Reduce½ g¨ tkrs gSaA PAPS (3-Phosphoadenosine 5-
Phospho-Sulphate) ,sls ;©fxd gS t¨ fd mRÁsj.k dh fØ;k esa Òkx Y¨rs gSaA

dkf;Zdh; Òwfedk (Physiological Role)

;g dbZ rjg ds vehu¨ vEYk¨a ¼flLVhu] fefFk;¨uhu½ ds cuus esa Òkx Y¨rk
gSA ;g d¨,Utkbe & A dk eq[; ?kVd gSA blds vfrfjä ;g ok;¨fVu]
Fkkbfeu] foVkfeu esa Òh eq[; #i ls ik;k tkrk gSA ;g I;kt] Ykglqu esa
XYk¨bd¨lkbM cukrk gS rFkk cht fuekZ.k esa egRoiw.kZ Òwfedk fuÒkrk gSA

deh ds Yk{k.k ¼Deficiency Symptoms½

ifÙk;¨a esa gfjeghurk dk vkuk t¨ igY¨ u;h ifÙk;¨a esa rFkk ckn esa iqjkuh
ifÙk;¨a esa vkrh gSA bldh deh ls ,ihdYk xz¨Fk nqcZYk g¨ tkrh gSA bldh deh
ls tM+ ra«k ¼Root System½ dkQh l?ku ¼Densed½] rus dB¨j ,oa dk"Bh; g¨
tkrs gSA tksfd dkc¨ZgkbMªsV ds laxzg.k ds dkj.k g¨rk gSA

5- dWfY’k;e (Calcium)

Lkzksr

dWfY'k;e ènk esa Ik;kZIr ek«kk esa mifLFkr g¨rk gSA ftls i©/¨ Ca++ ds #i esa
vo'kksf"kr djrs gSaA i©/k¨a dh lajpuk esa mikip;h fØ;kv¨a esa ;g egRoiw.kZ
Òwfedk fuÒkrk gSA ènk esa dWfY'k;e dkc¨ZusV (CaCO3) rFkk vfoY¨; dWfY'k;e
QkWLQsV ds #i esa bldh miYkC/krk g¨rh gSA

miYkC/krk

dWfY'k;e ènk ra= dh ckgjh ijr ij vf/k'k¨f"kr jgrk gSA ;g ,d fofue;
djus okYkk dsVk;u gSA ;fn feÍh ds foYk;u ds pH esa of̀) dj nh tk;s r¨
Ca+ vk;u eqä g¨us Ykxrs gSa ,oa mldh txg H+ vk;u Y¨ Y¨rs gSaA ;g ?kVuk
dsVk;u fofue; dgYkkrh gSA

dkf;Zdh; Òwfedk

dWfY'k;e d¨f'kdk fÒfÙk dk eq[; ?kVd gSA ;g fefMYk Y¨feYkk esa dWfY'k;e
isDVsV ds #i esa mifLFkr jgrk gSA ;g dkcZfud vEYk ä ds dWfY'k;e Yko.k
cukdj fo"kkärk d¨ de djrk gSA ;g ,ihdYk esfjLVse (Apical Meristem)
dh of̀) ds fYk, d¨"kk f>YYkh dh ikjxE;rk esa vko';d Òwfedk fuÒkrk gSA
dWfY'k;e vusd ,Utkbe ä ¼QkWLQ¨Ykkbist] ,Vhist (Atpase), Adenyle Kinase,
Amylase) ds mRÁsjd dk dk;Z Òh djrk gSA dbZ i©/k¨a esa ;g jsQkbM~l
(Raphides) ds #Ik esa feYkrk gS t¨ fd v?kqfYkr dWfY'k;e vkWDtsY¨V g¨rk gSA
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deh ds Yk{k.k

dWfY'k;e dh deh ls ifÙk;¨a esa DYk¨j¨fll mRiUu g¨ tkrk gS ftlls
¼usØ¨fll½ Ård {kj.k g¨us Ykxrk gSA dWfY'k;e dh deh ls tM+̈ a dh ,ihMfeZl
dk fo?kVu g¨us Ykxrk gSA ÁfoÒkth {¨«k ä ¼Meristematic regions½ dh of̀) #d
tkrh gSA tM+ ä esa E;wdl dh vf/kdrk ds dkj.k os e¨Vh rFkk Òwjs jax dh g¨
tkrh gSaA iq"Ik Premature voLFkk esa gh fxjdj u"V g¨ tkrs gSaA

6- iksVSf’k;e (Potassium)

bldh ek«kk i©/k ä esa 0-3&6-0% rd g¨rh gSA

ÁkfIr (Occurrence)

;g K+ vk;u ds #i esa dksf'kdk æo esa mifLFkr jgrk gSA ja/kz ä dh xfr
¼Movement of Stomata½, 'olu (Respiration)] Ádk'k la'Y¨"k.k (Photosyn-
thesis) esa ;g lfØ; Òwfedk fuÒkrk gSA dbZ ,Utkbe¨a esa iksVSf'k;e
d¨,Utkbe ,oa mRÁsjd dk dk;Z djrk gSA

deh ds Yk{k.k

bldh deh ls fodkl vo#) g¨ tkrk gSA 'kh"kZ ÁÒkfork (Apical dominance)
de g¨ tkrh gSA iq"ioàr (Stalk) det¨j g¨ tkrk gSA ifÙk; ä esa EYkkfu
(Wilting) ,oa foYkxu (Senescence) ns[kus d¨ feYkrk gSA

7- vk;ju (Iron)

i©/k¨a esa budh ek«kk YkxÒx 10&1500 ppm rd g¨rh gSA

Lkzksr

vk;ju [kfut ä esa vkWDlkbM~l ¼fYke¨ukbZV½] ik;jkbM rFkk lYQkbM ds #i esa
miYkC/k g¨rk gSA

miYkC/krk

vk;ju dh miYkC/krk ènk foYk;u ds pH ij fuÒZj djrh gSA vEYkh; ènk
esa ;g i©/k ä d¨ 'kh?kz miYkC/k g¨ tkrk gSA i©/k ä }kjk lkekU;r% ;g Qsjl
(Ferrous) ds #i esa vo'k¨f"kr fd;k tkrk gSA

dk;Zdh; Òwfedk

'olu ds bY¨DVªWku laogu ra«k (Electron transport system) esa ;g egRoiw.kZ
Òwfedk fuÒkrk gSA tSoh; vkWDlhdj.k (Biological oxidation) esa lfØ;
¶Y¨o¨Á¨Vhu (Flavoprotein) dk ;g lfØ; ?kVd gSA ;g QsjhMkWfDlu
(Ferredoxin)] QsjhMkWfDlu fjMÓwflax lcLVsal (FRS) rFkk lkbV¨Ø¨e esa
mifLFkr g¨rk gSA
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deh ds Yk{k.k

bldh deh ls DYk¨j¨fQYk (Chlorophyll) dk fuekZ.k ckf/kr g¨rk gSA vk;ju
dh deh ls vUrjf'kjh; gfjekghUkrk (Interveinal Chlorosis) Li"V fn[kk;h nsus
Ykxrk gSA Á¨Vhu la'Y¨"k.k dh fØ;k #d tkrh gSA oÙr (Stalk) N¨Vs rFkk nqcZYk
g¨ tkrs gSaA

2-2-5 lw{e i¨"kd rRo (Micro Nutrients)

os i¨"kd rRo t¨ i©/k ä dh of̀) gsrq de ek«kk esa vko';d gSa lw{e i¨"kd rRo
dgYkkrs gSaA buesa B, Zn, Mn, Cu, Co, Cl–, Na, Mo vkfn 'kkfeYk gSaA

1- c¨jkWu (Boron-Bo)

Lkzksr (Source)

c¨jkWu leqnzh ijr ä esa cgqrk;r ls ik;k tkrk gS t¨ fd rhu #i¨a esa ?kqfYkr
(Soluble) fofue; ;¨X; (Exchangeable) rFkk fofue; v;¨X; :i esa (Non-
exchangeable) feYkrk gSA i©/¨ c¨jkWu dk vo'k¨"k.k ,uk;u tSls fd c¨jsV ;k
VsVªkc¨jsV ds #i esa djrs gSaA ènk foYk;u dh pH esa vf/kdrk ls c¨jkWu dh
miYkC/krk de g¨ tkrh gSA

dkf;Zdh; Òwfedk

'kdZjk ds LFkkukUrj.k d¨ c<+kus esa c¨jkWu egRoiw.kZ Òwfedk fuÒkrk gSA i©/k¨a dh
of̀) fØ;kv ä tSls dksf'kdk foÒktu (Cell division) QYk cuus esa iquZtuu
(Regeneration) d¨ fu;fer (Regulate) djrk gSA is.V¨t QkWLQsV iFk
(Pentose Phosphate Pathway) d¨ fu;af«kr djrk gSA c¨jkWu }kjk i©/k ä dh
tYk lacaf/kr leLr fØ;k;sa lfØ; Yko.k vo'k¨"k.k] Y¨X;wEl esa u¨M~l dk cuuk
(Nodulation) g¨e¨Zu mikip; (Hormone metabolism) fu"¨pu (Fertilization)
rFkk QkWLQ¨fjY¨'ku dk fu;eu g¨rk gSA

deh ds Yk{k.k

c¨jkWu dh deh ls pqdUnj esa gkVZ jkWV ,oa lscQYk ¼Apple½ esa vkUrfjd dkWuZ
fuekZ.k ¼Internal Corn Formation½ g¨us Ykxrk gSA ÁfoHkkth Ård
¼Meristematic tissue½ vlaxfBr ¼Disorganise½ g¨ tkrs gSaA tM+̈ dh of̀) de
g¨ tkrh gSA iq"Ik ,oa QYk fxjus Ykxrs gSaA ifÙk;k¡ eqM+ tkrh gSa v©j os ÒqjÒqjh
¼Brittle½ g¨ tkrh gSA

2- ftad (Zink-Zn)

ftad dh ek=k ikS/kksa esa lkekU;r% 3&350 ppm rd gksrh gSA
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Lkzksr (Source)

esXuhVkbV] ck;ksykbV rFkk gkWuZCysUM blds izkÑfrd Lkzksr gSA bu lHkh feujYl
ds {kj.k (Weathering) ls ftad Mkbosys.V :Ik esa eqDr gksrk gSA lkEkkU; ènk
esa ftad dh cgqr de ek=k ik;h tkrh gSA pH c<+us ij ikS/kksa dks ftad dh
miyC/krk de gks tkrh gSA

dkf;Zdh; Hkwfedk (Physiological Role)

fVªIVksQsu ds la'ys"k.k esa ftad vR;ar egRoiw.kZ Hkwfedk fuHkkrk gSA ftad
dks] ,Utkbe dk ,sDVhosVj dgk tkrk gSA ,Ydksgfyd fMgkbMªksftust] gsDlkst]
dkbust] QkWLQksfjyst] dkcksZfud] ,ugkbMsªt] U;wfDy;ksVkbM] fMgkbMªksftust
bR;kfn ,Utkbe ds ,DVhos'ku esa Zn egRoiw.kZ Hkwfedk fuHkkrk gSA

deh ds y{k.k (Deficiency Symptoms)

 ioZ (Internode) NksVs gks tkrs gSA ftlls ikS/kksa dh of̀) vo:) gks
tkrh gSA ,oa ruk NksVk jg tkrk gSA

 ifŸk;k¡ vkdkj esa NksVh gks tkrh gSA

 DyksjksfQy ds iw.kZ fodflr u gksus ds dkj.k ifŸk;k¡ esa vUrjf'kjh;
Dyksjksfll (Intervenal Chlorosis) gks tkrk gSA

 eVj ,oa chUl esa cht fuekZ.k :d tkrk gSA flVªl esa Qy fuekZ.k ugha
gks ikrkA

 lso esa fyfVy yhQ ¼jkstsV½ chekjh gks tkrh gSA ftlls ifŸk;k¡Wa
vfodflr jg tkrh gSA

3- dkWij (Copper-Cu)

ikS/kksa esa ik;s tkus okys dkWIkj dh ek=k yxHkx 2&75 ppm jgrh gSa ;fn ikS/kksa esa
dkWIkj dh ek=k vf/kd gks tk, rks ;g ikS/kksa ds fy, fo"kSyh gks tkrh gSaA

ÁkfIr (Occurrence)

dkWij iz—fr esa psYdkik;jkbV ds :Ik esa ik;k tkrk gSA dkWij dh FkksM+h ek=k
ènk foy;u ls izkIr gksrh gSA

dkf;Zdh; Hkwfedk (Physiological Role)

dkWij izdk'k&la'ys"k.k ds nkSjku bysDVªkWu vfHkxeu ra= esa egRoiw.kZ Hkwfedk
fuHkkrk gSA ;g IykLVkslhu dk ?kVd gksrk gSA ;g ,Utkbe tSls& ikWyhfQuksy
vkWDlhMst] fyadst] vkWDlhMst ds fy, ,DVhosVj dh rjg dk;Z djrk gSA

deh ds y{k.k (Deficiency Symptom)

 ikS/kksa dh ifŸk;ksa esa fo—fr;k¡ rFkk Dyksjksfll mRiUu gksrk gSA

 ikS/kksa esa dkWij dh ek=k vf/kd gks tkus ij ikS/ksa eqj>kus yxrs gSA
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4- ekWYkhCMsUke (Molybdenum-Mo)

ekWyhCMsue ikS/kksa esa vfrlw{e ek=k esa ik;k tkrk gSA tks fd ènk vk;u ds #Ik
esa ikS/kksa dks izkIr gksrk gSA

ÁkfIr (Occurrence)

ekWyhCMsue ènk esa ?kqfyr voLFkk esa ekWyhCMsue vk;u ds :Ik esa ènk d.kksa ij
fofue; ;ksX; rFkk vfofue; ;ksX; vk;u ds :Ik esa ik;k tkrk gSA ftldk
pH vf/kd gksrk gSA

dkf;Zdh Hkwfedk (Physiological Role)

 ;g fyX;wEl esa uksM~;wys'ku es lgk;rk djrk gSA

 Vsfuu ds la'ys"k.k esa ekWyhCMsue dh vko';drk gksrh gSA

 ;g ukbVªsV dks ukbVªkbV dks vipf;r djrk gSA

deh ds y{k.k

ikS/kksa esa ekWyhCMsue dh deh gksus ij ikS/kksa ifŸk;ksa esa of̀) ugh gks ikrh gSA
ekWYkhCMsue dh deh ds dkj.k iq"iksa ds cuus dh fØ;k izHkkfor gksrh gSA rFkk
ikS/kksa esa ukbVsªktu fLFkjhdj.k de gksus yxrk gSA

5- dksCkkYV (Cobalt-Co)

ÁkfIr (Occurrence)

;g f}la;ksth gksrk gSA vFkkZr ;g izÑfr esa ekWyhCMsue ,oa vk;ju ds lkFk
feyrk gSA ;g ,d izdkj dk Hkkjh /kkrq Hkh gksrk gSA

dkf;Zdh Hkwfedk (Physiological Role)

 ;g foVkfeu B12 dk ,d ?kVd gksrk gSA

 ;g ukbVªkstu fLFkjhdj.k esa egRoiw.kZ Hkwfedk fuHkkrk gSA

 ;g dqN ,Utkbe ds fy, ,fDVosVj dh rjg dk;Z djrk gSA

deh ds y{k.k (Deficiency Symptom)

 ikS/kksa dh of̀) izHkkfor gksrh gSA

 ikS/kksa esa Dyksjksfll gks tkrk gSA rFkk ifŸk;k¡ ihyh gks tkrh gSA

 ikS/kksa dk oÙr NksVk vkSj nqcZy gksus yxrk gSA

 iq"iksa ds cuus dh izfØ;k :d tkrh gSA

6- Dyksfju (Chlorine- Cl–)

ikS/kksa esa Dyksjhu dh ek=k & yxHkx 100&300 ppm rd ik;h tkrh gSA
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ÁkfIr (Occurrence)

Dyksfju ok;qe.My esa xSl ds :Ik esa rFkk feV~Vh esa DyksjkbM~l ds :Ik esa ik;h
tkrh gSA

dkf;Zdh; Hkwfedk (Physiological Role)

;g izdk'k&la'ys"k.k esa QksVksflLVe II esa egRoiw.kZ ?kVd ds #Ik esa dk;Z djrk
gSA

deh ds y{k.k (Deficiency Symptom)

ikS/kksa esa Dyksfju dh ek=k dh deh gksus ls Dyksjksfll ,oa usØksfll uked jksx
gks tkrk gS&

 ikS/kksa dh tM+s NksVh rFkk eksVh gks tkrh gSA

 ikS/kksa dh tMs+ eqXnkdkj gksus yxrh gSA

 ifŸk;k¡ eqj>kus yxrh gSA

7- lksfM;e (Sodium-Na)

lksfM;e dks vko';d Vsªl rRo (Essential trace element) dgk tkrk gSA ;g
U;wfDy;l esa mifLFkr vehuks vEyks ds LFkkukUrj.k dks fu;af=r djrk gSA

2-2-6 ikS/kksa esa /kkrq&fo"kkDrrk (Metal Toxicity in Plants)

df̀"k ,oa okfudh ds {ks= esa /kkrq dh lkanzrk dk c<+uk ,d xEHkhj leL;k curh
tk jgh gSA ;g [kuu vFkok vkS|ksfxd xfrfof/k;ksa] lhost vif'k"V vkfn ds
fuLrkj.k ds dkj.k mRiUu gks jgh gSA ftlds dkj.k fofHkUu izdkj ds
gkfudkjd izHkko mRiUu gks jgs gSA izR;sd /kkrqvksa ds vk;u ds izHkko muesa
mifLFkr jklk;fud xq.kksa ds vuqlkj gksrs gSA

mnkgj.k ¼jklk;fud xq.k½

vk;u jsfM;e] la;kstdrk] tfVy dks cukus dh {kerk@fo"kerk ikS/kksa esa /kkrqvksa
ds izHkko ds dkj.k f>Yyh dks {kfr igq¡prh gS] ,Utkbe ds }kjk gksusokyh
xfrfof/k;ksa esa varj vkus yxrk gS ,oa ewyof̀) esa deh vkrh gSA

/kkrqvksa dh fo"kkDrrk ds dkj.k ikS/kksa esa f}rh;d gkfudkjd izHkko mRiUu
gksrs gSaA

tSls& gkeksZUl larqyu esa varj vkrk gS] vko';d [kfutksa esa deh gksrh gS]
izdk'k&la'ys"ku esa :dkoV vkrh gSA HkksT; inkFkksZa ds LFkkukarj.k esa ifjorZu]
ty laca/kksa esa ifjorZu vkrk gSA

ikSa/kks esa /kkrq fo"kkDrrk ds dkj.k IykTek f>Yyh K+ vk;u ds fy, fjlko
iznf'kZr djrh gSA K+ vk;u ds fjlko izdV djus dh izÑfr ds dkj.k tM+ksa dh
dksf'kdkvksa esa K+ vk;u dh deh gksus yxrh gSA ftlds dkj.k /kkrq&
lYQkgkbfMªyca/k cuus yxrk gSA
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/kkrqvksa dh fo"kkDrrk u dsoy izkFkfed tM+ksa esa mudh yEckbZ dks izHkkfor
djrh gSA cfYd ;g ikS/kksa ds lEiw.kZ tM+ ra= dks izHkkfor djrh gSA

& Al, Pb, Cu, Zn, Mn, Cd, Cr dh fo"kkDrrk ds dkj.k ewy jkse ?kuRo
de gksus yxrk gSA

1- dkcZu fo"kkDrrk (Carbon Toxicity)

ikS/ks fHkUu rjhdks ls dkcZu inkFkksZ a dks xzg.k djrs gSA ikS/kksa esa vdkcZfud rRoksa
dks ysus dh izfØ;k fHkUu gksrh gSA

blesa vdkcZfud rRokas dk vo'kks"k.k tM+ksa ds }kjk rjy izkoLFkk esa ,oa
dkcZfud rRoksa dk vo'kks"k.k ifŸk;ksa rFkk ruksa ds }kjk xSlh; izkoLFkk esa gksrk
gSA

mnkgj.k& lse ,oa VekVj dh ifŸk;ksa esa dkcZu MkbvkWDlkbM+ dh
fo"kkDrrk ds dkj.k ihys LikWV iM+us yxrs gSA

gSfoV Hawitt 1966 uked oSKkfud us ikS/kksa dh tM+ks ij CO2 dh
lkUnzrk dk v/;;u fd;k vkSj ns[kk fd tM+ks esa CO2 dh fo"kkDRkrk dk fdlh
izdkj ls izHkko ugh iM+rk gSA

C3 vkSj C4 ikS/kksa esa CO2 dh vf/kd lkanzrk dk of̀} ij mŸke izHkko iM+rk
gSA

2- ,Y;wfefu;e fo"kkDrrk (Aluminium Toxicity)

,Y;wfefu;e fo"kkDrrk ,d ,slk dkjd gSa tks vEyh; ènk esa ikS/kksa dh of̀) esa
vojks/k djrk gSA iz—fr esa ;g ,sY;qfefu;e ;kSfxd ds :Ik esa lHkh pÍkuksa ,oa
feÍh esa ik;k tkrk gSA

,Y;qfefu;e ènk esa ,Y;wfefuflfydsV~l ds #Ik esa mifLFkr gksrk gSA ;g
vEyh; ènk ls Al(H2O6) (gsDlkDok,Y;qfefu;e) ds #Ik esa ik;k tkrk gSA ftls
Al3+ ls iznf'kZr djrs gSA

;g Al3+ ikni ds fy, gkfudkjd gksrk gSA

,Y;wfefu;e fo"kkDrrk ds dkf;Zdh ,oa tSojklk;fud izHkko
(Physiological and Biochemical Effects of Aluminium Toxicity)

,Y;qfefu;e fo"kkDrrk ikS/kksa dh tMksa ds dks"kk foHkktu ls lacaf/kr gksrh gSA
ftlds dkj.k] ikS/kksa dh tM+ksa esa 'olu dh deh rFkk dksf'kdk fHkfŸk dh n<̀+rk
esa of̀) gksrh gSaA

ikS/kksa esa Mg, Ca, P ,oa K. vkfn dh xzg.k'khyrk rFkk LFkkukUrj.k ij Hkh
bldk izHkko iM+rk gSA

mnkgj.k& ;g ,Y;qfefu;e ;fn tks (Barley) dh tM+ksa esa ik;k tkrk gS
rks mlesa ATP dh lkUnzrk dks c<+krk gSA rFkk gsDlksQkWLQksjkbys'ku esa deh
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ykrk gSa tcfd eVj ds ikS/kksa dh tM+ksa esa ATPase dh xfrfof/k;ksa esa of̀) djds
ikWyh xSysDVqjksust dks ,fDVo dj dksf'kdk fHkfŸk dks gkfu ig¡qpkrk gSaA

,Y;qfefu;e ds ykHknk;d izHkko (Beneficial Effects of Aluminium)

dqN ikS/kksa dh of̀) ds fy, ,Y;qfefu;e dh vko';drk gksrh gSA D;ksafd ,Y;qfe-
fu;e dh de lkanzrk ikniksa esa of̀) dks izsfjr djrh gSA

3- YkkSg fo"kkDrrk (Iron Toxicity)

iz—fr esa ik, tkus okys ikS/kksa esa ykSg fo"kkDrrk vyx&vyx ik;h tkrh gSA
tSls ¶ySDl esa ykSg dh vf/kdrk ls xgjh] gjh ifŸk;ksa mxus yxrh gSA tcfd
ml ikS/ks dh tM+s ,oa 'kh"kZ dh of̀) :d tkrh gSA bllsa tM+s vdkcZfud
QkWLQsV dks laxzfgr djds eksVh gks tkrh gSA

mnkgj.k& tSls pkoy esa ykSg dh vf/kdrk gksus ds dkj.k bldh ifŸk;ksa
esa Hkwjs jax ds /kCcs iM+us yxrs gSA rFkk ifŸk;ksa dh fupyh lrg lQsn jax dh
gks tkrh gSA

ykSg fo"kkDrrk dk egRo (Importance of Iron Toxicity)

ck<+ ds le; pkoy dh Qly ds fy, ykSg fo"kkDrrk tfVy dkf;Zdh jksx
(Physlogical disease) dks mRiUUk djrh gSA

YkkSg fo"kkDrrk dh dkf;Zdh

ykSg fo"kkDrrk vf/kd ek=k esa Fe++ vk;u xzg.k rFkk mlds ckn ikS/kksa ds
'kh"kZ }kjk Vªkalyksds'ku dh izfØ;k ls lacf/kr gSA

;ksf'knk ,oa rukdk 1970 uked oSKkfudksa usa pkoy dk czksaftx jksx
(Bronzing disease) dk v/;;u fd;k vkSj ik;k fd pkoy esa ;g jksx] Fe ds
laxzg.k (Accumulation) ls gksrk gSA ftlds QyLo:Ik ifŸk;ksa esa usØksfVd /kCcs
curs gSA

ykSg fo"kkDrrk ,oa ikni (Iron Toxicity and Plants)

fofHkUu izdkj ds ikS/ks ykSg fo"kkDrrk dks lgu djus esa l{ke gksrs gSA rFkk og
blds izfr lgu'khyrk dks iznf'kZr djrs gSA uokadqj ikS/ks ifjiDo ikS/kksa ls
vf/kd laosnu'khy gksrs gSA

ykSg ;fn ikS/kksa esa vf/kdrk esa mifLFkr gks tk, rks ;g muds ruks
esa ,df=r gksrk gSA vkSj ikni ds fy, bldh vR;f/kd ek=k VkWfDld gksrh gSA
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2-3 [kfut yo.kksa dk vo’kks"k.k
(Absorption of Mineral Salts)

ikS/kksa dh of̀) ,oa fodkl ds fy;s [kfut rRo vfr vko';d gksrs gSa ysfdu ;s
rRo ikS/kksa ds }kjk mlh #Ik esa vo'kksf"kr ugha fd;s tkrs gSa] cfYd ikS/ks bUgsa
fofHkUu izdkj ds yo.kksa ds #Ik esa vo'kksf"kr djrs gSaA bu [kfut rRoksa dk
izeq[k Lkzksr ènk gksrh gSA pw¡fd ikS/ks dh tMs+ ènk ds lh/ks lEidZ esa gksrh gSa]
vr% budk vo'kks"k.k bUgha tM+ks ds }kjk ènk foy;u ls fd;k tkrk gSA ;s
vo'kksf"kr fd;s x;s [kfut iks"kd rRo ckn esa ikS/kksa ds fofHkUu Hkkxksa esa
LFkkukUrfjr dj fn;s tkrs gSA

fodflr Loiks"kh ikS/ks vius fy;s vko';d [kfut rRoksa dks LorU=
vk;uksa ;k yo.kksa ds #Ik esa ènk ls vo'kksf"kr djrs gSaA bl fØ;k dks
ftlds }kjk ikS/ks [kfutksa dks izkIr djrs gSa [kfut yo.kksa dk vo'kks"k.k dgrs
gSaA ;s [kfut rRo ènk ds ty esa ?kqys jgrs gSaA [kfut rRoksa ds vo'kks"k.k ds
le; mu rRoksa ds vk;u vFkok v.kq ènk foy;u ls tM+k+s ds vUnj ,d
p;uhÑr #Ik ls dk;Z djus okyh f>Yyh ds ek/;e ls izos'k djrs gSa ftls
IykTek f>Yyh dgrs gSaA ikni dksf'kdk ds vUnj ,oa ckgj bu vk;uksa dh
xfr ;k izokg dks LFkkukUrj.k dgrs gSaA vo'kksf"kr fd;s x;s [kfut vk;uksa esa
vyx&vyx vkos'k gksrk gSA /kukosf'kr vk;uksa dks dsVk;u ,oa _.kkosf'kr
vk;uksa dks ,suk;u dgrs gSaA ènk esa ik;s tkus okys lkekU; dsVk;u Mg, Fe,
Mn, Co, Zn, Cu, K ,oa Ca rFkk izeq[k ,suk;u B, S, CI ,oa P gksrs gSaA

2-3-1 [kfut rRoksa ds vo’kks"k.k dh fØ;kfof/k
(Mechanism of Mineral Absorption)

ikS/ks vf/kdka'k rRoksa dks ènk ls izkIr djrs gSa bu rRoksa dk vo'kks"k.k ikuh ds
lkFk fd;k tkrk gSA ikS/kksa esa [kfut rRoksa ds vo'kks"k.k ds fy;s fofHkUu
oSKkfudksa }kjk vyx vyx fl)kUr izLrkfor fd;s x;s gSA bUgsa ÅtkZ dh
Hkkxhnkjh ds vk/kkj ij nks lewgksa esa ckW¡Vk x;k gSA

1- fuf"Ø; vo’kks"k.k

blesa [kfut yo.k vo'kksf"kr djus okyh dksf'kdkvksa dks ÅtkZ dk O;; ugha
djuk iM+rkA bl izdkj ds vo'kks"k.k dks le>kus ds fy;s fuEufyf[kr fl)kUr
izfrikfnr fd;s x;s gS&

(i) folj.k fl)kUr& ;g fl)kUr bl ckr ij vk/kkfjr gS fd tM+ dh
dksf'kdkvksa dh fHkfŸk iw.kZ#Ik ls ikjxE; gksrh gSA feÍh esa ?kqys gq, yo.kksa ds
vk;u lkUnz.k izo.krk ds vk/kkj ij fefÍ ls tM++ dh dksf'kdkvksa esa folfjr gksrs
jgrs gSaA ;g vo'kks"k.k yxkrkj gksrk gh jgrk gSA izk;% ;g ns[kk x;k gS fd
tc tM+kaas dks de lkUnzrk okys ?kksy esa j[kdj fQj vf/kd lkUnzrk okys ?kksy esa
j[kk tkrk gSA rks [kfut yo.kksa dk vo'kks"k.k vf/kd rhozrk ls gksus yxrk gSA
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(ii) QSflyhVsfVM folj.k& fdlh okgd dh e/;LFkrk }kjk vk;uksa dk
fuf"Ø; vo'kks"k.k QSflyhVsfVM folj.k dgykrk gSA IykTek f>Yyh esa mifLFkr
izksVhu ds v.kq okgd dh Hkk¡fr dk;Z djds vk;uksa ;k v.kqvksa dks IykTek f>Yyh
ds vkj ikj LFkkUkkUrfjr djus dk dk;Z djrs gSaA bl izdkj dk folj.k izk;%
lkUnz.k izo.krk ds mRiUu gksus ij gh gksrk gS rFkk blesa fdlh Hkh izdkj dh
ÅtkZ dh vko';drk ugha iM+rh gSA

(iii) nzO; izokg ifjdYiuk& ØSej (Kramer 1956) jlsy ,oa ckjcj
1960 ds vuqlkj] ikSa/ks viuh tMk+s ds }kjk ok"iksRltZu ds izHkko esa ikuh ds
nzO;eku izokg ds lkFk lkFk [kfut vk;uksa dk Hkh vo'kks"k.k djrs gSA
yksiqf'kaLdh us VekVj ds 'kh"kZ foghu ikSa/ks ij dk;Z djrs le; ik;k fd
ok"iksRltZu dh nj esa of̀} gksus ij [kfut yo.kksa ds vo'kks"k.k dh nj esa of̀}
gks tkrh gSA gkyk¡fd ikuh ds nzO;eku izokg ds lkFk dqN vk;u tM+ksa esa izos'k
dj tkrs gSa ysfdu vk/kqfud [kkstksa ds vk/kkj ij bl rF; dks Lohdkj djuk
mi;qDr ugha gksxkA

(iv) vk;u fofue; fl)kUr& bl fl)kUr ds vuqlkj ikS/ks [kfut rRoksa
dk vo'kks"k.k muds vk;uksa ds #Ik esa djrs gSaA pw¡fd ;s vk;u /kukosf'kr (+)
vFkok _.kosf'kr (–) gksrs gSA vr% dksf'kdk ds vUnj mifLFkr dsVk;u (+)
vFkok ,suk;u (–) ckgjh foy;u esa mifLFkr ,suk;u vFkok dsVk;u ds }kjk
izfrLFkkfir gks tkrs gSaA Bhd blh izdkj dh fØ;k ènk ds foy;u ,oa Dys
ekblhyh ds e/; gksrh gS] mnkgj.kkFkZ ckgj feV~Vh ds ?kksy esa mifLFkr dsVk;u
K+ tM dh dksf'kdkvksa ij vf/k'kksf"kr H+ vk;uksa ls fofue; djrk gSA blh
izdkj ,suk;u & dk fofue; OH vk;uksa ls gks ldrk gSA

fp= Ø- 2-2% (A) vk;uksa ds vo’kks"k.k dh lEidZ fofue; fof/k]
(B) vk;uksa ds fofue; ij dkcZfud vEy fofue; fof/kA
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vk;u fofue; dh fØ;kfof/k dks le>kus ds fy, fuEufyf[kr nks fl)kUr
fn;s x;s gS&

¼v½ lEidZ fofue; fl)kUr

¼c½ dkckZsfud vEy fofue; fl)kUr

¼v½ lEidZ fofue; fl)kUr& bl fl)kUr ds vuqlkj dksbZ vk;u fdlh
Bksl d.k ds pkjksa vksj oS|qr~ LFkSfrd #Ik ls vf/k'kksf"kr jgrs gSa rFkk ;s
Bksl d.k ls n<̀+rkiwoZd c¡/ks ugha gksrs cfYd ,d fuf'pr nksyu vk;ru
esa nksyu djrs jgrs gSa vFkkZr~ ;gk¡ ij tM+kas ,oa ènk ds d.kksa ij fLFkr
dsVk;u (+) ,oa ,suk;u (–) ,d fuf'pr vk;ru esa nksyu djrs gSaA
mnkgj.k ds fy;s tM+ dh dksf'kdkvksa ij H＋ rFkk ènk ds d.kksa ij K＋

vk;u vf/k'kksf"kr jgrs gSa rFkk ;s nksuksa vk;u ,d fuf'pr nksyu
vk;ru ij nksyu djrs jgrs gSaA tc H＋ vk;uksa dk nksyu vk;ru K+

vk;uksa ds nksyu vk;ru ij vfrO;kiu djrs gSa rc ènk ds d.kksa ij
mifLFkr H＋ vk;uksa ,oa tM+ksaij mifLFkr K＋ vk;uksa ds e/; vkil esa
fofue; gks tkrk gSA bls gh lEidZ fofue; dgrs gSA

¼c½ dkckZsfud vEy fofue; fl)kUr& ;g fl)kUr ènk foy;u tM+ksa ,oa
ènk d.kksa ds e/; vk;fud fofue; ds fy, ek/;e iznku djrk gSA
tM+ksa ls 'olu fØ;k ds }kjk CO2 xSl eqDr gksrh jgrh gS tks fd ènk
esa mifLFkr ty esa ?kqydj dkckZsfud vEy (Carbonic acid) H2CO3 dk
fuekZ.k djrh gSA

ènk esa gh ;g dkckZsfud vEy (H2CO3) H+ vk;u ,oa ckbdkckZsusV
vk;uksa HCO3 esa fo;ksftr gks tkrk gSA H＋vk;u ènk d.k ij mifLFkr
K＋ vk;u ls fofue; djrs gSaA ;s K＋ vk;u ckbdkckZsusV vk;u HCO3

ls feydj K＋HCO3 dk fuekZ.k djrs gSaA bl izdkj ikS/ks dk tMksa+s dh
lrg ij K＋dsVk;u ,oa HCO3 ,suk;u vf/k'kksf"kr gks tkrs gSA

(v) Mksuu lUrqyu fl)kUr& bl fl)kUr ds vuqlkj dksf'kdk ds
vUnj fLFkj ;k vfolj.k'khy vk;uksa dh lkUnzrk vf/kd jgrh gS rc mUgsa
lUrqfyr djus ds fy, foifjr vkos'k okys vk;uksa dh vko';drk iM+rh gSA
eku yks dksf'kdk f>Yyh ds vUnj ,suk;uksa dh ,d fuf'pr lkUnzrk rd
lkE;koLFkk LFkkfir djus ds fy, dsVk;uksa dk lkekU; fofue; ls vf/kd ek=k
esa vo'kks"k.k gks tkrk gSA blhfy, dksf'kdk f>YYkh ds vUnj mifLFkr foy;u esa
dsVk;uksa dh lkUnzrk ckg~; foy;u dh vis{kk vf/kd gksrh gSA lkE;koLFkk dh
blh voLFkk dks gh Mksuu lUrqyu dgrs gSA

Mksuu lUrqyu dks fuEu lehdj.k }kjk O;Dr fd;k tk ldrk gSA
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dksf'kdk ds ckgj _uk;uksa dh la[;k

dksf'kdk ds vUnj /kuk;uksa dh la[;k
=

dksf'kdk ds vUnj /kuk;uksa dh la[;k

dksf'kdk ds ckgj _uk;uksa dh la[;k
=

2- LkfØ; vo’kks"k.k

gkscj (Hober 1945) us ukbVsyk uked LoPN tyh; 'kSoky ij iz;ksx ds nkSjku
ik;k fd bldh dksf'kdkvksa esa K+ vk;u dh lkUnzrk ckgjh ckg~; ty dh vis{kk
1]000 xquk vf/kd gksrh gS] fQj Hkh blesa K ＋ vk;uksa dk vo'kks"k.k lkUnz.k
izo.krk dh foijhr fn'kk esa vFkkZr ckg~; ek/;e ls dksf'kdk ds vUnj dh vksj
gksrk gSA pw¡fd ;gk¡ ij folj.k djus okys vk;uksa dh lkUnzrk dksf'kdk ds vUnj
vf/kd gS vr% lkUnz.k izo.krk ds foifjr vk;uksa ds vo'kks"k.k gsrq ÅtkZZ dh
vko';drk gksrh gSA 'olu ds nkSjku eqDr ÅtkZ bl fØ;k esa dke vkrh gSA
bl izdkj mikip;h ÅtkZ ds O;; ls gksus okys vo'kks"k.k dks gh lfØ; yo.k
vo'kks"k.k dgk tkrk gSA

,sls cgqr ls izek.k gSa ftuls Li"V gksrk gS fd vk;uksa ds vo'kks"k.k esa
mikip;h ÅtkZZ dk mi;ksx gksrk gS&

(a) 'olu dh nj esa of̀} gksus ls dksf'kdkvksa esa yo.kksa ds teko dh nj esa
of̀} gks tkrh gSA

(b) 'olu fujks/kdksa ds mi;ksx ls yo.kksa ds vo'kks"k.k dh nj #d tkrh gSA

(c) O2 dh lkUnzrk esa deh gksus ls [kfutksa ds vo'kks"k.k dh nj esa Hkh deh
vk tkrh gSA

vo'kksf"kr fd;s x;s [kfut ikS/ks ds fofHkUu Hkkxksa esa ok"iksRltZu f[kapko
ds lkFk LFkkukUrfjr gks tkrs gSaA

lfØ; vo’kks"k.k ds fl}kUr (Principles of Active Absorption)

[kfut yo.kksa ds lfØ; vo'kks"k.k dks le>kus ds fy, fuEufyf[kr er izLrqr
fd;s x;s gSa&

1- dSfj;j fl)kUr

2- lk;VksØkse iEi ifjdYiuk

1- dSfj;j fl)kUr& okWuMsu gkscVZ 1973 us loZizFke vk;uksa ds lfØ;
vo'kks"k.k esa okgd ;kSfxdksa dh Hkwfedk dk o.kZu fd;k FkkA
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fp= Ø- 2-3% dSfj;j ifjdYiuk dk izn’kZu

bl fl)kUr ds vuqlkj IykTek dyk LorU= vk;uksa ds izfr vikjxE;
gksrh gS] ijUrq dqN ;kSfxd tks ml dyk esa fo|eku gksrs gS] og ,d okgd dh
Hkk¡fr dk;Z djrs gSa vkSj vk;uksa ds lkFk la;kstu dj dSfj;j vk;u dkWEIysDl
cuk ysrs gSa tks dyk ds nwljh vksj tk ldrs gSA dyk dh vkUrfjd lrg
ij ;g dkWEIysDl fo;ksftr gksdj vk;uksa dks dksf'kdk ds vUnj NksM+ nsrk gSA
tcfd dSfj;j fQj ls dyk ds ckgjh lrg ij igq¡p tkrk gS rkfd fQj ls
LorU= vk;Ul dks okgd cukdj yk ldsA

mi;qZDr lEiw.kZ izfØ;k esa dSfj;j dks dyk dh vkUrfjd lrg ij ys
tkus ds fy, ÅtkZ dh vko';drk gksrh gS tks fd 'olu fØ;k esa mRiUu ATP
ds #Ik esa gksrh gSA

2- Lkk;VksØkse iEi ifjdYiuk& yqf.MxkMZ ,oa olZVªkWe 1933 ds
vuqlkj tc fdlh ikS/ks dks ikuh ls yo.k ds foy;u esa LFkkukUrfjr fd;k tkrk
gSA rc mlesa 'olu dh nj c<+ tkrh gSA bUgksaus crk;k fd ,suk;u ds
vo'kks"k.k ds dkj.k gh 'olu dh nj esa of̀) gksrh gS bls yo.k izsfjr 'olu
dgrs gSaA mi;qZDr izs{k.kksa ds vk/kkj ij yqf.MxkMZZ us fuEufyf[kr fu"d"kZ
fudkys&

(i) dsoy ,suk;u gh dksf'kdk f>Yyh ds vkj ikj lfØ; #Ik ls LFkkukUrfjr
fd;s tkrs gSA

(ii) f>YYkh dh ckg~; ,oa vkUrfjd lrg esa vkWfDltu izo.krk (O2

gradient) ds dkj.k Øe'k% vkWDlhdj.k ,oa vip;u dh fØ;k gksrh
jgrh gSA

(iii) pw¡fd yo.k 'olu ,oa ,suk;u vo'kks"k.k nksuksa gh fØ;k,¡ lk;ukbM ,oa
dkcZu eksukvkWDlkbM ds }kjk cUn gks tkrh gSA vr% ;gk¡ ij ,suk;uksa
dk vo'kks"k.k lk;VksØkse iEi ds }kjk gksrk gS tgk¡ ij lk;VksØkse ,d
okgd dh Hkk¡fr dk;Z djrk gSA

bl fl)kUr ds vuqlkj f>YYkh dh vkUrfjd lrg ij ,suk;uksa ds
yxkrkj vo'kks"k.k ls mudh lkUnzrk esa of̀) gks tkrh gS ftlds dkj.k mRiUu
fo|qr izo.krk ds ifj.kkeLo#Ik dsVk;uksa M＋ dk vo'kks"k.k fuf"Ø; #Ik ls gksrk
gSA bl izdkj f>Yyh ds vUnj ,suk;uksa ,oa dsVk;uksa ds e/; lkE; LFkkfir gks
tkrk gSA
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Lkk;VksØkse iEi ifjdYiuk dh vkykspuk bl izdkj dh xbZ gS&

(a) ;g fl)kUr dsoy ,suk;uksa (–) ds lfØ; vo'kks"k.k dh O;k[;k djrk
gSA

(b) ;g fl}kUr mikip;h ÅtkZZ ds mi;ksx dks Bhd ls le>kus esa vleFkZ
gSA

(c) dHkh dHkh dsVk;u (+) Hkh yo.k 'olu ,oa yo.k vo'kks"k.k dh nj esa
of̀} djrs gSaA

Outside

Dehydrogenase
Reactions

Outside

fp= Ø- 2-4% vk;uksa ds lfØ; vo’kks"k.k dh
lk;VksØkse iEi ifjdYiuk

lkj.kh Ø- 2-2% lfØ; ,oa fuf"Ø; vo’kks"k.k esa vUrj

Ø- lfØ; vo’kks"k.k fuf"Ø; vo’kks"k.k

1- bl izfØ;k esa mikip;h ÅtkZ
dk mi;ksx gksrk gSA

bl izfØ;k esa mikip;h ÅtkZ dk
mi;ksx ugha gksrk gSA

2- 'olu dh nj esa of̀+) gksus ls
lfØ; vo'kks"k.k dh nj esa Hkh
of̀) gks tkrh gSA

'olu dh nj esa of̀} dk
vo'kks"k.k dh nj ij dksbZ izHkko
ugha iMrk gSA

3- bl izdkj ds vo'kks"k.k esa
vk;uksa dk vo'kks"k.k lkUnz.k
izo.krk ds foifjr vFkkZr~ de
lkUnzrk ls vf/kd lkUnzrk okys
foy;u dh vksj gksrk gSA

vk;uksa dk vo'kks"k.k lkUnz.k
izo.krk ds lkFk vFkkZr vf/kd
lkUnzrk ls de lkUnzrk okys
foy;u dh vksj gksrk gSA

4- 'olu dks izsfjr djus okys
inkFkkZsa ds mi;ksx ls lfØ;
vo'kks"k.k dh nj esa of̀) rFkk
'olu fujks/kdksa dh mifLFkfr esa
vo'kks"k.k dh nj esa deh vk
tkrh gSA

'olu izsjd rFkk 'olu fujks/kdksa
dk fuf"Ø; vo'kks"k.k ij dksbZ
izHkko ugha iMrk gSA
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5- vk;u f>Yyh dks fdlh okgd
dh lgk;rk ls ikj djrs gSA

vk;uksa dks f>Yyh ds ikj tkus ds
fy, fdlh okgd dh vko';drk
ugha iMrh gS rFkk os fuf"Ø; #Ik
ls izokfgr gksrs gSA

2-4 dkcZfud foys;ksa dk LFkkUkkUrj.k
(Translocation of Organic Solutes)

ikS/kksa esa dkcZfud foys;ksa dk LFkkukUrj.k 100 cm izfr ?kaVs dh nj ls gksrk gSA
dkcZfud HkksT; inkFkkaZs vFkkZr dkcZfud foys;ksa dk vius fuekZ.k LFky ls mi;ksx
LFky ;k laxzg.k LFky rd ys tk;s tkus dh fØ;k dkcZfud foys;ksa dk
LFkkukUrj.k dgykrh gSA ikS/kksa esa dkcZfud foys;ksa dk LFkkukUrj.k fuEufyf[kr
rhu fn'kkvksa esa gksrk gS&

1- vkjksgh LFkkukUrj.k& chtksa ds vadqj.k ds le; HkksT; inkFkZ cht ls
cuus okys u;s izjksg ds }kjk lapfjr gksrs gSA izdUn dUn vkfn ds }kjk
Hkh o/khZ izlkj.k ds le; vkjksgh LFkkukUrj.k gksrk gSA

2- vojksgh LFkkukUrj.k& ifŸk;ksa ls izdk'k la'ys"k.k ds Øe esa cuus okys
dkckZsgkbMªsV dkcZfud foys; ds #Ik esa ¶yks,e }kjk mi;ksx LFky rFkk
laxzg.k LFky rd vojksgh xfr dk izn'kZu djrs gSA

3- ik’ohZ; LFkkukUrj.k& chtksa ;k Qyksa ds fuekZ.k ds le; HkksT; inkFkkZsa
dk ik'oZ fn'kk esa LFkkukUrj.k gksrk gSA fiFk ls dkWVZsDl rFkk ,fiMfeZl
dh vksj gksus okyk LFkkukUrj.k Hkh ik'ohZ; LFkkukUrj.k dgykrk gSA ;g
eTtk jf'e;ksa }kjk laikfnr gksrk gSA

dfVZl (Curtis 1935) ds vuqlkj ikS/kksa esaa dkcZfud HkksT; inkFkkZsa dk
vojksgh LFkkukUrj.k ¶yks,e ds }kjk gksrk gSA ¶yks,e }kjk dkcZfud foys;ksa dk
lokZf/kd ek=k esa LFkkukUrj.k fd;k tkrk gSA dqN gh ek=k esa tk;ye Xylem
rFkk ènw rd dksf'kdkvksa ds }kjk gksrk gSA LFkkukUrj.k vf/kd lkUnrk okys Hkkx
laHklj.k fljk ;k vkiwfrZ Nksj ls de lkUnzrk okys Hkkx miHkksx Nksj rFkk
lap;u Nksj dh vksj gksrk gSA

¶yks,e dh layXurk dk izk;ksfxd fu#i.k

ruksaa dsa laoguh iwyksa esa ¶yks,e dh fLFkfr ifj/kh; gksrh gS rkfd ifŸk;ksa }kjk
fufeZr [kk| inkFkZ blds ek/;e ls vklkuh ls izokfgr gks ldsA ¶yks,e dh
pkyuh dksf'kdkvksa ds nksuksa vksj fNnze; {ks= ds dkj.k vkil esa tqM+h gq;h
pkyuh ufydkvksa ds dkj.k ,d fujUrj lrr iz.kkyh curh gS tks izjksgkxz ls
ewykxz rd [kk| inkFkkZsa ds lajp.k gsrq vuqdqy jpukvksa ds #Ik esa mifLFkr
jgrh gSA ¶yks,e js'kksa dks NksMdj ¶yks,e dh dksf'kdk;ssa iryh fHkfŸk okyh ,oa
thfor gksrh gSA fuEufyf[kr iz;ksx bl rF; dh iqf"V djrs gSA fd ¶yks,e ds
ek/;e ls gh inkFkkZsa dk laogu gksrk gS&
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(i) 'khr _rq esa dSykst }kjk pkyuh fNnz dk vo#) gksuk foys;ksa ds
LFkkukUrj.k dks Hkh vojksf/kr dj nsrk gSA

(ii) ¶yks,e jl rFkk tkbye jl dk jklk;fud fo'ys"k.k ;g crykrk gS fd
¶yks,e jl esa dkckZsgkbMªsV] lqØkst rFkk dqN ek=k esa Xywdkst ,oa
ÝDVkst gksrs gSA lqØkst dh ek=k ¶yks,e jl esa fnu esa vf/kd rFkk jkr
esa de gksrh gSA tcfd tkbye jl esa lqØkst dh ek=k vfr vYi gksrh
gSA rFkk buesa dksbZ nSfud ifjorZu ugha gksrk gSA

(iii) oy;u iz;ksx& eSfYi?kh (Malpighi 1675) gfVZx (Hartig 1837) us Nky
dh oy; ¼¶yks,e ,oa dSfEc;e½ rd dks gVkus ij ns[kk fd dqN fnuksa esa
rus ds vk/kkj rFkk tMksa ij lwtu ds #i esa HkksT; inkFkZ lax̀fgr gks
tkrs gSA ;g fLFkfr crykrh gS fd ¶yks,e dh vuqifLFkfr esa Hkkstu dk
uhps dh vksj LFkkukUrj.k #d tkrk gSA dqN fnuksa ckn mlls u;s
viLFkkfud ewy Hkh fodflr gksus yxrs gSA

Swollen
Portion

Adventituous
Roots

Bark and
phloem

Removed

(A) (B)

fp= Ø- 2-5% oy;u dk iz;ksx

Åij dh vksj LFkkukUrj.k Hkh ¶yks,e }kjk gksrk gS bls le>kus ds fy,
dfVZl us Hkh fof'k"V izdkj dk oy;u iz;ksx laikfnr fd;kA bl iz;ksx
gsrq mUgksaus rhu dk"Bh; ikS/ks fy,A A ikS/ks esa mUgksaus tkbye ds ckgj
ds lHkh Årdksa dks oy;u }kjk vyx dj fn;kA B ikS/kksa esa tkbye
Årdksa dks vyx dj fn;k] ijUrq ¶yks,e dks vyx ugha fd;k x;kA
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Phloem
removed Xylem removed

Water

(A) Phloem Removed
Plant

(A) Xylem Removed
Plant

(C) Control

fp= Ø- 2-6% dkfVZl dk oy;u iz;ksx

A ,oa B ikS/kksa ds oyf;r Hkkx dks dkWp ds ,d flfy.Mj ls <¡ddj
mlesa ikuh Hkj fn;k rkfd oyf;r Hkkx ds 'ks"k Ård ue cus jgsaA
rhljs ikS/ks C dk oy;u ugha fd;k x;k vkSj mls fu;U=.k ikS/ks ds #Ik
esa fy;k x;kA A ,oa B iks/kksa esa oy;hÑr Hkkx ds mij rus ls lHkh
ifŸk;k¡ gVk nh xbZA dqN fnuksa i'pkr~ voyksdu djus ij Kkr gqvk fd
ikS/ks B ,oa C dh yEckbZ esa leku of̀+) gqbZ D;ksafd budk ¶yks,e ugha
fudkyk x;k Fkk] ftlds dkj.k oy;hÑr Hkkx ds uhps mifLFkr ifŸk;ksa
ds }kjk fufeZr HkksT; inkFkkZsa dk ¶yks,e ds ek/;e ls mij dh vksj
LFkkukUrj.k gqvk gS vkSj ikS/ks dh of̀} gqbZ gSA blds foifjr A ikS/ksa dh
of̀) ugha gks ik;h gS] D;ksafd mldk ¶yks,e fudky fn;k x;k Fkk
ftlds dkj.k HkksT; inkFkkZsa dk mij dh vksj LFkkukUrj.k ugha gks ik;kA

mi;qDr iz;ksx ls dfVZl ;g izekf.kr djus esa lQy jgs fd ¶yks,e }kjk
vkjksgh rFkk vojksgh ;kfu nksuksa fn'kkvksa esa dkcZfud foys;ksa dk LFkkukUrj.k
gksrk gSA

2-4-1 LFkkukUrj.k dh fØ;kfof/k (Mechanism of
Translocation)

dkcZfud foys;ksa dk ¶yks,e }kjk LFkkukUrj.k dh O;k[;k gsrq vusd fl)kUr
izLrqr fd, x, gSA egRoiw.kZ fl)kUr fuEufyf[kr gSa&

1- folj.k ifjdYiuk& eSly ,oa ekLdsy ds vuqlkj dkcZfud foys;ksa
dk LFkkukUrj.k lkekU; folj.k ds vuqlkj gksrk gS] ysfdu folj.k dh nj
¶yks,e esa gksus okys LFkkukUrj.k dh nj ls de gksrh gSA
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Sieve plate

Cytoplasm

fp= Ø- 2-7% pkyuh ufydk esa dksf’kdknzO; izokg

lu~ 1936 esa eSlu ,oa fQfyl us folj.k ifjdYiuk dks #ikUrfjr djrs
gq, lfØ; folj.k ifjdYiuk ds #Ik esa izLrqr fd;k rFkk dgk fd lfØ;
folj.k 'olu ls izkIr ÅtkZZ ATP ds dkj.k rhoz nj ls gksrk gS] ysfdu os nksuksa
bldk izk;ksfxd izek.k izLrqr ugha dj ik;sA

2- thonzO; izokg ifjdYiuk& ;g ifjdYiuk Mh- czht ds }kjk
izLrqr ,oa dfVZl ds }kjk lefFkZr fd x;hA blds vuqlkj dkcZfud foys;ksa dk
LFkkukUrj.k thonzO; dh ifjHkze.k xfr ds dkj.k gksrk gS rFkk ;g thonzO;
Hkze.k ,oa folj.k ds lfEefyr izHkko ls mRiUu gksrk gSA ;g ifjdYiuk pkyuh
rRo ls gksdj dkcZfud foys;ksa ds f}fn'kh; xeu dh O;k[;k djrh gSA ysfdu
thonzO; izokg dh nj 5 lseh izfr ?k.Vk gksrh gS tcfd ¶yks,e ls foy;ksa dk
LFkkukUrj.k 50&150 ls-eh- izfr ?k.Vk vkSlr 100 lseh ?k.Vk dh nj ls gksrk
gSA
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fp= Ø- 2-8% fo|qr ijklj.kh; ifjdYiuk dk izn’kZu

f}js[kh; izokg gsrq Fkk;us us dgk fd ¶yks,e ds pkyuh ufydkvksa esa
VªkallsY;qyj LVSªUMl gksrs gS rFkk budh xfr ls mRiUu izokg ds dkj.k foys;ksa
dk xeu gksrk gS ysfdu bysDVªkWu lw{en'khZ ls v/;;u djus ij ¶yks,e ds
pkyuh ufydkvksa esa bl izdkj ds LVªSUMl dh mifLFkfr izekf.kr ugha gks ikrh
gSA QsUle rFkk LiSuj us crk;k fd foys; fo|qr izo.krk dh /kukRed fn'kk esa
xfr djrs gSA ysfdu bl fl)kUr dk Hkh izk;ksfxd fu#i.k lEHko ugha gks ldk
gSA

3- Ekqap dk nzO; izokg ;k nkc izokg ifjdYiuk& bl ifjdYiuk ds
izorZd eqap dk ekuuk gS fd [kk| inkFkkZs a vFkkZr~ dkcZfud foys;ksa dk
LFkkukUrj.k muds fuekZ.k ds LFkku ls muds miHkksx ds LFkku rd ¶yks,e ds
ek/;e ls lkUnz.k izo.krk ds vk/kkj ij gksrk gSA eqap us ekuk fd pkyuh ufydk
dk thonzO; IykYeksMsLesVk }kjk lEcfU/kr gksdj ,d fujarj ra= dk fuekZ.k
djrk gSA foys;ksa dk LFkkUkkUrj.k pkyuh ufydkvksa esa dksf'kdk jl ds lkFk
vf/kd LQhfr nkc ls de LQhfr nkc dh vksj ,d ekl izokg ds #i esa gksrk
gSA ekl izokg dk fuekZ.k ifŸk;ksa esa fnu ds le; izdk'k la'ys"k.k ds fujUrj
pyrs jgus ds dkj.k cuus okys izdk'k la'ys"kh; mRikn gsDlksl 'kdZjk rFkk
mlls cus lqØkst ds dkj.k gksrk gSA bl izfØ;k ds iz;ksx ds izn'kZu gsrq eqap us
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nks cYoh; vkWLeksehVj dks ,d ufydk ls tksMdj ,d vkWLeksehVj esa mPp
lkUnz.k okys foy;u esa Mkyk rks ns[kk fd mPp lkUnz.k okys foy;u esa ijklj.k
nkc mRiUu gks x;k lkFk gh lkFk mPp lkUnz.k okys foy;u ls fuEu lkUnz.k
okys foy;u dh vksj folj.k dh izfØ;k gksus yxhA bl izdkj dk LFkkukUrj.k
fuf"Ø; LFkkukUrj.k dk mnkgj.k gSA

Mesophyll Cells

H2O
from Soil

Sugars from
Photosynthesis

Root cells

Sugars
Consumed or

Stored
Water at low O.P.

H2O Loss in
Transpiration

Water at high O.P.
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fp= Ø- 2-9% eqap izokg dk lS)kfUrd izn’kZu

Interconnection

Osmometer

Water

High Concentration
of solute

Osmometer

Low
concentration

of solutes

Water

Solute Withdrawal(A) (B)
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fp= Ø- 2-10% eqap okn ds ,djs[kh; izokg dk izn’kZu
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i{k esa izek.k

(i) ikS/kksa dh ifŸk;ksa dks gVk nsus ls /kukRed lkUnz.k izo.krk lekIr gks
tkrh gSA

(ii) tc ,d dk"Bh; rFkk 'kkdh; ikS/ksa dks es[kyh—r djds dkVrs gSa] rks
mlds 'kh"kZ fgLls ds dVs gq, {ks= ls fudyus okys jl esa
'kdZjk ;qDr ?kVd vf/kd gksrs gSA

eqapokn dh vkykspuk,¡

(a) ;g fl)kUr ,d js[kh; izokg dh gh O;k[;k djrk gSA

(b) ewy rFkk ehtksfQy dksf'kdkvksa ds chp ijklj.k nkc esa vUrj dks ml
izdkj lR;kfir ugha fd;k tk ldk gS tSlk fd bl ifjdYiuk ds
vuqlkj gksuk pkfg,A

(c) ;g izfØ;k fuf"Ø; LFkkukUrj.k dh ckr djrh gS] ATP] dh Hkwfedk ds
ckjs esa ;g fl)kUr ekSu dk izn'kZu djrk gSA

2-4-2 dkcZfud foys;ksa ds LFkkukUrj.k dks izHkkfor djus okys
dkjd (Factors Affecting Transfer of Organic Solutes)

dkcZfud foys;ksa ds LFkkukUrj.k dh izfØ;k fuEufyf[kr dkjdksa }kjk izHkkfor
gksrh gS&

1- [kfut vk;u& cksjkWu vk;u 'kdZjk ds LFkkukUrj.k ds fy, vko';d
gksrk gSA iksVSf'k;e rFkk QkWLQksjl vk;uksa dh mifLFkfr Hkh foys;ksa ds
LFkkukUrj.k esa lgk;rk djrh gSA

2- Ádk’k& gkVZ ,oa muds lg;ksfx;ksa (Hart et. al. 1969) ds vuqlkj
izdk'k dk vizR;{k izHkko dkcZfud foys;ksa ds LFkkukUrj.k ij iMrk
gSA ;g dkQh izHkkoh dkjd gksrk gSA izdk'k dh vuqifLFkfr esa dkcZfud
foys;ksa ds LFkkukUrj.k dh nj ?kVdj vk/kh gks tkrh gSA vYi izdk'k
rhozrk dh fLFkfr esa tM+ rFkk izjksg dh of̀++) #d tkrh gSA ftlds
dkj.k bu {ks=ksa esa dkcZfud foys;ksa dh vko';drk ?kV tkrh gS rFkk
LFkkukUrj.k dh nj de gks tkrh gSA

3- ’olu nj& 'olu dh nj ds c<+us ls dkcZfud foys;ksa dk LFkkukUrj.k
Hkh c<+rk gS rFkk ?kVus ls ?kVrk gSA bruk gh ugha os lHkh dkjd tks
'olu dh nj dks c<+krs gSa dkcZfud foys;ksa ds LFkkukUrj.k dh nj dks
c<+krs gSaA

4- Rkkieku& de rkieku ij LFkkukUrj.k dh nj ?kV tkrh gSA
LFkkukUrj.k ds fy, vuqdqy rkieku 20º&30ºC ds chp gksrk gSA
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2-5 tSfod v.kq (Biological Molecules)

2-5-1 dkckZsgkbMªsV (Saccharides)

dkckZsgkbMªsV dks gh lSdsjkbM dgrs gSA lsdsjkbM 'kCn dh mRifŸk xzhd 'kCn
lsØkWu ls gqbZA ftldk vFkZ 'kdZjk gksrk gSA

dkckZsgkbMªsV dkcZu gkbMªkstu vkSj vkWDlhtu ds }kjk v.kq cus gksrs gS]
ftldk lw= Cx(H2O)y gksrk gSA bUgs dkcZu ds gkbMªsVl dgk tkrk gSA

buesa gkbMsªktu rFkk ty dk vuqikr 2%1 gksrk gSA dkckZsgkbMsªV
esa ,d ,sfYMgkbM (-CHO) rFkk ,d dhVksu (=CO) lewg ik;s tkrs gSA

blh dkj.k dkckZsgkbMªsV ikWyhgkbMªkWDlh ,fYMgkbM ,oa ikWyhgkbMªkWDlh
dhVksu dgykrs gSA ikS/kks esa dkcksZgkbMªsV dks"kk ds lajpukRed ?kVd ds :i esa
feyrs gSA lsY;qykst] dkbfVu] isfDVu ikS/kksa dh dks"kk fHkfŸk ds ?kVd gSA

dkckZsgkbMªsV dk oxhZdj.k rFkk jklk;fud lajpuk
(Classification of Carbohydrates and their Chemical
Composition)

dkckZsgkbMªsV dks muds v.kqvksa rFkk xq.kksa ds vk/kkj ij eq[;r% rhu Hkkxksa esa ck¡Vk
x;k gS&

1- eksukslSdsjkbM

2- vksfyxkslSdsjkbM

3- ikWfylSdsjkbM

1- eksukslSdsjkbM& ;s ljy dkckZsgkbMªsV gksrs gSA ftlds dkj.k budk
NksVh NksVh bdkb;ksa esa ty vi?kVu ugha gks ikrk gSA

;s ty esa ?kqyu'khy gksrs gS budk Lokn ehBk gksrk gS vr% bUgsa 'kdZjk
dgk tkrk gSA dkcZu ijek.kq ds vk/kkj ij bUgsa fuEu Hkkxksa esa ck¡Vk x;k gS&

(i) Vªk;kstst& blesa 3 dkcZu ijek.kq gksrs gSa blfy, Vªk;kst dgykrs gSaA

mnkgj.k& MkbgkMkWDlh ,slhVks&fXyljsfygkbMA
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Ketone
Group

GlycerolDihydroxyacetoneGlyceraldehyde

fp= Ø- 2-11% Vªk;kst ’kdZjk,¡

(ii) VsVªkstst& blesa 4 dkcZu ijek.kq gksrs gSA

mnkgj.k& bfjFkqzykst] bfjFkzkstA

(iii) isUVkstst& blesa 5 dkcZu ijek.kq gksrs gSA

mnkgj.k& jkbckst] MhvkWfDlhjkbckstA

Ribose

CH2

OH O

OH

1C

H
H

2C

OHOH

C3

H
H

C4

Deoxyribose

CH2

OH O

OH

1C

H
H

2C

HOH

C3

H
H

C4

fp= Ø- 2-12% isUVkst ’kdZjk,¡

(iv) gsDlkstst& blesa 6 dkcZu ijek.kq gksrs gSA ikni dks"kk esa lokZf/kd
gsDlksl 'kdZjk feyrh gSA

mnkgj.k& Xywdkst] ÝDVkstA



ikni iks"k.k] tSfod---

76

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

Aldehyde
Group

Ketone
Group

Fructose (A Ketose Sugar)Glucose (An Aldose Sugar)

fp= Ø- 2-13% gsDlkst ’kdZjk,¡

(v) gsIVkstst& blesa 7 dkcZu ijek.kq gksrs gSA

mnkgj.k& lhMksgsIVqykst (Sedoheptulose)

2- vksfyxkslSdsjkbM& 2 ls 9 eksukslSdsjkbM ds la?kuu ls vksfyxks&
lSdsjkbM dk fuekZ.k gksrk gSA blesa ,d XykbdksflfMd ca/k ik;k tkrk gSA tgk¡
ij eksukslSdsjkbM bdkb;ksa ds la?kuu esa ty ds v.kq dk foyksiu gksrk gSA rFkk
ml LFkku ij ,d vkWDlhtu fczt ds }kjk caf/kr gks tkrh gSA budk ty
vi?kVu gksus ij eksukslSdsjkbM dh izkfIr gksrh gSA ;s eq[;r% pkj izdkj dk
gksrk gS&

(i) MkblSdsjkbM& ;g nks eksukslSdsjkbM bdkb;ksa ds la?kuu }kjk curk gS
ftldk lkekU; lw= Cn(H2O)n-1 gksrk gSA

mnkgj.k& lqØkst (C12 H22 O11), ekYVkst ,oa ysDVkstA

xUus ds jl ls izkIr gksus okyh 'kdZjk lqØkst gksrh gSA

(ii) VªkblSdsjkbM& ;g rhu eksukslSdsjkbM bdkb;ksa ds }kjk fufeZr gksrh gS
ftldk lkekU; lw= (CnH2O)n-2

jSfQukst esa Xywdkst] ÝDVkst o xSysDVkst ik;h tkrh gSA
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Maltose

CH2OH

Lactose

C

Sucrose

H

CH2OH

CH H

O

CH2OH

H

OH

OH

fp= Ø- 2-14% MkblSdsjkbM~l

(iii) VsVªklSdsjkbM& ;g pkj eksukslSdsjkbM ds }kjk fufeZr gksrs gSA ftldk
lkekU; lw=& Cn(H2O)n-3 gSA

mnkgj.k& LVSdhvkstA

(iv) isUVklSdssjkbM& ;gk¡ ik¡p eksukslSdsjkbM ds }kjk fufeZr gksrs gSA

ftldk lkekU; lw= Cn(H2O)n-4 gSA

mnkgj.k& cjcsukWtA

3- ikWfylSdsjkbM& ;s lcls tfVy izdkj dk dkckZsgkbMªsV gksrs gSA
ftlesa 10 ls vf/kd eksukslSdsjkbM dh bdkb;ksa dk la?kuu gksrk gSA budk
lkekU; lw= (C6H12O5) gksrk gSA ;g Loknghu rFkk ty esa v?kqu'khy gksrs gSA

mnkgj.k& gsDlkslUl is.VkslUl vkfnA
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jklk;fud lajpuk ds vk/kkj ij ;g nks izdkj ds gksrs gS&

(a) gkseksikWyhlSdsjkbM

(b) gsVjksikWyhlSdsjkbM

(a) gkseksikWyhlSdsjkbM& ,d leku eksukslSdsjkbM bdkb;ksa ds }kjk
gkseksikWfylSdsjkbM dk fuekZ.k gksrk gS&

 LVkpZ& ;g ikS/kksa dk laxzfgr HkksT; inkFkZ gksrk gSA

 Xykbdkstu& ;g ,fuey LVkpZ gksrk gS tks tUrqvksa rFkk dodksa dk
laxzfgr HkksT; inkFkZ gksrk gSA

 bU;qfyu& ;g ,d ,slk dkckZsgkbMªsV gksrk gS tks ?kqyu'khy gksrk gSA
rFkk 'kdZjk esa cnyrk gS ikS/kksa dh tM+ks esa danks esa lafpr jgrk gSA
O;kolkf;d rkSj ij ts:lsye vkVhZpksd jkbtkse ls izkIr fd;k tkrk
gSA

 lsY;qykst& ;g v?kqyu'khy dkckZsgkbMªsV gksrk gSA tks ikniksa dh
dksf'kdk fHkfŸk esa ik;k tkrk gSA blesa ,Utkbe dk vHkko gksrk gSA ;g
tUrqvksa dh dksf'kdkvksa esa ugha ik;k tkrk gSA

 MsDLVªkWt& bldk fuekZ.k Xywdkst dh bdkb;ksa ds }kjk gksrk
gSA ;g ,d 'kkf[kr ikWfylSdsjkbM gSA ;g thok.kq rFkk ;hLV esa ik;k
tkrk gSA

(b) gsVjksikWyhlSdsjkbM& budk fuekZ.k dkcZu lewg rFkk vdkcZfud
lewg ,oa eksukslSdsjkbM ds }kjk gksrk gSA ;g fuEu izdkj ds gksrs gS&

 dkbfVu& ;g ukbVªkstu ;qDr ikWfylSdsjkbM gksrk gSA ;g ,flVkby
Xywdkslsekbu ds O;qRiUUk gksrs gSA ;g dodksa dh dksf'kdk fHkfŸk esa ik,
tkrs gSA

 gsehlsY;wykst& blesa lcls vf/kd ek=k esa 'kdZjk ik;h tkrh gSA ;g
eq[;r% dksf'kdk fHkfŸk esa ik;h tkrh gSA

 isfDVu& ;g xSysDVks;wjkWfud vEy ,oa xSysDVkst rFkk ,sjsfcukst ds }kjk
curk gSA dksf'kdk fHkfŸk dh e/; iVfrdk isfDVu ds }kjk cuh gksrh gSA

2-5-2 dkcksZgkbMªsV ds dk;Z (Functions of Carbohydrates)

dkckZsgkbMsªV v.kq tSfod ra= esa eq[; Hkwfedk fuHkkrs gSa&

 ;g ikni rFkk tUrqvksa esa lafpr ÅtkZ ds #Ik esa ik, tkrs gSA

 #f/kj izfrtu dk fuekZ.k dkcksZgkbMªsV }kjk laiUu gksrk gSA

 #f/kj izfrLdanu cukrs gSA tSls& fViSfju

 tUrqvksa esa dkcksZgkbMªsV ckg~; dadky dk fuekZ.k djrs gSA
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 Ikkniksa esa mudh dksf'kdk fHkfŸk lsY;wykst dh cuh gksrh gS tks ,d izdkj
dk dkckZsgkbMªsV gksrk gSA ifjiDo Årdksa dh dks"kkfHkfŸk esa ik;k tkus
okyk fyfXuu ikS/kksa dks ;kaf=d n<̀rk iznku djrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

1- LVkpZ gSA

¼v½ izksVhu ¼c½ olk

¼l½ dkckZsgkbMªsV ¼n½ buesa ls dksbZ ugha

2- lsY;qykst gS&

¼v½ ikWyhlSdsjkbM ¼c½ eksukslSdsjkbM

¼l½ MkblSdsjkbM ¼n½ vksfyxkslSdsjkbM

2-6 vehuks vEy (Amino Acids)

vehuks vEy izksVhu dh egRoiw.kZ bdkb gksrh gSA ftlesa nks fØ;kRed lewg ik,
tkrs gSaA blesa ls ,d fØ;kRed lewg vehuks lewg NH2 rFkk nwljk dkckZsfDly
lewg (-COOH) gksrk gSA

vehuks vEy ,d mHk;/kehZ ;kSfxd gksrk gSA ftlesa vEyh;
(-COOH4) rFkk {kkjh; (-NH2) nksuks rjg ds xq.k mifLFkr gksrs gSA

blesa ls vEyh; lewg ds ikl gkbMªkstu nsus dh izof̀Ÿk gksrh gSA rFkk
{kkjh; lewg (-NH2) ds ikl gkbMªkstu xzg.k djus dh izof̀Ÿk gksrh gSA

blhfy, bls fToVj vk;u ;k mHk;/kehZ vk;u dgrs gSA vehuks vEy
yxHkx 20 izdkj ds gksrs gS tks fofHkUu izksVhu dk fuekZ.k djrs gSaA

R-Alkyl Group

NH2 Being A Base
Possesses a high
affinity For H+ ion Zwitter Ion

The acidic COOH
dissociates

releasing H+ ions
which can to

the basic amino
group giving it

a positive
Charge

C

H

H

H

H

N+

O

O–

C

R

OH

H

H

H

C

R

N

O

C
a

fp= Ø- 2-15% ,d vehuks vEy ds TohVj vk;u dk #i
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lkj.kh Ø- 2-3% ÁkÑfrd #Ik ls ik;s tkus okys vehuks vEy

Ø- vehuks vEy 3 v{kj ladsrk{kj 1 v{kj ladsrk{kj

1. Alanine ala A

2. Arginine arg R

3. Asparagine asn N

4. Aspartic acid asp D

5. Cysteine cys C

6. Glutamine gln Q

7. Glutamic acid glu E

8. Glycine gly G

9. Histidine his H

10. Isoleucine lie I

11. Leucine leu L

12. Lysine lys K

13. Methionine met M

14. Phenylalanine phe F

15. Proline pro P

16. Serine ser S

17. Threonine thr T

18. Tryptophan try W

19. Tyrosine tyr Y

20. Valine val V

2-6-1 vehuks vEyksa dk oxhZdj.k rFkk jklk;fud lajpuk
(Classification and Chemical Composition of Amino
Acids)

izkÑfrd #Ik ls mifLFkr vehuks vEyksa dks fuEu Hkkxksa esa ck¡Vk x;k gS&

1- ,yhQSfVd vehuks vEy

2- ,jkseSfVd vehuks vEy

3- gsVjkslkbfDyd vehuks vEy



ikni iks"k.k] tSfod---

81

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

1- ,yhQSfVd vehuks vEy& bu vehuks vEyksa esa ,Ydkby R－ xqzi
mifLFkr gksrk gS ;s eq[;r% pkj izdkj ds gksrs gS&

(i) mnklhu vehuks vEy& buesa dsoy ,d vehuks lewg (-NH2)
rFkk ,d dkckZsfDlfyd lewg ik;k tkrk gSA

mnkgj.k& Xykblhu] ,ysuhu] oSyhu] Y;wlhu] vkblksY;wfluA

fp= Ø- 2-16% mnklhu vehuks vEy

(ii) vEyh; vehuks vEy& buesa ,d vfrfjDr dkckZsfDly (-COOH)
lewg ik;k tkrk gSA

mnkgj.k& XywVsfed vEy ,oa ,LikfVZd vEyA

fp= Ø- 2-17% vEyh; vehuks vEy

(iii) {kkjh; vehuks vEy& bl vehuks vEy esa ,d vfrfjDr vehuks lewg
(-NH2) ik;k tkrk gSA

mnkgj.k& ykbflu] vkftZfuuA
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H

Lysine

H2N CH2 CH2 CH2 CH2 C COOH

NH2

Arginine

H2N C NH CH2 CH2 C COOH

NH2NH2

H

CH2

fp= Ø- 2-18% {kkjh; vehuks vEy

(iv) lYQsV ;qDr vehuks vEy& bu vehuks vEyksa esa ,d lYQkgkbfMªy
lewg (SH) ik;k tkrk gSaA

mnkgj.k& flLVkbu] flLVhuA

CH2

CH2

HS COOH

COOH COOH

CystineCysteine

C C CH NH2

H

NH2

H NH2

NH2 SS

fp= Ø- 2-19% lYQj;qDr vehuks vEy

2- ,jkseSfVd vehuks vEy& bu vehuks vEyksa esa ,d csUthu oy; ik;h
tkrh gSA

mnkgj.k& fQukby,ysuhu] Vk;jkslhuA
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Phenylalanine Tyrosine

fp= Ø- 2-20% ,sjksfefVd vehuks vEy

3- gsVjkslkbfDyd vehuks vEy& bu vehuks vEyksa esa fjax ik;h tkrh
gS ftls fo"kepØh; fjax dgrs gSA buesa ik'oZ J̀a[kyk oy; esa dkcZu ds
vykok ,d vU; rRo ijek.kq ik;k tkrk gSA

mnkgj.k& fVªIVksQSu] izksVhuA

fp= Ø- 2-21% gsVjkslkbfDyd vehuks vEy

2-6-2 vkiwrhZ ds vk/kkj ij vehuks vEyksa dk foHkktu
(Division of Amino Acids on the Basis of Supply)

tSfod nf̀"V ds vk/kkj ij vehuks vEyksa dk fuEufyf[kr rhu Js.kh;ksa esa foHkktu
fd;k x;k gS&

1- vko’;d vehuks vEy& ,sls vehuks vEy gksrs gS ftudk la'ys"k.k
tUrq dksf'kdkvksa esa ugha gksrk gSA rFkk mUgsa Hkkstu ds }kjk izkIr djuk
vko';d gksrk gSA mUgsa vko';d vehuks vEy dgrs gSA

mnkgj.k& Y;wflu] fefFk;ksuhu] ykblhu] vkblksY;wlhu] osyhu
fQuksby ,ysuhu] fVªIVksQSuA

2- vuko’;d vehuks vEy& ,sls vehuks vEy ftudk la'ys"k.k tUrq
dksf'kdk esa gksrk gS mUgsa vuko';d vehuks vEy dgk tkrk gSA
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mnkgj.k& ,ysuhu] ,LikfVZd vEy] lhjhu Xykblhu] XywVsfed vEy ,oa
flLVhuA

3- v)Z vko’;d vehuks vEy& fgLVhMhu rFkk vkthfuZu vkaf'kd #Ik ls
vko';d vehuks vEy gSaA budk fuekZ.k tUrqvksa dh dksf'kdkvksa esa /khjs
/khjs gksrk gSA

viuh izxfr tk¡fp, (Check Your Progress)

3- vehuks vEy gksrs gSA

¼v½ dhVkss vEy ¼c½ olh; vEy

¼l½ fToVj vk;u ¼n½ ;s lHkha

4- vehuks vEy dh lajpuk esa gksrs gSA

¼v½ &NH2 lewg ¼c½ &COOH lewg

¼l½ ¼v½ rFkk ¼c½ nksuks ¼n½ dksbZ ugha

2-7 izksVhu (Protein)

loZizFke eqYMj us izksVhu 'kCn dk iz;ksx fd;k rFkk mlds ckn cftZfy;l
ds }kjk bl 'kCn dk iz;ksx foLrkjiwoZd O;kid Lrj ij fd;k x;kA

Two
Amino
Acids

Condensation

Peptide Bond

OH

Fr
ee

A
m

in
o

G
ro

up

Fr
ee

C
ar

bo
xy

lG
ro

up

fp= Ø- 2-22% nks vehuks vEyksa ds feyus ls
isIVkbM cU/k dk cuuk
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izksVhu dh lajpuk dkcZu] gkbMªkstu vkWDlhtu rFkk ukbVªkstu ds }kjk
gksrh gSA ijUrq dqN izksVhu ,sls Hkh gksrs gS ftlesa lYQj rFkk QkWLQksjl dh
lw{e ek=k ik;h tkrh gSA

vFkkZr izksVhu tfVy lajpuk okys dkcZfud ;kSfxd gksrs gS ftudk fuekZ.k
vehuks vEyksa ds }kjk gksrk gSA

2-7-1 izksVhu fuekZ.k (Protein Formation)

izksVhu dk fuekZ.k vehuks vEy ds [k.Mksa ls gksrk gSA

vehuks vEy yxHkx 20 fofHkUUk izk—frd #Ikksa esa ik;s tkrs gSA

izksVhu fuekZ.k ds nkSjku vehuks vEyksa dk vehuks lewg nwljs vehuks vEy
ds dkckZsfDlfyd lewg ls lkFk fØ;k djrk gSA ftlds }kjk ,d isIVkbM ca/k
rFkk ty ds ,d v.kq dk fuekZ.k gksrk gSA

isIVkbM ca/k ls tqM+us okys nks vehuks vEy dks MkbisIVkbM rhu vehuks
vEyks dks VªkbZisIVkbM pkj vehuks vEyks VsVªksisIVkbM ,oa 20 ls vf/kd vehuks
vEyks dks ikWfyisIVkbM dgk tkrk gSA vr% izksVhu ,d izdkj dh vehuks vEyksa
dh ikWyhisIVkbM J̀a[kyk gksrh gSA

2-7-2 izksVhu dh lajpuk (Protein Structure)

1- izkFkfed lajpuk

izksVhu dh izkFkfed lajpuk esa ,d lh/kh ikWyhisIVkbM J̀a[kyk gksrh gSA bl
J̀a[kyk esa vehuksa vEyksa dk ,d fof'k"V izdkj dk Øe gksrk gSA vehuksa vEyksa
dk ;g fof'k"V Øe izksVhu dh izkFkfed lajpuk dk fuekZ.k djrk gSA

izksVhu esa vehuks vEyksa dk Øe DNA ds }kjk fu/kkZfjr fd;k tkrk gSA

fp= Ø- 2-23% ,d dkYifud izksVhu esa vehuks
vEyksa dk Øe iznf’kZr
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vFkkZr DNA izksVhu dh izkFkfed lajpuk dks izHkkfor dj ldrk gSA

jkbcksU;wfDy;st ,oa ek;ksXyksfcu dks NksMdj lkekU;r% izkFkfed lajpuk
fØ;kRed ugha gksrh gSA rFkk izR;sd ikWyhisIVkbM J̀a[kyk ,d eqDr lewg ls
vkjEHk gksrh gSA ftldks vehuks vFkok N& fljk rFkk var ds eqDr dkckZsfDlfyd
lewg dks C& fljk dgk tkrk gSA

2- f}rh;d lajpuk

;g izksVhu dh f}rh;d lajpuk gksrh gSA ftlesa izksVhu dq.Mfyr ;k ygjnkj
pknj ds #Ik esa gksrh gSA blesa isIVkbM ca/k ds vykok gkbMªkstu ca/k Hkh ik;k
tkrk gSA izksVhu dh f}fr;d lajpuk ckyksa ,oa Ropk dh vYQk α fdjSfVu esa
dq.Mfyr #Ik esa ,oa flYd fQczksbl dh izksVhu β ygfj;k pknj chVk #Ik esa
feyrh gSA β ygfj;k pknj lajpuk esa ikWyhisIVkbM J̀a[kyk,¡ lekUrj ,oa
izfrlekUrj Øe esa ik;h tkrh gSA

fp= Ø- 2-24% dq.Mfyr lajpuk
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fp= Ø- 2-25% ygfj;k pknj dh lajpuk

SS

S

S

S
S S

S H

H

H

HH

H

H

S

S

S

NH2

S

NH2
COOH

fp= Ø- 2-26% f}rh;d lajpuk ds vR;kf/kd oy;u dks n’kkZrs
gq, ,d dkYifud izksVhu v.kq dh r`rh;d lajpuk

3- r`rh;d lajpuk

;g izksVhu dh f=foe lajpuk gksrh gS ftlesa ikWfyisIVkbM J̀a[kyk vR;kf/kd
oy;u okyh gksrh gSA ftlesa izksVhu dh f}rh; lajpuk dh bdkb;k¡ eqM+ tkrh
gS] ;k ofyr gksdj ,d dkWEisDV yxHkx XyksC;wyj vk—fr cukrh gSA
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2-7-3 izksVhUl dk oxhZdj.k (Classification of Proteins)

izksVhu dks mldh vkÑfr rFkk la?kVu ds vk/kkj ij fuEufyf[kr Hkkxksa esa ck¡Vk
x;k gS&

1- vkÑfr ds vk/kkj ij oxhZdj.k& izksVhu dks mldh vkÑfr ds
vk/kkj ij eq[;r% nks lewgksa esa oxhZ—r fd;k x;k gS&

(i) js'ksnkj izksVhUl& ;s izksVhUl vkdkj esa yEch rFkk csyu dh rjg gksrh
gSA buesa f}fr;d lajpuk ik;h tkrh gSA ;g ty esa ?kqyu'khy gksrk
gSA ;g ukWu&,UtkbesfVd gksrh gSA

mnkgj.k& ek;ksflu] fdjsfVu vkfnA

(ii) xksykdkj izksVhu& ;s izksVhu vkdkj esa xksy gksrh gSA ,oa blesa rr̀h;d
lajpuk ik;h tkrh gSA ;g ty esa ?kqyu'khy gksrh gSA budk v.kq Hkkj
de gksrk gSA ;s ,Utkbeh ,oa v,Utkbe nksuks gks ldrs gSA

mnkgj.k& gheksXykschu] ek;ksXyksfcu vkfnA

2- la?kVu ds vk/kkj ij oxhZdj.k& izksVhu dks muds la?kVu ds
vk/kkj ij rhuksa Hkkxksa esa ck¡Vk x;k gS&

¼v½ ljy izksVhu& ;s izksVhu vehuks vEy ds }kjk curh gSA budh ?kqyu'khyrk
ds vk/kkj ij ;g N% mi Hkkxksa esa ck¡Vk x;k gS&

(i) ,YC;wfeu& ;s ty ruq] vEyks] ruq {kkj] ruq yo.k] ds ?kksy
esa ?kqy tkus okyh izksVhu gksrh gSA ;s Ldafnr gks tkrh gSA

mnkgj.k& v.M,YC;wfeu] lhje ,YC;wfeu vkfnA

(ii) XyksC;wfyu& ;s izksVhu ruq yo.k?kksy esa ?kqyu'khy ,oa ty esa
v?kqyu'khy gksrh gSA ;g Hkh m"ek dss izHkko ls Ldafnr gksrh gSA

mnkgj.k& ek;ksflu o lhje XykssC;wfyuA

(iii) XywVsfyu& ;s izksVhUl ruq vEyks rFkk {kkjksa esa ?kqyu'khy gksrh gSA
ijUrq ty ,oa mnklhu ?kksyks esa v?kqyu'khy gksrh gSA

(iv) fgLVksu& ;s ty esa vR;kf/kd ?kqyu'khy gks tkrh gSA ;s izksVhu
ruq vEyksa rFkk ruq {kkjksa esa Hkh ?kqyu'khy gksrh gSA ;g ,d izdkj
dh {kkjh; izksVhu gksrh gSA bl izksVhu dk fuekZ.k vf/kd vehuks
lewg okys vehuks vEyks ds }kjk gksrk gSA

mnkgj.k& U;wfDy;ksizksVhuA

(v) izksysfeu& ;s izksVhUl ty esa ?kqy tkrh gSA ijUrq ruq vEy ,oa
ruq {kkj ,oa 70-80% ,YdksgkWy esa v?kqyu'khy gksrh gSA

mnkgj.k& eDdk dk XywVsu] XykbfMuA

(vi) izksVsfeu& ;s ty esa ?kqyu'khy gksrh gS rFkk de v.kqHkkj okyh
izksVhu gksrh gSA

mnkgj.k& U;wfDyd vEy ds lkFk ik;h tkus okyh izksVhuA
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¼c½ tfVy ;k la;qfXer izksVhu& ,slh izksVhu ftlesa vEy ds lkFk
izksLFksfVd lewg tqMk+ gksrk gSA mls la;qfXer izksVhu dgrs gSA

izksLFksfVd lewg ds vk/kkj ij izksVhu dk oxhZdj.k

(i) fyiksizksVhu& bu izksVhu esa fyfiM izkWLFksfVd lewg ds #Ik esa ik;k
tkrk gSA

mnkgj.k& izksVhu f>Yyh esa ik;k tkus okyk izksVhuA

(ii) ØkseksizksVhu& buesa o.kZd izkWLFksfVd lewg ds #Ik esa ik;k tkrk
gSA

mnkgj.k& gheksXykschu] DyksjksfQy izksVhuA

(iii) eSVsyks izksVhu& buesa /kkrq ds #Ik esa izkWLFksfVd lewg ik;k tkrk
gSA

mnkgj.k& vkthZut esa eSxuht ;k eSXuhf'k;e ik;k tkrk gSA

(iv) XykbdksizksVhu& bu izksVhUl esa izkWLFksfVd lewg #Ik esa
dkckZsgkbMªsV ik;h tkrh gSA

mnkgj.k& IykTek f>Yyh dh dqN izksVhUlA

(v) U;wfDy;ksizksVhu& buesa izkWLFksfVd lewg U;wfDyd vEy gksrs gSA

mnkgj.k& U;wfdy;ksfgLVksuA

(vi) QkWLQksizksVhu& bu izksVhUl esa izksLFksfVd lewg ds #Ik esa QkWLQsV
lewg ik;k tkrk gSA

mnkgj.k& dslhuA

(vii) E;wdksizksVhu& bu izksVhUl esa izkWLFksfVd lewg ds #Ik dkckZsgkbMªsV
dh vf/kd ek=k ik;h tkrh gSA

mnkgj.k& vfLFk;ksa ds vkWfLVª;k E;wdksizksVhUlA

¼l½ O;qRiUu izksVhu& ;s izksVhUl ljy gksrh gSA tks la;qfXer tfVy izksVhu
ds vkaf'kd ikpu ds QyLo#Ik curh gSA ;g fuEu nks izdkj dh gksrh
gS&

(i) izkFkfed O;qRiUu izksVhu& ;s izksVhUl fMuspqjs'ku }kjk curh gSA
ftldk ty vi?kVu ugha gksrk gSA bldh lajpuk esa ifjorZu
ugha gksrk gSA tSls& Ldafnr izksVhuA

(ii) f}rh;d O;qRiUu izksVhu& ;s ljy vFkok tfVy izksVhu ds
ikpu ds QyLo#Ik curh gSA bles ty vi?kVu gksrk gSA ftlds
dkj.k ikWyhisIVkbM J̀a[kyk curh gSA

mnkgj.k& isIVksUl (Peptones), isIVkbM (Peptide)A
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2-7-4 izksVhu ds dk;Z (Functions of Proteins)

1- ;g ,Utkbe izksVhu ds :i esa mikip;h fØ;kvksa dk fu;eu djrh gSA

2- 'kjhj dh of̀) ,oa ejEer esa lajpukRed izksVhu en~n djrh gSA

3- vehuks vEy dh ikWyhisIVkbM J̀[kayk ls vusdks gkekZsu tSls bUlqfyu
Fkk;jkWfDlu dk fuekZ.k gksrk gSA

4- ,fDVu rFkk ek;ksflu is'kh izksVhu dh cuh gksrh gSA

5- ,UVhckWMh ds fuekZ.k esa izksVhu lgk;rk djrh gSA

viuh Áxfr tk¡fp, (Check Your Progress)

5- fyiksizksVhu mifLFkr gksrk gSA

¼v½ dksf'kdk f>Yyh ¼c½ dksf'kdk nzo

¼l½ dksf'kdk fHkfŸk esa ¼n½ buesa ls dksbZ ugha

2-8 ukbVªkstu fLFkjhdj.k (Nitrogen Fixation)

izLrkouk

ok;qe.My esa ukbVªkstu dh ek=k 78 izfr'kr ik;h tkrh gSA ijUrq vR;kf/kd
ukbVªkstu ikS/kksa ds }kjk xzg.k ugha dh tkrh gSA

okrkoj.k esa mifLFkr ukbVªkstu dks ikS/kksa ds }kjk xSlh; :i esa xzg.k
djuk laHko ugh gksrk gSA vr% feÍh esa mifLFkr lw{e thoksa ds }kjk ;g
ukbVªkstu ifjofrZr dj nh tkrh gSA

ukbVªkstu fLFkjhdj.k ,d izkÑfrd izfØ;k gksrh gSA

vFkkZr feÍh esa mifLFkr lw{e thoks ds }kjk ok;qe.Myh; ukbVªkstu dk
feÍh esa fLFkjhdj.k djuk ukbVªkstu fLFkjhdj.k dgykrk gSA

ifjHkk"kk& ^^ok;qe.My esa mifLFkr ;k eqDr ukbVªkstu xSl dks feÍh esa
mifLFkr lw{e thoksa ds }kjk ukbVªkstu ds ;kSfxdks ds :i esa ifjofrZr djus dh
izfØ;k dks ukbVªkstu fLFkjhdj.k dgrs gS**&

1- ok;qe.Myh; ukbVªkstu vfØ; voLFkk esa ik;h tkrh gS bl vfØ;
ukbVªkstu dks lfØ; voLFkk esa ifjofrZr djuk vfr vko';d gksrk gSaA
D;ksafd ukbVªkstu lfØ; gksus ckn gh ;g vU; inkFkkas Z ds lkFk fØ;k
djrs gSaA rFkk ;kSfxd dk fuekZ.k djrs gSA

2- ikS/kksa ds }kjk ukbVªkstu dks ukbVªsV (NO3) rFkk ukbVªkbV (NO2)
ds :i esa xzg.k djrs gSA
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Okk;qe.Myh; ukbVªkstu ukbVªkstu

;kSfxd

¼cnyus fd fØ;k½

xSl

ukbVªkstu fLFkjhdj.k

ukbVªkstu pØ dh izfØ;k eq[;r% 5 pj.kksa esa iw.kZ gksrh gS&

1- ukbVªkstu fLFkjhdj.k ¼izFke pj.k½

2- ukbVªkstu Lokaxhdj.k ¼f}rh; pj.k½

3- veksuhdj.k ¼rr̀h; pj.k½

4- ukbVªhdj.k ¼prqFkZ pj.k½

5- foukbVªhdj.k ¼iape pj.k½

1- ukbVªkstu fLFkjhdj.k ¼izFke pj.k½

ok;qe.My esa mifLFkr ukbVªkstu loZizFke ljy ;kSfxdksa es cnyrh gS rFkk
ukbVªkstu ds ljy ;kSfxd thoksa esa ik, tkus okys dkcZfud ;kSfxdksa ds vo;o
dk fuekZ.k djrs gSA

dkcZfud ;kSfxd ds vo;o& gkbMªkstu] vehuks vEy] ,Utkbe]
ukbVªkstuh {kkj vkfnA

ukbVªkstu fLFkjhdj.k dqN fof'k"V thok.kqvksa rFkk uhys gjs 'kSokyksa eas
ik;h tkrh gSA tSfod o vtSfod dkjd ukbVªkstu fLFkjhdj.k dh izfØ;k esa
eq[; Hkwfedk fuHkkrs gS&

(a) vtSfod dkjd& tc cjlkr ds ekSle es fctyh pedrh gS rc
ok;qe.My es mifLFkr ukbVªkstu vkWDlhtu ds lkFk la;ksx dj ukbfVªd
vkWDlkbM dk fuekZ.k djrh gSA ;g ukbfVªd vkWDlkbM vf/kdrk esa vkWDlhtu
ds lkFk fØ;k djds ukbVªkstu ijvkWDlkbM (NO2) dk fuekZ.k djrh gSA ;g
ukbVªkstu ijvkWDlkbM vkWDlhtu ,oa o"kkZ ds ty ds lkFk la;ksx dj ukbfVªd
vEy dk fuekZ.k djrk gSA

N2 + O2
Electric Discharge

and Thunder
2NO

(Nitric acid)

2NO + O2
Oxidation 2NO

(Nitrogen peroxide)

4NO + 2N2O + O2
4HNO3

(Nitric acid)

;g ukbfVªd vEy ty ds lkFk uhps vkrh gSA rFkk feÍh esa mifLFkr
veksfu;k] dWfY'k;e ,oa iksVSf'k;e ;kSfxdks ds lkFk fØ;k djds ukbVªsV (NO3)
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rFkk ukbVªkbV (NO2) es cny tkrk gSA ;g ukbVªsV rFkk ukbVªkbV ikS/kksa dh
tM+ksa }kjk ènk ls xzg.k dj yh tkrh gSA

2HNO3 + CaO Ca(NO3)2 + 4HNO3
(Nitric acid)

HNO3 + NH3 NH3NO3

(Ammonium nitrate)

HNO3 + NH3 NH4NO2
(Ammonium nitrate)

NON2
O2 O2 H2O NH3

NO2 HNO3 NH4NO3

Tokykeq[kh ds QVus ls] rFkk ouksa esa vkx yxus ls ok;qe.My esa
ukbVªkstu eqDr gksrh gSA ;g eqDr ukbVªkstu gkbMªkstu ds lkFk la;ksx dj
vipf;r gks tkrh gSA ftlds QyLo:i ;g ukbVªkstu veksfu;e esa ifjofrZr
gks tkrk gSA ;g veksfu;e ckfj'k ds ty ds lkFk feydj feÍh esa igq¡p tkrk
gSA

(b) tSfod dkjd (Biological Factors)& uhys&gjs 'kSokyksa eas
ukbVªkstu fLFkjhdj.k dh {kerk ik;h tkrh gSA loZizFke ;s thok.kq vkSj 'kSoky
ok;qe.My esa ik;h tkus okyh ukbVªkstu xSl dks vius izksVksIykTe esa ysdj mls
dkcZfud ukbVªkstu esa ifjofrZr djrs gS&

(i) uhys&gjs ’kSoky (Blue green Algae)& dqN 'kSokyksa tSls ,ukchuk]
ft;ksfVªfd;k] ukW&LVkWdA

(ii) thok.kq& dqN thok.kq ok;qe.My esa mifLFkr ukbVªkstu dk mi;ksx
lh/ks ugha dj ikrs gSA vr% ;g ,sls ikS/ks tks ysX;qfeuslh dqy ds varxZr vkrs gS
¼mnkgj.k& eVj] xsank vkfn½ bu ikS/kksa dh tMksa dh lgk;rk ls ;g thok.kq
ukbVªkstu fLFkj djrs gSA rFkk mu ikS/kksa dh tM+ks esa ik;h tkus okyh xkWaBks dks
cukus esa enn djrk gSA

2 46 8 15 2 15 15N e H ATP NH ADP        

;gk¡ & 2N = ok;qe.MYkh; ukbVª¨tu

e = bY¨DVªWku

;g bY¨DVªWku vipf;r g¨dj QsjhMWkfDlu ds }kjk ik, tkrs gSA bl
bY¨DVªWku d¨ ukbVª¨ftust ds }kjk ÁkIr dj fYk;k tkrk gSaA tgk¡ ;g vipf;r
g¨ tkrk gSA ftlds QYkLo#i ;g bY¨DVªWku ukbVª¨tu d¨ ns fn;k tkrk gSA
tgk¡ ;g Lo;a vkWDlhÑr g¨rk gSA bY¨DVªku ds LFkkukarj.k ds }kjk ukbVª¨tu
ve¨fu;e vk;u vipf;r g¨rk rFkk blds Ik'pkr~ bldk Lokaxhdj.k g¨rk gSaA
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2- ukbVªkstu Lokaxhdj.k ¼f}rh; pj.k½

blesa i©/k¨a ds }kjk LFkjhÑr ukbVª¨tu d¨ ÁkIr fd;k tkrk gSA rFkk mldk
ukbVªsV ,oa ve¨fu;e ds #i esa Lokaxhdj.k fd;k tkrk gSA blesa ik, tkus okY¨
ukbVªhQkabx thok.kq ds }kjk ve¨fu;e vk;u d¨ ukbVªsV vk;u¨ esa vklkuh ls
vkWDlhÑr dj fn;k tkrk gSaA i©/k¨a esa ;g Lokaxhdj.k dh ÁfØ;k i©/k¨ dh tM+
rFkk rus esa g¨rh gS t¨ fÒUu g¨rk gSaA bl LokaxhÑr ukbVªsV vk;u d¨ i©/k¨
ds }kjk ,ekbM~l rFkk vehu¨ vEYk¨ esa cnYk fn;k tkrk gSaA ve¨fu;e vk;u
dh dqN ek«kk ok;qe.MYk esa ve¨fu;k ds #i esa ok"i ds :i esa okf"ir g¨ tkrh
gSaA

3- veksuhdj.k ¼r`rh; pj.k½

ukbVª¨tu ds }kjk cus ukbVª¨tuh dkcZfud inkFk ±̈ dk ve¨fu;e ds #i esa
ifjorZu g¨rk gSaA bu dkcZfud inkFk Z̈a ds ve¨fu;e esa cnYkus dh ÁfØ;k d¨
ve¨uhdj.k dgrs gSaA

Soil
Particles

Root Hair

Rhizobia
Bacteria
Cortex

Call

(A) (B) (C)

(D) (E)

Infected
Thread

Containing
Bacteria

Inner Cortex Cell
Undergoing Mitosis

Mature Module

fp= Ø- 2-27% (A) rFkk (B) jkbtksfc;e thok.kq laosnu’khy ewy jkse ds lEidZ esa
vkrs gh foHkkftr gksdj ewy jkse dks laØfer djrs gSa ftlds dkj.k ewy jkse

dq.Mfyr gks tkrk gSA (C) laØfer /kkxsa es foHkkftr gksus okys thok.kq thok.kqle
ds :i esa :ikUrfjr gks tkrs gSA thok.kqle dh mifLFkfr ds dkj.k vkUrfjd

oYdqVh ,oa ifjjaHk dksf’kdk,¡ foHkkftr gksrh gSA (D) oYdqVh rFkk ifjjaHk
dksf’kdkvksa ds foHkktu ,oa o`f/n ds ifj.kkeLo:i ifjiDo xzfUFkdk dk fuekZ.k
gksrk gS ftlesa laoguh; Ård ik;k tkrk gS tks ewy ds laoguh; Ård ls
vfofPNUu jgrk gSA (E) ukbVªkstu fLFkjhdkjd thok.kqvksa }kjk fufeZr ewy

xzfUFkdkvksa ls ;qDr lks;kchu ds ikS/ks dh tMs+A
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4- ukbVªhdj.k ¼prqFkZ pj.k½

ve¨uhdj.k ds }kjk cus gq, ve¨fu;e vk;u dk ukbVªsV ¼ 3NO ½ esa cnYkus dh

ÁfØ;k d¨ ukbVªhdj.k dgrs gSaA ukbVªhdj.k dh fØ;k fuEufYkf[kr pj.k¨a esa
g¨rh gS&

 ÁFke pj.k& ;g ukbVªhdj.k dk ÁFke pj.k gSaA ftlesa thok.kqv¨a
ds }kjk ve¨fu;e vk;u d¨ ukbVªkbV esa ifjofrZr fd;k tkrk gSA

mnkgj.k& ukbVª¨Likbjk] ukbVª¨e¨ukl vkfnA

4 3NH NH 

3 2 2 23 2 2NH O HNO H O    Energy

 f}rh; pj.k& ;g ukbVªhdj.k dk f}rh; pj.k g¨rk gSA ftlds varxZr
ukbVª¨csDVj lewg ds thok.kqv¨a ds }kjk ukbVªkbV d¨ ukbVªsV esa cnYk
fn;k tkrk gSaA

mnkgj.k& LVªsIV¨ekblht vkfnA

2 2 32 2HNO O HNO  ++ Energy (20 K. cal.)

5- foukbVªhdj.k ¼iape pj.k½

thok.kq ds }kjk dkcZfud ukbVª¨tu rFkk vdkcZfud ukbVª¨tu dk ok;qe.MYk esa
iqu%pØ.k g¨us dh fØ;k d¨ foukbVªhdj.k dgrs gSaA blds }kjk ok;qe.MYk esa
ukbVª¨tu xSl dh deh ugh g¨rh gSaA

mnkgj.k& cSDVhfj;k fMukbVªhfQdSUl thok.kq] ekbØ¨d¨dl fMukbVªh-
fQdSUl thok.kq vkfnA

gjs i©/k¨] thok.kqv ä ds }kjk okrkoj.k esa g¨us okYkh ukbVª¨tu pØ d¨ fuEu
Ádkj ls g¨rk gSaA

ok;qe.MYk esa mifLFkr

ukbVª¨tu xSl

ukbVª¨tu LFkjhdj.k

Lokaxhdj.k

ve¨uhdj.k

ukbVªhdj.k

foukbVªhdj.k

ukbVª¨tu pØiqu% pØhdj.k
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fp= Ø- 2-28% ukbVªkstu pØ

viuh Áxfr tk¡fp, (Check Your Progress)

6- ok;qe.My esa ik;h tkus okyh ukbVªkstu dh ek=k gksrh gSA

¼v½ 60% ¼c½ 40%

¼l½ 78% ¼n½ 87%

7- ekbØksdksdl uked thok.kq djrk gSA

¼v½ ukbVªhdj.k ¼c½ veksuhdj.k

¼l½ foukbVªhdj.k ¼n½ Lokaxhdj.k

2-9 ukbVªkstu ,oa olk mikip;
(Nitrogen and Lipid Metabolism)

olk dk fuekZ.k dkcZu gkbMªkstu o vkWDlhtu ds la;ksx gksus ls gksrk gSA olk
esa vkWDlhtu dh ek=k dk vuqikr de rFkk ÅtkZ vf/kd ek=k esa ik;h tkrh
gSA olkvksa esa ÅtkZ lafpr #Ik esa ik;h tkrh gSA olk ty esa v?kqyu'khy gksrh
gSA rFkk 'kq) foyk;dksa esa ?kqyu'khy gksrh gSA



ikni iks"k.k] tSfod---

96

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

mnkgj.k& bZFkj] ,slhVksu vkfn ikS/kksa esa olk chtksa esa] Qyksa esa ,oa lw[ks
esoksa esa ik;h tkrh gSA

olk dh lajpuk& olk olh; vEyks ds VªkbfXyljkbM ds ,LVj gksrs
gSA ftudk fuekZ.k fXyljkWy ds v.kq rFkk olh; vEyks ds rhu v.kqvksa ds
la?kfVr gksus ls gksrk gSA dkcZu dh la[;k izk—frd olkvksa esa le (Even) gksrh
gSA

2 15 31 2 15 31

15 31 15 31 2

2 15 31 2 15 31

1 3 1 3

. . 
|

. . .  3
|

. . .

 Glycerol
moles moles mole moles

H C OH HOOC C H H COOC C H

H C OH HOOC C H HC OOC C H H O

H C OH HOOC C H H C OOC C H

Palmitic Acid Tripalmitin Water

 

   

 



olk dk oxhZdj.k& jklk;fud la?kVu ds vuqlkj olk eq[;r% 3 izdkj
ds gksrs gSA

ljy olk
(Simple Lipid)

la;qDr olk
(Conjugated Lipid)

O;qRiUu olk
(Derived Lipid)

olh; vEy& ;g yEch J̀a[kyk okys gksrs gSA vFkkZr gkbMªksdkcZu v.kqdh
cuh gqbZ yEch J̀a[kyk gksrh gSA ftlesa ,d fljs ij dkckZsfUly (-COOH) lewg
ik;k tkrk gSaA olh; vEyks esa ik, tkus okys gkbMªksdkcZu dh yEckbZ esa yxHkx
4&24 dkcZu ijek.kq ik, tkrs gSA

olh; vEy nks izdkj ds gksrs gS&

vlarÌr olh; vEYk

(Unsaturated fatty acid)
larÌr olh; vEYk

(Saturated fatty acid)

(A) vlar`Ir olh; vEy& vlarÌr olh; vEy esa dkcZu J̀a[kyk ls
tqMs gkbMªkstu ijek.kqvksa dh la[;k vf/kdre tqM ldus okys gkbMªkstu
ijek.kqvksa ls de gksrh gSA bu gkbMªkstu ijek.kq dh deh dks iwjk djus ds fy,
dkcZu ijek.kq f}ca/k cukrs gSA tSls& Acetic acid

CH3COOH ¼2 dkcZu ijek.kq½
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dqN olh; vEyksa esa nks ;k nks ls vf/kd f}ca/k ik, tkrs gSA ;g olh;
vEy ikWyh vulSapqjSfVM (Poly unsaturated fatty Acid) (PUFA) olh; vEy
dgykrs gSA

mnkgj.k& uke& ikfefVd vEy

3 2 14( )CH CH COOH

dkcZu J̀a[kyk dh yEckbZ = 16

f}ca/k LFkku = 9&10

Lkzksr& e[[ku] rsy

(B) lar`Ir olh; vEy& izR;sd dkcZu ijek.kq ij vf/kdre 2
gkbMªkstu ijek.kq tqMs+ jgrs gSA izR;sd izFke dkcZu esa feFkkby xzqi CH3 rFkk
vafre dkcZu ijek.kq ij dkckZsfDly xqzi COOH tqMs+ jgrs gSA tSls&

3 2C H C H C O OH

mnkgj.k& 1 uke& C;wVkbfjd vEy

lw= 3 2 2 4CH CH CH COO 

dkcZu J̀a[kyk dh yEckbZ &4

Lkzksr eD[ku

β–vkWDlhdj.k (β–Oxidation)

loZizFke ,Q- uwi ¼1904½ us chVk&vkWDlhdj.k dk v/;;u fd;kA uwi ds
vuqlkj chVk vkWDlhdj.k ds nkSjku olh; vEyksa esa ls ,d le; esa 2 dkcZu
gVk;s tkrs gSA β–vkWDlhdj.k fuEu pj.kksa esa laiUu gksrh gS&

1- ekbVksdkWf.Mª;k dh cká lrg ij Fkk;ksdkbust ,Utkbe dh mifLFkfr esa
olh; vEy lfØ; gksdj dks,Utkbe , rFkk A + P ls fØ;k dj blds
O;qRiUu dk fuekZ.k djrs gSA

Fatty acid + CO enzyme A + A + P Fatty acyl CoA + AMP + Pi

2- f}rh; pj.k esa vYQk rFkk chVk α & β dkcZu ijek.kq ds chp 2H ijek.kq
gVk;s tkrs gSA olh; dks,Utkbe A, Vªkal] α, β vlarÌr olh; ,lkby
dks,Utkbe, esa ifjofrZr gks tkrk gSA ;g fØ;k dks ,Utkbe ,
fMgkbMªksftust dh mifLFkfr esa gksrh gSA

2

,FattyacylCo A FAD Trans unsaturated
fattyacylCo A FADH

 
 



3- rr̀h; pj.k esa ty dk ,d v.kq Vªkal α – β vlarÌr olh; ,lkby
dks,Utkbe A ls la;qDr gksdj f}ca/k }kjk β gkbMªkWDlh ,lkby
dks,Utkbe A esa ifjofrZr gks tkrk gSA ;g fØ;k gkbMªsVst fodj dh
mifLFkfr esa laiUu gksrh gSA
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2
HydrataseTrans unsaturated fatty acyl Co A H O

hydroxy acyl Co A



   

 

4- vxys pj.k esa β– gkbMkWDlh ,lkby dks,Utkbe A dk fogkbMªkstuhdj.k
gks tkrk gSA ifj.kkeLo:i β dhVks o lh; ,lkby dks,Utkbe A dk
fuekZ.k gksrk gSA NAD vo—r gksrk gSA ;g fØ;k fMgkbMªksft-
ust ,Utkbe ds mRizsj.k }kjk laiUu gksrh gSA bl fØ;k esa β dkcZu
ijek.kq vc dkcksZfuy dh rjg dk;Z djrk gSA

hydroxy acyl Co A NAD Ketto fatty acyl Co A NADH H       

5- vUr esa Fkk;ksDykfLVd Dyhost }kjk β–Keto olh; ,lkby dks,Utkbe
A, ,lhVkby dks,Utkbe A dk ,d v.kq foeqDr djrk gSA ;g
fØ;k ,Utkbe β– dhVks ,lkby Fkk;ksust dh mifLFkfr esa laiUu gksrh
gSA ftlls olh; ,lkby dks,Utkbe, dk ,d v.kq fufeZr gksrk gSA

Keto fatty acyl Co A Coenzyme A Fatty acyl Co A AcetylCo A       

bl fØ;k }kjk mRiUUk olh; ,lkby Co A esa 2 dkcZu ijek.kq de gksrs
gSA

mnkgj.k& ikfeVsV ds ,d v.kq ds iw.kZ vkWDlhdj.k ls ,lhVkby Co A
ds 8 v.kq curs gSA

2

2

7 7 7 8 8
7 7 7

Palmitate ATP NAD FAD H O CO A S H AcetylCo A
AMP PPi NADH H FADH

          
   

β vkWDlhdj.k }kjk fu"dkflr ,lhVkby dks,Utkbe, ds v.kq ØsCl pØ esa
izos'k dj dkcZu MkbvkWDlkbM+ rFkk ty esa iw.kZ vkWDlh—r gks tkrs gSA ftlls
ÅtkZ izkIr gksrh gSA

2-9-1 olh; vEy la’ys"k.k (Fatty Acid Synthesis)

bls fyfiftusfll Hkh dgk tkrk gSA mnkgj.k& olh; vEy & Stearic Acid
¼LVh;fjd vEy½ dksf'kdk ds lk;Vkslksy esa olh; vEy ds la'ys"k.k dh izfØ;k
ik;h tkrh gSA olh; vEy la'ys"k.k esa eq[; rhu voLFkk,¡ ik;h tkrh gS&

(I) izFke voLFkk& bl voLFkk esa ,lhfVy dks,Utkbe dk LFkkukarj.k
ekbVksdkWf.Mª;k ls lk;Vkslksy esa gksrk gSA

ekbVksdkWf.Mª;k ls ;g ,lhfVy dks,Utkbe flfVªd vEy ds }kjk
lk;Vkslkssy esa tkrk gSA ;g flfVªd vEy ØsCl pØ ds }kjk izkIr gksrk gSA ;g
flVsªV ekbVksdkf.Mª;ku ls fudydj lk;Vkslksy esa igq¡prk gSA tgk¡ ij bldk
Dyhost gks tkrk gSA Dyhost gksus ls ;g iqu% vkWDtsyks,slhVsV rFkk ,lhfVy
dksyhu esa VwV tkrk gSA ftlds QyLo#i ,slhfVu Co-A lk;Vkslksy esa izos'k
dj tkrk gSA ;g ,d 'kVy dh rjg dk;Z djrk gSA ftls 'kVy flVªsV dgrs
gSaA ;g iwjh izfØ;k ATP flVªsykbtst dh mifLFkrh esa gksrh gSA ;g
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vkWDtsyks,slhVsV eSysV MhgkbMªksftust ,Utkbe dh mifLFkfr esa eSysV esa
ifjofrZr gks tkrk gSA ;gk¡ eSfyd ,Utkbe dh mifLFkfr esa ;g ik;:osV esa
ifjofrZr gks tkrk gSA ;g izfØ;k lk;Vkslksy ds vanj gh gksrh gSA rFkk ;g
ik;:osV lk;Vkslksy ls fudy dj ekbVksdkWf.Mª;k¡ esa pyk tkrk gSA

;g ik;:osV] ik;:osV dkckZsfDlyst ,Utkbe dh mifLFkfr esa
vkWDtsyks,slhVsV esa ifjofrZr gks tkrk gSA vkWDtsyks,slhVsV ,slhfVy CO-A ds
lkFk fØ;k djds flVªsV flUFksVst ,Utkbe dh mifLFkfr esa iqu% flVªsV cukrk
gSA

(II) f}rh; voLFkk& ,lhfVy dks ,Utkbe dk lfØ;.k ,oa eSyksfuy
dks,Utkbe dk cuukA

Biotin

ATP + HCO3

OOC-CH3-
||

O
C -S-Co A

ADP +Pi+H+ MalonilAcetyl COA
CH3-

||
O
C -S-Co.A

ekbVªksdkWf.Mª;k dh esEcszu v)Z ikjxE; f>Yyh gksrh gS tks lHkh izdkj ds
v.kqvksa ds fy, ikjxE; ugha gksrh gS ;g dsoy flVªsV ds fy, ikjxE; gSA tks
Fkk;ksfuy xqzi esa dks,Utkbe ls tqMk+ gqvk gSA ftldk ifjorZu eSyksfuu
dks,Utkbe A esa gksrk gSA tgk¡ ck;ksfVu ,d dks&QSDVj dh rjg dk;Z djrk
gSA ;g izfØ;k dkckZsfud vEy rFkk ATP dh mifLFkfr esa gksrh gSA

(III) Rk`rh; voLFkk& blesa eq[; pkj mi voLFkk,¡ ik;h tkrh gS&

1- Lka?kuu

2- fjMD'u&I

3- futZyhdj.k

4- fjMD'ku II
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1. Condensation

A CyL Malonyl enzyme/ACP

3-Ketoacyl/ ACP Synthase
CO2

-SHCys

ACP -SH-
| |
O

C -CH2-
| |
O

C -

2. Reduction-I

-SH-
| |
O

C -CH2-

|
OH

CH -CH3

-SHCys

ACP

3-KetoAcyl. Reduction
NADPH

NADPH+H+

3-Ketoacyl ACP

3. Dehydration

3-HydroxyACyl DehydrataseH2o

SYS

ACP

3-HydroxyACyl ACP

-SH

-S-
| |
O

C -CH-CH3

Cys

ACP

-S-H
O
||

S-C- CH2-COO-
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4. Reduction-II
Trans Enoyl-ACP-Reductase
↓ Enoyl-ACP-Reductose

-SHGys

ACP -SH-
| |
O

C -CH2-
| |
O

C -CH3

Acyl ACP

O
| |

-S- C-CH2-C00-

O
| |

-S- C-CH2-CH2-CH2-

Malanyl CO.A

Gys

ACP

Cys

ACP

-SH

O
| |

-S C-(CH2)13-CH2-CH3

Palmitla Thioesterase
H-OH

G

ACP
||

HO+C-(CH2)13-CH2-CH3

+

Palmitic AcidPalmitic Acid

O
| |

HO+C-(CH2)13-CH2-CH3

Palmitic Acid
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viuh izxfr tk¡fp, (Check Your Progress)

8- chVk vkWfDldj.k gksrk gSA

¼v½ lk;VksIykTe esa ¼c½ dsUnzd esa

¼l½ dksf'kdk esa ¼n½ ekbVksdkWf.Mª;k esa

9- ,lhfVy dks ,Utkbe fdlds lfØ;.k ds }kjk curk gSA

¼v½ ,lhVsV ¼c½ eWysV

¼l½ eSyksfuy dks ,Utkbe ¼n½ buesa ls dksbZ ugha

2-10 viuh izxfr tk¡fp, iz’uksa ds mŸkj
(Answer to Check Your Progress)

1- ¼l½

2- ¼v½

3- ¼l½

4- ¼l½

5- ¼l½

6- ¼l½

7- ¼l½

8- ¼n½

9- ¼l½

2-11 lkjka’k (Summary)

izLrqr bdkbZ esa Nk=ksa us ikS/kkas ds thou dky esa mi;ksxh [kfut yo.kksa dh
vko';drk muds Lkzksr ,oa mudh deh ls gksus okyh fo—fr;ksa ds ckjs esa
v/;;u fd;kA nh?kZ ,oa y?kq iks"kd rRoksa ds fcuk ikS/ks esa dbZ izdkj dh
chekfj;k¡ gks tkrh gSA budh vf/kdrk Hkh gkfudkjd gks ldrh gSA bldk
v/;;u bl bdkbZ ds varxZr fd;k x;kA tcfd v.kqvksa dh lajpuk ,oa egRo
ij Hkh izdk'k Mkyk x;kA vr% Nk= Nk=k;sa blds v/;kiu ls ykHkkafUor gksaxsA
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2-12 eq[; 'kCnkoyh (Key Terminology)

 [kfut iks"k.k% ikS/kksa }kjk [kfut rRoksa dk vo'kks"k.kA

 gkbMªksiksfuDl% ty dh [ksrhA

 Vªkalyksds’ku% ¶yks,e }kjk dkcZfud foys; inkFkkZsa dk LFkkukUrj.kA

 dkckZsgkbMªsV% 'kdZjk;saA

 fyfiM% olh; vEyA

 izksVhu% vehuks vEykas ls fufeZr tfVy dkcZfud inkFkZA

2-13 Lo-ewY;kadu iz’u ,oa vH;kl
(Self Assessment Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- ok;qe.MYk esa ik;h tkus okYkh ukbVª¨tu xSl ds pØhdj.k d¨ le>kb,\

2- laf{kIr fVIi.kh fYkf[k,&

(i) ve¨uhdj.k

(ii) foukbVªhdj.k

3- ukbVª¨tu pØ esa tSfod dkjd¨ ds egRo d¨ le>kb,\

4- laf{kIr fVIi.kh fyf[k,&

(i) olh; vEyksa dk chVk vkWDlhdj.k

(ii) vlarÌr olh; vEy rFkk larÌr olh; vEy

5- ,lhfVy dks ,Utkbe ds lfØ;.k ij laf{kIr fVIi.kh fyf[k,A

6- ikS/kksa esa [kfut rRoksa ds eq[; dk;Z fyf[k,A

7- fuf"Ø; vo'kks"k.k dks le>kb;sA

8- gkbMªksiksfuDl ij fVIi.kh fy[ksA

9- ljy izksVhu dh lajpuk le>kb;sA

nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- dkckZsgkbMªsVl ds oxhZdj.k ij fuca/k fyf[k,A

2- ikS/kksa esa nh?kZ iks"kd rRoksa dh vko';drk ij izdk'k Mkfy,A

3- lØh; vo'kks"k.k ds fl)kUrksa dh O;k[;k fdft;sA

4- vehuks vEyksa dh lajpuk ,oa dk;kZsa dk o.kZu fdft;sA
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5- ukbVª¨tu pØ d¨ lfp«k le>kb,\

6- ukbVª¨tu fLFkjhdj.k ij fuca/k fYkf[k,\

7- fyfiM dh lajpuk ,oa β vkWDlhMs'ku dks le>kb;sA

2-14 lgk;d ikB~; lkexzh (Suggested Readings)

1- Thisbek Lindhorst– Essentials of Carbohydrate Chemistry and
Biochemistry 3rd wiley Publication 2000.

2- N. Armugam– Biomolecules ISBN 9789384826871 Saras Publica-
tion.

3- Fundamental of Biochemistry, 6th ed. Dr. J.L Jain Dr. Sanjay Jain
Nitin Jain S. Chand Publication.

4- College Botany vol. 4 ed. 2016 (Plant Physiology and Molecular
Biology) S. Sudar Rajan Himalaya Pub. House.

5- R.P. Unified Botany– MkW- fujatu Jksf=;] MkW- vpZuk Jksf=; MkW- vt;
Hkkj}kt ISBN 9+8-93-80560-34-2.

6- ;wfuQkbM ouLifr foKku& MkW- ,l-ch- vxzoky ISBN- 978-93-84779-
22, izdk'kd f'koyky vxzoky ,.M dEiuhA
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bdkbZ 3 çdk'k la'ys"k.k (Photosynthesis)

Lakjpuk (Structure)

3-0 ifjp;
3-1 mÌs';
3-2 ,sfrgkfld i"̀BÒwfe
3-3 egRo
3-4 Ádk'k la'Y¨"kh o.kZd
3-5 n¨ Ádk'k ra«k vFkok o.kZd ra«k dh vo/kkj.kk
3-6 bY¨DVªkWu LFkkukUrj.k rFkk Ádk'k QkWLQ¨fjYkhdj.k
3-7 dsfYou pØ
3-8 gSp&LY©d pØ@C4 i©/k¨a esa dkcZu vip;u
3-9 CAM pØ

3-10 CySdeSu dk lhekdkjd fl)kUr
3-11 Ádk'k la'Y¨"k.k d¨ ÁÒkfor djus okY¨ dkjd
3-12 Ádk'kh; 'olu vFkok C2 vFkok XYkkbdksysV pØ
3-13 viuh Áxfr tk¡fp, Á'u¨a ds mÙkj
3-14 lkjka'k
3-15 eq[; 'kCnkoYkh
3-16 Lo-ewY;kadu Á'u ,oa vH;kl
3-17 lgk;d ikB~; lkexzh

3-0 ifjp; (Introduction)

lÒh tkuoj ä euq";¨a d¨ Ò¨tu dh vko';drk g¨rh gS v©j gesa Ò¨tu i©/k ä ls
feYkrk gS tSls& QYk] ifÙk;k¡] lCth vkfnA i©/k ä d¨ [kk| mRiknd Òh dgk
tkrk gSA blh Ádkj i©/k¨a d¨ Òh Hkkstu dh vko';drk g¨rh gS tks mUgsa ÅtkZ
iznku djsA ;g ÅtkZ ikS/kkSa dks&

 c<+us ds fYk;sA

 QwYk] QYk] cht ds fYk;sA

 u;h 'kk[kk v©j ifÙk;¨a ds fYk;sA

 vius [kjkc vax ä d¨ nq#Lr djus ds fYk;s vko';d gksrh gSA

ifjÒk"kk& **tc gjs i©/k¨a dh ifÙk;k¡ lw;Z ds Ádk'k ,oa DYk¨j¨fQYk dh
mifLFkfr esa tYk ,oa CO2 ds lkFk vfÒfØ;k dj Ò¨T; inkFkZ dk fuekZ.k djrs
gSa vFkok XYkwd¨t dk fuekZ.k djrs gSa r¨ bl ÁfØ;k d¨ *Ádk'k la'Y¨"k.k* dgrs
gSaA**
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6CO2 + 12H2O C6H12O6 + 6O2 + 6H2O
Sunlight

Chl.

3-1 mÌs’; (Objectives)

lthoksa dks /kjrh ij Lo;a dks thfor j[kus ds fy, HkksT; inkFkkZsa dh
vko';drk gksrh gSA mlh izdkj ikS/kksa dks Hkh HkksT; inkFkkZsa dh vko';drk gksrh
gSA ikS/ks ;g Hkkstu Lo;a izdk'k la'ys"k.k }kjk cukrs gaS&

 bl bdkbZ dks i<+us ds ckn vkidks izdk'k la'ys"k.k ds }kjk ikS/kksa esa
HkksT; inkFkkZsa dk fuekZ.k dh tkudkjh izkIr gks ldsxhA

 izdk'k la'ys"k.k esa mi;ksx gksus okys rF;ksa ,oa o.kZdksa dh tkudkjh Kkr
gksxhA

 bl bdkbZ ds ek/;e ls vkidks izdk'k QkWLQksfjyhdj.k] dsfYou pØ]
gSp&LySd pØ ds ckjs esa tkudkjh Kkr gks ldsxhA

 bl bdkbZ ds }kjk vkidks C3 ikS/ks C4 ikS/ks dh tkudkjh dsa lkFk CAM
pØ rFkk CAM pØ dks izHkkfor djus okys dkjdksa dh tkudkjh Kkr
gks ldsaxhA

3-2 ,sfrgkfld i`"BÒwfe (Historical Aspects)

lcls igY¨ vjLrw uked oSKkfud us crk;k fd i©/¨ viuk i¨"k.k tM+̈ a }kjk
vo'k¨f"kr djrs gSaA

tkWu butsu gkml ¼Jan Ingen House, 1779½– bUg¨aus lcls igY¨
crk;k Fkk fd ikniksa ds ikl dqN gjs Òkx g¨rs gSa ftlls og Ádk'k dh
mifLFkfr esa Ádk'k la'Y¨"k.k dj ldrs gaSA mUg¨aus ml gjs Òkx dk uke ugÈ
crk;k Fkk ftls Chlorophyll dgrs gSaA

okWu uhYk (Van Niell 1941)– ds vuqlkj Ádk'k la'Y¨"k.k ds n©jku t¨
vkWDlhtu (O2) xSl fudYkrh gS og tYk ds vi?kVu ls g¨rk gSA okWu uhy us
viuk Á;¨x ;wcSDVhfj;k esa fd;k blesa bUg äus ns[kk fd ;wcSDVhfj;k ,oa uhYk
gfjr '©okYk n¨u¨a esa gh Ádk'k la'Y¨"k.k g¨rk gS ij ;wcSDVhfj;k O2 dk mRiknu
ugÈ djrs o¨ S dk mRiknu djrs gS D; äfd ;wcSfDVfj;k CO2 ds lkFk H2S xSl
dk mi;¨x djrs gSaA mudk mRikn XYkwd¨t gh g¨rk gS ijUrq blesa vkWDlhtu
xSl ugha feYkrh blds LFkku ij S xSl feYkrh gSA

Eubacteria – 6CO2 + 12H2S C6H12O6 + 12S2 + 6H2O
XYkwd¨t

Blue Green Algae – 6CO2 + 12H2O C6H12O6 + 6O2 + 6H2O
XYkwd¨t
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tcfd uhYk gfjr '©okYk esa CO2 ds lkFk H2O vfÒÑr g¨rk gS blds
mRikn esa gesa XYkwd¨t ds lkFk O2 Òh feYkrh gSA

blls fl) g¨rk gS fd O2 dk fu"dklu tYk ds vi?kVu ls gksrk gSA

#fcu] js.MkYk] dkfeu rFkk gk;Ms ¼Ruben, Randall, Kamen and
Hyde 1941)– us crk;k fd izdk'k la'ys"k.k esa fudyus okyh xSl ty ds
vi?kVu ls O2 eqDr gksrh gSA blds fYk;s bUg äus leLFkkfudksa dk iz;ksx fd;kA

CO2 esa 16
2O leLFkkfud (

2O16 ) dk iz;ksx fd;kA

H2O esa 18
2O leLFkkfud (

2O18 ) dk mi;¨x fd;k x;kA

vxj O2 mRikn ds #i esa H2O ls feyrh gS r¨ ogk¡ ij gesa leLFkkfud

2O18 feY¨xh v©j ;fn og O2 mRikn ds #i esa CO2 ls feYkrh gS r¨ leLFkkfud

2O16 feY¨xkA

6CO2 + 12H2O C6H12
16
2O + 18

26O + 6H2O

bl vfÒfØ;k esa mRikn esa gesa O218 leLFkkfud ds #i esa fn[kkbZ nh
ftlls mUg¨aus fl/n dj fn;k fd O2 tYk ds vi?kVu ls gh ÁkIr g¨rh gSA

Robert Hill 1937– bUg¨aus crk;k fd fcuk fgYk Reagent ds Ádk'k
laa'Y¨"k.k laÒo ugÈ g¨rk gSA

bUg¨aus LVhYk {¨«k ds Chloroplast Á;¨x fd;kA blds fYk;s bUg¨aus ,d
chdj (A) esa tYk fYk;k v©j LVhYk {¨«k dk Chloroplast fYk;k rFkk mlesa
Ádk'k Áokfgr fd;k rc mUg¨aus ns[kk blls O2 gesa feYkrh gS D; äfd mUg¨aus
mles fgYk vfHkdeZd MkYkk Fkk ijUrq nwljs chdj (B) esa mUg äus fgYk vfHkdeZd
ugÈ MkYkk Fkk r¨ O2 izkIr ugha gqbZA

bl ij mUg¨aus crk;k fd fgYk reagent e– xzkgh dk dk;Z djrk gS vFkkZr
Ádk'k ls tks e– feYkrs gSa fgYk vfÒdeZd mUgsa xzg.k djrs gSaA blfYk;s Ádk'k
la'Y¨"k.k esa O2 ds mRiknu ds fYk;s fgYk vfÒdeZd dh mifLFkfr vfuok;Z gSA
tSls& DCPIP ¼MkbDYk¨j¨fQukbYk] b.M¨fQukWYk½] feFkkbYkhu CYkw] cSt¨fQukWu]
QSjhlk;ukbM ,oa NADP+A

Englemann– bUg¨aus crk;k fd action spectrum esa Ádk'k la'Y¨"k.k dh
nj yky izdk'k esa lcls T;knk g¨rh gS mlds ckn uhys izdk'k esa g¨rh gSA

3-3 egRo (Importance)

Ádk'k la'Y¨"k.k dh ÁfØ;k ÁÑfr v©j ekuo ds fYk;s ojnku dh rjg gS blds
fcuk thou dh dYiuk djuk vlaÒo gS&
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 Ádk'k la'Y¨"k.k og O;oLFkk gS ftlesa l©j ÅtkZ (Solar Energy)
jklk;fud ÅtkZ esa cnYk tkrh gSA

 Ò¨T; inkFkZ dk mRiknu Ádk'k la'Y¨"k.k ds ek/;e ls gh gksrk gSA
tSls& dkc Z̈gkbMªsV] olk vkfn [kk| inkFkZ Ádk'k la'Y¨"k.k }kjk gh curs
gSaA vr% gjs i©/¨ mRiknd dk dk;Z djrs gSa v©j tho&tUrq muds
miÒ¨äk gksrs gSA

 ÅtkZ dk lz̈ r lw;Z dk izdk'k gS ;k izdk'k la'ys"k.k }kjk cuk Hkkstu
lHkh thforksa dks Åtk dh vko';drk gksrh gS ftldk lz¨r lw;Z gSA
dsoy gjs isM ikS/ksa gh lw;Z dh ÅtkZ dks jklk;fud ÅtkZ esa cny ldrs
gSa tks vU; thoksa ds dk;Z vkrh gSA vFkkZr tho tUrq i©/k¨a }kjk mRiUu
Ò¨T; inkFk ±̈ dk miÒ¨x dj ÅtkZ dh ÁkfIr djrs gSaA

ok;qe.MYk ds fu;a«k.k ,oa 'kqf/ndj.k esa Òh budk egRo g¨rk gS bl
fØ;k ds }kjk ok;qe.MYk esa CO2 ,oa O2 ds vuqikr dk fu;a«k.k g¨rk gSA vFkkZr
ok;qe.MYk esa vxj CO2 dh ek=k c<+ tk;sxh r¨ ok;qe.MYk v'kq/n g¨xk v©j
O2 c<+ tk;s v©j CO2 u g¨ r¨ i©/k¨a ds fYk;s dPpk inkFkZ ugÈ feY¨xk ,oa O2

dk mRiknu ugha gksxk ftlls ok;qe.MYk nwf"kr g¨ tk;sxkA

vUrfj{k ;k«kk ds fYk;s O2 ,oa Ò¨tu n¨u¨a dh miYkfC/k Ádk'k la'Y¨"k.k
dh fØ;k ds }kjk laHko gSaA Chlorella tSls '©okYk ä d¨ mxkdj budk gYk
fudkYkk tk jgk gSaA

vr% ge dg ldrs gSa fd Ádk'k la'Y¨"k.k dh fØ;k ekuo tkfr ds fYk;s
ojnku gSA

3-4 Ádk'k la'ys"kh o.kZd (Photosynthetic Pigments)

o.kZd dqN ,sls inkFkZ g¨rs gSa t¨ mi;qDr Ádk'k ÅtkZ dk fuf'pr fgLlk
vo'k¨f"kr dj Y¨rs gSa v©j ckdh ÅtkZ dks ;g ;k r¨ ijkofrZr dj nsrs gSa ;k
LFkkukUrfjr dj nsrs gSaA ;s jaxhu inkFkZ g¨rs gSaA ikni ä esa fuEufyf[kr rhu
Jsf.k; ä okY¨ o.kZd ik;s tkrs gSa&

1- i.kZgfje (Chlorophylls)

;g ikuh esa v?kqYku'khYk g¨rs gSaA ;g ,d Á¨Vhu;qDr tfVYk jklk;fud inkFkZ
gSA blds dkj.k iÙkh dk jax Òh gjk g¨rk gSA

bldk xBu dkcZu] vkWDlhtu] ukbVª¨tu rFkk eSXuhf'k;e rRo ä ls g¨rk
gSA DYk¨j¨fQYk&, rFkk DYk¨j¨fQYk&ch n¨ Ádkj dk g¨rk gSA ;g lÒh Loi¨"kh
i©/k¨a esa ik;k tkrk gSa&

(a) Chlorophyll ‘a’  C55H72O5N4Mg

(b) Chlorophyll ‘b’  C55H70O6N4Mg
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(a) Chlorophyll ‘a’– ;s uhY¨ gjs jax dk g¨rk gSA lÒh rjg ds
Chlorophylls esa i¨jQkbfju ra«k ¼Porphyrin System½ ik;k tkrk gSA bldh
lajpuk esa gesa n¨ fgLls fn[krs gS] Åijh fgLlk mudk flj dgYkkrk gS v©j
fupYkk fgLlk iw¡N Òkx g¨rk gSA

flj okys fgLLks d¨ i¨jQkbfju dgrs gSa blesa flj okY¨ fgLls esa pkj
ik;j¨Yk fjax ehF¨u lewg }kjk tqM+s g¨rs gSa VsVªkik;j¨Yk ds e/; esa ,d
MkbosysUV Mg++ fLFkr g¨rk gS tks fd vk;fud voLFkk esa g¨rk gSA

iw¡N okY¨ fgLls d¨ Phytol Chain dgrs gSaA ;g DyksjksfQy v.kq d¨
fYkfiM ck;Y¨;j esa dksf'kdk dYkk d¨ Á¨Rlkfgr djus esa enn djrk gSA bl
fgLls esa 20 dkcZu ijek.kqv ä lfgr ,Yd¨gkWYk ik;s tkrs gSa ftls QkbVkWy
J̀a[kyk dgrs gSaA

i.kZjfge **,** dh jklk;fud lajpuk esa feFkkbYk lewg dk foLFkkiu
CHO lewg ls g¨us ij ;g i.kZgfje **ch** cukrk gSA

(b) Chlorophyll ‘b’– ;g gjs i©/k¨a rFkk 'kSokYk¨a esa foLr̀r #i ls ik;k
tkrk gSA

vk/kqfud v/;;u ä ds vuqlkj i.kZjfge **ch** n¨ Ádkj dk g¨rk gS&

 Chl b640

 Chl b650

2- dsj¨fVuWk;M~l (Carotenoids½

;s fYkfiM~l ls feYkdj curs gSaA ;s i©/k¨a esa jax nsus esa eq[; Òwfedk fuÒkrs gSaA
vf/kdka'k dsj¨fVukW;M~l ihY¨ vFkok ukjaxh jax ds g¨rs gSaA blds eq[; dk;Z
gSa& ;s igY¨ [kqn Ádk'k d¨ vo'k¨f"kr djrs gSa fQj mls Chlorophyll dh v¨j
LFkkukUrfjr djrs gSa ftlls Ò¨tu dk fuekZ.k gksrk gSA Chlorophyll d¨
lqjf{kr j[kus esa enn djrs gSaA ;s n¨ Áeq[k lewg ä esa ik;s tkrs gSa&

(a) dsj¨fVUl

(b) tSUFkksfQYlA

n¨u¨a gh dkcZfud foYkk;d¨a esa foY¨; g¨rs gSaA

(a) dsj¨fVUl (Carotenes)& ;s vlarÌr gkbMª¨dkcZUl g¨rs gSa t¨ uhY¨ rFkk
gjs Ádk'k dk vo'k¨"k.k djrs gSa rFkk ihY¨ ,oa YkkYk Ádk'k d¨ lapkfjr
djrs gSa&

 β-Beta carotene& ;s ukjaxh jax nsrs gSa t¨ gesa xktj esa feYkrh
gSA ;s foVkfeu A ds ¼vxzxkeh½ dgYkkrs gSaA

 α-carotene& vf/kdrj ifÙk; ä esa rFkk ikWYkhlkbQ¨fu;k uked
'©okYk esa ik;s tkrs gSaA ;g YkkYk jax ds g¨rs gSaA
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(b) tSUFkksfQYl (Xanthophylls)& ;s dkcZu] gkbMª¨tu ,oa vkWDlhtu ls
feYkdj cus g¨rs gSA ;s ihY¨ jax ds g¨rs gSaA

3- Qkbd¨fcfYkUl (Phycobillions½

;s Ádk'k la'Y¨"k.kh o.kZd¨a dk eq[; lewg g¨rk gSA t¨ gjsa rFkk yky 'kSoky esa
ik;k tkrk gSA ;s n¨ Ádkj ds g¨rs gSa&

(a) Phycoerythrin& ;s YkkYk o.kZd g¨rs gSaA

(b) Phycocyanin& ;s uhYks o.kZd g¨rs gSA ;g Protein ls lacaf/kr g¨rs
gSaA ;s mPp rki ;k m"ek esa u"V g¨ tkrs gSaA

;s ikuh esa ?kqYku'khYk g¨rs gSa rFkk N¨Vs d.kksa ds #i esa fn[kkbZ nsrs gSa v©j
Y¨feYkk ls tqM+s jgrs gSaA

DYk¨jksfQYk dh Òk¡fr ;s Qkbdksfcfyu Òh VsVªkik;j¨Yk lajpuk okY¨ g¨rs gSa
ijUrq budh VsVªkik;j¨Ykfjx [kqyh g¨rh gSa rFkk buesa QkbVkWYk J̀a[kYkk ,oa
Mg++ vk;u n¨u ä gh ugÈ ik;s tkrs gSaaA

fp= Ø- 3-1% izdk’k la’ys"k.k
izdk’k la’ys"kh o.kZd dh vkf.od lajpuk
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3-5 n¨ Ádk’k ra«k vFkok o.kZd ra«k dh vo/kkj.kk
(Concept of Two Photo Systems or Pigment
Systems)

izzdk’k vfHkfØ;k (Light Reaction)

;g fØ;k izdk'k dh mifLFkfr esa laiUu gksrh gS] bls fgy vfHkfØ;k ds uke ls
Hkh tkuk tkrk gSA D;ksafd jkWcVZ fgy us ;g fl) fd;k fd iznhIr ,oa foeqDr
DyksjksIykLV ty dk izdk'kh; vi?kVu djrs gSA ftlls vipf;r gkbMªkstu
xzkgh curs gS ,oa O2 xSl mRikn ds :i esa ckgj fudyrh gS&

1- DyksjksfQy v.kq izdk'k ÅtkZ dk vo'kks"k.k dj mls fo|qr ÅtkZ esa
ifjofrZr dj nsrs gSA ftlls DyksjksfQy v.kq mŸksftr voLFkk esa vk
tkrs gSA

Chl + hv = chl.e－

DyksjksfQy izdk'k Dok.Ve mŸksftr DyksjksfQy

2- DyksjksfQy v.kq }kjk vo'kksf"kr ÅtkZ ls ty ds v.kq dk vi?kVu gksrk
gSA

4H2O 4OH– + 4H–

3- ty ds vi?kVu ls O2 xSl ok;qe.My esa foeqDr gksrh gSA bl O2 dk
dqN Hkkx dksf'kdh; 'olu esa mi;ksx gksrk gSA

4OH – 4e– 4OH
4OH 2H2O + O2

4- ty vi?kVu esa foeqDr gkbMªkstu NADP ls la;qDr gksdj NADPH2

cukrk gSA

2NADP + 4H+ + 4e– NADPH2

5- mŸksftr DyksjksfQy v.kq dh dqN ÅtkZ ATP fuekZ.k esa mi;ksx gksrh gSA
bl fØ;k esa fo|qr ÅtkZ jklk;fud ÅtkZ esa ifjofrZr gksrh gSA

ADP + ip ATP
Energy of e–

Ádk'k jklk;fud ÁfØ;k esa n¨ Ádk'k ra«k ik;s tkrs gSa t¨ Øe'k&

 Ádk'k ra«k I& bl ra«k esa bldk Pigment System I dk;Z djrk gSA

 Ádk'k ra«k II& bl ra«k esa bldk Pigment System II dk;Z djrk gSA
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Photosystem I& bl System esa Chl – A ds fofÒUu v.kq Ádk'k ds
Q¨VkWu dh ÅtkZ dk vo'k¨"k.k djrs gSa vr% ;g v.kq Ádk'k dh fofÒUu
rjaxnS/;Z okYkh fdj.k¨a ds vo'k¨"k.k ds vk/kkj ij “chl-660, chl-670, chl-680,
chl-690, chl-700” dgYkkrs gSaA P-700 v.kq Photosystem I dk ¼Reaction
centre½ gksrk gSA Pigment system I esa chl O;oLFkk dqN bl rjg ls g¨rh gS
fd bud¨ Ádk'k ls d¨bZ Òh gkfu u igq¡ps D; äfd T;knk rki ds dkj.k chl ds
u"V g¨us dh laÒkouk g¨rh gSA ijUrq budh O;oLFkk dqN bl Ádkj g¨rh gS
fd ;fn T;knk Ádk'k ifÙk;¨a ij vk tk;s r¨ ;g mls vklkuh ls vo'k¨f"kr dj
ldrs gSaA

fp= Ø- 3-2% izdk’k la’ys"k.k
izdk’kra= I ,oa II esa ÅtkZ dk LFkkukaUrj.k

Photosystem I& gesa LVªksek Fkk;ysdkWbM ij feYkrk gSA tks fd xzsue dh
lcls Åijh lrg ij mifLFkr jgrs gSaA ftl rjQ Stroma g¨rk gS ml
rjQ ;s gesa fn[kkbZ nsrs gSaA

Photosystem II& blesa Reaction Centre esa chl.a dk Molecule
mifLFkr jgrk gS v©j ;gh chl.a dk Molecule 680 nm rjaxnS/;Z ij lfØ;
g¨rk gS vFkkZr igY¨ Photosystem II molecule lfØ; g¨rk gS fQj
Photosystem I dk v.kq lfØ; g¨rk gSA

Photosystem II n¨ xzsue ds vkil ds chp dh lrg ij feYkrk gS ftls
ge Inter granum thylakaoid Òh dgrs gSaA ;s Lumen dh v¨j mifLFkr jgrs
gSaA lkFk gh blesa vkWDlhtu mRltÊ lewg Òh ik;s tkrs gSS ftldh lgk;rk ls
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gesa tYk ds Ádk'kh; vi?kVu ds QYkLo#Ik O2 feYkrh gS Ádk'k la'Y¨"k.k dh
ÁfØ;k esa lcls egRoiw.kZ pigment g¨rs gSaA Ádk'k ra«k II esa Ádk'k ra«k I dh
vis{kk de rjaxnS/;Z okYkh fdj.k¨a ds Q¨VkWUl dh ÅtkZ vo'k¨f"kr g¨rh gS
rFkk ;g Ádk'k ra«k dsoYk vpØh; Ádk'k QkWLQ¨jkbY¨'ku ¼Non-cyclic
Photophosphorylation½ esa dk;Z djrk gSaA

Light Reaction II

P690 (Trap II)

Chl a 680

Chl a 670

Chl a 650

P700 (Trap I)P696
(Cat 4– 77ºk)

Light Reaction I

Chl a 695

Chl a 680

Chl a 670

Chl b 650

Pigment System II Pigment System I

fp= Ø- 3-3% izdk’k la’ys"k.k PS I ,oa PS II esa
fofHkUu o.kZdksa dk forj.k

3-6 bY¨DVªWku LFkkukUrj.k rFkk Ádk’k
QkWLQ¨fjYkhdj.k (Electron Transfer and
Photophosphorylation)

Photophosphorylation& ;s n¨ izdkj esa g¨rh gS&

1- pØh; Ádk’k QkWLQ¨jkbY¨’ku

;s ÁfØ;k i©/kksa ds Ò¨tu fuekZ.k ds le; ij g¨rh gSA blesa dsoy ,d
Q¨V¨flLVe I fgLlk Y¨rk gSA
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683 m Light

fp= Ø- 3-4% pØh; QkWLQksfjyhdj.k

Q¨V¨flLVe I esa ,d e– LFkkukUrj.k J̀a[kYkk ds lkFk feYkrk gS ;g Ádk'k
fuÒZj vfÒfØ;k ¼Light dependent reaction½ g¨rh gSA bl vfÒfØ;k esa tYk ds
v.kq lw;Z dk Ádk'k iM+us ls VwV tkrs gSaA ftlls nks e– mRlftZr gksrs gSa
gkbMª¨tu vk;u fudYkrs gSa ftls Q¨VkWu dgk tkrk gSA bl nkSjku vkWDlhtu
xSl foeqDr gksrh gSA

6H2O + 6CO2 + Light C6H12O6 + O2

bl fp«k Ø- 3-4 ds vuqlkj tc PS-I d¨ chl.a 680 nm ls vf/kd
rjaxnS/;Z okYkk Ádk'k feYkrk r¨ P700 okY¨ v.kq Q¨VkWu d¨ vo'k¨f"kr djds e–

d¨ eqä djrs gSa] eqä e– FRS (Feredoxin Reducing Substance) ls g¨rs gq;ss
FD (Feredoxin) esa LFkkukUrfjr g¨rs gSaA ftlls e– vodj.k voLFkk (Reduced
form) esa vk tkrs gSaA

;gk¡ ls FD ds }kjk vo'k¨f"kr g¨us ds Ik'pkr P700 ls eqä e– n¨ iFk esa
xeu djrs gSa&

 igY¨ iFk esa Ferredoxin ls e– FAD }kjk xzg.k dj fYk;s tkrs gSa rFkk
Ádk'k ra«k II ds fYk;s tYk fo?kVu ¼Hydrolysis½ esa mRiUu gkbMª¨tu
¼H½ ls la;¨x dj FADH2 cukrs gSaA

FADH2 ;s gkbMª¨tu bY¨DVªkWu NADP }kjk xzg.k dj fYk;s tkrs gSa
v©j ;g NADPH2 voLFkk Ánf'kZr djrs gSaA

 nwljs iFk esa P700 ls eqä e– ferredoxin ls g¨rs gq,s cytochrome b6,
cyt-f ,oa Pc ¼Plastocynin½ ls g¨rs gq;s okil P700 esa igq¡p tkrs gSaA

Water Carbon
dioxide

Glucose Oxygen
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Bhd blh le; bu bY¨DVªkWu ds LFkkukUrj.k ls ,d&,d ATP ¼dqYk
2ATP½ dk fuekZ.k g¨rk gSA

vr% P700 ls eqä e– iqu% P700 esa igq¡p tkrs gSa blfYk;s bls pØh;
Q¨V¨QkWLQ¨fjY¨'ku dgrs gSaA blesa O2 eqä ugÈ g¨rh gSA

NADPH + H+ ,oa ATP ds fuekZ.k ds lkFk gh Ádk'k la'Y¨"k.k dh Ádk'k
jklk;fud (Photo-Chemcial) ;k Ádk'k vfÒfØ;k ¼Light reaction½ iw.kZ g¨
tkrh gSA

2- vpØh; Ádk’k QkWLQ¨jkbY¨’ku

blesa Ádk'k ra«k II ds DYk¨j¨fQYk }kjk eqä e– ¼chl. P680 – P690 ls½ mÙ¨ftr g¨
tkrs gSa v©j eqä e– Plastoquinine (PQ) }kjk xzg.k dj fYk;s tkrs gSaA fQj
buds }kjk LFkkukUrfjr g¨dj Cytrocrome b6, cyt.f rFkk plastocyanin ls
xqtjrs gq;s o.kZd ra«k P700 esa igq¡prs gSa vr% ;g fØ;k vpØh;
QksVksQkWLQksfjys'ku dgYkkrh gSA

Plastoquinine (PQ)  cytbe cytFPcPSI

e– LFkkukUrj.k ds n©jku cyt b6 ,oa cytf ds chp vf/kd ek«kk esa ÅtkZ eqä
g¨rh gS t¨ fd ,d ADP d¨ ATP esa ifjorZu djus ds fYk;s mi;qDr g¨rh gSA

PC (Plastocyanin) ls e– PS-I esa LFkkukUrfjr dj fn;s tkrs gSaA bl Ádkj
PS II, PS I ds }kjk gqbZ e– dh gkfu d¨ iwjk dj nsrk gS blh le; tYk ds H+

vk;u H+ vk;u esa fo?kfVr g¨ tkrk gSA

 24 4 4H O OH H  

P680 ds v.kq vkWDlh—r g¨dj OH– vk;u ,oa OH lewg ls e– d¨ xzg.k
djrs gSa rFkk vkil esa tqM+dj ikuh dk fuekZ.k djrs gSa ,oa O2 fu"dkflr djrs
gSaA

 4 4 4( )OH e OH  

2 24( ) 2OH H O O 

vr% PS II ls eqä gqvk e– okil PS II esa ugÈ vkrk D;¨afd og PS I esa
igq¡p tkrk gSa v©j NADP d¨ NADPH2 esa cnYkus esa enn djrk gSA blfYk;s
bls vpØh; Q¨V¨ QkWLQ¨fjY¨'ku dgrs gSaA



çdk'k la'ys"k.k

116

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

NADPH + H+

NADP2e–

Fd

2e–

FRS

System I
P 700

 683 m

Light
2H2O20H– + 2H+

Cl–

Mn++

O2+ H2O
Light

 673 m
2e

2e–

2e–ATP

ADP – Pi

System I

Pc

2e–

2e–
Cyt.b6

Cyt l

Non-cyclic
Photophosphorylation

PO

–0.6

–0.4

–0.2

0.0

+0.2

+0.4

+0.6

+0.8

fp= Ø- 3-5% vpØh; QksVksQkWLQksfjys’ku ,oa Z Ldhe

‘Z Scheme’– PS I ,oa PS II Q¨V¨QkWLQ¨fjY¨'ku dh ÁfØ;k esa Òkx Y¨rs
gSa ,oa Z vkdkj dh lajpuk fufeZr djrs gSa vr% bl ÁfØ;k d¨ Z Scheme
dgk tkrk gSA Z Scheme ij jkWfcu fgYk ,oa Qs&cs.MkYk ¼Robin Hill & Fay
Bendall, 1960½ us egRoiw.kZ dk;Z fd;s F¨A

Pigment System I ,oa Pigment System II d¨ tc muds lkis{k
vodj.k foÒo ds vk/kkj ij ltkrs gSa r¨ ‘Z’ ds vkdkj dh js[kk curh gS ftls
‘Z’ Ldhe dgrs gSaA

3-7 dsfYou pØ (Calvin Cycle)

va/kdkj vfHkfØ;k (Dark Reaction)

bu vfHkfØ;kvksa gsrq izdk'k dh vko';drk ugha gksrhA gjs ikS/kksa esa mifLFkr 5C
'kdZjk fjcqykst okrkoj.kh; CO2 dks fQDl djrh gSA fjcqykst loZizFke
QkWLQksjkbys'ku }kjk RUBP ,oa Ru, 1, 6DP esa cnyrh gSA tks CO2 dks
fQDl djrh gSA

dsfYou pØ (Calvin Cycle)& dsfYou ,oa csUlu us (Calvin &
Benson 1946) Chlorella Algae esa bldk v/;;u fd;k FkkA bl iFk dh [kkst



çdk'k la'ys"k.k

117

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

gsrq mUgksaus 14 ijek.kq Hkkj okyh 14CO2 dk iz;ksx fd;k vkSj ;g irk yxk;k
fd ;g C ijek.kq vkxs fØ;k esa dgk¡ vo'kksf"kr gq;s gSA

fp= Ø- 3-6% dsfYou pØ

3C Phosphoglyceric acid tks izFke Visible 3C ;kSfxd gSA lHkh ikS/ks
ftuesa bl izdkj Carboxylation gksrk gS ,oa 3C izFke ;kSfxd (Visible) gksrk
gS 3C ikni dgykrs gSaA

RUDP– Ribulose Di-Phosphate gS ftlesa 5 Carbon 2 Phosphate
xqzi&2 Ribulose Sugar ds lkFk tqM+s g¨rs gSa&

(i) dkc¨ZDlhY¨’ku (Carboxylation)& RUDP ds lkFk tc CO2

Phosphoribulose Kinase enzyme dh mifLFkfr esa tqM+rh gSa r¨ bls ge
Carboxylation dgrs gSaA bl ÁfØ;k esa ¼PGA– 3mol.) izFke mRikn
Phosphoglyceric acid dk fuekZ.k g¨rk gSaA

RUBP Carboxylation
6 mol.Ru, 1, 5, biphosphate + 6CO2 + 6H2O

3PGA
(12mol.)

…(1)
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dÒh&dÒh ifÙk; ä esa CO2 dh rqYkuk esa O2 dh lkanzrk T;knk g¨ tkrh gS
r¨ Phosphoribulose Kinase O2 d¨ Rudp ds lkFk t¨M nsrk gS ftlls 2
Carbon okYkk ;©fxd curk gS ftls Phosphoglycolic acid dgrs gSA ;g
izfØ;k izdk'k 'olu dgykrh gSA

(ii) QkWLQksfXYklfjd ,flM dk fjMD’ku (Reduction of
Phosphogly- ceric acid)& 2] 3 Phosphoglyceric acid ds 12 v.kq ATP ds
12 v.kqv¨a ds lkFk tqM+dj 1] 3 diphosphoglyceric acid dk fuekZ.k djrs gSaA

;g vfÒfØ;k Phosphoglycerokinase enzyme dh mifLFkfr esa laiUu
g¨rh gSA

Phosphoglycerokinase
12 Molecules 3 – PGA + 12 ATP

12 Molecules 1, 3 – Diphosphoglyceric acid + 12 ADP

…(2)

1] 3 MkbQkWLQ¨fXYklfjd vEYk ds 12 v.kq voÑr ¼Reduced½ g¨dj
3&QkWLQ¨fXYkjsfYMgkbM ds 12 v.kqv¨a dk fuekZ.k djrs gSa ;g ÁfØ;k Ádk'k
ÁfØ;k esa cus CO– ,Utkbe NADH + H+ ds 12 v.kqv¨a dh mifLFkfr esa g¨rh gS
rFkk ;g fØ;k Vªk;¨lQkWLQsV MhgkbMª¨ftust ,Utkbe }kjk mRÁsfjr g¨rh gS
ftlls vdkcZfud QkWLQsV eqä g¨rk gSA

12 Molecules 1, 3 – Diphosphoglyceric acid + 12 NADPH2

12 Phosphoglyceraldehyde + 12 NADP …(3)

Triosephosphate

Dehydrogenase(3C – Compound)

(3C – Compound)

3&QkWLQ¨fXYkljsfYMgkbM ds v.kqvksa ds leko;ohdj.k }kjk
MkbgkbMªkWDlh ,lhV¨u QkWLQsV dk fuekZ.k gksrk gSaA n¨u ä Isomers lkE;oLFkk esa
jgrs gSaA leko;ohdj.k dh fØ;k Vªk;¨l QkWLQsV vkbl¨ejst ,Utkbe }kjk
mRÁsfjr g¨rh gSA

5 Molecules 3 – Phosphoglyceraldelyde

…(4)

Triose Phosphate

Isomerase

5 Molecule Dihydroxy Acetone Phosphate (3C – Compound)

(iii) gsDlkl lqxj dk la’Y¨"k.k (Synthesis of hexose sugar)& (B)
3–QkWLQ¨fXYkljsfYMgkbM ds rhu v.kq rFkk gkbMªkWDlh ,lhV¨u QkWLQsV ds rhu
v.kq la;¨x djds ÝDV¨t&1-6 MkbQkWLQsV ds 3 v.kq cukrk gS t¨ gSDl¨t
'kdZjk dgYkkrh gSA ;g fØ;k ,YM¨Y¨t ,Utkbe dh mifLFkfr esa g¨rh gSA
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3 Mole 3 – Phosphoglyceraldelyde + 3 Molecule Dihydroxy

…(5)
AldolaseAcetone Phosphate Fructose 1, 6

Diphosphate (3 mole)
(6c – Compound)

izR;sd ÝDV¨t&1] 6 MkbQkWLQsV v.kq ls ,d QkWLQsV Residue dh
gkfu g¨rh vkSj QkWLQsVst ,Utkbe dh lgk;rk ls ÝDV¨t&6 QkWLQsV curk gSA

3 Mole Fructose – 1, 6 – Diphosphate + 3H2O
…(6)3 Mol. Fructose – 6 – Phosphate + 3H2PO4

6&QkWLQsV vU; 'kdZjkv¨a esa tSls& XYkwd¨t] lqØ¨t rFkk e.M vkfn esa
ifjofrZr g¨ tkrk gSA bl Ádkj ok;qe.MYkh; CO2 dk mi;¨x dkc Z̈gkbMªsV~l
ds la'Y¨"k.k esa g¨rk gSA

(iv) fjcqYk¨t MkbQkWLQsV dk iqu%dj.k (Regeneration of Ribulose
diphosphate)& n¨u¨ Vªk;¨t QkWLQsV tSls& 3 QkWLQ¨fXYkljsYMhgkbM rFkk
MkbgkbMªkWDlh ,lhV¨u QkWLQsV CO2 xzkgh jkbcqYk¨t 1] 5 & MkbQkWLQsV ds iqu%
mRiknu esa lfØ; Òkx Y¨rs gSa&

(a) ÝDV¨t& 6 QkWLQsV ds n¨ v.kq 3 QkWLQ¨fXYklj¨fYMgkbM ds n¨ v.kqv¨a
ds lkFk fØ;k djds n¨ v.kq tk;YkwYk¨t&5 QWkLQsV ds cukrs gSa rFkk n¨
v.kq bjkbFkzkst 4&QkWLQsV ds curs gSaA ;g fØ;k VªkUl
dhV¨Y¨t ,Utkbe }kjk mRÁsfjr g¨rh gSA

2 Molecules 3 Phosphglyceraldehyde + 2 Mol. Fructose
6 – Phosphate

…(7)

Transketolase 2 Mole. Xylulose 5 – Phosphate 5(C)
Compound + 2 Molecules Erythrose – 4 Phosphate

(4C – Compound)

(b) bjkbFkz¨t& 4 QkWLQsV ds n¨ v.kq MkbgkbMªkWDlh ,lhV¨u QkWLQsV ds n¨
v.kqv¨a ls la;¨x djds L;wM¨gsIVwykst &1] 7 MkbQkWLQsV ds n¨ v.kqv¨a
dk fuekZ.k djrs gSa t¨ ,d 7C okYkk ;©fxd g¨rk gS ;g
vfÒfØ;k ,UM¨Y¨t ,Utkbe }kjk mRÁsfjr g¨rh gSaA

2 Moles Erythrose 4 – Phosphate + 2 Molecules

…(8)

AldolaseDihydroxyacetone Phosphate 2 Mol.
Sedoheptulose 1, 7 Diphosphate

(7 C Compound)

(c) vc QkWLQsVst ,Utkbe Sedoheptulose 1, 7 diphosphate ds ÁR;sd v.kq
ls ,d QkWLQsV lewg d¨ fudkYk nsrk gS ftlls Sedoheptulose 7
QkWLQsV curk gSA
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(d) blds ckn Seoheptulose 7 QkWLQsV ds n¨ v.kq] 3 QkWLQ¨fXYkljsYMhgkbM
ds n¨ v.kqv ä ls fØ;k djds jkbcqYk¨t&5 QkWLQsV rFkk tk;YkwYk¨t 5
QkWLQsV ds n¨&n¨ v.kqv¨a dk fuekZ.k djrk gS v©j ;g ÁfØ;k
VªkUldhV¨Y¨t ,Utkbe ds }kjk mRÁsfjr g¨rh gSaA

2 Moles Sedoheptulse 1, 7 diphosphate + 2H2O

…(9)

Phosphatese

(7 C Compound)

2 Mol. Sedoheptulose 7 Phosphate + 3H3PO4

2 Mole. Seudoheptulose 7– Phosphate + 2 Molecules

…(10)

Transketolase
(7 C Compound)

3 – Phosphoglyceraldehyde 2 Mole

Xylulose 5 Phosphate + 2 molRibose – 5 – Phosphate

Xylulose 5-Phosphate ds pkj v.kq isomerized g¨dj jkbcqYk¨t & 5
& QkWLQsV ds v.kq cukrk gSA ;g fØ;k jkbcqYk¨t QkWLQsV
vkbl¨ejst ,Utkbe dh mifLFkfr esa g¨rh gS&

…(11)Ribulose – 5 – Phosphate

4 Mole. Xylulose 5 Phosphate Rubulose Phosphate

(5 C Compound)
Isomerase

4 Mole.

var esa jkbcqYk¨t 5 QkWLQsV ds lÒh ds lÒh N% v.kq jkbcqYk¨t & 1] 5
MkbQkWLQsV esa iqu% ifjofrZr g¨ tkrs gSaA

3-8 gSp&LY©d pØ@ 4C i©/k ä esa dkcZu vip;u
(Hatch-Slack Cycle@Carbon Reduction in C4

Plants)

gSp&LY¨d pØ

vkWLVªsfYk;k ds Áfl) oSKkfud ,e-Mh- gSp (M.D. Hatch) rFkk lh-vkj- LY¨d
(C.R. Slack) 1966 us Ádk'k la'Y¨"k.k laca/kh egRoiw.kZ dk;Z xUus o eôs dh
iŸkh ij fd;s rFkk mUg äus ckrk;k i©/k ä esa Ádk'k la'Y¨"k.k }kjk LFkk;h
C4 ;©fxd Mkbdkc¨ZfDlfYkd vEYk curk gSA

C4 Cycle d¨ mlds ÁFke fufeZr mRikn ds dkj.k C4 pØ dgrs gSa t¨ 4
Carbon ;qä vkWDtsYk¨,slhfVd ,flM gksrk gSaA ;g pØ T;knkrj ,dchti=h;
i©/k¨a esa ik;k tkrk gSa dqN f}chti«kh i©/k¨a tSls& ;wQ¨jfc;k] ,ejsUl]
phu¨i¨fM;e vkfn esa bldk v/;;u fd;k x;kA
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C4 i©/k¨a dh ifÙk;¨a esa Øk¡t ,ukVkWeh Òh ikbZ tkrh gSA ftlesa laogu iwYk ä
ds pkj ä v¨j c.MYk 'khFk ikbZ tkrh gS ,oa bu c.MYk 'khFk dh dksf'kdkvksa esa
DYk¨j¨IYkkLV ik;s tkrs gSaA c.MYk 'khFk esa ik;s tkus okY¨ DYk¨j¨IYkkLV cM+s
vkdkj ds g¨rs gSa t¨ dsUæ dh v¨j fLFkr g¨rs gSaA buesa xzsuk ugÈ ik;s tkrs gSaA
bu dksf'kdkv¨a d¨ pkj¨a v¨j ls eht¨fQYk dksf'kdk;sa ?¨js jgrh gSa v©j
eht¨fQYk dksf'kdkv ä ds e/; fLFkr vUrjdksf'kdh; vodk'k N¨Vs vkdkj esa
g¨rs gSaA eht¨fQYk dksf'kdkvksa esa a lkekU; Ádkj ds DYk¨j¨IYkkLV~l ik;s tkrs gSaA
C4 i©/k¨a dh eht¨fQYk dksf'kdkv ä esa C4 pØ rFkk c.MYk'khFk dksf'kdkv ä esa C3

pØ ik;k tkrk gSA

Mesohyll
cells

Lower
epidermis

Epidermis

Chloroplasts

Phloem
Vascular
bundle

Xylem

special types of
chloroplast

Stomata

Cells of bundle
sheath with

fp= Ø- 3-7% iŸkh dh [kMh dkV esa Øsat ,ukVkWeh iznf’kZr

C4 i©/k ä esa Ádk'k 'olu ugÈ g¨rk gSaA C3 i©/k ä ls ;s mRÑ"V g¨rs gSaA dqN
ikS/kksa esa CO2 QkWLQksbuksy ik;:fod vEy }kjk fQDl gksrh gS ,oa
dkcksZDlhys'ku dk izFke fufeZr mRikn 4C ;kSfxd OAA gksrk gS&

1- ;g fØ;k DYk¨j¨IYkkLV }kjk iÙkh dh eht¨fQYk dksf'kdkv¨a esa g¨rh gS
ftlesa CO2 xzkgh] 3 Carbon ;qä ;©fxd QkWLQ¨buWkYk ik;#fod vEYk ¼PEP½
g¨rk gS t¨ CO2 ls feYkdj 4&C ;qä ;©fxd vkWDtsYk¨ ,slhfVd ,flM vEYk
cukrk gS v©j ;g C4 Cycle dk lcls igYkk LFkkbZ mRikn g¨rk gSA ;g ÁfØ;k
PEP dkc Z̈DlhY¨t uked ,Utkbe ds }kjk g¨rh gSA

Phosphoenol Pyruvic acid + CO2 + H2O PEP Carboxylase

Oxaloacetic acid + H3PO4

(OAA)
(PEP)
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2- vc ;g OAA dk vip;u g¨rk gS ftlls eSfYkd ,flM dk fuekZ.k
g¨rk gSA bl n©jku NADPH2 dk vkWDlhdj.k g¨xk ftlls ;s NADP esa cnYk
tkrk gSA

Malic acid +
NADP+

Malic
Dehydrogenase

Oxaloacetic acid + NADPH2

fp= Ø- 3-8% izdk’k la’ys"k.k & gSp ,oa Lysd pØ

VªkUl,eh'ku dh fØ;k ds QYkLo#i OAA ,LikfVZd vEYk esa cnYk tkrk
gS ;gk¡ VªkUl,ehust ,Utkbe dksf'kdk æO; esa mifLFkr g¨rk gSA

Transa min aseOxaloacetic acid Aspartic acid

3- iÙkh dh c.MYk'khFk dksf'kdkv ä esa lÒh 4C okY¨ vEYk tSls&
vkWDtsYk¨,slhfVd vEYk (OAA)] eSfYkd vEYk (MA) rFkk ,LikfVZd vEYk (AA)
laogu c.MYk 'khFk dh dks"kkvksa esa LFkkukUrfjr g¨ tkrs gSaA

blh le; c.MYk'khFk ds DYk¨j¨IYkkLV esa eSfYkd ,flM dk
Mhdkc¨ZDlhY¨'ku g¨rk gS ftlls ik;#fod vEYk curk gS rFkk CO2 fu"dkflr
g¨ tkrh gSA Malic enzyme ,d mRÁsjd dh rjg dk;Z djrk gSA
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Malic enzyme
Malic acid + NADP + Pyruvic acid

NADPH + H+ + CO2

4- vc fu"dkflr CO2 Calvin cycle esa igq¡p tkrh gSa rFkk RuDP ls
la;¨x djds QkWLQ¨fXYklfjd vEYk ¼PGA½ ds v.kqv¨a dk fuekZ.k djrh gSA

5- ;g fØ;k ik;#osV&QkWLQsV Mkbdkbust }kjk mRÁsfjr g¨rh gS ftlesa
Mhdkc¨ZDlhY¨'ku }kjk ik;#fod vEYk iqu% eht¨fQYk dksf'kdkv¨a esa pYkk tkrk
gS t¨ QkWLQksbu¨y ik;#fod vEYk ¼PEP½ esa cnYk tkrk gSaA bl fØ;k esa
Ádk'k la'Y¨"k.k dh ÁfØ;k esa mRiUu ATP dk ,d v.kq dke esa vkrk gSA

Pyruvate Phosphate
Dikinase

Pyruvic acid + ATP + H3PO4
Phosphoenol pyruvic
acid + ATM + P  P

C4 i©/k¨a dh fo’¨"krk;sa& bu i©/k ä dh vkUrfjd lajpuk esa vusd
fo'ks"krk;sa ikbZ tkrh gSa&

1- C4 i©/k¨a dh ifÙk; ä ds laogu caMy esa c.MYk'khFk ikbZ tkrh gS] ftudh
dksf'kdkvksa esa Chloroplast fLFkr g¨rk gSA

2- laogu caMy ds pkj¨a v¨j ;s dksf'kdk;sa vjh; (Radial) n'kk esa foU;Lr
g¨rh gSA

3- c.MYk'khFk dh dksf'kdkv¨a esa fLFkr DYk¨j¨IYkkLV esa xzsuk ugÈ ik;s tkrs
Y¨fdu eht¨fQYk dksf'kdkv ä esa xzsuk ik;s tkrs gSaA

4- dqN i©/¨ tSls cjeqMk ?kkl ¼Barmuda grass½ dh c.MYk 'khFk esa xzsuk
mifLFkr g¨rs gSa vFkkZr~ lHkh C4 i©/k ä esa DYk¨j¨IYkkLV dh f}#irk ugÈ
ikbZ tkrh gSaA

5- C4 i©/k¨a esa ik;h tkus okyh ;g jpuk Økat ,ukVkseh dgykrh gSA

C3 rFkk C4 i©/k ä esa vusd fÒUurk;sa ikbZ tkrh gS ftuesa ls Áeq[k fÒUurk;sa
fuEufYkf[kr gSaA

Lkkj.kh Ø- 3-1

Ø- C3 i©/¨ C4 i©/¨

1- blesa ÁFke LFkkbZ mRikn 3 dkcZu
okYkk inkFkZ g¨rk gS ftls PGA
dgrs gSaA

blesa ÁFke LFkkbZ mRikn 4 dkcZu
okYkk inkFkZ g¨rk gS ftls OAA dgrs
gSaA

2- blesa CO2 dk fLFkjhdj.k ,d ckj
RuDp ds }kjk g¨rk gSa ftlls
PGA dk fuekZ.k g¨rk gSA

blesa CO2 dk fLFkjhdj.k n¨ ckj
g¨rk gSA PEP-CO2 ls tqM+dj OAA
cukrk gSa nwljh ckj RuDp-CO2 ls
tqM+dj PGA cukrk gSaA

3- buds fYk;s 10&25ºC vuqdwYk
rkieku gSaA

buds fYk;s 30&40ºC vuqdwYk rkieku
gSA
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4- CO2 xzkgh RuDp gSaA CO2 xzkgh PEP ,oa RuDp gSaA

5- buesa Økat ,ukVkWeh ugÈ ikbZ tkrh
gSA

buesa Økat ,ukVkWeh ikbZ tkrh gSA

6- Chloroplast esa f}#irk ugÈ ikbZ
tkrh gSaA

buds Chloroplast esa f}#irk ikbZ
tkrh gSaA

7- buesa dsoYk C3 iFk pYkrk gSaA buesa C3 ,oa C4 n¨u¨a iFk pYkrs gSaA

8- bleasa Rubisco ,Utkbe mifLFkr
g¨rs gSaA

blesa Rubisco ,Utkbe caMYk 'khFk esa
ik;k tkrk gSaA

9- buesa Ádk'k 'olu ik;k tkrk gSaA blesa Ádk'k 'olu ugÈ ik;k tkrk
gSaA

10- blesa ,d gh Ádkj dh dksf'kdkv¨a
esa ;g pØ iw.kZ g¨rk gSaA

blesa n¨ Ádkj dh dksf'kdkv¨a esa ;g
pØ iw.kZ gksrk gSaA

11- CO2 ds ,d v.kq vip;u ds fYk;s
3 ATP v©j 2 NADP v.kqv¨a dh
vko';drk g¨rh gSaA

CO2 ds ,d v.kq vip;u ds fYk;s 5
ATP v©j 2 NADP v.kqv ä dh
vko';drk g¨rh gSA

12 CO2 dEisUls'ku fcanq vf/kd gksrk
gSA

CO2 dEisUls'ku fcanq de gksrk gSA

3-9 CAM pØ (CAM Cycle)

bls ØsL;wY¨flu ,flM esVkc¨fYte dgrs gSa D; äfd ;s i©/ ä ØslwY¨lh QSfeYkh ds
lnL; g¨rs gSaA bu ikS/kksa ds vanj jkr d¨ dkcksZfud ,flM curk gSa v©j fnu
ds oä jkr d¨ cuk dkcksZfud ,flM VwV tkrk gSA blhfYk;s ;g ,flM
esVkc¨fYte dgykrk gSaA

CAM pØ ekaly e#n~fHkn ikS/kksa tSls& ,Yk¨;] lhfM;e (Sedium)]
v¨iaf'k;k (Opuntia)] czk;¨fQYke (Bryophyllum) vkfn esa gksrk gSA CAM i©/k¨a
esa ja/kz jkr esa [kqY¨ jgrs gSa rFkk fnu ds le; cUn jgrs gSaA

CAM ikS/ksa 'kq"d fLFkfr;ksa ds fy, vuqdwfyr gksrs gSA buesa e:n~fHkn
y{k.k thick cuticle, sunken stomata, reduced leaves vkfn ik;s tkrs gSA pwafd
buds ja/kz fnu ds le; can ,oa jkf= ds le; [kqys jgrs gSa vr% buesa ty
laxzg.k dh {kerk c<+ tkrh gSA

vEYkhdj.k& CAM i©/k ä esa tc jkf«k ds le; LV¨esVk [kqY¨ jgrs gSa] rc
CO2 dk ÁkjafÒd fLFkjhdj.k g¨rk gSa ;g PEP ls tqM+dj OAA
¼vkWDtsYk¨ ,flfVd ,flM½ dk fuekZ.k djrk gSa t¨ fd ¼4C½ ;©fxd gSaA vc
OAA vipf;r g¨dj eSfYkd ,flM esa cnYk tkrk gS v©j NADPH2 vkWDlhÑr
g¨dj NADP esa cnYkrk gSA jkr ds le; cuus okYkk eSfYkd ,flM fjfädk esa
tkdj lafpr g¨ tkrk gSaA
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Phosphoenol Pyruvic acid + 2CO + 2H O Oxaloacetic acid

(OAA) + H3 PO4

Oxaloactic acid + NADH + H  Malic acid + NADP

jkr ds oä cuk Malic Acid fnu esa VwV tkrk gS og n¨ mRikn cukrk
gSa& ¼1½ ik;:fod vEy ¼2½ dkcZu MkbvkWDlkbM+ cukrk gSA ;g fØ;k Malic
enzyme }kjk gksrh gSA blesaa NADP+ ds ,d v.kqdk vodj.k gksrk gSA

Malic acid + NADP Malic Pyruvic acid + NADPH + H + 2CO

;g fØ;k fo&vEYkhdj.k (Deacidification) dgYkkrh gSaA ;g fØ;k
eSfYkd ,Utkbe dh mifLFkfr esa g¨rh gSaA fdUrq dqN i©/k ä esa ;g fØ;k PEP
Carboxy Kinase }kjk mRÁsfjr g¨rh gSaA

ØsCl pØ ds iFk }kjk ik;#fod vEYk dk CO2 esa vkWDlhdj.k g¨rk gSa
vFkok ;g QkWLQ¨bu¨Yk ik;#fod vEYk esa iqu% ifjofrZr g¨dj C3 pØ }kjk
'kdZjk la'Y¨f"kr djrk gSaA eSfYkd vEYk ds fo&vEYkhdj.k esa eqä CO2

jkbcqYk¨t MkbQkWLQsV }kjk xzg.k dj Ykh tkrh gSa rFkk C3 pØ esa bldk
fLFkjhdj.k g¨ tkrk gSA

fp= Ø- 3-9% CAM ikS/kks esa fnu ,oa jkf= esa vEyhdj.k
,oa fovEyhdj.k dk izn’kZu
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3-10 CySdeSu dk lhekdkjd fl)kUr
(Blackman’s Boundary Theory)

lhekdkjd dh fØ;k’khyrk (Activity of Limiting Factor)
fdlh Hkh izdk;kZRed fØ;k (Physiological function) dh nj ;fn vusd
dkjdkas ij fuHkZj djrh gS] rks ml fØ;k ds lEikfnr gksus dh dq'kyrk lcls
de ek=k esa miyC/k dkjd ds izHkko ij fuHkZj djrk gSaA mnkgj.k ds fy, ;fn
izdk'k&la'ys"k.k dks laiUu djus okys lHkh dkjdksa esa CO2 dh ek=k de gksrh
gS] rks bldh ek=k c<kus ij gh izdk'k la'ys"k.k ds nj esa vfHkof̀) gksxhA ,slh
fLFkfr gksus ij CO2 lhekdkjd dgyk;sxkA blh izdkj ;g fLFkfr vU; dkjdksa
ij Hkh ykxw gksrh gSA

loZizFke fyfcx (Liebig, 1843) us U;wurk dk fu;e (Law of minimum)
fn;k rFkk dgk fd ^^fdlh mikipf;d ;k dkf;Zd fØ;k dh nj U;wure ek=k esa
mifLFkr dkjd }kjk fu;fU=r gksrh gSA** bls gh foLrkfjr djrs gq, CySdeSu
(Blackman, 1905) us lhekdkjdksa dk fl)kUr (Principle of limiting
factors) fn;kA CySdeSu ds bl fl)kUr ds vuqlkj tc fdlh fØ;k dh
rhozrk (Rapidity) vusd i`Fkd~&i`Fkd~ dkjdksa }kjk fu/kkZfjr gksrh gS]
rc ml fØ;k dh nj U;wure ek=k esa mifLFkr dkjdksa }kjk gh
ifjlhfer (Limited) dh tkrh gSA

mnkgj.kkFkZ& ;g eku ysa fd dksbZ ikS/kk izdk'k&la'ys"k.k esa 6 mg CO2

dk mi;ksx izfr ?k.Vk dj ldrh gS vkSj miyC/k izdk'k dh rhozrk bruh gS fd
og 5 mg CO2 dk gh mi;ksx dj ik,xkA ,slh fLFkfr esa CO2 dh ek=k c<krs
jgus ij izdk'k la'ys"k.k dh nj c<rh pyh tk;sxh] ysfdu ckn esa ;g :d
tk;sxk] D;ksafd izdk'k rhozrk lhekdkjh cu tk,xkA ,slh fLFkfr esa izdk'k
la'ys"k.k dh nj rHkh c< ik;sxh] tc CO2 ds lkFk&lkFk izdk'k rhozrk Hkh
c<k;h tk;sxh rc gh izdk'k&la'ys"k.k dh nj c< ik;sxhA blh rjg rhozrk ,oa
CO2 lkUnz.k nksuksa dks Øe'k% c<krs pys tk;sa rks DyksjksfQy dh miyC/krk
lhekdkjh gks tkrh gSA

Optimum

MaximumMinimum

Limiting Factor

P
ho

to
sy

nt
he

si
s

fp= Ø- 3-10% lhekdkjh fl)kUr
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3-11 Ádk’k la’ys"k.k d¨ ÁÒkfor djus okY¨ dkjd
(Factors Affecting Photosynthesis)

1- Ádk’k& Ádk'k la'Y¨"k.k dh fØ;k YkkYk o uhY¨ Ádk'k esa lcls vf/kd
g¨rh gSa tc fd ijkcSaxuh] gjh] ihYkh o vojDr Ádk'k esa ugÈ g¨rk gSaA
Ádk'k la'Y¨"k.k dh fØ;k rhozrk ij c<+rh gS ijUrq tSls&tSls rhozrk
mPp g¨ tkrh gS ;g fØ;k ?kVus Ykxrh gSaA D;ksafd izdk'k dh vf/kd
rhozrk esa DyksjksfQy ,oa dksf'kdkvksa ds thonzO; vfØ;k'khy gks tkrs gSA

2- rkieku& Ádk'k la'Y¨"k.k esa vusdksa ,Utkbe fØ;k;sa g¨rh gSA ,Utkbe
rkiØe ds ,d vuqdwYk ijk lhek rd gh fØ;k'khYk g¨rs gSa vFkkZr~ 0ºC
ls 35ºC rd rkiØe c<+us ij Ádk'k la'Y¨"k.k dh nj c<+rh gS Y¨fdu
tSls gh rkiØe 35ºC ls Åij tkrk gS ;g nj ?kVus Ykxrh gSA

3- dkcZu MkbvkWDlkbM+ (CO2)& CO2 dh lkUærk c<+us ij Ádk'k
la'Y¨"k.k dh nj c<+rh gSa Y¨fdu CO2 dh lkUærk de g¨us ij Ádk'k
la'Y¨"k.k dh nj Òh ?kVus yxrh gSA i©/k¨a }kjk vo'k¨f"kr dkcZu
MkbvkWDlkbM+ (CO2) dksf'kdkv¨a esa mifLFkr DYk¨j¨IYkkLV~l esa ?kqfYkr
CO2 vFkok dkc Z̈fud vEYk ¼Carbonic acid½ ds #i esa igq¡prh gSaA
ok;qe.MYkh; CO2 fujUrj i©/k ä }kjk izdk'k la'Y¨"k.k fØ;k esa Á;¨x g¨rh
jgrh gSaA

4- tYk& tYk ds vÒko dh fLFkfr esa Ádk'k la'Y¨"k.k dh nj :d tkrh gSa
D;¨afd ,slk ok"i¨RltZu dh nj de djus ds fYk;sa ja/kz̈ a ds can jgus d¨
dkj.k g¨rh gSaA blls tYk dk Áos'k #d tkrk gS v©j Ádk'k la'Y¨"k.k
dh fØ;k ij cqjk ÁÒko iM+rk gSaA

5- vkWDlhtu& ok;qe.MYk esa YkxÒx 21 Áfr'kr vkWDlhtu g¨rh
gSaA ;|fi O2 dh ek«kk dk Ádk'k&la'Y¨"k.k ij d¨bZ ÁÒko ugÈ iM+rk]
fdUrq ;g ns[kk x;k gS fd ;fn vkWDlhtu dh Áfr'kr ek«kk ok;qe.MYk
esa c<+ tkrh gSa r¨ Ádk'k&la'Y¨"k.k nj de g¨us Ykxrh gSaA

6- jklk;fud inkFk¨± dk ÁÒko& i©/k ä esa mifLFkr dqN jklk;fud
inkFkZ ,Utkbe dh fØ;k ?kVkus Ykxrs gSaA gkbMª¨lk;fud vEYk]
gkbMªkWDlhY¨ehu] gkbMª¨lYQkbM vkfn jklk;fud inkFkZ Ádk'k&la'Y¨"k.k
esa Òkx Y¨us okY¨ ,Utkbe dh fØ;kv ä d¨ de dj nsrs gSaA cgqr de
ek«kk esa DYk¨j¨QWkeZ bZFkj mifLFkr g¨us ij Ádk'k&la'Y¨"k.k dh nj cgqr
de g¨ tkrh gSaA
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3-12 Ádk’kh; ’olu (Photorespiration) vFkok C2

vFkok XYkkbdksysV pØ (Glycolate Cycle)

;g C3 i©/k ä esa g¨us okYkh cgqr egRoiw.kZ ÁfØ;k gSaA **bl ÁfØ;k esa CO2 eqä
g¨rh gSa D;¨afd ;g ÁfØ;k Ádk'k dh mifLFkfr esa g¨rh gSa ,oa Ádk'k&la'Y¨"k.k
ls tqM+h g¨us ds dkj.k bls Q¨V¨jsfLijs'ku dgrs gSaA**

Áfl) oSKkfud vkWV¨ okjcxZ ¼Otto Warburg 1920½ us crk;k fd
ok;qe.MYk esa O2 dh vf/kd ek«kk mifLFkr g¨us ij '©okYk ä esa Ádk'k la'Y¨"k.k
lanfer ¼Inhibit½ g¨ tkrk gSaA

Ádk'k la'Y¨"k.k esa O2 ds mPpLrj ds dkj.k laneu ¼Inhibition½ okjcxZ
ÁÒko ¼Warburg effect½ dgYkkrk gSaA

vxj i©/¨ ds ikl CO2 dh lkUærk T;knk g¨xh r¨ i©/k¨a esa lkekU;
ÁfØ;k g¨rh jgrh gSA vxj O2 dh lkUærk T;knk gS r¨ Q¨V¨jsfLijs'ku g¨rk gSaA

Q¨V¨jsfLijs'ku dh ÁfØ;k dksf'kdk ds rhu dksf'kdkaxksa esa laiUu gksrh gS&

1- DyksjksIykLV (Chloroplast)

2- ijvkWDlhlkse (Peroxysome)

3- ekbVksdkWf.Mª;k (Mitochondria)

1. DyksjksIykLV (Chloroplast)& blds vanj RuDp 1,5 diphosphate
O2 ds lkFk vfÒfØ;k djds n¨ mRikn fufeZr djrk gSaA 2 phosphoglycolic
acid ,oa 3 phosphoglyceric acid

Ribulose 1.5 Diphoshate + O2 2 Phosphoglycolic acid
+ 3 Phosphoglyceric acid

;g 2 QkWLQ¨XYkkbd¨fYkd vEYk QkWLQsVst ,Utkbe dh mifLFkfr esa ,d
QkWLQsV lewg dh gkfu djrk gSa rFkk XYkkbd¨fYkd vEYk esa ifjofrZr g¨ tkrk
gSaA

2 Phosphoglyceric acid + H2O Glycolic acid + Phosphoric
acid

2. ijvkWDlhlkse XYkkbd¨fYkd vEYk& ¼tks fd izdk'k la'ys"k.k dk iwoZ
mRikn gS½ ijvkWDlhl¨e esa LFkkukUrfjr dj fn;k tkrk gSaA XYkkbd¨fYkd vEYk
O2 ls ÁfrfØ;k djds XYkkbvkWDlhfYkd vEYk rFkk gkbMª¨tu ijvkWDlkbM esa
vkWDlhÑr g¨ tkrk gSaA ;g fØ;k XYkkbd¨fYkd vEYk vkWDlhMst ,Utkbe dh
lgk;rk ls iw.kZ g¨rh gSaA

Glycolic acid + O2 Glycolic acid + H2O2 2H2O2

2H2O2 + O2
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H2O2 ,d ,Utkbe dsVsY¨t }kjk u"V dj fn;k tkrk gSaA
XYkkbvkWDlhfYkd vEYk] VªkUl,ehbus'ku ÁfØ;k }kjk ,d vehu¨ vEYk XYkkblhu
esa ifjofrZr g¨ tkrk gSaA bl fØ;k dks XYkwVkesVXYkkbvkWDlhY¨V VªkUl,ehust
uked ,Utkbe mRÁsfjr djrk gSaA

Glycin + α
– Ketoglutaricacid

Glyoxylic acid + Glutamic acid

3. ekbVksdkWf.Mª;k& XYkkblhu ekbV¨dkWf.Mª;k esa LFkkukUrfjr g¨ tkrh gS
tgk¡ ij XYkkblhu ds v.kq vU;¨U; fØ;k djds lsjhu ds v.kq dk fuekZ.k djrk
gSaA

fp= Ø- 3-11% izdk’k la’ys"k.k QksVks jsfLijs’ku
ds fofHkUu pj.k

Serine + CO2 + NH3 + NADH22Glycine + H2O + NAD+
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ekbV¨dkf.Mª;k ls Ádk'kh; 'olu esa CO2 eqä g¨ tkrh gSaA XYkkblhu
Mh&dkc Z̈DlhY¨'ku ds le; eqä gqbZ NH3 dk LFkkukUrj.k dksf'kdkæO; vFkok
DYk¨j¨IYkkLV esa g¨ tkrk gSa tgk¡ ij ;g NH3 XYkwVsfed vEYk ds la'Y¨"k.k esa
lgk;d g¨rk gSaA

vehu¨ vEYk lsjhu ijvkWDlhl¨e esa fQj okil vk tkrk gSa tgk¡ ij ;g
fove¨uhÑr rFkk voÑr g¨dj gkbMªkWDlhik;#fod vEYk v©j vUr esa fXYklfjd
vEYk dk fuekZ.k djrs gSa&

Serine + Glyoxylic acid Hydroxypyruvic acid + Glycine
Hydroxypyruvic acid + NADH2 Glyceric acid + NAD

vUr esa fXYklfjd vEYk DYk¨j¨IYkkLV esa Áos'k djrk gSa rFkk QkWLQ¨fjYkhÑr
g¨dj 3&QkWLQ¨fXYklfjd vEYk cukrk gS t¨ C3 pØ esa pYkk tkrk gSaA

Glyceric acid + ATP 3Phosphoglyceric acid

viuh Áxfr tk¡fp, (Check Your Progress)

1- gfjr Ykod ik;k tkrk gSaA

¼v½ ekbV¨dkWf.Mª;k ¼c½ DYk¨j¨IYkkLV

¼l½ lkbVksØkse ¼n½ lk;V¨IYkkTe

2- Ádk'k la'Y¨"k.k ds }kjk cuk mRikn g¨rk gSaA

¼v½ XYkwd¨t ¼c½ Á¨Vhu

¼l½ olk ¼n½ ÝDV¨t

3- C4 pØ fdl oSKkfud us izfrikfnr fd;kA

¼v½ fgu ¼c½ dsfYou

¼l½ gSp ,oa Ldsy ¼n½ vk[ku

4- fuEu esa ls C4 ikS/kk dkSulk gSA

¼v½ eDdk ¼c½ vkyw

¼l½ eVj ¼n½ iihrk

5- izdk'k la'ys"k.k esa vkWfDltu (O2) fudyrh gSA ftldk Lkzksr gSA

¼v½ CO2 ¼c½ H2O

¼l½ Xywdkst ¼n½ dksbZ ugha
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3-13 viuh Áxfr tk¡fp, Á’u¨a ds mÙkj
(Answer to Check Your Progress)

1- ¼c½

2- ¼v½

3- ¼l½

4- ¼v½

5- ¼c½

3-14 lkjka’k (Summary)

izdk'k la'ys"k.k gjs ikS/kksa esa gksus okyh ,slh mipf;d fØ;k gS ftlds }kjk
vdkcZfud ljy ;kSfxdkas ¼ty rFkk dkcZu MkbvkWDlkbM+½ dks izdk'kh; ÅtkZZ
ds }kjk dkckZsgkbMsªVl ds #Ik esa cny fn;k tkrk gS&

 bl bdkbZ ds v/;;u djus ls ;g Kkr gqvk fd ATP ,d izdk'k ÅtkZ
v.kq gS tks ATP esa ,d QkWLQsV xqzi ds tqMus ls curk gS rFkk blh
fØ;k dks QkWLQksjkbys'ku dgk tkrk gSA

 bl bdkbZ ds v/;;u ds }kjk ;g Kkr gqvk gS fd ikniksa esa izdk'k
ÅtkZ dk vo'kks"k.k lkekU;r% o.kZd ds uke ls tkuk tkrk gSA ikni
txr ds lnL;ksa esa ik, tkus okys eq[; izdk'k la'ys"kh o.kZd DyksjksfQy]
dsjksVhukWbM ,oa Qkbdksfcfyu gSA

 dsfYou pØ dh dk;Ziz.kkyh ds ckjs esa irk pyrk gS rFkk ikS/kksa ds nks
izdkjksa C3 ikS/kksa ,oa C4 ikS/kkas esa varj dk Kku gksrk gSA

3-15 eq[; ’kCnkoYkh (Key Terminology)

 Ádk’k la’ys"k.k% çdk'k la'ys"k.k og çfØ;k gS ftlds }kjk gjs ikS/ks
lw;Z ds çdk'k dh mifLFkfr esa ty ,oa dkcZu MkbvkWDlkbM+ ds la;ksx
ls dkcksZgkbMªsV dk fuekZ.k djrs gSa rFkk bl çfØ;k esa mRikn ds :i esa
v‚Dlhtu fueqZä gksrh gSA

 Ádk’k la’ys"kh o.kZd% ikniksa esa çdk'k ÅtkZ dk vo'kks"k.k lkekU;r%
o.kZdksa ds }kjk fd;k tkrk gS vr% bUgsa çdk'k la'ys"kh o.kZd ds uke ls
tkuk tkrk gSA

 Ádk’k dk QkWLQksfjfydj.k% tc mPp ÅtkZ ;qä bysDVªkWu] bysDVªkWu
ifjogu ra= esa fuEu Lrj ij tkrs gSa rks os ÅtkZ eqä djrs gSa ;g ÅtkZ
vdkcZfud QkWLQsV ¼ip½ dks ADP ls tksM+dj ATP cukrh gS rFkk ;g
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çfØ;k QkWLQksjkbys'ku dgykrh gSA D;ksafd ;g çdk'k dh mifLFkfr esa
gksrh gSA vr% bls çdk'k&QkWLQksfjyhdj.k dgrs gSaA

 dsfYou pØ% izdk'k la'ys"k.k ds nkSjku izksVksIykLV esa gksus okyh
jklk;fud izfØ;kvksa dk ,d lewg gksrk gS bls dsYohu pØ dgk tkrk
gSA

3-16 Lo-ewY;kadu Á'u ,oa vH;kl
(Self Assessment Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- CAM pØ d¨ le>kb,A

2- C3 rFkk C4 pØ esa rqYkuk dhft,A

3- n¨ o.kZd¨a ij laf{kIr fVIi.kh fYkf[k,A

4- pØh; rFkk vpØh; Q¨V¨QkWLQ¨jkbY¨'ku d¨ le>kb,A

nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- Ádk'k la'Y¨"k.k fdls dgrs gSa\ Ádk'k la'Y¨"k.k dh ÁfØ;k d¨
le>kb,A

2- Ádk'kh; 'olu fdls dgrs gSa\ bldh ÁfØ;k d¨ le>kb,A

3- Ádk'k la'Y¨"k.k d¨ ÁÒkfor djus okY¨ dkjd¨a d¨ foLrkj iwoZd
le>kb,A

4- dsfYou pØ ds ek/;e ls dkcZu Lokaxhdj.k dh fØ;k d¨ le>kb,A

3-17 lgk;d ikB~; lkexzh (Suggested Readings)

1- Function of Plant Physiology, Fourth Edition, William G. Hopkins
German P.A. Honer.

2- ;wfuQkbM ouLifr foKku] ,l-oh vxzokyA

3- Plant Physiology, Third Edition Taiz & Zeiger.
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bdkbZ 4 'olu (Respiration)

Lakjpuk (Structure)

4-0 ifjp;
4-1 mÌs';
4-2 ifjHkk"kk

4-2-1 'olu ds izdkj
4-2-2 vkWDlh 'olu o vukWDlh 'olu esa varj

4-3 ekbVksdkWf.Mª;k
4-3-1 ekbVksdkWf.Mª;k dh ijklajpuk

4-4 'olu dh fØ;kfof/k
4-4-1 Xykbdksykbfll ¼bZ- ,e- ih- iFk½
4-4-2 vukWDlh 'olu fd.ou esa ik;:fod vEy dk Hkfo";
4-4-3 vkWDlh 'olu esa fofHkUu izn rFkk Øsc pØ

4-5 is.Vkst QkWLQsV iFk
4-6 bysDVªkWu VªkUliksVZ ra= ,oa vkWDlhMsfVo QkWLQksjkbys'ku
4-7 'olu xq.kkad ;k 'olu vuqikr rFkk 'olu inkFkZ

4-7-1 'olu xq.kkad o izdk'k la'ys"k.k xq.kkad esa varj
4-7-2 xsukaXl jsLikbjksehVj }kjk 'olu inkFkksZa dk 'olu HkkxQy Kkr djuk

4-8 'olu ij izHkko Mkyus okys dkjd
4-9 fjMkWDl foHko

4-10 ATP la'ys"k.k ds fofHkUu fl)kUr
4-11 viuh Áxfr tk¡fp, Á'u¨a ds mÙkj
4-12 lkjka'k
4-13 eq[; 'kCnkoyh
4-14 Lo-ewY;kadu Á'u ,oa vH;kl
4-15 lgk;d ikB~; lkexzh

4-0 ifjp; (Introduction)

lHkh tho/kkjh 'olu fØ;k }kjk vkWDlhtu xSl xzg.k djrs gS] rFkk
dkcZu MkbvkWDlkbM+ dks ckgj fudkyrs gSA 'olu fØ;k ds }kjk Hkkstu dk
vkWDlhdj.k gksrk gSA Hkkstu ds vkWDlhdj.k ds }kjk mRikn ds :Ik esa
dkcZu MkbvkWDlkbM+ ty rFkk ÅtkZ curh gSA bl ÅtkZ dk mi;ksx tho/kkfj;ksa
ds }kjk tSfod fØ;kvksa ds fy, fd;k tkrk gSA

gjs ikS/kksa esa izdk'k&la'ys"k.k dh izfØ;k gksrh gSA ftlds }kjk lHkh gjs
ikS/ks lkSj ÅtkZ dks xzg.k djds viuk HkksT; inkFkZ cukrs gSA lw;Z dh ÅtkZ
tho/kkfj;ksa ds fy, ÅtkZZ Lkzksr gksrk gSaA thoksa esa lHkh izdkj dh tSfod fØ;k,¡
ÅtkZ ds }kjk laiUu gksrh gSA thou dh tSfod fØ;kvksa ds fy, gjs ikS/kksa es
izdk'k&la'ys"k.k ds }kjk HkksT; inkFkksZ a dk fuekZ.k gksrk gS rFkk budk
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vkWDlhdj.k gksrk gS] ftlds QyLo:Ik ÅtkZ fudyrh gSA blh izfØ;k dks
'olu dgrs gSA

4-1 mÌs’; (Objectives)

bl bdkbZ dks i<us ds Ik'pkr vki&

 'olu] 'olu ra= vkfn ds ckjs esa le>saxsA

 ekbVksdkWf.Mª;k 'olu dh fØ;kfof/k fd.ou ,oa 'olu fØ;k ij izHkko
Mkyus dkjd dk Hkh Kku izkIr gks ldsaxkA

 blds }kjk 'olu xq.kkad laca/kh tkudkjh Hkh izkIr gks ldsaxhA

 bl bdkbZ ds }kjk dks'kdh; 'olu dk Kku izkIr gks ldsaxkA

4-2 ifjHkk"kk (Definition)

^^'olu ,d tSfod fØ;k gSA tks ikS/kksa dh lHkh thfor dksf'kdkvksa esa ik;h
tkrh gSA fo'ks"k :Ik ls of̀) djus okys ikS/kksa ds vaxksa esa bldh nj vf/kd gksrh
gSA

'olu ,d ,slh izfØ;k gS ftlls 'olu inkFkksZ a ¼tfVy inkFkkasZ½ dk
vkWDlhdj.k gksrk gSA ftlls tfVy inkFkZ ljy inkFkZ esa ifjofrZr gks tkrk
gSA ,oa blds QyLo:Ik ATP dk fuekZ.k gksrk gS rFkk CO2 fjyht gksrh
gSA ;g ,d izdkj dk vkWWDlhMsfVo dsVkcksfyTe gSA

2 2 6 12 6 26 6 6light
ChlorophyllCO H O C H O O   ¼izdk'k la'ys"k.k½

6 12 6 2 2 26 6 6 673C H O O C kcalO H O    ¼'olu½

4-2-1 ’olu ds izdkj (Types of Respiration)

'olu eq[;r% nks izdkj dk gksrk gS&

1- vkWDlh 'olu (Aerobic Respiration)

2- vukWDlh 'olu (Anaerobic Respiration)

1- vkWDlh ’olu& vkWDlhtu dh mifLFkfr esa gksus okyk 'olu] vkWDlh
'olu dgykrk gSA vkWDlhtu dh mifLFkfr ds dkj.k HkksT; inkFkksZa dk iw.kZ
vkWDlhdj.k gksrk gSA ftlls inkFkksaZ ds iw.kZ vkWDlhdj.k ds dkj.k dkcZu
MkbvkWDlkbM+ rFkk ÅtkZ mRiUu gksrh gSA ftls ge fuEu lehdj.k ds }kjk
iznf'kZr djrs gSaA

 6 12 6 2 2 26 6 6 673C H O O CO H O Energy k   
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2- vukWDlh ’olu& ,slh izfØ;k ftlesa vkWDlhtu dh mifLFkfr dh
vko';drk ugha gksrh gS] vukWDlh 'olu dgykrk gSA blesa ikS/ks vkWDLkhtu dh
vuqifLFkfr esa dkcZu MkbvkWDlkbM+ (CO2) dks ckgj fudkyrs gSA blesa cuus
okyk mRikn vYdksgy gksrk gSA

 6 12 6 2 2 22 2 28C H O C H OH CO Energy k  

mnkgj.k& dod] ;hLV] thok.kq vkfnA

fd.ou& dod ;hLV rFkk thok.kq esa vukWDlh 'olu dh izfØ;k gksrh gSA
ftls fd.ou dgrs gSA

4-2-2 vkWDlh ’olu o vukWDlh ’olu esa varj
(Difference Between Aerobic and Anaerobic
Respiration)

Lkkj.kh Ø- 4-1

Ø- vkWDlh ’olu vukWDlh ’olu

1- vkWDlhtu vkWDlh 'olu esa vkWDlhtu
dh vko';drk gksrh gSA

vukWDlh 'olu dh izfØ;k
vkWDlhtu dh vuqifLFkfr esa
gksrh gSA

2- mRikn vkWDlhtu dh mifLFkfr }kjk
mRikn ds :Ik esa CO2

(dkcZu MkbvkWDlkbM+) rFkk
ty curk gSA

vukWDlh 'olu ds }kjk
mRikn ds :Ik
esa ,sfFky ,sYdksgy rFkk
dkcZu MkbvkWDlkbM+ (CO2)
curk gSA

3- vkWDlhdj.k vkWDlhtu dh mifLFkfr ds
dkj.k HkksT; inkFkksZa ¼Xywdkst½
dk iw.kZ vkWDlhdj.k gksrk
gSaA

vkWDlhtu dh vuqifLFkfr ds
QyLo:Ik HkksT; inkFkksZ a dk
viw.kZ vkWDlhdj.k gksrk gSA

4- ikSa/kksa dh
Js.kh

;g mPp Js.kh esa vkus okys
ikS/kksa esa gksrh gSA

;g mPp Js.kh ds ikS/kksa rFkk
fofHkUu izdkj ds lw{e thoksa
esa ik;h tkrh gSA

5- dksf'kdk,¡ ;g ikS/kksa dh thfor
dksf'kdkvksa esa gksrk gSA

;g ikS/kksa ds dqN vaxks tSls&
vadqfjr gksus okys chtks ,oa
Qyks dh dksf'kdkvksa esa gksrk
gSA

6- ÅtkZZ dk
mRiknu

vkWDlh 'olu ds }kjk vf/kd
ek=k esa ÅtkZZ dk mRiknu
gksrk gSaA (yxHkx& 673
K.Cal.)

vukWDlh 'olu ds }kjk
vkWDlh 'olu dh vis{kk de
ÅtkZ dk mRiknu gksrk gSa
(yxHkx& 28 K.Cal)
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7- ATP blesa 38 ÅtkZ ds v.kq curs
gSA vFkkZr vf/kd ÅtkZZ eqDr
gksrh gSA

blesa ATP ds 2 v.kqvkssa
ds :Ik ÅtkZ eqDr gksrh gSA

8- fo"kkDr@
fo"kSyh

;g ikS/kksa ds fy, fo"kkDr
ugha gksrh gSA

;g ikS/kksa ds fy, fo"kkDr gks
ldrh gSA

viuh izxfr tk¡fp, (Check Your Progress)

1- vukWDlh 'olu gksrk gSA

¼v½ O2 dh mifLFkfr esa

¼c½ CO2 dh mifLFkfr esa

¼l½ O2 dh vuqifLFkfr esa

¼n½ buesa ls dksbZ ugha

2- vkWDLkh 'olu esa fudyus okyh ÅtkZZ dh ek=k gksrh gSA

¼v½ 673 fdyks dSyksjh

¼c½ 28 fdyks dSyksjh

¼l½ 300 fdyks dSyksjh

¼n½ 763 fdyks dSyksjh

4-3 ekbVksdkWf.Mª;k (Mitochondria)

vk—fr ,oa vkdkj

ekbVksdkWf.Mª;k dksf'kdh; 'olu ds dk;ZLFky gSa ftuesa dkcZfud vEyksa dk
vkWDlhdj.k gksrk gSA ekbVksdkWf.Mª;k dk O;kl 0-5 ls 10  rd rFkk bldh
yEckbZ 1-5 ls 5 rd gksrk gSA ekbVksdkWf.Mª;k dh la[;k fdlh Hkh dksf'kdk ds
fØ;kRed voLFkk ij vk/kkfjr gksrh gSA ,d izdkj dh dksf'kdk esa fofHkUu izdkj
dh vk—fr;k¡ ik;h tkrh gS tks fHkUu&fHkUu le; ij fHkUu&fHkUu gksrh gSA
ekbVksdkWf.Mª;k eqXnkdkj] rUrqe;] df.kdke;] rFkk NM+uqek gksrs gSA

la[;k o fLFkfr

fdlh dksf'kdk esa ekbVksdkWf.Mª;k dh la[;k fdruh gS bldk fu/kkZj.k ml
dksf'kdk dh fØ;k'khyrk ds }kjk gksrk gSA ekbVksdkWf.Mª;k dh la[;k ,slh
dksf'kdk esa vR;kf/kd gksrh gS] ftuesa vf/kd mikip;h fØ;k,¡ ik;h tkrh gSSaA
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lkekU;r% dksf'kdk esa ekbVksdkf.Mª;k dh la[;k yxHkx 200 ls 300 ds
e/; ik;h tkrh gSA ijUrq dqN 'kSokyksa esa dsoy ,d gh ekbVksdkWf.Mª;k ik;k
tkrk gSA

mnkgj.k& ekbØksflfLVl esa izR;sd dksf'kdk esa ,d gh ekbVksdkWf.Mª;k
mifLFkr gksrk gSA

lkekU;r% dksf'kdk esa ekbVksdkWf.Mª;k dksf'kdk nzO; esa fc[kjs jgrs gaSA rFkk
dksf'kdknzO; dk ,slk LFkku tgk¡ mikip;h fØ;k gksrh gSA ml LFkku ij
ekbVksdkWf.Mª;k vf/kd ik, tkrs gSA

4-3-1 ekbVksdkWf.Mª;k dh ijklajpuk (Mitochondria
Infrastructure)

ekbVksdkWf.Mª;k dh bysDVªkWu lw{en'khZ ds }kjk v/;;u djus ij ;g Kkr gqvk
fd izR;sd ekbVksdkWf.Mª;k esa nks d{k rFkk nks lhek dkjd f>fYy;k¡ ik;h tkrh
gSA

ekbVksdkWf.Mª;k f>fYy;k¡

 izR;sd ekbVksdkWf.Mª;k esa nks lhekdkjd f>fYy;k¡ ik;h tkrh gSA ;g
f>fYy;k¡ ckg; rFkk vkarfjd f>fYy;k¡ gksrh gSaA tks fyiksizksVhu dh cuh
gksrh gSA bldh lajpuk bdkbZ f>Yyh dh rjg gksrh gSA

 ekbVksdkWf.Mª;k dh ckg; f>Yyh izksVhu rFkk fyfiM dh cuh gksrh gSA
ftlesa izksVhu dh ek=k de gksrh gSA rFkk fyfiM dh ek=k vf/kd gksrh
gSA

 ekbVksdkf.Mª;k dh ckg; f>Yyh o`gr~ v.kqvksa tSls& 'kdZjk] ty vkfn ds
fy, ikjxE; gksrh gSA

 ekbVksdkWf.Mª;k dh ckg; f>Yyh lery gksrh gSA

 ekbVksdkWf.Mª;k dh vkarfjd f>Yyh Hkh izksVhu RkFkk fyfiM dh cuh gksrh
gS] ftlesa izksVhu dh ek=k vf/kd gksrh gSA rFkk fyfiM dh ek=k de
gksrh gSA ;g vkarfjd f>Yyh v.kqvksa ds fy, v/kZikjxE; gksrh gSA

 ekbVksdkWf.Mª;k dh vkarfjd f>Yyh vanj dh vksj ls vaxqfy;ks ds leku
oyu cukrh gSA ftUgsa fØLVh dgrs gSA

 tUrqvksa esa ik, tkus oyuksa dks lw{ekadqj dgrs gSA D;ksafd oyu dh
lajpuk uyh ds leku gksrh gSA

 ekbVksdkWf.Mª;k dh fØLVh v'kkf[kr ;k 'kkf[kr :i esa ik;h tkrh gSA

 ekbVksdkWf.Mª;k ds vkdkj rFkk mldh mikip;h fØ;k dh ijLij fØLVh
dh la[;k ,oa mldh yEckbZ fuHkZj djrh gSA
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 ,slh dksf'kdk,¡ ftuesa 'olu dh fØ;k lfØ; :Ik ls ik;h tkrh gS] mu
dksf'kdkvksa ds ekbVksdkWf.Mª;k dh fØLVh dh lajpuk yEch ,oa vf/kd
la[;k gksrh gSA

ekbVksdkWf.Mª;k dh vkarfjd dh Hkhrjh lrg N- Qsl dgykrh gSA rFkk
bldh ckgjh lrg C- Qsl dgykrh gSA ekbVksdkf.Mª;k dh vkarfjd (N-phase)
lrg ij jSfdV ds leku lajpuk ik;h tkrh gSA tks la[;k esa vla[; gksrs
gSA ;g lw{e d.k dgykrs gSaA ;g lw{e d.k 70 ls 100Å dh yEckbZ okys gksrs
tks ,d & nwljs ls yxHkx 100Å dh nwjh ij fLFkr jgrs gSA ftUgsa vkWDlhlkse
(Oxysome) dgrs gSA vkWDlhlkse ds vfrfjDr vkarfjd dyk mibdkbZ (Inner
membrane sub-unit)] izkjfEHkd d.k (Elementary particles) ;k df.kdk,¡ rFkk
QukZf.Mt eksl dh mi&bdkbZ dgk tkrk gSA bu F1 df.kdkvksa esa
dqN ,sls ,Utkbe mifLFkr gksrs gS] ftudk mi;ksx bysDVªkWu vfHkx;u ra= rFkk
vkWDlhdkjd QkWLQksfjyhdj.k esa fd;k tkrk gSA

fp= Ø- 4-1% ekbVksdkWf.Mª;k& (A) ekbVksdkWf.Mª;k dh f=foe lajpuk]
(B) ,d fØLVh dh lajpuk] (C) ,d fØLVh dh foLr`r lajpuk]

(D) ,d F1 d.k
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;g F1 d.k bysDVªkWu vfHkxeu ra= esa mi;ksxh ,Utkbe gksrs gSA vr%
iklZUl 1963 uke oSKkfud us bUgsa bysDVªkWu vfHkxeu d.k uke fn;kA

vkWDlhlkse ds eq[;r% rhu Hkkx gksrs gSaA

F0 d.k vFkok 'kh"kZ

F5 – F6 d.k oÙr

F1 d.k vFkok 'kh"kZ

 F0 d.k  F0 d.k ds }kjk vkWDlhlkse esEczsu esa fQDl jgrk gSA ;g
lcls fupyk Hkkx gS ;k vk/kkj gSA

 F5 – F6 d.k  ;g fgLlk mij okys Hkkx rFkk uhps vk/kkjh; Hkkx dks
tksM+us dk dk;Z djrk gSA

 'kh"kZ vFkok F1 d.k  ;g oÙr ds mij fLFkr gksrk gSA ;g vkdkj esa
xksy gksrk gSA blesa ,Utkbe ik;k tkrk gSA bu ,Utkbe dk uke
ATP ,sl ;k ATP flUFksVSt ,Utkbe ik, tkrs gSA

ekbVksdkWf.Mª;y d{k

ekbVksdkWf.Mª;k dksa Hkhrjh f>Yyh nks Hkkxksa esa foHkkftr gksrh gSA bu nksuksa
f>fYy;ksa ds chp ds LFkku dks isjhekbVksdkWf.Mª;y LFkku dgrs gSA bldh
pkSM+kbZ yxHkx 80Å gksrh gSA ftlesa rjy nzO; Hkjk gksrk gSA bldk ?kuRo de
gksrk gSA

ekbVksdkWf.Mª;y d{k dh vkUrfjd f>Yyh ds }kjk f?kjk gqvk ,d cM+k
LFkku ik;k tkrk gSA ;g LFkku vkUrfjd d{k gksrk gS] ftlesa laekax izksVhu dk
tyh; inkFkZ ik;k tkrk gSA ftls eSfVªDl ;k ekbVksdkWf.Mª;y eSfVªDl dgrs gSA
blesa ,sls ,Utkbe ik, tkrs gS] tks izksVhu ds la'ys"k.k] olk ds la'ys"k.k rFkk
TCA pØ ds fy, t:jh gksrs gSA

4-4 ’olu dh fØ;kfof/k (Respiration Mechanism)

'olu esa dkckZsgkbMªsV ,oa Xywdkst ds fo?kVu dh izfØ;k gksrh gSA blesa vkWDlh
'olu ds }kjk rFkk vukWDlh 'olu ds }kjk dqN jklk;fud fØ;k,¡ gksrh gSaA
ftlesa Xywdkst ds v.kq dk fo?kVu gksrk gSA Xywdkst ds fo?kVu gksus ls
ik;:fod vEy ds nks v.kqvksa dk fuekZ.k gksrk gSA Xywdkst ds ,d v.kw ds
fo?kVu ds }kjk ik;:fod vEy ds fuekZ.k dh izfØ;k dks Xykbdksykbfll
dgrs gSA ;g ,d vukWDlh 'olu dh izfØ;k gksrh gSA ftlesa vkWDlhtu dh
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vko';drk ugha gksrh gSA ik;:fod vEy cuus ds ckn vkWDlh rFkk vukWDlh
'olu vyx&vyx gksrs gSaA vr% 'olu dh fØ;kfof/k fuEukuqlkj gksrh gS&

1- Xykbdksfyfll& Xywdkst dk 1 v.kq ik;:fod vEy ds nks v.kqvksa esa
cnyrk gSA

2- Xykbdksykbfll ds }kjk fufeZr ik;:fod vEy dk iw.kZ vkWDlhdj.k
gksrk gSA ;g vkWDlhdj.k O2 dh mifLFkfr esa iw.kZ gksrk gS] ftlls dkcZu
MkbvkWDlkbM+ ,oa ty dk fuekZ.k gksrk gSA

3- ik;:fod vEy ds v.kqvksa ds vkWDlhdj.k ds }kjk ty rFkk dkcZu
MkbvkWDlkbM+ ds fuekZ.k dh izfØ;k dks TCA lkbfdy ;k ØsCl pØ
dgk tkrk gSA Øsc pØ ekbVksdkWf.Mª;k esa laiUu gksrh gSA

4- vxj ik;:fod vEy dks vkWDlhtu ugh feyrh gS] rks blls cuus okyk
mRikn ,fFky ,Ydksgy rFkk dkcZu MkbvkWDlkbM+ gksrk gSA ftls viw.kZ
vkWDlhdj.k dgrs gSA tks ,Ydksgfyd QesaZVsa'ku dgykrk gS tSls& ;hLV
esa tcfd dqN thok.kqvksa esa ;g ySfDVd vEy esa ifjofrZr gks tkrk gS
mls vukWDlh 'olu dgrs gSA

Glucose

Pyruvic acid

In the absence of O2
An aerobic respiration

6 12 6 2 5

2

C H O C H OH
CO Energy


 

In the presence of O2
Aerobic respiration

6 12 6 2

2

C H O CO
H O Energy

 



4-4-1 Xykbdksykbfll ¼bZ- ,e- ih- iFk½
(Glycolysis-EMP Pathway)

bls lkekU;r% bZ- ,e- ih- iFk Xykbdksykbfll pØ] dksf'kdknzO;h 'olu vkfn
dgrs gSA ;g ,d izdkj dh vukWDlh fØ;k gksrh gSA ;g dksf'kdk nzO; esa laiUu
gksrk gSA

^^Xywdkst ds ,d v.kq (6 dkcZu ijek.kq okyk) ls ik;:fod vEy ds nks
v.kqvksa (izR;sd rhu dkcZu ijek.kq okyk) dk fuekZ.k fofHkUu pj.kksa esa laiUu
gksrk gSA ;g izfØ;k Xykbdksykbfll dgykrh gSSA**

vkWDlh 'olu esa ik;:fod vEy dk O2 }kjk vkWDlhdj.k gksrk gS ,oa
CO2 rFkk H2O curk gS] lkFk gh ÅtkZ (ATP) mRiUu gksrh gSA tcfd
vukWDlh 'olu esa PEP ikb:fod vEy] ySfDVd vEy ;k vYdksgksy esa cnyrk
gSA bl fØ;k esa O2 dk mi;ksx ugha gksrk cgqr de ÅtkZ mRiUu gksrh gSA
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Xykbdksykbfll dh [kkst ,EcMsu] es;j gkWQ] ikjul uked oSKkfudksa us
dh Fkh vr% bls EMP iFk dgk tkrk gSSA blesa Xywdkst dk fo?kVu ik;:fod
vEy esa gksrk gSA

C6H12O6 2C3H4O3 + 4H

Glucose Pyruvic acid
(6 carbon) (3.3 carbon)

1 molecule 2 molecule

Xykbdksykbfll dh izfØ;k fuEu fyf[kr pj.kksa esa iw.kZ gksrh gSa&

1- izFke QkWLQksjkbys’ku& ;g Xykbdksykbfll ds izFke pj.k dh
izkjfEHkd voLFkk gksrh gSaA ftlls Xywdkst ds v.kq dk ATP }kjk
gsDlksdkbust ,Utkbe dh mifLFkfr esa QkWLQksfjys'ku gksdj Xywdkst & 6
QkWLQsV esa ifjorZu gksrk gSA rFkk ADP dk fuekZ.k gksrk gSA
gsDlksdkbust ,Utkbe bl vfHkfØ;k dks mRiszfjr djrk gSA ;gk¡ Mg+ lgdkjd
dk dk;Z djrk gSA

Glucose  cos 6  Hexokinase
Mg

ATP Glu e Phosphate ADP   

2- leko;ohdj.k& blesa Xywdkst&6 QkWLQsV dk QkWLQksXywdks-
vkblksejst ,Utkbe dh mifLFkfr esa vkblksejkbts'ku dh izfØ;k ds }kjk
ÝDVkst&6&QkWLQsV dk fuekZ.k gksrk gSA

   1 .  1 .
 6 –  6Phosphohexo isomerase

mol mol
Glucose phosphate Fructose phosphate

3- f}rh; QkWLQksfjys’ku& ;g Fructose 6 QkWLQsV] ATP ls ,d
QkWLQsV v.kq dks iqu% izkIr dj ysrk gSSA rFkk QkWLQksÝDVksdkbust ,Utkbe dh
mifLFkrh esa ÝDVkst 1] 6 & MkbQkWLQsV dk fuekZ.k djrk gSA ,oa ,d ADP
v.kq dk fuekZ.k Hkh gksrk gSA

Glucose phosphate ATP Fructose diphosphate ADP  
   1  1 

 6 –  1, 6
mole mole

Glucose phosphate ATP Fructose diphosphate AD  

4- Dyhost ÝDVkst& 1&6 MkbQkWLQsV dk v.kq ,.Mksyst ,Utkbe dh
mifLFkfr esa 3 dkcZu ijek.kq okyh 'kdZjkvksa ds ;kSfxd dk fuekZ.k djrk gSA ;g
'kdZjkvksa ds ;kSfxd Vªk;kst 'kdZjk ds ;kSfxd gksrs gSA vr% blds QyLo:Ik 3
& QkWLQksfXyljsfYMgkbM (PGAL) rFkk MkbgkbMªkWDlh ,slhVksu QkWLQsV
ds ,d&,d v.kq dk fuekZ.k gksrk gSA
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Fructose 1, 6 Diphosphate

3 Phosphotriose

Isomerase
Phosphoglyceraldehyde Dihydroxyacetone Phosphate

(1 mole) Aldolase

5- QkWLQksjkbys’ku ,oa vkWDlhdkjd fMgkbMªksftus’ku& ;g 3&
QkWLQksfXyljsfYMgkbM (3 – PGAL) vdkcZfud QkWLQsV (H3PO4) dh mifLFkfr
esa 1] 3 & MkbQkWLQksfXyljsfYMgkbM dk fuekZ.k djrk gSA

     2 2
3 4

2
3  1 ,3 

moles molesmoles
phosphoglyceraldehyde diphosphoglyceraldehydeH PO 

6- 1] 3 MkbQkWLQksfXyljsfYMgkbM& ;g QkWLQksfXyljsfYMgkbM fMgkb-
Mªksftust ,Utkbe dh mifLFkfr esa vkWDlhdj.k ds }kjk 1] 3 MkbQkWLQksfXy-
lfjd vEy eaas ifjofrZr gksrk gSA bl fØ;k esa ;gk¡ lgdkjd dk;Z NAD+

djrk gSA ;g ,d gkbMªkstu xzkgh gksrk gSA

(2 ) (2 )

2

1,3. 2  3  

2

phosphoglyceraldehyle
dehydrogenase

moles moles
phosphoglyceraldehyde acid NAD diphosphoglyceric

acid NADH

 


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Hexokinase
ATP 1 mol.

ADP
Mg+

Glucos-6-Phosphate (1 mol.)
Phosphogluco

isomerase

Fructose-6-Phosphate (1 mol.)
ATP 1 mol.

Mg+

ADP

Phospho
fructokinase

Fructose 1.6 Diphosphate (1 mol.)
Aldolase

Phosphotriose
isomerase

3-Phospho
Glyceraldehyde

(1 mol.)

Dihydroxy
Acetone Phosphate

(1 mol.)

Pi + H2O
1,3-Diphosphoglyceraldehyde (2 mol.)

Triose Phosphate-
dehydrogease

NAD+

NADH + H 2 mol.

2 mol.

3-Phosphoglyceric Acid (2 mol.)
ADP

ATP

Phosphoglycerictrans
Phosphoglycero

3-Phosphoglyceric Acid (2 mol.)

Phosphoglycera
mutase

2-Phosphoglyceric Acid (2 mol.)

Enolase H2O

ADP

ATP 2 mol.

2-Phosphoenol Pyruvic Acid (2 mol.)

Pyruvic Acid (2 mol.)

Pytuvate Kinase

Glucose (1 mol.)

fp= Ø- 4-2% Xykbdksfyfll ¼Xywdkst ds v.kq ls ik;:fod
vEy ds nks v.kqvksa dk fuekZ.k½

7- izFke ,- Vh- ih- mRiknu& bl izfØ;k esa 1] 3 MkbQkWLQksfXylfjd
vEy] 3 QkWLQksfXylfjd vEy esa ifjofrZr gksrk gSA rFkk ADP ds v.kq ATP esa
ifjofrZr gks tkrk ;g fØ;k fodj QkWLQksfXylfjd dkbust mRizsjd mifLFkfr
esa gksrh gSA

(2 )

(2 )

1,3.  2  

3  2

phosphoglyceryl
Kinase

moles

moles

Diphosphoglyceric acid ADP

phosphoglyceric acid ATP

 


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8- leko;ohdj.k& ;g 3 QkWLQksfXylfjd vEy 2& QkWLQksfXylfjd esa
ifjofrZr gksrk gSA ;g ifjorZu QkWLQksfXysljks ,Utkbe dh mifLFkfr esa gks
tkrk gSaA

(2 ) (2 )
3  2  2phosphoglycero

Mutase
moles moles

phosphoglyceric acid ADP phosphoglyceric Acid  

9- futZyhdj.k& blesa (2 PGA) QkWLQksfXylfjd vEy esa lsa 2 v.kqvksa
dk futZyhdj.k] buksyst bUtkbe dh mifLFkfr esa gks tkrk gSA ftlds
QyLo:Ik QkWLQksbuksby ik;:fod vEy (2 PEPA) dk fuekZ.k gks tkrk gSA

 

 

2 (2 )
2    2  + 2H OEnolase

mole mole
Phosphoglyceric acid phosphoenol pyruvic acid 

2
(2 )

2    2  + 2H O
mole

Phosphoglyceric acid phosphoenol pyruvic acid

10. ATP dk f}rh; la’ys"k.k& ;g 2 QkWLQksbuksy ik;:fod vEy ls
ik;:fod dkbust bUtkbe dh mifLFkfr ds dkj.k QkWLQsV lewg vyx gks
tkrk gSA ftlds QyLo:Ik ik;:fod vEy dk fuekZ.k gksrk gSA rFkk ;g izFkd
gqvk QkWLQsV lewg dk xzkgh QkWLQsV ls la;ksx dj ATP dk la'ys"k.k djrk gSA

(2 ) (2 )
2     2   2  Pyruvic

kinase
mole mole

Phosphoenol pyruvic acid ADP Pyruvic Acid ATP  

viuh izxfr tk¡fp, (Check Your Progress)

3- EMP iFk dgrs gSA

¼v½ ØsCl pØ ¼c½ is.Vkst

¼l½ Xykbdksykbfll ¼n½ bysDVªku VªkUliksVZ {k̀a[kyk

4- Xykbdksykbfll dh izfØ;k esa dqy ATP curh gSa

¼v½ 8 ATP ¼c½ 10 ATP

¼l½ 38 ATP ¼n½ 2 ATP

5- ÅtkZ dk ikoj gkml dgrs gSA

¼v½ DyksjksIykLV dks ¼c½ ekbVksdkWf.Mª;k dks

¼l½ dksf'kdk dks ¼n½ buesa ls dksbZ ugha

6- ekbVksdkWf.Mª;k dh Hkhrjh f>Yyh cuh gksrh gSa&

¼v½ fyfiM ¼c½ izksVhu

¼l½ fyfiM vkSj izksVhu ¼n½ buesa ls dksbZ ugha
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4-4-2 vukWDlh ’olu fd.ou esa ik;#fod vEy dk Hkfo";
(Future of Pyruvic Acid in Anaerobic Respiration)

vukWDlh ’olu

,slh izfØ;k ftlesa mPPk {ks.kh ds varxZr vkus okys ikS/kksa ds Ård vkWDlhtu
dh vuqifLFkfr esa Hkh dqN ?k.Vksa rd vius vki dks thfor j[kus esa l{ke gksrs
gSA ;g n'kk vukWDlh 'olu dgykrh gSA

mnkgj.k& chtksa dks vadqj.k ds nkSjku mUgsa ty esa Mqck dj j[kk tkrk
gSA rc muesa ,u,jksfc;ksfll dh izfØ;k gksrh gSA vkWDlhtu dh vuqifLFkfr ds
dkj.k ikS/kksa esa mifLFkr ik;:fod vEy] bFkkby,YdksgkWy (C2H5OH) rFkk
dkcZu MkbvkWDlkbM+ esa cny tkrk gSA bl fof/k dks ,YdksgkWfyd fof/k dgk
tkrk gSA dqN lw{ethoh thok.kw] ikS/ks rFkk tUrq ik;:fod vEy dks vusd
izdkj ds dkcZfud ;kSfxdksa esa fof'k"V ,Utkbe dh mifLFkfr es vi;fpr djrs
gSaA

fp= Ø- 4-3% ik;#fod vEy (PA) }kjk laiUu gksus okys
fofHkUu fd.ou iFk
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4-4-3 vkWDlh ’olu esa fofHkUu izn rFkk Øsc pØ
(Various Products in Aerobic Respiration and
Kreb’s Cycle)

tc fdlh 'olu inkFkZ dk HkaTku vkWDlhtu dh mifLFkfr esa gksrk gS rFkk
mlds QyLo:Ik CO2 ,o H2O dk fuekZ.k gksrk gS rc bls vkWDlh 'olu dgrs
gSaA

mnkgj.k& 'olu inkFkZ Xywdkst gSA

vkWDlh 'olu esa fuEufyf[kr in ik, tkrs gS&

1- Xywdkst dk ik;:fod vEy esa XykbdksfyfVd Hkatu ;k
Xykbdksfyfll& ;g ,slh izfØ;k gksrh gS tks vkWDlh 'olu rFkk vukWDlh
'olu esa leku gksrh gSA vr% blesaa Xykbdksykbfll esa mRiUu ik;:fod vEy
dk vkWDLkhMsfVo Hkatu vkWDlhtu dh mifLFkfr esa gksrk gSA

2- Ikk;:fod vEy dk ,lhVkby CO-A }kjk vkWDlhMsfVo
fMdkcksZDlhys’ku& Tkc ik;:fod vEy ekbVksdkWf.Mª;k ds Hkhrj eSfVªDl eas
tkrk gS] rc ik;:fod vEy ls vkWDlhMsfVo MhdkcksZDlhys'ku }kjk ,lhVkby
CO-A dk fuekZ.k gksrk gSA ;g dkWEIysDl ,Utkbe esa ik;:fod vEy&
MhdkcksZDlhyst MkbgkMªksfyiks;y VªkUl,slhVkbyst rFkk MkbgkbMªksiksFky
MhgkbMªksftust ,Utkbe gksrs gSA ftlesa 6 izdkj ds lgdkjd gksrs gSA tks fuEu
izdkj ls gSA Fkk;ehu] QkWLQsV] rFkk fyiksbd vEy vkfn lg dkjd ds :Ik esa
Hkkx ysrs gSA bl fØ;k esa ik;:fod vEy ds 2 v.kqvksa ls NADH2 ds nks
v.kqvksa dk fuekZ.k gksrk gSA

H2O COOC

O

Pyruvate

E1 TPP

TPP

TPP

C

C

OH

COO

H

OHE1

CO2

CH2

E1

FADE3

SHSH
E2

SH

S CH2Co A

ACo

C

O

O

fp= Ø- 4-4% Mg++ NAD+COA FAD rFkk fyiksbd vEy
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3- ØsCl pØ& ØsCl pØ ,d izdkj dk vkWDlh 'olu gksrk gSA ftlesa
vkWDlhtu dh vko';drk gksrh gSa SA bl fØ;k esa Xykbdksykbfll ls izkIr gq;s
ik;:fod vEy dk iw.kZr% vkWDlhdj.k gksrk gSA ftlds QyLo:Ik dkcZu
MkbvkWDlkbM+ rFkk ty dk fuekZ.k gksrk gSA loZizFke bl fØ;k dk v/;;u
gsUl ØsCl ¼1943½ ds }kjk fd;k x;k blhfy, bls ØsCl pØ dgrs gSaA

ØsCl pØ dksf'kdk ds ekbVksdkWf.Mª;k dh eSfVªDl esa iw.kZ gksrh gSA bls
TCA pØ (VªkbdkcksZfDlfyd vEy pØ) rFkk flfVªd vEy pØ Hkh dgk tkrk
gSA tc ;g fØ;k ekbVksdkWf.Mª;k ds eSfVªDl esa gksrh gSa S rc ogk¡ ik;:fod
vEy fMdkcksZDlhys'ku fØ;k ds }kjk 2C ,lhVkby CO-A esa cny tkrk gSA

ØsCl pØ fd izfØ;k esa vusd fØ;k,¡ ik;h tkrh gSA TCA pØ ds }kjk
dqN vehuks vEy rFkk olh; vEyks dk vkWDlhdj.k gksrk gSA dsusMh ,oa
ysgfuxj (1948) us v/;;u dj crk;k fd pwgsa ds ;—r ds ekbVksdkWf.Mª;k esa
TCA pØ ds ek/;fed mRikn ,oa ik;:osV vkWDlh—r gksrs gSaA bl izfØ;k esa
vkWDlhtu ds vykok Mg++, ANP, ADP o ATP dh Hkh vko';drk gksrh gSA
ØsCl pØ esa buds vfrfjDr dqN ,Utkbe Hkh Hkkx ysrs gSA tks eSfVªDl esa
mifLFkr gksrs gSA (ekbVksdkWf.Mª;k ds eSfVªDl esa) ØsCl pØ esa fuEufyf[kr
fØ;k,¡ gksrh gSA

Xykbdksykbfll rFkk ØsCl pØ ds chp dh la;kstu dh dM+h ,lhVkby
CO-A gksrk gSA ;g ,lhVkby CO-A iw.kZ vkWDlhdj.k dh izfØ;k ds }kjk
dkcZu MkbvkWDlkbM+ CO2 rFkk H2O (ty) cukrk gSA ftlesa bysDVªkWu flLVe
Hkkx ysrk gSA ØsCl pØ fuEufyf[kr inks esa iwjh gksrh gS&

(i) ik;:fod vEy ds vkWDlhdj.k rFkk fMdkcksZDlhys'ku }kjk ,lhVkby
dks&,Utkbe (CO-A) dk fuekZ.k gksrk gSA

2 3Pyruvic acid CO A NAD Acetyl COA NADH CO     

(ii) ekbVksdkWf.Mª;k esa mifLFkr vkWDTksyks,lhVsV dh mifLFkfr
esa ;g ,lhVkby CO-A fØ;k djds lkbfVªd vEy dk fuekZ.k djrk
gSA

  2         citrate
synthetaseAcetyl COA Oxaloacetic acid OAA H citric Acid COO   

         Acetyl COA Oxaloacetic acid OAA H citric Acid CO A 

(iii) ;g lkbfVªd vEy ,dksukbVst] ,Utkbe dh mifLFkfr esa ty vi?kVu
dj fll ,dksukbfVd vEy dk fuekZ.k djrk gSA vkSj blds Ik'pkr~ ;g
iqu% ty dks xzg.k dj vkblkslkbfVªd vEy esa ifjofrZr gks tkrk gSSA

2 2    H O
AconitaseCitric Acid Cis aconitic acid H O 

2  AconitaseCis aconitic Acid H O Isocitric acid 
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(iv) ;g vkblkslkbfVªd vEy] vkblkslkbVªsV fMgkbMªksftust dh mifLFkfr esa
vkWDtsykslDlhfud vEy esa ifjofrZr gks tkrk gSSA rFkk ;gk¡a
vkWDtsykslDlhfud vEy dk fMdkcksZDlhys'ku gksrk gSa ,oa ,YQk&
dhVksXywVsfjd vEy dk fuekZ.k gksrk gSSA α-dhVksXywVsfjd vEy ds fuekZ.k
esa vkblkslkbVªsV fMgkbMªksftust ,Utkbe rFkk Mg ;gk¡ dkjd ds :i

esa dk;Z djrs gSA

     dehydrogenas
Isoci

e
trate

NADPH

Iso citric acid NADP Oxalosucci

H

nic acid




 

 

      Oxalosuccinic decorboxylageOxalosuceinic Acid Ketogluteric acid  

2      COteric acid 

Pyruvate
Dehydrogenase

Co ~ A

NAD–

Tplipoic Acid

NADH + H+

+H2O

CO2

Acetyl Co ~ A (2C)
Condensing Enzyme

CovA

Kreb’s Cycle

Citric Acid (6C)
H2O Aconitase

H2OCis-Acontic Acid (6C)

H2O Aconitase

Iso-critric Acid (6C)

Iso-citric
Dehydrogeness

NADHP H H+

Oxalosuccinic Acid (6C)

CO2

Keto Glutaric Acid (5C) (4C)

Ketoglutaric
Dehydrogenase

Co ~ A

CO2

NAD+

NADH + H+

Succinyl
Co ~ A (4C)

Co ~ A
H2O

Succinic
Dehydrogenase

Succinic Acid (4C)

Succinic
Thickiness

ADP + GTP

ATP + GDP

FAD

FADH2

Fumaric Acid (4C)

Fumarase

Malic Acid (4C)

NAD+

Malic
Dehydrogenase

NADH + H+

Oxalo Acetic Acid (4C)

fp= Ø- 4-5% ØsCl pØ

(v) bl  dhVksXywVsfjd vEy dk vkWDlhdj.k gksrk gSA rFkk  dhVks-
XywVsfjd vEy fMgkbMªksftust ,Utkbe dh mifLFkrh esa dhVksXywVsfjd
vEy ds vkWDlhMsfVo fMdkcksZDlhys'ku ds QyLo:Ik lDlhuy CO-A
curk gSA
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α Ketoglutaric acid + CO – A + NAD+ Succinyl

CO – A + CO2 + NADH2

α – Ketoglytarica

Dehydrogenase

(vi) lDlhukby CO-A ls CO-A vyx gksdj eqDr gks tkrk gSA ;g fØ;k
lDlhusV Fkk;ksdkbust ,Utkbe ds }kjk mRizsfjr gksrh gSSA ftlds
QyLo:Ik Xokbukslkbu MkbQkWLQsV (GDP) ,d vdkcZfud QkWLQsV ls
fØ;k djds Xokukslkbu VªkbQkWLQsV (GTP) dk fuekZ.k djrk gSA bls
vfHkdkjd QkWLQksfjys'ku dgrs gSA

2        
 

Succinate
thidcinaseSuccinyl CO A GDP iP succinic acid

GTP O A
H O

C
   

 

 





   GTP ADP ATP GDP  

bl izfØ;k esa ty dk ,d v.kq dke vkrk gSA

(vii) r`rh; pj.k& ;g fØ;k,¡ ØsCl pØ dk rhljk pj.k gksrk gSSA blessa
lDlhfud vEy dk vkWDlhdkj.k gksrk gS] ftlds QyLo:Ik ¶;wesfjd
vEy curk gSA ;g fØ;k lDlhfud ,flM MhgkbMªksftust }kjk mRiszfjr
gksrh gSA bl fØ;k esa lgdkjd I rFkk II mi;ksx ugha fd, tkrs gSA
ijUrq ¶ysfou ,Msfuu MkbU;qfDy;ksVkbM (FAD) ,Utkbe ds ¶ysfou ds
izksLFksfVd lewg ds }kjk lDlhfud vEy ds nks gkbMªkstu vk;Ul
(H+) ,oa nks bysDVªkWUl xzg.k djrk gSA rFkk bldk vip;u gksrk gSA

2  Succinic
DehydrogenaseSuccinic Acid FAD Fumaric Acid FADH  

(viii) ty ds ,d v.kq ls ;g ¶;wesfjd vEy fØ;k djrk gSA rFkk eSfyd
vEy dk fuekZ.k djrk gSA ¶;wesfjd vEy ls eSfyd vEy dk fuekZ.k
¶;wejst ,Utkbe dh mifLFkrh esa gksrh gSA

2   FanarascFumaric acid alic Ac dH M iO 

(ix) ØsCl pØ ds vafre pj.k esa vkWDlhdj.k ds }kjk eSfyd vEy dk
fMgkbMªksftus'ku gksrk gSA ;g fØ;k eSfyd fMgkbMªksftust ,Utkbe dh
mifLFkfr esa gksrh gSA ftlds QyLo:Ik vkWDtsyks,slhfVd vEy dk
fuekZ.k gksrk gSA ¼fp= Ø- 4-5½

2   Malic
dehydrogenaseMalic NAD Oxaloacetic Acid NADH  

;g cuk gqvk vkWDlsyks,lhfVd ,flM ,lhVkby CO-A ls fØ;k dj
lkbfVªd vEy dk fuekZ.k djrk gS rFkk ;g pØ pyrk jgrk gSA
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ØsCl pØ dk egRo

1- ,d ik;:fod vEy ds v.kq ls 10 gkbMªkstu vk;u ,oa rhu v.kq CO2

ds curs gSA tcfd 1 Xyqdkst v.kqls 2 ik;:fod vEy ds v.kq curs
gSA

2- vr% nks iw.kZ ØsCl pØ esa gkbMªkstu vk;u ds 20 v.kq rFkk CO2 ds 6
v.kqvksa dk fuekZ.k gksrk gSA

3- ;g gkbMªksstu] vk;u xzkfg;ksa ds }kjk xzg.k dj fy, tkrs gSA

tSls& FAD, NAD. vkfnA

4- ;g gkbMªkstu vk;u ETC pØ esa izos'k dj tkrs gSA

viuh Áxfr tk¡fp, (Check Your Progress)

7- vukWDlh 'olu dh izfØ;k dgrs gSA

¼v½ QkWLQksjkbys'ku dks ¼c½ fd.ou dks

¼l½ vip;u dks ¼n½ vkWDlhdj.k dks

8- ØsCl pØ dh izfØ;k gksrh gSA

¼v½ Lkk;VksIykTe esa ¼c½ ekbVksdkWf.Mª;k ds eSfVªDl esa

¼l½ nksuks esa ¼n½ buesa ls dksbZ ughaA

9- ØsCl pØ ds }kjk ik;:fod vEy ds v.kq ls fuekZ.k gksrk gSA

¼v½ 10 gk;Mªkstu vk;u ,oa rhu CO2 ds v.kq

¼c½ 5 gk;Mªkstu vk;u ,oa nks CO2 ds v.kq

¼l½ 8 gkbMªkstu vk;u ,oa nks CO2 ds v.kq

¼n½ 3 gkbMªkstu vk;u ,oa 10 CO2 ds v.kq

4-5 isUVkst QkWLQsV iFk
(Pantose Phosphate Pathway)

dqN tho/kkfj;ksa esa ATP vU; iFk ds }kjk izkIr dh tkrh gSA vFkkZr bu
tho/kkfj;ksa esa XywdksTk ds ,d v.kq ds vkWDlhdj.k ds }kjk lh/ks 36 ATP v.kqvksa
dk fuekZ.k ;k mRiUUk gksrs gaSA bl iFk esa vusdksa 'kdZjk mifLFkr gksrh gSA
tSls& ,d is.Vkst rFkk 4 & dkcZu 'kdZjk bl iFk esa Hkkx ysrh gSA vr% bl
iFk dks lh/kk vkWDlhdj.k iFk] is.Vkst & QkWLQsV ekxZ vFkok gsElkst
eksuksQkWLQsV iFk dgk tkrk gSA
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bl iFk dh [kkst okjoxZ ¼1935½ ,oa MhdsUl us ¼1938½ dh rFkk vius
iz;ksxks ds }kjk crk;k fd is.Vkst QkWLQsV iFk Lora= iFk gksrk gSA blds }kjk
Xywdkst 6 QkWLQsV dk lh/kk vkWDlhdj.k gksrk gS&

1- Xywdkst& 6 QkWLQsV ds vkWDlhdj.k ds }kjk XywdksusV 6 QkWLQsV dk
fuekZ.k gksrk gSA blesa dks&,Utkbe NADP vipf;r NADPH + H+ esa
ifjofrZr gksrk gSA

2- XyqdksusV& 6 QkWLQsV dk vkWDlhMsfVo fMdkcksZfDlys'ku gksrk gSA
ftlds QyLo:Ik fjcqykst&,&QkWLQsV izkIr gksrk gSA NADP vipf;r
gks tkrk gSA bl izfØ;k esa CO2 dk ,d v.kq eqDRk gks tkrk gSA

3- fjcqykst& 5 QkWLQsV ds vkblksesjkbts'ku ls jkbckst 5] QkWLQsV vFkok
tk;yqykst & 5 QkWLQsV dk fuekZ.k gksrk gSA

4- jkbckst& 5 QkWLQsV ds ,d v.kq tk;yqykst 5 QkWLQsV ,oa
fXyljsfYMgkbM 3 QkWLQsV esa ifjofrZr gksrk gSA

5- ;g lhM+ksgsIVqykst& 7 QkWLQsV ,oa fXyljsfYMgkbM&3 QkWLQsV feydj
ÝDVkst&6 QkWLQsV ,oa bjhFkzkst 4&QkWLQsV dk fuekZ.k djrs gSA

6- bjhFkzkst& 4 QkWLQsV] tk;yqykst ds nwljs v.kq ls feydj ÝDVkst&6
QkWLQsV rFkk fXyljsfYMgkbM & 3 QkWLQsV ifjofrZr gks tkrk gSA

7- ÝDVkst& 6 QkWLQsV ds v.kq vkblksejkbt gksdj Xywdkst 6& QkWLQsV
esaa ifjofrZr gksrk gSA

8- fXyljsfYMgkbM& 3 QkWLQsV Xykbdksfyfll ds }kjk ik;:fod vEy esa
VwVrk gSA

is.Vkst QkWLQsV iFk dk lkjka'k

cos cos 6,HexokinaseGlu e ATP Glu e Phosphate ADP  

cos 6cos 6,

6

Glu e Phosphate
dehydrogenase

Glu e Phosphate NADP

Phosphogluconi acid NADPH H





  

 

6

2

6
5

Phosphogluconic
dehydrogenasePhosphogluconicacid NADP Ribulose

Phosphate CO NADPH H

 
  

65 5
5 5

Phosphoribo isomerase

Epimerase
Ribulose Phosphate Ribose phosphate

Ribulose phosphate xylulose phosphate





5 5
7 3

TransketoleaseRibose Phosphate xylulose phosphate Sedoheptulose
phosphate Phosphoglyceraldehyde

 

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7 3
6 4

TransketoleaseSedoheptulose phosphate phosphoglyceraldehyde
Fructose phosphate Erytrose Phosphate

 




4 5
6 3 (3 )

TransketoleaseErythrose phosphate Xylulose phosphate
Fructose phosphate phosphoglyceraldehyde PGA






6 cos 6,phosphohexo
isomerase

Fructose phosphate Glu e Phosphate

3 PGA pØ esa iqu% mi;ksx esa vkrk gSA

Iks.Vkst & QkWLQsV iFk dk egRo

1- dks,Utkbe NADPH + H vusd izdkj dh esVkckWfyd fØ;kvksa ds fy,
mi;ksxh gksrk gSA

2- jkbckst 'kdZjk ds }kjk U;wfDyd vEy ds la'ys"k.k ds fy, mi;ksxh gksrk
gSA

3- bjhFkzkst tks fyfXuu rFkk vU; ,jksesfVd ;kSfxdks dk fuekZ.k djrk gSA

4- izdk'k la'ys"k.k ds fy, Hkh mi;ksxh gksrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

10- is.Vkst QkWLQsV iFk esa dqy fdruh dkcZu 'kdZjk Hkkx ysrh gSA

¼v½ 5 dkcZu 'kdZjk ¼c½ 4 dkcZu 'kdZjk

¼l½ 3 dkcZu 'kdZjk ¼n½ 2 dkcZu 'kdZjk

4-6 bysDVªkWu VªkUliksVZ ra= ,oa vkWDlhMsfVo
QkWLQksjkbys’ku (Electron Transport System-
ETS and Oxidative Phosphorylation)

1- izFke pj.k esa vipf;r NAD rFkk NADP ls gkbMªkstu dk
LFkkukUrj.k FMN dks gksrk gSA FMN ,d /kkRoh; ¶ysoksizksVhu
(Metalloflavoprotein) gSA FMN dk vip;u (Reduction) FMNH2

esa gks tkrk gS rFkk dks&,UtkbEl NAD rFkk NADP vkDlh—r
(Oxidized) gks tkrs gSa bl fØ;k esa eqDr ÅtkZ (-14-3 k.cal) ATP
ds :i esa lafpr dj yh tkrh gSA

2- vipf;r FMN ¼vFkkZr~ FMNH2½ viuh gkbMªkstu dks&,Utkbe (Co-Q)
dks LFkkukUrfjr dj Lo;a vkWDlh—r (Oxidized) gks tkrk gSA Co-Q.
vipf;r (Reduced) gksdj Co-QH2 cukrk gSA
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3- Øsc pØ esa vipf;r (Reduced) ¶ysoksizksVhu & FADH2 viuh
gkbMªkstu Co.Q dks ns nsrk gS rFkk FADH2 vkWDlh—r gks tkrk gSA

4- vipf;r okgd (Reduced Carrier) -Co-QH2, bysDVªkWu ds ;qXe (Pair)
(2e–) dks lkbVksØkse b (Cyt.b) ij LFkkukUrfjr dj nsrk gSA bl
LFkkukUrj.k (Transfer) esa 2 gkbMªkstu vkW;Ul (2H+) ek/;e (Medium)
esa eqä gks tkrs gSaA

5- vipf;r (Reduced) cyt.b vius bysDVªkWUl (2e–) lkbVksØkse C1 (cyt
C1) dks LFkkukUrfjr dj nsrk gSA bl pj.k esa yxHkx 12.7 k cal. ÅtkZ
eqä gksrh gS ftldk mi;ksx ATP fuekZ.k (ADP + iP) esa dj fy;k
tkrk gSA

6- vipf;r (Reduced) cyt. C1 vius bysDVªkWUl Cyt. c dks nsrk gS tks
vUrr% Cyt.a dks vipf;r dj nsrk gSA

7- bysDVªkWUl dk ,d ;qXe (Pair) vipf;r (Reduced) Cyt. a ls Cyt. a3

dks LFkkukUrfjr gksrk gS] eqä ÅtkZ (-25 k.cal) dk mi;ksx ATP fuekZ.k
esa dj fy;k tkrk gSA

8- vkWDlhtu (Oxygen) }kjk Cyt. a3 ls (2e–) Lohdkj dj fy;s tkrs gSaA
lkFk gh vkWDlhtu 2 izksVkWUl (2H+) Hkh ek/;e (Medium) ls Lohdkj
(Accept) djrh gS rFkk bl izdkj ty (H2O) dk fuekZ.k gksrk gSA

bl pj.k dks VfeZuy vkWDlhMs'ku Hkh dgrs gSA ;g fØ;k lkbVksØkse
vkWDlhMst ,Utkbe }kjk mRizsfjr gksrh gSA ;g ,Utkbe O2 vip;u djds mls
H2O esa cny nsrk gSA

2 3
2 2

12 ( ) 2 2 ( )
2

Cyt Fe O H H O Cyt Fe     

ETS dk usV izHkko (Net effect) ;g gS fd vipf;r NAD rFkk NADP
ds izR;sd v.kq ds fy, 3 ATP v.kq mRiUu gksrs gSaA

2 2
1 3 3 3
2

NADH H O ADP Pi NAD ATP H O       

2 2
1 3 3 3
2

NADPH H O ADP Pi NADP ATP H O      

2 2 2
12 2 2
2

FADH ADP Pi O FAD ATP H O     
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fp= Ø- 4-6% bysDVªkWu VªkUliksVZ ra=

viuh Áxfr tk¡fp, (Check Your Progress)

11- bysDVªkWu VªkUliksVZ ra= esa lk;VksØkse ik, tkrs gSaA

¼v½ 2 ¼c½ 4

¼l½ 8 ¼n½ 6

12- bysDVªkWu VªkUliksVZ ra= esa vafre bysDVªkWu fdlds }kjk xzg.k fd;k
tkrk gSA

¼v½ vkf.od vkWDlh }kjk ¼c½ NADPH2 }kjk

¼l½ gkbMªkstu }kjk ¼n½ buesa ls dksbZ ughaA

4-7 ’olu xq.kkad ;k ’olu vuqikr rFkk ’olu
inkFkZ (Respiratory Quotient or Ratio and
Respiratory Substances)

fdlh tho/kkjh ds }kjk okrkoj.k ls xzg.k dh xbZ vkWDlhtu rFkk (O2)
okrkoj.k eas NksMh xbZ dkcZu MkbvkWDlkbM+ (O2) dh ek=k dk vuqikr 'olu
xq.kkad dgykrk gS] ftls bl izdkj iznf'kZr fd;k tkrk gSA
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'olu xq.kkad (RQ) =
foeqDr dkcZu MkbvkWDlkbM+ dk vk;ru (CO2)

vo'kksf"kr vkWfDltu dk vk;ru (O2)

'olu xq.kkad (RQ) dks xsukaXl jsLikbjksehVj }kjk ukik tkrk gSA

'olu dh fØ;k esa Xywdkst tSls& dkcksZgkbMªsV ljy inkFkksZa esa VwVdj
CO2 ,oa ÅtkZ eqDr djrs gSA bl fØ;k esa iz;qDr gksus okys ;kSfxd 'olu
lcLVªsV dgykrs gSA

mnkgj.k& dkcksZgkbMªsV] olk] izksVhuA

ikS/kks ds }kjk 'olu gsrq fofHkUu izdkj ds dkcZfud inkFkksZ a dk mi;ksx
fd;k tkrk gSA tSls& izksVhu] olk] dkcksZgkbMªsV] dkcZfud vEy vkfn bUgsa
'olu inkFkZ dgrs gSA buesa mi;ksx dh x;h vkWDlhtu dh ek=k rFkk
fu"dkflr gqbZ CO2 dh ek=k vyx gksrh gSA vr% budk 'olu xq.kkad Hkh
vyx gksrk gS&

1- izksVhu& 'olu inkFkksZ a es vkWDlhtu dh ek=k dkcZu dh rqyuk esa de
gksrh gSA ftlds dkj.k izksVhu ;qDr 'olu inkFkZ tSls& nkykas vkfn ds
chtkas esa 'olu xq.kkad ,d ;wfuV ls de jgrk gSA vFkkZr~ tc budk
iw.kZ vkWDlhdj.k gksrk gS] rc buds }kjk vf/kd vkWDlhtu dh ek=k
xzg.k dh tkrh gSaS ,oa de ek=k esa 2CO dk fu"dk"ku gksrk gSA

2- ikS/kksa esa ’olu inkFkkasZ ds }kjk dkcZfud vEy dk cuuk& ikS/kksa esa
'olu inkFkZ dkcZfud vEy ds :Ik esa ik;k tkrk gSA ikS/kksa esa Hkwz.kksa ds
cuus ds nkSjku dqN dkcZfud vEykas tSls vkWDtsfyd vEy ,oa eSfyd
vEy dk fuekZ.k gksrk gSA bl nkSjku dkcZu dh ek=k vkWDlhtu dh
ek=k dh vis{kk de gksrh gSA vr% buds vkWDlh—r gksus ds fy,
vkWDlhtu dh de ek=k dh vko';drk rFkk CO2 fd vR;kf/kd
vko';drk gksrh gSA ftlls budk 'olu xq.kkad bdkbZ ls vf/kd gksrk
gSA

mnkgj.k&

  2 2 22
2 4 12COOH O CO H O  

2

2

..  
.

CVol ofR Q
Vol

O
of O



4
1



4( )more than unity

3- dkcksZgkbMªsV& ikS/kksa esa dkcksZgkbMªsV 'olu inkFkksZ a ds :Ik esa mifLFkr
gksrs gSA tc ;g iw.kZ vkWDlh—r gksrs gS] rc dkcZu MkbvkWDlkbM+
fudkyh tkrh gSA vFkkZr~ budk vkWDlhtu ds }kjk iw.kZ vkWDlhdj.k gks
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tkrk gSa bl izdkj ds inkFkksZ a dk 'olu xq.kkad ,d ;wfuV gksrk gSA
D;ksafd tc blesa vkWDlhtu ds 6 v.kqvksa dk mi;ksx gksrk gSA rc
blds }kjk fudkyh tkus okyh dkcZu MkbvkWDlkbM+ ds 6 v.kq ckgj
fudkys tkrs gSA

6 12 6 2 2 26 6 6C H O O CO H O Energy   

'olu xq.kkad (RQ) = 2

2

CO
O

dk vk; ru

dk vk; ru

= 6
6

= 1

4-7-1 ’olu xq.kkad o Ádk’k la’ys"k.k xq.kkad esa varj
(Difference between Quotients of Respiration and
Photosynthesis)

Lkkj.kh Ø- 4-2

Ø- ’olu xq.kkad Ádk’k la’ys"k.k xq.kkad

1- vk;ru dk
vuqikr

'olu ds nkSjku fudkyh
xbZ dkcZu MkbvkWDlkbM+
(CO2) rFkk vo'kksf"kr dh
x;h vkWDlhtu (CO2) ds
vk;ru dk vuqikr gksrk
gS] RQ gksrk gSA

Ikzdk'k& la'ys"k.k ds nkSjku
NksM+h xbZ vkWDlhtu rFkk
vo'kksf"kr gqbZ (CO2) ds vk;ru
dk vuqikr gksrk gSA

2- inkFkZ dh
izof̀Ÿk

blesa 'olu ds inkFkZ dh
izoŸ̀kh dk Kku gksrk gSSA

blds }kjk dkcZfud inkFkZ dh
izoŸ̀kh dk Kku gksrk gSA

3- 'olu
xq.kkad rFkk
izdk'k&
la'ys"k.k
xq.kkad dk
eku

'olu xq.kkad dk eku
fHkUu jgrk gSA vFkkZr~
ifjorZuh; gksrk gSA

izdk'k & la'ys"k.k xq.kkad dk
eku lnSo ,d lk jgrk gSA
vFkkZr~ ,d ;wfuV jgrk gSA

4-7-2 xsukaXl jsLikbjksehVj }kjk ’olu inkFkksZa dk ’olu
HkkxQy Kkr djuk (Finding Quotients of Respiratory
Products using Ganeong’s Respirometer)

xsukaXl jsLikbjksehVj

;g dk¡p dk cuk gqvk midj.k gS ftlesa ,d cYc ik;k tkrk gSA cYc dk¡p
dh xzstq,VsM V~;wc ds }kjk tqM+k gqvk gksrk gSA ;gh dk¡p dh xzstq,VsM V~;wc
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nwljh dk¡p dh ysofyax V~;wc ds }kjk tqMrh gSA dk¡p dh ;g nksuks V~;wc ,d
oVhZdy LVS.M ij yxkdj dl nh tkrh gSA dk¡p ds cYc esa dk¡p dk <Ddu
(Lid) fQV jgrk gSA bl <Ddu esa rFkk cYc dh xzhok esa ,d ckjhd fNnz ik;k
tkrk gSA

fof/k

loZizFke ysofyax V~;wc esa ued dk ?kksy Mkyrs gS ftlls xzstw,VsM ,oa ysofyax
V~;wc blls vk/kh Hkj tkosA

vc cYc esa yxs dk¡p ds <Ddu dks [kksydj cYc ds vanj dh ryh esa
ikuh ls Hkhxk gqvk dikl j[krs gSA

vc vkyw ds VqdMksa dks ;k ftl inkFkZ dk 'olu HkkxQy Kkr djuk gS]
mls Hkhxs gq, dikl esa j[k nsrs gSA

vc dkWp ds <Ddu dks bl rjg ls can djrs gS fd <Ddu dk fNnz]
cYc dh xzhok ds fNnz ds vkeus&lkeus ,d gh js[kk esa vk tk, ftlls
ok;qe.Myh; ok;q lh/kh cYc ds vanj vk ldsA blds ckn ued ds ?kksy ls Hkjh
V~;wc dks mij&uhps djrs gSA ftlls xzstq,VsM V;wc ds 'kwU; fu'kku dk ued
ds ?kksy rd jgsA blds i'pkr~ dk¡p ds <Ddu dks FkksMk lk ?kqekrs gSA

<Ddu ?kwekus ls ok;qe.My dh ok;q ls cYc dh ok;q dk laca/k foPNsn gks
tkrk gSA

blds Ik'pkr midj.k dks dqN le; ds fy, ,sls gh j[kk jgus nsrs gSA
rFkk mldk fufj{k.k djrs gSaA

fufj{k.k ds }kjk irk pyrk gS fd] ikS/ks 'olu fØ;k ds }kjk fofHkUu
izdkj ds 'olu inkFkksZ a tSls& izksVhu] olk,¡ rFkk dkcZfud vEy vkfn dk
mi;ksx djrs gSaA

'olu fØ;k ds nkSjku 'olu inkFkkasZ esa mi;ksx esa yk;h x;h vkWDlhtu
dh ek=k rFkk NksMh x;h dkcZu MkbvkWDlkbM+ CO2 dh ek=k fHkUu gksrh gSA

vr% budk 'olu xq.kkad Hkh fHkUu&fHkUu gksrk gSA
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fp= Ø- 4-7% xsukaXl jsLikbjksehVj

viuh Áxfr tk¡fp, (Check Your Progress)

13- 'olu xq.kkad dk lw= gSaA

¼v½ = 2

2

.
.

Vol of O given out
Vol of CO taken it

¼c½ = 2

2

.
.

Vol of CO given out
Vol of O taken it

¼l½ buesa ls dksbZ ugha

¼n½ ¼v½ rFkk ¼c½ nksuksa
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4-8 ’olu ij izHkko Mkyus okys dkjd
(Factors Affecting Respiration)

'olu ij izHkko Mkyus okys fuEufyf[kr dkjd gksrs gS&

1- rki& 'olu dh xfr OºC ls 35ºC rd c<+rh gS rFkk 35ºC ls vf/kd
rkiØe gksus ij izksVksIykTe rFkk ,Utkbe u"V gksus ds dkj.k de gksrh
gSA ;g 'olu dh lkekU; xfr gSA rkieku ds c<+us rFkk ?kVus ls
'olu dh nj izHkkfor gksrh gSA

2- dkcZu MkbvkWDlkbM+& okrkoj.k rFkk ok;q vFkok Hkwfe esa CO2 dh
lkUnzrk c<++us ls 'olu dh nj ?kVus yxrh gSA rFkk de gksus ls 'olu
dh nj c<+us yxrh gSA ;fn Hkwfe esa Ik;kZIr ek=k esa CO2 dh lkanzrk u
gks rks 'olu dh nj de gks tk,xhA

3- ty& ty ds vHkko rFkk ty dh vf/kdrk Hkh 'olu dh nj dks
izHkkfor djrh gSA ty lHkh tho/kkfj;ksa] ikS/kksa ds izksVksIykTe esa mifLFkr
gksrk gSA fdlh lw[ks gw, chtks ftlesa ty dk vHkko gSA esa 'olu dh
nj /kheh xfr ls gksrh gSA

4- izdk’k& 'olu dh izfØ;k izdk'k dh mifLFkfr rFkk izdk'k dh
vuqifLFkfr nksuks gh n'kkvksa esa leku :Ik ls gksrh gsA ijUrq izdk'k
dh ,d fuf'pr rhozrk gksus ij 'olu fØ;k ds }kjk eqDr gqbZ CO2 dh
ek=k izdk'k & la'ys"k.k esa mi;ksx gksus okyh CO2 ds cjkcj gks tkrh
gSA bl n'kk dks dEisUls'ku fcUnq dgrs gSaA

5- HkksT; inkFkZ& 'olu fØ;k esa tc 'oluh inkFkksZ a dh vf/kdrk gksrh gSa
rc 'olu dh nj rhozrk ls gksrh gSaA ij tc 'oluh inkFkksZ a dh deh
gksrh gSaA rks 'olu dh nj esa Hkh deh vk tkrh gSA vFkkZr~ /kheh xfr ls
'olu gksrk gSA

’olu dk egRo (Significance of Respiration)
1- 'olu fØ;k ds }kjk ok;qe.My es vkWDlhtu rFkk CO2 xSlkas dk larqyu

cuk jgrk gSA

2- 'olu fØ;k ds nkSjku ÅtkZ dk mRiknu gksrk gSA bl ÅtkZZ dk mi;ksx
ikS/kks esa fofHkUu esVkckWfyd fØ;kvksa dks laiUu djus ds fy, fd;k tkrk
gSA

3- 'olu fØ;k ds }kjk tfVy HkksT; inkFkksZ a dks ljy HkksT; inkFkksZa ds :Ik
esa ifjofrZr fd;k tkrk gSA

4- 'olu fØ;k }kjk izfoHkkth Ård dks lfØ; fd;k tkrk gSA ftlls
ikS/kksa dh mfpr of̀) gks ldsA
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4-9 fjMkWDl foHko (Redox Potential)

Tkho/kkfj;kas es gksus okyh tSfod fØ;kvksa esa inkFkksZ aa dk vkWDlhdj.k rFkk vip;u
gksrk gSA vFkkZr&

1- Lora= ÅtkZ fofue; vfHkdkjd tks vkWDlhdj.k rFkk vip;u esa Hkkx
ysus okys vfHkdkjd ds bysDVªkWu nsus dh izof̀Ÿk rFkk bysDVªkWu xzg.k
djus dh izof̀Ÿk ds vuqikrh gksrh gSA

2- vr% Lora= ÅtkZ esa gksus okys ifjorZu dks ΔGº ds }kjk O;Dr djus ds
fy, ,d Øe esa la[;kRed :Ik le>k;k tkrk gSA vFkkZr fjMkWDl
iksVsfU'k;y ds }kjk bls O;Dr fd;k tkrk gSaA

3- fdlh Hkh ra= ds fjMkWDl foHko (Eº) dks gkbMªkstu bysDVªksM ds
iksVsfU'k;y ls rqyuk dj mls mlds pHº ij 0-0 oksYVl ds }kjk O;Dr
fd;k tk ldrk gSA

4- fjMkWDl foHko lkekU;r% pH7.0 ij O;Dr gksrk gSA ftlesa gkbMªkstu
bysDVªksM dk foHko &0-42 oksYV (yxHkx) gksrk gSA

ØsCl pØ esa NAD rFkk NADP }kjk mRizsfjr vkWDlhdj.k vip;u
fØ;k,¡&

1- tc vkblksflfVªd vEy] vkWDtsykslDlhfud vEy esa cnyrk gSA rc
vkblksflfVªd vEy dk vkWDlhdj.k gksrk gSA ,oa NAD dk vip;u gksrk gSA
vkblksflfVªd vEy dk vkWDlhdj.k rFkk NAD+ dk vip;u] vkblksflfVªd
MhgkbMªksftust ,Utkbe dh mifLFkfr esa gksrk gSaA ;g ,Utkbe fØ;k dks
mRizsfjr djrh gSA
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NADH H 

NAD 

2

|
|
|

COOH
CHOH
CH
COOH

2

|
|
|

COOH
CO
CH
COOH

NADH H 

NAD 

2|
|

CH COOH
CHCOOH
CHOHCOOH

2|
|

CH COOH
CHOOH
CO COOH

 Malic Acid

 Oxaloacetic Acid

Isocitric Acid Reduction

 Oxalosuccinic Acid

2- fyiksbd vEy ds vkWDlhdj.k ds nkSjku NAT, NADH esa cnyrk gSA
bl fØ;k esa LdhVksXywVsfjd vEy lDlhukby esa rFkk dks ,Utkbe dh mifLFkfr
esa ifjofRkZr gksrk gSA

2

2

|
|

.

CH COOH
CH
CO COOH

( )Lipoic Ox

( )Lipoic RED

2

2

|
|

CH COOH
CH
CO S Co A  

ketoglutaricacid

 NADH H 


NAD







0,751Co A Sh

3- tc eSfyd vEy dk vkWDlhdj.k rFkk NAD+ dk vip;u gksrk gSaA
rc eSfyd vEy ds vkWDtsyks,slhfVd vEy esa ifjofrZr gksus ds le; eSysV
MhgkbMªksftust ,Utkbe fØ;k dks mRizsfjr djrk gSA

Reduction

Succinyl Co A
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2

|
CH COOH

CHOHCOOH


NAD

Malic Acid Malate Dehydrogense

2

|
CH COOH

COCOOH


2NADH H 

Oxaloacetic Acid

Xykbdksykbfll esa }kjk mRizsfjr fØ;k

Xykbdksykbfll dh fØ;k esa 3&QkWLQksfXyljsyhgkbM vkWDlhdj.k ds nkSjku nks
bysDVªkWUl (2e–) rFkk nks izksVkWUl (2H+) eqDr djrk gSA ftlds QyLo:Ik
NAD dk NADH esa vip;u gksrk gSA bl izfØ;k esa ÅtkZ dk fu"dklu (eqDr)
gksrk gSA vr% 3&QkWLQksfXyljsYMhgkbM fMgkbMªksftust ,Utkbe dh mifLFkfr esa
1]3 MkbQkWLQksfXylfjd vEy dk fuekZ.k gksrk gSA

P h o s p h o g ly c e r a ld e h y d e
d e h y d r o g e n a s e

1, 3 D i p h o s p h o g l y c e r i c

i p 

2 N A D H H 

2 N A D 

3 p h o s p h o g l y c e r a l d e h y d e

2

|
|

H O

C
H C O H

H C O P

 

  

  
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|
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|

O
C

C O P
H C O H

H C O P

 

 

  

  2
2

e
H 




2
2

e
H 




(
3 )
O n e N A D fo r E a c h

c a r b o n fr a g m e n t

4-10 ATP la’ys"k.k ds fofHkUu fl)kUr
(Different Theories of ATP Synthesis)

ÅtkZ ds LFkkukarj.k bysDVªkWUk vfHkxeu ,oa ATP la'ys"k.k dks le>kus ds fy,
fuEufyf[kr fl)kUr izLrqr fd,A

jklk;fud ;qXeu
vfHk/kkj.kk

la:ih; ;qXeu
vfHk/kkj.kk

jklk;fud ijklj.kh;
;qXeu vfHk/kkj.kk
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1- jklk;fud ;qXed vfHk/kkj.kk (Chemical Coupling Theory)&
blds fl)kUr ds vuqlkj ATP dk cuuk ,d ;qXed dkjd izksVhu ls gksrk gSA
lcls igys ;qXed dkjd fdlh ,d bysDVªkWu okgd ds lkFk tqMrk gSA rFkk
tqM+dj mPp ÅtkZ okys dkWEiysDl dk fuekZ.k djrk gSA ;g dkWEiysDl CF-
okgd dkWEiysDl dgykrk gsA ;g dkWEiysDl dks ÅtkZZ dh vko';drk gksrh
gSA ;g ÅtkZ bls QkWLQksfjyhdj.k ij bysDVªkWu LFkkukarj.k ds }kjk izkIr gksrh
gSA ;g ÅtkZ QkWLQksfjyhdj.k esa tc bysDVªkWu dk LFkkukarj.k gksrk gS] ml
le; eqDr gksrh gSA ftls ;g dkWEiysDl xzg.k dj ysrk gSA ;g okgd
dkWEIkysDLk dk fofue; vdkcZfud QkWLQsV ds }kjk gksrk gSA blds Ik'pkr~ ;g
CD-P dkEiysDl vius mPp ÅtkZ okys QkWLQsV dks ADP ij LFkkukUrfjr
djds ATP dk fuekZ.k djrk gSA

2- la:ih; ;qXeu vfHk/kkj.kk (Conformational Coupling
Theory)& Lak:ih; ;qXeu vfHk/kkj.kk ds vuqlkj ekbVksdkWf.Mª;k dh f>Yyh dh
lajpuk esa ifjorZu ik, tkrs gSa] tks mPp ÅtkZ okys daQZes'ku
(Conformations) dks izsfjr djrk gSA tks la:ih ÅtkZ dks eqDr djus esa
lgk;rk iznku djrs gSA ;g ÅtkZ ATP ase esa mi;ksx dh tkrh gSA rFkk ADP
ds }kjk ATP dk mRiknu mRiszfjr gksus ls gksrk gSA bl fl)kUr dks ekU;rk
izkIr ugha gks ldh vr% ;g vekU; gSA

3- jklk;fud ijklj.kh ;qXeu vfHk/kkj.kk (Chemiosmosis
Coupoling Theory)& bl fl)kUr dks fczfV'k ds tSo jlk;u oSKkfud ihVj
fepSy ¼1961 rFkk 1966½ us fn;kA fepSy dks bl fl)kUr ds fy, 1978 esa
ukscsy iqjLdkj fn;k x;k rFkk bl fl)kUr dks lcls T;knk ekU;rk izkIr gqbZA

fepSy ds vuqlkj vkWDlhdkjd QkWLQksfjyhdj.k ds izFke pj.k esa izksVkWu
vk;u dk LFkkukarj.k ekbVksdkWf.Mª;k dh vkarfjd f>Yyh dh vksj gksrk gSA ,slk
'olu {k̀a[kyk esa vkWDlhMs'ku ds }kjk gksrk gSA ;g f>Yyh vk;Ul ds fy,
lkekU; :Ik ls vikjxE; gksrh gSA fo'ks"kr% ;g izksVkWUl ds fy, tks f>Yyh ds
ckgjh lrg ds ikl ,df=r gks tkrs gSA rFkk ogk¡ ,df=r gksdj f>Yyh ds
fy, fo|qr jklk;fud foHkokarj mRiUu djrs gSaA blesa ls ,d fo|qr jklk;fud
rFkk ,d jklk;fud foHko gksrk gSA ;g fo|qrh; jklk;fud foHko f>Yyh ij
ATP la'ys"k.k dks c<+krk gSa ;g ÅtkZ dh mifLFkrh esa P rFkk ADP ds }kjk
ATP dk fuekZ.k djrs gSA
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Lkkj.kh Ø- 4-3% ’olu fØ;k esa ,- Vh- ih mRiknu

Reaction Sequence ATP
Used

ATP
Synthesized

1. Glucose to Glucose 6 phosphate 1 –

2. Fructose 6 phosphate to Fructose-1, 6-
diphosphate

1 –

3. 13 diphosphoglyceric acid to 3
phosphoglyceric acid (1 × 2)

– 2

4. Phosphoenol pyruvic acid to pyruvic acid
(1 × 2)

– 2

5. Dehydrogenation of glyceraldehyde-3
phosphate to 1.3 diphosphoglyceric acid
(through ETS with participation of NAD)
3 × 2

– 6

Total 2 10

Pyruvic Acid Oxidation
Reaction Sequence ATP

Used
ATP

Synthesized
Conversion of pyruvic acid to Acetyl Co A,
dehydrogenation through ETS with initial
acceptor being NAD (3 × 2)

6

Krebs Cycle
(There is no ATP loss is Krebs Cycle)

ATP Synthesized

Difference between Photophosphorylation and
Oxidative Phosphorylation

No. Character Photo
Phosphorylation

Oxidative
Phosphorylation

1. Occurrence Photosynthesis Respiration

2. Cell organelle involved Chloroplast Mitochondrion

3. Occurrence within the
organelle

Thylakoid membranes Inner membrane of
cristae

4. Need for molecular
oxygen

Not needed Needed

5. Source of energy Light Reduction-oxidation
reactions.



'olu

165

fVIi.kh

Lo-vf/kxe
ikB~; lkexzh

viuh Áxfr tk¡fp, (Check Your Progress)

14- fjMkWDl foHko ij gkbMªkstu bysDVªkWu dk foHko gksrk gSA

¼v½ 1.42 ¼c½ 0.42

¼l½ -0.42 ¼n½ 1.42

15- mPPk ÅtkZZ okys QkWLQsV ca/kks dk v.kq gksrk gSA

¼v½ ADP ¼c½ NAD

¼l½ FAD ¼n½ ATP

4-11 viuh izxfr tk¡fp, iz’uksa ds mŸkj
(Answer to Check Your Progress)

1- ¼l½ 9- ¼v½

2- ¼c½ 10- ¼c½

3- ¼l½ 11- ¼c½

4- ¼v½ 12- ¼v½

5- ¼c½ 13- ¼c½

6- ¼l½ 14- ¼l½

7- ¼c½ 15- ¼n½

8- ¼c½

4-12 lkjka’k (Summary)

bl bdkbZ esa 'olu dk v/;;u fd;k rFkk ;g tkuk fd 'olu lHkh thoksa ds
thfor jgus ds fy, vfuok;Z gSA ;g tho }kjk xzg.k fd;s x;s HkksT; inkFkkZsa ls
ÅtkZ ds #Ik esa eqDr gksrh gSA

bl bdkbZ esa 'olu ds nkSjku vUr% 'olu ds ek/;e ls yh xbZ
vkWfDltu dk mi;ksx Xywdkst dks dkcZu MkbvkWDlkbM+ rFkk ty esa fo[kf.Mr
djus ds fy, gksrk gSA bl izfØ;k esa ÅtkZ dk mRiknu vFkkZr ÅtkZ eqDr gksrh
gSA

Xywdkst dk fo[kaMu tho dh dksf'kdk esa gksrk gSA vr% ;g dksf'kdh;
'olu dgykrk gSA

ekbVksdkWf.Mª;k dksf'kdk dk ikojgkml gksrk gS ;g dksf'kdh; 'olu esa
egRoiw.kZ Hkwfedk fuHkkrk gSA
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bl bdkbZ ds v/;;u esa vkius 'olu] 'olu ds izdkj] 'olu xq.kkad]
'olu dks izHkkfor djus okys dkjd rFkk 'olu dh fØ;kfof/k dk foLrkj iwoZd
v/;;u fd;kA

ftldk fu"d"kZ ;g gS fd thoksa ds }kjk xzg.k dh xbZ vkWDlhtu dk
vkWDlh 'olu rFkk vukWDlh 'olu ds ek/;e ls fofHkUu iFkksa tSls&
Xykbdksykbfll] ØsCl pØ] bysDVªkWu VªkUliksVZ psu] jsMkWDl foHko] vkfn esa HkksT;
inkFkkaZs dk vkWfDltu dh mifLFkfr esa vkWDlhdj.k rFkk vip;u gksrk gSA
ftlds QyLo#Ik ÅtkZZ dk mRiknu gksrk gSA ;g ÅtkZZ tho/kkjh;ksa ds }kjk
tSfod fØ;kvksa dks djus ds fy, mi;ksx esa yk;h tkrh gSA rFkk eqDr gqbZ ÅtkZ
dk dqN Hkkx ATP ds #Ik esa ekbVksdkWf.Mª;k esa lafpr gks tkrk gSA ATP ls
thoksa dh 'kkfjfjd lfØ;rk c<+us ds dkj.k 'olu nj Hkh c<+ tkrh gSA

4-13 eq[; 'kCnkoyh (Key Terminology)

 'olu% vkWDlhtu dk ckg; okrkoj.k ls 'olu ra= }kjk Årdksa rd
ig¡qpkukA

 vkWDlh 'olu% vkWDlhtu dh mifLFkfr esa gksrk gSaA

 vukWDlh 'olu% vkWDlhtu dh vuqifLFkfr esa gksrk gSaA

 dksf'kdh; 'olu% Hkkstu ds vkWDlhdj.k }kjk ÅtkZ mRiUu gksus dh
fØ;kA

4-14 Lo-ewY;kadu iz’u ,oa vH;kl
(Self Assessment Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- 'olu dks ifjHkkf"kr dfj,A

2- 'olu xq.kkad ij laf{kIr fVIi.kh fy[kksA

3- fjMkWDl foHko ij fVIi.kh fyf[k,A

4- 'olu xq.kkad rFkk izdk'k la'ys"k.k xq.kkad esa varj Li"V djksA

5- ÅtkZ dk ^^ikoj gkml** fdls dgk tkrk gS\ vkSj D;ksa\

6- is.Vkst QkWLQsV ikFkos ls vki D;k le>rs gS\

7- vkWDlh 'olu ij laf{kIr fVIi.kh fy[kks\

8- 'olu ij izHkkodkjh dkjd dkSu&dkSu ls gksrs gSa\ fVIi.kh fy[kksA
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9- laf{kIr fVIi.kh fyf[k,&

¼v½ ekbVksdkWf.Mª;k dh ijklajpuk

¼c½ fd.ou

nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- bysDVªkWu VªkUliksVZ ra= dk foLrkj iwoZd o.kZu dfj,A

2- ATP D;k gS\ ATP la'ys"k.k ds fl)kUrks rFkk blds fuekZ.k izfØ;k dks
foLrkj iwoZd le>kb,A

3- vkWDlh 'olu rFkk vukWDlh 'olu es varj Li"V dfj,A

4- 'olu xq.kkad dks ifjHkkf"kr djrs gq, mlds bdkb eku dks le>kb,A

5- Xykbdksykbfll dk o.kZu dfj,A rFkk bldk egRo crkb,A

6- vkWDLkhMsfVo QkWLQksjkbys'ku dh fØ;kfof/k dks le>kb,A

7- 'olu dh fØ;kfof/k dks mnkgj.k lfgr le>kb,A

8- xsukaXl jsLikbjksehVj }kjk 'olu inkFkkasZ dk 'olu Hkkx Kkr djus gsrq
lfp= le>k;saA

9- ØsCl pØ ds fofHkUu pj.kksa dk o.kZu dfj,A

10 jsMkWDl foHko ij ys[k fyf[k,A

11 is.Vkst QkWLQsV iFk dk o.kZu dfj, rFkk blds egŸo dks le>kb,A

4-15 lgk;d ikB~; lkexzh (Suggested Readings)

1- Function to Plant Physiology Fourth Edition William G. Hopkins
German P.A. Honer.

2- ;wfuQkbM ouLifr foKku ,l-oh- vxzokyA

3- Plant Physiology Third Edition Taiz & Zeiger.
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bdkbZ 5 ,UtkbeksykWth ,oa ikni gkeksZu
(Enzymology and Plant Hormone)

Lakjpuk (Structure)

5-0 ifjp;
5-1 mÌs';
5-2 ,Utkbeksa dk oxhZdj.k
5-3 ukedj.k ,oa vfHkyk{kf.kd xq.k
5-4 gksyks,Utkbe] ,iks,Utkbe] dks,Utkbe ,oa dksQsDVlZ dh ladYiuk
5-5 ,Utkbe dh dk;Ziz.kkyh ,oa fØ;kfof/k

5-5-1 ,Utkbe dh fØ;kfof/k ds fl)kUr
5-5-1-1 rkyk dqath fl)kUr
5-5-1-2 izsfjr tksM+ ifjdYiuk

5-6 ,Utkbe fØ;k dks izHkkfor djus okys dkjd
5-7 ,Utkbe dk tSfod egRo
5-8 ikni gkeksZu

5-8-1 vkWfDlu
5-8-2 ftcjsfyUl
5-8-3 lkbVksdkbfuUl ;k QkbVksdkbfuUl
5-8-4 ,fClfld vEy
5-8-5 bfFkyhu

5-9 viuh Áxfr tk¡fp, Á'u¨a ds mÙkj
5-10 lkjka'k
5-11 eq[; 'kCnkoyh
5-12 Lo-ewY;kadu Á'u ,oa vH;kl
5-13 lgk;d ikB~; lkexzh

5-0 ifjp; (Introduction)

ikS/kksa dh of̀) fu;a=.k dks izHkkfor djus okys ?kVdksa esa ,d eq[; ?kVd ikni
gkeksZu gSA gkeksZUk eq[;r% ikS/kksa dh of̀) dks c<krs gSaA vr% ;g of̀) fu;a=d
dgs tkrs gSaA lkekU;r% ;g dkcZfud dEikm.M gksrs gSa tks fd lw{e ek=k esa
ikS/kksa ds fu/kkZfjr Hkkx eas cuk;s tkrs gaS ,oa vU; Hkkxksa eas LFkkukUrfjr fd;s tkrs
gSaA ikni dks"kk ,d lw{e jklk;fud QSDVjh dh rjg gksrh gS ftlesa lSdM+ks
jklk;fud fØ;k;sa rhoz xfr ls lkekU; rkiØe ij pyrh jgrh gSaA ;s lHkh
tSo&jklk;fud fØ;k;sa ikS/kksa dks thou iznku djrh gSaA tks fd ,d thou gsrq
vko';d fØ;k;sa&vo'kks"k.k] la'ys"k.k] of̀)] iztuu] vkfn dks fu;af=r djrh gaSA

bu lHkh dk fofu;eu ,Utkbeksa ds }kjk gksrk gSA tks fd vR;ar lw{e ek=k
esa fØ;k'khy gksdj fØ;kvksa dks mRizsfjr djus dk dk;Z djrs gSA izLrqr bdkbZ
esa fo|kFkhZ gkeksZu ,oa ,Utkbe dk foLr̀r v/;;u djsaxsA
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5-1 mÌs’; (Objectives)

bl bdkbZ dk eq[; mÌs'; fo|kfFkZ;ksa dks ,Utkbe ,oa gkeksZu dh fØ;k'khyrk
dk ikS/kksa ds thou esa egRo ,oa vko';drk dk foLr̀r fooj.k izLrqr djuk
gSA

5-2 ,Utkbeksa dk oxhZdj.k
(Classification of Enzymes)

,Utkbe }kjk mRizsfjr vfHkfØ;k ds vk/kkj ij ;s nks izdkj ds gksrs gS&

1- gkbMªksykbftax ;k ty vi?kfVr ,Utkbe& ;ss ,Utkbe ty dh
mifLFkfr esa fØ;k /kSj rksM+rs gSa tSlss&

 dkcksZgkbMªsV& dkcksZgkbMªsV dk ty vi?kVuA

 izksVh;st& izksVhu dk ty vi?kVuA

2- MsLeksykbftax ,Utkbe& ;s fdlh Hkh vfHkfØ;k esa Hkkx ysus dk dke
djrs gSA Tky vi?kVu esa Hkh ;g ,Utkbe lg;ksx djrs gSA tSls&

 ,YMksyst& dkcZu J̀a[kyk dks tksM+rs ;k ?kVkrs gaSA

 gkbMªst& ty ds v.kq dks tksM+rs gSaA

 MhgkbMªksftust& gkbMªkstu dks LFkkukaUrfjr djrs gSaA

Enzyme dks vUrjkZ"Vªh; tSo jlk;u la?k (International Union of
Biochemistry – IUB, 1961) }kjk 6 eq[; oxksZa esa ckaVk x;k gS&

(i) vkWDlhMksfjMDVst (Oxidoreductases)& bl izeq[k oxZ esa
os ,Utkbe j[ks tkrs gSa] tks nks fØ;k/kjksa ds chp Oxidation ,oa Reduction dh
fØ;k dks vatke nsrs gSA buesa e– rFkk H2 ;k nksukas gh ,d lCLVªsV ls nwljs
lCLVªsV ij LFkkukaUrfjr gks tkrs gSA blds lkFk&lkFk dqN vU; Co-enzymes
tSls NAD, NADP Hkh LFkkukUrjhr gks tkrs gSA ;s e– ,oa H2 dk Transfer djus
esa lgk;d gksrs gSaA ;s ,UtkbEl izdk'k la'ys"k.k ,oa 'olu esa lgk;d gksrs gSa&

(a) fMgkbMªksftust& Oxidases Enzyme Oxidation dks Catalyse djrs
gaSA bl fØ;k esa fØ;k/kkj ls ,d H2 v.kq fudy tkrk gSA

2 2( )AH A H 

(b) vkWDlhMstst (Oxidases)& blesa gkbMªkstu xzg.k djus okyk O2 ik;k
tkrk gSA ftlls H2O ,oa H2O2 curk gSA
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(c) ijvkWDlhMst (Peroxidase)& ;s ,Utkbe lCLVsªV ls H2 dks iF̀kd~ djrs
gSa tks fd H2O2 ls la;ksx djrs gSA

AOHOHAH  2222 2

(d) vkWDlhftustst (Oxygenases)& ;s ,Utkbe vkWDLkhtu ds nksuksa
ijek.kqvksa ds la;kstu dks mRizsfjr djrs gSA

(e) gkbMªkWDlhyst (Hydroxylase)& ;s ,Utkbe mu vfHkfØ;kvksa dks
mRizsfjr djrs gSa ftlesa vkWDlhtu dk dsoy ,d ijek.kq lcLVªsV esa
tksM+k tkrk gSA

(f) fjMDVstst (Reductases)& ;s ,Utkbe lCLVªsV ls flQZ e– dks iF̀kd~
djrs gSa u fd gkbMªkstu vk;u dksA

(g) dsVsystst (Catalases)& ;s ,Utkbe H2O2 ls vkf.od O2 dks fudkyrs
gSA

2 2 2
12
2

H O H O O 

(ii) VªkUlQjsstst (Transferases)& ,d Substrate ds v.kq dks nwljs
Substrate es LFkkukUrfjr djus okys Enzymes dks Transferase enzyme dgrs
gSA

tSls& Hexokinase–Phosphate group dk Transfer djrk gSA
Phosphorylases– ,d energy rich phosphate group dks LFkkukUrfjr djrk
gSA

(iii) gkbMªksystst (Hydrolases)& ,sls ,Utkbe tks ty dh enn ls
v.kqvksa dks NksVs rFkk ljy inkFkksZ a es fo?kfVr djus okyh vfHkfØ;kvksa dks
mRizsfjr djus dk dk;Z djrs gSa gkbMªksyst ,Utkbe dgykrs gSaA ;g nks izdkj
ds gksrs gS&

(a) vUr% dsf’kdh; (Intracellular enzymes)& tks ,Utkbe ikni
dks"kk ds vanj dke djrs gSA ;s vadqfjr chtksa esa dk;Z djrs gSA

(b) ckg; dsf’kdh; (Extracellular enzymes)& tks enzyme ikni
dks"kk ds ckgj dke djrs gSaA

mnkgj.k– Lipase, carbohydrases, β - Galactosidase bR;kfnA

(iv) ykblst (Lyases)& ,sls ,Utkbe tks fcuk ty& vi?kVu ds gh
Substrate ls Functional group ds fu"dklu dk dk;Z djrs gSA vFkkZr
Hydrolases esa ty dh vko';drk gksrh gS ysfdu blesas ty dh vko';drk
ugha gksrh gSA

mnkgj.k– ,YMksyst] ¶;wejst] ,dksfu;stA
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(v) vkblksejst (Isomerases)& ,sls ,Utkbe tks lcLVªsV v.kqvksa esa
ijek.kqvksa dks iqu% O;ofLFkr djrs gaSA

mnkgj.k– ;s Xywdkst QkWLQsV ds ,d v.kq dks ÝDVkst QkWLQsV esa
ifjofrZr dj nsrs gaSA ;s vkblksejkbts'ku dks mRizsfjr djrs gSA

(vi) ykbxst (Ligases)& ,sls ,Utkbe tks fdlh U;wfDyvkslkbV QkWLQsV
ds VwVus ls mRiUu gksus okyh fØ;k ds }kjk nks v.kqvksa dks vkil esa tksM+us dk
dk;Z djrs gSaA

;s izk;% Anabolic reaction esa Hkkx ysrs gSa ftuls v.kqvkas dk la'ys"k.k gksrk
gSA

5-3 ukedj.k ,oa vfHkyk{kf.kd xq.k
(Nomenclature and Characteristics of Enzyme)

fdlh Enzyme dk ukedj.k Substrate ds var esa ,st tksM+dj fd;k tkrk gSA
tSls& Urease ,oa PhosphataseA fØ;k ds LoHkko dks mRizsfjr djus ds vk/kkj
ij Hkh ,Utkbe dk ukedj.k gksrk gS&

1- fMgkbMªksftust (Dehydrogenase)– Hydrogen dks LFkkukUrfjr djus
okyk ,UtkbeA

2 VªkUlQjst (Transferase)– jklk;fud lewgksa dks LFkkukUrfjr djus
okyk ,UtkbeA fdlh ,d ,Utkbe ds uke esa mlds fØ;k/kkj dk uke
Hkh 'kkfey jgrk gS tSls&

(i) lDlhusV MhgkbMªksftust

(ii) ,YdksgkWy MhgkbMªksftust

dHkh&dHkh Enzyme dk uke u rks fdlh oSKkfud ds uke ds vk/kkj ij
gksrs gS u gh fØ;k ;k izfrfØ;k ds vk/kkj ijA tSls&

(a) dsVsyst (Catalase)

(b) ijvkWDlhMst (Peroxidases)

,Utkbe ds y{k.k (Characteristics of Enzyme)

Enzymes esa special characters ik;s tkrs gSa ftuds }kjk os Biochemical
reactions dks xfr iznku djrs gSaA

buds izeq[k y{k.k fuEu izdkj ds gSa& Enzyme ds 6 izeq[k y{k.k gksrs
gSa&

1. mRizsjd xq.k (Catalylic properties)

2. O;qRØe.kh;rk fØ;k (Reversibility of Action)
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3. fof'k"V iz—fr (Specific in Nature)

4. dksykbMy xq.k/keZ (Collidal properties)

5. rki ds izfr laosnu'khyrk (Sensitiveness to heat)

6. fo"kksa }kjk ,Utkbe laneu (Inhibition of Enzyme by poisons)

1. mRiszjd xq.k (Catalytic properties)& ,Utkbe vPNs mRizsjd gksrs gSaA
D;kasdh ;s fØ;k dh nj dks c<+k nsrs gSaA Chemical reaction esa fof'k"V
xq.kokys lfØ; inkFkZ gksrs gSa tks cgqr de ek=k esa jklk;fud fØ;k dh
nj dks c<+k nsrs gS vr% bUgsa Biocatalyst Hkh dgk tkrk gSA

2. O;qRØe.kh; fØ;k (Reversibility of Action)& vxj dksbZ fØ;k
mRØe.kh; gksrh gS vFkkZr~ nksuksa fn'kkvksa esa vfHkfØ;k gksrh gSa rks ,Utkbe
fØ;k dh fn'kk dks cnyrs ugha gSa cl fØ;k dks mRizsfjr djrs gSA

tSls& Alcohol dihydrogenase uked Enzyme fuEu izfØ;k dks
mRizsfjr djrs gSA

3 2 3
( de )Al hyde

CH CH OH NAD CH CHO NADH H   
, fFky ,YdksgkWy

mnkgj.k& ykbist] olk dk ty vi?kVu dj fXyljkWy ,oa olh;
vEy cukrk gS rFkk ;gh ,Utkbe fXyljkWy ,oa olh; vEy ls fØ;k
dj olk dk la'ys"k.k Hkh djrk gSA

3. fof’k"V iz—fr (Specific in Nature)& izR;sd Enzyme fof'k"V iz—fr
okyk gksrk gSA vFkkZr~ dksbZ Special enzyme ,d Special chemical
reaction dks gh mRiszfjr djrk gSA

mnkgj.k& Sucrase enzyme& ;s dsoy lqØksl dk gh ty vi?kVu
djrk gSA

EnzymeEnzyme

Substrates

Enzyme-
Substrates
Complex

A

A B

C

C

B

fp= Ø- 5-1% ,Utkbe dh fof’k"V iz—fr
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,ekbyst ,Utkbe (Amylase enzyme) ;s Starch dk ty vi?kVu
djrk gSA

4. dksykbMy xq.k/kEkZ (Colloidal properties)& Enzyme colloid iz—fr
ds gksrs gSA budk v.kqHkkj mPp gksrk gSA Enzyme izksVhu nh?kZ v.kw gksrs
gSa vkSj lHkh Colloidal xq.kksa dks n'kkZrs gaSA

5. rki ds izfr laosnu’khy (Sensitiveness to heat)& Enzyme 60ºC
70ºC ls temperature ij inactive gks tkrs gSa vFkkZr~ heat ds }kjk ;s
fuf"Ø; fd;s tkrs gSaA 'kq:vkr esa ;s moist stage esa gksrs gSa ckn esa bUgsa
heat ds }kjk inactive fd;k tkrk gS D;ksafd 'kq"d voLFkk esa ;s fLFkj
gksrs gaSA bl xq.k ds dkj.k Thermolabile dgykrs gSaA

6. fo"kksa }kjk ,Utkbe laneu (Inhibition of Enzyme by Poisons)&
Enzyme ds dk;Z {kerk esa fo"kksa ds laneu ls :dkoV vkrh gSaA ;s nks
izdkj dk gksrk gS&

(a) O;qRØe.kh; laneu (Reversible Inhibition)& blesa tks Hkh
laned gksrk gSa og Enzyme ls Non-covalent bond (Weak
bond) cukrk gSA blfy;s Reaction Reversible gksrh gSA ;s rhu
izdkj dk gksrk gS&

(i) izfrLi/khZ; laneu (Competitive)& blesa Substrate
Enzyme ds lfØ; LFky ls tqM+dj Substrate Enzyme
Complex cukrk gSaA S + E SE complex

bl fØ;k esa laned vkSj fØ;k/kj esa izfrLi/kkZ gksrh gS] fd
Enzyme ds lkFk dkSu tqM+sxkA Substrate tqM+sxk rks Product
cusxk ijarq Inhibitor ds tqMus ls fØ;k vkxs ugh c<+sxhA

;fn Substrate dh Concentration c<+k nh tk;s rks enzyme
ls Substrate ds tqM+us dh priority c<+ tk;sxh ftlls
product cu tk;sxkA

vxj mRiknu de djuk gSa rks Inhibitor dh lkanzrk c<k nsaxsA
ftlls inhibitor ds enzyme ls tqM+us gsrq miyC/krk c<+
tk;saxh ftlls vkxs dksbZ reaction ugha gksxkA
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Fumatic
+ Acid

Succinic
Acid

Malonic
Acid

No Reaction

(a)

(b)

(E)

(E)

fp= Ø- 5-2% ,Utkbe fØ;k esa izfrLi/khZ; laneu

(ii) vizfrLi/khZ; laneu (Non-competitive)& blesa Inhibitor, ,Utkbe
dh lfØ; LFky ds vykok fdlh Hkh Hkkx ls tqM+ tkrs gSa ftlls
Enzymedh lajpuk cny tkrh gS vkSj Substrate Active site ij ugha
tqM+ ikrk gS ftlds dkj.k mRikn ugha curk gSA ,oa fØ;k laiUu ugha
gksrhA

tSls mitochondria esa ik;s tkus okys ,Utkbe Cytochrome
oxidase dk Inhibition cyanide }kjk gksrk gSA

(iii) ,yksLVsfjd ekWM;wys’ku laneu (Allosteric Modulation
Inhibition)& ;g iqufuZos'k laneu dgykrk gSA dqN ,Utkbe
dHkh&dHkh nks fof'k"V LFky iznf'kZr djrs gSa ftuesa ,d LFky
fØ;k/kj ca/ku gsrq rFkk nwljk laned ca/ku ds fy, dk;Z djrk
gSA blesa izFke LFky lfØ; rFkk nwljk LFky ,yksLVsfjd LFky
dgykrk gSA ,sls ,Utkbe ,yksLVsfjd ,Utkbe dgykrs gSaA

(b) vuqRØe.kh; laneu (Irreversible Inhibition)– blesa tks Hkh
laned gksrk gS og Covalent bond cukrk gS blfy;s ;g
Reaction Irreversible gksrh gSA D;ksafd cuus okyk bond strong
gksrk gSA
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5-4 gksyks,Utkbe] ,iks,Utkbe] dks,Utkbe ,oa
dksQsDVlZ dh ladYiuk (Concept of
Holoenzyme, Apoenzyme, Coenzyme and
Co-factors)

(Holoenzyme) izk;% lHkh Enzyme izksVhu ds cus gksrs gaS vkSj jklk;fud nf̀"V
ls fuEu izdkj nks lewgksa esa ck¡Vs gksrs gS&

1- lk/kkj.k ,Utkbe (Simple Proteins Enzyme)

2- ,iks,Utkbe (Conjugated Enzyme)

1- lk/kkj.k ,Utkbe (Simple enzyme)& ;s flQZ vkSj flQZ protein part
ls feydj cus gksrs gSa blesa dksbZ Hkh nwljs particles attach ugha gksrs gSa
blfy;s bls simple enzyme dgrs gSaA

mnkgj.k& Urease enzyme, Amylase enzyme, Pepsin enzyme.

2- ,iks,Utkbe (Conjugated enzyme)– ;k tc fdlh enzyme ls nwljs
dqN molecules vkdj attached gksrs gS rks bls Conjugated enzyme
dgrs gSA Conjugated enzyme dk main Hkkx Protein dk gh gksrk gS
ftls Apoenzyme dgrs gaSA Apoenzyme ds lkFk dqN Non-protein
part Hkh vkdj attach gksrs gSa mls ge Prosthetic group dgrs gSA ;s
group metallic gks ldrs gSa ;k inorganic gksrs gaS&

 Metalic ions Tkc ;s Metalic ions Apoenzyme ds lkFk vkdj
tqMrs gS rc bls Cofactors dgrs gSaA

 Inorganic ions tc ;s Inorganic ions apoenzymes ls tqMrs gS
rc ge bls Coenzyme dgrs gSaA

5-5 ,Utkbe dh dk;Ziz.kkyh ,oa fØ;kfof/k
(Mode and Mechanism of Enzyme Action)

thfor dksf'kdkvksa esa fcuk fdlh ,Utkbe ds cgqr lh tSfod fØ;k;sa gksrh gSa
ftlds fy;s bUgsa cgqr mPp rki ,oa nkc dh t:jr gksrh gSA Enzyme dh
fØ;k pj.kc) gksrh gSA

loZizFke Enzyme, Substrate ds lkFk feydj Enzyme Substrate
complex cukrk gSA

E + S  ES Complex

tSls gh Enzyme ,oa Substrate ds lfØ; LFky vkil esa laidZ esa vkrs
gSa muds ca/k ,oa vk—fr eas Deformation gksus yxrk gS ftlls fØ;k 'kq: gks
tkrh gSSA
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Substrate ds dqN ca/k VwVrs gSa ;k ,d ls vf/kd gksus ds dkj.k ;s tqM+rs
gS ftlds dkj.k u;s mRikn dk fuekZ.k gksrk gSA

mRikn cuus ds ckn Enzyme Lora= gks tkrs gSa ,oa ;gh Lora= ,Utkbe
nksckjk vU; fdlh Substrate ds lkFk tqM+dj fØ;k laiUu djrs gSaA

Uncatalyzed
(Non-enzymatic)

Enzyme
Catalyzed

Energy Change of
the Reaction

CO2 + 2NH3
Products

Progress of Reaction

Initial Energy Level

Urea
+

H2O
E

ne
rg

y

fp= Ø- 5-3% xzkQ }kjk ,Utkbe dh lfØ;rk
ÅtkZ dk izn’kZu

^^Tkc dksbZ inkFkZ jklk;fud fØ;k djrk gSa rks mlds fy;s ,d fuf'pr
ÅtkZ dh vko';drk gksrh gSA bls gh lafØ;.k ÅtkZ dgrs gSaA** Enzyme
lcLVªsV dh blh ÅtkZ dks de dj nsrs gSA ¼fp= Ø- 5-3½

,Utkbe }kjk mRizsfjr fØ;kvksa esa ,Utkbe dk lcls egRowi.kZ dk;Z
lafØ;.k ÅtkZ dh ek=k dks de djuk gksrk gS ftlls vfHkfØ;k vkjaHk gks ldsA
lafØ;.k ÅtkZ ds de gksus ls gksus okyh fØ;k ds ek/;e esa vf/kdka'k v.kq
lfØ; gks tkrs gSA rFkk buds chp vf/kd jklk;fud la;kstu izkjaHk gks tkrk
gSA jklk;fud vfHkfØ;kvksa ds dbZ ;kSfxdksa esa ÅtkZ lafØ;.k esa varj ns[kk x;k
gSA

mnkgj.k& dsVsyst ,Utkbe ds vuqifLFkr gksus ij H2O2 ds fo?kVu gsrq
18 kcal/mole lfØ;.k ÅtkZ jgrh gS tcfd dsVsyst ,Utkbe dh mifLFkfr esa
dsoy 6.4 k cal/mol ÅtkZ dh vko';drk ns[kh x;h gSA
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5-5-1 ,Utkbe dh fØ;kfof/k ds fl)kUr
(Theories of Enzyme Activity)

,Utkbe dh fØ;kfof/k fdlh Substrate ds laidZ esa vkus ls 'kq: gksrh gSa
ftlds QyLo:Ik ,d Enzyme substrate complex cu tkrk gSA ,Utkbe dh
fØ;kfof/k dks le>kus ds fy;s ifjdYiuk;sa nh x;h gSA

5-5-1-1 rkyk dqath fl)kUr (Lock and Key Theory)

rkyk dqath fl)kUr ,fey fQ'kj ¼1894½ us fn;k FkkA buds vuqlkj
^^gj ,Utkbe ds fy;s ,d vyx Substrate gksrk gS**A ftl izdkj fdlh Hkh
rkys dh ,d fof'k"V pkch gksrh gS mlh rjg gj ,Utkbe dk ,d fof'k"V
lcLVªsV gksrk gSA ¼fp= Ø- 5-4½

fp=kuqlkj lcLVªsV ,Utkbe dh lfØ; LFky ij vkdj tqM tkrs gSa
D;ksafd bu nksuksa dh Shape esa Complementary laca/k gksrk gSA buds tqM+us lss
Enzyme substrate complex dk fuekZ.k gksrk gSA

bl fl)kUr dk egRoiw.kZ igyw ;g gS fd ;g izfØ;k mRØe.kh; izfØ;k
gksrh gSaA ,Utkbe dsoy reaction dh nj dks izHkkfor djrk gS u fd mldh
fn'kk dksA vr% Reaction nksuksa fn'kkvksa esa xfr'khy gksrh gSA

rkyk&pkch fl)kUr bl ckr dh Hkh iqf"V djrk gS fØ;k ds var
esa ,Utkbe esa dksbZ ifjorZu ugha gksrk gSA

Active site

Enzyme EnzymeSubstrate Complex Products

fp= Ø- 5-4% ,Utkbe dk rkyk pkch fl)kUr

ftl izdkj dqath }kjk rkyk iw.kZr% vyx gks tkrk gS mlh rjg enzyme
dh fØ;k }kjk substrate molecule VwV tkrk gSA ftl rjg rkys ds [kqyus ls
pkch ugha cnyrh mlh rjg Enzyme Hkh vifjofrZr jgrs gSaA
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5-5-1-2 izsfjr tksM+ ifjdYiuk (Induced Fit Model)

;s fl)kUr D. Koshland us 1958 esa fn;k FkkA buds vuqlkj ^^tc substrate
enzyme ds lkFk tqM+ tkrk gS rks og enzyme ds chemical reaction dks
Induse djuk start dj nsrk gS vkSj] Enzyme ds structure dks Hkh change dj
nsrk gS**A

tSls fd Lock and key theory ds vuqlkj enzyme shape fixed gksrk gS
ysfdu koshland ds vuqlkj& tc Substrate enzyme ds lkFk tqM+ tkrk gS rks
Enzyme ds lajpuk esa ifjorZu vk tkrk gS vkSj ;s ifjorZu gh Enzyme dh
T;knk effectively dk;Z djus esa enn djrk gSA

5-6 ,Utkbe dh fØ;k dks izHkkfor djus okys dkjd
(Factors Affecting Enzyme Activity)

,Utkbe fØ;kvksa dks vusd dkjd izHkkfor djrs gSa&

1- lcLVªsV lkanzrk& lcLVªsV dh lkanzrk esa of̀) gksus ij ,Utkbe fØ;k
dh nj Hkh c<+rh gSA ijarq tc ,Utkbe lcLVªsV ls larÌr (Saturated) gks tkrk
gS rks fØ;k dh nj esa dksbZ of̀) ugha gksrhA

Substrate Concentration

E
nz

ym
e

A
ct

iv
ity

fp= Ø- 5-5% lcLVªsV lkanzrk dk ,Utkbe
fØ;k’khyrk ij izHkko

2- ,Utkbe lkanzrk& fØ;k esa ;fn lcLVªsV dh ek=k vf/kd gksrh gS
rks ,Utkbe dh lkanzrk nqxquh dj nsus ij mRikn dh ek=k c<+ tkrh gSA ijarq
fØ;k ds var esa ,d larÌr fcUnq vk tkrk gS ftlds i'pkr~ ,Utkbe dh lkanzrk
c<+kus ij Hkh dksbZ izHkko ugha iM+rkA
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fp= Ø- 5-6% ,Utkbe fØ;k’khyrk ij ,Utkbe lkanzrk dk izHkko

3- rkieku& ,UtkbEl izksVhu LoHkko ds gksrs gSa vr% rkieku ifjorZuksa
ds fy, ;g cgqr laosnu'khy gksrs gSaA izk;% ,Utkbe dh lfØ;rk izR;sd 10ºC
rkieku c<+kus ij vf/kdre 37ºC rd nksxquh gks tkrh gS ijarq blls vf/kd
rki ij lfØ;rk de gksus yxrh gS vkSj 60-70ºC ij ,Utkbe fØ;k;as vfØ;
gks tkrh gSaA

Temperature

Maximum

R
at

e
of

R
ea

ct
io

n

37ºC

fp= Ø- 5-7% ,Utkbe fØ;k ij rkieku izHkko

1. pH ¼ih-,p½& ,Utkbe dh fØ;k;sa vuqdwyrk pH ij izHkkoh gksrh gSA
pH de ;k vf/kd gksus ij fØ;k;sa de ;k vf/kd gksus yxrh gSA

mnkgj.k& isfVlu de pH ij tcfd ;wfj;st mnklhu pH ij vf/kd
fØ;k'khy gksrs gSaA
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fp= Ø- 5-8% ,Utkbe fØ;k ij pH vuqdwyre izHkko

5-7 ,Utkbe dk tSfod egRo
(Biological Importance of Enzymes)

1- pht fuekZ.k (Cheese making)& jsfuu ,Utkbe dh mifLFkfr esa
dslhu rFkk izksVhu ds d.k feydj pht cukrs gSA

2- tSo&jklk;fud&fo’ys"k.k (Biochemical-analysis)& ;wfj;st ,oa ;wfj-
dst ,Utkbe dk mi;ksx jDr esa mifLFkr ;wfjd vEy ,oa ;wfj;k dh
ek=k Kkr djus esa fd;k tkrk gSA blh izdkj lqØsl ,Utkbe }kjk
lqØksl dh mifLFkfr Kkr djrs gaSA

3- isafØ;sfVd ,Utkbe& dk mi;ksx peM+k mn~;ksx esa Ropk ls cky gVkus
gsrq fd;k tkrk gSA

4- ?kkoksa ds mipkj ,oa Ropk jksxksa esa& izksfV;ksykbfVd ,Utkbeksa dk
iz;ksx ?kkoksa ds mipkj rFkk Ropk jksxksa esa gksrk gSA

5- chekfj;ksa ds funku esa& efLr"d rFkk /kefu;ksa esa tes jDr ds FkDds
dks ?kksyus esa ;wjksdkbust ,Utkbe mi;ksx esa yk;k tkrk gSA ftlls dbZ
chekfj;ksa ls futkr feyrh gSA

6- Qyksa ds jl mipkj esa& lsc rFkk vaxwjksa ds jlksa ds mipkj gsrq
isfDVd ,Utkbe dk mi;ksx gksrk gSA ;g isfDVd ,Utkbe Qyksa ds
isfDVd inkFkksZa dk fo?kVu dj nsrs gSa vkSj lkQ jlksa dk fuekZ.k laHko
gks ikrk gSA

7- tSo jklk;fud fØ;kvksa esaa& thoksa esa gksus okyh lHkh tSo jklk;fud
fØ;kvksa ¼'olu] izdk'k la'ys"k.k] of̀) tuu½ gsrq ,Utkbeksa dk mi;ksx
gksrk gS½A
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5-8 ikni gkeksZUk (Plant Hormones)

ifjp;

;s og tfVy dkcZfud inkFkZ gS tks isM+&ikS/kksa esa fuf'pr LFkkuksa ij curs gSa
rFkk ogk¡ ls laogu ra= }kjk ikS/kksa ds fofHkUu Hkkxks a esa LFkkukUrfjr gksdj mudh
of̀) ,oa esVkcksfyd fØ;kvksa dks fu;af=r djrs gSaA

vFkkZr~ ikS/kksa esa of̀) rFkk fodkl dks fu;af=r djus ds fy;s dqN fof'k"V
jklk;fud inkFkZ gksrs gSaA ftUgsa ikni gkeksZUk ;k growth regulator Hkh dgrs gaSA

gkeksZUk ’kCn dk vFkZ (Meaning of Hormone)

mŸksftr djus okyk inkFkZ gksrk gSA

twfy;l okWu lWDl (Julius Von Sachs 1880) bUgksaus lcls igys bUgsa
of̀)fu;a=d dgk FkkA Starling 1906 ussa loZizFke gkeksZUk 'kCn dk iz;ksx fd;kA

gkeksZu dk 'kkfCnd vFkZ gksrk gS ^^eS izsfjr djrk gw¡**

dkWyksMuh rFkk os.V ¼1925] 1928½ us vius iz;ksxksa esa ;g fu"d"kZ fudkyk
fd ikS/kksa dh of̀) dk fu;a=.k ,sls inkFkksZa }kjk gksrk gS tks fd mikip;h
fØ;kvksa }kjk fo'ks"k Årdksa (Special tissues) esa mRiUu gksrs gSA ;s inkFkZ cgqr
de ek=k esa nwljs Årdksa esa LFkkukaurfjr gksdj of̀) dks fu;af=r djrs gSa
vr% ;sa of̀) fu;ked (Growth regulators) of̀) gkeksZu (Growth
hormone) ;k ikni gkeksZu (Phytohormone) dgykrs gaSA

gkeksZUk ds izdkj (Types of Hormone)

Ekq[; :Ik ls ;s nks izdkj ds gksrs gSa&

1- o`f) lgk;d gkeksZUk& ,sls gkeksZUk tks ikS/kksa dh of̀) esa lgk;d gksrs
gSA tSls&

(i) vkWfDlUk

(ii) ftcjsfyUl

(iii) lkbVksdkbfuUl

2- o`f) jks/kd gkeksZUk& ,sls gkeksZUk tks dh of̀) dks jksdus eas lgk;d gksrs
gSa tSls&

(i) ,sfClfld vEy

(ii) ,fFkyhu
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ikni gkeksZu ds y{k.k (Characters of Plant Hormones)

1- ;s dkcZfud inkFkZ rks gksrs gSa ijUrq iks"kd inkFkZ ugha gksrs gSaA ;s
dksf'kdk foo/kZu rFkk dksf'kdk foHkktu izsfjr djrs gaSA

2- ;s tM+] ruk rFkk dfydk ds 'kh"kZLFk fljks esa vFkok ifŸk;ksa esa la'ysf"kr
gksrs gSaA

3- ;s ¶yks,e ds ekxZ ls ikS/ks ds vU; {ks=ksa rd vfHkxfer gksrs gaSA

4- ;s vR;&vYi ek=k esa la'ysf"kr rFkk fØ;k'khy gksrs gS] vR;kf/kd ek=k
esa of̀) ij foijhr vlj Mkyrs gSaA

5- ;s ikniksa esa of̀) izfØ;k dks vfHkizsfjr vFkok fujksf/kr djus dk dk;Z
djrs gSaA

6- ;s ikS/kksa dh vuqorZuh izdk'kuqorZu rFkk xq:Ro xfr;ksa ij fu;a=.k j[krs
gSaA

7- ;s ik'oZ dfydkvksa dh of̀) dks jksdrs gSaA

8- vkWfDlu gkeksZu ewy izsj.k dk dk;Z djrk gSA

9- ;s Qyksa ds foyxu dks jksdrs gSaA

10- cht jfgr Qyksa ds fuekZ.k esa Auxin dk iz;ksx gksrk gSA

11- [ksrksa esa [kjirokj dks u"V djus ds fy;s Hkh Auxin dk iz;ksx gksrk gSaA

5-8-1 vkWfDlu (Auxin)

vkWfDlu mu lHkh jklk;fud inkFkkasZ dks dgrs gSa tks ruk ;k dksfy;ksIVkby ds
vxzdksa esa curs gS tks of̀) dk fu;a=.k djrs gaSA

vkWfDlu (Auxins) ds izeq[k fuEu izdkj gSa

 bUMksy ,slhfVd ,flM (Indole Acitic Acid-IAA)

 bUMksy C;wVkbfjd ,flM (Indole Butaric Acid-IBA)

 bUMksy 3 ik;:fod ,flM (Indole 3 Pyruvic Acid-I3PA)

vkWfDlu dh [kkst (Discovery of Auxins)

MkfoZu ¼1880½ us vius iz;ksx esa crk;k fd ,d ?kkl&Qsysfjl dsuksfj,fUll ds
Coleoptiles ds tip ds inkFkZ izdk'k dks xzg.k djrs gSa vkSj ;fn Coleoptile
dks ,d vksj ls izdk'k fn;k tk;s rks ;g izdk'k dh fn'kk dh vksj eqM+us yxrs
gSaA ftls Phototropism dgrs gSaA

;fn Coleoptile ds 'kh"kZ dks <ad fn;k tk;s ;k dkV fn;k tk;s vkSj fQj
mUgsa ,d vksj ls izdk'k fn;k tk;s rks ;s fdlh Hkh vksj ugh a >qdrs gS aA
¼fp= Ø- 5-9½
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No
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Light

Light

fp= Ø- 5-9% MkfoZu dk iz;ksx&izkadqj pksy esa mifLFkr vkWfDlu
ds dkj.k izdk’kkuqorZu xfr dk izn’kZu

Boysen – Jensen, (1910 – 1913) us ;gh iz;ksx ¼tbZ½ ds ¼izkadqj pksy½ ds
lkFk fd;k & muds vuqlkj tc c<+rs gq;s izkadqj pksy ds 'kh"kZ Hkkx dks dkV
fn;k tk;s vkSj 'ks"k Hkkx ij ik'oZ fn'kk ls izdk'k fn;k tk;s rks rus ds Hkkx esa
of̀) u ds cjkcj gksrh gS ijUrq vxj dVs gq;s fljs dks fQj ls rus ds Åij j[k
fn;k tk;s rks of̀) 'kq: gks tkrh gSA

muds vuqlkj ftysfVu dk VqdMk vFkok vxj Cykd iqu% dVs gq;s LVEi
esa j[k fn;k tkrk gS rks of̀) izdk'k ds Lkzksr dh vksj gksus yxrh gSA

nwljs iz;ksx esa mUgksaus Coleoptile ds tip ds uhps dV yxkdj ml ij
vxj ekbdk dk VqdMk j[k fn;k vkSj mls izdk'k dh vksj j[kk rc ¼rus esa½ of̀)
gksrh gS ijUrq vxj mica yxk fgLlk izdk'k ds foijhr gks rc mlesa of̀) ugha
gksrh gSA ¼fp= Ø- 5-10½

bu iz;ksxksa ls Li"V gks tkrk gS fd coleoptile ds fljs esa dqN of̀) djus
okys inkFkZ mifLFkr gksrs gSa ftUgsa ikni gkeksZUk dgrs gSaA
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Light
Gelatin
BlockLightLight

Mica Foil
Inserted

No
Bending

fp= Ø- 5-10% ckW;lu tsUlu dk iz;ksx

F.W. Went (1928) bUgksaus vksV dh fVi ls iz;ksx fd;kA bUgksus vius
iz;ksx esa vksV dh coleoptiles dh fVi dks dkVdj mls Agar jelly ds NksVs
VqdMs ij FkksM+h nsj j[kk jgus fn;k] dqN le; ckn Agar jelly ds mlh block
dks coleoptiles ds dVs gq;s rus ds Åij ,d vksj j[k nsrs gSa] ftlls
Coleoptile, Agar block ds foijhr of̀) djrk gSA ¼fp= Ø- 5-11½

ftlls ;g fl) gksrk gS fd Agar block coleoptile ds fljs ls
hormones vo'kksf"kr djrk gS vkSj rus esa j[kus ds ckn mls rus es LFkkukarfjr
dj nsrk gS ftlls rus dh of̀) gksus yxrh gSA

Dark

Agar
Block

fp= Ø- 5-11% ,Q MCyw os.V dk iz;ksx
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nwljs iz;ksx esa nks vxj CykWd fy;s ftuds mij Coleoptile dh tip dks ,sls
j[kk fd Coleoptile dh tip dk vk/kk&vk/kk Hkkx nksuksa Cykd ij jgs vkSj vxj
ds nksuksa VqdMksa ds chp mica sheet yxk nh rkfd Auxin ,d Cykd ls nwljs
CykWd esa folfjr u gks lds rFkk ,d rjQ ls light nsus ij ftl rjQ izdk'k
iMrk gS ml rjQ 27% Auxin store gksrh gS vkSj izdk'k ds foifjr fn'kk okys
block esa 57% Auxin store gksrh gSA

Light

Micasheet

27% 57%

fp= Ø- 5-12% izdk’k ds izHkko ls nksuksa CykWDl esa
vkWfDlu dk forj.k iznf’kZr

vkWfDlu dh jklk;fud iz—fr (Chemical Nature of Auxins)

oSKkfud ,Q dksxy ,oa gSxu fLEkV us loZizFke nks izdkj ds vkWfDlu dk o.kZu
fd;k&

1. izk—frd vkWfDlu (Natural Auxin)& ;s izk—frd :Ik ls ikS/kksa esa
ik;s tkrs gSaA dksy ,oa gSxsufLer us Auxin–a dh [kkst dh ftls mUgksaus ekuo
ew= ls izkIr fd;k FkkA Auxin–b ;k (Auxinalonic acid) dks mUgksaus dkWeZ teZ
ls izkIr fd;kA

Indole – 3 Acetic acid- uke ds inkFkZ dks iqu% ekuo ew= ls izkIr
fd;kA vc ;gh gkeksZUk vR;f/kd ek=k esa feyusokyk lkekU; izk—frd vkWfDlu
gSA

2. flaFksfVd vkWfDlu (Synthetic Auxin)& vk/kqfud ;qx esa vusd
jklk;fud inkFkksZa dks la'ysf"kr fd;k x;k gSa tks vkWfDlu tSlh fØ;k;sa djrs gSa
vr% ;g Synthetic Auxin dgykrs gSa] tks fuEu izdkj ds gS&
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(a) csUthu MsjhosfVo (Benzene derivatives)–

(i) Qsfuy ,lhfVd vEy (P.A.A)

(ii) fQukWDlh ,lhfVd vEy

(iii) 2, 4–D

(b) b.Mksy MsjhosfVo (Indole derivatives)–

(i) b.Mksy&3 izksfi;kWfud vEy (I. 3 – P.A.)

(ii) b.Mksy C;wVfjd vEy (I.B.A)

(c) us¶Fksyhu MsjhosfVo (Naphthalene derivatives)–

(i) uS¶Fksyhu ,lhfVd vEy

(ii) uS¶FkkWDlh ,lhfVd vEy

vkWfDlu dk LFkkukUrj.k (Translation of Auxins)

vkWfDlu oSls rks ikS/ksa ds lEiw.kZ 'kjhj esa ik;k tkrk gS ijUrq bldh lokZf/kd
ek=k vxzdksa esa gh ik;h tkrh gSA

Thimann 1935 us Etiolated Avena coleoptile esa vkWfDlu ds forj.k dk
foLrr̀ v/;;u fd;k rFkk crk;k fd blds coleoptile esa Auxin dh lokZf/kd
lkUnzrk gksrh gS rFkk vkWfDlu dh ek=k vk/kkj dh vksj Øe'k% de gksrh tkrh
gSA

blh izdkj tSls&tSls coleoptile ds vk/kkj ls tM+ksa dh vksj c<+rs gSa
vkWfDlu dh lkUnzrk iqu% c<+rh pyh tkrh gSa vkSj ewykxz esa dkQh vf/kd
lkUnzrk gksrh gSA

bUgksaus vius v/;;u esa ik;k fd Shoot tip esa Root tip dh vis{kk vkWfDlu
dh lkUnzrk vf/kd gksrh gSA

vkWfDlu ds izdk;kZRed izHkko ,oa O;ogkfjd vuqiz;ksx

;s fuEu izdkj ls gS&

1 tM+ksa dk fuekZ.k (Root formation)– cgqr ls ikS/ks esa tSls xqykc dh
dye dks tehu esa xkM+dj iqu% u;k ikS/kk rS;kj fd;k tkrk gSA ;fn
xqykc dh dye ds fupys fljs dks Phenyl acetic acid, Alpha –
naphthalene butiric Acid, Indole acetic acid ?kksy esa Mqcksdj xeyksa esa
yxk;k tkrk gSa rc dVs gq,s fgLls ls cgqr tYnh gh viLFkkfud tM+sa
fudy vkrh gSA

2- dksf’kdk foo/kZu (Cell elongation)– vkWfDlu dk izkFkfed dk;Zdh;
izHkko Cell elongation gSA Tkks fuEu fof/k;ksa }kjk gksrk gS&

(i) dksf'kdk ds ijklj.k nkc ds c<+kus lsA

(ii) dksf'kdk nzo dh ikjxE;rk dks c<+k djA
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(iii) dksf'kdk nkcks dks de dj dsA

(iv) lsY;qykst ds la'ys"k.k dh izfØ;k dks c<+k djA

(v) mRNA vkSj Protein la'ys"k.k dks c<+k djA

3- dSyl fuekZ.k& tc dksbZ Hkkx pksfVy gks tkrk gS rks muesa Årdksa a dk
fuekZ.k gksrk gSA vkWfDlu dh lkUnzrk vxj vf/kd gksxh rks Ård dk
fuekZ.k Hkh vf/kd rsth ls gksrk gSA Ård lao/kZu iz;ksxksa esa Hkh vkWfDlu
dk mi;ksx gksrk gSA

4- ’kh"kZ izeq[krk (Apical dominance)– ;g gkeksZu 'kh"kZLFk dfydk dh
of̀) dks vfHkizsfjr djrk gS rFkk ik'ohZ; dfydk ds izHkko dks Inhibit
djrk gS ;g fLFkrh 'kh"kZLFk izHkkfork ds uke ls tkuh tkrh gSA

5- foyxu irZ& ;g ifŸk;ksa ,oa Qyksa ds foyxu dks jksdrk gSaA NAA
vFkok 2 – 4D ds fNMdko ls lUrjk] uk'kikrh vkfn Qyksa ds M.By esa
Abscission Layer dk cuuk LFkfxr gks tkrk gSa vkSj isM+ksa ls dPps Qyksa
dk iF̀kd gksuk :d tkrk gSA

6- lqIrkoLFkk fu;a=.k& vkWfDlu dk mi;ksx Corn, Bulb ds mipkj.k eas
fd;k tkrk gSA tc bu Qyksa dks cksuk gksrk gS rks vkyw ds dUnksa dks 2
izfr'kr veksfu;e Fkk;kslk;fud vEy }kjk mipkfjr djrs gSaA
iz;ksxksa }kjk ;g fl) fd;k x;k gS fd ;fn vkyw dks ,Fkkbyhu
DyksjksgkbfMªu dh ck"i esa 24 ?k.Vs j[k fn;k tkrk gS rks mudh
lqIrkoLFkk u"V gks tkrh gS vkSj 'kh?kz gh vadqj.k gksus yxrk gSA

7- cht jfgr Qy dk fuekZ.k& ;g vfu"ksdQyu dks vfHkizsfjr djrk
gSaA [khjk] lsc VekVj vkfn esa budk mipkj cht jfgr Qy ds fuekZ.k
dks laHko djrk gSA

8- [kjirokj fuokj.k& dqN vkWfDlu vukt ds [ksrksa esa mxus okyh
taxyh ?kkl ;k [kjirokj dks u"V djus ds fy;s mi;ksx esa yk;h tkrh
gSA ;g fØ;k Weedicides dgykrh gSA 2&4&Mh ds fNM+dko djus ls
pkSM+h iŸkh okys f}chti=h Qly ds [kjirokj u"V gks tkrs gSA

9- ikFkhZuksdkihZ& cht jfgr Qyksa dk mxuk ikFkhZuksdkihZ dgykrk gSA
IAA, NAA, IBA ds iz;ksx ls VekVj] lsc] vuUukl] larjk] vaxwj esa
chtjfgr Qy izkIr fd;s tkrs gSaA

5-8-2 ftcjsfyUl (Gibberellins)

oss gkeksZUk tks lesfdr :Ik ls izjksg dh yEcor~ of̀) dks c<+krs gSa] oks ftcjsfyUl
dgykrs gSA

Discovery of Gibberellins& bu gkeksZUk dh [kkst tkiku ds izfl)
oSKkfud izks- dq:lksok us 1926 esa ^^ftcjsyk ¶;wthdqjsbZ** uked ^^dcd** ls dh
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ftlds vySafxd :Ik dks ¶;wtsfj;e eksfufyQkeZ dgrs gSaA ;g /kku ds ikS/kksa eas
csdkukbZ vFkok ew[kZ vadqj.k (Foolish seeding) uked jksx QSykrk FkkA

jksx ds dkj.k ikS/ks vR;kf/kd yEcs] irys rFkk ihys gks tkrs Fks vFkkZr~ of̀)
dks c<+kus okyk xq.k dod ds jl esa FkkA vr% gkeksZUk dk uke ftcjsfyu Hkh
dod ds uke ij j[kk x;kA

Yabuta and sumiki (1938) us Gibberellin dks Crystalline form esa vyx
fd;k ftls ftcjsfyu ^^,** dgk x;kA

ftcjsfyu fØ;k dh fØ;kfof/k (Mechanism of Gibberellin Action)

;s dks"kk nh?khZdj.k ds lkFk dks"kk foHkktu djds of̀) ij izHkko Mkyrs gaSA
ftcjsfyu vkWfDlu Lrj ij muds izHkko ds dkj.k ijks{k :Ik ls ikS/ks dh
Morphogenetic processes dks izHkkfor dj ldrh gS ij dqN izfrfØ;k;sa
vkfDlu dh mifLFkfr ;k vuqifLFkfr ls vizHkkfor jgrh gSaA

ftcjsfyu ds izHkko ls vkWfDlu Lrj esa of̀) dk dkj.k vkWfDlu dk
fouk'k gksuk :drk gS ftlls Lor% vkWfDlu ds la'ys"k.k dh nj c<+ tkrh gSA
czkW¶Vu (1968) us ftcjsfyu vEy ds }kjk dksf'kdkvksa es DNA, RNA dh ek=k
esa of̀) ds vusd izek.k izLrqr fd;s gaSA

Promoters

Proteases Protein Tryptophan Auxin

Gibberelin

fp= Ø 5-13% vkWfDlu ds la’ys"k.k esa ftcjsfyu dk egRo

ftcjsfyu ds izdk;kZRed izHkko ,oa vuqiz;ksx

1- rus ,oa ifŸk;ksa dh o`f)& blds fNM+dko ls ikS/kksa dh yEckbZ c<+
tkrh gS ifŸk;ksa dk vkdkj Hkh c< tkrk gSaA

mnkgj.k& eVj] eDdk rFkk gsucsu dh ckSuh iztkfr;ksa esa blds fNMdko
ls ikS/ks yEcs rFkk ifŸk;k¡ pkSMh gks tkrh gSA QyLo:i izdk'k la'ys"k.k
dh nj c<+ tkrh gSA

2- izlqfIr dks nwj djuk& ;g ns[kk x;k gS fd bl gkeksZUk ds fNM+dko
ls vkyw ds dUn vkSj ikS/kksa ij 'khrdkyhu dfy;ksa dh izlqfIr nwj gks
tkrh gSA
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3- vfu"ksdQyu (Parthenocarpy)& Gibberellin ds fNM+dko djus ls
chtjfgr Qyksa dh izkfIr gksrh gS bUgsa Parthenocarpic fruits dgrs gaSA

4- iq"iu ,o Qwykas ij izHkko& ftcjsfyUl ikS/kks esa iq"iu fØ;k dks izsfjr
djrs gSaA ftcjsfyu ds mipkj ls nh?kZ iznhIrhdkyhu ikS/ks y?kq izdk'k
vof/k esa Hkh iq"iu dj ldrs gaSA

5- cksfYVax izHkko& dqN ikS/kksa esa igys o"kZ flQZ rosette form esa ifŸk;k¡
fudyrh gSa ;k buesa flQZ Vegetative growth gksrh gSaA rFkk nwljs o"kZ
blesa nh?kksZ—r izjksg ;k iq"iØe (Inflorescence) fudyrk gSA ftcjsfyu
ds ?kksy dks fNMd nsus ls mu ikS/kksa esa Inflorescence izFke o"kZ gh
fudy vkrs gSa ftls Bolting izHkko dgrs gSaA

mnkgj.k& cUnxksHkhA

fp= Ø- 5-14% ftcjsfyu fNMdko }kjk ioksZ esa o`f)

ijkxd.k vadqj.k (Germination of pollengrains)& 1963 esa
Ethirajan uked oSKkfud us xUus ds ijkxd.kksa ds vadqj.k ij ftcjsfyu vEy
ds izHkko dk v/;;u fd;kA bUgksaus crk;k fd lkekU;r% xUus dk ijkxd.k
vadqfjr ughaa gksrs] fdUrq ftcjsfyu vEy ds izHkko ls buesa vaadqj.k cgqr rsth ls
gksus yxrk gSA
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fp= Ø- 5-15% ftcjsfyu dk lkjka’k

5-8-3 lkbVksdkbfuUl ;k QkbVksdkbfuUl
(Cytokinins or Phytokinins)

;s gkeksZUk dksf'kdk foHkktu ij dk;Z djrs gSa rFkk dksf'kdk nh?khZdj.k ij
vizHkkoh gksrs gSaA

Discovery of Cytokinins

Lkcls igys (Jablonski and Skoog 1954) us rEckdw ds rus dh ioZ dk lao/kZu
djrs le; ns[kk fd oLdqyj caMy esa ,d jklk;fud inkFkZ mifLFkr gksrk gSa
ftlds izHkko ls fiFk dh dksf'kdkvksa esa Cell division gksrk gSaA

Miller 1954– Miller Uks Kinetin dks ;hLV ls izkIr fd;k FkkA

ysFkSe (Latham 1967)& us bls eDdk ls izkIr fd;kA ftls Zeatin
dgrs gSaA ukfj;y ds ikuh esa Hkh dkbusfVUl ik;s tkrs gSaA Qy ,oa Hkwz.kiks"k
dkbusfVUl ds izew[k Lkzksr gksrs gSaA
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Kinetin, XXXIV Kinetin
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fp= Ø- 5-16% dkbusfVu dh jklk;fud lajpuk

lkbVksdkbfuu ds izdk;kZRed izHkko ,oa vuqiz;ksx

1- ;g vkWfDlu ds lkFk feydj dksf'kdk foHkktu dh xfr dks rst djrk
gSA

2- ;g ikS/kksa ds vaxks ds fuekZ.k dks fu;af=r djrk gSA

3- blds iz;ksx ls ik'oZ dfydkvksa dh of̀) dks c<+k;k tk ldrk gSA

4- ysDV;wdkflVkbok tSls ikS/ks ds cht ftudh lqIrkoLFkk izdk'k ds izHkko
ls Hkh vklkuh ls u"V ugha gksrh] ;g lkbVksdkbfuu ds izHkko ls 'kh?kz
u"V gks tkrh gSA

5- fjpeks.M&ySx&izHkko&fjpeks.M ,oa ySax (1957) us crk;k fd dkbusfVu
ds izHkko ls tSfUFk;e ds ikS/kksa dh ifŸk;ksa dk DyksjksfQy u"V ugha gks
ikrk vkSj os yxHkx 20 fnuksa rd gjh jgrh gSa tcfd fu;a=.k fLFkfr
(Control conditions) dh ifŸk;k¡ ihyh gksdj eqj>k tkrh gSA vFkkZr~
dkbusfVu ds izHkko ls th.kZrk dks dqN le; ds fy, Vky ldrs gaSA

vkslcuZ (1962) us crk;k fd dkbusfVu ls mipkfjr djus ij ikS/kksa esa
izksVhu la'ys"k.k esa of̀) gksrh gSA

6- bl ls mipkfjr izdk'k fiz; fctksa dks va/kdkj esa mxk;k tk ldrk
gSaA

mnkgj.k& rEckdw vkSj lykn vkfn chtksa dks lkbVksdkbfuu esa ?kksy dj
vadqj.k djk;s tkus ij 'kh?kz vadqfjr gksrs gSA

7- eknk iq"iksa dh la[;k dks c<+krk gSaA
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8- vkWfDlu vkSj lkbVksdkbfuu dk vuqikr cnydj tM+ vkSj ruk nksuks
dks fodflr fd;k tk ldrk gS&

 Tkc lkbVksdkfuu dk vuqikr c<+ tkrk gS & izjksg curk gSA

 Tkc vkfDlu dk vuqikr vf/kd gks rks & tMs+ 'kh?kzrk ls curh
gSA

9- blds iz;ksx ls th.kZrk dks jksdk tk ldrk gSA

10- lkbVksdkbfuu dk mi;ksx ikS/kksa dh jksxizfrjks/kdrk c<+kus esa Hkh fd;k
tkrk gSA

5-8-4 ,fClfld vEy (Abscisic Acid)

;g of̀) jks/kd gkeksZUk gksrk gS ;g dksf'kdk foHkktu dks jksdrs gSA blfy;s bls
of̀) jks/kd gkeksZUk dgrs gSA

bl gkeksZUk dks LVªsl gkeksZUk Hkh dgrs gSa D;ksfd ;g lw[kk] tyØkafr
(Water loss) vkfn izfrdwy ifjfLFkfr;ksa esa mRiUu gksrk gSA

Discovery of ABA

Carns and Addicott (1961–1965) us dikl ds ikS/ks dh iq"Ik dfydkvksa ls bls
vyx fd;k FkkA

ossjsax rFkk dkWuZQkWFkZ us MkWfeZu uked ;kSfxd dks fo;ksftr fd;k rFkk
ik;k fd ;g ;kSfxd izlqfIr dks vfHkizsfjr djrk gSA

ckn esa iz;ksxksa ds Øe esa ik;k x;k fd MkfeZu rFkk ,fClflu& II
(Abscission) uked inkFkZ ,d gh izdkj ds jlk;u gSa rFkk nksuksa dkss ,d gh
uke ls tkuk tkrk gSA ftls ,Clhfld vEy uke fn;k x;kA bldk fuekZ.k
iŸkh esa gksrk gS rFkk ¶yks,e }kjk lapkfjr gksdj ;g stem apices rd igq¡prk
gSA

,fClfld vEy ds dk;Z

1- ifŸk;ksa dh th.kZrk& tSls gh ifŸk;ksa esa ,fClfld gkeksZUk dks fNM+dk
tkrk] ifŸk;ksasa dk i.kZgfje u"V gks tkrk gSa bl voLFkk dks th.kZrk dgk
tkrk gSA vFkkZr~ ABA th.kZrk esa of̀+) djrk gSA

2- dksf’kdk foHkktu dks jksduk& ;g dksf'kdk foHkktu ,oa dksf'kdk dks
yEck gksus ls jksdrk gSA

3- dfy;ksa rFkk chtksa dh izlqfIr& ;g gkeksZUk Qwyksa dh dfy;ksa dks c<+us
ls jksdrk gS vkSj chtksa dks vadqfjr ugha gksus nsrkA
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4- iq"iu dks jksduk& ;s ikS/kksa esa iq"iu fØ;k dks jksdrk gSA dqN ikS/ks
ftudks iq"iu ds fy;s yacs nhfIrdky dh vko';drk gksrh gS muds
f[kyus dh vof/k dks yack djrk gSA tc fd de nhfIrdky okys ikS/kksa
esa budh de lkUnzrk iq"iu esa enn djrh gSA

Tkc fd de nhfIrdky okys ikS/ksa esa budh de lkUnzrk iq"iu esa enn
djrh gSA

5- ok"iksRltZu dks de djuk& ;g LVksesVk dks can djds ok"iksRtZu de
djrk gSA blfy;s de ty okyh Hkweh esa [ksrh ds fy;s mi;ksxh ekuk
tkrk gSA

6- ifŸk;ksa esa foyxu& Abscissic acid dh vf/kd ek=k gksus ij ifŸk;ksas a esa
RNA ,oa izksVhu dk la'ys"k.k :d tkrk gSA blesa ifŸk;ksa esa th.kZrk dh
fLFkfr mRiUu gks tkrh gS rFkk foyxu irZ ds fuekZ.k Ik'pkr~ ifŸk;ksasa esa
foyxu gks tkrk gSA

5-8-5 bfFkyhu (Ethylene)

;g ,d ek= ,slk gkeksZu gS tks izk—frd :Ik esa xSlh; voLFkk esa gksrk gSa rFkk
of̀) jks/kd dk dk;Z djrk gSA budh mifLFkfr Qyksa esa ifjiDou rFkk ifŸk;ksasa
esa foyxu dks fu/kkZfjr djrh gSA

Discovery of Ethylene

 Neljubow, (1901) Uks vius iz;ksxksa ds Øe esa ik;k fd ,fFkyhu xSl dh
mifLFkfr tM+ksa dh vuqorhZ xfr dks ifjofrZr dj nsrh gSA

 Denny (1924) Uks irk yxk;k fd ,Fkhfyu xSl Qyksa dss ifjiDou esa
lgk;d gksrh gSA

 ftejeSu rFkk muds lg;ksfx;ksa (1931) us irk yxk;k fd ;g iwoZ
foyxu dks vfHkizsfjr djrk gSA

 xsu (Gane, 1934) us loZizFke ,Fkhfyu dks ids Qyksa esa izk—frd :Ik ls
mifLFkr ik;k rFkk bls fo;ksftr fd;kA

 ØkWdj ,oa muds lg;ksfx;ksa us ,fFkyhu dks ikni gkeksZu ds :Ik esa
mifLFkfr dh tkudkjh nhA

izdk;kZRed egŸo vFkok ,fFkfyu dk dk;Z

1- dksf’kdkvksa dk {kSfrt QSyko& ;g ruk ds nh?khZdj.k ij fujks/kd
izHkko Mkyrk gS] ijUrq mlds dksf'kdkvksa esa {kSfrt QSyko dks c<+k nsrk
gS] ftls dkj.k ruk Qwyk gqvk fn[kk;h nsrk gSA
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2- Qyksa dk iduk& ;g Qyksa dks idkus esa lgk;d gksrs gSaA fo'okl
fd;k tkrk gS fd ,fFkyhu ikS/ks ds rus ds vxz Hkkx esaa curk gSa vkSj
folfjr gksdj Qyksa dks idkrk gSA Qyksa ds idus ds igys gh ;s Qyksa
esa LFkkukaUrfjr gks tkrs gSA

3- iq"iu ij izHkko& ;g iq"iu dks de djrk gS ysfdu vuUUkkl esa iq"iu
dks c<+krk gSA blds izHkko ls eknk iq"iksa dh la[;k esa of̀) gksrh gS]
tcfd uj iq"iksa dh la[;k de gks tkrh gSA

4- foyxu esa& ;g iŸkh] Qyksa ,oa iq"iksa ds foyxu dks rhoz djrk gSA

5- Lyhi jksx& bfFkfyu f[kys gq;s iq"iksa ds nyksa dh Inrotting ds fy;s
ftEesnkj ekuk tkrk gSA nyksa dh vUroZy;u Lyhi jksx dgykrh gSA

6- izlqfIr dh lekfIr (Breaking of dormancy)& ;g gkeksZu lap;u
vaxks dh izlqfIr lekIr djrk gSA blls Rhizome, corn vkfn dks
vadqfjr djus esa enn gksrh gSA

7- tM izorZu (Root initiation)& de ek=k esa gksus ij ,Fkhfyu tM+
izorZu esa] ik'oZ tM+ksa (Lateral roots) dh of̀) esa ,oa ewy jkse ds fodkl
esa lgk;rk djrk gSA

viuh Áxfr tk¡fp, (Check Your Progress)

1- vkWfDlu D;k gSa\

¼v½ izksVhu ¼c½ olk;sa

¼l½ dksf'kdk ¼n½ of̀) gkeksZUk

2- ftcjsfyu dk irk loZizFke dgk¡ yxk;k x;k\

¼v½ 'kSoky esa ¼c½ dod esa

¼l½ thok.kq esa ¼n½ mPp ikniksa dh tM+ksa esaA

3- bfFkyhu xSl

¼v½ ,d larÌr gkbMªksdkcZu gSA

¼c½ lsc ds idus dks /khek djrh gSA

¼l½ VekVj ds idus dks lanfHkZr djrh gSA

¼n½ Qyksa ds ifjiDou dks rst djrh gSA
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5-9 viuh izxfr tk¡fp, iz’uksa ds mŸkj
(Answer to Check Your Progress)

1- ¼n½

2- ¼c½

3- ¼n½

5-10 lkjka’k (Summary)

izLrqr bdkbZ esa fo|kfFkZ;ksa us ,Utkbeksa ,oa ikni gkeksZu ds ckjs esa foLr̀r
tkudkjh izkIr dhA buds iks/kksa ds tSfod fØ;kvksa ij izHkko ,oa mi;ksfxrk ds
ckjs esa iw.kZ v/;;u fd;kA tks fd fo|kfFk;kssa ds fy, mi;ksxh lkfcr gksaxkA

5-11 eq[; 'kCnkoyh (Key Terminology)

 ,Utkbe% lw{e ek«kk esa mifLFkr gksdj fØ;kvksa dks mRizsfjr djus okys
inkFkZA

 gkbMªksyst% ty dh mifLFkfr esa v.kqvksa dks fo?kfVr djrs gSaA

 vkWDlhMst% gkbMªkstu xzkgh O2 mifLFkr gksrk gSA

 dksykbMy LVst% ,slh voLFkk ftlesa d.kksa dk vkdkj 1-0 nm ls
10 nm rd gksrk gSA

 gkeksZu% of̀) fu;a=.k inkFkZA

 vkWfDlu% ikni vxzdksa esa mifLFkr of̀) izsjd gkeksZuA

 ftcjsfyu% rus dh yEccr of̀) ds fy, mÙkjnk;h gkeksZuA

 bfFkyhu% xSlh; ikni gkeksZu tks Qyksa esa ifjiDou ykrk gSA

5-12 Lo-ewY;kadu iz’u ,oa vH;kl
(Self Assessment Questions and Exercises)

y?kq mŸkjh; iz'u (Short Answer Type Questions)

1- gkeksZUk D;k gksrs gSa\ ikS/kksa esa eknk xq.k fodflr djus okys fdlh ,d
gkeksZu dk uke crkb;sA

2- ftcjsfyu gkeksZu dk ikS/kksa esa D;k egRo gS fyf[k,A

3- vkWfDlu ds nks izdk;kZRed izHkkoksa dks le>kb;sA

4- cksfYVax izHkko fdls dgrs gSa\
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5- ikni of̀) fu;U=d ij la{ksi esa fyf[k;sA

6- lkbVkssdkbfUkUl ij fVIi.kh fyf[k;sA

7- bfFkyhu o vkWfDlu ij fVIi.kh fyf[k;sA

8- ikS/kksa esa vkWfDlu dh izk;ksfxd mi;ksfxrk dks le>kb;sA

9- ,fClfld vEy ds dk;Z fyf[k;sA

10- lqIrkOkLFkk fu;a=.k dks le>kb;sA

nh?kZ mŸkjh; iz'u (Long Answer Type Questions)

1- of̀) gkeksZu D;k gksrs gSa\ buds izdkj ,oa ikni thou ij izHkko ij
fucU/k fyf[k;sA

2- fofHkUu ikni gkeksZUk ,oa muds egRo dk o.kZu dhft;sA

3- ftcjsfyu D;k gSa\ ikS/kksa esa ftcjsfyu ds dk;Z fyf[k;sA

4- ikni gkeksZUk dh mi;ksfxrk dk o.kZu djasA

5- bfFkyhu dh jpuk o dk;ksZa dk o.kZu dfj;sA

6- of̀) jks/kd ,oa of̀) vojks/kd gkeksZUk ds vkfFkZd egRo dks le>kb;sA

7- ckW;lu & tsUlu ,oa MkfoZu ds iz;ksxksa dk o.kZu dhft;sA

5-13 lgk;d ikB~; lkexzh (Suggested Readings)

1- College Botany vol. – 4, S. Sundara Rajan, Himalaya Publishing
House, Mumbai, 2016.

2- Unified Botany, B.Sc. Vth Sem, Shivlal Agrawal, 2018-19.

3- R.P. Unified, Niranjan Kishotriy, Archana Kshotriya, Ramprasad,
& Sons Bhopal.

4- Fundamentals of Plant Physiology, V.K. Jain.

5- Plant Physiology, Fourth Edition S.N. Pandey, V.K. Sinha.


	Title page.pdf
	Introdution.pdf
	Ch 1.pdf
	Ch 2.pdf
	Ch 3.pdf
	Ch 4.pdf
	Ch 5.pdf



