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It Uet T g% =97 Wed AT 999 5% 91 g€ I | 7 g9d W JeuBTEH &
UdHET €9§ (Osmotic Pressure) & H3fe3 duer § 37 fem & MUTTHS A
nrEtRefaed afde I | A% fS9 AT Ut wied M3 g9 s gy e y=rfos
(Flaccid) faam aAf/er J1
ﬂﬂ?—ﬂ?éﬂ%(Plasmolysis)E?WWH?H@'W(Reversible)il?"]’ﬁ'l
AT A®T & W%y UIet A getiefed WE (8% As-mast A Ate-g< <
3B&T fE9 U3sT (Dilute) ST ity Ffer § 3T A% € Ut yafas (Diffuse)
der I A 3 ufast et diT g2 € viwd AT 7 3 AT ¥ SusTEH dU 3
T¥'§ g=78< T g9 gaeT J fANS 2999 €¥'6 (Trugor Pressure) Afde I |
UTSt WEd WAS J9S AlS-T< g YJIe a3 Ag-3U eag € §vc ew g &
TIE FA3T ¥ afde I8 | R&-fI3T (Cell Wall) € I593T 9 A T &t |
@UZWW@(TurgorPressure)ﬂ?%@'%’r&m@'éw@wﬁﬂﬁé?ﬁl
fex fe® A% T W, ot g=arr ?

Ufent 3 fewrer fan Ale e A% {931 (Cell Wall) J€1 T ?

&) () )

e €< HaES

f§39 11.5 der A% er Ale-g< HO=E& (Pressure Potential)

11.2.4. Megat AYE (Imbibition)

nregat e & femm fami & yAge (Diffusion) §E7 I | A€ 8AT m3 I@Tfess
(C01101da1s)WMWWU?MW@TEWE‘&W
Tgr e J | Wegat iue €t fenm Gergget 95— SiAT M3 Hatdt a3t It
UTST €@ AU, S8T I8 Ba3t AT a3t euar UeT J13 9§ & 293, wfe-
WSS gt SFMT 98T M3 UHaT § 33 BT J1ST AiEt 34t | 7 Megat AuE
It g &' Jer 3T g7 It Uarat §st it feg €99 & g9 sat W
AaEPT A& M3 &7 It 9799 W™ & AETUS I AdePdT A& |

HEIsT AYE (Imb1b1t10n) %Tf:?H'BTE’TW(lefusmn) WUW@"?U"@'
il El'lE"]' HWE3T %39 (Concentration Gradient) "i&H™ El?ﬂ' J| g7 A mfag 39



yuggt feg Uet &7 & g9r9g ger 7 | fen BE QU MAat 5% utet € Aye o9
BT IS | 7Y I A7 Wed Ay €< © fe9dd A% -Aa3T (Water Potential) W39 wgat
Ul@?ﬁ@?ﬁéwnméﬁ?m Y (Imbibition) IdeT
UIH’HU@H’E’MB’E!E’E’GWW(Afﬁmty) Fer ufost mes T

11.3. &9t gat 3 yet e ufasfos
(Long Distance Transport of Water)

Hest »iengr &g At fEa y@ar a3 J<9r | fen ytier €97s 3t daits Ut
feg 92 <& =3t 2foet uet J<ait W3 GAE Ja1 © ufg=azs & =t fumr
zﬁﬁ@ﬁﬁ%ﬁ%%ﬂﬁmﬁ?miwﬁm@ﬂﬁw
?;fuwmmefww hﬂmﬁﬂwwﬁ?uﬁmwmﬁmm
Wo'&ﬁﬁedH'e'UﬁuﬁEﬁKmemmwwg
HEI®H IaT I | g WAt 9 #ar fueT J| Ufewt feg ust W3 I3 ueggr &
ufgefas &t yfafenr & mmeT I
&t gat 3q yeget v ufgefus =% UgHae (Diffusion) It Ag= &It T
AaeT | ygHae fear ot yfafom T 1 feg die gat 3 rigm™ & uge™e & &ar
delUIU&'dd@%ﬂ'ﬁHWU@TFWJ(WSOum)EW Lr"o'wa‘zns’r
o(d(uEE‘TésdleJdlsto(aFn-rresdle'UI%HEH?EHTW&HHHFUWUE’
weg g Wieg € gat 3 do9s &9 mew™ § ugags ot faat At
Harar ?
IF M3 IsBed Alet 9 fmier3d yeggt er ufgefos &t odt 3o Jer
Ulwwmwmwmgmﬁawyaﬁrwwm
Wﬁmwmmﬁmalwwwweﬁ?
ufgeus #gdt T Aer I I g Hgdt uedy forfad gu &% 39 a8t &7& UH
HHELI"E:I' H'W’HB’Q?EF(MaSS or Bulk Flow) mr&lawr&%muﬁe&m
aa—e’a?ﬂmrhsra'uwasr(BulkFlow)féHumwﬁamerﬁm
I ufgefos & o fegag o6 ot fisar = 5314 o ger I I foa y=ro
ot feg femmaT I fa UTTdg 97J WS (Solution) 7= AT Fed= (Suspenslon) ?Ttﬂ' =)
Y=g & 397 It =T 51 feg ymee 3 fgs der 7 fAE fgs uegg mrust
HWE3™ MEA™d H339 U ST =Tt A'E I8 | 59 Y=Y § 3T Us3IH AT 98
e (S99 @ uety) A faerava wet eeE tigg (A2 Feami/ymms gt
gHeT) gt YUz J139T AT AgeT J

WmWﬁWWMWWWdHI & AETA 39S
(Translocation) gfde &1 ot 3?]"?? e J fa ae It &9 flﬁ!”*l"’ ot a3,
Sfen™ w3 ufdnmr € are g39t (Transversel Sections) & oo At w3 @?T’ Sl
HE"&]?]’U?"&:]' (Vascular System) o wffods J3T /Y ? @?U‘h"ﬂ"’ IEERRELII
@?’ ﬁﬂ'ﬂ' gadr yug Afegst fem (Specialised Vascular Tissues) ATEISH (XY—
LEM)W%WH(PHLOEM)WUNWWHH‘HWE?M yfew gef, d¥
O('ddléol ()'Efldﬂé 77"3' m ?)_ 1_-|§T 3_ UE'TE:]' (Aenal) CAG S'EF Hd'édldd
Walmwwmush yd'd ¥ d99fed M3 mddgied WHt &
ufdnt F 09 € fia-fs gar Ja meé3fas gger I
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11.3.1. Y€ Ut & fas Aue & ? (How Do Plants Absorb Water ?)

WAt A9 Aree 97 fa Agt 9f fanirersa utet § Auet O, fer st vt uret §
mﬁhmeFﬁu@wkvwwmwxméﬁrﬁwmw
f&T AF-317/3€ T (Root Hairs) Tt I€t T Afq Agt € niatd gra1 3 Hut &t fareat
fSg e A€ 75 | A9-94 USBT JU T JT I& 7 AUS BT <37 439 QuBET
e I& | U'St, Yfed WHdT € &% A7 9H 3 I o §U gV f<9 YA (Diffusion)
gt Fferr AT 31 a0 19 A9 AF9-90 9t Ut 7y fenr At § 3 feg Azt
Tt wEds it uaat feg € 3« Ugt gt 913t ager J | feo Ug 95 -

*  wUus™e U" (Apoplast Pathway)

*  fAHus™e U9 (Symplast Pathway)

NUUBHE 33 € IS € Y8t I & 73T & W3z &9 (Endodermis) Hge
AAUdE Ut (Casparlanstrlps)KE?H’WUF@FEWWU IEECRY! 6)I
Ut T AuBsTHfeq ufdefas d=% MITH BT &= (Inter Cellular Space) W3 F'S
Ut (Cell walls) 9 Uer ger § #iusTe gt I @ Ufsefos A ffat &
u™g &d1 ader 71 feg arst-w39 3 f&dgd ader I | Wius™e ust € ufasfas
feg g€t =t garee &4t uter I M3 A% ufsefos mifod y=g € womy adt
Jer 3fder 1 fas’ It =t #=ganst a=t (Inter Cellular Spaces) AT TIT=IS
feg Tmfuz ger 7 3t Wlusne € A9 78-y=9 &9 Ia™ Uer g 7w J1
WMW@W(Adhesive) ’H@'?)"’%HS??(Cohessive) T JI€ g9 U'ST
T mfoa y=g ger afder J1

fmus™fed Y=t (Symplastic System) WTUAt g2 YeUs™e € Y3t get J1
IR B, AB-83t 7% A3 J€ I 7 fq AreleusH=iHa 3ef 3 feraag
YIS BT JET I |

usTHRSANeT  Fie-g< f¥8t

- fmus™He

f939 11.6 AF fS9 uet &t ast e dg|
fmusmfea ufsefos feg Ut AeT € Geus™ar € Hfemy grdt w3 W39 Ast
ufgefas fev feg dle-T= 3w € wifoms a7t widr Tuer 1 ust, AgT #ieg
A w-f¥at ot Trus ger 91 fon wet fen 397 o ufgefos mmi-39 3 ot ger
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J I fmuse ufsefas S s Ei_fe"—w (Cytoplasmic Streaming)) AITE3T
gaer J1 AT AE T<-y=gs & TEisfonT € ufswt € At feg Sfumr
I, IBJUBHe T Ufgefgs-y=rg € a9 mMAs! &% feuret féer I
Azt f<u farer3e A%-y=g miusme € HWfomy aat Uer ger 9 faffa
IS BS (Cortical Cells) fes afss
Je s, fon &et uet <t a3t few faw
39T T y3teu §3us a4t g gmifa
IItIS B & T Wegat iiHT, W3
(Endodermis) uTST et W{é’ﬂ"]’ (Impervi-
ous) g€t T | MfATT HEIEIHS Hefdan
grgs ger I fam § anudtrs Tt
(Casparian Strip) faar &fer J| Ut @
wE yI3 9 Swe € waiay Jer JI
fen et feqt § »mdlorels Aa 93t 39
=% W= §8Y @ Hifoy aat 7% wiegd
St wer 3 | few 3 e uret fmuse
gt ISt e I w3 us et d U
gder 3, 3 fa AR A% 39 UA A |
Ut € ISt UB-U93 3 WSS AeT 3T
fmusTe det J1 feo at e aAsT 9
fAr Tt Ut w3 T WSa SAgST 838 (939 11.7 USt M3 dfed mifest @ fAusHe munsHfed
feg oym Je I5 | g M3 A3 e Y= 9 |

fea =9 FrEteH Hfen & wieg Uae 3 USt U Aat g W3 €87 € wirg-

g A BTt §339 T AT J| st Azt S5 uet i ardien =fostut

(Xylem Vesicles) M3 TIASH (Tracheids) feg Tuysm Jer 3| feg M=s-afazs

BT 35 M3 ffa yarg € Miusme e £ fonr & 31 ys Afess yer=t

(Vascular System) f&9 et W3 yfew nrfest ©r g9 Jor fo39 fev fyu v
TanTfenT faprr § (939 11.7)1

g% Ufen fS9 7 JuaT=' g3t Jei 08 | 7 88T & ust 3 ufenr € fus

fS9 vew g9t g5 | HEtdaaTeAT (Mycorrhiza) A € &% €3t € Afadl<t

faes J1 €8 3T a5t A3 € Mg -eMs ad=d §STET I A €T A%-

Aet <9 ous J¢ 95| €51 3¢ v fq <37 fenfszs 35 Jer I fagsr it 3

Ut w wfew wfest & 7 ot S WigTT f$9 iy 8 71 few €8 A & uet

W3 dfew Guzgy d9e I6 M3 gv8 9 Az & WEldgarfear Hag w3

sTEled WAl Widd Ye's daemt I& | d¥ Ufew™ € HeldaoretdT 5%

nfegsut (Obligatory) 7T Jer T1 @€ € 39 I WEIIIITEAT & IHdT I

fast S1= (Pinus) €7 §19 &7 37 U919 AoeT I W3 & It AETUI T AaeT J1

11.3.2 Ufent fe9 uet & GU3 &% s (Water Movement Up A

Plant)

Wt g Sfe T fa U fifet feg fae° uet Aiue & w3 Aefoe Aet <9
fen & fag uJ= €% g5 | g= AT feg Aae W3 mize ©F afam Jafar fa
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ust Ue € f9a-fgs gar Ja fa=° udger J1 at few utet €t arst gz
(Active) I AT AAZ ? fa€fa ust dut & 3I& 9 JrazTadne € fedy arst
gaer J, fen set Qonr fag miet I ?

11.3.2.1. FE{-E’EF@ (Root Pressure)

fas ot firet &9 f9s-foa g A mifes Ir3t &7 A=foet femnt (Vascular
Tissue) fe9 ufg=efoz € g5 3 uet <t few yfafen & miggaes (mrust
Sar-Urug W39-d9e) JIeT I M3 AEIBH fepn wed e9§ Tuter I feg
UETINT €9 AZ-TE'S (Root Pressure) Sfasier I w3 3& feg ust & Gug
< Bt fiierg ger 91wt fa=” 2y Aae of fa Ag-e96 Hge e J1 fem
wet feq e fAur o 38 =3 Uer &6 | fAn fes = 3r=ae aet aHt-gaug
< €v fed A9 339 38 € Jo fufsw ferr <o €7 § 987 5% de fe|
IHT A%ET It 24T fa @F a2 3¢ 35 €3 398 & I¥ U39 GUa <% W At
31 feg 397 AaTaINE AF-TFE g9 wieT 71 A Al €W 38 3 fex gEm
uzET It 937 fe€ 37 At mins f<9 farre (Exudation) € ¥9 WU Fae T W3
for 98 ¥= € J9d’ € 9239 A< AIE 7| AF-29Q € yIT I3 § M3
AS9-T% <fum 77 AdeT I A€ fAdlgeE Yfafenm Wie gt I »3 =g urst
wg © f3sfamt &t Sat 3 fenw fewed fam & ger € gu <9 Bede sarer
J1 few 397 uet v fonre fEeforms A Iews (Guttation ) Ifgster T

7% ufaefos € 9& Yfafenr feg Ag-v96 d=s ffq Aruge vv§ ot yEs
gaer J1 89 Ufent feg ust € =g v fem & aet <3t ghiar adt gt
a3- W@?memmwﬁgwamaﬁgw
fég mEfug Sus &9 T AaeT 3 & fo Wone = Hy §argAs g e otg
e €9 35 gge geer afder | fammerzg Ut & y=rfos a9s feu Ag-
o6 T qE »igg &dT | frmeraa dfewt & 83 s muB3snans f49 (Transpi-
ration Pull) Wg’:ﬂ'ﬁ'ﬂiﬁﬁ'l

11.3.2.2. THUSSHIAS f49 (Transpiration Pull)

FG"’H"’ il 3IqT Ufent feg fow W3 &J TBT I3- LIF"B:]' (Circulatory System)
oot g, %ﬁemmﬁwmwﬁ?%wmaﬂﬁ@?a
&% BT 15 yﬂzaqs’rwe’reamzrnwmfwms’rh—{gﬁa ? feg
fea gz yAs I A7 e I YRS It gfenr gfemr 91 U <9 et Qug
gafeT Arer § A7 §ud < fufewr aer 3| femerag &+ Afons o6 fa
Ufent @umar Wy 39 3 fufonr Arer I w3 few € (foss i) aa3t Ufamt
fe Tmu@sHans <t Yfafonr e s3tar 71 fen & 7% ufsefos itws 3o
m@mf&wm (COHESION-Tension-Transpiration Pull Model) E!'B'U'
feg Y33 a3 7 Aae Ulwmm@mﬁvaa@wwa ?

Ufent &g st vimgret T1 yam AFsHeS w3 @0 S8t ufdnt feg Uas =8
yret v ffg ysthis 3 &t e y@ar atsr AT J1 uet & farer-wr3ar
ufant & gat gt €3 fe3t Aiet J1 ust <t feg oat @ mU@3HIAS (Tran-
spiration) fg&TET T |




3T fugsnt gemT feg = U 3HTrAs T miftrs fEa 3vgns Ue § Ustdls
T WEd I¥ & W3 BF € #WEds! A3Y 3 USt € FuH g7 €7 mE8ds J99
g3 g=ar | AT ufdwt 3 uret &t it &t femr yfafon™ § dase a@aets
UUd It o Aae 7 fAAET 391 Ust Ave &% 9€8& Hder J|

11.4. THUESHIAS (Transpiration)

THUG3HIHS Ufent gt uet e =mut € gu feg @3 »3 fem 3 Uer
J U’?ﬂ'ﬁ'lﬁﬁfﬁ%@'%ﬁ%ﬂ'@ﬂ’?%’@ﬁ(&omata)H’ﬁﬁ?ﬁ'l
THUGIHIAS IUT UST @ Y o €3 I fewer wmranlAs W3 998
FTEL mraATEly Tt view-ges < ufdnt ST feq g€¢-8<¢ fewat aat d=t 71
39 3 feu feeq fes 28 u& afie Te M3 3 § §v 7 7ie g5 | feeat er
Y& M3 g€ JT I fuma Aet (Guard Cells) & 2ddId (Turgor) feg ses™
IdS Je J| I IIS AF €F #eddt f93t &9 (Stomata) <& ITet HeT Jat T
MI IEMHYIE (Elastic) It T | HeHTeT § W Ifemia At f<9 Ae 2adie 9§
TgeT J 3 g9dt U3FT ¥ET 99 <% G99t I w3 wiegat FEt & nigw Sv9 Mo
AfgSt feg »re et HAge aaet J|
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W@W%MW(Guard
Cells) €t A'® fF3but fEg Hae
HTEISSTEtE g% < AUTEST 9a€ T& I HBHBH | reaz—rdafo
meﬁaefraﬁm =t s'azfrsr IFhis E_J?j’ T g B
&7 fa Sge (Longitudinal) fAgst mever
& WSt 5% BTt T UST St wWe & 3 HOHSS 8¢

(Ae I ABT @ Iam ¥3aH der J)
3T JEt megat i {93t wa ufost nfest BT 11.8 Thong 5t 575 73
feg wr 7t g Ifunia A% €8 U 7€ 95 I AeHer 8¢ ¥¢ 7 Ad J&5 |

WMHIT I & Ti7 U4t Ufen™ &€ ufu™ € Jo8 UT™H U AeHTeT J¢ J& A< fa

féa ™S © IBT (Isobilateral) UfImt (3T 3 fEa gtw Uzdt dfewt €

ufamt) & €< U™ 598 HeHeT J¢ I5 |

THUGIAIAS JEt F9dt Iradt A= fa Ius yam, st w3 g=r &t arst

&% ygrfez ger J1 T UG SHIrAs § UsTes dds @8 99 UeT a9d fAe fa

Herrer &t fareat w3 393ty, ¥& mever e y3w3, Ufert feg uet &

Hgedit M3 TEMT g9&T (Canopy Structure) e TS |

HTEIBH IH (Xylem Sap) BT THUGSIHIAS JU &7 GUT 938" HY gU 3 Ut

v Jo foy gret 3 fadga J9er J|

* & J¥3&T (Cohesion) Ut & mignit f&gara mrurt fug|

*  993&57/feudeT (Adhesion) UTet € miewft € ug<t A3T 23 U9

*  IBY/ASTT 3576 (Surface Tension) : UET & mEwt € mrun &9 T< (399)
weHgT fS9 It viengr € I8sT f&9 <u fug Jer|

yet @t feg fermas=t §A& 35™1 BA3T (Tensile Strength) YE'& Igehdt




188

Ate-fefarars

75 | fae’ fagmi-ra3t &% y3tau & a3t Mz €9 JHlar (Capillarity) 7=
far u3st &8t feg Qug 935 <t GagT| Ufewt feg 29ais W3 <foa 33T
(Vessel Elements)??"&'lﬂﬁ'?;?%ﬂ'e feg rorfesT fuset I
YIH-FRSHS fafent st uret &t 3 g€t J1 7e®H A% Ut € 83
WMEATT AF 3 Ut UfSut @it fagr=t (Leaf-Veins) I ygT8etnt & 1 ug €1
faost mast T 7 ust € vigwt § ufdur € U9sarei Aist 39 83 migHd
fig fowt S 3 7 fa2 ¢t = HuS3Reds e 3, h@ﬁw@re’rusﬁrua?w
@%Wﬁ%ﬁ@'ﬁ?ﬁ%ﬁﬁﬁﬁm{? 3T Ut & Mgt &
fige f&9 Fe® =7 T| HERSHES AUN W W3d-AEt AN o IweT f&9
TrIrede ff9 ABEmUT € AWS3T (Concentration) We get I fem &gt urat
W -o S &t g<T &9 ufaafas (Diffuse) T ATET I w3 feg fugmd Uer gget
J (f939 11.9) 1 Huy= 3 AURE JeT I fa e mu@3Indrs emmdr Uer aiaT fapdr
g8 UST & AE®H € Wa9 3 AZY <9 130 Hied € Guret 3 fude g
FaTet e T

e
Gkl (o °0) ) RIS SRRRRSSSE
o
5 5] O e} 0| 0%, <
S CSEERIE 00| o
o) oflof]|o ofo|°|o
meten 2@ b (8% Sl R sl e
SRUUUIOIOVOULYIUYG
000 00 o
%, 2 RIS CDS Ko
5 3
— o o
esfer o QW NG
O G) 00, Oo 0
) oS Yoo \Ire (s O %Y XS,
DN SN 20 [%} o)
0)00)o )
a2
fag NI AS
MB-o & ot

fF39 11.9 U3 &g yet oSt U3 3 e HuS3HeAs J9e ound W39 UeT gar
T | feg o9 3T AIASHSS AUR M3 W39 A8t AUN ardt eefrafed A'® 3

fAer & w3 feg U3 €t fAgr oot et 5% It aelsH a8t 3|
11.4.1. THUSSTIATHS M3 YAH-HHBHE 8 AHS3T

(Transpiration and Photosynthesis : A Compromise)

m@mﬁqﬁa?@@wa@mﬁﬁrﬁsWWM|
Ufent feg Fue w3 ufdefos set = muB3nans fig Uer ader J1

* Y™ Fadgne fafer et uet Qusey o

* et 3 yuz A9 dfent € U€ € A9 HEr 39 yAeT

* yfdmt &t AsT & Tmitges adt 10° 3 15° ASfme 3 83T dueT|

* H® €8 IT (Turgid) IUe I¥ Ufen™ € »ag W3 939 § 9S8t JuaT|

IASt &% YW AEBHE fafert gae 38 U & uet &f 9g3 83 gt 91 ya™

H3HS €976 Gusay Ut AiWtadt (Limiting) T AaeT 4, fAm § e mu@shans

J9 ygrfez gaer J1




HIT =& HI1&T (Rain Forests) feg fer A®Yd9 ade @ a=de w3 feg fitet
fEg &t uret |iet I

C, Y™™ FHBHS Y& € gH-fed™ Ag=a gt I996 sEPEAES (CO,)
< GumgusT § Tufe M3 uet & gt § wefe &t &1t 3faz dfer J1 ¢,
0¥, C; € 3%&T f<9 I99s (a9 s &e1) & Afdg d9s <9 €91 Harge
I&5 1 C, Ue C; Ufet &F guaT f&9 g9rad Waar {9 a9 sehanets ©
wfardiaae et Wut Hr3a9T ffg uet § gpre (Uie aee I8) |

11.5 ufew Urat e Qua figer w3 ufssfos
(Uptake and Transport of Mineral Nutrients)

Ue %St 996 M3 frdmer3d miradiAs € &3tet i3 @rg=de feg
SuatT F9gs ITEMHTEATET (CO,) 3 Y3 Jav Is, I&ita Gt € gat
Une € 83 firet 3* yuz feq™ w3 uret 3° yat gt 91

11.5.1. Yfed mifest @ @ua-fdgeT (Uptake of Mineralions)

et € 39T AT IR 33 <t 73T Idt A3 feut 59t 7% A Aaw | few sEt €
F9d feiema §€ 95 (i) et weg ufent e gafaz gu fe9 afger Afa iz-ag
(Cell Wall) & UTg &4t g9 Aae M3 (i) et feT ufeqt & fwes A3t € wieg
@ FwesT 578 W39 F We gt J1 fen wet frerae ufeq 737 fS9
m%@ﬁ%ﬁﬁ?gﬂ?m(Acﬁve absorption) 7T Y= H J€ IS |
fen & €21t € gu feg Qonr &t 83 <t I |1 nrfest e gnst 7% Qg ffger
73 fS9 As-Fa3t %39 Bt »ma U feg farea der 1 fen &t yaTHas
(Osmosis) EHTIT UTSt € YW et <t o ¥ »irfes miilsons st f<g gast &
fegae & | AZ-3H (Root Hairs) €t f¥8t &9 ue 7re =8 fenw Uls, nrfest
émﬁ%ﬁWW(ActivePump)m%@ﬁ%ﬁﬁqmﬁ'l
Ad A&t & 3gT W 3FIHA (Endodermis) A& Tt A5-Ewt &g <t agt ufsefas
{ts ue 7ie 951 8T IF waat § 8t € me-ug sie-we fée g5 ug
gatt § &1 | FSIHA Aet € ufsefos s fatzas fie i< a1 fag U2
WHIT T H39™ M3 famy § areteH g yAe g6 w3 Aufas d9e I | e
feg fors o€ fa ag feo wsahm fSv pafos & Ut 3= aae fe'a ot four
feg ufgefos g9 € GarzT gt J1

11.5.2. dfeqd mifeat @ AFg& 39 (Translocation of Mineral Ions)

A€ wifes gAg A7 AAS A feg o< fafouret aat wirfes, aetey feg Ua
7Y 75 3¢ Qo v ufgefos U€ &€ 38 W3 A9 g9 Ia T HUG3HIAS
Y=g € g9e ger I

yfed 337 BET WY o F (Chief Sink) Ufem & =0 @ ¥39 Jer J fAe fa 3&T
fig w3 Az g, Scas Hatmen w3 A='s ufant, feam 99 30 €5, &%
MI g M3 39S HaT | ¥fed mirfes T fendas gata faar=T (Veins) © »mHat
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Ate-fefarars

fAg 3 H?lT—:’ A%t Igt fenas (Diffusion) M3 gAZ €Ug fd9< (Active Uptake)
5% der J|

dferw wifest & W g9d Uydre 9ar feg U Aafe3 S8 /e J1 yae ma
HT T8 U3 »irue wreg © dfert § a2 ufdnr &g 37 fée g 1 ot fer 37
ugsrs’ru—e'(Decldousplant)Eﬁwmyuﬁwmmwu—egw
g9 f<9 37 o & | fAg= SEIEk 1Mo 39 3 23T aStHts Ayt | fetfes @
e 95 §U 95 eHe o, I, sTEleHs M3 UeHmH | dF 33 # fa g89a=Ha
m—ora—e'a?sharfsra?mﬂm»r fE?grxHSHduosmTous-ﬂTqu-lm
forre o femd@ne feg ever T fa 99 seterAs ragafsa miest € gu f%"v’
w3 ferer favrer g7 A9EfEE Mts WHST M FEUS a9aT @ gy few e
7 9w | fel 39T THEIN W3 ITUd (FBe9) =t araufad fdaT & gy f&9 yAe
A 95 | fer T fewrer areten wWia edfer fog <t uergat ot wiesT-gest gt
31 fom st wirl AURe gU &9 9d a4t A9 AT fod ATEIeH A=% Magsied
imat er ufgefas a9er T W Sifen aragfsa uea v fae fa ufost
fem=m 13T #er faor I

11.6 e&feq Ufgefas : A3 T I3 =&

(Phloem Transport Flow From Source To Sink)

m@%@ﬁwm%@ﬁ@mmﬂﬁ??@@ourcemsink)%"&'
mwﬁlwﬁaémﬁ%?%ﬁmﬂﬁmr#?afﬁﬁ 3
@A Jer J fAs fa U3 w3 33 (Sink) feg €T 9791 I fig 97 e ge UI
Ug feg Ad3 M3 I3 mirus it gHa=t iAW w3 83 WigH'd 98 <1 AT J6 |
Azt f<g fedat 1St Hag 973 € B9 <9 976 € A3 g #iet I few v
Ufentt 3 mrehit s& I8 33 € aH Jaeit I | UIH-FHSHS ATaT &
T w3 fegm et Ganr € 83 It 7 1 faffa 7z W3 33 v ¥y ufseazsHts
E_"E!"'ﬁ',%ﬁgﬁaﬁﬁm%?ﬁ?éﬁﬁﬁw(Bidirectional)ﬁ'FIEEﬂ'
J 1 FEteH &8 feg 8% der T, fag a3t ovet & 39T (Unidirectional) 367 3°
€ug =% J<t J1 =2 THUG3HIAS T uet fEd 398 Y= q9er J, U9
e&for @ an feu grs e ufdefos Aatt ferret fe9 T AaeT § Ae 3 Had
?Hﬁ?’ﬂ@'é?ﬁﬂ?ﬁ'%ﬂ?,ﬁ?[ﬁf’ﬂ@'@@?&emove) feg m9g Jer
Jl

& ey 97 ST 1y 39 3 U=t i3 HAd J€ I& | I7dt 85, TIHE MI MHTS MHS
nwrfe St B fer € I IdT FIET& 393 (Translocated) g€ TS |

11.6.1.€9'6 Y=J A AHI Y='3 UfgasusT
(The Pressure flow or Mass Flow Hypothesis)

(Pressure flow Hypothesis) Ifde I& (fd39 11.10)1

feT gt gns ufsefos Tt ugw ATEt T 1 IIgaH (Ua™m AFdHS Irat) imfene
Jer J, §3 (fq sethaaes) feu ge® foégr aer 31 few 3 gw feo 43
Ao AsT (Companion Cells) feg w3 v fT gns ufs=as (Active Transport)
gat Aifes eafer Mie @it € AT fS9 Ay T A<t T1 Ad3 3 B2




(Loading) €t feT UWI’" gafer feg fea wf3ugmat wermar (Hypertonic
Condition) Uer 99 feet J1

3T T {TEIBH UTST UITHIE (Osmosis) I0T eBfeH AT fg 98T Afer 71 A<
g&fer f<9 UaIST @96 (Osmotic Pressure) 2UET J 37 eBTeH I We ea&
Y39t B 9% AT J 1 dF €3 ugHeSt vu§ fenfes gu fe9 weer gater I
fea =79 vz B fer an 3 43 & ¥99 fere Bet w3 W AE 39 frw 43, G,
AeT9Y 7 AgeH 9 seset J, 39 ferare set gns ufaefos wgdt der J1
fAe" It ¥37 weehdt &, UTTHIST @98 (Osmotic Pressure) WeET I M3 UTST
TBfeH AT 3 9799 98T Aer J|

43 O W% Ule 29419
(Turgor Pressure)
THII<H

l

f939 11.10. REE39e € yfafomr er Jur fegae |

v &g ed@fen U3t v ufgefos Ae3 3 By der 9, frE 437 § ffa st
a8t 7 e feuw o (@n3 ufsefos aah) Sfewr mfer 91 e&fer &t feg
Bos ffa A% Ha3t W39 (Water Potential Gradient) =il HIH™S 9dt J 7 fa
eafer feg mifod y=g § »s aaet I

g8 fer feg ETaeT STBMT (Sieve Tube Cells) H&T €7 gfent ger I 7 &9 dfgmt
<t g9 ager J fan < wifan 35t feg sa ge I fam § s7a<T Ut (Sieve
Plate) IfJE T&5 | FB-T<t 3¢ 76t U<t € g€ <0 oys §< 96 M3 &9 a0
geie g5 | fae’ &t T= rfafsa eo€ e&fen € o<t i'® fiv Suer § e
Y= Hg I 7T I M3 € 28fen 3 9% Uer 91 fen €98 47 3 e Tt
UF § e8fen 3 onst &% U3 € gy feg &t g9 3fmt Ater 91 eBfer few
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WS € we &% fiq €9 as-ma3t Uer gt I W3 uet 73 feg aelsy
% v {7eT J

fea Aruge ywar fand faesféar (Girdling) fagr Afer 9, €t =93 §7s &
uﬁmiﬁvmkﬂwxmfeqﬁwﬁmwgmgﬁaeq
(Ring) TBfEH I AT=UST 378 JerfomT AfeT I | JoT <% IS IAS ©f ISt &7
J< g9< =% © Qug &t fex dy gefant g &% A<t J1 feg Arurae ywiar
Torger J fa e&fer feg svs € Agd39e et faeg I w3 ufsefos &t
fent féa fem=t (Unidirectional) g€t 7, 972 77 < | few ytiar & mast 575
FIT AT ATET J |

H'd (Summary)

e fga-f9s nmagefea 33T (fest) w3 ufea™ § MUS WB-gnd € T37=dS U'H
qId I=T, Ut mig fiet (<9 8¢ oo | fegt Umat &t st e737=ds &5 tfemf e AgT 3
eﬁWasrma’ra’u%?ﬁﬁéw ug ufgefas gt I<t I1 A% 8t € wra-ug
ufgefs, feree, iy ufgefos A gAs ufgefos ardt &= UIHES'WHHHTEHWM?
wﬁgmmuﬁeﬁwaﬂwwawuﬁvwfe—enmwdamq yergy Ue
v f9& gmar fe9 esfer ot ufaefos a3 7T I& |

HAZ Ufg=fda (Passive Transport) M3 GA3 Ufdefos tet feg Unat § f¥&it € mrg-
Wf&#gﬂﬂ"’moﬂg UFat &t I WW(Concentration Gradient) WMEATT g
J | yerggt =T femde (Diffusion) M3 €T € Ut iS5 A Iogfad Wsat {9 waeHIBI
3 fs999 d9eT J1 UgHIS (Osmosis) E femm yarg er femas (Diffusion) I fAm feg
wwmw@emipermeable Membrane)@'WWﬁ'h@W@W@W
W39 3 fogga gaer I 1 gn3 ufaefos feg € dtat. (ATP) €t Gorm mignt § Arwe3 w39
€ fegu &=t € U9 Uy ot J1 7% Gorr uret €t Afafsw §@onr I 7 uet &t oSt i
AaTfeaT g9t J1 feg WHBI-HI3T (Solute potential) WI T8 a3t (Pressure Potential)
onaT faaurfag a3t AEt 71 AST ©F feg 293797 ME-oM™® € WE MI3HWST (Super-
saturated) 92 3T FE-T< HIIS AT J| §HT M3 FabAT FIST @A UTST T AuST
femm yarg & femge (Diffusion) It geT T fARg #ed AYS (Imbibition) < TS |
€5 Ufent v ufsefos yom=t, areter M3 e8fen raré 3 oHee der J | As-dfeq
MIT UA UeT-Adld Wed d<& feRde (Diffusion) €T It &d1 Ay A | few et feg
YOS YS'T YS! 19T AY 7€ 96 | 33T € A gu fLw fEq g 3 g+t af ufeefos
EWWWW@W(PreSSHIe Difference) mwal

#F T (Root-Hair) @wTaT Afemt urst A3T < Swret 39 © Sy-Iy gt gt AT J1
Qergage =7 WiusTHe MI fusTHe firdt feg faa-f9a wifes w3 utet 35 & Wie
€uet 3a A7 =6 (Root Pressure) a4t Ufgefazs a3 AT I& | @ HUG3Hans fig
3% uet € ufgefos e Ag 3 ifen gu J1 ey € gy fee Ue € f9s gmar enmar
UTSt T wreT geWteT it geT I 9eHt, yamw, aHt, g=T €t arst @ mu@sHens € €9

& ygrfes a9e I8 | Ut € <u W39 Ue € ufdn € fig 3 figfor= (Guttation)
ot faa® At J1 Ufent &9 A8 Wy 39 3 w9 e ufdefas A9 3 o 3o &t

e&fer feg Jer J1 e8fey f<9 Fgs™3de (Translocation) & fem<t der § W3 AIg
Td=3 Tz farur T



w0 A W N =

10.
11.

13.
14.
15.
16.

wfg™

ferge (Diffusion) €t €9 & fagz a9a ygrfes dae 75 ?
UfI&H (Porins) T & ?Emﬁévfarms?gﬁmﬁ@%m?
Ufent feg i3 ufseus S97a Uls Uy enma af giiar fagmet At 3 7 femrfun 39|
HU Utet €9 A9 3 <0 A8-Aa3t faf* <t J ? =d=& a4
5 fefiprt S W39 mume J9—

®) fera= (Diffusion) ™3 UI™HIE (Osmosis)

() TV 83HIHS MT TS |

(T) UITHIT €98 WI UITHIT HA3T |

(7) fendgs W3 »iwd AU (Imbibition)

@) Ufent fEg Ut € Fue e Wius e w3 fmus™e Ug|
() fﬁg fam= (Guttation) M3 TURGIHIAS (Transpiration) |

. AB-HI3T € HUU Fd<6 d4 | fauz arad fen § ygTfea doe o5 7 A%-Aa3T WBI-HI3]

W T8 a3t @ WTUAt AT &t fewidT a9 |
3T Jt g7 I A€ HU USt AT WP 3 IS © o6 € IBsT <9 U w6 gy ai
Her g ?

. (8) Jur 939 &t AorfesT s Ufent € Fie-T< Hoss ©f feut &7 S9es Gewge &

3q |
() 7 Uer-Ast § 89 As-nast @8 W f Iftpwr 772 37 &t 3<ar|

. Ufent feg utst w3 ufedt & fue fe9 Helag soeast (@ 8-73 Afortes) m¥u faa
AITfed 95 ?
Ufenrt few 7% ufgefos 3foz Az-v9€ ot ghiar fagier g 7

Ufent 9 as-ufsefos 3fad smuB3snens fdw WSS (Transporation Pull) € femmfamr
a9 | fer fafenr & fagsT aaa ygrfes gaer 91 feg Ufent et fas seefea T ?
Ufent &9 ufeat € Aue €976 M33aHn &t at ghiar get 97

Tetey ufaefos fEa fer<t W3 eafor ufaefos € fer<t Je I& |

Ufent fS9 Ad9 € RErd 39 € 298 Y=g e fomrfimr 33|

THUQIHIAS ©9'E IIds A% Y8 3 ¢ J € df 9de I& 7
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12.1

Ufent feg ufew
&3t & mfons
feat

Methods to study
the mineral
requirements of
plants

12.2 Agdt ufed 33

12.3

12.4

12.5

12.6

Essential mineral
elements

337 € e &t
fafemr feat
Mechanism of
Absorption of
Elements

st &@r
AE&3dE
Translocation of
Solutes

fitet mgat 33T
2 ferfg @ U
feg

Soil as Reservoir
of essential
elements
sretedds <t
fafamr
Metabolism of
nitrogen

mffe—12
dfed UAE  (Mineral Nutrition)

ATd HI=T EhdT HEs T 3T 9341 U &8 ffd ANTE Jeti™ 95 | §aat & mrus
kawwé?wh?%rwdad'aladw s, gadt, Ut m
yfedr &t 83 <t J|
Mmm%émﬁ?mﬁmﬁ hﬂi‘é‘u’gﬁﬁﬁw
g U T fea™m Bt AddT I3T & UETHS E!'E‘clTE"’?rrﬁm?? gdr | IHT A1
337 &t gfiar, @W@rmﬁwa@wmw@wﬁmmm
Fémaﬁﬁlfﬁﬂm&?mmfﬁ?mwewdﬂo Afadtads
T Wige w3 arad feut 3§ Arg gaetfonr Ar2ar |

12.1 Ufewt et ufew &3t @ mfows & feat
(Methods to Study the mineral requirements of Plants)

1860 <9 gatA =& Fan, ffa Yy Aovs Uer fefarnrst, & Ag 3° ufost
fevuafﬂgaﬂ?%ruﬁawaﬁ-lﬁém—emmwmuﬁua
mewaa@awfewwwm@amwfev@w@?éfw
351 & ABHIITS (hydroponics) e I8 | @73 e aet €53 291 UG
%?W&@W?WMWWE%EB%WWH@
Qudaz Ad €9 € ywar e fier dfewt § et 3fos Umat € wst feg
@W@?Ulfewewfﬁ'ﬂ'uaﬂ?wﬁn@frﬂauﬁe?réwaﬁma?
IHt AMET Aae J fq feg gt gt fa= T 2

3T 7 ywar 3 e, fagt 3faz dfew et Azt § Ung wst &9
WWW@W@?@HWEKWWWWW
WWWW?MWWWU@WWWE
wwmﬁlmwmmﬁwxmﬂ*w»@@wﬁ
W 5% & =8 et o i 13t et | 7% A=9Us (hydroponics) S IT&TT
& AERtT fAs” fa evreg, §iA-3fa3 Hid W3 AS™E (Lettuce) € =Udd §3ues
303 Ae®3T ya=a &1qr d137 farn | feg fors €< @1 9 fa dfent € fe
TU BT AT W™ § A< 39T 9 g @as dfem™ A< | 7 W& die




yfew Uas

IJSHII I 3T dt I=I ? A% H<IUS &f IS
& 3y 939 12.1 w3 122 &9 wamfen fapur T

12.2 #gdt feqd I3

(Essential Mineral Elements)

fiet fee vige faerse dfew 33 Az gt Ufent
feg Ty® J€ I5 | 38" € WEA9 IS 3 84 e
105 337 fe9 60 3 U I3 fefgs Ufenmt feg ure
e I8 | g¥ Ufewt &bt yar3tdt fasstd v
H[fJS Jaett I8, I¥ RS & W3 J¥ &Tigat yhue
AEst 33 Q91 T8 U 3316 wiafes AeaTartHY
(Strontium) AT &9 BT I& | UfemT &9 ufsat <t
e 3 e AWE3T (108 ¢/mL) & =F U3 J9& ©F
It #H Qusty I | yns feg Qeer § fa ot /g
fos- mmwmmmwwm
@?WEW?WWWW&?WE&?
#gdt & ¢ wwt feg fas fagurfes aoe of fa feg
Ufemt et Agdt s A &4t ?

12.2.1 Agdt fEauae € HUEs
(Criteria for Essentiality)

fan 33 € 7gat I € HuEs Jo fad »aAg 76—

() 33 & Ufem € My 0 73 yres Bt mf3
AgdT 9T Irdter 9| G 33 & di9 gaet i
e »ueT fies Jd9 &7 YdT dd AdS M3
g7 <t &7 Uer o949 Aa<S |

() 33 <t &3 fenum Tt oalEt I w3 far g9 33
&% 928 (Replaceable) ddaT Hg< &dt d=7
gdteT | gn Auet feg fan fa 3z sfwe §
mwsgmtﬂwm’raﬂwwml

(€) I3 1T St Ty Org faferret f¥g yIv gu
fSgrfims a2 |

Sudas HuEsT & g I <8 o It II Ufemt

€ 0 »3 Ty-OAg fafenr=t &€t ydt 397 Agat

W& 918 9% | fegat & Agdt 39T € murg 3 & femmua

WEH%TBWWUl

OR:E H™39T UHar (Macronutrients)

(i1) MBU W34t iR (Micronutrients)

FIH™39T UAL (Macronutrients) —SgHT3dt UHAT

w39 3 Ufent € fegnrt feg <u wger f[dg ue

A% 75 | fegst € € € YA UE™98 € 1-10 mg/L
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we =ty
fg39 12 .2 . 7% Aedus It Ufent ev @3ues |
U fiq o<t o8t Af 79 @9 3y A a5 | feq
Yy Una WSt § 29 3 @39 Iar 39 awt feT
ugeger 71 U 58t € JoT AT I M Y 39
g™ a9s yreT I | fest aret feenar f<9 G
ga3 URd W& &g 39t a5 | 319 € foms
TamEtastSeangeas|
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€ fwezr &9 Hge der gdter 91 fer Aet <9 e =8 33 95—

qTITS, TTEISIHS, MIATHS, STHe dH, A%Sd, USTHDHH, IBHIMH w3

HaTs TP | fegst feg” aous, getsens M3 Wantas iy gy f&9 a9us

STEPMIATES (CO,) M3 Ut (H,0) 3 YUz J€ 76 Aefd gn et feg

yfewt € gu &9 Ay AT 5|

MBUHTIIT UHS (Micronutrients)—M&UHTIGT UAST AT &7 W39 33T ©f 83

mﬁwmmaﬁa(mmmmwgww%?e’rw

fegst fe9 &aT, Haaty, I, )-F&‘TEIB??H A, ad'o aBdts, MfeGsts w3

ﬁﬁB‘H"‘ﬁ-m'U?FIQUdo(d %deo d13 e Agdl 17 I3t 3‘1‘8’8"?6;5’8"3?'1%3(

33 T I, fAe Agh, fistars, darse »3 s | feg 89 Bt & Ufent

e Agat J€ I8 |

mﬁwa@wew Y IHT € MUg I MH3T 3 I3 He ' fEg Sfamr

Wﬂwalfeaﬂﬁwa??—

) naa’ragn—erwew?aameMﬁWEaaw@Wa?m(#ﬁ
o'ddao, d'&ls‘dﬂé }H'O(HIH() 7?|3' ()'t'lddﬂ())

(ii) mﬁsgﬁuﬁwre?@awwﬁéﬂ?mmﬁnwemmﬁﬁ
TR Ife® &g HaTstHh M3 & 2t ut. f¥g emean |

(i) ¥gT IIT 7 WEAEMT § YA JI€ IS A HAI J9€ U5 fAe Mg+,
TEIgBH TEiNeHe e, TITTHIBH, MaHIHISH, M3 SHefea® Ueldee
aTasmﬂwrFreolaaHs qdelal&vwmmﬂmm
Hﬁﬂmﬁ?mww@?UﬁIZnHM&dd& SToTEIsdAIaA
EMWUWWWWWETW&WW
@H"‘cl’h‘l"cpﬂ"'ed'o STEtedHIGH KMWUIEHT%HH%‘T%F
I% JI & A3 AT 7 ?fenwm’rmuhwwﬁwwaﬂgwn—é
mwwmmﬁ

@iv) srs;mf‘rs—g E‘TWW (Osmotic Pressure) & gU%Y IS5 |
oY ©F Feler € ¥ »3 §v Je o9 HI3eude tae™s ger I
3IAT HS BB € 7% Fa3T f50ude d96 Bt Hfent ef Wad Taufeg
ghiar § e ad |

12.2.2. SgHIET M3 MBUNSST U™ €F giHar

(Role of Macro and Micronutrients)
Tgat 33 & Fet fafemr=t ggatrt Jet g5 | @7 Ufen € RsT &t Sy-<y
Ty 8wy faferr=t f&9 3791 8¢ 95| Gewde € 39 3 AE ¥t & yamizr
(Permeability), s g< ERICY R E"a"'@ (Osmotic Pressure) €7 CELL , fe@aeda
ufgefos L@‘?ﬂ' g<Sd d'dH (buffering action), MEATEMT &% ASUI a9d M3
WBH‘TWWH‘&IW{E’WHdloa T I79H JIe I& | Hgat URd
WFWE’?W@EF&HWWI
sleas (N)— fon 33 @ &3 ot f¥g 79 3 Sy wrgar fog et 71 ferer
Y Wy gu fI9 setede (NO) € gu &9 e J w9 a9
HTIdT BTEledrele (NO,") M3 mHaH (NH,") € gy feg =t
Bl At I | feret 823 i€ € A9 991 4T J9d fegHawd
fegmt w3 gz Tg-Gng Aet e §<t 71 aetesws <is,
ﬁ?@srﬁ%rw hﬂwwmwf&wwmal




yfew Uas

g™Hedn (P)—

UeTHMH (K)—

ABHMH (Ca)— U<

Ufent g emeon fiet ffg emee »rfesT (H,PO;) #F
(H,PO?%) € gu &g mdt At I 1 feg A 331, 39 U<ts, Are
feCafsa »wt w3 faQawitees st fq wea T W3
Aatt eTedI8Ts fafanret set ferer was= J1
Ufemt ardt ferer Aue Ueid »irfes (K+) € gu fee der
3 | femet Ufent & fegmatiar fegt, @t Ufamt w3 A
fryat feg <g W39T fS9 &= I<t T | Uemtny st f9 us
mfes-fas wifes e Ag®E faduds 9 fE9 <t Aot Jer
J1 5% Jt feg {Ets AmsHe, AeHeT € ¥y w3 ¥€ J<,
mmw%émbﬁww@rm
mémﬁ?wal

& JBHP e it 3 JEHh arfest (Ca?t) € gy few
AYe qd¢ I& | fenet 83 fegmmstiar w3 fegaz Je fept
& Ju gt I A fegas €95 AE fI3t € imdne feg <t
ferer Su deeTs ger 91 ¥y gy f&9 feg Ha U=t (Middle
Lamella)%ﬂ'mﬁﬁ?@'@%ﬁ?ﬁlfgﬂﬁﬁ
A3dt fegrs € Afis® faoe € S9s det 71 feg yae
Ufgmt fE9 myt T Arer 7| feg 7S fFxtt St iy fafanr=t
feg wvs Jer I 1 feg g3 mearet & fafonrmils gaer s
Tg-Ong oHt € fatigde &9 Hd3=uds Haes ug@er J|

Faeti (Mg)—  Ufent f&9 Farstitm M2t € gu f&g Ffterr Aer 31

A%ed (S)—

BIT (Fe)—

HasH (Mn)—

fisr (Zn)—

3T (Cu)

Mmmwmmﬁmﬁamw
IUI F s & I IS . T FHSHS fEe A ahis Jer T
HaTsHPHY & dfe® €f @8<ed 939 (Ring Structure) €T
Wed J M3 IEERY € Mid'd § g7t due fg Aorfea ger 9

Ue dud (A®ed) § A%ee (S0%) € gy e 8¢ o5 feg

et (Cysteine) AT )-l'Eﬂ@?ﬁ'S (Methyonine) &7 o s mHst
EHWWUWWWW(W%
TfeQels, & MEHATEI ¥) MT SIS ATHSG &7 HY W J |
Wﬁfr%aﬁamwe%)e’wfﬁvwamwg
feret &= faw 99 Hur H3dt 33 ot IBaT f[eg g urgar feg
aﬁal&aaﬂmwwﬁmmuﬁwe*ma
Iﬂd:$ fa fe@aes & AET5TI9S h?mﬁ%a?ﬂ&WET
feddeTs ATs3dE @8 Fe2t 3 Fe3t € gu feu feudls
aﬁalfeaé%ﬁmémgsmaa@a
MT IBIfeH & faaH™e Bet Agat ger J |
feT HarsH (M, 2+)€a’uf—e'—u'ﬂfwwwzr|f8€ruwnm
1n) h‘f'cmrr 'Es evelcm-m ER @FI"‘J W B MEsaT
WEATEMNT § A3 a9 feer J1 Hasld € By a9 ya™
WWMEW?{EBHWWU?W
Jer JI
u—e'fzrﬂ??(Zn%)e’a*uf—q'vwamfmm fa?wmrreﬂmrr?_"?
Y J9d JGEARIBH § IAI dder J| fenet 83 mafis
ene feg St deta

3teT (Cu)—feg faQufaa nfes (Cu?) € gu ST Afteyr AT
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J | feg Ufent & Auds Tg Ovg fafonr<t et "adt Jer J|
B9 <t 3 fz!tr St fasman fafer=t &% ASUI WAt
&% "fzwr afder 3 w3 feo &t @< femr f&9 cut 3 Ccu2t
feg wramifga der J1
'8 (B)— feg §d¢ (BO*) M3 (B,0,%) mifest € gu <9 Afam
Aer g1 feret 83 Ca2t mifest § YU3 d9s M3 93
3%, f¥t € ITIHREIS 3T WF UdTar M d< (Pollen Germina-
tion) A% & syt fE9 ¥, A% feges »3 JagaTeisde
¥ AT fE9 d<t J1
HEifgsan (Mo)— Ue feng Waitfgse mfes (My0,2) € gy <9 8¢ 751
feg aretedns Ty GA'g € mdat MisATET fAe fa sreted
HIAH MT FTEede ASICH MT I MEHTEMT & Wed J|
aBats (ClhH)— U< feng a@arets mres (Cl) € gu f[<e AT 98 | UeTHm
K+ W3 RF (Nat) € 7% fisa feg st fog wae &t
AWSE3™ M3 U& Mfes- ]%?WHW(Anlon cation bal-
ance) faguraz a9 feg rarfesT feer 9 | feg yam imadne
€96 Uet ¥ fedss et aget de I fAn 3 wradtAs
HaI Jet J |

12.2.3. Agat I3t etwe € g€
(Deficiency Symptoms of Essential Elements)

Agat 33T € ’v3 W39 fe9 QuaesT I 3 Ufewt & =ur ga AfeT J | wgat
33t & €U Awesr fame We 9= 3 Ufert e Tur gaer 8§ gifsa
HWE3T (Critical Concentration) Ffde & | fer Bt Aws3T & We I 3 I3T&F
SumguzT e #iEt I 1 99 33 ot U &9 fea AT <u fenw 939 w3 fafanmava
giar gt J | few set €0 33 €t we &% (e &9 g3 Adlgq ge8™ »r Ae
75| feg ges™ I3 € we § TangT I5 | feost § 33T € we € e
(Deficiency Symptoms)&ﬁ]@'ﬂ?‘iluﬂ?@'gsa,é?mgwd ]%?T—%??il@'ﬂ?‘?m@'
Ufent f<9 fen 33 &t yast aafe 3 feu S MUz I 7€ g5 | 7 feg we
e g1 3T 3T W3 e St 13 T ATel 31 i€ & 9741 fAos wie @ &g gange
I5 OW 33 €t IIm®3T I < fodgd aae I | UfewT feg fAg 33 gnst &%
IS IfTE 96 w3 U m3 feaf3 T a0 fep S ga Ae g5 IGF we e
Fe<T YT AE €t 3BT 9 ufast yare 3¢ 75|

Cergde € 39 I ETEledHa, USTHIHH WI HATaHPHH € wre & Sg=t fSg A
?WWW@?W@?MIWWEWWW@F
feg 33 J< 95 €0 fetfsa T & &< Ufan <% 98 A1¢ 76 | A€ 33 JISHIS
&t I w3 feafAg »ar 3 9799 <t 541 Mr@'e 3T feg wre € e &< Ufamt
feg <t yare T AT 5 Geude T BT 33 ABHMHH AE &t g=39 fearet =
gmar J fen et feg nrat &% guifas &t ger I

Ufent € ufew Une e feu (v 43t w3 g9t fefamis et 993 HI3=ydas
J| Ufen™ gnfdT €die A7 '8 We & e Ifa3 I&IMAA (Chlorosis),
SIITAA (Necrosis) €U™— e der (Stunted plant growth), feafrg d< 3 ufost
Ufamt W3 I&T &7 93&T mI A% fegms e gaer nife Wi@e g | Ufamt




yfew Uas

feT aBdfew e we % Uigus mrie & a&dfan afde g5 | feg 8 N, K,
Mg,S,Fe,Mn,Zn"H@'MoﬁWWﬁ@RICa,Mg,CuH@'KEﬂ'WW
SIIfAR AT AT 77 Hy gy &g Ufant @ iz T AT IIN, K, S 3 Mo €t Ji9
ITHIT AT W UTd 996 A% o fegas ga Arer JIgy 33 fAas fa N, s ma
Mo € fWE3T We I 3 % me<T feg €41 T A<t J (Delay Flowering) |
Sudas fezae 3 grl U Haw T fa fan 33 &t we &% agt 377 € Ss< Uer
Jv 75 | feg Sec ffa AT Y-y I3T T We 578 J Ade & | fon st we @8
33 & ugTae et U ¥ fga-f9s gmar feg yare g€ =& Sk o nmfons
FI&T Uer 7 WI QUBHT W3 e ATdT (Standard table) 578 IH&T ddat el
JI17$ fen 9% 3 St g I gdter J fa goree I3 €t we de 3 ft fs-f9s
U fea-fs ySifafenr gae 95|

12.2.4. FHI3T & AfgaidUE (Toxicity of Micronutrients)

Y URd 337 € 83 9g3 We 3o f[Ag Jet J e st we a8 St we &
mwmwémwwh?mwwfﬁ'w
mﬁwgmwfﬁ?m%émﬂwyhmmwmm
BTE‘TQTI"?HW (Crtical Conc.) fd&-fds mn I3+ &t f§5-fgs Jet I1
Afgdi@us € et g Ug'E HAI® Jet J | fY-<y UfenT & 33T e dfgdisus
e f9&-fgs ger I 1 aet =9 fan fea 33 & =ur go 33 €7 Aye 34 feer J1
Gegge € 39 3 Has1H € AfgdiBue € My Fe< I& g9 Ufen e fewet e
frog fa a@dfea fag=t 5% fug 3¢ 5| feg AaeT Agdt T fa &0 W3
HITEHPHY & &% HATaIH € AYST W3 HATa1H € &% WEATE € g36T i
HATES €7 oI J9€ I& | Hats 1 2fast fidg fEe aart rarsi3as & <t daer
J | fer FEt HasiH & 0 578 &3, HIG HPHH W3 J&HPHY & wie 7 Arat I
fen et fags e g Haste € Afgddus 5% Y313 3¢ 75 1 89 vins feg
BJ, HATE HDHH \mﬁwwammm’rfﬁmﬁmﬁr

gargst 7 fags arasféar f&e :_40'6 88?_6_("5’ BrgeTed I AAw IG |

12.3 33t € Aue &t qaq feat
(Mechanism of Absorption of Elements)

Ufent f39 337 € Ays <t arad feut @ mifons Sy-<y A&t femut w3 wiar
E?WWUIMMEW@?UKWW@'WKFW
Wﬁﬁmaﬂwwwaluﬁﬁwﬁwgwwm
m(apoplast)ﬁwﬁmw&wvwmmawamve
absorptlon) | gt wiewET &9 At € Wiegat =t (Symplast) &9 »rfes ohit
I3t &% Ry A ammwwnzfe—ﬂwfeweﬂmaﬁrwaagm
Ja&T gaT gt J Ao fa e Fst {dts 3 96 w3 ge< &df = aan
WM|EFWMW1E€W€WWW1%€W@WH
@awe’rmaﬁrmfwfeamuﬁrﬁmrawﬁewe’ras’réww
Y= (Flux) afde 96 | got feg 112 wifowrfe fE9 ufsut § far Ufent
yfew Bt € Fust w3 Y= faw 3gt ger J1

i‘l’ s
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12.4 W&AT € A&3dE (Translocation of Solutes)

dvfed B 7fedy A7 GQug 93¢ Ust &% @y §3rdrs fig It €ug fieg
W%lmﬁem?&vwwaﬁmmmwm
W%lu@rmaﬁ@mmadlomomes)3e°rfatrfﬁtraﬂ?1%1wa
fa ufew 33 Ufen e se @ Wi gt Yoo AT AC g5 I gAt g €
HTf grat et € ufdefos &t 999 wifrfe 11 fSe a9 ga 7|

12.5 et agat3Tessw e gufca

(Soil as Reservoir of Essential elements)

framer3g ufew faos fa Ufent © =0 w3 feam Bt agdl §¢ 95 18T geat
€ ¢eT W3 Yas 3 Ufewt et 73t & Qusey §% 95 | feg yfafen= it &
WHF Meat M3 Ta8fad B 5% F9yd gegem g5 | falfa feo gest
mmmﬁmwmﬂfwwwmh—ﬁf&wéma
ufew Une foaar mrer 31 fifet fe ot I3 @ yorer ue 7 g5 | fitret =
yfew It Qusey &4t Ja=QEl AIT aEiedns AfEdldds dda o8 HAlere w3
wmﬁﬁaéwhﬁal&amamaaﬂﬁawwaw
Sumay gar@Et I M3 Ufent & Afgg dus et nimar fé<t 9| fa@fa ufeat <t
mﬁaﬂwéwgqﬁgwﬁalfgﬂwa@@ﬁwéwwgﬁ
JI

12.6 SEleads & TY-@AgE (Metabolism of Nitrogen)
12.6.1. 3€teans dad (Nitrogen Cycle)

AAle et &9 J99s, TEigdns W3 Mantds 3 feser sTeledns Yy
33 I sEtedAs Mits mst, U, faBafsa »st, =mar gonst, aBdfes
m@m@wﬁwammmﬁ%ﬂ@mmwa@
HYH A= 57% HA9sT Jdv J6 | fer &et areiecdns ged3! w3 U3t ySTst &et
fotraaa iner 33 T | aTetedas f99 seedns FE’WH&Q"TFI"’&TB"]UHW
(N= N)Wﬂ?ﬁﬁlmenmwﬁ{ﬁamﬁuﬁmra
&Teledrs Afgdtads Jfde & | ged3 U faast fenae 5% W3 ua=arst
fagst & gnmar aTeledns § dTeledds MAATES (NO,, NO, N,0) f[<9 sese
Eﬁﬁwmaﬁalmeﬁx HIBT a1, T st @ Ut wWT faast
@wwmwﬁa@zamwamﬁsEmmmaﬁﬁm@ww
"t i[9 Hge aaufaa aeiedns & mishT &9 »Uwed MHa1dds (Am-
monification) Ifg@™@ET F| fon f&g g9 it T3 7 d U3 TOEs
f&g 9=t A<t T, wmmmmmﬁﬂ@mwmm

&Telede fE9 gus fegt Aiet I—

2NH, + 30, —— 2NO, + 2H" + 2H,0 e (i)
2NO, + O, —— 2NO; ....(ii)
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MU ufost sTetedAna™ w3 /At
&TEleddan HiEewt Idt sTElede ff9
ge% fedt Atel I | sTeteareie areteddded
Al € HeT &% seiede ffu 9e5
fegr arer 71 feg yStfafen=t sretedlass
gfgstetrt g5 (fg3T 12.3)1 feg
sretedterféar Alerg gatfes Uwt
(Chemoautotrophs) E:l@' I8 |

Uv few 397 fammg selede @ Ay dad
Ufawt f&T 3w fee gx | Ufat < feo
BWIF3 T T Mish ge78E us fragst fa
Wwvmmw@ﬁmfﬁ?ﬁ
fS9 Yige selede =t Staretedtdas adt
sTetedds &9 swfgz T 7€ I5|
staretedtaas yfafem™ A3HaE™ w3
grfeQ@¥H®H (Thiobacillus) FUE FI€ T |

12.6.2. Afed setedns Afadt I35
(Biological Nitrogen

Fixation)
T &9 aret Hraar feg Qusag d= I <t
3<% dF It AT &EledAs @ QUdr a9 o o - e . o -
R SN ° : f939 12.3 WY &TEeIHS 3T - TYHSH, it iz
Uge U5 | d=S ¥ It YadiGfed At e Gn @ WeT fowrer Sfew aretedme Jad

setedHs o Afgdads &9 RaEht 9% |
Atfes Yt adt aretedns € mHatyt

fes mu q9& Hied STEICIHS )'-I'fEEﬂHH?Y (Blologlcal Nltrogen Fixation) ¥fg® Qer
J| 3TECdHE BWATS dd6 THT FTEICIHIGH MEHEH de8 UddiGen f&g
ufen wier 3| feg gav #ite N, Afadieds afosge 76|

N=N

STEICdHS Afgdldds HuHHIE H339 A Afgrl=! Al IIAds €78 J Ade I& |
GeUge € BEt H339 A<t sEledns Afadiaas mrant FuHHie gs-Hreaded
(Azotobacter) w3 fafafastatnr (Beijernickia) Aofa ISAUTEITHH (Rhodospirilum)
WMESHTIAT 95 M3 SHIBH 339 At 95 | fen € &% ot agt &8 99 Al
METHST (Anabacna) Wa SHZH (Nostoc) S FI39 &Teledns Afgdlads = aa |
Afariet Afed aeledns Afest a9 Symbiotic Biological Nitrogen Fixation- W
Afgrtet Afed setedns Afadiags € et yard € AYTT €7 U3T &a1 9a" J|
WWE?MW@H(Legume)ﬁwmammmw
SfaRH mBeT-mBeT, Aete a¥<g, fHET Hed, HAG, TaTat Hed, TasT M3
m,w%%wm%ﬁwmwﬁwlwym
Afgrtes Azt e dier @ gufie derdifecdeiAgf 3 ec Goe gufem
JEt I& | migsteTd Ufen™ (Non-Leguminous Plants) fA=® #i&an St A7 3
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St gurHlE STEPHT (Frankia) N, Afadiaraa sfEtrt Uer gger J1 gretmsghm
w3 gddr &< ot it fee F339 Aiet g ug Afortet gu e T3r=aat
STEICIHE ©F Afgdtads Jdv U5 |
WW?WWWWF(E@W)WE?WH?EWIEHTH@TE
SAI99T JIBIT JI&T= wuar | feg gkt g8 | 7 AT fegst & dear 3T Ut
fa fegst € ded I mwwwwﬁwwmamWa
IETHET I gETEET I | fET 39T BINHAB IS (Leghaemoglobin) & I9& J<T J |
drEt fsaHe (Nodule Formation)—3TET f&gH™ Haers Ue €t Ag M3 Iretas
mwﬁmmwalaﬁrméﬁﬂw%ﬁWaw—
grEtE e sgafes J  meg T 979 UH fEas T AT g6 W3 Wilsons W3 75
IHT & BBt &% g3 A amnsgmrwwaww;ﬂwnqwgw
de I& | ffq FIdd 3T Uer ger zr;r;ﬁwanq*gmmssrw
#er J frg €U dfEt fsonre 5g o9e Ua | 3¢ Ale'E §39 3 Ha3 T J An f&9
9% Ae I5 oS fein sretedds Afadtads Bt & feses o god F9e I& |
few gt gt @ fsarre Jer § w3 Aaws 3 e 33° & Wes yers Bet
fefost A¥T 9= #er 3| fog weatet 939 12 .4 {9 Tanehut arehnT 75 |

93T 12.4 Afewrdls ST A7 dEhy e feam
(€) Sretmdtmy AT arat AF SH AUTH &% ERT &3 feafag der I
(") AgQHE 3 9mie AF IH ST st 9e5 o Ja gt J1
(¥) AASHZ U Aleemt & Wed® agcan 3 faarer 3| Alee 337a9 frat ggs=t feg
qUiSfas T AT 76 M3 wegst I9an I Udintas ieT f&T fegfas I S 95|
gt mI Udinrelas At o fegms w3 Svur dat fewmr &% & dter 31 (1) Aefaet fegmt
5% Y3Is fq feafs dfEt Ag 3 <9 det 91

AWed Hae ¥ T8 | STEIearta T WEHTEM 3d Mo-Fe Uets J fAgsT @v3r=aat
SEledHs @ miabrT &9 ufdedss & €9Ufas saer I (999 12.5)1 feg
mmwmwmmwmmwa —

N, + 8¢~ + 8H* + 16ATP—— 2NHj3 + H, + 16 ADP + 16P
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STECIHIAH WEHTEM mefed »rarias Y3t A=t ger J1 fen & miemmant
T3S € 793 It I| [Et ST feu niggs3T vige It J fa ot &
SIS & MartAs 3 guTfenT A Ad | fegst maaret &t gdfunr et
W f&g fea mraitas fousa (Oxygen Scavenger) J€T JI ﬁl’ﬂ?;? BB fas
afde g& | feg € 399 33 J fa F339 At o83t &9 puidte wraAt e
75, fAg aretedrlan faformis oot ger I ud &eledns Afgdlads ed's feg
WMEWTIAT T A IS M STEICTHISH MEHTEI €1 IfeT e I& |

Sug feg T mitads 3 IAT SfgrT TSI T STEICTHISH THTAT MHE AT
FHBHE €97 993 ATdT Q9T €f 83 g1 J (e NH; M €t SATP) | fer Gaar
& ya3t Hags F® & et Ao fafenr 3° 3t 91

MUt STEleads
am (N,)]

+2 H

A
939 12.5 aeledns Aigdtaes Aleent feg U AT @8 ATds WEATEH
mmmmawmmew
MHEPHT BT IFEY — AAIed pH 3 MHa T € Ua1dd6 3 I MHs e mrfes

(NHy*) & fsane der 31 aefa famer3g d€ »iiastrr e &t aetede € gu
feg Fue I9€ I&, UT »H&E Y wirfes Ufent st afadls de I, fan a9
Gust fe9 feazg adt T u@< | WG, Sue o fa few 337 ARfEHe MiE
nirfes ©r fam 39T &% Ufemt fSg mitE st € imdne et Gusiar ger J1

fere et €@ Wy faforr=t g5—
() BWlga mistags—fen yfaforr feg niiatir tearsefad »s geg<t
Umﬁwmmeﬁwa—

JrT™HT + H,0 + NADP

= o . TFeHE
o — FTEAFfeT - »H& + NH; + NADPH ———=——

(i) SITFIHIBHES (Transamination) fer f&9 »i& »v® 3 s FHT &7 die
M T die AYT f<9 AgTsT39e Je7 J | aIgeHa mH® iy »ls i
WWWW(NHZ)WWUWWWWF
fsarre fegut miftes a7 Jer I | egmmilan few 39+ €t et ufafonr &
S3Ufez aoe Ix |
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H
I _ _ - I _
R— Ic— COO + R,— |C|_ CO0 ——— R~ %— COO + Ry Ic— COO
NH, (o) o NH;,
s Er3T MHTS Yu3 qa3T

Ufent &9 »Auafas w3 aigeHa € Hy »HTels U Ae 96 fAgs Ueis &
JIETIHG 79T de I& | feg & mHlE »H® 393taed mAUdfed MHS W
IBHT »HE 575 MtE AHT 736 578 gev 76 | fem yfafenr f&g s &
TS IS 9791 NH,- W& 3 femgruz § Ater J1 »mretsw &9 fafa mts
MU 3 fepdmeT Fretedns uTet At 3| fen st feg aretey Sfastut ot ie
< grat graT &9 AaTsT3faa a3 ATe 75 | fere &% 7t a3 U (fAs Afermdis)
Pt IET T HY B3FIHS YT € 7% AfEd 5TEledns § WiasH (Ureides) &
gu f<T g7 fest 9| fegst Gfaat <9 <t Ious & Ivs™ 9 seledns
MSUTI Y Jer J|

H'd (Summary)

e »yeT widdgfed UAS, I<7, Uet M3 et 3° yuz aoe 95| ie et
ygdd & Ufed 33T € AuS dav 96 | Ufent § Guat enar Ay aIe Ad dfew
33" & Ag93 sat JE1 I 1< 39 7 II¥ 105 I37 fe9 21 I3 Ufen € Aruas
=TT 3 fea™ Bet 7get w3 rgered € 96 | fammer Hraar e 83t 33
& SgH3dT URA 33 w3 Uie H39T <9 B31e I3 § mBU3dt URT 77 Fud
ing afde 95 | feg 33 §els, Ioggreisde, 9adt, %@a‘f&HWWE
WWWMWWWWW @H’H’Wﬂ%"’fﬁ"ﬁ’w
axlfewfa'—eﬁmf%rﬂaﬁsgéwmwgmmawamw
Sact fog g@Ihm, Sx3hm, gl =, i = e gaeT wife Y 95 | Te
fegst ufert e grz A7 gAz feut o7t Aue qoe os | feu AretsH feput arat
7% y=foe € &% Ufent € SY-<Y 331 3 @A 7ie 75|
&TEtedns Hies € T BEt g3t Agdt 91 U€ S uVsa! sTetedns € 993 USY
wmmww@?lwwwwwgeﬁwwme
TS FEIRIHS (N,) & Afed Quiart gut i ges fee g5 | aetedns
Afadiads Bet RASHST BWIdd M3 ATP € v &9 Goar &F &3 J<t I
sTetedds AfEdidds FuHTieT Hy 39 3 gretaad 37t der J1 Waae
sTetednan fagsT fa Afeq sreiedns € Afgdtdds f&9 iy gitar fsg@er g,
»rartAs Y3t mfsieet ger 31 famersa faforret nienmadt @gr=es <
TUIEHT I& | §IFT (ATP) € &3 &t YaSt Ung A& €t mrant A9 fafenr 3°
J€t J | aTetedns Afgdtads adt fsafiz nita i mits mist feg mits myg &
gu feg myt gt T
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niferH

Ue &t J© ®et 87 9 ige Ae 337 & 83 a4t I | feust a9 |

mﬁ%’m(Hydmponics)?ﬁmm@'m%wm@fm

Bt €t gusT fag agdt 9 ¢

Gergdst € o fofywT a9 : SgHT3dT UAd 33, MBUHTI4T TR 33,

srguTed Und 33, Af9di® 33 M3 F3e I3 |

Ufen f&g Wie 3 Wie YA we @ &e< oF | §uaT €7 29 s J9 mI dfeAr

o ot &% Guat =T Afg g g=7g |

# feg (e fIg ffa 3 u 337 &t we & Ss< feuret € 99 9 3T yGfaa

39 3 AT fa=e” uzT FArCar fa wee yfew 33 faaz a5 ?

9 farfeg dfeut fdg we € &e< /g 3 ufgst &= gar feg faf Uer

Jv 75, Aefa a9 Ufent &9 feafra #er feg?

Ufent @wrar yfewt e fys fae dJer g ?

JEHEPHY ©HTIT TUHS B! BTEICIHE & Afgdldds et dt Ha3t 96 W

sTetedns Afgdtaes f&g fegst €t ot gfiar g 7

A3 IE € feare Bt faga-fagg vsde 0w 7

J5 foy qust &9 faus sla g5 7 fAos a3 s Gust S sla a3 |

€) §os € we &% Hag3 3T geET J|

w) Ret &9 iger 99 ufen 33 Gust &t agdt der J1

g) &Etedns Ind I3 € gy f&9 Ufen fSg Ag 3 <U »ws (Afaa) T

H) Y Undt ©f 83 fonfez agar g3 0t iur 9, fa@fa feo g3t ot uie
H39T &9 &8 7T 75|

~

(
(
(
(

205



13.

L3

1S

18

13.

13.

13.

13.

13.

13

.10

wHt Jt e
gt ?

What do we
know ?

Early
Experiments
fafamr fag gt
g7

Where does
photosynthesis
take place ?
Yd™ HASHE
fafanr &9 I'a?v
gIeq IOT B
T

How Many
Pigments are
involved in
Photosynthesis?
yaH fafemr gt
g7

What is light
Reaction ?
feddeas
ufg=as
Electron
Transport

ATP M3
NADPH fa&
=93 fev
M 75 ?
Where are the
ATPand
NADPH used ?
C, ug

The C4 Pathway
YaHT AT
fafamr
Photorespiration
fafamr &
ygrfes a9&
B I

Factors

Affecting
Photosynthesis

mfrfe—13
(Photosynthesis in Higher Plants)

A9 A= feF 39 fa H&y =t g7 et Ufent I fodga ager J1 ot IAt ae
AfenT I gt e mruer 99 fd& YUz goe 96 ? mas f<9 99 Ue mrueT 97&
ARf®HE 99€ I& M3 a1 ATd A< MTUST 976 ©f 83 Bet @9 3 fodgg aae
I&| I3 U Ud™ ASHS (Photosynthesis) 9o I& | feg fea wmfagt Ifsa
am%mhﬁvrammmmammgﬁm@w
émaﬁalmwmﬂwawga&@wm#wwm
< ygH 3 f5d9d aae 5 | Ufent ardt yas ARSHS 96 <93t aret Hadt
WW?WFWNWWEW%E?WW
. feT a3t 3 AT IS UTTHET €T HEST A3 I W3 feu e mTss feg mMadtas
£3TT I d IAt g€ Afen™ I ot 7 AT 8 St MariAs &7 92 3T &t g2 ?
fen mifomrfe ff9 ya™m AR@HT HETSdT (Machinery) M3 fds-fds fafon=t &
femr g9 S 7=ar 7 yaw Q97 § gfefed Gan few gui3fez dae
T5 |

13.1 MAT & A/ee I ? (What do we know ?)

s mwwmﬁmmﬁmwmﬁmm
ﬁJEWWE’?EH‘TWWUHdl I J=ar | fAgst 3 feg yzT &ar
Jear fa g@dfes (Ufawt e gar =9eq), Yd™ M3 CO, Yd'H HHSHS BT
Hga IS |
wm&?mmwmw(VanegatedLeaf)w@fFrU?K#m??
WiAg Iy feg T8 JramH (>'<V>E3(Ied' g= W3 J9 Ufawt & yamw feg dfemr
T2 49 W99 S5 T YTl 9197 I24T | Hed &t fegst Ufgnt € ye I
feg g% Aure g€t I ot yam AEsHe fafenrt gon € yaw <9 d=% 99 gmar
feg ot Tuaet J1

AT & 99 y&ar #0 U3 &% 13T J<ar fan v ffq U3 e #Afha gmar
WEWW%@WW%@WG@W(KOH)W




fort et <t gt 9=t (KOH T99& FEPINES &
Ay &€ 7) Aefd g6t g1 § yaw fu afoe foa
ﬁéarl%né*mfm@uméirsnﬁfm’rﬁu%?
Jfyr e 31 Y A 3 I IHT AC9Y € et U3 &
fsdhue aoe T1 fov Yhue 3 3076 usT &arer I fa i3
?WWWE?HT@%WE%WE?
yret &4t get w3 fAgsT a1 yaw f<9 At @76 Aeew
e’runz’ra‘]s’rlfsrﬂms'fwfﬂ'ua?ai%ruw
mmmm(coz)mﬁmﬁ
37t fenet feufonT g9 Fae T fa wfagr firer fa=
Sfen™ AT AgeT J ?

13.2 HE® Y&ar (Early Experiments)

8Us™ AUdE YGaT € fel 919 AaST 993 39 J=aT fAgst
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Ufen™ 3 £3T aret mirartas uet 3 wW@et J &7 fa o, 3° gmie f<v feg 3%
3fs& nretieut 3aatar € =93 5% mdt fiu Iet | fer &et yat ya™ rndne
& UH g9 =8t mildes J& fed Mana J1

Ud™

S

6CO, + 12H,0 —— CxH 2,04 + 6H,0 + 60,



f&7 CeH,0, TSR & ySHfausT gger 71 uet &9 fsases Tt mrantas
0, & 386wy st &% iy atzr A7 gar 71 feg fEast fafonrr st &
WWWFEddé J famé yam imsne afde I& | Jf 3t feg
fenrfuT Igar %r@uaa?mﬁm%?wﬁeuwéwmmeac-
tant) € gu feg faQ* =g3 get ?

13.3 Yd'H AABAE fdg suget J 7
(Where Does Photosynthesis Take Place ?)
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J = ATP W3 NADPH, & 7&9 <9 yas gt 9
WWWW(Dark Reactlon) aﬁl?ﬂ??
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13.4 Yo'H AABHE ¥ fas Sged g
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(How many Pigments are in-
volved in photosynthesis ?)
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Al 97 S0’ IBI1eH a (FaHI[e! ST THAIST
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(The Electron Transport)
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ATP NADP* ﬁ%wwas’rmmuafmwfw@w
A 99Ud NADP* <& Hi¥ 75 | feg feddedrs NADP
fedaeas E!TWWNADPH+H+ Eadle JI& | weso(c'e)
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13.6.2 IF&t M3 MIJGT EeSHEIIBHS
(Cyclic and Non-Cyclic Photo-Phosphorylation)
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feg ATP fa= fmfere Jer J1 afvGmifea ufgasuaT \
& gJt feret argdafeut € @ds& dd Ade IT | AT
fafonr € 3g+ yaw mesne feg St ATP @ ARdne FEIfes
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fg39 13.7 afuGmifed gt ATP @ fsau=
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feng awfes Jag afde g& | fom ufa® G3u= & &F 3-eweafsndla Wins
w3 Auy feg PGA J | few <9 &8 arags uang JE o5 7

fefariratnt & feg <t Arae € afma st fa A U2 CO, Gfdeiaas (Afadiads)
3 gie UfgsT 83ute PGA Tt 98T g& AF aet Ue J9 €3ue <t se@e
I5 | 53 A9 Ufewt fE9 23 "u o139 IF fd8 Co, © Gfdeiads e ufgsT
AETet @3uTe Y fea aragfed »Hs At fan e ar9gs € 979 uave A& | feg
Wwﬁﬁ%awrfﬂs (Oxaloacetic acid) A OAA A1 g€ 3 yaH ARSHSE
998 CO, & AS WINddE (Assimilation) & & Wy feuba grat Sfrpyr fapur |
hwuﬁ!wfeqcozmﬁnaﬁmwuﬁlwmqvm(mmﬁ@ﬂwq
UTg (C; Pathway) W3 fAR & Ufg®™ us™ C, »M& (0AA) At BF& C, U® (C,
Pathway)ﬁ%ﬂﬁlf@ﬂ#@?ﬂtﬂ*@'&'@ﬂ*fé?ﬁ?ﬁ?&é?ﬁﬁ@ﬁ
fAgst € 939 wAt e feg Fatar|

13.7.1. CO, & yrafid arat/yrferdt miuead
(The Primary Acceptor Of CO,)

wg, g Wt MruE iy 3 fEq yAs ysEie fagsr fa Gust fefarnratnt
gaT Yfewr famr /it fags myamt fafed™ (Dark Reaction) & AHSS Bt
mﬂmwmlﬁﬂwmmmmmmcozam
33 3 gie f3& Tagat Wiaa (PGA) 558« I& ?

niferst 3° U3 arer J fa ardt mie ffg v a99s %™ aten HaE (5-
carbon ketose sugar)Fﬂ' fEUEﬂ'E’&'Fl’l SfEIT-lETFIE?(Rlbulose Bisphosphate) (RuBP)
AT | &t At miruw feg fen AgreaTer g9 AfonT At ? wea™g &dt, fefaprmabut
& <t feg Ao e 993 AHT Sfari w3 fam a3 3 ugoe 3 ufost 993
AT Ytiar a3 are At 1 Gust § feu = wats A, faGfa ufosr G3ume ¢-3 mys
At | fen et yrafia ardt 2-a9us wfaa d=ar | §uat & ufgst 2-a9us
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Ate-fefarrs

Al & UETsS B a8t A%t 3 dAN J13t w3 Qust & UF a99s o8
RuBP &t 81 3% 9 AE®3T ofA® J13t|

13.7.2 d&fes 99 (The Calvin Cycle)

aBfes M3 GAT Afg g™ & ygs g & u3T sarfenr w3 & fa feg
Uy fEq Jadt gu <9 s%er I fAn &9 RuBP Yas §3urfes der 31 mG, it
feg Svle fa d&fes Uy fa= Hufes der I w3 Had fog fmfsre 3t 31mg,
AT g 3 3t Aure gu fI9 A BEIT ot dafes Jag 3 §ust Arg Ufenr i
der I fAgs yaw Fndne aov I& | fen &% det god a9t Uer fa Guat f<g

f&FdA-1, 5 €0, + H,0
faremee

(Da"a'ﬁsmﬂﬁﬂ??/
ADP \
uy&d fAgAsT @ _ -
- 3-TTHSIIR I
ATP
~  ATP
@ swww :
NADPH
<IEIGN / \4
TS
ADP
+
Pi+ NADP *
HAdH, HSTd9

939 13.8 awfes Ja9 f9& ugre feg der 3 (1) I9ganians, fAn i@ COo, Ja8nH-1,5
feHe™ee &% AGAs adet I (2) BWATS-fAA 8976 F9udTElsde e faane yam
gAfefed arat M3 NADPH € HeE &% de J1 (3) yaadfaensT fan fes COo, arat
d1E@A-1, 5 faAemee & HF 3 faane der I M3 Jag Iser Jfder I |



g 97 C, Ug 3= A" C, U7 At J9 &t (f¥39 13.8)

mﬁmawﬁmmwmmwmmmboxy-

lation), CIECre) (Reduction) 'ES LI?B_cI'fFIHﬂ?T" (Regeneration) feg Tdes dde

TI& |

1. wa'a-oma‘laaw (Carboxylation) CO; < Wfaetads 3 fs!sr fegarasT Afgg
O('dHI()O( LrIIdIO( do! U| O(éSI‘%'_é_ tlo(d f_%'? O('dHO(HbSIO(d() ﬁ!Br dds Eﬂ’
mwamRuBPemmwcozémah’r
Aet 71 feg yStfafont waaer RuBP S98aHIsBH gwar Ufdg et §
ﬁﬂ??ﬁﬂﬁ%ﬂ%PGA?E%Wﬂ?ﬂﬁ@ﬁ%ﬁmfe—ﬂ
MTIATITS (Oxygenation) fafenm &t GarsT <t U_tﬂ' J, fen ®et feg =u
gaet dJ=ar fa fem WaAEMH & RuBP I9SdRISH-HTIHIASGH (Car-
boxylase-Oxygenase) HT §'f8'FI3(" (RuBisco) faar =)

2 BWAIS (Reduction)—feg yStfafon=t &t ffa =t g fAgst 3° Izan
geer J1 fev ug™ &9 99 CO, W € Afgdiaas et & ATP mgmT €F
93 THEIIBHSE (Phosphorylation) i3 NADPH & & En™ €t 993" SWIdIs
Mﬁaﬁalfwwymﬁgf‘éawaw@szOZEEW
T Gfadiads W3 gadt of 83 gef I

3. UaIMAIAsT (Regeneratmn)—?—l’ Ja9 § fast gIT=e e* Fn‘cl’r dysT I 3°
CO, 3rdt »E RuBP &t LI()dIHdH()' SEE It wigdt J€t 91 ysafiersT &
US™ f&9 RuBP & d165 St eHedi8ns =13 ﬁGrATPE!"TB?a?‘TUI
fen Bt I99& Jdd <9 I99& SEPHTIATES & Id MT & €U BT
ATPE@FW?NADPHEEWﬁB?UﬁUIWW
(Dark Reaction) f&g eazr H'= =& ATP %3 NADPH & farest f&w feg
W39 U:]' Jddl TTHSIIBHS (Cyclic Phosphorylation) 3 Uds gagT =
IaE T
IBaH @ T miT & fsaue wet fon 9o @ & Jadr <t 83 <t J| few
uzT g9 f asfes g & wiiemd aat areas & 9 M € fsane
=T f§& ATP W3 NADPH wicwt &t 83 <t 71 3uvé feg 3% mfew
Y f&9 Hew J9ait ot aBfes Jad fog ot wied AteT J W3 ot I799

e J
13.8 C4 U" (The C4 Pathway)
weg g799
6CO, e BT
18ATP 18 ADP
12NADPH 12NADP

C4fmmé‘ﬁmww3ﬁﬁ%ﬁmm(DryTropical)
u39 feg ue A 95 €Ut fE9 ¢, Ug Jer 71 fegst Ufewmt &9 CO, I &
Hfareiads e ufgsT §@3ume 979 C, Ma & wAfed WiAs (0AA) Jer J feg =t
fene Wy A< AASHST UF (Biosynthetic Pathway) 9 C; U8 A d&fes Ja9 It
ger JI13THE 3 C, U C; Ufent 3 faw 397 f9s 7 7 fou f&a yas I fang 3wt
yg Aae J |

c, Ue feuw 95, feast € Ufaut feg f&a ua famy €F g9aT 3t J1 feg €%
3y & Afg Aae 95 | feg €9 yam Y3t mafafenr (Response) d9€ 75 | fegst
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Ate-fefarrs

feg yamt A9 fafemr (Photorespiration) 4T €t w3 fegst feg A= 4w
(Biomass)éﬂﬁ?ﬁ?ﬁlwg,méﬁa—ﬁamml

Mg, C; M3 C, U™ &t U=t ave (Vertical Section) &7 MW Id1E | at IHT
fegst @&t feg aet W3d e T ? dt @& feg & fomay @ Widfe® A o5 ?
at fegs™ & =fasT §3% HiT (Vascular Bundle Sheath) M™& @& f&q fAd A% &7
C, Ug Ufen™ € INgHT §3% € ¥7d U'H Hge A& 938 HE (Bundle Sheath)
WMETEHT (Kranz anatomy) @8 UF Jfde I | fe¥ do'q @ 9= J €8T A uldT,
fa@fa Azt &t 393t fa &8 € gu <= J<t J1 =foet 3% © W ens
¥3% Hig AT €F wad uaagt Jetdt 75 | fegst feg g3t <3t faest feu
IBIUBHE §€ I&, fegst Tt Wbt gut 3 & Mers-yes et arusT
U (Imprevious) JeH

I& M3 fegst feg W39 Ast ger 2t &dt Jebdt| 3rt ¢, Ue A= Har A
A<9 & UfauT @ g 9791 o 3T J ddd =39 M3 HiHle® A'® Y AT |
MUS WE g8 € f9a-fds yaratt & Jut &t ISt fedastit g9 w3
Gust Ufamt &t uzt a2 (Vertical Section) & | FuHEdHT 5% fegst € THIST
I35 € W8 oS 935 Hig AgT & 2F | §3% Hig €t 3T 39§ ¢, Ufew &t
ufgere a9& ff9 Hee Jaait|

g< 939 13.9 <9 feu® o’ Uy e »ifors 99 | fem U & 99 w3 A8a Ug
(Hatch and Slack Pathway) afde I5—

feg <t e Jaat yfafenr T1 W€, Sy-<y yzr=er § miee 9T U9 © nifons
FITE |

CO, T HEsT IrdT T 35 agus »ig eHefes® ufedee (Phosphoenol
Pyruvate) (PEP) I w3 feg Widfes A& f&g wge ger J1 fen Afgdtass &
THe e ® LI"'fEEI_e'? ITIHAHIBH (PEP Carboxylase) 7 UUaH (Pepcase) & =S
mwmwwﬂmﬁ‘me(meo)mmﬁw
J1 C, MfAzF (0AA) HiHfes BT feg famma Jer J1

fem 3 g feo Widfew AT feg 99 a9gs Gfda fAe Higa #fAs Malic
Acid) M MAUTIET (Aspartic) MTAF =8¢ I A< fa ¥3% Hig Ast feg
feg c, #fAz fewfes T Aer I far 3 ¢, W3 ffa 35 T99s Mg HIaz I©
I5 |

f3s arggs mig v HWhifes Ast ffg Tum wir 7ieT § fig feo va emefess
urfegee (PEP) fR¥ ge® Aer I M3 few 397 feg Ia9 yar ger J1

¥3% W et &9 f§ast o, d@fes Uy Af C ; <9 Tys J<t T| Iufes
Ug feq wifrar Ug 9 fAgsT Ag dfenrt f<9 s gu e de7 J1 §35 dlg
ﬁ‘&'ﬁfgﬂﬁ(RuBlsco)?mf@'ﬂ??WPEPcase Wredtam) 3 3fazs 3¢ a5 |
fer et Wifsa g asfes Vg fane o3 &9 a9 et T €9 ¢, W3 C,
Ufent feg AT Jer 31

at grt fours fear T fa asfes U@ A9 C, Ufewmt & \idfes Ast feg
utfenr AT § 7 ¢, Ufent &9 Whifes At feu fou yas &t der w9 &35
HE A%t feg qr9a9 Jer J1
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<

fg39 13.9 I9 M3 A8 g @ Iy I3

13.9 Yo AT fafemT (Photorespiration)

WS, Mt feq J9 yfafen yamt A fafer™ § Arae € w3s dae I& frost
Cy M3 C, Ufemt &9 HI3=yes #39 Uer gaet J | yaHt A9 faferr mge
et g d=® aBfes U9 € ufad us™ 9= CO, Afgdtads © fen 9 99 39
Aeardt <t u=ait| feg €7 fafewr I fA® RuBP, CO, &% 73 o 35
SHEIIB i MfAT (3PGA) € € MIHT € 3156 gder J M3 feg fafen e
MEATE §'f8ﬂﬁ' (Rubisco) W@Bﬁ:ﬁ? ﬁ?"]' JI

RuBP+CO, —RUBIsCo o, 3pGa
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gfand &F &7 MEaeH gt g Ag 3 Su W3e9T <9 (3T§ Jaat get 9
faQ*) I w3 femer feg g fener fafonmits 7Es (Active Site) CO, MF O, €&T
&% g3 Aaer 71 fen et feng gfana afde g& 1 ot 3t Ao Aawe J fa feg
fae fg= T ? gfana f<9 0, € BT f<9 CO, et 2T fi9 (Affinity) TeT T
IBUST AT o 7 WfAgT &7 Jer 37 at Jer ? feg fus &t fig ya=s € 310,
A CO, fegst &9 fagzT fus ge<ar, feg Gvet Aly AwesT 3 faagg
gder I C; Ufew f&9 o9 0, IfgAa &% a3t d<t I fer st co, =
Afgdtdas Uie T ATeT J | &8 RuBP 3-PGA € »ienft f<9 ufgeazs de et gare
MIHAS It AAA3 T o Jad 9 ffx eeasifade (Phosphoglycerate)
3 THEIBEIAHC (Phosphoglycolate) T ffF »iE geie g6 fARg Ya™ Ag
fafonr afde g& | yam AT fafonr Ug fe9 Hag M3 ATP € HESHS &d1 ger
g&fa fen f&9 ATP € =93 € &% CO, Tt fsaset J1 yaw A9 fafenr Uy
fS9 ATP AT NADPH € HH&HE &dt de7 | fen &et yaw A9 fafonr fea
MEQUTTTt (Useless) AT fafemt I1 ¢, Ufent feg yam o fafen ot 3=t
ferer arae feg I fa fegst fe fea rifadt yem=t €t § 7 Woraei mes 3
CO, € Aw=3T =ur fé&<t J1 mfraar 3€ Jer I Ae Hiafe® As e ¢, 1S
¥3% g ff9 ¢e & COo, & Wa3z gaer J fAane a3H = COo, & #WIanst
FwE3T <U Atet 91 fen 3 feg wetst T #er J fa gfana arogantsn € gu
f&9 gom gaer I fAn &% fenet wrarAan € gu <9 a9d g6 € "ars
ure At 1

g, gAt Atew 7 fa ¢, Ufert feg yamt ag faferr sdt g€t g 3At
Arfee AHY 91 d<dr fa fegst dfewt feg @3uwasT W3 G3ues fag =u
ger 91 fens’ feger fog Ue €% 3 & <t Afas 99 Fae T5 |

Sudaz 9dguT @ wurd I ot IAT Buat Ufew™ & IB&T J9 Aae T fATST
f&g C; M3 ¢, Ug ger J1 3t &3t aret Araat € =93° 999 Agdt HuaT=' §
gd |

13.10 Yd'H HHBHE § YIfes J96 &8 Iad
(Factors Affecting Photosynthesis)

yaw irgne fafenr § ygrfes a96 @& aedar € fen g9 AvssT Agdt J1
YdH AHBHS € €9 Ufent M3 enst © §3ues Aae &t 993 ot Ho3=ydas
J | yI'H AESHE dE g9dt 3 fsagg dder I fAgs gt M3 Wiegst €= T
Aae I | Uer qrgat feg fareat, wWrarg, @Ha w3 Ufamt &t 3331y, Widfes
A% M3 IBIUBHE, Megat CO, e AWe3T w3 JBdfes e H3ar mrfe I& |
ie & Wl?g?ﬁ' Igd Ud &7 T T w_r%fna’r W (Predisposition)
3 f&ggg dae I&5 |




€5 fent g yam imsne

AT&T 13.1 C3 M3 C, Ufen fEgaa W39 de< &€ fen AgsT € a0 2 M3 3 391

A% fami fam feg
dBfes 999 Yds ger J|

A% fam fAgsT f<9 yest

IITAHBIAIS fafamT Sruget J|

fea i3 fev fas fam &

A% de 98 7 CO, &r
Afgdtads ade I& |
CO, E"HE&T rdt = J 7

He8 CO, Irdt f[<g arags €f

fare 3t fast gt T ?

CO, AfEdiaes = Hesr §3ue fauzr 37
CO, Afgdtads & HE® G3ue

feg fas I99s I& ?

at Ufen f@9 RuBisCO 27 J ?
dt Ufemt {9 PEP Case €T J ?

Ufent € faar st feg
RuBisCOdETJ ?

89 yam o83t i< Co, &
Afediaes € €9

at Wie yaw JteasT feg
Yot AT fafemr det 9 ?
at €9 yaw Stuesr few
Yot A9 fafenr g€t 3 ?
at e Co, Awear <9
Yot A9 fafenmr g€t 9 ?
at €9 Co, Fuwsa f<g
yamt A9 fafenr g€t 9 ?
MEIBEIT IUNS
(Optimum Temperatue)

Gergget

fegastfeg g

Wi fes /3% Ha/e<
W fes /3% Hia/e<
o 938 Hg W3 Wiafes
fEuB(' : )-ﬂflf%'&'

f3=: ¥3% vy, USHs,
HUA Wi fe®
RuBP/PEP/PGA

5/4/3

PGA/OAA/RuBP/PEP
3/4/5

TT/ET/IHET ST
JT/&T/IHAT SaT
HWfes/93% ma/aet sat
/89T

99/5T H3d/ae-ae
99/5T H33/ae-ae
99/5T H33/ae-ae
99/5T H33/ae-ae

30-40°C/20-25°C/40°C F =T
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g79dt I19d I& HIA € YdH, 37U, CO, & Awe3T
w3 yrst| Gfert & yaw mmsne Yfafonrr g
feg A9 aea fea An° feds ot yg= U@ I% |
g2 993 AT Idd MTUAT fafomr gae a5 wa
() (¥) .- . - .
e F%-38 Yd'H AHSHS A CO, € Afgdidds &

@
E ©)
:

ygfe3z aov 75, feg & »m 39 3 fegst <o
det St ffq graa fenet €9 & ygrfes A Az
IJ& €T WY drae g€ AT J | fen &t faw <t ar
3 @_'LI' MEIBIH Uug (Sub Optimal Levels) E3
QuaHT 9 IIt YITH ARSHE ©f €9 € f6duas

fd39 13.10 yam &t steas & yaw HRSHEE
g yst €9 3 yg= ev are

~ ger Jl
(7) " S . N o
et mwwwiﬁf)mﬁmﬁg
ygfes Jae & 3T g8aAHE (1950) &7 B e

m%&zﬂ'(Blackman’s Law of Limiting Factors)
yge fEg w@er | forn mignrg 7 aet awrfefea
fafonr f&a AF ST grgat gwrar ygrfez gt 7 37 fenet €9 o faguss €0
3% € g9d 4t geT J fAesT fa@asn Ws =@t 9= | 7 OF JI9d € Hr3aT
ge% &t a2 3 €v a9a fafemr & fiur ygrfes ager J1

Gegde € 39 3 & g9 U3™ wfudaH #iaags Ya™ M3 CO, & Hgedt &
gege 7 IUNS 993 Uie IF 3T YI'H HESHS &4t ddar | few U3 <9
Yd™H HEBHEE 3T 3t §g d=9r & &ITET ITUN'ES (Optimal Temperature) YET&
a3 A= |

13.10.1 Ya'H (Light)

A€ MH yaH § YI'H AEBAS fafenm § ygrfes d9s @8 a9d © gu feg
&€ g 3T g yIH € greesT, fenet JesT w3 SuSTS (Duration of
Exposure to Light)%?ﬁ@?&ﬁ??ﬁ@?ﬁﬁﬁl

&8 We yam a3 w3 Must yam w3 CO, € Widdiads €f €9 € ffgad
fea 3t T ger 91 €9 Yo JtegsT 9 3 few w9 fev ot =ur &4t ger,
9T 99 HHZ § Ae I& (939 13.10) | fen v fows g =&t fesany
3% feg I fa yam™ Af3u3T (Light Saturation) Y3& Ya™ € 10% 3 It g&T I &F
7 wE "ot feg @9 =% dfert § €3 & geds v yaw mfee ot
TSt gad 9= | e AT 3° g Mruf33s yaw a@dfes € fewes er
g96 g€ I fAn 5% Yy AEsEeS € €9 We § ATt I




13.10.2 9IS STEPHTIATEIS € AWS3T

(Carbon Dioxide Concenteration)

yaH AEdEe <9 CO, ffF Yy AHaTat a9d (Limiting Factor) J | @IS
fE9 Co, € Fw=3T gg3 I We T (0.03 WIF 0.04% & fE9a79)| CO, &t
Fwe3T 9 0.05% I T d7d6 CO, € AfEdlads &t €9 f<g =ur § Faer
J yd few fe9 =0 < W39™ 89 AF° BTt T899 7 Ad<t J |

C; M3 C, UT CO, & AwesT <9 fga-f9s migfafort aee g5 | We yam
T%3t ¥ fest f&g d€ & mayg €9 €O, Fwe3 Y3t migfafenr adt Jae |
€% yaw a3 <9 ¢; 3 ¢, €< 9t 3¢° € Ufe 9 yaw mmsre <
Ut g9 <u 7Et 91 ¥ feu fovrs @2 wd=yes I fa ¢, UE Sargar 360ulL-
13 Afguz T 7T 95 A< fa ¢, =ut 3t C; fwesT 3 fafenr gger I w3
FWS3T 3<% 450 plL-! 3° gie Tt fewret €<t J1 fem et COo, &7 Yug ¢,
Ufen™ Set HHTaTat (Limiting) J |

HoTet 3t feg T fa ¢; Ue €930 COo, fws3r fTg mgfafemT (Respond) Ide
75, fen &% yam faewe & fafour feg =ur ger 31 fene 317 <o
€3suws <u ger I fen fautz € =93 aits TGw et fAe evred w3
fiH®T fHag (Bell Pepper) few i3t Aet J1 fegst & CO, 3 FaYd =395
feT Sue & g fegr Aer § 3 &t €9 Uvee yuz 32|

13.10.3 3UHS (Temperature)

myamT fafamT (Dark Reaction) Wa&wTeH 3 fagga aaet J1 feg 3ruvTs gmmar
ﬁ?ﬁ?ﬁ?ﬂﬁﬁ'lg’%WW(Light Reaction) éwﬁéﬁﬁﬁﬁw
€ust I IS T FEt We ygE ger 1 G, T €9 Iuns 3 migfafonr
gae I& M3 §ust f<g yaw imdre <t w9 <t €%t gt 91 7w fa ¢; Ufent
BET e IUHE We Jer J|

fgs-fgs dfent ST ya™m AAdHe BTt gd=7 IUNS Gust € Magie3
e 3 fsag9 d9eT I 1 GHs afeddt Gfemt set &3ter 3rus €9 e J1
AHHISHE A%< (Temperate Climates) feg €91 =8 Ufent et IBEIHT
We IS & & JeT J|

13.10.4 U@l (Water)

= yamH! fafenr feg uret ffa vodeyas yf3fafenr mfsamea 91 ug feg =t
Wgwhﬁwﬁ?mwwgwa & fa AT yam mmdne 3|
ma&‘r@(WaterStress)Wg‘a—eaaﬁ!?zrwcoze’r@wau?w?
7t J1 fere &% ot 7% I=Q 5% U3 HIgT A< I6 fAn &% U3 =
¥39es We T AeT I M3 fene &% It Gust few Ty Gng fafonr=t <t uie
Hebdt IS |

223



224

H'd (Summary)

feg Quady Co, Ufant & reéver gt Bet At § M3 JgguTelsden HY 39 3 TS
(HI9) M3 Ae9d 978s 9 =93t At 71 yam Amsne < faforr Ue € 99 gar iy
39 3 Ufamt 9 yas It 31 Ufawt <9 Hoge vinfes Aat g e w39 few
FBIUBTHE I¥ I& fAds CO, € Wfdeidds (AfEdidads) (CO, Fixation) et faHeTd Je
75 | IBIUBTHE <9 yamt fafenr st ¥t QU ras geiit 98 fig aifiefea Ug
AeIHT fS9 Hge de J1 I AFSHS € € U3™ J¥ I&, YaHt fafen W3 aous
Afadtags fafomt | yamwt fafenr feg yam €97 #aela™ (Antenna) fR9 Hge sgeat
grat it AtEt 9 w3 fafonr Ieq fRe Hge aBdfem a€ mien § g festAet g Iffg €
ST (YT y=&tit) PSI w3 PSII J€MT I& | PSI € fafenT d'eq <9 a&dfes a
P700 € M w Y™ 33T B¥ET 700nm § AYE & ALl PSII f<9 fea P68o fafomr aeq
dE€T I 7 B YIH € 680nm € YIH & AYET I | Ya'H Ay 3 gmiE feddedrs G313
T A€ 95 M3 PS 1l 3 PSI few Aasi3fax g€ d€ W3 Yes Uug W39 griesafes et
f§&t € mrg-ug UeT g9e I& | ATP maaTer € fI7 R, 3 §<ls &t a1t aos feu Jug
W3T AHTUS T 7TET J M3 ATP € HHSHS BEt §g3 H39" f<9 §oA Ha3 7 Aiet I 1 uret
T »iE T fewes PSII € &% gfenr e J, 3311 @1 0, M3 T8 &3 #7'e 96 W3
PSII fe9 feddeds @ AEagde Jer J|

qTIS Wideiads 9 MEATEH IfaAa @aT CO, 8 5 I79gs Wfd RuBP &8 03
AT I M 3 I9ES PGA € € mignt iS5 ge8 Ater J| feng” amie asfes 999 gat
feg &3 feg ufg=afss der T W3 RuBP ¥ Uer g I | fem yfafenr Sava yamt fafamr
TIT ARfSHE ATP "3 NADPH € =93 J<1 J | fene &% Tt ¢, Ufemt fE9 foans fea
B3t MraAe s fafent yamt Ao fafenr § €3Ufes ager J1

d3 Gre Ffeddt UT fennw 3¢ € YW AH@HS dde Js AR C, afde 78| feast
Ufent € Wiifes Aat f<9 yas I 8 CO, Giddiaes € §3u ffa 4 gous Gfaa
I5 | I3% g Ast feu dfes Ug gsTouT dier J fAH &% J98delisde @F ARSHS
Jerdl

mfam™r

1. Rogledgvdudat gM A Aae Tat Qo C; I A Cy ? fag w3z fag* ?

2. feg U &t viegat 9e39 § Y df IRt eF Aae J fa @ C; I 77 ¢, ? fenrfnr
q |

3. = C, Ufew' ST 903 We A% A< iasae-agfes Ug @ 2fos ade I& feg <t
€9 €9 O3ueaaT =% J© J5 | ot fen 3 9997 o9 Hawe I fa mifrar fa@* T »?
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4. AT (RuBisCO) & WaaTEIH T fATS™ IITAHIBH M3 MTaHIHGH &
gu f&g o gaer 7 | 3t mifagr faf* fse T &t ¢, Ufenr fee gfana <u
HT3dT ST TITaHIBHS JdeT J ?

5. V& 86 ey foa a8dfe® b € 9 AWsE3T @& Ud IBIfe® a &t ot =&
(e A& | JT feg yamm AR He dae dedr ¢ 3T fed Ufen feg asdfes fag
e I 3 fed g Aofed foear St 83 J ?

6. ¥ U3 & 769 fe9 Iy &3 fapur 9= 3+ QT Jor I93taeg utsT A gar
UIsT 7 7T I ? IITST AHS MgHd faus Sded <0 AETET I8 ?

7. fea ot Ge € U3 e & =% (8% 991 =8 w3 Gre ova =& (i)
g1 5% IBET dd AT ING <9 &Ir Gu feg I¥ I€ m3 ef feg v J¢
Ufent &t 38aT a9 | fagsT g8 Jarer dger g w3 fag* ¢

8. UYIH FHSHS & €9 3 yaw = at ygre 4w J ? (Y93 13.10)1are &
g 3 I6 fay yast € €39 feb |
(8) =3 (Curve) ¥ fam fagnit 3@, w1, A € ) yaw f&a Avarat aaq
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14.1 ot 4€ Ag 8¢
r
(Do plants Respire ?)
14.2 JSEISSTEAA
Glycolysis
14.3 ydlae

Fermentation

14.4 W'IHT AT
fafamr

Aerobic Respiration
14.5 A'd H3®& T9¢

The respiratory
Balance Sheet

14 .6 MueEfsa Ug|
Amphibolic Pathway
14.7 AW &

Respiration Quotient

niforfe—14
Ufent feg A fafamr

RESPIRATION IN PLANTS

»it A et afoe ®Et Ao 8% Of, g dies BT A9 €& Aget fagt g7
He ot AT 9 TF I ot JET T 7 of A9 AAle, 9 U9 I A gl
Ad 8¢ I35 ? o wifAgr § 3 fa=s ?

A9 A=t ?;? MU JaeT dies feg Aue (Absorption), ufgeas (Transport),
st (Movement), UHS& (Reproduction) T9JT I9H Jdd5 Bet foF Iq I AT
&< met <t QoA <t 83 It I fou Adt Qonr faF wiet I 2 wl Aee
It fa Qarr m&t mift Fus e It ug feg Qo Ias I a2 yuz It §
?fEU@HﬂTﬁE%EB"E'FWF@EﬁU ?ﬁwmﬁemwy
ggg fami & Gorr fiset § 7 ot e 976 d9¢ 95 ¢ U feg Qo fag
mmmwmmﬂeﬁaamgfw@awmmaﬁ?

€ug ue IT FUI yEst ‘T 39 feu Just gt fa feust fET It vE
Eﬁﬁalwwf—{ﬂwwe’rmwmwymww
Wémﬁmmwwaﬁmmfwméaﬁn
aa’rsrf—orfezrh—erwa ? A= faferr=t et FStet At Qo a9 <F

T wantgee 3 YU3 get I fAgt § S7s ueew afie I8 =%
NU?WWWWWWWWWM|&UU§W
HWWWUW@W@HWW@HW%HU‘%@?@?W
JIgIEIZC IBAH, HO(dH M3 ACTIY E’BUfE"v’T—Dj"'aEEFEI??lFF??fEU
e Syer ardter I fa 97 dfent foT <t w19 75 A&, fegmt, et &9 yam-
mene fafer sdt d<t, m@UWIHQ'E'?O(MdWUe'U@U
a’ruwnmmamfa@ﬁwuﬁwgww feg AT A% o9
m"“mwmmmmmwawmm
ferr et 9% Ue9E" € JI9 IF (Non Green) I feg ufgeos der J1 73
YUt g% 95, fen &t €@ muer v Ufewt 3° AT gu f9 (Fargmt)
7 AfHT gu (vAgTeh) gu ffY Yz Foe 96| fug At fAR €8, ve




Ufewt feg Arg fafamr

EI'E'FF"EI'I'&'FIE'Ue'dH'Q'Iédsd gt J1 feg A7 BT 93 I HI3=UIS
J fa #les <9 7o 38t 83T 9A5 u=9" yd™m FTH'&'HEG’U‘TU‘TU"’LI?
E:J@' 7% | fer wiforrfe feg Aevet g fafour (Cellular Respiration) #T A
fee g7 uggE’ € dee I faase =@t Qoar & o feut ma ATP
T AESHE § mHsTewT foprr g
fast Ha, Yo AA@HeE JBdusTHe &9 AYds JE° J WddlSe (Eukaryots
f&9), mﬁwmmwm@omplex)we*femxw
ﬁwmmwal(%émm@?m Aefa Ast
feg IFSBET (Complex) MSHT € TFIS-AFIS (C-C) §US € WAAITAIS
J= 3 gt Hrgar f&9 Qarr &7 Hag e AT BT (Respiration) AfT&TEET
31 fen yfafewr fog faw Gfoa e warlaee der § @ & A9 »ae
(Respiratory Substrate) FfIe I&51 MH3T I o('ddd'&le{dH T Wartlgas I
Gorr yaz g€t I ug gy Ufewt fSu femm g3 i U, Sodt W3
ﬁ?ﬁ&WWéWWEW%‘@MEﬁWﬁMl
A% & #ed WaAldds 9d'% Wmﬁﬁ'mm‘cﬂ@aw EE]
fe'g =9 Haz adt det T feg Asarfen gwrar fon3faz usm-ga-us™
bt faferret € gu &9 vaz det I fAost anrfefea Gomr & gu few
Ayt T Aret 31 fed feg miy @< Agdt 7 f AT E9s wratadE gwrar
fsass T8t Gaar fAut =93 f<u &dt wiet (AT &at < W™ Agel) ud feg
ATP € AH@He fég Quiar 3t I w3 fow Qo <t 7w =t fag =t 83
d<t § feg e wiet 91 few 39t ATP A®T  ®Et Qanr dot €t 39T aaw
aa?awlATP%?ﬁw@W;ﬂemem@er
yfafonret feg =93° &9 wiet J1 A9 S9s faons aroufea ue9g Aat
E’?WWE’WB‘E‘TW Ju 9 o Wi Is|

14.1 dt U& AT 8¢ & ? —(Do Plants Respire ?)

femr yms & It figr €39 a4t 91 oF Ufewt &9 Ao 8 =T wantas
& &3 3t § »3 v T9gs IFEMEARTEE (CO,) =t 3¢ I | few Jge
W%Wﬁmﬁﬁﬁmwm(oz)é@m
(ya3t) fenfez gt 91 dfewt feg Azwt €t 3g7 ImT &t nesT-gest et
feim #ar &t 99, ug Guat f&9 fon €91 BTt 8¢ 77 FoWe (Stomata)
wm(Lentlcel)a?awlwfawmweﬁarwa—trM feme
JET IdE T AT I | UfasT e feg I fa Ufewt e gg gmar JmT wmesT-
gedt € 83 T fors duer J1 Ufewt € ffq gar 3 g7 9791 3 At
T Ufgegs §g3 e e J1 g7 Jae feu I fa Ufent feg It &t mesr-
Fest @ 5ot Far a4t g Ag, 35T I UF fEw A fafeor A @t
3o T g3t ot &9 &7 gt J1 d=% ya™ TmdHe €96 JT & <U
Waeﬁaﬁawwwmwmmﬁ%mﬁrfww
mwmﬁw?fmwwmamn?wwwm?nm
& QumduzT & gt we st wiet faffa Ast &9 yam mdne €%
Marrs faasel afdet 31 AT aae feg I fa <5 gt dfewt feg Imt
gg3t gdt 39 fanfez a4t Jet g5 | Ufewt &9 g9 Arte A® Ufewt &t

227



228

Atre-fefarrs

A3fg @ fasas &3 Afgg der J| feo U3 ®et 9gs A9 J1 IAT feo y=
AIe § fg W sast @8 38 M3 Az s df gevr I ¢ 3% &9 mele
A%, fes € Jor u3st A3fo € gu <9 ¥ige e o feost fev feeqg
@MW@W(LCH&%I)Hﬁ@'ﬂﬁl’ﬂ?ﬁ@'ﬁ‘&'ﬁ-ﬁ'ﬁ%%’ﬂ@'
w3foar mofesT yurs dav 95 | fem st Ufewmt € faerss Ast < A3fo
W@W%ﬂ'i]ﬁﬁ'l@ﬂ'm@menchyma)ﬁ‘?ﬁ'ﬂ"ﬁfgﬂ'mﬁ
& War TUQT g5 fAusT fa g=wstit (Gas Air Spaces) It mrum fe
TSt gEt 7% gt ggsT= J9e AIw JeT I
mﬁemeﬁwmﬁm@mgwmmm
(CO,) M3 uret (H, O)EW@Wloo«Mel J fAmer €37 99T IV © U
f&g foam mrer 31 7 feg Qoar AT et Agat T It fewet =93 AT ©
oH nigwt € FAeRe 99 gt Idlet J1

C.H,0, + 60, = 6CO, + 6H,0 + GaFr

o N Ay

Ue A& fer 39T 376 9278% U6 f a@aw »ie & gg-fafemm (Catabolism)
&% fease =8 Auds QoA Hag amevt € gu &9 &7 fsad | vy I
fz!tr?rfsrd_ 37 @ Wrartaes fed U™ fog &7 T & Se-8¢ mada uzret

fdg gur I fAagt 9 a9 usw fed <37 g o5 fa fegst feu faase
WW@WATP@W%—&WW?&%%%{%@?&W
f&g feg It Ao e fefgom I Ao & fafoqr feut €9 wrartAs @ <93
gt I M3 JI9gs AL, et 3§97 G3ue € gy fIT faase
I5 | A%< fafort set wrartAs & 83 Jet J1 U d9 A8 WarAs of
J€ W3 meae fIg =t Atez e g1 I AT wfAahdt TB3T I3 (T
et 979) A9 Ao J A" wantAs Qusey sat d<t ? feme™ dds st
et aae 76 fa ufosr 7's fen gifs 3 wifag ss=ee fv fifenr At fag
MaAiAs usay &at AT »ia <t Qussy mdleT f@9 % wewmant
(AIHIAS 3fa3) TI=de YISt WU MU § wad B3 J9 Ja 96| fegt
fes 99 feasul miewmanT 76 Aefd I3 et W wWrant AfEst € 83 fast
feagsu J<t T1 99 o®3z <9 Ao der fTg waafen Yot g€t T 7
mﬁawmﬁmymwf@?mﬁq{?mm
fen 397 IBaw T uElgfed »i® feg det BTGB TEMA (Glycolysis)
FoBQEr I

14.2 I@EASTEAA (Glycolysis)

IFEIGSTERH FEE € §3U3T I HEE IBEEH (Glycose) I° UF M
STEIfAR g2 dest 3 It | aetasefn € Yfafenr e nifors gmer=,
ferdss, 6¢ Wg d€ M3 F UgsH ToraT Si3T fapur w3 few § W 39
3 (EMP Pathway) (ST » Ut 0E) Sfde I5 | miewanT Aiet ff9 Arg ot a=%
nifadt yfafent 31 ssretaseliim is o< feg Aus der I w3 A9 Andter
feg Tuger 31 fem yfaforr <9 g@aw »ma »mradiaes gt urdigfea
MHE € € mignt ST ges AT 91 Ufert &9 oo argaw gaen 3 Y3



Ufewt feg Arg fafamr

ger I 7 fa ygw mfens aegs faforr=t &
waH €3ue I A7 Myt J13 JegeEgen 3
U3 Jer J| §den fes=aen &F € maare &t
AUTE3T 5% JBAd M3 Sdded fS9 Ud=af3z
T Aer J feg €2 HEAAIESH WS &8
IEEldfSfea dad &9 y=H dd AT IS |
JBAT MI TIdH, JSHATEISH MM ot
THeIF3 T & TBAH-6 THeC IS'e I& | TBAH
ar E"'FIE"H?? Ju WMTETHH ST (Isomerism) I
gdded-6 eHe<e feu ufgeafaz T AT I IrBaA
3 Egded € g-Ong fafenr 3 ge € gy K
NS I I6 | IIBTEas R © fga-feds us™ f939
(14.1) ST Tare I® I&5| IBEESTemT et
TBaw 3 yfegee e fsane ger I | IBTEAfEAn
T féds usr € wifeis S9s €8 us=r €3
fors fe€ fagt feg gt &t =93 gtut
Gorr AmeHe (few HH& fS9 A7 (NADH+HY) ger
Il

g 2t ut. &t 293 € Uzt fI9 J<t T ufad Uzt
feT 72 Igaw-6 emee f9 ufgeafaz gur I vz
gr u3™ ST egdwd eHeT & egded 1, 6 fam
THee fe9 ufg=azs der J1

gddeH 1, 6 faAETHR e ¢¢ o SEIITEISITIHT HHTeS
THET MT 3- TTHSINBHIBIIIET (Ut At &. W)
gxer J| AC 3- HEIRTHSIfBAISITITES
AT EMT.) 1, 3 TEleHN®Ade (FtutATE))
feg ufg=afsz Jer I 3T NAD* 3° NADH + H+ &7
fsoe ger g1wt. 7. €. W% 3 € s g ig-Grg
fafour (fagmam) € Tet8dAs =4 T & NAD+ ¥ fea
ME B AES3fa3 e 1 Wt At E s, mranifa3
J & MIJgfed eHee &8 HE o stutAtE feg
ufgedfaa T AfeT J | 5t Ut AT €. €7 3-TTHEIISAfIT
% &9 ufgegss Garr Uer aos =&t YfafenT
J1 few Qo &t =93 €At (ATP) faane few
g€t 91 ytetut. (pEP) ¥ ufegfed »vw f<
ufgeadzs d96 =t gatat e fague der J1 &t
gt feg deaT a9 Fawe I fa ffa we 3 fas
wEot T Y3y gy 9 Amdne Jer 9 7
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IBAA-6
g 2tat

g3ttt
TBIA-6 (6C) THSC

ADP -
ggdcH-6 (6C) S He<
gt
g3ttt
ggdeHd—6 (6C) gEle™He e

TEIgH e lvaﬁm e emee (IRl
3-gmee (30) T AT gRles emee) (3C)

NAD*
K NADH+H*

IfeHTsstaTEls-3 (3C) eTHee

g St
& st
2 x 2IEieH faremee
1, 3-gTEeTHE IIfBHIIT WMHF (3C)

!

2xTTERH THee
2 X 2 - THSINSHIIS MHS

H,O
2x THCEIG® UTfegee

g 2t
g 3t H

2x yrfegfed »MH& (3C)

f939 14.1 I@EIESTeAA & U=
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ufegfea »Hw I@Elas e & Hy §3ue J1 ufegee & Tg-Grg
Iy t T ¢ feg A & 87 I fa999 a9er T 57 5 Wy IAT 95
fagt gt f9s-fos 7'y awetasfefm ot @3us ufegfed miw & =93
3de I | feg afed »M® yHlde, mBadf&S tde W wrart AT fafamr
wlmqﬁ%wﬁaﬁﬁgﬁ@mmwmm
feg Jer J1 IBIw € Yas »MaAldas € 331 A J996 SEPHARTES
M3 Ut g5 BT Adter f<9 999 999 gt ger I AW § wradt-Ag
fafeum A7 A Ifde g5 | fem fe9 wrartAs & &3 J<t J|

14.3 YHidE (Fermentation)

g fafon €976 wlT (Yeast) ©49T IBAw & wMEAdAT I8+ <9
Wwﬁmﬁvw&éﬁ—éﬁwmw&gﬁaw,
I99E ITEPAIHES I M3 SEEE fS9 gvs Aer J1 Weae ufegfed
MHS, SITTEAHIBH M3 MBAIS Soeisantan fen fafonr & @B'LFTEE' CRES
amw;ﬂeh%rsrgaazﬁwwfeaﬁawymﬁamwm
aa—e’a?slfevuwﬁsamzf—ﬁ'emwammgmﬂuﬁrw
Emmmmmwmﬂxmﬁmﬁaywﬁgﬁam
Face SoEisadlan wiaarer gt Jdfea »vg <9 swfgzs T Afer J1
JWAET NADH + H* g7 J 7 Ug &< yfafon=r f<9 NAD* <9 nmamlfgs
g el BAfed WS M3 MBAIS <t feg yHlas fafanr
gt B3TEt Gorr v &4t g€t | IBaw 3 7 USHS

3 uie §oar a3z Jet I w3 few &t yae Qo &t

=93 §9 Gor dus =& ATP € faane few &t

J<t T »H® M MBIIS g6 BT G3uTe &

yfaferr yzgaa gt J1 argaw © ffq Mg 3

yilde 3 € MBIIE AT Bdfed ¥HE 936 o

95 fad "o gadtut. e faaus Jer Ji

Bafzaq WHS IBTEIA BT €976 Qudar f< e =&t g it
(ATP) €t fare3t wera farest a9 fa fas &2tat.

F T AHBHS JE7 ? A€ MBAIS T HT3dT 13 Y3H3

HF U get J 3 udla st feg 13 € a9e gt
J| I=d3T uitd3 UW (Fermented Drinks) fe&<
MBIIH € U I U AWSIT faasT T2t ? ot At

AT AET J 7

€ fagst yfafen I fam ot et few greaw &
HISHTETS YIS »raHtges geT I w3 fer €95 was Ganr
AST @t T g-8Fg 33T migHT §U3 A9

@ = A9 Aae J fa aHl® Uw (o) {9 »@das €




Ufewt feg Arg fafamr

AT, (ATP) m@nt € FHSBHS et J ¢ gddige <9 feo A ™
HElea saT feg Aus J€ I& fAR &T warids € 83 J<t I »anT
g faferr @ ufaforr T fam gt srfefes uerggt & »rarias &€ 9€
feg wrarlade der 7 w3 €7 3 g 996 IEAIATES, Ut WI
Sorr faase g5 fen 3g° € Ao faferr »mide 3 €9 d<t € A= f<v
g<t 91 fem faforr g9 »o &3 ff9 uzar)

14.4 waAt AT fafemr (Aerobic Respiration)

HEtead sdtmT f@9 d= =8t wrant Ao faforr 976 I ElasTefmr o
wfan @3ue ufegee A'® g= &9 weted sdt e yerfos a3 @
UlWWWWH’HWMQ@T%l
*  yfegee €7 U3™ ©9 39319 <9 Yde Manldde de 3 §¢ JEisdns
YN Y J€ I8 fAgT 3 35 ar99s SEdanTels € vig = Ha3 e I8 |
*  JTEEans YIEHt € Sy JT fEddeds oA mE S AT 95 fAm €
&3 =4 Tt € iRdEe Jer J|
A9 3 U 399 915 feg I fa feret ufost ufafonr weteasdtnr € Hefoam feg
Waﬁamheﬁmmﬁmémﬁﬁgwaﬁa
ﬁ%ﬁhﬁmmwmm WIATIIS Tt IS5
=5 ufegee wed ST @ ﬁ?ﬁaﬂf—{u’mwamnﬂaﬂ’r@?
O('dHO(ch“SIO(dd: E:]' dl¥<‘5€'d FTHT]_OF W d'<JI U'It‘d@? dld't‘lddﬂléH
WEAEH gwrar €3Ufes der 7, ufegee Storetsgaten fafow=r f&g
sre’rrr&rmwe’mmﬁ—é’awh?NAmwmmHA

Dl

2+
Mg
erfggﬁa- "MHE + CoA + NAD* Mg+2 w—fga—%l?m
urfegee Sloeizdnan MHeE® CoA + CO,

fer fafenr €975 ufegfea »m& € € migwm & g-8arg fafemm (Metabolism)
3WNADH€€W?WWUMWWWWWE
f‘é—orwsfﬁﬁﬁ-lgwa

MHTCTES (Afg WA &) Co-A JddT-UH ST ISAHISS MH® Jdd feg
y=W gaer J1 fam & Aruee 39 3 fefarnrst I 999 & 89 € d9s d99
Jdd (Kreb’s Cycle) gfde I5 |

14.4.1. TEIIUAAGT MHS Fatd (ST ATE.) (Tricarboxylic Acid Cycle)

SIATE. Io9 € g9 WHICTERS AHT € MW S MHiAfed MHS (0AA) M3
USt @ 5% AWEs 3 J<t I T fAefad »M& e feaure der I 939 (14.3) 1
feg fafenr fAede figa Waared gnmar et 7 M3 Afg waarer ffg wie
Hag der J1 3 fAede, metifaede feu ufseafsz T Afer wfaar st
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wfegZe (30) IgEIAIBIddE € & BAr3d U= grdT yar
CoA NAD' ger 7 fon 3 g% wzer die agefaa mw feg
X NADHH' AIAISTES Co-A @7 faaqtE Jer 31 fAefaa »vs
X ! co, T g9 3¢ yzet <9 AantsTe® & WaEETE Co-
ARSI HOHEN-E CO2 A (MIEE HfAfes »®) f&9 wradtfgs I
W a1 &t =urer 3| RataTEs Co-A & Faifaa
(4C) Wemmﬂ%ﬁtﬁeﬁaww
NADH:H' m?;jmcoz fsge der 31 few § wrud Uudt ewEdEES
NAD*‘-?/ s~ NAD (Substrate Level Phosphorylation) dfde & | fegt
e NADHHT Ayt fafanrat f& GTP (Rt #stat.
e i 4C o-ACTFEREME ) (GDP) fw guisles T AT § M3 ADP I ATP
) firefaat wis ot '\'n-coz wr fsare der 91 Ja9 &9 35 aret wfdat
FADH, (" NaD! Jebut I8 #ﬁ? fE? NAD+' e NADH + H* @9
AR . o EE TYEEE Y »3 féd & I FAD* € FADH,
- 7o i:ca .® feg swads Jer JI
. . Gt At g, 999 It witerEls Afg MaaTer CoA &
fe39 14.3. frefod »ies ST MEATTEH WHE & BITITd MIAtddS T HIHH
nifafed »H® @ U faar= & 83 J<t I fAosT gag @ ufg®T Hed J1 fem € &8%-57% NAD*

"3 FAD* € NADH 3 FADH, &% 39319 79 H3 §3ues Jer J1 W3 A9 fafenr € few o33
& Jo fodt milage € gu v Auy &g fafwr 77 Aaer 9—
HTEted SatiT Hefdan 3CO. + 4NADH +
yfegfed 1S + 4NAD* + FAD* + 2H,0 + ADP + P,
= 4H* + FADH, + ATP

< wAT U 9d IF fd TCA a3 <9 I%an %hﬂ%?co fsa®et I, NADH + H* € & Mg FADH,
EWWATPEEWETWW- J13T§ Javal Uaﬁaeaﬂwsawéwmw
gmvr'smﬂme?mg?;ra"rATPEmwwgmémaﬁmmeADH

+ H* "3 FADH, &t &t gvar 32ait ? W feg mvgeT uRar fa g faferr &g wraas @t ot ghiar
I w3 gt feoue fag Jer g ?

14.4.2. fe@ded™ ufaeds Y&t M3 mianlddet TTHEIBHS
Electron Transport System (ETS) and Oxidative Phosphorylation

Ag fafedr € »a®d us™ fS9 NADH + H* M3 FADH, f&¥ Ayt €97 vaz J&t § »3 =93 &9
femmet wiet J1 feg 3w Agw dur I A€ €T & mantdde feddeas ufgefos y==t (ETS) gt
der J w3 feddeds MaAtAs d% 98T 7 § M3 Ut (H,0) € feewe Jer 91 feg =vg-
8vg Ug fam era fedaeas fq Tgq 3 g7 T9d <& Aer J On § fedaes ufsefos yer=t
(Electron Transport System) afde I& (939 14 .4) fAast weteasaT <t 88t wieg 1__-_13"]' Jet JI
HTEted 3att & Hefaan &9 TCA ¥d9 €976 NADH 3 925 T8 fedags maATed NADH 31—
JEFIHIGH Fat mrartfgs der I @FuBan-1) @7 3 gmie feddes wedst st v vge
FEfa8aa (Ubquinone) % AEST3fIZ der J1 geifa@ass fafds € swade A& FADH, Jat




Ufent f&g Ag fafemr

Y3 g9er I @uBan-ll) fagst frefoa »is
Jad fe9 Aomlse (Succinate) T WTantadS
g9 Uer Jer J | BWiga gefa@a® (Ubiquinol)
fe8deTs § AElegH % AUGT3(d3 Jdd
artfga T At I (FUBER-1I1) | ATElegH C
feg g §ets dur I fags weast =t &t
grgdt udg &% foufamr der § w3 feg
fedaes & TUBIA-III M3 JUBIA-1V T
AETST3dSE ©F IT9d JISHIS SO @4 ddeT J|
FUBTH-IV AEICIH-C MIAASH TUBAH J
fﬂﬂ'%ﬂ'ﬂ"é@ﬁ}l’-a,@'a& W3 & IET ded
fise g5

7e fedaes ufsegs w3t f&v i =ua 3
TH 9T I, JUBAA-1 3 FJUBFR-IV It
gHeY I I feg ATP ffams (GUSan-v) &5
A3 I ADP M3 wMAd9g(sd SHee 3 ATP &7
fsoe goe g5 | fen €95 AHfeHe I =&
ATP it &t fare3t fedde™s €37 (Electron
Donor) 3 5399 g€t J1 NADH € fea mig &
WaAtlgde 3 ATP & f9s nigwt & fague
ger J| Aefd FADH, € ffa mE 3 ATP € &
WME g€ I& A€ A9 & wranAt yfafenr
»artas € € 99 fus d<t 91 yfafenr &
WMIT U™ @9 mrartAs & giHaT AiWg J<f
JI g2 WaAtAs & I€ g3t Agdt I, falfa
feg yat yo=t 3 gEisHs H, & WIS d9d
ydt yfafenr § s&iet I WrantAs »ryat
JEIE A& JAT (Receptor) € gu f&w Fmad

E

2H

2H"

2H

439 14.4. fedags ufgeas 339 (ETS)

gaet J1 YI™ THEIIBIEIE (Phosphorylation) € €%e, fag (<ts #3d &

fsane fS9 yam Qoar & =93 ewediBiade et Jet J, A9 f&g few
3gT & yfaferr 9 »rartdde swade gwar QoA & yast <t J1
&3 =1 fen gae It fafenr fegt § wranladt emedidiaae (Oxidative

Phophorylisation) fde I& |

&=t &% 93 ATP Fmene < fafewr fedt g9 gt ufost &t ug 9a T
fr & fued wferfe fe itmifea oetiafm € w9 3 effwr famrr
31 fae fa ufgst efmrr farnr § fa fe@aes ufseas yest S Haz
Gorr & =93 ATP 8T (JUBaH-V) & AuTfesT &8 Etut. € Amsne
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234 Atre-fefarrs

feg gt 1 feg quBan € Wiy wedt Fo W3 F,
3 "¢ & (939 14.5)1 F, faug feq wor &=t
U<ls quBan J, fAg »iagafsa eHee M3 ADP
3 ATP & FH@He der J1 famst gafes s
WId & 33 =d @ H wfes w39 8t gt 3
Fo feg" § & Wefdaw <% I3t ader J fAam &%

FTgdt UHT ATP ATP & fHSHS Jer I
o_/' \ 14.5 g A3®& 99¢ (The Respiratory
2H+ Balance Sheet)

=l |
2 : I9 MIAANIS TBAH i€ 3 986 T8 Yu3 HU
e P ATP <t fare3t g9aT ge Ag< J, ud WAsh3 feg
e wiegst - ADF  F feg fea frusa wifemm ot afg famr 31 feg
f¥at Hfeaw fare3t o9 forfag a@us=r & g9 I It J13t

A AdET I

fd39 14.5 WEtedzatnr feT Tatut. Amd@AE *  fog foq 3931 wigHd II3E9 wieHgT fog

e fegasHa yeEaHs fafeuava Ug I fan fev & fafownr »mog
(Substrate) 3° g1 fafemm wrurg &7 fagure ger

J fAn 9 I@EESEIAR 3 B § & TCA 999 W3 ETS Ug fa g7 3 ge w8e a&|
IBEIIBTEIAR fS9 FRfsHe NADH HElea sdtt feg »i@er 3, fag €7 e emedisglade de
JI
Ug € Je & Hu 93t dfga gd dfoa € fsone <o adt =afanr aAer|
g faferr &g a=s g@aw & ot =93 J&t I—a°t gar gese fafed w9 g € fan
St WO =93t U3 fE9 Ud=w &dt a9 HaeT|
gt fq fen yarg € asusT At yerat &9 »inw f<9 39arar3 a4t g<t, A9 Uy feq 3° ge
fea s4t, gsfa feds aran aov I | U &9 AEAce &3 MEH'T MEd M3 §7Jd W™ AT A< J |
&F WA ATP €t 293" T Aa<! J, Maare €t fafonr €t g9 & maat fedtyt gt fém3fez atsr
7 AaeT J1 feg 2t feg fafonr aoat Quaiatt I, fa@fa rmte ye=t &g €9a e faam w3 merfo
95 ®et fen € @arsT Aegewar J1 fen Bt mramt A9 fafenr €975 g@aw € ffa me 3 ATP
T 36 migt € §U yust gt J1
WG| g ydlds W3 wawt AT fafedT €F 35T Fate—
wlae &9 I@an & ¥ma fewes Jer I Aefa »rart A9 fafent &9 yas fewes der 9 3
CO, M3 H,0 ¢ I&|
wlde 9 IBaA € ffF Mg 3 Uelgfed MHS g5 € €96 ATP € HU € mEn & yrust et
J Aefa mrart Arg fafenr f&g ATP € 993 A9 »iT g€ 5|




Ufewt feg Arg fafamr

*  yHlde feg NADH € NAD* &9 nirarldde Tt ISt &% Jer I Aefa
WAt A faforr feg feg Wramtads 39 I8t &% Jer JI

14.6 melefsa U8 Amphibolic Pathway

AJ B8 JBAA €T Mag® HaAede J1 A fafgnr f&g w9 aagoelse
mmnr%?uﬁwmﬁmuﬁjeaﬁ?wam#@rﬁuﬁw
efﬂwwefawaﬁwm—c’éwﬁﬁ'uwl I AT AIE IS |
wﬁvweuﬁwwiﬁ?@mf—ﬁ'mwa?F|ml4éa
a7 fq fis-fis mamee o faforr g &9 faf =93 7€ 96| =/ =
999t (FAT) A9 3 Ufast IIfene® w3 @2t WAT (Fatty Acid) feg geet T
7 &t wifas Ao fafour f&g =93 &g WQ<t I 3t G0 ufgwr nirtefes
Afg WaaTe 9o Ug feg eus Jer 31 IfeAds ufast gelenedfgrdTes

— ﬂ\
N

| &2t wifis 3 arstnaw | A% Had fAS IgaH T

v

. IBIH 6-THEC
v
v

l gJddeH 1, 6 IEITTHe T
v

SEITEISIAH MAICE, THEE >  JBHIBSNTEIS 3-8HaC

>
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39 14.6 A fafonr €a f85-f8& Traufsa nignt o JgessTElantes M3 H,0 &9 feiss

Ton@e % Tg-@Ag Ugr € mwAt A¥T T yEaRs |
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(PGAL) feg ufgeefaz o mo fafewr feg sus Jer J1 U, Uew
mwm&gaawﬂxmﬁaw@?mwwﬂxm
EFPitaHs 3 g9E) MTUST 939 € WMUT 3 Jd8d Jad (Krebs Cycle)
T Wed Y-<Y yIer 9 eys Jer J|

fa@fa mo fafenr €97s mamce dev U5, fem &t Ao fafew udugars
feg =g fafenm I (Catabolicy W3 Ao fafenr Ug féq =g Uy J1 ug &t
3t feng sla mge T ?@wemww*%r%x%??ﬁaﬂé?
(Substrate)@awxﬁmmmmlfwmm fa feg
gt Gusa3 HdHCdW@?EﬁWWU’HQ‘%‘HmIWEﬁ
wmmmymﬁmﬂ?mewmmm
W%?WWWWWE—&W@??WW
AferaaTer (Acetyle Coenzyme) fdg feugs T Aer J1 A€ AAe § &t
WA € TH8HS ddaT ger J 3T A9 fafodr Uy f&9 #irteets Afonsaey
& ge@er u=ar| few wet mo faferr g e Qudar ger I wifaor &t
€ fEeEe w3 feiss €9s &t Ju I et e feu fafenr =g
(Catabolic) fg® @<t T mI ﬁ'ﬂ'@'ﬂ?@'ﬂ"g (Anabolism) Jfos@<t 1 fa@fa
fafenr dg § melesta g afger €fes d<ar & fa €wg Uw fa@fa few
feg 'g w3 €Wg €< a1 BT TS|

14.7 AT IS (Respiratory Quotient)

g< A9 € g4 Ug § =y o7 | fAae fa gt Aee T fa »mant Ao fafemr
SIS WMAHAG 93T ATEl I M3 996 SEPHTIATEIS &31 Aet J1 7Y
TIT &31 JET 996 FTEPHIHTES M3 I3 JIet MTIAAS © HEe3s
=) HMEU™S H'T "MEU™3 (Respiratory Quotlent)aﬁl? IE |

llo-la

g3t aret CO, &7 wirfe3s
=93t aret 0, ' wfe3s

RO =

AT It AT fafonT d97s 293" 9 »ie =8t A9 fafedmarg (Substrate) 3
feggg gaer I | AT TuTEsden fafonmag =1 Wa yae gy few mrantfas
g AT g5 3T A9 gefa | (ff) d=ar fa@fa mrs w3ar f<e Cco, W3 0,
39319 T ST ATET M FIST ATET I8 | fae fa milaee 3 Aure
Il

C4H,,0, + 60, ——> 6CO, +6H,0+ Gamr

6CO,
60,

RQ = =1.0



Ufewt feg Arg fafamr

HA< 999t (3%) AT fafeur feg =93t AT T 3T A9 I 1.0 3 We Jer
J| 999t »H® IEluBHifes et AT gt € dIeaT 96 8y wigHd JI

2(Cs,HsO5) +1450, ——>102CO, +98H,0+ g
ZIEUTBHIfes
RQ = 102C0; _ -
1450,
AT s § mance € 39 3 =afawr Afer § 3 A9 I 0.9 J=ar|
&g feg AraeT WI3eyse J fa mdler <9 Ao fafenramg (Substrate) Wama
ffa 3 U € I5—U9 HU Yls w3 gout A9 fafon=r g fafenmuag
T &I1 9T AT

A9'H (Summary)

"3 & 39T It Ufent 9 Ao fafeut At Wt nies-gest st aet femm Ao-
Y=t 59t g€t mever M3 3aT fewdt AF FhH® adf Ay o ImT & nes-gest
ST AEt J1 Ufewt &9 &argar A9 A8 I=T € Audd feg Je Ia|

¥®eT I9Efed MEmt & wWanlgde It C-C §ust € e Quis Ae A <9
QH?F’ o <u W39 faasdt I 3t GRg F®HEt Arg-fafemT (Cellular Respiration) afde
5 | Arg-fafent €t gEaw AF 3 QUBTit AEAede J1 T9dt W3 USls € des I
gofe <t Qorr faaset J1 Aevet A9 fafewr e ufgsr us™ A'g g</Aeteusr
fe9 fus der I TBAA € I9 MT mMeaEH §3Ufes wI<u fafewr=r gt
ufegfea ms € € wiont &9 e aAfet 3, fer yfaforr § seelasfefm afde
5| ufegee & 3fey 0, & QuasgusT 3 M3 #iT I fodgg ager J1 wemrant
T&IT feg wilde gt Bdfed »H® AT MBIIH FI=¢ I&5 | Wvlde fafoum g3 A9
J| gadige #Atet &9 wanas (0, € € &9 want A9 faferm (Aerobic
Respiration)ﬁ%lﬁﬁ%%mﬁ?ﬁﬂ%ﬁm?wm
Afg M&ATer (CoA) ST gUTSde der I W3 &% I T996 IEPMAHTE (CO,)
feamet 71 €7 3 g2 #HteEl® Afg wisAer ST AtE. g A7 999 Jad <9 oy
Jer J fAgsT yeted saT & Hefdan feg der J1 Jd9-939 f<9 NADH + H* 3
NADH, &€ 75| fegt migmt W3 NADH + H* 7 IS TG TefAn €95 geer J &t
Govr & Qudar €t ut. € AeRe fSw der J) feg wetedsdr &t vieawt Fst
3 Hge T99 Y@t fan § feddeas ufsefos ye=t (ETS) afde g5 adt fus
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g<t 31 Ae fedaegs fon yorat i[9 T F a3t g9er 9 37 faase uet aret Ganr
gt (ATP) T FHBEE e I few § wrarlaet eHedistaes afde a5 | few
W%W%meﬁmeceptor)mﬂﬁ(ogﬂ?ﬂ'ﬁ'ﬁ'lﬂéﬂ'
feg BWig3 (Reduced) I #fEt JI

Ag-fafenr g feg | d e @FI"‘;I’ (Catabolic and Anabolic) g7dT B¢ I5| few ®et
fens #ehEfea Ug afde 98| Ao-3red AT €96 231 Jrer CO, W3 =I3T Jret
0, T Mau3 gur I M3 Ao-fafenr fafenrarg (Substrate) 3 foggg ager I

nifer™H

[u—t

. fegt fdg w39 =F|
©) mra-fafenmr W3 AB=T|
() TIBTEASTET M3 Id9-9ad |
(€) AT Ag-fafert w3 wiles |
2. )Ttr%rhvm/ﬁraﬂzﬁ? (Substrate) &t J ? A 3 <U AUGS fafeqmag v &F
R |
IETElaBTefAT @ dyT fogds 9|
oAt Arg-fafor & vy us™ faoas-faos & ? feo fag-fag Aus d< I5°
IdY Jdd (Krebs Cycle) €7 Ude Jyr 939 56|
fedaeds ufaefas Uﬁ"’?ﬂ' (Electron Transport System) € <JIS& dd |
J5 fefont fegara wzg fay|
(©) wramt wg fafewr W3 wie-mramt Arg fafenr
() IBEFSTEAT M3 WmleT |
(8) I@ElawTeT w3 frefaa »s Ja9|
8. HT 2Tt & nignt & yust € aresT (faresh) € €9s It at-at asusT=t
Faar |
9. Ao-fafonr Uy g wetafesa Ug der J1 fen fewr 3 9997 o491
10. W—g_@isr (Respiratory Quotient (RQ)) ?;? ufggaz a9 | 995t (Fat) et few e ot
HS T
11. »aIAtATdt STHETIBIAdE (Oxidative Phosphorylation) &t & ?
12. A9 fafent & 99 ug™ 9 Ha3 9 =& Gaar & af Hode J7

N O o AW



15.1 <4r

15.1 Growth

15.2 fe3es, faafeses
M3 Wafeses

15.2 Differentiation,

Dedifferentiation and

Redifferentiation

15.3 feam

15.3 Development
15.4 Yer @ fauged

15.4 Plant Growth

Regulators

15.5 eugas3T
15.5 Photoperiodism
15.6 g7 3fsm@er

15.6 Vernalisation

mifonrfe—15
Ufenwt feg sgr w3 feam

(PLANT GROWTH AND DEVELOPMENT)

At ufasr ot fem feaet @ wfoufe 5 g &% @8 Ue € Ades &
mfones oigT J1 & AT ae "Afewr § fa a9, 3, U3, g5 wa g+
g™ gaaTeT fag wWI fa= ter g g5 3 89 =t fq Ia3ty nigAa
? g€ At €1, U¥ (5% U9 U9) ¢ Ue w3 feafms U <qdr muer
3 AE T Iw I A feg <t S I fa A Jy AN € WizTs ST et
WMI JSE (Girth) fS9 SIrgar =ur goe I&| I OF Jy © U3, S8 w3
2% nife fea Afvag S9et 93¢t € J€ I& Ud AN WEHT JY fev faase
w3 83 AY 35| feu yfaferr sarsg goaet a7t 71 g Ue <9 €5
e &t yfaforr rdtea =0 3° gie fa§* get 37 A9 Ufent & wiar <y-
Iy 3gt € fegnt € v I I ot a Fs/feg/mar €t ge39 W3 €7
oaT g A % faforr geut feg gt 797 I ? Gfewmt € A9 A®
HaMHHA €t A& AT €AA (Descendents) € I& | 3€ AS® feg Uer Jer
J ot fa@ w3 fae Quat v f9a-fds Toa=HT M3 FTIASIHT (Structral
and Functional) fermsr=tr g&ht g ? feam € yfaferr e &ar g-=or
w3 fedes (Fyaer) | gy & feo Acsr Agdt I fa e feafns Ju =r
feses g wama (R foufes #3) 3 w9 ¥ o fa fenfez w3 €%
fewt =t us™r T Uz wesT 31 fem yfaforr S9s ffa dg@e9 Al
g=39 ©F JI66 ger I faust agr, Ufout, fostnt, €57, g3 w3 dAf
or @3utes dodt d w3 W €9 W9 AY I8 (f¥39 15.1)1

fen wiftwrfe 39, gvt 9% €ust argar 79 uZar 7 fa few feges fafour
& 9% 8T w3 fsu3fez qav 75 | feu Ioa U &et Wegat M3 gdat ge
I |
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fgsg 15.1

15.1 4r (Growth)

fea #ifes =7z 3Tt 0 § A9 3 U® 3 Aune fermsT € 39 3 Afenr
Jer gl ot I ? @0 § ffa wea A war AT fere f€q gar AT £F
éﬁh’ﬁﬁ'ﬁ?@'mgmﬁ(lrrevesible)FI'E"'E‘]’E"’&@'Q’U%F
ufgg iz a3 A7 AgeT J1 W 39 3 =UT 'Y 8Ag faferw=t (Metabolic
Processes) (€2 @Ag M3 'Y (Both Anabolic And Catabolic) fafenr=r s
dfent Jer 9 7 Q97 €t wuz 3 wrorfaz der I | fen &t ffq U3 e fensa
T 3| gAT B sagt € gazg & uet g ua €w &g 38 S3m 7 femsa
¥ 95 fa= Fdar?

15.1.1 . Ufewt f@g =gr 39 3 mufafiz I

(Plant Growth Generally is Indeterminate)

Ufent feg Tgr wdy <91 &% Jer J, faffa Ue dAles g9 wWHifis =0
& Gar3T § AHTt §8 g€ 9% | fen darsT v a9s Qust € mdte f¥ I¥
yH et 3 fegwe ot (HatmeH) fegwt & I® I »ifAd Watme i
(Meristems) feq feg fegws feg M3 {83393 (Divide and Self Perpetuate)




Ufent feg =gr w3 feam

g wargr d<t J1 g feg 3y #Azet It
fegrs € GargT apdT 889 I8 WI wfAad S
fAog fegms & Gargr amr fée g5 €9 der
Aalg € J9&T g9 Is| few gt v =ur A
fegrs Gargr &t faforr &% e € nAdle feg
AT 52 A% A3 7 76 OAg =0 T y§T Agu
(Open Form of Growth) faar #fer J1 &t J=ar &
HatHeH © fegds §€ 7 A= ? df av MfAgr
ger J ?

gHt mfemrfe 6 few Az € milas Admer w3
2fast @ »uia® HdtaeH € Uuqd 3 fegmrs GarsT
g9 ufgmr 1 feg ie € Hed @1 st fijpie v
IJ& M3 Ud € U9 € ANEHId @0 feg farerdt
gde I&| € "F U4t (Dicotyledonous) M3 &ar
gt @8 Ufent (Gymnosperms) fS9 $2a% Hatwer
(Lateral Meristem), %T-Ia:'&? IEH M3 I
IHEHH e feg Uer J< 75 | feg Hdtaer Gaat
war € 93E W3 suEt UgT Is fay few
fafermits g€ 951 feng Aasdt @0 € & &%
Afenr ger I (939 15.2)1

15.1.2 QT HYE Gar I
(Growth is Measurable)

A% Uug 3 =g Wy 39 3 di<e €< (Protoplasm)
g W9 feg =0 e &3tar der 7)1 faffa
ydeusTH € =0 § g wueT wiyr ger 9, few
et 9% I W3g=e & Wifunm Ater J faostdt
ure 27 fer @ wigus feg Jebd™ g | few et
T § FY-IY HY &3 It W weT J1 I¥
fea vy €3 feg g5 39 99 € U, YA 99,
FITE 439eH, MTe3s M3 AST ot farest mfe
3% feu AT F Joat g=qit fa feq Hat &t 75
fryg € Hahew f&e 3t e 17,500 A ST &<
A% Uer § Aae 6 Aefd ffq 3997 € AsT €
warg feg =TT 3,50,000 IJST IF T HIAET J|
ufg® =&t Gegae i =0 & Ast < faest
T U ¥ gy <9 wonfenr Afer J Aefd g
TH ITU S AS € Madd € 0 € gy <9 faur

713 [€F &>
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N 3 a.ﬂ

SN FH I

SV IHI JEH

fd39 15.2 AF e wulas Hatnew, Zfaet &r
MUtas HIAeH W3 SRg®a aEtmH & JuT
4391 A% w3 wiar @ @0 § wan@e 3l

fg39 15.3 T 439 & UE'T AN W39 JuT
A& It 439 M T H T fAe® faug 3
fig o5, AT 3 U Tue IS |
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farrr 31 feq ugara®T = =Ur guret fe9 T 0 e g 99 HueEs I Aefd
& 3T (Dorsiventral) TB U3 © T ?=>' @ﬂ@' Af3T 439es (Surface Area)
€ =0 € gu &g Wfewr 77 Aaer J1

15.1.3 @4 & U3™ (Phases of Growth)

TU T AaS & WY 39 3 f3s uger fSg Sfeu fopur g, fegrstar
(Meristematic), <707 (Elongation) WMI YaT (Maturation) (fe39 15.3)1 77~I"'€’,
it fEq Az fyg & T w3 e | Hdtmen us™ S5 A's A fimyg w3
3T fiyg &t fS9 Barsg = Jer J| fegst 9=f ¥39t € 7S Ale €< g9ud
Je 76 3 Qust fT9 Aune dwda A &fga Jer J1 feost € 7% f93t

(©) Meafess o) faGfiedta
[ [
v % vy
[ (o
A SRR
B T EEENERER
M PRI
[ CLLITTITIITTTI ]
M i x K4 O aa

(®) ‘ ] e

fASfHeda nieweT : Ad A&t feg fegws

A .=haﬂ?|?§ﬁajmz
1< U = fegmas MGar 5%
fg39 15.4 (©) miaaifesa () faCfiefaa =ar m3 (v) fAfirefaa W3 »igafesa
wieRgr § feu@er dfewr sge feam € ugm



Ufent feg =ur W3 feam

AZ8 € g€ I1 Hdmenfea € (3 #iar & 3 €9)
A% 3¢t 996 € us™ & SomgT I | few us
feg A% <t =ut It JRusl, A%t € wWag feg
T MI E< A 93t 3 A (Desposition) wfe
Wy femmar=t & | HY 2fast 3 #idr < Sur 439 &
33 U9 & €U a1 Hge der J fausT fa ufanrst €
us™ fEg 7 fagr Jer 91 fem 439 e Mge g mmue
#fa wirag & YUz 99 8¢ 95 w3 §ust € anurst
frygde 3 J<t I wfoufe 6 feg IAt femersa
frgst feprt/Aat & mifors 3T Qo few ugw <
MII<TE Jde IS |

15.1.4 Qr €d (Growth Rate)

A €t Y3t fearet €97 3¢ =0 § Tur =9 fagr Ater
J1 fen @t =0 & v9 & Waare3d €91 575 (939
15.4) EdATfewT A7 AaeT J | feq Ale A7 §@re #ar gt
AT &% J9 S UeT g9 I | U7 €9 Wadife3d At
Iy gifesa =ur (Magnification) &7& & A<l J1 wd
dfesa =0 <9 A B34t fegms 3 owie a=s i
A3dt A3 Ay a3 fegfazs ger afder J1 7efa
oo 15 feges w3 feafz 3¢ afde o= | aafesa
T e Haw Yfafonr T famdg wirt fEa fonfes e 3
A7 & 9Tt @y Aae It | (939 15.5) § <F fam e
war €t duret A € fedu wdfuz St aret 9 fame
53 = It Fag urfemT famrr I

L =L,+rt

L = A ‘¢ € AN &9et

L, =™ #ld € m daret

r= 0T ¥9 / U Y3t fearet it

WG, g ayie, fAGfiedta =0 feg at der T 7
femmer3e yeshvt f&9 desr =rar o ger I (1e8
T T wierET) W3 fers” gode 39 ISt 578 =T g
JI &g @< i3S A% MY §3dT g fegms e figr
gae 96 M3 fegfaz I 3q Bara3g mfndt aefenz
g&5TE JHE U5 | IS8T AW Une yast € 7% =ur =F
T Jer Jfewr Afag wiewer % J w7er J 1§ AT A
TSt T0 @ vy €7 faufaz gdie 3t rg ffa femm
WIgAT & Mg € fAIMHElF (Sigmoid) AT S FFT (S-

a

Mdl €7 Mg

Uferut <t Garet
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fg39 15.5 Afgg At =gr, Sget M3 AN

VELG)

feda are

fg39 15.6 X negdn fAAHEE QT S99
AOas BsT w3 €9 dfert W3 der v
et ffq Aggs S99
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f939 15.7 faauy M3 AUy ST &9 € 38&T € Iy fg39 © w3 o Ufsmt & 71
TS & MYS U3Jew e g AN RG99 € 3 6-1 w3 o 3 -1, 5 A =TT &F T3 |

Curve) YU e I (f¥39 15.6)1 S S99 A9 #Alfes ystit &t femmsr

J o3 geost o 3=ds <9 Ju 30 §¥ I&| feu o A, fepr w3

Ue & fenw #ar set g »imedn J1 o IAt wifadbdt g9 <t Geraget g9

A9 Aae T ¢ Wt fafenr a&v yare d9s @8 ffa du 3° 3T fam 397

¥ <99 € WA g9 Fae I 39 U & few 3gF yIrefen AT Aaer I
W, =W, e

W, = wifaw mirarg (379, Gvret, farest, wife)

1
W, = He8 i feg

r = 2T @9

t = A feg =or

¢ = H9fed BWIfeg T Mg
fe' r = ffa Ay TUr ©9 w3 &% It Ue gwar &<t e ANaet § UeT 996
& @93 § Hue et I fang ff Irorgns gead € gy feg eantfenT Ater
J1 fem st W, = #fan mrag W, € He® Wa9 3 fadgd Jaer J|
Afes Yot € 0 S99 H3d 3®aT < € Idtfan™ 578 i3t A Aaet T
() HueT w3 Y3t feaet m' € 98 =0 & BT fAng fsauy =gr =9
(Absolute Growth Rate) FfJe I& | (i) fo3t aret yest et ySt afec e i &
TT & W™ WOd I YJIe JdaT, §Eude € 39 3 Y3t fse Hes™ Hugs §
AUy 20T 99 Jfde 96 | (f939 15.7) fig € U3 € w3 o f9& wirarat € feyre
I 75, ud e fie3 are an fee Gust € Y3 u39ew e =mur s J U9 feg
<t feq fS9 Aiy =g @9 <u J| feg faosr I w3 fag ?

)




Ufent feg =ur W3 feam

15.1.5 @U &€ HI3T (Conditions For Growth)

3t feu faue &t dfm fa§ =9t age ot Ufewt € =0 et Agdt I
at g5? fen get ff¥ uet, Wanas M3 UAg 33 #gd de I9IE I5
+ U BE Agdt I | Ufen € A 83 T & »uS ma9d <9 T goe
I fAm &t utst € &= d<t J| fen Bt feq e @ @0 w3 Qrer feam,
SHeEtit uret St g3t At QuzEusT &% gfewr J1 T0 € Agdt
WeaeHT & fafermissT et uet i Wfomy Susag a9@er 7 w3
»aAtAs 'y §g o & WIS a9s 9 Wee gget J1 Ufewt gwmar
W(awwmﬁw)@rw;ﬂee—éemwﬁw

AI3T € gu ff9 aW 95 Bt Jet JI

fens few=t g9 0T B wags 3us AW J fagst €87 € =0 met
wfs miggs gt J1 few 37U € W9 3 fan &t ygg T fegses Gnet
J€ &8 w3 § Aaer J1 fene &% @t T3r=dst a3 fAe fa yam w3
JII TGRS TU Tt IF mEREET A7 ¥ U § yIrfes 9T J|

15.2 fesus, nifeses M3 U fedes

(Differentiation, Dediferentiation and Redifferentiation)

7z g fegas Gar w3 efost fug fegas Gar w3 Ighd fedes Gar
g€t § w3 femm gont & yar d9s wet feafizg Je g5 feg feam <%
I€ T8 JoAd9at & feses AF Sug8<T (Differentiation) AT I& | €T
MUSt BE fIst w3 dle ge ot <9 ot 7 9% <3 ge3dt sese f&F
swe 75| Quds @n fEa =fost 33 € g v A »mue #l= @<
& gr foer 9 w3 gmie e feg 993 vags Iomuas fearfss, AgdH
ga3 Aasdt A 93t feg feafiz <t T frost &9t gt 3 mifais 3
(Extreme tension) fe9 St Ust & =g BT Fa<t J<t J1 IAT Ufewt &
Adlg & f9a-f9a g=3dt femma=t w3 Qus’ & AUz faforHis3T &%
YU AEfUI &9 ©F ST ad |

Ue J9 399 39 <t won Qe 5| Aifes fesfed A'® o3 uH o3t <9
fegrs & G U3 YU3 o9 8¢ 75 | fen @93 § fsafedes (Dedifferen-
tiation) Afde I& | SEInGTe @'ﬁ@"ﬂ?ﬁ%ﬂﬁg&?m (Interfascicular) M3
Iad JE fsafedfes Ast/femnt gnmar Uer 13 Ag g 9 fegs
T WaraT g fee Uﬁlﬁﬂmﬁﬂﬁa‘mmﬁ@'@wwe‘fﬂﬁ
g0 faus ve fedus © §9ure g | It i aiet (Tumour) & <9es fa=
F3ar ?

AT wfAT UgsarfenT AgT § ot addr fAgst & yGamrsr g ffa fausfos
439 9 fey a®ed d9s fegrfas sgfonT 7 faor T2 2

245



246

HAe-fefarrs

Quamar 15.1.1 5 fous wa, WAt effrr At 3 Ue g @0 5T Jer
J g= feg AifHz A" »AfH= T Aoer J1 wiAT g dfg Aae o fa dfewt
feg feses =t ¥yor der 91 fa@fa sta €7 ndlmew 3 Uer 3¢ As/few
feafmz de 3 f95 sua=t famrg aoe g5 As/feg € feam A #fsn
=39 A% € wWegat gf 3 &t fsggg g9t J1 §egee € 39 3 Witas
fﬁ?ﬂ%ﬂ?gﬁﬁ%ﬂ%‘ﬁﬂ'%(RootCapcells)%?ﬁ@ﬁ?ﬁ@'ﬂ?ﬂﬂ?ﬁ
fagt & 908 TBfewt <% G fésT a7 § €9 gudt f&% (Epidermis)
T gy fSv feafiz d© o851 ot gHT 48 feges &t g9 Gewdst €<
grdar 7 RS € Afgst w3 U wer few €ust € Ags € AEwr
TIAEE TS|

oz

fg3e 15.8 f der A% € feam yfafour &t 3931y

15.3 fea™ (Development)

feam €7 mue J fAne witls B fie € A= Jd9 f<g We =8 A9 ge%< iivs
& fAog 917 €@ J9ds W3 g3 fegag WEe gs | f939 15.8 feg €9 Ufenmt € At
feg I =8 fegm Tt 3adlaeg yfafonrer & Jur 939 ot Um iz famrr g1 feg

feg/iar 3 <t &g g=r JI

i€ 3996 € YI'T d9s 7 fies € f9a-fds ug=r ffg Sy-sy ut § nus@e
Is 3t fa fgs-f9s 37 et gus=t € I65 d9 A< | fen Garz3T & usHeinel

(Plasticity) &fde I& 1 €€w9s € 39 T TUT, TEPHT MI BFAAUT &9 Y- wa™g
T Ufawt & wrarg fadomerer W3 feafis »ener <9 S¥-3y Jer J1 g9 UN 9e9d
au f&g Ufamr & wrarg J=Tet 791 (Aerial Parts) feg 29 Jer I (939 15.9)1 Ufan

fS9 fewuas3T (Heterophylly) usmelfet €t fea Gvrgas J1
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EN

A% MSH

AEST M= ()

f939 15.9 (€) s9aAuT M3 (M) geaay ST feunuassT (Heterophylly)

g

et fea Ue € fies feg =, fedes w3 feaw g3z OF &5 =
AU JuS BT weaet 35| §3 Uug 3 feaw & <ue w3 fedvs ©
A% € gu <9 Wi mfer 31 Ufent fS9 feam se =ar w3 feges
E‘e"?ﬂ?ﬂ?ﬁ?ﬂ?mwdw 5% fougleg ¢ 51 wegst agat <9

15.4 Uar ggr Fmsasr (Plant Growth Regulators)
15.4.1 feAaa=t (Characterstics)

fé'd‘]’ fawrgaa (Plant Growth Regulators) fgs gnfefea weat =&
Wwawwmlm(lndole)m<m3nmﬁam
(IAA), CEAGRE) (Adenine) feGaus (Derivatives) (N°-gIefHaTel® 21Ty
yfearets, arafes
(Ne©- Furfur lamino Purine, Kinetin) 9o Els & ﬁ@m (raAtfAeT 7’H‘fF|3
ABA) zm%m (Terpenes) (fredfeaifis, GA3 At g (Sharetsts, (C,H,))
?TU?TE""CITUE"?H WWWWM(PIant
Hormones/Phytohormones) T & &% I i3 fapur I

Uer = feama (Plant Growth Hormones) & =% (ug 3 fEa ndle Ue feo
St IaEHi®IT @ Mg I & AYTT fe9 Sfswr AT 31 PGRs €T ffa AvT
wwm@ﬁﬁﬁww WE feam, seaT fegrs, nmas?ﬁw
(Tropic Growth), 8& f4zaT, g% ®arer W #t el feast & Uer =gr
ﬁ?ﬂTHH(PGRs)%’thTWUh?%ranﬂ?; foraafss I Aetearetfas |
@WWEW(PGRs)WW@E@METWWEWPGRS
fég wIseuds ghiar fag8e 7 | fere &7 4t 69 f=- fes =mar 3g fafenr=t
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fA=" gus_»iewEr (Dormancy) W3 ErEs (Abscission) <HaE" feg =t whiw
% & | WafAAa WiAS PGRs fei AWT €T i'ed T | 3 »ieng f&g didsts

ﬁne’rmwwwawamg&vﬁawwmrowtb
Inhibitor) fafgnmamsut feg »@er JI

15.4.2. YT @ fswgadt @ 87 (Discovery of Plant Growth Regu-
lators)

fesany 3% feg I fa PGR € U7 Yy Yot feg g9 ffa €t ¥7 ff fAdar
Ul&wémmmw@wemmmgw
3 It 7w Buat & S fa aaat wra (Canary Grass) < Jarg (Coleoptile)
féa Ui Yo & Yt migfafenr seet I W3 Y™ € A3 % IO (Feedfun)
gaat I1 ywar &t fEa 9t 53t 3 e <9 fier dfewr fapnr fa dare &t
&4 (Coleoptile) AETd&T y=7a €t & 3 J fAgst ydt 397 Uare € H3s € I35
J (f9339 15.10) | A (Auxins) € 56 #e 396G 22 (EW. Went) & €dT
A<t <t ¥arg © fayg 3 St et

§9& (bakane) U & Ufew™ & stAT @ §HdT I 7 dararat €%t fAgdsr
fe@iaaret (Gibberella Fujikuroi) €T gt J| €. gofA=T & Ja1 303 U5 &
Ufen S 391 et § sfgnm 7e Guat § €8t © Aleg afo3 fedede &
SuTag (Treat) 3T fapuT | fafeumts argar €F ufggrs e feg fAgdfesa
wfAg =a° Jet

€ AT (F.Skoog) M3 GHE et & St fa 3ag € IS bt bt
(In ternodal) %ﬂ'?‘@@' (fsafegezs AmT €T AHJ A™3) (A mass of Undifferen-
tiated Cells) YoMt 7e° mrafis 3 feser wifons <3 =foet feput & A2
(Extracts), ¥Hlg €7 H3 A &791€® €7 €U A7 DNA Ydd (Supplemented) gU fF
fe3r farum | Agar M3 @9 & AElcaElsfAn § =ue =@ fen 33 &
ugTfent w3 ferer fquesiags aist 3 feng aelafes e & o3

1960 € WU fe¥ 3 Su-=<y feforstnt & rsg gu fRe f3s 397 &
fsdud™ (Inhibitors) T FUldds w3 Quat v gHfefed gy Um d137| €4
fsqua &, fasars 11 »3 3afis T e feT feg 138 anfefed gu feg
9999 UTE J1¥ | ferer & wafAne wHw dfeenr fapur |

ITAT (Cousins) & feT Aferfag atz3T at Uar 9€ H39 e feafsmr gfemr
fea smunts 33 reg ffg

Jy fast Id a& § a3t uar :t_

faer 31 g f& fem 33

or & SEsts Ifepmr fapar

o f&a 3t PGRs J1 G,

AT g fegst At 39T &

PGR € Falg €3 ygr=t &r

wars grar feg wmfods g o g q

gae It f939 15.10 a9 € fiyg & samger

yGar fa g »irafis ger 71 yam <f femr
& Tamge 39
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15.4.3. Jer e feuzaat € Rated fafemret 3 ygre (Physiological
Effects of Plant Growth Regulators)
15.4.3.1. M"AfA& (Auxins)

WIS (TS HI€ WARG : fU&T) A 3 Ufgs Way € fumy feg
dfem farm | mae afis’ feass-3 mifed »H® (IAA) W3 gH Jea3t
w3 fmfene dfae, fam feg =0 < dar3T 32, € &t yqr fasr 7er I
feg wmr 39 3 3T WF AT € Tue I Ayt (&af) I geer I mI €F
fafommitegT =& gar feg Aer 91 Wams fae 1AA w3 feas® fagdifaa
WAz (IBA) Ue 3 dfewr faprm 31 deasls wAfed »H& (NAA) W3 2, 4-D
(2,4-SEIdB IfesaRMHATeT WA Tt WafAs 76 | WafAs & Gudar
o ¥ fer® W9 I w3 feg gamst W3 y3tast feu =93 A€ I5 |

feg 3femt Ebit a®HT (Cuttings) fS9 AZT g2 (Rootng) f<T marfesr
Faat 9 fAgst ot Ufew @ =g feg <3 Uud 3 =93t A<t J1 Wafs &8
fugs & =ur foer § fae nisram 9| feg Ufent € U3 3 &5t § g3t
nerET ST f3are 3 998T U5 | yare »i3 feamMs Ufamt I et € 33 &
TUQE IS |

¥ €9 UfenT fE9 =rur g9t SAlBT IBMHT (Apical bud) WaRSdT 85
(Axillary buds) & =0 & 3 few g5 | fend #ita®s HER (Apical Domi-
nance) IfJe I& | 3=T/2fgT fAUaT § Te™@< (Decapitation) 5% Bed& g5 €7
Tgr ger J (89 939 15.11) | feu 3T Aoenfsa gu ff9 99 € U€ sarGe
hd@"&"B"&E‘"@F(HedgeMaking)%ﬂ'W@Tﬂ?ﬂ'ﬁ'laﬂ'gﬂTéﬂﬂaﬁ'ﬁ'm
fa€ der g 7 fene &% It mrafis diw afaz a5t § <t Ufes aoe o5 fAe' fa
avreq fEg | fegst § <3 Uud 3 get&a™d (Herbicides) 1 =df3wr Aer J12,
4-D, 8 Uud 3 € g1 U3dT aeiat @ &H o9 faéer J ug fa §iv i34t
Ufemt & ygrfez ot ager | feret @93° ahi (Gardeners) arat g1 f3wma
s Bet diSt Aet J1 fene &% It vrafis aeiey faue@e & fatzas
9986 MI A et & fegws feg moret Jer J1

15.4.3.2. fargaf&aA (Gibberellins)

forgafean fea G9 fami e q—:mmsr (Promotery PGR) J1 100 ¥ =T
farasfesn €t posT fda-fos Flet 3 »r gt I fae” fa €% w3 €9 Gfemt
feg 1 fegst § AlE, (GA), A€, (GA)), A€, (GA,) »fe &=t 3 yedfnz Si3r
famrr 3| g8ifa 7T, (GA,) €7 frafes I famet ¥a A 3* ufost JiST aret At
w3 feg faraafsasn €t A9 3° <u wifors SISt A =&t famy T 1 /g /e #w
(GAs) 3am=T < 75 | feg Ufent feg ffa <3 Uugd € Adlaa wigfafanr der
gae 75| feg ga < duet =ule & daeT due I | fensEt vige € 3T
(Stalk) €t et Tuge T =93 7€ 75| faracfEan Ay T9dr e § &9
ge8¥T 5 3Ifa €7 ga=r wra9 & Aa< | feg g3ur BT & =t JaT Is
Iifa €8 du €3 Su mit 3fa Fae w3 g9 f<9 QudTy J= 1 GA, § HaY
(MBIIB) Gewar fS9 Waféar (Malting) feut € I3t =u@s et =afanr
7T J1 916 € 9aF <9 areguTElsde §3 A Hag € gy f<v myr afder 3198
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f=-f=faprs

@t u3t feg fargsfsasn ()=
fegas 3 a5 < Fgret
Tu<t J1 fer 5% Qud 20
& Y3t gas 3 <t fadmer
JU At I GA fegas 3
¢ Jala® Jut feg feamw
39 913t 5% Jer J| fenset
g9 A%<l ot famg 7 Afer
31 forgefesn gd<q, U3T
It I J9 Iaet (Rosette)
Y™ 7% Ufent feg €%

fase 3 ufgst & A § g () (b)
9 (Bolting) TuT feeT J | § N L
5433 - 939 15. 11 Ufeut f&9 niutas HSH
(Cytokinins) @) »ite® g5 iz der
H'zﬁzd'kﬂrf)hH mTu’ET (’H’)WWB’NGES' U?TIWEE\';?
ferm ygr=e Aretefas fam JTT o Bed® 97 @ [IGsT fods &% 24 |
(Cytokinesis) 3 Uge s ma

fen aretstfs (wsfas e guifes gu, fea fuGfss) & gu feg »eades
faafdar (Autoclaved herring) ) HIdE € DNA & Ju fﬁ'ﬂ' Ffgmr faru At
mmﬁﬁmﬁwm?ﬁﬁu@wmlmm
Wﬁwgwmwgm(ComKemels),?v"cﬁwe’e‘cra'
frres (Zeatin) Sy 13T faprm | ffes € 47 3° gfe widat gedst gu
feg metearetfsan M3 A'® fegma USATa (Promoter) | U™ J1F | gEI31
Aeteaetiaan Quat u3at feu fmfsre Jer J1 fag 3+t 8 A% fegws
us Jer 3, 8vgde € 39 3 75 fiug, feammits efost, ashit w3 a9 e
(Young Fruits) mrfe | feg 52" Ufamt € a@dusme, efast &t Heret fev =ur
WMIT WM& T8 ZfdSPHT (Adventitious Shoot) fsa®s fEg Hee dger J1
Areteaelifsan fivg @0 € yurs3T (Apical Dominance) 3° gedar feer@er
J1 feg Umat € A9 (Mobilisation) & Tur@er J fam &% Ufawt feg s34
feg adt femr@= feg veve fiset 31

15.4.3.4 €161815 (Ethylene)

getets f&a dmt Uer @ur fswsed (PGR) J 1 feg gawur miemer § yus
I T fegmt w3 Uq 9T &' <9 gat W39 fe9 fmfere a3 #fer 31
giEsts dfewt feg fidt $a7et <9 U (Horizontal Growth), 3& € Her
Wﬁ@ﬁﬁﬁ?ﬁﬁ?ﬂﬂ*féﬂ'uﬁgww@?(Hook Formation) &
UE!"'E'B’ F9er J| SEsts g37UT (Senescence) MI uIss (Abscission) ?)' Hy
wgwwmmw@?m&awxw@zk—v'muﬁ
Walwgmemﬁamaﬁrf—{ﬂe’rwwmwaﬁgm
T ?=>' a@Eafea AT fafemT (Respiratory Climactic) dfde I& |

WW@WﬁwW(Dormancy)ééﬁﬁ,w
€ gAf f<9 Uar9 & §g J9€t I M3 M™% & a€ (Tuber) & Yarget J1 SEtsls
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Wyt € dfent &9 Gahi™ (Internode) & 3w &aet @0 gt §3ATaz
gaat J1 feg ISt w3 2fast € Quad g1t § Ut 3° §ug Jue feg wewe
gaer J1 fene & dt etElsts 77 Tur w3 75 9 § <t {39fos g9t I
fem ®et U2 § <U Rye U39 UE's o9& <9 Hew gaet I

mw&%mh@ﬁﬁwmﬁ?(Synchronising
Fruit) He€ d9€" J, 578 4t w9 <9 €% Jare & Ufexs go<t I | etElsts maar
araraTdt fafonret § fawrafoz ga<t 7| fersel feu vdtast fRe rg 3 Su st
7 %1 PGR T 153 U9 3 A 3° ST S9fan™ A7 7% Giad Etgles (Ethep-
hon) J | EtEle s ARt WS I MATST &7& AfgwT w3 Ufent feg agrsi3fag derd
73 BTt SEsls 3% 71 SEes eHeg w3 Y T 88T g uar@e St arst &
TUQE I NI B I e fRT v3T § 3+ YTTS I9€T I (FUTT, Idt 3 miude T
€% fegmus) | feg Wifont feg vrer g7 § =u@er I fan &5 ens <f Ueeg
fegsurdergl

15.4.3.5. WafAAE WA (Abscisic Acid)

fae fa ufast St frm |7 Ifeou T, fa mafama #wifas <t &1 Ugss wd
&g niewEr § faur3fez d9e f<e Gnet gfvar a9a Jet At 1ug g+ PGRs €1 37
feg <t Uer =/ w3 feam 3 <3 Uue 3 ygre u@er J, feg fEa »mi Ger =ar
w3 der ey g WWWWEWWWUMBAWEWK
Walfevwgwﬂmmwgwwamwaw
Ufent § foa-fes 397 € 3= Afas &t warsT yers g9er J1 fer aras feng
I TIHS (Stress Hormone) <t faam A7 1 ABA Hi1 € feam, Uast, Aus
»WEHET (Dormancy) Mfe feg HoS<Yas wae™s U@er J | HU3 mengr § a3
96 BE ABA i § A 96 M3 0 STl I miey= 383 3 g9 8T J|
HQ?WUW@?ABAﬁaﬂfmmwﬁﬂm(Antagonmts)ﬁ
ghvar fag@er |

wH ey fE9 afa rae ot fa Ufent fg =ar, feya @ mia feam set fea
# &€t PGRs WF&'S’Q‘MHTW@?U??IfEEI’E’)—ﬂH"E"’W(Comphmentary)
At fe3uat (Antagonistic) I FaET I& | feg tar=t fadt 7 aifod T Aaehdt
mlmngﬁ%maﬁWWmﬁﬁﬁayw
PGRs H&d weas=t § ygrfez aae 75| §uwds =+, ffq @iv a7 a&t &f
HUS MengT, $3&7T, §37UT, g yura3™ wfe |

@e d¥, PGR € giiar regat fawsea = J1 fasfia fswzes »3
mmgwwwgmwhwmmgﬁwﬁ@@?
ammwmaﬁmh%rﬁrmwuwwgwwf—@w
@“—Q'PGREwﬁmnmﬁvmmmawlmrqsmco-agge-um
I& 973 fe9 €% fu3a, U3z wiengT, g9 UasT, Uehdt feg ISt wirfe |

A 7YY fS9 yam »13 37U (€< 97941 d9d I6) © €8 fugs & gfiar g9
ugtar|

15.5 Su3aAfB3T (Photoperiodism)

nifagr Sfnm faprr § fa dy Ufent <9 €% Sare § Uf93 ags f<g yam™
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v forfazs ar & &3 Jt 91 Mfad G yam € fen fanfes m § vy Fae
95 | §Egde = ¥ Ufent § gif3a AH° (Critical Duration) 3° ST Yd™® AHT
ggter § Aefa gt Gk B8t yam & it gifsa it @ 3 Wie ger
gdter J fan & fa €< 3g7 € Ufent <9 €&F €t ggms T A | ufad 3t
T Ufent € AT & Efow Susaat UE (Long Day Plants) M3 g€ 8%
Ufent & may Su3a&T U (Short Day Plants) &fde I | 993 A9 Ue wfAg
<t 3¢ 75 frast 9 yam e it i3 €5 fugs § Ufd3 d9s f<w aet mig
&4t Jer feady dtugast ie (Day-Neutral Plants) gfde 75 (939 15.12)1
feg =t yzT 32 fa I=8 yamw @ Mt 3t &t 98fq 969 &7 At =t Had=yds
Ulmwwu@rmmmmwmgwgmm &3t gae
W@WEWW?&W@HW%lmmm- & Tusaf®3T (Photo-
periodism)Hﬁ@ﬂﬁlﬁ?ﬁ%@@?iﬂﬁﬁ@ﬁfﬂwaﬁéﬁm?

e fuzaT CUEE
CHEE B e arey
. SUSTH
- o er feam
a5 I ge TF

fugsT
&% st g% fuzar
Tow gt e WBY STt i faggu duzast e

fega 15.12 SusafeaT : () dlow SuSaTaT, ey SuSITa M3 faady elusast ie

ufast & fiug a@t fET geset 7, ug €T (3 <t e ash) ye e aw &
Hfgaw &4t g9 gt | yam/aad a5 BT wigge U3 Ja¢ U6 | UfdasuaT feg
J fa ToHa® I3 (Florigen) 8 fus< et finled 95| e8dtAs U3 3 327
Fatt ff9 €% fuzs & Ufes d9s ®et 37 ot Afer T 7 Ue &3¢ Ufes
T3T® Bt yedma d< |

15.6 A a‘r‘a’hl'@@' (Vernalisation)

3% Ufent fE9 &% fuzaT Je=3Ha AT 3T 39 3 We IUNs g
yTafmz d= 3 faggg ager J1 feng st Sfem@er A =gsmThRs
(Vernalisation) fargr #rer I | feg it yrAes @0 § o<t J 3 U § »ust
Uz wiengr 39 @< © o feet 91 g sfemm@er mins &9 e 3uas

~ o~

mmﬂﬁe—?Wuss 96 & dfde I5 1 Gegde € 39 3 376 T8 e
I, ﬂ'gaTs?reﬂwrrEfamrrﬁﬂwa?? AJEHT W3 gAI bt famdT | 93
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