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A& ST - 7(fCAH (microenvironment) SHEE SIYNE IS FACS G2 AT G1I
IS | G2 FECH IATABACT A G0 AT Wroea Afewt |

12.3 IATHIHTAT AHFTST 3

ey 2fdn weulbe gr Sfgrm A9t wied | Abeea Rfen s arstasta efsw
TP Y| (2 SPATT ITsIeA AfFm fo8 a9 ¢

12.3.1 Q@ IooiTns 3

AT ord SRl IRItEE A Wi ATqrEd g Sfema iR we e
faefie et Wit arm A@adlg QA5 (Stomatal Transpiration) | SfERHZ (X0 =PI (TG
EHA 80 - 90% 23 2Ty AP @Y TN
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Ba 2 12.1 (o) =Ty () B

12.3.2 TRT YITABA ¢

AT gra Tofe afgswren (@iEa Soa [FOH AN Creemdd I1ERe S| 93
R 7 R | g oot R [eSHee wiag 5y froans AeaRME 7S (AT WS
oW | T3 0 TR AACSA (Cuticular Transpiration) | (I RTINS G 10% - 15% eITa
Rfam 77

12.3.3 (AICHEE IATSIDA 3

e Bferm e (Megimie @ v @ 57 ke e 791 92 fem wged
e WRws faftey o0z o @3 fowsiry Bigme wfsfig o 0.1% womifas 291 @3
fouslfeie Aw @B IR I3 ISTAGT ARETS A0F EGIRAT AP (Lenticular
Transpiration) |

Bae 122 A - «relw &fra ol Ag9y, B - 93t fRfFS a3,
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124 <@9Y 3

APPTIIGIAZ =T 212 ¥& P42 | AIoTIDe #1%iS ATarya 5w ¢ riaffaer Sor e |
Afef Hearum e Wity aafb faw Tite ate smaiaw (Stomatal Opening) | @3 TRr@a T
TR AFEG] SAJEPIE (S Wng e TRCHE (Guard Cells) | @3 2w @ PRz
sl wse Wiy @3 A AT 905 AGTET ATHY (Stomatal Chamber) |

FRTIRRS e Witz «ista S s oAt oo g ara afefis @mens
(Subsidiary Cells) | CRTITRRe1 (8 AITARSRTACE ST 32 EAATS @@ o | eficeiaay
TR ST 938 (AT 77 o | @ wRwEsfer afia i mace Aew
T | TRHICE TYETR AT wfefie #{g @3z cufrs e Fan A5 ST A |
TR T4 TG WIRIA AH, ©UA, (SEABIIA ARG WD WSS @M 19t 209 |
TES; (Y A A0S oS 2 G Fay YT WY | TR (AT 7 9 o WA
T @37 Rerdhe afdm w0 w0 sy e =

S U] ST

co,
\/:\\___J.’
“a9F 99
/gjﬁ? \? T s
. 0 5 /_,_jiﬁlﬁm LRI
‘\ g f— CarEry
o

fa s 123 (%) Tow -y (¥) s ey
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12,5 Ae@ AOSTIGTE AT I 3

4G “RIITT AATSISS oo T 3

() T e (61 (AT SfSfag o Qe eifgRm AT (e At AT
weiry s sardn Qs Il T

(1) AECHITH ST 631 SET Ao T M ST Afzers 23 ) A MR
PR AT T A ES TSAW BYE SR

12.5.1 Sif-<Fal Toq% 3

HCRG 1908 FBITH ALY (ATLR (A FRCIE BICba sifatet Mra (@ery 0= T | AqIUs
frra camm Srmfsw w1 TR (1926) RN (A #@9 SUAGTRS i, wefie futaa caere
FRPTIT pH 7 o 1 37 @32 2 (1948) AU E WHATD AR ICIA QYO S
BT FAEIRABECET PRI by R 2 e w9l AR A (and G
o BlE AICTSA Sell o -ayd Srasa-fAfiem Aedfers aeia e Fs A4 8

Bruma ¢ () e (e e Ssifrfers wRanad (@IS ATt
G5 43 (YERT Teonfre 5wy

(R) Y AR (AU T (T CO, Cirad BT o) AITARORTAER &) 997G WISl
&% CO, TRDIIEE PFAG! TGS T IS ST 5457 FE (HHCOs) ¢ ATATHDHET
S H,CO; (A CO, @R fic Renife 27, e @rad Snfes wifd WD) 2w [0 |
&3 A PRECES pH (AT Py AW 70 T W weffe PRCICIL (FFAN AW P
sy (e

() 2 (ITTAH FHCFIATZLAS BLLAG(EE FFUSIE WA IO JLFe - | - TAID
sfite TA( €F QIS - | - TACTD TG TACHLANCEE a3 FAADE BAGTEA
ALTEIT LIRS 6 - THIFE a2 JLINE A0S 2|

() IS TE W [5G LIS S EAN ) (RAIRAH LTS g TE PRI
Sfera 1 (AT T | 47 T SAEE! CarfiRe Te (e o wessfena Ay TR
i

() @8 T TR DG T @< TR AT T Bi9l AT | TS
TRT AAEE ABET Tol bidt KA o AltEe gew (@R TR T, wRen
AR fics wermgs (A fie gu ) @R Wi eETR wg oy Srfee
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]

Bl T
e mih (pH=17) !.“’HZT) P
qEE -1- TACES
T TATH YT

Frro
AD
TS G- TTT

ATP
FTAPRS
drsry + P ¢

TR ST b1 R @ RS CPRABILAT S e
s T
fom ¢ 12.4 o1 *=FAr weAW AT @AY Brasa ¢ Y AR

fiftew ¢ |
(5) M@ FHANTT RS Ararmrsy «fFa 5t @1 SfF IMCSTIT (EIA
BAgs e W (AT CO, woAfES 7w Al

(%) W I GET T TR I COp T A 3 A W TS H,CO; @7
sifme TS | '

(%) @3 F(E TRMIIT pH = 5.0 Sefle, WifFF =T T}

(¥) @8 wifiE pH @ EITICT LI (TADEFS a2 THCHRBAS S Y
RS LG | - FACHG A ASHH oA 2T |
(8) CHSIIT TCH TR | B (BIEILT SFSTIANT 5191 S0 | (WOt (e wfewata
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B9 U DEATT cafRl 2aR e Esufonad ofdmy e IR (WF QAN (0 2ACA
A
(6) Tt TR WFHY T T 93¢ gy s 57)
BiG-AFal TSATHA FATAGH 3
% TERRE A gHerofa T—
i) St Arem IR 199 oreR e spsifere waine w2 dfe v
i) N 2 giE— Ted B gowed A wifey geT AT b AR
Tosd |
iiiy TRITPICIT (PITATT TGS FAF 5 (U@ @ AR CO, FTATHTHT g W
Tl F2 pH T 995 SIS THITS #iTd |

iv) FRCANFT K* S (IR B TS A 7 T A

12.5.2 wWifes wifre g ¢

B (1943) LUAT ATICER 5ATA K' NG qT e I03A | AATSIe (wified
(1974) oA (O Torera (AT 949 TRIBICT CISHA BLA TY S WEH oIF AT ) 4% 4
PP A (@0 AFiee ST A T T

(@) TRLBITI CHSA (T WA (TR TATI -Ie-ABIUED BTG AT ST
ZNd AN SREesie Sy uae oiger wite el St g
Wifers oE Sesiive 57!

PEP+ (0 ~FE- T sz

SETEARNToE G > Wifera SifTe
s foREreifeTe

() Wi anfo iy s @ B 8 wites SRA S 20

(1) H* S e e (@reus SRS HY o2 Kt ST STIRICY (SI0ES 9304 5T
| G2 T 2NC=T AR GRE BRI S TR A 3 |

() TR W K- QT 8 s s fra sHikmm et afe 21 @& Al
(@A SfosaNa biel alfsea (ra ag o wfenad ARFm GUH F6 (WF o9 PR
aoie
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(®) TRt 4 @S we veay Sl =)

R TS AT AGY TCAGLAA R g ¢ ——
A - W i - s ente - 1t |
HET it ie nil H* K"
(PFICBY)
s{oifrs « WIS + K - C K SlgEa <

=~ WICED Beoive (TSR AT
(FRITE)

SR osl g RRHCISLEL] - TS ST

iy
AqaY S

12.6 IATIHTAL *S 3

A. AZEAA (External factors) @ “fA@9e @ TG HeRKS AICABE AT
Feraet e 1T Ty T Sracain 2= SICE, WY, TFW!, CO,-97 TG 3R AR
i | _

® ITE 8 WIFIT FONA *TITYT 5o ffs 21| 249 spfitenes Sfefag areerases
2 B T ST A Wilting 9 S el | SFATT ATARETH ATTY T AN e
GTEATIL AATNBA TY = | .

® TIFS! 3 WD) 26 O] TN A TH-ARAT (gm™) WA T A F T
FETAISTEET (K pa) qUol 2o 221 o271 @3 4B st qfer (ofTa1 APWINISERE 219 TR T |

® TFC! 3 FUIITS 30°C BIPNIA! 45 APTABTHA ATH S G120l | SISl 949 T
OH AATIE @A I 9R THST GIoFRT ICNHLAT 21T AT |

® TIE-BZ-THRC 3 ADH CO,-97 T SR (AT @ 23 (> 0.03%) TRITAETA
TR P A | A T sifety (IR0 BRGY CO, ARSI 970 T $iE I
T AT | ANE M 57 ARFAN @I CO, TeNfis 7o 932 ©f ATHAS FLTHT RS [
A (R 1WA A AHCABER T ST COp-am 2efta |

® AT ¢ WBRT gL Aoty Toifdwis) (A0 ¥© wEA I qonnfEe I3 oA
ASATABLAS ST (AT AN | '
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B. Wref@ald weraen 3

® AMSIA FHAGCAN 3 2SR T APTAGLHG AP AT 2reifs a3 |

[ AN TERSTY AT AE O AT 27 Forsopd Ao gewy (a | wad)
(Nerium) #$fe 9110z Ars1T “fazy e (Sunken) ©f2 T awitaDs faafye 37 | wegeia
AEAHE ATTIAIRN 71 AFE AR A7 AT S Cafel A A0 A (4fit
T | RG] SIS G G SN AT *f@arad #2Al, #reia Tofagra faSlarag Tahefe
denfry AeIa IATAISTAR 27 frafEe 33

® SATA 2 o Tofaeral (anwy Beibrfore arEvicustag 2ra a3 w)

o TSI JAGA & Twiel Sfgtw “[@qfe7 6% Sl ARG oSS 27 e TioE
Bfgn ToIfefe wm WobEE 2% (S 5 |

® AN ¢ WRIENG WIS (ABA) »@area Sramws afezs a1 107 (33 107'M
ABA -97 &SITA @y ojefGira v 20 a1 | Sfger Giteta wrerd (rdl st ABA PRIIEs
K" Sraca 3ol e 500 Wen | 3 S ofddy Y 20 99 |

12.7 soifogmfeans (Antitranspirants) 3

AGA AfSTAA (@ @R AMACFZ AE SNFGHHAAIS | S T ZCACZ ASATAGA
% =fear afew g srag A% 27 T3 (@S A @ aASTASE A Sfagw 3w o
FEPS TAITS aq (T 23S (R | G AAYSIE [Auge Fad Ty ipfogrifern®
LIS 561 Og | 362 A, Siferea tom, wge1 oo Tonfa srerw et et Aady a4
e | frize wrafessias wifsos (Phenyl mercuric acetate) €9 104 M @29 &5 I
FATAGLR ZIF TTEACAY S0 SR I | AG9Y < A0S AR Lqeaiwefer, e
ABA-9T AN IHCIBTAT 2 I O @ (i SifBgmfoans s frsfre
(aFrSpTm 2 33 3

i) @ffe wE BRgrem orw farg ww)

i) QfeTa efaaryr Sow gere S W |

iii) @ilerm SR (FIE TRAT ¢ TORAY Fryd Torg A AR AGAT |

[RE &

) TEIRE FMA ABATAGA JT AT SfEars W2 QL0 51y FACS (AH 93 IATA

TR |

29



i) O SR WP IWEAS TS (9 9fFa errme Tolwr ¢
iiiy 61 @ FoAF W 417 O S THF FIATS AL 54 |
iv) DFENCE (Lawn) ST QA0S DO SR TR 4495S 7!

12.8 fAsmEa (Guttation)

Aoy wrREeRs Tae oo SR 2o feil (4TE S W4 (7T ST I |
413 forpe e M 7 90 o1 2w A | g @2 Tas e w1, SR S,
ferm w13t 2o ghge A | GBENF At R ity wfsfas o renaa el zeae
sirifera fsae A Guttation A |

@ 2 Efgoma femae aeb onwa Ao AR FRTNRIE (Hydathode) AT @ R
AATY AT | FRGICLTTT Ao »teer ATRRET ek adya (e 7y /(S a3 aa Az
31 AR (Epithem) 7R 5% | y5& b1oR W0a 209 Beras 96rA gl df=esiaq fifae
Tt 3 Y O AN Wefe 2T

2i %91 W3 Ao Hres| AHwiHE SR (AW AoT FAIFATE T Srafye &=

AT R
1. TSR oot TN (T T IATE AT | 1. (2 AR f6E1 (U0 & SRR
| e 531
2. ACIA YA7O: 2TICHT TN WG | 2. eERe YU ey A7 FRGRATET
SIS 9O |

3. W AEeH o PG S (et | 3. (JeIE TS ATIT AP Sfen
(@™ Ff  (Colocasia Sp.), 2 iian
: (Lycopersicon Sp.) TEHCe (Al TR
4. i e Rabs 2w 4. (A TIRICE, T4 LT 51| 744,
SRCR e

AW ¢ srEm 6 g T 1|
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12.9 A 3

ATT 29 i ol evareiy i@y ofdw | @3 afrm Sfgw eree ofefiy
OIS T AR TN T | A, T, AFDTHER ST A 2 | AL 195
PRy Wity sface frg A geir g TR wRivenEs anh Reew S
5313 WA TS 20E ATRCAR T SRS T T SRy YT I | AR Hens it oy Ty,
16w wg ST e (9T TR B W el 7 e TR wfewain
519 (0T T | G B THSEHA UG G PRI TG 2T 609 © AITY TIT T
e (5 <7 Rede G w0 Bl wo waal, WAe @ wifEe Smm SeoAmed TA
PRI BTN TEH &9 20 9 93 I O PEES 20 60 HuFY STAEE
SRR W ST, SloNl, e T we ARl «ae ZATIR, SATaa 1N 2o
. SR W | WFGHPRIT 20 A A oy (T ABA, fsRe 25 SEe
FepEae oAfm T (TG O g e Sfgrw ordt Tw

12.10 Sfgs emEfa ¢

I Area e g T e o SETH—0
(¥) ATICS ALIEAY B Tl 2 (P ?
() STTAT ToF CO, T eI T2
() TR 15w gt AT aiferaiz o A e
(%) SHFEEMIRITS IS Are » Trreae frw |
(6) fAegm= SHSAE?
(5) T @ (NEReT SHe 2
2. S@mfms TaaaE—Y
(F) STACAT AT AT OIS OG> F=#ITF T Wi #1374
() ouesrg-Eal wgft R arerrarey o IR e IRy <@ | 9% STe R o) (1A o
qIal ACTwH B ter anirafaes At e |
(A1) TR X9 AT W WA 1 |
3. Beafe BEaH—d0
(@) Ao B 7 s 7 e T 5 2 B slaarym 15w RoiR @2 oo deiike
FE ? ATHACAS G AR TS TG TATE STIBAS TG |
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() e At B F e JHEEHTS IS e ¢ oF JaAEe Gorfaer e
ToYE SrizeiE fea1arerd 96 A1 I | 5 (39 93 2BIE AITAIG 3 ?
Y TR 6 e B1s-<rfa vl R0 7957 |

12.11 @1 8

I (@) 122 | 7gA
(X) @ CO,-a 79 IR (o{(& ATICAT 2T TN ©F *S13EA] Wl (L0 foigq |
(1) 12.4 W (7H |
(%) 12.7 (ryR
(&) 12.8 T (YA |
(5) 12.8 o™ (wyA |

2. {3) 12,51 W WL
() 12.5.1 KA 43 SOFF IANCAGA W | st AT MiTas swe ©g g |
(1) 12.6 S (WY |

3. Tenfe wefwe SRR 16 2 Ag o Wt wrneg | 2fSl owa Beigs 53 wae wene
Wl TG |
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qFF - 13 : Ay ?ﬂ% (Mineral Nutrition)

13.1 o

BTy
13.2  Sfemfars «fiw chiem weifefer sdwg
13,3  wfeufas ¢ sewfae Ge
13.4 fifen wiewfes @litmg ofire o serasive o
13.5  woifae GliteR ofist @ SerRwie e

13.6 e

13.7  omvas)

13.8  Tgaue
13.1 %4t ¢

Fod Bfge e gfu wftce ToAbus (@ sl «fg oMt Som el
AT FHCEY, W, ARIHIOS SNEFA, AT, SFer garare weemn — & warerd effsT fasrs
fa2 Rfon qatea Bems ar Fafae | Sfvoms @2 AlfEs feaasiiie aw) aues 2y
sweHirE 17 B ¥fe oot a1 Sfiwm wilb e ot a1 Big *ARgEw e (@ Wiy
e CteTa *1Ragen BiRe ¢ wiw SeRe e wwe g SEse st 77 o g6 e
3 Mineral nutrition. XYY ¥faer (LT TRQILIR FLER TIET 70T Tl st e 1
HYI— @ G A3 MUY SN SES | a6u qoaBre wnw Bfgn 3fure weifaad
cnevfem =Aimgan S ¢ O TeRERS w7 SIEEAl S|

BT 8

% GFHlG oAy I oA ¢

&g 3fre v Nt wsffarder S QRS At |

wfexfas ¢ Fonlie (e S AT O G FACS FEA 2 |

Sfgrra fafen @@y afFaw «fe clefers St encerissl $are 759 A |
ArmeAy ATy CNEe SeRTRe FERsfE e sacs A
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132 Sfergfurs afie it weifirder WS ¢

W W (de Saussure) 1804 BT FALw ol FAN (T ©fgw Bw (plant ash) (I AT
T (N TEAM @ T Joew ARy e e onfde ww ) ARSI AR
(Sachs, 1860) @<g w9 (Knop 1860-65) f&fen »frea q@r SRgrgRice N, P. K. Mg, Ca @ Fe-q
St w2 wHIce e 34 | OB SEWh WS (T -ers Mn, B, Zn, Cu ¢ Mo @4 Bfgw
Afore ararEmr SiER T Of SIEAl BT |

1 aas o Afis e Sfer gfare s & @ o sl Ao sede eo)
Frsaiet | S @ BI85 (Armon and Stout, 1939) Efimgirars W aitsr wifRerdor =S5
Tree 90dR 1 eloag Nee @A oifie e Teng Bfen g weifdgrd we o 79w

) Bfgw Refre afewm & oM Hfeusra e Ta0a !

iy @ CTrerd wrena Sigma swE 49 ¢ el Fawss AqAY A |

i) JgmE & Gt Tefefered Sfirm wersive el flige Ta— W (I
faaw GNer ar =7 ) :

13.3 «fesifa® Nel 4f macroelement € FENIEe G T micro-

element 2

Sfgnratz Tage Gesferg ant @ Sl SRS O AR | @ oo TR WU
Ty foa G e — TRIGITE (H), I (C) '8 WHTAS (0) Fiaers Afeer (et I0e 1) 1
57 7 (e B B FonlB CRee 24 Tt @ TEH-TR-TI13S (I0 AT I | AR R
fealt clicra Rendiy i smy Sy SneEfes 241

AT | @ Tk Rfon sy cses Signrs O SIse TWigd eo faee a7g
i ¢ wemiaw (Negee iz w21 29

ufenifas (e ¢ 4% weifRay ciare afeufes @6 I o0 T3 23 a9 gq BfEw
»fre e (T Serl (AR ARSI 37T TH 3L SR Aot AOPFEIR WAz
S a9 Sfgmracad oS | Kg % oot «vg o 10 mmol 31 S (A 20 W31 <A
TS [RGICE (N), SBiFm (K), TEPE (Ca), SsaFam (Mg), TFEA (P) © AEE
(S|
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A 12

Sfgwomz aags Gers)fer =N, ST5s, B CEAfeas *fme (% 2@l ppm) @48 SEME
SEATERTT ST SIHA AN AT &

el AAFS *F W fofas sifae RIE CIECTia ]
(% TA ppm)* - TEANH ST 7L

& S IO (D RS

1. TRETEw H 6 60,000,000

2. IR C 45 40,000,000

3. SIfEe™ o 45 30,000,000
b (e s wfenfas e

1. ARETEA N 1.5 1,000,000

2. =iy K 1.0 250,000

3. Freifmm Ca 0.5 125,000

4, s Mg 0.2 80,000

5. THTAA p 0.2 60,000

6. FETH S 0.1 30,000

7. Fifermes Si 0.1 ; 30,000
FElfae e

1. s Cl 100 3,000

2. (&% Fe 160 2,000

3. @Fd B 20 2000

4, sprestifas Mn 50 1,000

5. (R Na 10 400

6, 7 Zn 20 300

7. @l Cu 6 100

8. fre= . Ni 0.] 2

9. TS Mo 0.} 1

* H, C, 0w sl cimsier oW % a men 2t | qenfEs ciiesem SM pants permillion
{ppm) Q@ (G IR | _
*+ oA B faa fifen o onfanns sreraire ofa ool sl 208 A1
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i G 5 wat Bfgn ojfee e sint Afme args 28 | yEes eropsera By
(@ S ST TAge oW Al @3 Sfwren A e g ew «oud S 3 mol
ql orge T ALT | G4 2 (@-@H (B), @A (Cl), GNZ (Fe), Meiifas (Mn), %91 (Zn),
Sl (Cu), et (Ni) @ wfsarsam (Mo) |

TEAMA (3 w33em ©fgn Ma Feed e (s Temons Tk wwres e+
o7 e e fagoe wSTeE WATER | (@ (@R ST I SN 6
TS (5 AT 932 9Ty GRS E— @9 Sfgn wem oweHiire aey fewfes
TN ¢ FNES (717 8 Wiy 2 T IA0g SHPRS | 93 PIATY AT ¢ fFafa
(Mengel and Kirby, 1987) S#ifzzr ciersjfars s Gamafaes ¢ <agan giier g
fda wta oS 5@ It B FACEA | ;

134 ffen wfonfaw e gfict ¢ wretawfie wm

(a) TRGTEA (N)
CAITRerRe 37 3— RGNS Y 2300 ARWe (NO7) 8 ST (NH) ) Sages
RS 7|

Sfergt ¢ Retrs it ¢

| Bfg (oitaa il sreptaere tem e TRGITSH FelES | 971 T SR S,
s ¢ FEfFs s (DNA € RNA);

2. fafeq o (alkaloids) € FEBIfW wiRdices #afEs Gl

HS[Tie e ¢

b ARG Srer] Tien carftw, fefis anfie ¢ fShifim (ofd wars sy a1 geum
Sfgnrarzz wmafas g 29 o)

2. Sfgrma =l @naifEe) st el 2w 4Ime S0 1 Gt (@I (Chlorosis) 908 |
AREIEA WG WorE FERYT wRee senfre @tabm ora wm) aefiE

| SRy S SIS @i sfRefEe 2w @ o Al oAfRes e Wi
IS THfRIe AREGIEE pfers ww welfiae oo Seiffe 73 @] IR wal
ARGICEACS (AR AT (Mobile element) (7 WSZe T Afs |

3. AGRERE TSI SA2REE SO e JiRGe el FE N1 e Sfewone
wisfag Sd2Rogs oo omd ow T sy Ry o 3w Fel g
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@ P APTOT T IR G AT WP (anthocyanin) TG AL FEOHT
AT TEWF T DG ¢ AS9yfEr cotemall 3o 4@ Fea

RER (S)
CaTRErTI 7o 3— Bfew 3 230w CiRNETS SR (80,7 ) HEwH (<Al A
Tfemf e fstice it

L fdm (Cystine), BrbER (Cysteine) @ [If6aZA (methionine) — % &= STRraT
SRS SN AR T Aol |

2. WA AR F72-Berra 1 Coenzyme (acetyl coenzyme A), ITHT, ATfEE,
febfim B, @ it wibe vs serer wwRs dl

TGRAGFTS 71w

I eTele @ SiRgeew Sewg (difba Aot awg Wil Rema WA HEwE Gl
TSI NS aeioffern STwelfe ARGIE Srereite el Sage | wmsfE
2 AYFTH @I |

“Biffm (K)
CRATRIN g 2— ~Bifmw SrAreES St ot (K I are onfde 7w
Sfgwg @ faeites ofi ¢

. ~ifmm Efemreitraa wiewadin Firel @t Osmotic potential fRefra sigesfsl s effera
IR} DRI TR AN (AT PTRS Bi9 (A0S AT | AAq0Ed TR
BT SR et RS blol (A0S WSHT T HAawY YT T |

2. ATARALET @ ¥ AiFT (T 7oe TAed a7 ffufas 27 oin sfaied sfevem
&) AV ST ToAfRfS e eicave | #0iBRTS 2ty 40 1B Serines EbeTse
A (PIFFR I I I

3. fgrra SAmge wgd e Ay ARy St Qe cambleneTy S A
sorfme s A — @ T Sfew Reifiat ta Fem @ +oiis Bfgq ramg=)
Rfor a3y argfers ozt ¢ cambreremm wreife s fageict Rer gt e

ToIIENe HHd 3

| THFEAN € AREGTSCRT To #HifFmme af ye #fde ool 8 wermgz (w3
AT RIFGES (mobile element) 22T AGFRN G Wo@EfTs s 2w
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“Afers sfreirs AfZwfire 27 |

@2 G wed BRe«d Sfamm e @ TR o 3 grd s (b
7 BETE AR} 20 AR #I57 472 | 9d@eia Sawd ool saw ¢ A3 &Y
TG HAHTH S TP 2 992 77 WS 2OTg RIed WL v (7l T
wa) Bfeid (391 4R, BB Ton) e 37 € 14 aglon zu gae yeiafn afe wed
61 25! FAEITIZ (root-rotting fungi) A1 SIRFS 23 97 B0 &g Rere?
aftrs J30w «rw | s Sfr @ wid sfae sy seiy agwerds
AR BCE | |

¢ T TTE (T REEE GET WeREEe wwe HERAwN S 4l elfahe «is
& w2 wy (A cheem Fedie) | Sfermre AR Gt Fgietae e
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R Y Bl (transamylase) SLHFHT TZBLHS ARTCHR TIHLFS S THAFAN
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Bomw g fafife ) Sfew et eiiffe werBantsm o 70 o (FRebir fnfd aage
Ll

(@T [T HIT (@Y (spindle) T FAPETR AL I |

AGH R PN et w0 | |

TG Ly @ cetfon Sfgw cdaz AROIRETS sew 7191 & (&b
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o3 | Tfp oretiffera wghea «ifeasa o3|

ARG SO YR il 7g A wNES gy ¢ IEH I 47 A

TRt (Mg)

CATIATAIN o1 2 — TMAREAN GiRSHCeTS |HET (Mg?t) o oNiRs =
Bforfy ¢ Rers gfim ¢

1. sl e SstTe Sen e |
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ST - 14 ; TECHGS (Enzyme)

Lex

14.1
14.2
14.3

14.4
14.5
14.6
14.7
14.8
14.9
14.10
14.11
14.12
14.13
14.14

2FAN @ Brpy

AT IS
et AfefRmm o
ST IREROR s
SECHRE BerHve
YA 1R

Ataiee

LIS

e

14.1

AT @ Ty 3 —

Sy ageeire afsfiars e are wem apnafe R e we ) o afel e
AT (@ @W A @ (I Sebrad SoRifere e o) RfgTefere wefaada
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RNA S8 Seb(ae 1S GRie ordl (oiry | qiRcareizy aifba 3% sruce aera  Smwe
et g s Farew (@bl Sermwrer A Ay o 9 SR (@

ISl —

el GNTS ofETaE 2
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TGS @ ARAWS-AT WK H9{F 2

Berasran fefme 34 el 9 S

Sersores F fragasd wdqfa e

Z BLHGT 8 WTENTHES SLLTEE 2

TR IS AW ToAWE F?

14.2 IR&= 8

Bt Aew e o «g Fflie @R @ e eI ¢
) Berw tuw wpaf R ot s ww i Ry [ cnr wefafds
QAT |
i) ST tea sfmers wefie 100°C SisiarE Bog 9 el wifEs siva wfefag
FT pH @ BeOHS FG S A |
iil) BerwsE Confbw sl
iv) SRR RIS HEHS wdie ool RS Swne «als WS Mg 8RR
PP A | B AT RTAD AT SACE SHETA Wl Aeen) (3wl 2ew! Tbes

Berma za celifaedl o Ot sppe corfim sifaraes ARG sieTheea st [RiEw
aed aizet 7z RiEmfire waifie stz frg Rt e g wefaafés ae)
ol 75 Bervata 1Y ARG SREbe I wiE e Tealh & W AR eI
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SI5F AT A SRR T (ACHB PG TN § U SRS S5 WA Cenfbmeed 7 |
T (AT T 2T SN A pH- ISR YRS AT | TR I ST
SHT To ARG (2 | oY ARAT SHN0E Meae R st SFRREReEy | 3
Bersia S (7 DY T WY A | G DA TOHEE Go)f WRbIRY VY WG SIF
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) SEOTCE Bl AT FNR W -ase WY gy Arwife @@ = @9 (2fa
GHE TeHER(S A (AP |

i) oo (o7 AR e (International Union of Biochemistry, [UB) fdifa® Enzyme
Commission (EC) Ara arate Sersmrsjfes e aat arr | s G+ 251 EC 3.4,
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47EiEY shew e fam SuwefE Gb 6% cRfiee ¢ Soew Aefire @2
R @A 29 ¢
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R A waite R agle Brrzad 8
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2. e TIE (g TR PR, MR Qs
(Transferase)
;¥ RGNS ST THRPGE
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4. HHS @@l (double bond) feadiEEs
(Lyase) fe @1 waq AT w4
5. wReIEEe SRCATTARCEIN SRLAMIES, WOhs
(lsomerase) fafsm
6. FRCSTE ATP 9% ARATH(TO DNA
{Ligase) TqAs fom a9 90 EHETRI
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Tstad wfe afqfer efduarscaay ¢
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ii)

TToAtaREEN ¢ @i 267 GerEnea (2ifba e | « % St T G T (oAADIRT
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14.6 TEHI-G PEFI{aoia TS ¢

) TeTE @ MG W A ARFGOTE AW 70 afie PR (Fischer,
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D
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it} 1958 YOTH GIferdet I=@E (Koshland) (8 Te A@ife Sa« O0e e &4
SR (2 FARPTHIET A TR IRIES] W0 Qb Ageiohs #ifaadn 87 (Con-
formational change) | SRR S{bre el #83, wdle, Barsbred rol@ HEIHLHIE
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14.7 Temraa Sdome 2

ST (Arrhenius) TN (7R (7 @36 By g wuw wiER N sfonfy
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w9 | fifea wiesifer e =g at (energy barrier) SSFN FACS AT 71 e AN{HFZ
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[E]+[S] = (ES] = (E]+[P] wrsifF® RfFwmsid

+

[ 1] Agmeeedl smie

4
[ EIS ) Fraang Rigw =9

iv) Seifad®m 2RR%Y ¢ (7 T At sl Bers R Ao A TR A
T 7 O BB H g e T e e v @3t a8 wfFada (e
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WA (o] A A | 2y 2 Sefaas i TiEE = K o | Srmge - Az |
97 TLIBTFT (F W FA ((IN 4193 WTA Fe. Zn Tz so falem ara afb
SRR fFAg (T ol 998 WA SO RS wiaTs 30 o |

14.12 A ¢

Berohes 7o wafl (o SeEns | Afim w13 weREe (e Serne A afete
RN aqCe AT | SI6E (T 0o wwiida T R a0 it drel A19H00 | BUHEEE
AR w1 s (TR 20T AIGT 33 FREGIDE 709 - ase "R QLG <3 AN 7 |
Bermbra 60 caldidsia ok way e RES woibs BT wow Bem faley
BeroTsLaa (o e A WA aRSHE 08 FEC SoARALT A0 (- HF | LA
et Ay 4 wrow TEUw, = 7E, TRV SE-5IR e ¢ arenfre Ferme wree |
Rl arfedt oo o Ridvate i sy (e »fim Ty AT Sy 4TS a0e
| BT Ridares AT «ifew arriefTe Stas $HRTE (77 | Serinted AR (U
- et R o el e @ K, w1 ares o el 99eE | Km w8 O s
Wy 1T AR 4% wdin Ao wrde wswmE, pH, Tyl enf Seisrea [isans
ARG BT | DD TP 5 (907 BHGS T FAFUGH 2% S e wrre Aerae
21 fog *mid +fFERT 9 wfradfimeits Sebres Suice g WS A |

14.13 @fw emiafa

1. fefEie epmifee Refine Saa fm ¢ eI
) BLASTER ArwAreR TSR e |
i) 4l T ARICY e cifferel T A |
i)y BTAQTETIZN DTF A 2
iv) esiafbe 4o 9t 7 u=fh Turgad e
V) Kp 8 ATAGE IR0 S0 o065 7
vi) SRS Tstae it @ Snigge fiw
vi) I a7 ST e are ¢
2. Fefoife el Ses s _ TEA—Y
) BT a3 cfdfimm A wa AT (uidg 97 =i ¢ B fiw)
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vi)

vii)
viii)

ix)

v & Al waebs [ G9% 392 SIS Lxfo)fer srwe) Brgw
BT Frfmfaen o w6 R e’ A 3 |

BT PIfIROR TRGEE R wrwaid i 39+ |

Aferas iy Fre e ¢ Serns apnlRe i AFreed g g 2ol
FACT I O oy

Bersmaa SRl gt Ragefer it sicesel e |

SHTHAIIHE SLAGLRT A<, AFfS 6 dRfriveefs sroirdh ferga |

TS Fin TR 6 o afd Swiza v e 7|

et ~if ST TR Sroors Sz o7 B |

Berbe 2 BT TS AR AEASRET FoE A S T | St
Exfz2fBanfem aalb iR v ¢ Bwraan

TerrET wloffe B e Berwsiaw wrat wiguite aEtafie R «fs Fefrrm ol e
Ko @8 @i W1 F) 2 Beoomtaed ffm ereraafe 5o setse 3371
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14.3 Sififeas SiTers=1

144 g
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Km 2 (92 FPTED WG 94 Sjabe Rigmm afs i «feq sude | @,

v
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v)  14.6 S

vi)  14.8 oe
vii) 14,9 5w
viig @

x) 14.10 |

CeAbT Aewal firet | 75 G WA I 14.10 T oS niefatad)fe Swizaas
GICAD I |

a5 14.4 S0 SABS | Ky S Vi fsfrarg wilieas == @ R a1 K, 99 T
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15.6
15.7
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AT € By
ACARATET T AREE gz
15.2.1 SEARATECI R
15.2.2 FATEIRREEIR §T AW
15.2.3 HANARHATEE WITANDT Ghiwt @ ¥Fgg 7o
AR e
15.3.1  STERATER 4t fonwm SotfS
15.3.2 ST Wl
15.3.3 Ragsey
15.3.4 3EAGA WA 8 NADP R
15.3.5 SFUOIFACTRIRCEIN
15.3.5.1 SEIRA FHITAPRRETH
15.3.5.2 5T TIOITACPIARCTR
15.3.6 SPYIIT W4, B SR A -
15.3.7 T M3 53 q C, 5T
15.3.8 FHEfTw onts Rew 1 CAM
ifbfem A
ﬁm‘ﬂl #e1a® (Limiting Factor)
15.5.1 Fawcae e RS 73
A
FECIT 2P
T
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15.1 &JEH 82—

HYE Sfgrmn e Sofiers Arsnm am oge a0g A0 | b Siterd @, a9
(T JBre FEA-TR-TwES (CO ) R W (AT oorfFrs srew s Sfaw e b el
U AT A IR IR WIHICEH 5 foisfs w01 @2 effemry oMl armafas =ges
MRS 27 ¢ TR *fEgrel s U | 63w ATes SRl O3 fare swifeft By
A 932 FIOTI WH 7 WAy FHiRe v wrans 3939 | Tore: @3 2 ageand
FIE S 79 ( T O HFUCE f4foq e firze anm@l emsita Sies= 394 |

TCwlT ¢

AT ALY KSH TH7 727 8 FIY FowH TS AR |
AR AT GEB! AA TS ST |

el o FearaR fafes smifos)fa Mediae wars A

Cs, €y 93 CAM it FiTwa A0, Burzgers IR fuee #ikeas |
AT ACETAICET I SIS P |
AMARFRLCIET FRE ASTEF TS D @RI (F 0 19 A0S AR |
FEMAT T3S AR 7G TN E L1390 S FICEA |

15.2 FTEEHATEE AP AAfES giaeh

HE! WSIRILS S (ZST0 (Van Helmont) #IRFR= Tiac wdaiem erwiel 3w 7 Bfgoml
% (TF TP Avigerge g A | (EIHT ABIA (Joseph Priestiey) 1772 AL AR1wId @l
Sl (4 OrUi (3 TG BB sl AYNSe AFE T3 ST | ZrGTETH (Ingenhouse),
1779 ABICH o FC (T INSTAT CO, 22 FF & Bfgr Marancs sfFes Sestmm
FA1 1905 FBMH IR (Blackman) A I[N WTARACHY 70 AN H=47 201 1937
BT Hill 5738 ST (AT CHITAIRRS SEFH I 2iSie I (T ACARATHC Tgo Sfsenaa
B T | (FefEn @ BIT FEING! (1950-1956) (SHBY FIIA QAT FI A SGFICAA
fafen et B T0a7 1 Arnon @ S AR (1954) SSISHTATTT IR RIMETS
QU FAY ATP Teoy 26TF S S FTaA !
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15.2.1 HACAHATHTEY A9 2

BrS (i 37 B @z Fraraia Coiate, S, @ BCNT S AR AR
AT 28 | AeeEEed) Ulbin @ fere wge A (Blue Green Algae) 99 CFLd
FITARPAITATER S (P gasifer sTTNEE #41, AN ST (Chromatophore)
%7 79 | B S @aast A g R (ol SeeTs ATARSTRTEE 900 | (@IAEEd
qlare G FE W W GRINE Tt RS piefen o WS el AE ) ACEIHITHE
AR ST TaEe G2 BTERG TRIWIEAT ool ST STl T B Sd TR
9 W& 2GS FUANCHT EH S0l Aafbe 23|

15.2.2 FACEiaREaa agF omd (Pigments) 8

SRRACIITE (T 72 (S STET (o118l FATS I, SR 3gT o1 7@ 87 | RARATEE
ST SfEFRIE @RIENT A FINHTE AET I¢T TES oM SA|
A. CBITAT (Chlorophyll) 3 b GRICAIRITSS WS S4M ATARPATHTDIRA 7 M|

CH H '\E:T*‘f%'
NN AN
H30—~C\CI_ ;f; (f _HC //C~CH2——CH3

C
Sl |
(|:H2 H(.i:—"—"'Cﬂ’O
(IJHz COOCH;
C20H390——C=ﬂ0

Bas 15221 =B @alre-a @@ sida (1-1V R <2 o o 390R)
E@AfiF-b wig 16w A% WA, BT CH, Bfes g@@e gwa CHO s
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T B Py [few e @Al (-a, b, —¢, ~d, ) AT, S @A 2 THE TR
SR ordre srem w1 (NS SR iRt (Pyrole) TF fity o | wqfbr (avm 93l
WA 419 (Mg) T | G2 PSR NTS| FROA (Phytol) Sewra Toff3uifs tafryaye )

B. INTAMACAGH (Carotenoids) 3, FINT TS a1, I9E, T, v e el
R FYF AL FADBACIC A0 132 JoT0 e A0SR A € 2w A0S ST
o7 Tt TeR 1 By e wwedy g wWETeRE T @3¢ BRFEe aree 3ge o)
WICEARS CTATe o8 Srafs =¥ (excited energy) Chi —a STE WG € Chlorophyil -
a (3 GTEARGI (ACE 8 297 I |

Qi;/cn,
H, H; H, ‘Hy
Hy CCH==CHC==CHCHs=CHC=CHCH=CHCH= -HC—--«CI-K:u:ﬁ'crH:c
&i, CH,
ch,

Ba e 15.2.2.2 ;. @afl § -Frfba wo@ =1

C. TELRRBFH (Phycobilins) 3 &le FRERRH @ T FREEFRAT 2 18 3¢S
GFE TR 31 NeTre 7@ CRIE @ A RIE 8 3T THRIS AE | 32 et
H3, TR g3 fRANa 1 I0F TR ey orgel SR A a Fer ofdew

E Izlis E 3 CH4COOH HOOCC,H,-

o 15223: aﬁaﬁmﬂmﬁwwﬂéﬂ

15.2.3 FCAISACATE WTACST Ohet & “fF F91F 3

WCATFT SIS 0.01 TIENEGIF (ITF 10,000 TFLAGR (I nm) 7T 2T AT 4
7 WY PN AT SRR ARSI 400 nm (F 700 nm IS LA ATF | STAD

Hy CHj CpHs

61



OTHITH T G2 AP el 4] 2 DL | SRS FGYfe MG AL A IO
&% TR s 731 70 | @TA (@ wifie = g an, o et @ 7w afel
CTioR FAW 2 43 e IR (Keal) *fF o~ e | '

IS

Aidt

(i XA SRl [ waere @emdf
/ _ :

01 1 10 100 1000 10000

SARLA], (nm)
e

N oV wm  WR I IA

390 430 470 500 560 600 650
% TR, (nm)

fa s 15.2.3.1 ; 77 cures fawgfae ens -3¢

#ffis o] A-BI3-SReTs e Teifrafers Refie woa siaiRigs Agfers § (i
10% (i TN ARG T Ga CPBIRA (¥ FRANE HTARSRCACED ACHGAH (PRITH
(Quantum requirement) €1 2F | afsff @aie s9g Trefere Sl 0.01 or 0.1 CLITLR
@ T 7 1 B R e e 79 ool RfE (e 3000 s oy, g
TS (accessory) THF WY IR FELAW, ferfore Tonfe AT “eifers FgT S R e
O 930 RS (R AN GFF (Photosynthetic unit) ATl 8%

15.3 HACAISATLET o (Mechanism of Photosynthesis) ¢

TS o1 ¢ BT 2ye T ¢ W Firfe o7 o TRe Wit els
aifFarRTst s oa 21 Zam we

6
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6CO; +12H,0 —ET&—W—L C4H 204 +60, 1

1937 IO AW Z (Robin Hill) SBFES (isolated) @IAANTE AT @ ZBGTT
231 ToRISTS Ay et R effstvm B2 @) 0T 9099 (Ruben) 6 I
(Kamen) 1941 3 H,0" (11 s71=iea) fAffssyes e acaw o1 ot fatfne 2o @ sfiwew
Beofm 70 O B o | 371 @3 e R 2w w3t @3 2T w9 (H,0) SiE 2w
AT T 27 432 TL-TIZ-THBE (CO,) Rrerfoa srar =kar ergs ane | 43 R e
4 (assimilatory power) @refie ATP (SHfSEIFM-FR-250%5) ¢ NADPH (fsifas Riafbanizs
TG &2 NSPEBRT FA0ED) @IS (o8 o 93 RAE! it F-TR-THIE
feenfie ata ¢ w1 eryfore wrags 2w

15.3.1 JCEEAEE g fom wirm Sabafs ¢

1932 Eror WA (Arnold) ACERCETE 46 fom i Tefafs Fifiswsia o
TR | (TTIFH T SETHBIA (14C) 9= AR ANV LR (3 AT SR

| co,

uilf

fba s 153.1 : 93 @Iatamss srem it awe SiEs-Farems v seEe w9

faitfe NADP- 932 ATP efegs 23| @qels S *RATH @3 ATP'S NADPH-(<F 9219 904
- TR -wRTy Rwtaet wrb «3e «ofd sonpel anife fafdwn | 9wt SeEsw T
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RS 7w 932 I3 RfFN SeTea Aren RN | 97 It TR RIS e S
*7 (light-independent phase) 4&7 (M TRTT | (71 (518 @ Seems oS cmaranba
1 T WTEACFT Qi G2 Scee Sarers fdfem® @ameta oo o BAsER
i3t weabs 7w |

15.3.2 SCEATFE w1 (Light Phase) 8

ASAFHTHEL TS Wi Sore Tfoet @ Jgeefd <a¢ «ft @UatHa e S
A T | @B WO 3E BeoAMASR (Product) T8 WRATEW (Oxygen) @ NADPH 6@ ATP T
S8t =¥ (assimilatory power) I IEA-BIR-THEG G TS 2 | WIS 7019
e HHATET SofRiors @rafde ¢ 7ol 34T ST SCATET @ioaF (IFe B
433 @3 onifre wiree RS @TH (Reaction Centre) WARE w3t Ao cenaifEa
TS RIMIBES I | G20 G2 Ror-@ifm st Srefrs 2 (€2 Sreem 432 =il
43 TRl ATTFATACT TS A e RiFm w0t 7 2w am)1 Sraldrs e
fsfs 3G wavl- et 137 (Redox Potential) 97 T HH GFIESF WSl (donor) @ a2l
(receiver) 3$F TFMERE T AT ¢ FRELT NADP Tt R@ifas 3ta NADPH 191
T | 3LEEA fsfe AR wret Rem @itiEa wqfbcs @ Taehe e A% 21 o el
YICET® fACae (Photocatalysed splitting of water) &9 T# TgS 205G a1 4774 W1
AN SoifFfers Tnem W% Rrmass @rBifafis (Photolysis) T8 3% G2 wR{&T 1T
Tye Sfdem ARmera e A | ARy FERGA oS 239 S Sgs #fEw Ay
ADP T e W& TATAME (Pi) FLCAGH WG9k ATP 2GS 20 | WA Toffers
G ATP 23S TR *HRO0E TOPACTRIZEH (Photophosphorylation) &1 €X |

15.3.2.1 feefafm (Hill Reaction) € wfi¥tew fAefad ¢

1937 B 2@ B (Robin Hill) WBR@ (isolated) GALAIATS AT @ oG
1R (camw A EREmmiRe) SHfiiere s Rrafers 03 wiErem v 751
27 93 T (/TS TR T AATACHET 0o Tgo SARar"a T o G P -TIR-S9ize
7 ffear o cofammnmize fRenfae s cerapiaaiRe Seow o |

YT

2H,0 +4Fe™ ———— > 0, +4Fel* +4H*

@A
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15.3.2.2 (#ife® pifS (Red Drop) @ aWia9 @t (Emerson Effect)

NPT 8 53 (Emerson and Lewis) 1943 JGitw 4% Deaie @@ (Chlorella) 08
ATARFFCEEHIA SEE (action spectram) SiFHG H@ (ALAR 680 nm IF (I oT9Y
(g o #TE (Far red) SITAR G@ICATTRRe @ $9@ (e S(ea @l AT (FAAF
Frfeed! Gl ozel IA 71 B BT ORI 680 nm 97 (T S TGS SITAITE SR
ST T frameasia a0w T Bs BHr CRLT 680 nm T (<A wAwed T
AT ATARPATHCAT @8 IR(6FE (@020 §if% A Red Drop 981 5% |

012  _Leeemrmeesl -
| e A
0-10 ¢ AR R
0-08
0-06 -

0-04 "X

002 —

0, BeoMLa 24

1
660 680 700 720 740
SIS, (nm)

BF £ 15.3.2.2 : 3w ORI @AY (F1f%E pife @72 4fe o sz wicdiere anarag 28

S pifen e srprms g asras ¢ Sig §919al (Emerson et al.) 1957 8
T A (@ ACAHCA AET (inefficiens 680 nm G (9] ST SFHITAETT =59 o6
(far red) SICATT AT 650 nm TH WET @acg A $90F 4% HETS 1 gy v o
IR W, ToATE MERARTEE oS 3 (ofey 4T |

Y 8 2, 43 SUwITHIdTa SITANET %3S SO NTARTITHEG M (4 i s
%‘w =, 6 AReps Jes oA siale {superimpuosed) SaC5 TFGH Basinisig J9f
TS (@ 27 (B M 15.3.2.2 i) | ofe o SES (700 nm) @9 HH ST
ST (653 nm) BT BTHTA (F AR (E) A ATARRAACIN 93 B4 i #Afaid Qo
ANPTAT AW (Emerson Effect) 3= %71
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. 80, (Ao wxmitad oceTs) - 40, (3% Gaw! TR )
A0, (M SFofvrda =)
A0, T wRTEw fAsfarag am
OF (AT AN GBS oW @ g SR wre (idie WIS ATt
AT TR I G @i AT SN AGRACET el (Photosynthetic efficiency)
g I =i

15.3.3 fRagTey (Two photosystems) 8

7l gD P PSI AR PSIl AT ST 0T R 70 oLq, LG
TR I AR (741 (o (7 2 2gzan 40-60% @i =, «alt Rfgmasmwe
(Reaction Centre) ZTFG WIS (electron donor) 8 ZETAGR 22S1 (electron receiver) HAfers
i weE @19 (Core complex) 32 SRS &g @AITH WY ¢ TR IGTF WL TR
3% <3 SHIe Mt (antenna complex @ light harvesting complex) A § SFRLGAT (5
Afeazrn s (737 ¢ W (A9 W Wi ammes RiFmefe wib

A. U AGFOY (Pigment system 1 a1 PSI)

_ GUHLA SguifaE 200 (203 30000 @ oiq ¢ 506 FEbarre o (e iba)

ACF | 4 QGG FRGITET by, (Cyt by) FEGICI £ (Cyt ), HFTERI @ FICHA SO
BTeRGA A2 2T, PS| 5 wrEw) (190 (Core complex) REFI (@817t (section centre) Py,
A 9o fape @ifEa wg as

[, IR

® st

B Aie buvdis ST
Ayt bl Rt

5@ s 1533 . il afReneae O9 @otd g5 gy PS [ 993 PS 1 93 SRR
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PS| I oUW BIE 26 =P RS (Strong reductan) 2RES o1 11 NADP (& fFefae
T7 NADPH 098 377, PSI @ 63T (cyclic) 938 SHFR (Non-cyclic) 4% 42 “fed
TRITHE 2EG 2AfEe (transfer) & |

04 |~
03 -
02—

L
0 -

02 ' ADP + Fi
ATP

03—

cytf
L

06 b K 2HY + 40,
07}~

i)

B

B2 15.3.4 ; FARHCIL FCARTNT ZEAGA RAAFSIT Z 7@ aget (il feei-cawreta
oEIAE 17 AR A <fRRES o) | weI Q = FROAW, PQ = DGR, Cyt b, = MR
b, cyt f= FZBIEM f, PC = HEOHRIFR. FRS = (TS f@ms @, ‘
Fd = (TSR @32 PS | @ 11 3990 goeg | @ || (@Aane |

B. fé®m ag¥oY (Pigment System II @ PS IT)

% 7T TUBTS TR 100-200% G ¢ 508 TR 5y (yass i)
ATE |« WG} Q A BBIPIAR (Plastoquinone a PQ), BTSN b, (Cyt b,), HZGTSTN
L (Cyt 0), BITEETRIRA (Plastocyanine 3 PC), SRS (Mn) @ (RIS (Cl) 39 Teifrrg
A | PSII @7 @& (50T (Core complex) RIBAR (FETA (reaction centre) P, AHE
o o crcafRee Qea | PSII 97 241 915 2+ GG *IfETA S (Strong Oxidant) 29
1 T T WL GIAE I SIS BLAFH TR 21 PSI (S BTG vz a8
HbPIFT |
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15.3.4 EreaGa ®ANEaY ¢ NADP fdunad ¢

PSI 43R PSI! TETDLNT WU ERGA 2AZCT 2678 (7@ (Hill and Bendall) 1960
VT (ST TN (Z Scheme) WTH Hfva ez om | ‘2" 7@ v agaaz (PSI
@R PSII) IRH G ({0 Ay TgIIN (PSI) 680 nm-aF (I @32 o wgegAb
(PSIT) 680 nm €3 % TALTHGYE SIHR TG F(F AT IR PSI 97 AT G5 OFg
(bridge)-a7 WS TG (T S PS] IF AW PSH (@ TG 91T I | 'Z' T3 A PSIL (S
e onfre zw e e P, @nafre Wt e oW v P Srefers I
2Eegw fefe T (Al 29w Q T T TWS AR LEEha I Refae 3| 9997
SRR Frnfegd Ridam st aeBpeae (PQ), FRIOT b, (Cyt b,), FRIBIERW t
(Cyt t) @ HFATBEMITAR (PC) @ SIGTT PSI O RIABAE 27| GBFITONI TEREA AL
¥ wred-[IEa (394 (redox potential) 99 F(a ATP &9 &y® 27|

=D I (positively charged) P, G@ItaIa o spieniAter cetfon (A0 el
730 T | Mn eifon SR ot (AT eerehwin e e T [{eaifene 2w 2aiE bR
(Photolysis) @3k SeNRIE @ (Fiaize wwa &2 Al [ giiee #iem 33 | carnbifEtis
TgS 1" wIRW NADP (3 fenfis aaig sy aj9ge 291 e Sfgm PSI @ Psil qfb 349
AT YASHE IS (L G GRS YRR WG JERGAS & (T NADP (S RIS
A

15.3.5 FIOTEACHAIBTET 3

WTANTT B2APRTTS ATP 09€) 2ETA 2=TOre TCHPFHIRRIZLETH 06 | WL (Arnon)
8 &g SRERA SMEE THAPRRTT ADP ¢ Slwa FEAA (Pi) ATWEA ATP (%7
S 1957 FHITH &AM FLAA |

ADP+ Pi—@@——-i»ATP
HteAs

9% =fauf @RS OF | 9Rera TEiRwEe T A sRreme eor eeta
G 3YCE TEH TOCHIABLEA qCET | Z-+0 3 LTI a8 2aed i of 41t oy
sifgane =¥ g =71 @ Hrvisifere Sge =i wrm-Rer Rea (redox potential) #i1fey 0.33
eV (RTFRGA (r6) @7 (IN T, (A ADP & HL#| Pi T¥ 0¥ ATP Teom =01
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15.3.5.1. TSR FOIEACHERIZE™H (Non-cyclic Photophospho-
rylation) 2

%@ SR PSI €32 PS4 TS SEDIRT FLORPAEARLHIR GCT A4 T2 TAGH
oAR T O | ATHCT PSI W2 PSI AT AgEOmR Yeide SR (e a0 a®R e
Rfrarys Sroftres @AM (I AUrerE WeRGa fFefs ) AL psi (s el
RERGA GR A AL PSI-Q RIS TW W3R PS-] «d #FE! (Vacancy) 7 I
PSI (aTas o SreGa (FLACTHA (Fd) T4 NADP* (& Rialfas a1 @ AT 2z
T Cyt b, @ Cyt f €3 GFel-Ronae fFed-+1<a] 0.33 eV (FARGA (O16) &7 (@] 29T
&% *fET T ADP ST T TSI T (Pi) §T T ¢ OF T ATP Sge o1 4
SETT SRS T PSII (RTF 39 Belw ST PSIT (T (P SIS e 71 9% 62
RERGA TRIMIGATD ST ARG TG 40 |

FRS|
-0-61+ 2¢" _NADP
j Fd
04— ITOTEAAIET A [F} . .
NADPH + H
_ 0'2 e iy
00 - " 2e
eyl bs
02 || ADP+PImNE
P ATP oyt
+ 04— 2e” '
+ 06— P 700
- ~ 683 nm
08— [psil /OH +2H e0H,0 TCTE
2e
~ 673 om '
02 * H;!O

Ba 2 15.3.5.1 | SRR FHHFAHIAREA

15.3.5.2. 6F®T FOIEACEAREH (Cyclie Photophosphorylation) 8

XEHE PS €7 BoRRIRSTS SR FTORPTCRIAZCE 90 28 43R UL PSil TARUS
) AP SRANTACAT TG ZCEARRAT0 SPIPIA #TY TGS 20H ATP AFS (I @R 2T PSI
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@ AT A | (AT 318 (Rhodospiritlum rubram) 72 wiEsios Fbaal e ﬁ‘?
Do GBI FCOIFACEFRNICETIN &%) 1 W |

GURGA PSI (AT 5 eGa 2w wweim Renfa® (NS (Feredoxin Reducing
Substance) (% RrEfire A (PLASR @ KRR T, w3 9 Fd v Refre [ w0
wrae-Rrerae RSTaR (Redox potential) FET (downdill) FETHITE b(Cyt b,) @ FRTHLEN
f (Cyt f) 9 THTY RIASEAS A 7AW PSE @ 2T FF | Fd (AT b (Cyt b)) 8 Cyt f
% 4fS 1t TgS =¥ 0.33 eV 97 T 26T &7 76 RIT 2 ] ATP S | =i Pl
A1 REEEA WRAERINEA ATP ToR 2677 »RFETS G FORFAIRETH A |

PSI
P 700

+04 + 2—

~ 683 nm
A b

B3 15.3.5.2 ; 5T FUOITHATHIRIZEA
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15.3.5.3. SEHIHA 8 THIE TLOIPACHIARCEH AL 2l 2

TESTEA PO BT

BB FHIHATHIAZCE

-

8.

PS 1 @2 PS Il 45 3¢4IF3 womargs
A

T UEFIGA 7S (donor) SIS T |
&% PG el (donor) 98 NADP*
Af¥s ege 23! (receiver) AN
P& T G2 P (0 fsfes e
ILAZ (AL (FF WMCH A |

NADP (&IfFe 2 e a4 srdiedd |

HELR TG |

SR STENRs- TS (photolysis) I619
A ST Teoly TH |

P e SfE @ |

DCMU (O2-@rarfraize-uig-fiuize
STf)- 97 TofRfS Srseprea HrEmTE-
qRETE 2Ty (inhibit) 03|
EPRA A% 9F0A B Pgy - Q

- PQ - cytb, = cytf - PC —
p?m) - FRS Racd Fd b NADP+I

Al st @3 fb W@ ATP & Teom 27|

- IEFACIA 2T ICH AN |

sl A

YR PS | WEKlAZ A |

YT 3(EPLA WSIF (donor) ALAGH TH
A, sd P, @Al (e e
FETRG HFIPIT IS Z(T TG 93
ST (IR BLE [0 |

NADP* fasfee /1 a2 @@ 1w
FHIFARE 7 2eTy SEw Seolg zre

@R SI9l FATAPAETIER AT |
DCMU -9 SoiB=IReba1 12 B -
AR(EHIH-9] GoId (T ASIY (LS AA
A

BreTg AR 9O < Py, — FRS
— Fd - cytby, > cytf —» PC -

Pgo!

2 s WIS 72 WY FT ATP
Teoin 2 |

15.3.6 TP W, I SGF I ¢ (IeASA 5F A C, 5F ¢

a3 faieaeffel WA A AETed ArTeATel 9 A @B wiE S [ (dark

phase) 37 TS, O3 QL7 fA@wAitrs e @bt omers fmacers @ (light independant
phase) F&T (af ez | @2 v Rfsmefes Mg FRE-OR-SHEICT F@H (fixation) €
Retart (reduction) 9TG AT e 2iyiwws (@ fowl swifen s Wb < A efE = —
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(a) (FEEA 5T (Calvin Cycle} 31 C. 5&F

(b} T3 932 TOIF B (Match and Slack Cycle} 41 C, 55

(¢) SETEAT SIS 4913 (Crassulacean Acid Metabolism) 3 CAM 5& ¢

e <#=f% (Calvin), (951 (Benson) €48 4T (Bassham) (S&FT F& (14C) SR
L TES Biegn 9 AANGTH A OIE-OrHBG AT (3 Ao snfawm araw, it
@fea 57 A ofafe ezt O3 sahrE gers: Yt oA SEsA $3 IM—

1. FTAZEGS WA (Synthesis of Carbohydrate) : @b SRR TG 41T 74T |

(i) TTNETH PIEA-TI -THZT ARG 75 diEreTs Sermwrad Soffers
ARRGTEMS -1, 5-Fo TS (RuBP) e T 20 092 1ol 6-a1da weflfirs e
(unstable) G5 Tefd o0 | @3 sl (Nof e Ao IT W 2 WY FHCSIEIED AYS
A

ARATeTe +CO, AR > el BLAELS N, N €A P Eal (1

-1, 5 AT o -weed e st

&% -3 QRES (30) TR Nl W (enfew sl eem Rifll (A

(stable compound) 993 9% FATHR 9% LS C, o =1 29

(if) WHCPIEACES ATl & TEOHHTIT M |, 3 TRITFEACAT AfFers 221
2 ATP
3. EIEeCaD o 3 GRS
R
(iif) Peraneoaiay 3-wsirr RaugiRis Seriiaa Toiffafers ¢ NADPH-a9 7mey
1, 3 SRwsizmmes, Emeiezize 3.5 Al 2|

1, 3 GREFlamnG NADPH: H? s Tty o
fammafenEe 3p
fesRrmifaras

(iv) BT RIS 3- 990w, Bl S6es SIRTAIIES SbLad 2ol URRRyE-
spfThm TAreTs el 2a |

RRTETOERG 3D e Y TR T
SBLANITLS

(v) otz @2 (Ao b SHETCGIETE TLIb(ad SARRITEIS FFDE- 1. 6 GEPACES AFS
277 |



fArefbeias 3 et CRERE RN T o eI -1, 6. R

(vi) FIBIE-1, 6-fa1-71ws AN wTwhs Sermied WRTT FFES-6 TT6
2B LA AR 93 (T (ATB AATE AT AErS WFA G2 IHE CFOHAT TS A6 oS
z|

IL a2fe8rare f-T9=6 (RuBP)-99 *#ge?W (Regeneration of RuBP)

@A RuBP-aF #{fwret FiEs AR ATARHEETE SHTS ALCE RuBP3 7AW
NS 27 @R @t FIH et oo 5w :

(vii) TOCBE-6- TG (6C), EOOETTEU-3-THHG (3C) a9 AW J¢ BT 4
PIFTEIETS BT ALY SRETSIAS-S-FH(HD (5C) 98 Qe -4 -TACHD (4C) 4TS
7|

FIOIE-6-FHCET + BPTEAREEe.3 T

SRS 5-TE0 + GfTAe-4-¥5es

(viii) ORTAG -4-THATHG (4C), IETSES Terwrad S+Hfére oRzRuFemHse

THCES (3C)-a7 o T T 7C =) [FS Greite e -1, 7, SRIFTFS tod I |

affaiE 4 TS + CRTREFWIHGE wIEt ——————— et -1, 7,
TR
(ix) PHITIOS TLOHLIF A CTLOTZ RIS -1, 7 GRFACHD, (TGTLRIGANS -7- PO
erEfE g
CTOERES -1, 7-f51-weh GG ZP A - 7-FA(T6
(x) CMOMZYLAT-7-THHEG (7C) G4 FAATRTC-3-FAEV (3C)-93. A
B Semivtae Sofuface g g ai3ae 5-wEs (5C) ¢ GlRATET 5-
TIAFE (5C) *fats za | : !
(TEZPGES -7-F97085 + TmeefoeRe-3-wmes >
qidtaie S-TACHG + SIBRCIAIE S-FHTH
(xi) SRTATCAS ST ALY AT -5- AT A12fa8Terter 5-woirwts gAsfae 77
AR5 s RO a5 woas
(xii) aferrae St Beiftefie siRfEeEns S-woes Az s-wres AR
7|
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oS
SRS CEIG - 5 - FALHD - AR5 -FACED

(xii) GO 7 ARITENG 5- TG ARCNT ATP-7 70O T& 70 €3¢ FERFITAT
5-FHTHD PRLE TLASTIT HEITON Ay TRATCATS -, 5-AZFHCTG (RuBP) Teofd 271

PRl
' i 5 e ¢ AR 5-TFHCHT FIAT

» gafaSrens -1, 5-faw et

XS UGS RuBP 71T IE-Gi3-TMBT Haua TACS 37w 57 32 (A 5B0
AfES 2re AT | By a2 15.3.6 (7Yq)

e ™
GH20P 7 .
ov] HOGH Al: clz-mor
S 3 COH
(W . I (iii)
Hy0P H CH,0P
1,3- SEFOTER A v
HCOH NADPH
HCOH HyOP &s MO H00
2w & TR : HCOH © 2 —
HCOH b | iv 5
L CHa0P HOCH
CHaoP Sty :
) -3-Tet  CHoOP I
WAR- 1,5 W E-o T Mt Hfl;‘t:'-H
I(tiiil P HCOH
A HCOH i ;
" HaOH =) I H f.l‘ig()f’
«— HCOH C=0 ¥R |, o~STrmes
i “H,0P : e
i HCOM 2 HCOH Y
oo CH,0P e HcT"OH (H20H
I - 5- T HOCH {viii} =0
CHy0P i Hy0 | GHOP N\
5w HCOH HCOH e - 4-FG I )
—t HOI ! gL
iy [H2oH HCOH " com non
; =0 HCOH HCOH HCOH
’ CHy0P -Ha0P
HI‘OH CRHICY G- 7- WS S jrons- 1, 7- SRl
Hy0P
L wierme-s-wwet )

a3 1536
(FAEA 5 A ACAFACIT TR 525 31 C, 5F [ (@, 9. AP G2 7, (Feen-F
TS 219 | (i) (¥ (xiii) Foifre Feief@ Sasws e s
AR T 10.3,6 TTH (ITER 5 (A
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15.3.7 K S FT 5F A C, 6F 3

FOB1G ¢ S FRFNA! (Kortschak et. al, 1954) LN (W2 (3 B9 HITABHTACI
27 Yfmeg M A 9 4-SdTgy Sytee HEde Aers ArE 993 WY QT 95, 9,
JraRT SR oy anfER ¢ wRea condn Sfgr W a3 9 4G | [ g% 93 T
(1966) /= ALt (eI~ @ I G@ATAa) ¢ RAaod g s fapr swfers o4
TR W (A 4 O S (o wnife anafie =im @nege o 291 @R 7R Rl
AMIACA T2CF MG 8 FE FAG AF™A (Hatch and Slack Carbon fixation) b 3% A
= ¢, A Befifes ste C, b3 (Cy Cycle) A7 WfolRs a1 =)

15.3.7.1 C, Sfgma tatg ¢

(1) C, Sfgwa strety it @A (vascular bundle) “fafee af&s S=R7A (bundle
sheath) (T 91ale AT @ITAI2PT oiffers 4 | SR T3 AR A0E S0 9 (weHfEe
1 | Read DI (Kranz)-93 WS C, B #er «F Rrs 3@t (anatomical
arrangement) (% FIWE SIHGBH (Kranz Anatomy) 75 2801 (6 98 15.3.7.1 (7Y7) |

B2 15.3.7.1 : C, BREwm O30 AISH 7RICEN (PR TTRIH)
(Atfer AED (@7 30T TEw AN @F GR AT (THA IR (e (IS W FPEANY)
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(2) M e ¢ EUAIRET @I @A TGRSl (dimorphism) o7 a1 A |
A WRTT @CAATA NPT @A AT (AE T qE T 9 QNS
A& WA (FIAI HIAEE 2ol AT oD 93 IR @R @RS difes
el R S AR ) AR ETRa e e aifde wiaad® (@I ;eHiA (starch) ST
@ pifeers e awg ol enaad @ cyemRefer @ETEIA (centripetally) TR
A (ba =2 15.3.7.1 o))

(3) C, Tfgmma irery (rifiest @ma vaArwIae +4330es (PEP) Wue affter wiaad) (wice
ARfACLAATS - wAHT (RuBP) 93 YHATT CO, S13Te] M |

(4) T SQHAITE (30° - 45°C) C, Tfen O T, wie Awzaia adgre wide Srels
SIS aTrE 76 R W A

(5) C, Byw AMAHTHTY wre] 4 g zla €, Bfgw (s wras (i 2w

(6) C, Tfer (e ofs 2o w3t ¢, Bfen o % o 392 A |

(7) C, Bfem SEAPI (photorespiration) 3™ WF-iFA® &eal @2 T (rate) Y82
Astey |

(8) IPErA wfFrE= "'ﬂ'_JQ. {oxygen concentration)-4d 877 #fsui Saia @y, e
e Eefefe ¢, Sfem AT e qg AW e |

Rt (BTG (Cholet) € witate| (Ogren) C, Sfews Fosfe taRirdr fefars 3% awifere
o1 WA | 9 PG = —

(a) BR-BIR WYRFG (4C) e agfe (b a1 SEmReE), @ cienRee (g
(AT ECNREE (BT A (3 |

(b) fem-ma =9 (30) RS e 25 (wif3zret a1 setem), mmfwwmf'ﬁmm
(AF AP T A A

(c) A& TR @ITT (3 Bernrey ToAfafere FidR-uiR-senRren Fgfeend €, o9
76 932 02 RYfFTT (decarboxylation)~97 SIERE—FBHI2AT, TRCOIFAGH A @IRIAT |

153.7.2 gwifs e C, Sfom o wcaww omfS ¢

C, v anefis fRfEnefer swerity g 0 =1 [ qus ek Akgoss
{phosphenol pyruvate 3! PEP) IRNG AP FHA-G3-5=g56 (CO,) 2zF s ¢ 4-Fa g
(4C) RS STArSTItGS (oxaloacetate 9 OAA) goirafae 29 @3t i Afeaf wwreEae
mﬁ:‘ sfeTs {phosphoenol pyruvate carboxylase a PEP carboxylase)} «[¥<® BLIHHS
(enzyme)-&9 SoAfIfers €5
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OO0

'r:l:Hz . ?”2

?O(P) + CO; + H,0 PEP B s C;-O + H3PO,
COOH COOH
RslsueTh ST -
*MX%FCes (PEP) MBS (0AA)

SHICASIFAGUGR RAfY 3 26w e Reara «ff 28 TS (malate)| w21 SIFIRTEE
(aspartate) #f31% 37 | NADP 1fers Beroinss arwrifers wiifers foafarwifeae (malic dehydro-
genase) TEOIHIT BT 932 NADPH -97 BoififTe OAA WITEelts goiaie =

(I:oou t[:oon
?Hl’ NADPH NADP* f”!
C=0 L SR, » HCOH
COOH l e COOH
(OAA) (TG )

SR NAD ifere Beroios @32 PCK dwifegs C, $fem sisiafte snugmres
(aspartic aminotransferase) <TG a2 ZBITAG (glutamate)-3 ToiffSTE OAA SIH#IALES
(aspartate)-9 3% 7T

tltoon ' <|:oon
CH2 : CHZ
| | + o- RGBS
F=o + vy — SPUROR__, oy
: STRIRAG TS
COOH COOH
(OAA) (STPEIRTEG )

(TOTIFe (I3 ege @3 C, SHTeefe (Wb 1 SHHARCEE) aifs oiwadl (bundle
sheath) (IIIT @FNAWCE RBTS 77|

NADP ifers Serapss arwif$a ¢, SR Aife siaad (1T Ssks WIes, NADP' 6
WiEis oI Toiffefers si3gret @3z TEE-BR-S@iRTe (Sre AN |
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COOH COOH
!

HCOH + NADF" R BE ,  c=0 + NADPH + H* + CO;
|

CHy . CH,

COOH

(meeTs) (~1iZRFTes)

9% TS CO,, (@A 5T (C, 5I3) 20 I3 =6 &¥fors «jage =1
NAD T1fes Berasas @3k PCK 2iefews C, Bfgrd Simi#iig (08 GIsaRie Sl
AR SHARIEE OAA-CS 7sfEe. 29|

COOH 513003

FHz T?Hz

CHNH, PPUTROOL, SRR ¢=0

COOH COOH
(SHTHPTACHE ) | (STCrenBEs )

% SRS (RO (Y (A0S FamiE e -w1ae@) (i e 307 S s
(OAA) #fa9s 23| '

NAD wifers Serise aefes ¢, Bfar aife waafl (aita 20T OAA (U0 ST €
o “ABFTET 8 CO, Teom 20 @& PCK 2mfeq C, Bfitn OAA (AT 23 PHTHRERSE
#ZGEB (PEP) G (3 AiZJUE0 6 CO, Geo 27 | @awird aifde wiaadl (s 7% AZgsh
ZoCCha Hre fafarm syenfew Sevm #a 93t @it YTIeEHEIG! (plasmodesmata)-Ad T4
fita faaifde o sFam e @ g w3 W3R o -REoibicacsa e el e
SR SMBAG RS GG HRNT A RS OIS W1 % ABJUSs
(0P PEP Beofd 27 T 9T CO, 279 TS 204 | GTSIA GIOREET (i @ Aifeet sraa
AT W C, 53 wiafde 2o 4 (ba 72 15.3.7.2 @) |

A (Saccharum), BB (Zea mays) Ef\'?ﬁ aifudl (Gramineae) (SNTAF (3 foy v
NADP Wife/s Terme eiwifed C . Ofew | agrers Snfbrwd “ilgeH| (driiplex spongiosa),
st ST (Panicum miliaceum)-7% @ % @Al (Lilaceae), @ipiferadl

78



1. NADP ME T NADP wﬁ@@em oras

“‘*\

MG «—-—-—v mﬂb
Pi
HCO3 NADPH NADP NADP C;

- oAfRgTSs ——  RwTSh

1\ TRwEeS - ﬂ -

ST Ty e - cem

z NAD - ME 37 NAD Wiftrs Beose ol

L)
[N
e [ o

HCO,4 ]
Lbire 1T 4—*11!;7563 AR €
Mike e

-

R (T A -SRI (Y

3 pcmmmmmwmm
]

r (N T’:"{Wi

HCO,

mﬁm R € S
Lot Tacid L
A _ ot

T it e o - 1Y

foa 2 15.3.7.2 Fomb fow aenfen ¢, Sfam aida Fufewm
S (G W3 WF 5F A, 5F)

(Bromeliaceae) 932 STPTZMIATER (Asclepiadaceae)-4 SEF e Tfgns NAD wifeia Se7ve
&I C, Tfewn | wRE oA SO, (Panicum maximum) €@ @R TR (Chiloris
gayana)-72 TTFARIRT g 8fgr PCK ey wwsfe i
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GUE (1 el ot e ©f 2 @@ @ C, B Gl (e @S
RuBP SR S0 Sesime 1 Ay C, 53 e @i sl wgshe A
A 03 (TSRS I e g M) 2y HEAoR T 7 478 G PR HOAITE (oI
YA FICEAPARCACI SIS (light phase) 7ol 11 Sisfafrcss aife-siiead caca
IR C, (A b Totffrs A @k AQIEAN ATP @ NADPH (ITfaa (Iea Seom
Q6T FILE2 G-I (FICY T FYH 7R S AN |

153.7.3 C, Sfgma wte?id (Significance) 3

(1) C, g oA el Berms THCwigae SERe® (PEP carboxylase) C,
ke RuBP #dRiers wepe (@ otz zeAr C, Bfemmt 93 99 CO,-7 TARRferes
ATATHTAR TS A |

(2) ST TARRMS ¢, Semm AR (FREEE AT A I A

(3) SIARPATT SRS Al 7ol 26T C, SRR AT Fwe| €, SIFUrer (40
@ 7| @ T @7 72 (e Tomae @A 7T Beof FErS AT |

(4) C, Bffrvan caf¥ siewt@l (30° - 45°C) @ WS S (light intensity) I FIS AT
(e WA (tropical) SFH G G T ¢ FO I I A |

(5) 432 =9 AGLYA (concentration) CO,-F Geifrafers (2 10 ppm *{f®%) ANAPALCET
FACS AI A T, WG @ C, T Bfgn (xerophyte) ST, TR Ty I A 7QS
ACAFHTHY FALS THN A | '

15.3.7.4. C, €. C, Tfgmwa iy =nefay ¢

C, g _ C, Sfew
1. ifimen g Ofend C, 2eifon queaal | 1. iR (Graminae) @ FRATARA
(@Tfon 5L TS BEA FTYS T | (Cypcraceae)ﬂim‘ﬂﬂ@ﬁ@%‘fci
#EIRE T3% 931 FG G IR 5L T
P YA B
2 wfi® CO, s sC s |20 =k co, A 3¢ Wi
| SRS R 31 RuBP FCRIRAA AZIUEE A PEP |
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15.3.7.4. C, @R C, Tfgia Wy ~idey 3

SBT-02- (B-2} (U-11-20)-6

8l

C, &few C, Tfegw

3 mef wft e 3¢ wqfRfS 3. el il @@ o4c wghE
TACEIAATG 4 PGA ¢ SITEARTGE a1 OAA

4. (PTAUPT 9B €ATAT (Monomorphic) | 4. ATGH-SR—F @UHET G @O
LU @RS BZerT (dimorphism) &7 331

T |
5. Hreig A (anatomy)’ﬂfi‘?ﬁﬂil 5. SfER TR (anatomy) IS 3@1%—4
' (Kranz type) |

6. afeld Fraas 2T agaes PS 16 | 6. afen-wed® @Iy PS 1l awsbus
PSIT Toiforre A | T |

7. @SR b3 (VIR EIAIRIGS 941 | 7. @eifen 58 AA-WEA @TARITT
2! : Ao T3 |

8. A C, 53 BeAfRrs | 8. C, % C, Tow bFE Toifrs |

9. SEARPPT Toifirs wag 9 1a @RI | 9. witseTm woeel S 9 9w 2|

44% 99 |

10. CO, =u%a &% (compensation point) 10. CO, =asad 4% 0-10 ppm O, |
30-150 ppm CO,!

1. #rer feta CO, 5T (concentration) | 11, =it fowta CO, 5% &Y 100 ppm
& 200 ppm AT AUTE |

12. AFASTA CO,-4 947 = AFA TN CO, | 2. ALIGH 93 I CO, W96 PEP
Be W, TE 4% woy Sfew FreR =W, wE 43 wew Sfew
AT Wl (photosynthetic ey wwel (4 g
efficiency) ®3 ¥¥ | 49 RuBP-«¥
T TS I |

13. O, -8 I7F (concentration) 37 (7TF | 13. 0,-9F 9 AVT q T H(H

i HAICTIGATHIT 2 (rate) I YA | RICSATSHALCATHT 20T [0 4 |



C, Tfen C, Sfen

14, #f&% O (optimum temperature) 10- | (4, #{&9 S9A1 30 - 45YC (ZFCE TF Tl
25°%c. SIE TA)

15. 24l SEIEANE ATEHPATEAT T (rate) | 15, w4 FHES ATRALECES 204 25 30
= 15-25 fifsas co,/ wHfime? Aer — 40 ffFam CO,/eHRGR’ e
oA (leaf area)/9G! (hour) | TS5 (leaf area) / 991 (hour) !

16. #fs sy grae axgfore 180 ATP 2GER | 16, 2f wq e agfers 30/ ATP e

- Eg LR »

15.3.8 Foralmm wpfe f@ens @t CAM ¢

FTA, FTEIEA, SRR, Femad, TererfiaR @9 g g Foem w@e
fratsa @5fed (diurnal pattern) FEA-7TXE 2Afa FCa | G2 HFw1 Sign ATTS B2 AFLH
ST & FWMA ATy FRES v 6 AfeRrE ([ AN L4 T A HISE (T
ST S | @3 Sracyy 96A% wAT ST (ItE@d (Crassulaceae family)
ool SfGTw (TS QICARFBEA (Brvophyllum), TS (Kalunchoe) H%TTS HHfqeifire 2y
e ALA@HHET @3 faeag swifors Fabma enfie e (Crassulacean Acid Me-
tabolism 31 CAM) T& |

153.8.1 CAM Tfewa cafdy 2

l. CAM $fen aifarastin CO, dz4 ara 93z efpa ARMe s Sge w0 a0

2. wfgEet CAM Sfgna a& Aafi®S (succulent type) T8 932 AYETS A ol g
(fleshy) 20T AT | ST NG AR F490T (A 73 T BGA (succulent)-2 CAM Efgr 71
(a9 S A Salicornia)

1. CAM Tfamva #om (@Eg St I8 4G R/ (vacuole) WTE «4g @offeid Y
AT iR SIS (malate) A4S 219 TF ANE@ (SICAT 99 (sap)-99 pH SIS
LA g |

4. AT (stomata) (I @ AT Fa6q 2T (diurnal pattefn) 7T IR A G Q9ffeT
fereia (A a7 @ g cAleT! AL

5. sfaay MAIHCS 9% AT CAM Sl @o1 SRt (conservation) g%l gfa
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AT A s A SHTA (tropical climate) ST X (dry)| FAROAT FireTia SEen3
41+ YR TS i

6. CAM 3fgrwa sitety Aifiraena s «(fame argam #ice Ay 7ige *Earq sifane
g A, werfias feraareens sutfrea sifaae 25 e s wAffme gi

7. @R SR (xerophytes)-93 &g (RG] (WsH 9g WIFE (thick cuticle), Fafers
AIITY (sunken stomata), F0I (thorn). BT FTG T GIATNIGIAE T9 (transpiration rate) CAM
Efew om T

15.3.8.2 CAM ofgn o147 gy *=f® (CAM &) 32

CAM Tfgh 3¢ @147 g Aig C, 5% A TG 6 WG =24 (Hatch & Slack
pathway) ST |

(1) CAM Tfw of@@ (stomata) FT=ar (o0 T AT O3 A @@y (AENE CO,
CFICY 2T & | PITIRAR FRIFCTS ST CHPRETS PEP A THLTHIRAS SAZFCO0 I3
CO,(® 279 AT ¢ TRESFIEE (oxaloacetate A OAA) AR zW i

COOH
e {:mo
(é:;):’) + 0Oy + HyO PEP IRTo® R <|3Hz + H;PO;
COOH
(PEP) (OAA)

(2) Mo featgrmiEnee Serinreg Soifafere @as NADPH- g4 A1) SETESHIAES
(OAA) TICETD FABES 27

(EOOH COOH
i
C=0 wifEs Rty es CHOH
| + NADPH + H* > | + NADP*
?Hz rT‘.Hz
COOH COOH
(OAA) (A¢tB)

(3) SxSIa #iery AAEER @ I Age T, Ol AS @RIKA (vacuole) HFS
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s | e (s % Al STES (PREER (A0E IR0 S0 99 [GoiEReTa (decar-
boxylation) T “AfFELSIs orefde = 93 CO, fefs |

COOH

SHoH CH,

, NADP i Berms J

CHz | » (|:=0 + COZ
Sooi COOH

(Tes)  (~iEeh)

(4) 92 TES CO, @AUTG T3 AT 32 (FETEH HIFT TLHGS-IT FZOM C, bTod
TN *FAl el T[T | TR ABICST (A HIWZAA ARGUSE (PEP) (ofd 21, T
S AT CO, (F 239 TS FIFS T 498 Q1 AFLS Mery 0% 1 o 22 1538 0
CAM 5z wifawerg mam 24| :

JER Rl AW A C, ¢3R CAM Temaa Sfems CO, TR A C, (Ffen 53
S8 C, 5F T L A1 ¢V wAet ool qa 11fe wiemd @3 off sj9e @i
I 53 4t e ww 1 werlits CAM Sferm owrg @7 @ efgm (efis C, 9 C,
BF) IS 9% (HTIRRE (LA ol W G2 1 b vfbe «walb 21ce ¢ «afs fraraeny wh
AT | 9T B CAM BEHe Wi 1wy Al C, BfEH (night C, plant) S 0ra3l |

15.3.8.3 CAM @3 Steo¥ (Significant)

1) M5 (Diurnal pattern) #@@g BlsH #=fSTe Mta olaqq® (1 AU @3z fra a7
AT |

2) CAM Sfgr#a +i1ere SIT (anticle) T @A) g

3) frmigers siqarym THAfRIS amrant o s o | CAM SfEW (Ul SeRmsucy
2 2 CO, o= S90S 50-100g T AT FH, GIATH C; ¢ C, INRTHA 400- 500g TR
250 - 300g @A T FA |

4) CAM Ty s st =i C, B sndE @3 ¢, B us @R (1/3)

5) 54543 (intermediate) Bfgwal SieTa A A C, G T TSI CAM *mfors
FITIERE A1 (A, CHAAGIIANS [ (Mesenhrvanthemum crystallinum)
T sl 7o BigT ACTPRETT A 4F TGS WHa A |
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=
3
PEP<— {00 P PEP
0AAs” - i
Pi _‘_Tj g
NADH | . =1 COy- '
NAD* 5
ST o - S
N _ . : J

Bt 15.3.8 ; orafrad TTH o7t TooE (1 CAM Bfw Frameniss & afficss CO -4 25wt
© (ateorre Age s sy Rt gprf wre | frem bra o smfere cam Sfa @A
AR 7y o1 Refawend (@ TR |
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T At (sufficiency) A @3 TEAb €, SfFMa e WHI IO | ATFLA HaTY
(T @ Y g7 A ATETE SMTREE (acidification) FEFTE (FIA ARGy (A A

e FofEs T (Light Regulated Enzymes)

ST SetfRiors ey ou e 5y Bne e fRRTsT W SIcnaRe T 91K
ACANDT TAFRRSTE @l 14 3 IS AT 't

|, 2BREre Foprsiss SR (RuBP Carboxylase)

2. TR SRR 3 -t feeRryEaw (Glyceraldehyde @ phosphate dehydrogenase)

3. geUhrE REtah SHEIGS (Fructose bis-phosphate phosphatas)

4. Wﬁmml(?hosphoribo kinase)

Arsrere Aferaies {lnhihimrs of photosynthesis)

frg BERmeits owiel (raa @A wiE- faiRe 38R (CMU) 4R wiarga s
©iE ReEE BERA (DCMU) STERSRTATER STl wiig PSIE $R Q (A PQ-¢ ARG
RIS Y I (W | %G GRATACEA 1€F (vilogen dye) GIRTFEG (diquat) G AT
(paraquat) (151 HfodT FAMTHIT TR FH AN T I O |

TP 2 1

Borcam wretelfer aff el fie sem ofs AT, ST fates ebfera B fire e et
29 2l 7

1. PR o3 g 8
a. STERHTRET B0 57 Sesiy 23|
b, FHITETFHIATES 7T SeeTasfy ___ olfaes 53

¢. CEIEHLTETET N BeAT O, ¥4 G ;
d. S AGE TR ACERHTAEY R |
e, oReWH E e Se AERRINTY S gl a7 S Al
2. s fogms
a; FTEARPGRTATER 7 = Tesi 24|
b. STENEITECaA AvuAE = AR W ETEgel S 29 |

. FHrErErEESd Ofgw O, dg9 ¢ CO, O% FTI |
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3. weee Te forym e

| FBIBbE TACFARE PF AH 1
Fcafbacas & ¢
eI A (I W HCAFALCHCE AAZE T 7
TS pIfs Ft
I 2T 3 TR |
(RIIFOM ATEANG| Telg Bl (T 2

S

15.4 Frdiam sreesceeE (Bacterial Photosynthesis) 8

AR 2aF € AN oot AEHRY 1o opda T sweia @ FuEdl qrel an
A | G AR W2 SRS =3 AN 99T A7 THFRETS 4w 4FE A0S
oM | 9% TSR BT FERFEARIS) AR (Photosynthetic bacteria) & 57 |

15.4.1 ATAFRETIR FohAme @RSt (Classification) ¢

w2 alfanm embites agrey $aaFfs va @@ Aln Co, R o
AT O 6o fefe ara Tewin fomeits wis o Ty —

i} ALG AFTHR EHE RN (Green Sulphur bacteria) : c@teatfanm (Chlorobium).
(FAFHSCOITNTR (Chloropseudomonas) &3, STENFS TN H,S SfTe NHS S
«tna s fefafes (bacterio viridiny 3 FiElRes4a=efm (Bacterio purpurin) A8 g4
aw (@AfEars ey @ @ 1

ii) ﬁﬁ @izs erre i (Purple Sulphur Bacteria) 8 GBS (Chrowatium)
G4 ARG (Thiospirium) THEAYe F4& Fleed aaiRan A Iwm 39|
G RS ANFDiae @A (bacterio chlorophyll) -a - 3 - b - SI(N ljﬁ 94 s 2IoS
o5 »fame RBATS (Carotenoid) (A9l sttgat A (

iit) werEafaE i (Non-Sulphur bacteria} : M4ia%E % T, Eo NI AURUE
il orew T qq Feepfera SAreEERE @ speTanseE efufsre w @)
RO BTG (Rhodospiritium) a3 @RGSR Rhodopseudomonas) a3 C?-‘J‘:ﬂ@@
FFHR |
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15.4.2 ap=hiame snreenecag s 3

CRTIHITN 3 SMETINeadd) GebimT o3 @ %y sefs o sm
@A F ARAES AETSALHED ATHAT 7gS *We (Pigment) (ABTHa 71 g8 207
500‘6002 AP Aferd wrel (SR (Vesicle) 59 a0 | @) Sonfaa (Stanier) € $17

Eada 1952 B @3 coFeafend @NBIER (Chromatophore) ST 7 | 2l
b [ FSBET ANTFATHTIR G2 {photosynthetic unit) 9¥ HIALT 5o |

15.4.3 wiablam Mty 4=fS (Mechanism) 3

R AR sfors TN I T T AYES g STy ©iv 1
FOATR-— i) AT Wil 2) FEA-T8aae

1) S ¢ fReesl SR (Vernon) 1964 NBicx rafbiay seeRusta? Sz
RTERG 21417 27 T3 | ST 1S DRrSTpIcatRece Sirana ofemig « s (@afre ug

ciﬁ@&a (Fd)
o
& FTYN — > NAD
H,S
ABRPWAR mz
dp |
F
b
afifte- ,/gfﬂ
e et eyt e
Pgon [
WRE’IT@‘

e e 15.4.2.1 : Tl et sy 25T RINWa @STE 95 O (74 205 |
ATA FN = gerznfia, RHP = @rerizfass & (o 992 Cyt b ¢ Cyt ¢ 3Ty
AZOIS b @ ¢ AW WO 20T |

F§ eiifirs ey «x fafew cocw wafus b, @l Sqre «o (Tew | Sreke
g CPILATTRIET WS (e BL@fErS (excited) 20 @32 @3B BreTagal sfs ata 1 93 fsfe Breraga
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(¢) FLTEfEN (feredoxin) Qa2 TG (flevoprotein) “F MUY 2AAEE (T NAD" (&
fRofde ata1 (weefEm NAD RURBE (terredoxin NAD reductase) AT BECASI
Borfere @2 Rwe Wb aag NAD" (0F NADH + H* S 21|

Ry cwra TERYIHA (ubiquinone) AT T D JTEGH 4TS FEGHA a1 FMN
(AT RGO 2129 T (T4 IR CIHTE TG0 NAD™ (& Refe =1 0 arrer»Hizfens
fw cenfom (Rhodosperillum haeme protein RHP) (T8 SAFBEAS 21 9% RHP (4@
IfEE FABLHIPT (Cytochrome b A Cyt b €38 Cytochrome C,  Cyt C,)-dF WX
AERGI0 ABHRGFAFE (B, Chl.) I W01 (4 59179 272 TERGAT 231ES 20 o
%~ BChl (Pgoq) — Fd — ZERAFEAT — RHP = Cyt b — Cyt Cy — Pyy

MRS / OIS T AT TS NI ARG FAAT T -
ARG/ FONAG/ ATAHETES H,S — &g -» RHP - Cytb ——
NAD* « FMN ¢ Fd <« Bchli « Cyt C,

GIEDRATS WS SHBIT TOGHEANREN Goifae arae @ed ¢ $17 7237

1961 D= ST NG TEDHA FHTATAREMN GF SFe e 33 | Fad 2

(Fog), 1968 TroMs (ST I (14C) €F AL AT B (I (T, (ISR 7™

(Rhodospirillum rubrum) €32 MR (Thiobacillus) 72 <FfEE T A

Rt S0 Bfgr won (@A 53 TITH HoE 2F @R 93 SifSre St Wi Tge
ATP @ NADPH 5% 27|

15.4.4 [obfam ¢ Tfgwa AT=ISACCaTER go 8

1) i 9 Ry Sfgw, Tow oraR oo SRy «sl [WS R
(Reaction centre) T3 (SfTgq |

2) Age *Wid WPIG AP TSI

3) bTIHA @ THSIFE FLOTAFAREH Tou S wAfdetre a1

4) CERGA FRMTACIT 7AW LEREA A0 afons @ foa sied T

5) WANdR ToifRfore ATP @a2 NADPH 3 NADH 29 23|
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teriochlorophyll), @fve-fefafsa
(bacterioviridin) 8 FCAIfbaET
(carotenoid) !

CTAS SIS G SASITALA (800-
900 mm) Sidfle WACANRS (infra-red) |
fAfFTTE® (reaction centre) @FH W3t
afoTE Py, AT (S Y |
HAIEHHLEEHCE DT G 7 44
AN FETFEH w36 DRLGTE
ATFRG (H,S) INA g T 928
sitEd (19 |

ey (Fd) TS (Fd) > FMN ~~—>NAD"
ADP + P o s
W”‘ﬁ 2
ATP s i L SE R aie € onfdh
'Le ¢/ YIPTEAED
— _ (44 I
fid
ADP + pi VP ADp 1 <D
AT & AT I
F 530 A TR A
TRfHRe- Y . -
. ‘ Wmﬁ@ ’#.‘,}‘I i.-:
e i
A, B.
Trebia ¢ e Sfeww ATATATETIR THIL ¢
el s Sfegn
@ A @reart 3 | NS @A A
Zate agaomie agihfRergicaies (bac- 2141 FYDOMIAE 78 (A a8 -

b (chiorophyll -a and -b). FMAMAAG
(carotenoid) '8 TR (phycobilin)

oIS T SHBTHIE WA (540-
700 mm) CNES 29

Pogo € Prgy #ICH @m AYT fafeaem
THfRT AF |

AMCAFHLLERFI ] SfAre= THS 24|
Mafis Zreagd WMol Z8 EE (H,0) !
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RIS g Bign

7. SCER WA WS A 7. A SAY W0 SRS Sesd 2|

8., Wd-TiR SHET WGNG O (T (T | 8. % TEE-BiR-weEuE (CO,) A
T BA (source) FBANA A72Z® 7w BeHAYUA 4TS W |

9. CO,-47 [&ias 551 NADH 9. €O, -a7 fa=iaF T8 NADPH

10, ST Tefufe @ SRITEAR | 10, g «a Sies Teads s
ssffere afFn wb ) =Afagif <G|

1. FIAY SR o7 S TF a1 11, 3MAFCRY S[@ (Emerson's effect) &%

1 AL |
12. bR € SHPEA PEHEPLERREFR | 19 Swy  wOEMTRIBERT-9 WY
L T Y] 5HTED G (dominant) | SSDIEE (non-cyclic)i 24 | ,

15.5 ATARTCITI A& Mg wSaa 3

 AEREEER S e T Wy i, S-SR -wRe, TYe!, wfHrem, o,
@Cifiee, (ATOIENT, Arold TSREA 15w &4 |

AT ¢ SCENTT Sael, Faifs @ APRTeT AEARHHINS deis w7, TfaT FHS
O ATARHCE W6 | EATEA Sigel R AcereHccar ey wra | v qoft S
. Boita wof srojf e T gk aft S IS AARPREE (TS IR o
o #fFafs i = Fa )

SRR (3 SO ATHTATE 42 CO, 47+ @ WA Tge CO, At
T SIS FACAFC 9ICTS e |

Sl Sgel aafh RS wa witwy sa wow 9wl WAl ARetEe @ ens
CBSIRHTER A | S GG GRS W

WETEA ¢ 1920 A [FeA eu@ls| (Warburgm 1920) U #04 SIA ST
Toiffors AERENEa TF IVAIY 79 | BRER euradis| erd (Warburg effect) a0#11[1971
RIS SRS 33 AT (Orgen and Boyes, 1971) W6A1fba @3 4t i | SIS SoRRfers
ABRTEE 5 Tt o Sl R SEfEEs &Ea 1Y $ @ RuBP 3
IR SIS AR 09 | GURg 0, 9% CO, R Bernaba owie afraleonsTe
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TR WA GR GT FLE PRI Gt T B Iwe o) 43 GBS e
(photorespiration) 9%(G T G C, Tfers «afb STa=uansn wbat wwets C, S sitaaww
ofafis g 31 czg Apa AR W ¢ SRt wibtes SR coen T
et farar aiftes fiw ste smaesme afecag =031

IR DT 5 (TG P63 0BG AR a5 Biorarer fewilca e aa
Oty T2R Al sifea Rrsmsita g o0z «fFmEee srer magsn @ Ames
T ST 0.03% T AT CBCa @3B T oras B wie 9 |

CISETERE (1873) T oram @ CO, wa wAfe i et STaREREIER 93l
N ToofE 36w | o AGRSIW (Triticum Sativum) @ (%63 0.15% CO 97 Bofafers
w77 sifrs om

I 2 CPITARTET A AT 2 IRre «of g Bii 22 3 |
28 WAEHAZS (photorecepter) G348 STETE Fw RBHIE 1w 4| AT G@ICAUTH
Boffe w3 w7 Tt e Aecre WO w AR g9 A9 TeT 3w 1 BraweE
(Sirouval, 1963) CTEFY L SRt FHeCHES OIS (L-amino-levulinic acid) @2 TS
CIRGAD C¥ta GITAIRTET wisfm 7o sl awfa a3

CATBIANGNT efer 2 (anbiarea Taiffee Rfen ewra Yz AeRwTT dRFms
ARG L9+ TSI BUAps @rwie Jgge SR oze 30|
 CRNDIAEE BT R, E W, B W e Seie G @l Sfeom
HETRFHATEIS A I

ACARFRTAIR AL ACRI T (T WIEA®, FER-0Z-GHIC, Sowa, o a9
HCARFACHT TACF el 37| Realay @3 sroriss warmese g /sl 1 o
25T AR 72 72 SN A RS *RAEE AT | Sl G Ao
FHEE (maximum), FEF (minimum) @3 7@ (optimum) €3 Fo= Wiy Sis) 30aw | Rreaion
TCS IYT (I AT SofRIS7 ore el g =3, oum Ao (iR SRR TS
SIS G I & ASRTIT T AT W 4600 7 (o7 I T T, T4 ASRIT (12
TR g deiRE IE | GRR @ ASAFY HWF 34 AFba 29 A AW
(g, O AT O SIS oAawl AT 40t | HERTEANE (@ @ =Aagay
efeTy @ FW oI derten Wi ¢ AT SR FRGT AT I AT ZFES AT
HORIE (FF 9 fAwrivre ToRray g 70 a9 @ A79 AeiRers ReEena ) $4E
& A 1905 T T ©G SoRieR @A |
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155.1 g WAEF SRR J@ (Blackman’s Law of

Limiting Factors) 2

(@ 93 *MAFFET AFAT (physiological process) (FW w3 AT de@C®a (factor)
#f W (optimum potint) (IRAAT T PRI (Blackman), 1905 oirw @3 7a (law)-99
ST ILIA 932 @2 afn ey fofa G Reusite anen ata o | ZeEy @8
@l fugs el 3@ A Laws of Limiting Factor <1ty #fdfow 1 $1a @3 Faflt 25~ 344
@ @3 MA@ Afem eFifis Afaene aorres osia FSaia 23, w47 oF aFuibe
Fla Sfarare I6qm FHTorE I IR goFE @ WIES TW17 “When a process is

conditioned as to its rapidity by a number of separate factors. the rate of the process is limited

by the pace of slowest factor.)

W/ (Blackman) SIH 4% @t @ong «ofb @Abran (graph) JRTI I B
Jfarmrge © 5@ @3 15.5(a) 4 (IS 56 | 93 (E10e FofR O (abscissa) (9 240 B2 -SIEE
(Co a9 fRfen o109 (concentration)9as @I (ordinate) (& HCETRIHLECIL D4 (rate of
photosynthesis) 21 FCa | $17 <3 (145 (AT 1 T (A (@ &6 G0 e Slgen
(light intensity) IFTGE Co, T SFUETS AEATHT 77l T AT | 9T & 93 BARD
Siger T TS | mg Co, AT TN ZH, WA AETALEH X 2 | WA Syl 9
@A Co, 4 sifdwidl 2 B | (WS § mg T ATITA! 20 ATSAPHLECIN L (A4fbraa
AB S99 TARF TSN I (900 NF | @ 93 (same) TEE STOF Co, F +fFd Wwe
GITET RLARFATACE 214 {3 wife e =1 A1 qag % 21 (w7efbee AC Sidie QUa A
AT 2| IS (7 AR (1 (FAHIAT 93 ST (BC) SNENF SIS (intensity) FR
SIS (limiting factor) (¥ 1T F(A | YDA (2 TRIT RIARHIATIA T %1 IICT LA
WA SRS AR ACAEA TF| (L (F (@ IE Sigsl fasje a9 (double)
AETEATAET 27 93 WS RTa (certain limit) 9 I 7w, @ @Afora 8D @
A TATY, g @ 29 oFEm SUHa SASIE AT (DE) 30 AW
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------------------------

&
g B
) bxy
ACSARPAHS
..._‘\\\U
Oy tn

B
A A
CO,-93 MGY - CQ,-97 MGY
(2) (b)

@ = 15.5 HACATATICET Aq-e ASae @ T 54 3
(a) RIICAI 3G TPACA (b) (EH @R QI oifafEe (w5 |

FICeE (1A5a (AT (Al A (T AB 6 BD S Co 3 g & HE ST Co, T Al
RS AR P (oa0e, ST BC 8 DE ST SITERs SIEe] #3 A1 & 43 Ske
AP 23 @ T SIS St iRt ATIem LR |

(& (James) @ ZNSR (Harder), 1921 PBirw JFAGILAY A% STEA HACEIGT (criticism)
S | S AR A (I AR 7 Fea 4 ewife Erafbram 7 A Afada
LA | ST S AT IR 29 Zo1R I 30H ((FBTad B 8 D FITH) T
(parallel) SRR A T3 IR T Tz TALS FUCS TN SR T (AR | S 2
Afzafeo (=74fba foa 72 15.5-97 b WL (FATAL 257 |

15.6 #AQ ¢

ACARHICE To GG #7is TR AR 79T Tfgn CIaifers Tapifa et s
7o a0 TR 78 | 5 S @GR (chlorophyll) 572 SRy 3G LSS Fe™
TR CoI 9N 22 R T2 T, DI -BIZ-SIBIea @ GifErs BCasas AT R
(carbohydrate) &TET Uy 2GS F(A @ SHCEA (0, )M RS (LT (A1 SIS
(biosphere) Fw EEd Sl 27 (direct) <1 #TAMS (indirect) S04 SfRMa L2 AIETIFATH
a3 (G (AR eer A | @3 oTifE @eed atg @ wfes T ATP «
Rwifes (NADPH) @i 2, SICwsl AT 7 (AT 218 Co o feriae] €(b 4k =Rk oefs
2
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e grranams (Blackman), 1905 S10ITa Afoes 21se 303 (7 (4 AER¥EY el
3 o2 sy wwim zu 1 @3 9y TN ST ™ (light phase)- 4t UV MeMT
DS T G2 93 W ST @9t ATP ¢ el NADPH 29 58 932 #ag »ifd 7o
TRBR W (dark phase}-af @UARTHT OFRT o 9 WL OB WA S -ER - SIEY
fefie @ =64 (carbodydrate) 2R¥® 0H AT |

QP AN HIE CAIAICET (green algae) HTARSRTETEA I (action spectrum)
SR BIAMA FAT G (T 680 nm-92 (AR SR Tweiry WTse @Al ago onfs
216 b FATHRHTATET WIS UH1 W3 3 WG=1e fef (ofae pife (Red Drop) S o
ofta fofa (=m0 680 nm-a3 (A O SICHICEE (far-red) 0 650 mmLd T3 AT
SICETICPa 9Bg 203 «Z Mg va 27 gag Ao 9 g o gaz 2 9oAe
AR Ae (Emerson’s Enhancement Effect) 367 T3 | U2 S0 (A5 G3 yraey off @ &1
@ ATFEHCE SIS #1772 TgFDE (photosystem) FJLFSTA TS Z 97 IS0 680
Nm-99 (X GESTALG TS (ALS0F | Al photosystem [ 21 PS 1) @22 =@l 680
nm-8g HYE »ﬂ_ﬂ'm‘lfmff’i@ TNCEANE (IS [ 3 photosystem 11 A PS 11 ) HiFw 37«3 530
FFIOLY 2ETIeR 2AITS 237wy Fofs =ifgar staicay ATP-4 e Pi (SIS THEI)-F
WY W 92 ATP (o) 9| WIS ARFTE G429 S04 ATP afeq @3 wBane
PISIPACTAREA (photophosphorylation) 46T 23 | HI4rATs; YoNE A% FOFATHRIZCE
I AT | 99 AL ZET I FHRPIREE (non-cyclic photophosphorylation) @3
AT PS 1l (/7 PS | A9/99 IrEdEA GdNrY weArafae 3w g9z el serd
FIORPACTIATZCE (cyclic photophosphorylation) A1 ¥gur@ PS 1 & g afde «ag Qar
ARG GFD T G2 BRI ST FRIFTES T 1 G FEATHIL T Py (<fTs
T wifiga faghl = ATP aryfers 4z 2 9% s g NADP(S s o4 NADPH
0o A 932 G2 B9 (ATP € NADPH) 7RI $faw €O, @ Foifae sz aas w1 a9
FH | ARENS WHADT GATRECT T WA T a9 T (ST LGN (H') FeTah
(e7) 99 SfFrEw TeAm 7

2H,0 Oy, + 4H "+ de

FARGT ATP ¢ [dai{ae NADPH T2% Afame agied «17 e 319 %2a™-1 (fixation)
¢ S8l (assimilation) 7 27 1 @2 el senices wsfafecs a0b wwst At @i s
P (dark phase) 49T 20518 FLASHLER CO, [FeRre@ a3 [ wailbra aens-arsee
7! (light independent phase) 36T 23 | f&=11% siwefs snuca Bao S 3 IR H@xw A6
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A | &7 2T 2 FESH 6 (Calvin cycle), AR AAfis =id Tewifcs @9t 3 I
SRS (3C) @« wfanfae e (3 phosphoglyceric acid 41 3 PGA) 267 afb@
C.b&¢ (C, cycle) I T e ge Qe @2 TP b2 (Hatch and Slack clcle) |32 9% 1Y
P AT AIW 4 FEQ QRS (4C) (& GG (organic acid) sl SEiCemsBibs
(oxaloacetate A OAA), SiitelB (malate) Fojiu s = LA FFS 28 A& bFHTT
C53 (C,cycle) Wl (€T 87, Bl A4 S (Ieffea 5P fafgw a1 98
FRIETS PGt T R 0B S A SR TS =i (Crassulacean Acid Metabo-
lism 41 CAM), CIITH AT Co, YRS T @R G Wfers SMHG (malate) JCo1 ASH A=
(vacuole) 4 AfEE e 94 fieaa s feardfanan=a wa Co, Tgs e it (@=fes
B WY oIS IF AN

G2 fom 4qCIR T Fw “pufen Wy Sne Sfgnres awmey ¢ Bfew, C FfEm
4R CAM Efgw ==y (redl gt aifoMesty (temperate) S5Ta SFATCAL Sfkpise EigRg C,
%ﬁ?@ | &fSId) (Graminae) g RAaR (Cyperaceae) (TITES (family) (3= 3% St C,
AT 932 WY WELA (desert) STUIA S 416 (succulent) SfEwE CAM #5ifE | arwa
R IA] C\[m{ﬁ‘ﬁ AT AP (anatomy) Labarogd | g, Bfera sirsry wifert @ (vascular
bundle) #ftafHs afes =@ (bundle sheath) (A NG “FEETy @UALPT ATE, WGE
(S fra AT I0TF T (layer) (7Tt (BICER (AHA T FleEt A 3 Kranz anatomy
AR Afioe | ¢, Bhgna Dy S O SR G498 SRR (photorespiration) 14 21
Y B 2EU GIFA TATATHAN 790 (efficiency) 938 IwEF 27 C, Ifgwma (s (4|
#1fS 357 9D (unit area) FFRE (productivity) (a1 AR FRTFE C, Sfgma g BTy |
ole CAM SfE0H 7 (fixation) «F TR C, W3¢ C, BfETHA (AP S I FAG G0d
fapeag @® (@ Tre Wi C, ¢ ¢, TYon AN 2 T T oNAs CAM Bfgw
ACETRIALEA BIeTCS 72 77 948 TR 403 241 (drought) 531Ca8 «a1 @b S % &
(dry weight) IS TS 7Y T | G ﬁ’i Bfaw (Mesenbryanthewmuny) SR 4] ﬂ“’i‘f
(obligatory) CAM ey =3 W32 TeTd AL (ota @3t C, S T SHA F(A G2 (Ao
BB TICN 1w Ao A | C, 998 CAM G2 ToAFE SRernd #1da ARG sfore o
farta AP (similarity) &% 1 1 CAM @ Co, 29 (carboxylation) J &g Gestid
(carboliydrate synthesis) 7o fom 3w (Y@ @ @32 frarems) 0B, S-Eihe Sfgw
SATARE & @38 Yo 4o vib fon At (compartment)a (LB IAIE (T G4 qifege
wEaN (Fy) WA
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Tae i Efgr wu furedla ey affate Merenede ¢4ace A ama 3ee
(FICAART 7 LIHTG @O ipibfasrgiaies a gpafams @rafee ¢ analare
SN FFRARY AL, T HGG Gt 800-000 nmTWH SHITHAT SR (infra-red) (<
DA 432 Tirs Bfglva Wew FFRGH TN (electron transfer) 2o s ATP ¢ Rwifze
NADH %o #79 WW@ SR FUOTFICFAREMA (cyclic photophosphorylation) 2
241 (dominant) | TES 43 ATP € NADH-L3 XA (FeH 517 M g a1del Frifsesye
arg E | FRSRET Cozdmr Aum B wws e www fafen twe @6 wdlse
TEHFLA (source) ATFS T | ANTORAR APRHT S Sel 71 GBI SIS T T
Cf

15.7 ®4{paE 2miaa) ¢

|, STERATET A670E B @RRI 7 ATRHTA 45T agaffera adat Fa )
MMERFRHE o 3 ¢ § Sy T ffen ¢ wmem Fsfad sred Fae
3. @S pifs 8o SrEaha sumraRe @ Galde T B |

1. BIRO @ SELTEE WAL Bemine e S T |

5. SRR e @i SRRt qraet e |

13

6. Bfgma cafiiyefe adat 2@

7. CAM *mifeTs 1dq Aeqraa Steof fge |

8. TR AT IS B (AW 7 FEAICA e o) Hab Swigaaws A g4
9. AeFFYy Dl iy ¢

a. BCAEA @ION, b, FEREW, o IR SEEadiE], d R ffarars
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(4t =g Teotiiws 27 262.8 keal.

262.
. T A TS| = 6’86-?)(100 = 38%

HAE ACA ATP Goimraa R ¢
R RReNeE Siare (eiaf® @, W 2fFTE qen ATP Seo 150 A
1) TR FRFALEPIAG T4 ADP 8 Pi TF 20 ATP 09F 20 A |
2) Rrtfas NADP @ NAD 0791 ETS-a 2ra wta f&w &g ATP ¢ ReifEs FAD 72 %9
ATP Tesin IR |
R WA (TR ABTIEARDA 6 (3 GIpT FAEH FATS AHA (Wi T 6 ATP (ol
7|
TR 11.2 § ARTIEIOTR ATP WF-IA 2379
R =37 | TS ATP  TeAFC ATP
1) |~ P - 6 - THIHD i
2) TIRTHIG-6- TG - FIFS- |, 6-Romwices 1
3) 1. 3-Foreraiioifee o8 - el o |
4) TG SNRYET WE > oRgfor ww
5) 3-THIEARECIEE > TAFipIE oy
(NADH + H* ETS -« &iffe z3) 2X2=4

[ R £
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o, ARTFEEOH SeAAifds ATP-7 el

Ik
oo
ge

v

AT ATP-< 391 = 2

I
d
&
32

TOTR ATT ATP Besfhiel (Net gain) = 8 — 2 = 6 &Y

I 16.3 3 (AT O 5T ATP Tesmrwg e

afi ATP Teswtaa effeut Teoyifis ATP
A7
1) #fEgfos o - SHHGEA-CoA NADH + H'  Sedma
SIS 3

2) SRETAEGT 98 o o -

oifas ws o 3
3) o -FIgeTRE Wy
ABBAEA-CoA “ 3

4) ARAAZHA-CoA — FFHE TH  GTP BLoAMIRA WL l
5) AR wE - Flufs an FADH, Besfitad i 2
6). e W > wiEenBie W NADH + HY SesAMTe

ST 3

oG Besifis ATP = 15 =g

WEY YAT (AF 2 TG ABIET T ool 2 @ag | GG ARG BT ($
5E 1599 ATP Seo o0 O3 IS @A 5@ 15 X 2 = 30 =g ATP TofF #0a
HOAR | S YT ABIAZOTH (8 — 2) = 6 WY 8 (A 5F 30 e WL CA(G 36 &Y ATP
Tesw A
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SETEA ~AfRAR0T T NADH @I o NAD™ ¢ #if3es 59314 a6 (T ATP B89
T, OIF A 43B] SRS T Fq1 W | T4 NADH WO Sestd gy, o¥a 4%
i 3 Roafs 0 ATP 24s 62 | ARG, ARGPIE Testd NADH wifars zewia e 71
TG ATP e 20 1 99 wiel ABCeTEiHe 3-waaAafoRRs SR wa ARG
Teoi NADH TGS GHITS 2T Fa0e 9t #f | TRTHRAGTR Si@adl NADH 933 NAD-99
C(E ST (impermeable) RS A €3 MEA (Al (W ¢ TSR OF FAUITAL &7y NADH
fotes sifafEs = 20w fETraet PG "Gtad (Shuttle) T ¢S Toerelw iR fewa
A7 I 942 FADIH, @ifae gear wre 16 307 ATP Seod 7w | fargs oot TS Moa
(Tl = 2

ARBEH wRRiew
R eI ERENE SR /0E
TALS (DHAP) © weheie %5 (DHAP)
el i)
NADH + H* -\ st ot - - /FADHz
feagcgce fearegrecas
NAD/ (STRTOrTE) (o) \ FAD ATP
¢ TGRS ATE
fee-3-wHces L > I me-3-T50ws 0y Hy0

2T

1 A% Taala e an () i s s
(@) AiEgfes w¥ @A 5T oA TR SO
(i) 7Rl @, (i) SHHbRA CoA, (i) WFs s A s gorefrs &1
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(1) NADH + H° Freieia ffqazaery sifas 2@
(1) 52 S, (i) 517 B, (iii) Feq W ATP Bevm 303
(51} ATP Beofuiag Ay s Tumas® =&

() fEafEngtnee, (i) SEcaE, (i) SBOGIES

2. MR A S :

(=) frgufas sirma wre 9F e g wa wiEe o afre g

() (97 5c& W6 ____ TG ATP Tesg 4|

(1) Al wy e wifes o Fafas wrm ofFes )

3. WPy Tug fua g
(¥) FADH, wifa® 02 ¢ =9 ATP 7% a7a?
(4) 23 w9 grars sifas o G T TG ATP TeofF A2

(s1)  ARTBICHITN (@ o1 T -faeme s fazd s e

16.7 (oITSOIS THCHFG 21 ¢

mTHER A dfew zivte wag ga b awfers grare wq ES zre «ma)
4% ALY ATE W ARHHABOAT %AW AT AR YTHG-6-BHHG 5o LA
“E Lt 69T NADP' 4l @ife o 6-wmigraies oy tofd ata) @3 ash
e Sfhe IR MU AiR0ars-SwHIEG, ARG -S-WHHG, FRIATENG-S. FAED
#gfo S FRTT CoATBIT =<t 915 SR A LB (PTG AT #2 quet | el 2RrmRim
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401 ﬁ@@ a2 A EHG ACEHTACES NG (Hexose monophosphate shum) g o
PR FOIIS | AYTH ZRTIEIORATEA LTIG-6-TACLE (IPAPA (RIS NATEHCED)
IO I8 AT! oRfwalf ARIEAEFHICT (AT < T W1 ©Egs] (Warburg, 1935) @
f&r@™ (Dickens, 1938) 43 2@ Boiffe Afisoena owe a0

(oD TG AL REGefer forgel 5

1) @& »r2q o srfive NADP® faca =13 sqfe aorwena wifae ax

2) GRUIT STATYEA (DR A (SC) Ty &7 |

3) (71 (NTZ (F 6 T JLPIT AR S A DU 5 WY YU Argeslins ox @3 1 99
g i 3w e, CO, ¢ =¥ fisfs atx|

4) < 2T WHICH FZLAE ANS (7 5C T 71441 Teoiw 77 o WEfaa oy Geofiwra araze
|

§) @3 =T AyRerS: e WG Ty ATP Teoly 2 |

6) AACAZA *fAS (lea RUxtas 19e @ Sy F06H (oBre wiws o2 fartgena
I |

7) @2 503 W ARG 3-AE Sesw W AT e Aizgfos e
Besiy I |

8) COeBIT a1l RTINS @B #iT2 4C TT ARG - 4 - FHCHB, 7C YT CLSNRGAE- 7
THEE Afe Teww Ty
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bl
ATP
RN PFADP
W - 6-TTH
WES-6-2Is |- NADP?
xR grEc NADPH + H*

6-TATIYCIT =
NADP*
Cogf’g NADPH + H*
WIS - 5-FHIHD W 5-gHTL —> ARCAE-5 TS

---.._l,//

TR it T e fialie-3-Tnes R RS- 7-IEs

\/
FIOCOTE- 1 ,6-ATETH mis-ww% uﬂﬁéwl{w—aa—wm
| l l ﬂ'ﬂmﬁ_&
PRCHI% - 6 -FACHD ATBTE- 6T

| !

AT - 6-TACEG l l
| O - 6- TS A RTeeRES- 3- 570
! | E—p
LIS - 6- T XSS R

* Rfen wFAfe Al o Rome GEeiiiTee B bleg W 2

5 2 16.4 ¢ (A0 THCs Ay RSy «fy
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16.8 ®F SIS (Respiratory Quotient) ¢

o AT @ PRI (WS NFAE efFe @, o 7y, oy wew ffew
o, (el Aefs (s TS T0O SiTd ) ARG SOTNER e e fofs ana W
e o 0, w9 8 fAsfe O, wa Feane ARRRET 70| (@ Y P e Tetfre
CO, € e ¢ WA &= 4TS O, a9 SRV SARGTT WP SATS (Respiratory
Quotient) T |

H S[EATE xpICaa e fife CO, @a =i

(RQ) e o 280 O, @7 o

237 |l (74 (T, W Bolwmefer Awikrett Reia RQ @3 W HfFafe &

1) JTIMEA CHLA ¢ YLARFEET Fq TS T RQ €T AW | 2 | HIAS WHA YIS
s Rl g« ¢

C,Hy;0, + 60, — 6CO; +6H,0

08
6(0,)

2) (PIZE AR CFTA 3 JLITUOE TG O, 97 W#AFROTS 42/ 22w SR
Berq IF ©99 RQ=a TR

RQ 1

CoH 0, — 2200, +2C,H{OH
& H2Ma 2 2175
YR

2C0y)
RQ=%0y ~ %

3) %R OTEE WG ¢ TN (TR OF (R o, wwiEHe vy agfe) shwaieag wg
Fif® 2 947 RQ > | TA| '

2COO0H), + 0, — 4C0O, + 2H,0
SFHifeTe oS

4C0O4)
RQ = =l =4
=0y
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4) (57 *mitde oera @ Wi wfRe 4 Grew uy wifde oE RQ < 1 T3

20, HoyOy 4 1450, — 102C0, +98H,0

(GRemAHR)
_102(COy) _
RQ = 355, i

5) FprERm o faeitte 3 @b TSy e e FhEHAR S Qe s w9
I | ATHCE FTATG A S W 95 @4t CO, fAefe & @1 WwE RQ = 0 AN

2C H30, + 30, = 3CH O + 3H,0
e oy

_ €0,
R 305

0

RQ-3 T 3 (I (I HATH ATy SIS 2007 1 G Tref) A1) Bg7 ST RQ
Toll T | S (TR Tt SIS 27 A0A RQ = | 70 1 AW RQ @8 Wi | @9 (3 T, I
RITS (A (F T Tigrae| (o wE Tifas 2008 | SNGE (Oxulis) TR ST G (AT ¥
ORI T, TS} (TR STifeTs T WA 230 | RQ < | 207 JR09 204 (¥ (IR 9o SAWI (R
19 | (TA &% A& (Ricinus) NS ZI AT 3 (TAE (2% o o wifre = a0
@3 1Al A RQ < 1 77| GFSIE (I AR SRS EII 4 Segois sl 303
% STk WA BT Amrafers el Ty Ll afte S0S S |

16.9 I 2

ENGITT LAY 54Q TN | fafen am Somras S (e g snew A | W
aifFary (33 ifow = oivifre grirefe oo g e @ fg S Sofiprm amfe
WY ATP Q7 Wt4) Saw =0 | Teifbfoera &, oo, o argfS e 33 o) 19w Ee
AU T} T4 ATP T B zrx avmsag e Wote o)

T W AP ATEEEGH 9T weneaE o SR W A A AU
ARTEAREH algur Beoln siiggfes o ey ammfie [RiFwm wam b o, 20
T Agfe Test @a | (B afFunfre ww AFme «fg fefe wae e Siiwa
fstrsfan Afasem a3 o o LS|
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RS XA HAEIOT o NG 20 T SIFGREA CoA (T IS 208 (33
5% FToAWR A | 2 2 SRS Do SEd HEE WS | NAD', FAD 21gfs #eSernes)@
T 5@ T1aw e oo I @3 frea Refae w11 w2 frenfae Amsjfer AR
HEGH HEEAeTy Arad aa Afon deas anred iy R wifEs 89 ¢ ATP SR
TR O |

ARBERTR 6 WY ¢ @R 5T 3030 T ATP Teon g7 wdfie FANS WI0H | 9 Foala
(AtE B 36 WY ATP T AT 905 |

=g ATP Sesfivag w8, i Afeae o toa (e ofvs o (el ore, 2R
SRS ) OTHE AT AR Yoy Y| el Wpaa {Im A Sdie (B FAw6
ATAT MYTR WA erwa AR A €6

R SAATS oAl T AT I & 42077 Ay TR 20 OfF FATE S 41aef
#R] F1Ce AR

16.10 FITHT 2t 8

1. #Afog Tan fua 3 _
(®) FuE AT Seom qf6 (e smrdT A1y Trme @37 wowe atffere e e |
@) 9 51T Teg 96 s g |
() 76 5 IETTY =FAT [ GLE FFA |
2, XERIA A3 TG
(F) (LD PALFT YT AT A
() oA O WA SIfES TH RQ —__ FA|
(o)  SUITG-6-FACED BLAGDT AR IO -6-¥H(FE TS 2 |
3. A5 Saaba we wer (V) e
(F) aizroEnzhm afrw IRge ATP S R
M 2
(i) 4
iiiy 8
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(%) CATHrT TEH 2T Beoiw 2w oEh 7=
(i) e o
(i) 6 TTTILFTT oy
(iii) R =y
(o) (F1ZEF TR RQ 4T W+
(i 1
(i) ©

(i) o

16.11 Swawet 3

2en o ¢
1. () =Rfbs w8 Sy e
() HAS HHA
() =a
L (F) IR
() 2
(%) SRRBERHEIBGN T
3. () 2R e @9 b
(V)  fare wralbs o e Alye 51w
(91)  oNRYres FRES
fedm # =
1. (&) =pBbEsA CoA
() fom =g
(o) RS
2. (¥ HO
() 15
(1) FAD
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3. (@ 299
(A) 3879
(4) SIER9 (Fe)
7o o 2 B
1L (¥ s 9F e faeoifas
(4) AEGe o= o5
(%) FAZAS @ ARJCEAS
2. (3) (@G TMATATEC NG
(1) RQ>1
(o)  TACPICRL AN RLALIIS
3. (3 2

(4) 6 TREIPIT oy
() «
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IFF - 17 : ARGICE (WGfrers

17.1  2ga
17.2 T
17.3  Cfgntrrz ARGEAa ATHERRTe!
17.4 (T4 ARGITEA FewrRa 2feam
17.4.1 751 SEEITS HEUAT O
17.5  Rhizobium 99 FZGILEA T4
17.5.1 &% af5a
17.5.2 (& aoRfEs Sommia
17.6  suitsifafecase g FiEffresw
17.7  ARgie SnaRse
17.8  SEGILSN HAYTA ST
17.9  sifres
17.10 &g e
17.11 Tz
17.1 ofFIa= ¢

Tfew Slarwa afd womaSty Teiia za1 ARG | 3149, ZRGITE € RHEET 7
RGeS Sfew weAfefin gqe @ ) e, o s, 3 fugs woe ¢
FEbIfica siganme Seiwel FAILA 221 I ST 1 ASTHA 78% LT G o ABLHS 221 HLLH
fafrut wea w1 wae Bfgn 93 Bt saiare i 3t a%e 3R 1 43 TEHAT S IETH TR
ABIA SoifFers SRS Hapifa 50 0o #{ta 992 Sfgarz ARG 2 SR
AT RGO el 01 | 93 G0 S S AGIem srdisarerm fifen afmmef

W A 49 |



17.2 TTwmy 2

9% ol Ay Fea oefa
Cfgurwz ARG ARG HALF T 7S DA |
ARG I Qfow Faw Gwaad o sac |
FrErely Bfew @ Rhizobium @3 fardifay s gre) SIS 2208w |
ARGIER AT RAAGER @ Cara Fpiafas 2@ -9 SrsIsw S0 A3 |
ARG NI AT T TATT AFIA |

17.3. STegwwTz MEGTEH aATHemTet

fafen Secamws, (o, WEfae s, s i, Bora, fobifum ¢ fog ganicaa (eifee,
RCBRAE ) i Sotme 2o ARG, TAEE S fafen wrenaendy s Aol
T

17.4. (5@ FRIFITEA HAYAE 2ro2iA

93 5} LA (DR FIF G 936 g7 ot @ Fifweror Sfgn wibce preas wwa
wifir Sl gt 7l 21ty 98 WGl Castfie wiqd st it | spaSiare Rfen sdewa
91 32 el 2w 1 i wisy Sfema wiera e e foy atsaffamn arensa wRdice
SGRIFALE TR FF | 97 TLE SO T TBLIE (1R Aesl AR 23 sy 0%
AT Z0F €L | ARCHIS AR (ST 8 [T 43 AFWY <0G |

17.4.1. T& AR[ICS FEYACE GSIT9 Si9 41 T4

A» sfrEd)

B> fira &

A> SRTorE) - Rfen DH=Ea e, st o Fere Age tlaiE A
TE NAGGEALS SR T S 700 1 TIFIAETE (Winogradsky) 1893 Hitel FHIALd o0
F]AA @ Clostridium pasteurionum VNS FHW SIS (anaerobic)

a. RGBT ASIHT N, FETHA T |
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qafBfitn > WSS TR Clostridium, pasteurianum, Klebsiella, pneumoniac

ii> WMIAFALETSIN TN (Rhodospirillum,  Chromatium, Chlorobium.
Rhodopseudomonas

iii> FISYTEA HRMY Azotobacter, Beijerinckia, Rhizobium

iii> ammEfaaE ATEASR) WRME Thiobacillus, Desulphovibrio

b. 7S Pulfularia S48 3%

¢, WEIS WG XIS > ST gloeothece, Synechococcus

i F@Tﬁf’:\ﬁ T FOLABPS TN Oscillatoria erythraea

ii> fFeighc @bras TR Nostoe, anabaena, Aulosira

CEEE N 2@ WA (R (0% (U NeTre T Do WP (TS anas v
(@I N, e gl wefifins 701 wifwaaet o et wivcs Rien 4Rrets nabaena
gelatinesa, Aulosira festilisima HgRE ToAE oG o N, S1a 33 | TEMA HAER
arfbiam @ U2 wasa DR SIa% A 09 (Biofertilizer) 39219 31 R |

S HAAEAGH— Frankia #1% SpRGLaiETAfa (Actinomycetes), Myrica, Casua-
rina. Atnus 2gfs 4@, 948 ¥ Sfgom A i RS A0S AN

b> TSR FSandin Sfema e S SR AR Tz TS R
o Twrmad, qui W S st el @ aRueRma (Rhizobium). 22 FTE AW
FTT (gram-ve) W3 IYE], FEFY | WAL LT AY arfofasie Rhizobium
leguminosarum ZASRS SUALTTN Bradyrhizobium Grda, *E A ﬁ?% Bfegm @
Rhizobium ¥57, SHA®EE! (Alfalfa) 3fEm N, 7m0 | aiRceifmag RS Strain @7
X R, wrifolii, R, meliloti 293 99 RSTew®s 92 B, Japonicum 9% R lupini 94 i
sfere frerfers 23

17.5. Rhizobium @2 MBTHITEA AEH

17.5.1. 5147 9o ¢

TG MRS (Rhizobia) SEUHITH AP ITF 1 28! ST JSEAFLo A L 9%
S uA (s fese TRl wEh ae (Receptor) e fWfH S er@nf&q Rhizobium &
S WA | MEATEn faw Mpe HeseE (Tryptophan) SIBTS Rhizobivm TEF 1AA
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e wfdnA oo ov ¢ e geeam o 2u | 9awd Rhizobiun SECAR (AF AR
e @ A @ Fuw Rl aes <@gran erdgere w9y csfhgegls

PIGERIEHCE]

TS A Fera
/
o. r
® o “~~Rhizobium Rhizobium-93 dord
(1) few Jecae @ LIRS
63! Rhizobium FreTEEAl Rhizobium
FALIFN 7
AfZema HTA
HLHA AFAT
3y pra (4) ST AR TR
(3) Rhizobium -3 3FIATCH Rhizobium-97 25903 W2
TRCA @ TR I A6

_ p
¥ %Wm%ﬁ%szm: (6) FrroSm Sfemre 78 g1
Rhizobium-aR SIYH

fod 2 171 : FrwstErr B Rhizobium a$s o syt fafes nftw (1 - 6)
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(Vericle) Y& A (19 74f7 wenorg Serix % F0a TS YEra SAXACHRIA TR A 2|
TRIET @ A T Rhizobium [FE TETECA AT I (B S Toffre @i
TG 7R A (Infection thread) 0= | % TgLa TR Fo fRrefaw 2 @3 RISHE
A GRS WA WS ZE (ES (A IO T A0 A | AT (Cortex)
s ABIRCIC Q=T ST (SRS SR w1 7, frese Rerem s AreRets
(o T | 3 ATl SOt SR (e e @ feifere e AT B
& B0 Byl Sifiwa sifdses AfS T @3 e conend avefa (Ao Remanfan (leg haemo-
globin) 7 F%T Tofie I0E A O, AR W 912 9B WAE! Fe dtrivalent lron) €2
Evirfers was ard sifaefes 211

% T WA IAA TR Fiel (A0S WSAT A RICH RITA 37 (nodule) 7H &
% S W SRS Rhizobium TR N, AU Mg T 43 T SR ! 71
qreT 9D T AT Beol 20| A Beiks RrarnaifirTy woq Rraerern Sferre 21
33 D FAE 932 O, “ifFazrd 7 s QF ESROICAa (Leghaemogolobin) 411 2 |
erifEramaiaraa fsfakee waFrSgle Sraacay ¢

(i) €% AT SIS e Rraicaiarsa Syl |

(it) %ET S cerefRraTae SR al TRy 1-5X107% M (G ¢

(iii) v wew @eizraaie (o3 0.34% Fe WMF |

(iv) ERmTa T S eTm 34,000 Sidfe FraCARTR W |

(v) (F9TAE fergetory Bfew 8 Rhizobium-9% fresifares wER Caﬁﬁmﬁﬂ ﬂﬁ il
Toe e sja B a1 B (F82 92 TG 3 T FAUS A A I TR 73] 2] (5102
4 % 7T T B W Rhizobium DNA @@z (2fFm oS Sfacra DNA o #ferd 23

(vi) Rhizobium (ST5IH ST 6 (R Sfgnaraa HRHIAGT <8 949 IR Soiffe
o 3 AT

(vil) T om <y BmTa erofiod aial o7 S (e R SR SR ARl
{Amino acid sequence) 74T 74T T |

i) Rhizobium @ g8 AR BILie 49 IR O O, 99 HTIG | SRS,
N, ¥ aaf R G A 0, 9 sewnd T e | EefReniRE A 0,
Vit 7 RGN Rhizobium MHRICA [HE AW G4 97 FA & AR N, Rl
uaaAl Q, T AT |



17.5.2. to@ Qe Soww

@ ST SN WA B (@ I ARSI N, WiH Rhizobium-44 AGTer w0
NH, ¢ FoIeEe 701 S$e ta@ifersal N s fiow spimsfece fawtfassma anm
TS TR I "

() e aredasdl anme Tomm @ AT Rhizobium 99 fafer amifeq
oA Wi HEFS colras Sgmm Joma angwel <0 of e Ffes sjraae g | &
(it (1 Bfgmpea g ARG ammlae A weeid @3 wieitm Jo e | fafon SR
5=, SRR WE ¢ TSNS (s Rhizobium-(% TG A | @i Awd
ST T FRTB AN SEe! Tl AT GBI (Chemotaxis) 497 28 | MR,
Rhizobium-97 (TERER (20 ARFCEBR (Rhicadhesin) AT «& R Ca AGE
canfbrr fiemae zm W rECSRICE S sk e AR L (e, 1989))

() 7 #FA (Nod factor) ¢ Bfenrers Fa6ad) g A AL Rhizobivm (3 [
S Bestad) SeAmanfE S FA AT N WA 91 WG WIFEH (Nodulation

nod A nod B nod C

Nod 704 e

) g fe

TRGIET HIHA
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factors or nod factors) 405 | 5[7&F AMAFTBSIA TCo- SRR SApaiaze s $EHag
@35 Twre e SEhm N-snEGE-D-grsemEe gewdE -1-4 aEEEie Tyl
TR ST siom a0d | 9y FRGReffEa dne wggel fag 98 wgafa qeHy (56 N
(Fatty acid) 2fe><ifore gra smSo=e qusia WUAER €01 Rhizobium (7% #© wiasen
TS Sfewrars sEransa e i w0a, Trans el W ¢ o7afba Sesima $a Rhizo-
bivm (3 YT AL TN FATT AITS! 34 |

(1) 7 & (Nod gene) ¢ 7T WG 2l W Gegaslfer Hd (@ iewnlem wac fafys
[ OITRE QI AGLEH &7 70 7owte w1 & are |

ATGBHA Rhizobium (725 24T 718 &3 (Nod gene) g 2R | 9T A nod A,
nod B, nod C &= 3% Rhizobium, Azorhizobium, Bradyrhizobium-94 A% #A&Iferes
ou T | 6 g2 FGal frmrzs swaraet wg Ta At | Nod D & e Zoaw g &
afys a0 | Nod D &7 cura Sesiifre (anffm s w0 s Grids=m (Transcrip-
tion) AT waifrs arg Ffew au Wb Tedn wa| Rivy au fawofn snfafel
frsfarfreeica aneg oq o7

(9) RGN ¢ ST 07 S ReulT 47 WG Rhizobium N R g B | @
SO el N, & fmifis arz sy (NH,)Ber g 9t AIREIestam 9t | €2
BT 32-40°C GIAUAT G2 6.8-7-4 pH-« Fifoe aiad) 2|

AIRUBITET BB S1i Srerg Sibe | O3 BB 9B ST 6T | b Hsaed
CTZYE AA DD Fe (2B @22 Seig ageaaas wfafEam ¢ @eys 4 ol Mo-Fe
o e |

Fe (enfoafs AT ST Y | 97 WARE & 57,674 (Clostridium pusteurianum)
(TF 73,000 (Corynebacterium sp.) S=@ 2% | Fe (2fora 46 Fe ofawe € 46 §7 =77 &4
% Ao Fe confow warm a6 el sfsicoobize frg e o afe® AfmaebiEm 2758
SRR S AMF | Fe (A Sor@ O, HCAwR | W AAS F@ @ N, (A NH,-aa
P 935 foraeyers @l @ag 0,-07 $ARIS «3 e Gy Fugeaed Seope mﬂe
AR SERTE T ¥ (791 0,99 FElA Fe (2ATTa SdwTDm (Half-decay life)
Vg 3045 (RS

GoRfATE Mo-Fe (2R Soaarsig 36 192 doifersty a7 Wa&s eFF 180-235 kDa
(RRTmereiba) =211 Mo-Fe (215 sl 1% Mo (SB@csam), 28 (s 32 B Fe 2fawiq @@
Fe-9 FPRAID § #[FT AF | Mo-Fe(2iiba @& (BGrma wiedte 4% sAfrwebizrea Avwsy
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5% 1 4f AfTToetiETea 4% Ju o, © 76 p e Tfie TRy Mo-Fe (TR c,f;, A
Bfes =1 I7 | Fe (St gomm @3 (ABa o9 O, WA, I 0,-94 ToPufers o1
SRR A 10 G |

() g M (Nif gene) 3 (¥ RO fom wiR@IEw AFwm e fge a0 o oif
o e | @B nif o 2uwe: AEGITTTT SeOHI6 AT T | Kiebsiellu prevnonioe
A RBRRITS Swe:c® 177 nif Recee wifrg #fem (ormg @ 75 wroire siEwre e
ARTHICOM ARt ARACSRAR nif Rinjfet evam S92 2T a2 AR 4% nif (oo
his GToRA0A (Histidine Operon) Fe12ad] 20 | RUBRTR DNA-LA nif fm wgel 24kb
(fretiran) tadfiwm»im 27|

e nif e faffie afran wRfresita wREEEs Srbabe ses@ 303 ¢

nif H nif D n1|fK
v
Fe confos RLgya Mo-Fe (&1f6¢=a Mo-Fe ¢otioz4
A= BiES T AT TS e o
/
L 3 X
nafis Mo-Fe (2o
e Mo-Fe
nfE.NSB — >
CoAbeeTs CoI-TPTae R T ]
AFT Mo-Fe (2

17.6 snaifafrdm ¢ TiRGRe=a 3

Bt @ =g 3o el 350 eiga #fEne 1 ome Yfewie auEs T 9g AmE
SR BT TTR STy sfEere 20 93 2Afgurs sy e s 28] sl 92
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SR wife T MRG0 Hfhde 5 ¥ Bl orfiufre arm wiEhierenn ) ifen yodifa
g = Bacilius. mycoides, B vulgaris WA (NH;) Fefare sroqeigs 3021 %o
€38 SSTARIEAGS srfuge E@ae @3 I NI I

RGP waazed) arafBfams# i@ 28 Nirosomonas 942 Nitrococeus dgho

2NH;+30, Nirosomonas and Nitrococens  2HNO,+2H,0

9% AfFIofe T weury swy fHafe gyrsifaaisifm apfafess sawR (Chemosynthe-
sis) AP A% BeoTa Arazie F0F AATIIZ TofFs 27|

17.7 FZTGEITE Sha@rFad ¢

a) ATNGFA ARG N YGary F355 oo Wge As w1 T qaey onfEe 2w
wicfeE e o wag @3 dfowy ey Some aidze od!

2HNO,+0, Ninobucter JHNQO;

Nitrate¢ ~— Nitrite ——» Hyponitrite ———» Hydroxylamine —» Ammonia

N, = N —» N —» N,0 —» (NOH), —» NH,OH —» NH,

Qi oW ¢ WZUE0 fA%Ee Evans €32 Naron (1954) (7 Ser7saiBa sres FAD 20ifba
3J5ifG Twiftens QT B LBIGITE 229 907 NADP == NAD (7% | @3 e sHarsap
@35 LTl Aed grol Teoiffars Y|

NADPH+H" FAD . Reduced NO;~
or, NADH X X MO + 2H" X
NADP FADH, NO,” + H

e MO O

2
or, NAD

far€ta onffn ¢ 226725 Rerael Vaneco @3 Varner (1955) A& (72 (3 STee SARRIRTS
IS +13G1EG RIS 7S 77 | srwaa i srermigse S sfors 7=
2|

2HNO, + H.0 ———— 2NH, + 30,

9% fafeafore NADH wag NADPH 2iErgnes 25ie Faa e ara qag sma (Fe) ©
AR (Cu) Reer efia ag9 sa
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m e ¢ ST [HE ST e B @<z e (Tucker and Nason, 1955) Newropora
438 e T 20T LRGBSt FERBE (Hydroxyl amine reductase) AT G35 S5
fwrm St 31 AreAicee (Mn) Seifrfere o 23!

NH,OH + NaDh + HY ————» NH;+NAD+H,0

€2 efamry Seom NH, Riea toe smisres Are e = iz enfe sioa a0

b> SRt wifre Rete 3 Bfwr ote Bfew wavem wpngea wpfeafem sog 2izhw
et et | 4l orefsra s S iR e SomfEe 2 1 e sl Re-
ductive Amination 9% % Transamination.

Reductive amintion ©% sriefre fGagreiferae Serms, ZRIGIEH Wiot a8 (FONEEN
E (NADH,) @3 Toif=fere w203 qat Rermre Tge NH, 97 el (6 e e
ey SpiETa enfe Seo 7w | Ketoglutaric acid 23T® glutamic acid SsiM=a »wfoil
Reductive amination &3 @G sggv)f Brrzad |

IC()OH iCG#OH

F =0 (}Z = NH

fCH_z)z NH; == (CIH:e)z |

COOH COOH

‘a -Ketoglutamic acid o -iminoglutamic acid

+ HZO

COOH
NADH, |
__~" CHNH,
—— * I

glutamic (CH,),
dehydro- l

genase COOH

glutamic
acid
+NAD

e wnfe Bestw 2w Teur o wEr SIBReAE Transamination [ sxca
HlF 20 Transmination #SHIS Transminase BeOwraa Sofferes wpmEnm wiktes
SR gt (o @t 2o wnfice wimrsfns o

COOH COOH

CHNH, C=0

(CH,), + CH,

COOH COOH

glutamic acid Oxloacetic
acid

transminase

S 05
_———

COOH
C=0
(CH,),
COOH

COOH
CHNH,
CH,
COOH

Ketoglutaric ~ Aspartic

acid

acid



HARFGHSH THATES (pyridoyal phosphate) €3¢ =iRfFenfis w6 (pyridoxamine phos-
phate) 9% Transmination 2T 1 w=izn ZATI 1 A1

17.8 ARGITE FE™CAS T ¢

1. WRSA raim ¢ Nere Age oda @3 simfore N, S 303 7 Sdamfs
ety o | comfEm N'° R FE (R (50T B TR Sl GRBITAIRTS (heterocyst)
A e @y N, $Tww T wifes 2

2. Azolla 715 (&6 W%TW Anabaena, S BT 8 Anthoceres FTF AATHELD
Nastoc SFARLA AR B, Cyeas AN GIAGNS Anabaena THLAF L7 N, AL I |

3. 1975 3G Von Bulow @35 Dobereiner QUINE Spirillum NE (AMETT WAUR N,
FAEYCA A AT |

4. Rhizobium T Rrardid wrefbfim freemdn Sfgmr wapifa ez s 9%
Rrerdi@ines W +f2fre agra 2w 5.46 x 10° 59 =@ N, 97 siay= Wb

5. C, $fem NH, e symeiebe, wefm aefe snowiics s swafie =)

6. CAMCBIRTET weMgs N, ffer toa apmfre Rigame s Fefee ww, sfem arsh
RO S IS A |

17.9 A 3

N, 3 2fFaE M ISR N, WIS JARFs 20 @@ Gk e
Metrs g Perast 7 aAfdra sstiva e afne e fEoma el smigmizeits ma
Tfew @ 25 TR BASY A A A |

SREFENTS Rhizobium Frarsnain Sfana frarafRrga sius N, FRIHA AfST TS
S | Rhizobivm BREH nod R T7cx Fods(fH Nod factor Seod I3 1131 Sfgwyea
W T W] B0 | SF ERTTARR e @3l e iEe ared agT o Teon
W EHREIART SO 0, (F T FF AT Rhizobium-43 ¥rs wiioena
Mz o7 a1ee faeraeadll NH, Beiina 2faaniD aes 7 20 | ARGISTm SUabd Ny® NH,
(S gefre 0| @3 TITHID Fe (2T 6 Mo-Fe (AfBraa Fwma «f5e |

aAefiFena e e @ NH, Beom 27 ot [y SR s 7o 2w a9l
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IR Wenge N, (2ifba, W Frow zacam, WeiEs wy aefe s N, 108
7 O T AEPTSILA HEWO! ICE | 8 DD SFEefre N, AIrAa 79 weAi

17.10 #ETea epei<e) 2

|. o A8 Twa e ¢
(%) <3 wlaq AfFwma A FYR 97 A= NH, Seoiw 27|
(¥) @2fs MASA Grersfaan am Frgw
(of) «af Tere Age HareTs win Brwd S T ARCRCS N, AT R0 |
(T) 0, a5 HeA Fe cAfbrae wwaais o7
2. WHRIR 9@ FG 3
&) nif foa 7003 G bS] SR AU |
(%) aF -9 NH, Besiivd Fa0s w9 ATP &4 |
(s1) N, 29w , a Tesly @A oAfaracy NH, S 3t
(q) Temas ghiead (A i tefd wa)
3. A% Seraq A v BF F= 2
() Rhizobium JEra AT v wa1q &= forsfefe qaife @fd
(i) =fBa; (i) canfoa; (i) Esfrmmafam
(%) RGN W A A 3
(i) g 21T, (i) WA Af5ewea; (i) FRraw
(1) N, T & eaieA ATPS H, #hedl 1
(i) BT (wre Poifim Beotas FE; (i) NH, (AT 33A13T (A9 91907 Tl
(iii) Ao W= SHIFEE SeAMCTa HIY
4. 75+ Taafre wa s
(%) Azotobacter S3% 1> MA@ TREGBREE, (i1) ﬁTﬁl@'W{@‘T e, (iii) HAEGIA) oA
() NIBEITA FIUHT T (i) 2fam Bewm 27, (1) soci §E 2, (iii) SR
m 4iffe 731
(%) Frankia <% (i) 2a1@ (i) smaBosiEH0a (i) anebam
(9) Nod factor @26 (i) =27 @l Ane, (i) @ifdw sreiw A, (i) »Far
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(®) Bradyrhizobium (i) GRS, (ii) 64, (iii) WEAFETF ME N, FZUF T |

(5) Rhizobium 9B (i) SRIFEA, (i) TTEA, (iii) ITENY LR
17.11 578 i< ¢

1. () @-ax *wfS, (X) Azotobacter agilis, () Aulosira fertilisima, (¥) 30-45
TS |

2, () BESRE, () 16 , (o) wiz-2ufEw, 2R, (7) fofim Frthe |

3. (%) (FrafdR, (V) Yera 3w, (1) ARYSs oW (A0 SPHIe LM T

4. (3) WRRED, (V) wyralEm o 7w, (1) SuebraReR, (9 @bh @,
(8) GTARW, (5) ATEA bR
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99 - 18 ; Ofegw IR

18.1
18.2
18.3
18.4
18.5
18.6
18.7
18.8

dgawl @ ST
TR A e
CFITHTsifRe ey

“Vernalization

AATeH
T 21ES)
TEATTo

18.1 &= 2—

ST WG @ N *1% Hormao (A Byo A Wy TrafErs I (to stimulate) |
K.V.Thimann (1948) 212w phytohormone 31 &% 2Ta 21T eramel $aA | Sz Sevi
(@ AR wiw1el Besifie 7 (e ) wepte o wifis o siftmice e 2o Bfgrm 3«
@ S MRRaE S forrget w3 witwsE s Bfgw 2T (phytohormone) IC |

Bfgwuie S ¢ Rrwrafem @ vib zacar 2 S g ITens MECoIigiee, el
¢ SRR wifnes ohete Rorgena Srarany | Sfgaong g, «fRgad aofs
Srerraen I Bfgr e adw Fafie 231 Sferi opev 2Pl T RIS
7G% R FIRTEH AN AR Y i 2% T Y SeRIER (5°C) e o
o Pha AR saifEs 17 AfFUS IRTBL (vernalization) TCH | SRR (Lysenko,1928)
#203 vernalization TR BT6] (A | BT (vernalin) w1 @b 2rafire zvwaW % faw

BTETAIN G arge
@t‘?ﬂs
92 G “i1d FF oA

@ AR ARSI A0S @B aAidhie ge SIS JWE |
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0 Tfgw 91 ¢ +fapore wivs aym zreamelferm Swreas firs e |

0 fAfSw waramférs srfaifRe! @ aafEs aa A=E WIS AT |

® o 2T efa @t IfRTe QIR B Tood iR 2aw |

® IGISIae AfFF «ae SR A dfEe garaba fEra giwe A Faw |

18.2. TACACHA (A=
A s1om @ Femfey fSfers oame ke s o o o ¢

fgw o
! | |
2Fos (47 Zaraeff Fham (42 coeffer Bfgee A (qui aemaee
Sfgwrmez e ) 16T T A Wfe FfETOTI 5o TE@T (S
#foS ox fog atng anfeifiel el ewfde 2R)
ANPEF ZATIATAT TS7) TR ¢
Tl ¢ L.NAA (Fieiefem 1. qpifatem
‘mwmm i‘amaﬁi‘m e Smfrs) 2, srfifEm
(e 6 “MrAER  Zweaw 2.2,4-D- ORI (TA 3. wafim
Ty <f¥e (wa snifaie e
SN FACEE A
T & Brere i
e

| |
ARG TG ARG R{8W
THi: ARGRA T o fEwicafas, 3w
(Rrmfom)

a3

Sf3m e @ v arinfere sl Sfgme Wit seitw ong Wil | R erdew
(1886) AAY 9% AL SRS Ford giren (v @3 R@A ST 1% (OQat) ML
Wﬁﬁ (coleoptile) IFTITTS BHALHA (Avena coloptile curvature test) T &3 IHF
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BT A1l avaa | Bfewrars oW SRS Tws smBBe 9 (JAA) o= an
SRR S (ATF 1AA Beom 2| Ba AGReRs oo werein WG w way fEfeye
wiaize 2ta Sfems swfde gfRee Fuged = /% seial mgad (polar) e Avfa ara
IR FEAET A AARE 21 @ M el SR @ S[NE e eew wE
2RI Wi T8 A Antiauxin 01 QT 2, 3, 5 triodobenzoic acid (TIBA). napathylthalamic
acid (NTA) 21$f@ |

aReE rfagdn S o
% e et e B oA ARedm SRR Ao AR B T
A. Tfgma i
sfaw 2= Bfgria g g S zamam) st aurme &5+ s sersr 7S
2y 93¢ famfeyc sfaaifes zor Sfama sl s fagd s wfticeg sl gf coie
RBet wsrta 3 gafee 2w Ry wianme @ sy sem g anzs 20 | Sffm Sies @a
& T 9fk Aferr s ) @ e ArwITe AR @A | SR e e ¢
(IR wrwes Aifery Sfgmwa wwiaa gfe <orn)
B. Ffor tem

(@ 5o Teran oifesy @l gaeie T e e s we | wiim e ¢
AEFIYe—Tow eiwia vz fmme o)

) Wmﬁ! B=14 91 Phototropism

g0 Al e weR i We ye e Refle fice ARvire @) @8 s
Efgrna b ST berle WG SR @ LA GARIE WA 2Afeperel e ATE |
el % (Went, 1928) Avena txa Toiaaney waei® fry Frafls ofwm
ST A S (8 S STEE S9! bea o widl] | A) Nrel@rameHra wward (@
e e wareis Sfew wige 311 ofde Nuvaperes sam a3 T 7 0 S0
S AGS 2 B) AGAGIIL G AR ST 2FF FACE S st aiEm Aee
oI A (U SEN WA WO TS 7 A C) A 6 (Mica) frcy Nerstaramisra
TSI 7 FACE SR SR 561 T 2 ] G2 NEP q a2 (s s ¢
o fdre i) sy wfdm wigs wn D) oS Ry, 3 wivEw b
Jersaramiers F=pfoia fee Sa0s ordl T (¥ s Rerde firs sfacag w09 @rs am
aefie e W (A sywTad e Sfdiae 8T sam 5w (Ba 18A-1-1V)
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GFETAE W

sFA Avena-3 AGHTIIMAI
( i ‘*75% . “://'} [ \
STS1st 1
256 I

25.8 [
J— A A r
|
w ( l)f B WIS Q,/:}(S]_— FozIENeT SATIAUS
€782 (Mica) 1B T elrEa BT TAFEITA
1S 1112 | srss sera 4% esws 8.1 154 | o' owst Sist 9 L
19 T R v

111
Ba : 18A 2 VSIS WEBAETS TN (JAA) TP € #FT Hgem

% AqreafE cars W3 BT @i A @ S Reifie fre wiEcTa Afae i s
QTR AR SRS @5 wer e @ e o it fre Tned 3w i @ et
fire (afv gfy a1 9% SO eeTee TEER e wiend W 3 T

- (i) wfesyf@ 7= T Geotropism

TR T TONE T a e 72 qoi-ia) ore AR I | LE SHiRen At
AT GaAdTa R afie o/ o1 9 W2 BN e Skl HIoAEs apie
@Ity Wege ZW | WA Wdce Sgiieeita A BINGEIES e (s e Ao @
WS W1 93 WA Ca-Leld ST Age 2T 938 Ca? 99 IH IR0ET P T
et S s g o (B 188 1 ¢ 1)) CUEg SiEs S esid e I
TN T (G %) B yrera fmea (o Tofaetem i o 20 93 36 a8 s
Lo AHd W (I A7 wafe Yrore afowd SHEmRE! 5o (rdl AW | AR ¢ REETE
{McClure and Guilfoyle 1989) 29 (4 & wfRta oST SAUR (Small auxin up
regulated) Rram Tl 3 st @as fora qrerg Iober fage 90 | drabidopsis el
e HOOID (axe 1, aux 2 APRS) LA G S AT IR @3 ATHB S
Sfd bereg T B TG A | SR 2T T (@ W ST verd fFgd 303 (Hobbie
and Estelle, 1994):
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_ BITTALIGA QoA |
EeiantE R o SONTECAAES AT e TA (0 o

s Y
fofy I fawes A

H AN A%

52 3 18B ¢ Je1r ofem e wosew

C. &7 &GS A Apical dominance

ﬁ@“ﬁ? KL farmyra (Skoog and-Thimann, 1934) 24 373« (T TR Bfema simsms
REAS 71 w2 0% wlm Ffogra sfEafe o oifes gemem 9 2o weg | R sfae
TATE WAYGE i w1 ) 2, Al g 9k g e wine 21 | 93 Caeafiany
CFTR (T |) Sesgpas]fat (30 #ifage wfEm s ygiea s ) wie a0 | 2) Szage
R5 (e, sifdaifzs i e S0 o ae 8 o AR g g e ey
MIeP) 5 77 | 3) Y TS S0 I SN FTH AT G AT S N
i oA M gy iace aige aa ) |

@ =TT offwm seyge (e Teow oW iy e o @k 930E
qﬁfﬁ 3] Wi (Y SIP WP 2F0G (Apical dominance) IC5 |
D. (o &fSTary It Abseission

“AS1, §5 T ersfs weeem Sfaw o cars By oo WBars (Wb A7E | (B wen T
(GCRE e qresa iz GHfb 5w T9 70 231 93 Wgiad (@r)F vEigy TR T Wil
(RIS YA SETT WA T AWMSA T 9% Sfgn Goifbres S 959 AT #A1a <1 L4
T (R Wl sifes 20| e @ came @ RS s afEm A s S sy
T ATA a] (HA (Y BT T |
E. A ot Sedin we Sestiv

HYRTSIA ARl @ [raras o srSufe wra «fa9s 201 Gustafson (1936) &%
SRR o QAT i Bwars wfFm (1AA) 2ls aare MM @RYR 59
feifee g wte Affes gn) fefa@vera 98 wenf Sestd 2 ata aa Aol 7y
FafZw el Bemimired smfers AL '(Parthenocarpy) e AfEgeed A¥R 2e
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A T T, WA ey Gewm 21 A AT AT SATRRST I TR T GTF
aras A |
F. T Tesiivm

F% WA SHA Al sarA (e ARGEERTAa FWED) § s (Callus) Sesiiv
@ WM (e [fon ety sifagpad w06 |
G. ¥ TeoAwIA

Hurareira Y= o> PR I AW B(F TR THEEH, ONE Aefs oz i ofen
AHEBIRa HLED | AW ANCE S AT I AgNYRT (Spilelet) FeLM ITCE WA (MR
H. sy Frargel .

2, 4-D (2, 4- TErgaTEH wilie wiffe), NAA (FeeiEm snfbe snbe) aefe

Fham Sfm Cwl Tate A W (WS 71 G2 e peut ArergE Wi (7
IR B |

18.3.2 TE=iralem

3 SqreR Roma Sfgw garamefem sy fGSh =Um wfem 3021 1926 AE Kurosava
a2 garsEfs sifawe e off 29w fsife o Gibbesetlu fujikuroi (Fusarium monilifome)
AT SHHAFABCACH (NLEE 5qF 2309 | 9% 5AFH 4T3 I (Bakanae) @AM &)
A | S siresif Srrrenfae w, Aot wmR TR | @B TEsfE WS was e
(@R aiEfes g afEe 771 %a 22ne W3 oM euw R FEF Yabuta, Hayashi, 93¢
Kannbe @3¢ »ieffbs amaas @ feraicaf@ | Yabuta @a2 Sumuki frRicafeTaz 9t eifeg
Gibberellin A @3¢ B 9 (F271% 9jAeiia fgms e+ | _

feritafera weTe: so@@ TREBRTYW (ditespune) (187 TRGT | TrFw: 137 [fen xro@
GA|, GA; - GA,3, @ o1 Sfigs 20A0R | 32 (TOIETAG (Mevalnate) GO »md (U@
HafEe 77 @B FArHE sYwe wifiGEE COA 230e 1Y 281 Ryl Harer [fen e
BfGTT 7ers Hii | HidEeTe S A, 15, Seifee qw @ wan weafe o 9w s
8 CPCIN Toy Fey way Ay 3y eifaafie o

A) Sferra 3fRy—
efarie g @ feorem ¢ (a Rdiae g 7 w1 GA Ton afemmes wwfe
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A BT 3 SBI| GA @ erira (21E FSreTE S I DNA AT 2 i o |
GA; 25 THABRITS PRI STpe Fmarist A% 30% S0 A WAl (A FOEE 79 T 5
A = et wate e Rrerea T g (vl A 6 OB SRR GA 2R SR (i
Rz w22 A9S! wra R Rewican v A i S g wom

RGO $B1 sieea »fsiy 16w ¥ 26T stgsffet TS (Rosette) SIGHoa 27 | (741 (T
A2 4 BTG 9h1 oMMC% GA D 2 w1 o 420 (UF GA O I 4 straefeie
IR A 9 T T7 1 GA W7 Fera T wHfT 3 e ) e
M= GA; AT A «fu RS a1y 6-8 Fibw % =19 37

FET T DTN GA 99 AR T G P WS M #IR | S (HLa A GA
BfEw e 4R Q1 Wi 3 | STBA W (5 MR (Prunus ceraseus) O 3 21z
T GA 209 FIE MRS SIRAPE T A0 &g atitga Freifas g o oq a

Bfgn e arfaifier fefere Rfva GA fers s sl sret o1 %21 z0-—

i) WY [ WS HE—GA,, GA|; 2efS |

i) f =1 ™m—GA, GA ;5 Zefel

iii) MR HTS! 9T —GA;, GAg, GA; TS|

iv) B8 Tl F-—GA;, GAy, GAs 249

v) WSIE §% TAO! TWH—GA;3, GA; F9fS |

B) At wspravn—

GA €3 2oNa Arerd FPLAWo AT T I GA 201 SSrameiesa i airefirs «se
STGE TAWIA | AT (Cereal) GA @7 2@ fragena sy | @3 e goom
(T AM2AZA A | AT IR WLD 2-4 WIT WIRSAW W AUTF | GA INASar wia ffes
Y R0 BOTIHT TR 20 AT (7 8 97 AT ACAT &0 AW AT 27 |
9 e A a7 W g go qfEre wa See o WRTAWN T SINEE,
FIILS, RNase 29fo e 15 ondfcsre Beobe GA @9 dera ige a1 B,
DIl (Higgins et al. 1976, Chandker et al. 1984) 219 (I @A (T GA 20
TSR W09 o IHEEE m RNA €9 50w AT (7 1 €7 W0 o SRR ity
(U BT Bt 27 o e S A I RS 03 TECBS Beoiw I | 3 XA
BRI ASS] A X PG Teol WA O Az T I GO WS 201 GA RIS o
STRRCETS ACA g, 18) A2 6 18K A2 Brad murm an @a 79|
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BOOT

(ngpl)

% 200 4 GA ﬂw
% LG e
é Ga R smfedram
J
=) : : e A
o . 4 ¥ J.‘G + ﬁ.‘&{

5 18) ¢ SIIESEAN WA GA WS Favie (9%1)
A SEBrIm W o WINEEE SesiTAg BT GA @7 9w

lcam--s ot

~p A TR

““““““ -i_( iA-MYB &l
+ I CRs LN

ik \1‘- 14 ull(\n ‘\
Q@ SIEEAG e
GA-MYH
{8 1:*»1'.:@ gnﬂmm-q ONA
GA-MYR N
o Wﬁ mRNA

f&-‘@ﬁ;::e R

sl 9 RS AGH o SUTRETS wad

HA] o SIFBES

b2 18K : GA Zeifde o SECAS 7ewE

1) GA ST SRS caTasii e G e [Reccp’mr) AL T S Sifesram
ET R W s L R T
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2) GA @7 #rera WeFamt GA-MYM Tl #féw w7 w3 @B fom #Rthansty GA
MYB c#iifbn sicoew 731

3) @2 Bl snarm s e am WEEE e TRY e o SRS
m-RNA 51353 a8 ¥3 m-RNA FERETSTY ¢ SINEES WO a0g ¢ 9feifa aga san
SESTEM (B (0F o SRS WO FA A |

C) °f>? erephat—

B ey PR (Long day plant @ LDP) 47 3¢5 WITaNe #Hiud (Critical Photope-
riod) @M T AT AN 77 TR WS g w05 | [ Fra Sfemcs et wwsie A
Y NG AR AR Fe @G A Y 93 Ao FPAN GA ATHY T €F ML YA
THOS (7 T | 9B AT g7 T W (T GA W T Bfgrmg oty wiens oificed A aeEe
qUo T B G2, (PIATTA S oo Ao{Gerardl el weram whra 1 gy fra Slgne s
GA-93 2ol 2Afegs Ty ¥ gore (vl 1w o1 | f@eid) [l (Zeevary) WH ST3F (3 GA
AP ST o APOIH FTRITSE T2 D S T GA Hrara Afeaaed) anmylea
(% (AMO-1618, CCC 2ref®) amas) s oo ArEe 23 1 faeidl «ing (Lang) 49 SICE =
PO+ GA T 2SR A Y §—

i) GA guee 7 faat Bfgr (LDP) g1 oibine QT #d |

ii) GA PUGT TABIA 2T FACA o4 orgha #eifes 7w fog wnm T @ wfEred
MLE T G @ oo TR T GA A9 ARSI (Il TEes Afdees 23 41 1 9=
Chrysanthemum {307 o7 2=g5a%I0s GA, O[3 ¥ APIT 2o (74l (M= |

d) ot fo-—

wfifig feqrs GA aras sare feamy (ot g Reifers 20 0 HRds o we fows
ffEg = 2eT T ATRIM (perthenocarpie) T8 | BTNTHI, Tenja 2¢fs Tfan #20E2 GA a9
Aela Az T Seow wrd R A e @

E) ¥ TeAwa—

SITATITT o7 GA 2 FACA T€ Ta1 SeoAwa 24 W98 JeoAst Sy Tfgmw GA, 99
ARG fre 2THe w3 FE SEed 3 o | FeBi sneged (aE Feaeae
= GA @3 ooTm St A zemy AR o TEd WU (g

(F) GA '8 I@I9a¢9 (Vernalization) T4 3=[(F— Hyoscyamus niger. Lactuca Sativa
ASfE ME AFBFACHA (Vernalization) FLA o 2Fgoa TAIfEC 21 forg Brepay (4°0)
Fereffire AXI A A I GA AT TS ¥ Fo FHLS (] T | TARIICRAT AR 0
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@ W GA SIFHIRT Fowqes 1 I0a WAl GA A7 2O Z9 SR (S «F a3fes
G SRS TR AowRe Sad oitg) Heosd WS |

(G) Fron #fgadq—

GO FCA GA ATHN FAE e el ofqafe are (vl W Begonia T GA
Flefrestar 5227 % S0 @9 PICHIF (Cucurbita moschata) CFTA 6 GA BoTewfa He aifecz
JLoTT Sl g 0T | TH! ATRS 3 T Aee A Al HIW A | PALTE FIRID
GRS Wl GA FsPAEpenas #jo+{ro gAEEe w0 |

(H) afefag =Far Tevwn ¢ worgrs wafes =ioa cay—

/A A7 (Saccharum Officinarum) GA 25 IIACE %Y (T FET 2542 iy o7
T 3 oM (AT 2 sty bA s Mda onear w1 S A W (Sweet Cherry) B4
IS BTS GA AT T T Sialf%S F5e1 (Crack) (w3l 7 1

EpiEa— 2
a) (I BO® GA STUTIT &7 Wil e

18.3.3 ARG :—

e (i Biem ARG «3fh ggee gk aee 9 Skoog (1955) AN OEIG
A (Nicotiana tabaceum) Te&! (pith) (FIT (AT T2 %S ILAN 932 (FIA 6 Wyea a2
(FrEeffers faerem fogfim «ira2 9w 30wty | 63 Wi 3 1AA « #Hicd 35 s Sfde oz
Feet 3t sjrrerer FRreTererso 20y @15 | (RCT arael 7 T B O oreoon s corfRreeans
AR oy Teitm AT | it @ Sig w2 (Miller et al., 1956) @R @ @i Aefs @i
(A @1 fISremad) apmuf Sourat < e | S o (@ @6 ernRestd
| RIS! I ORI ARCBITR R (o1¥1a sacace s Swd ad1 17 1 ARGRREE e fab
AT TENA | enplos AR wdie anfta i e oheut ww i Ifaw AAGHRAR
T, (IS8 SRR HEfaw (BAP) Sfgmars Sqwfes  migthmEfan e ;e
HfEfsTee apfs e F=Em foy nErsaRfi srmdior o 703 )| TWEWD opfers
SITSHA GNTA FH0E6 (AMP) 230 AqfEe =31

A) 3y Rergm—
TROGHER @7 ST 2 Ak for Sfeom s waifts @td ) Vinea (I8
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ARCIRRfA et eare (A o et gtu (@anT Seod wtd: 3w FACAT (Tissue
Culture) 7 ®{%4 G HRIHRACAA firesr srmis 330 g0 FEN (Callus) Geo ¥ | A
74 (Coconut milk) AT TNHFTR 2ATTS T (B0 [SRMRT 2 T© 77 432 0 &, A1,
s wres Jrefie 2|\ (50T (T e T A SifETe ARGREEE A 91 e
BesAMw A I (AT vt BRFT 13R FRTS! I |

(TR Bf@% Agrobacterium tumefaciens WS PO A WD T (PA @M@
2 ¥ 3 32 Biew arent B arer Serf A5 23 I0E SISH 9+ (Crown gall) 97 |
(W1 (0T (W €3 B Ti A 2ite wa aafd S @ses T-DNA BefRe | DNA
@3 % weErh Rl ¢ SR 1AA TraEed o aza 30 | 92 Foiwefera eeed A
ST Bfw st BT e Segf sifds T (Chilton 1983) |

R, RN (Miller, 1956, Letham 1960) e[ feaiian ersiet Iqaces 7% ARTHAR
(TITET RS RS HETS! AE | DREDER SO s go oy [eefie 2w 5w
oS | IORT QS RET SETRe S qfeey T o widl aifrm o | ad
WER (PR Swera g s ol g o e ITYET @l wWred
G0 R U e

B) Sfgw e faom—
- Oy s AAfrglree ARGRAR Siere sgeid Sfiet gz #g e Ao T

(AT FAPE TG AT [AA € TR 2mg/fF0A ¢ 0.02meg/FiBT—~92 ST CFA J6

(RFRCTETHR AT W Teotn 70 b g wmibre Sfgn swwia 370 2 @) S
3 A0 1 S Seire ATe (Sadie FRHrAE Wiar g wwE) (@ (AT 59 T
ﬁ T | Peperomia, Acex ‘Z!\?r@ ek S Sfgm awafs [fey =i ¢ Tere ﬂﬁm e,
ofrel, ke Agfeon gfke $aifd® 302 | Psycomitrella patens 7@ STHT OVE o oo
7S YFo1 TeAMA A @3] 9 A WO aApw ~Hfameed HOrRfAA Besita T i

AROERA @Rt Fafw Aom afvo ficy Grfes s e

C) At feemgei—

I A A Sz (@ wEPpE MAAgEY ¢ teRarTlEs Afradasfa sHferae
24 SIvE AEFSE AR 75T (Index of senescence) A0 | 5% @ &R (Richmond and
Lang, 1957) Xanthium if&ta fftes 51feT (Isolated leaf disc) @TATRAETY 4O Slwrfa &7
IEAN G 97 A (BT Afiers SrErAIeE Ty T 68 A FROERMAR
T A @A W 2 SrErred w aw ) (Ba 18M) AFSIE o
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(ol AKTETT ALY AL (HICAPEIS, RNase, DNase @9l i farsae Sepmasfiem fen
srfs 7wt Bfgaorrg wfdse wramREayfEa siew w5 | RHIEREA 93 Seomarlm
(@ Thige et wraa cowalE, Fofre vy At B s g wva g afsure
Richmond and lang effect 951 37|

iry . CK &q%
& !
% § "y e 5Efs
o5 <
5 h- CK &%=
27 e eRfs T =
= %-
1;_1 £
EE IE J \‘\h«
1 ‘ ’ Sy
fﬁ'?! 3 4 <
53 ¢ 8M 2 AZGHEERF (CK) @7 aera &en ~wvefers wirafmen = (i
D) G ool

aeygeTa Goifafers St ereia o giuaig are sirg 1 | @3 WHeqdi e
BEPY FAhE] E | Sach @ Thimann (1964) (IRILHER (T 32 &5 worg FRa« oy Fe
0, W BoRIfere ¢ oAy Tt Areifaasica (ars 90 | 92 A2 e g
@ izl e ereice wfens @0a ApERTeE sfrEh TOS TR 04 |

F) 2wbres «ifahd ¢ comifes sgm—-

CBICAT LS Sy B ardcet caaibe wioibe garsfe are «i a1 a4 @t
IS TET Toell 1 6% 4a0e (@MATPEREN (Etiolated Plast) Bfgtw +Eraa aram s
g0 cpaiforsa s o e @ial@EREEa 4mte a1 3%eent (Brioplast) @b
gk 57 |

F) o[ epbs —

Pharbitis nil w5 g9 i Bf@a3 (short day plant) AT WaRscs 1=a T (0IG =1 frg
G TR HBITREA 2T s H HHS (R4 T SNeE AE 100ppm FRLATA
A0 T Afespriarla St sireel gersime v

,._._
L
[



G) e weFTAINT —

TRUGReRRCT wreie Rcwm wepramen: wES @) oy e @ oAb
DPLAMAAL G ST NGNS AT 77, (2 Teryfeire FErhreiafam s sars sns
SEICGARRT GIET SISpCAIN 7w 2 1 ST A0 ABA = Wil (0% T 7 SRS
Ao 04 feg o8 Arer ATCBIERR 20719 0T (el AT (@1 93 BT ABA @7 i
Sl T 3t Roog M Wiw | WEEGT GA @7 ToT TRGREES @ o
SRS e G FTa Srepan eI HEROR | 93w ARGERA WEHLAMANTINT
‘promoting factor' <= 27 |

18.4 3fdfew ¢

uFS e—2fafem ol e worg giEreER (CH,=CH,) Sfemme Rivefm (@0
€2 A 2l SR on Bl widimgdn B et 3 —

A) TR A oRl— Ao qE w1 ARITS Algr w03 | R 2ea ) W Wie
UM & O faueEel wih, 1) weerey o sifiafs s o) copfiore w18y Sammay B
3 +ire IR RrBlare T A0 5o wEe sfem Sl 60 |

B) et stfeedi— RBoxRGN (oivem (3w, 33 25f) Sfirn spowiggra 2w
AT A0 A oisfend e geiels ors orat )

C) 3091 WIRTa1d a@et— TPty gREAlY (etiolated) 4102 3RGM wicain T30 aeT
AT TP X 4K A7 POl A BRI w0 A T |

D) SJTert Y — B st srera g 216 B 1 Ara bidopsis SiTE SR SRR
AN SfE oA Beom 5Us G WA (Dolan, 1094) )

E) SrieToiba — 2R #1et @ wera omeiea w1 ofF, wo 2efs sig 3ae
(Bthephon) 15 2fafer Sesthadi@ (ot eitain I 4o wer A0 w1

F) 4G AQmm— 2R a0 ACC (1-smiEa AREmerem | s om - - 3R
CeAmmEdl (%) sfvals waE oo Aide gaiie =3

G) e WEpTAWI— A7 Ty Sice BB e Tred R T T € I
¥ g% #fe wrai
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18.5 wfifse @g ¢

srafAfFe o (ABA)ws Srafsrrre cne @ Sfeoie 2uw g afstalas gaeu@gs
P FA | AGCAGCRA TG CABABCA (A A o4q1elf Age 77 o syrfAvm amg «fwFs
feet | wirate, Aea ssgrames ARSTRLEA @ JUPRIT T THFYT @G vahE
2 | AERSIES WRERW A vafiwg apmnATera s smgre A9 o

SIBIHE SCFT (ABA) REA LG CHy O, ¥ 3% |5 Fdags Foifes-braimrme
el €8 wARiEe J@qebre ¥ gy s 36 ((COOH) 2e ba ARFNIFHN
AT o @ B FETRICA BGa4a (Double bond) AT | 22 (TSEE (Mevalonic) H ((F
TeoAn o

BRI R B HC CH,  CH,

A) TTH AR WAAR— (A A0S Feffom
409 (T AL B AT O AFTAGITT T OH
¥ A @32 AT JYRRT (Dormant) TR =1 ¢ / COOH
ORI (51T% (X 0T AT AL AL ABC 9 “Afassl CH,
B A7 AGTS AT | G2 ZACI SAGLAMINIT HZE

' GA &7 frewel 7% oF (W—Fawgs GA frifes

WY s SUapasyfer (o Sy, TIFIne Aels) FECHEa 2 F0N T | GZFAE
e Aye witer Wmgsfae Tage 77 71 ¢ goift JReTe A 71 | G2 TR ASFAHANCH
(4 ABA (& ‘dfStaiMa Tolwie al Preventing factor' ¥e7! 24 |

T AR AFegel wiie Fad A W wspfis 1T W Wi v (e wwy e
HARAY (Post harvest dormancy) <F | diq TRl WAL &P (o7 93 TN WE
ol siffsel ABA 210% T SEFLAMAICH qm F | [FFgliaa waE ABA qa 8ra @i
o SRTHHR S TGRS T | 93 FA T (O Rgfin At e wepam wIel
G A | '

B) “tearem RSem § TG (Av— ABA 99 9EI3 #TY TrUiT = A @32
T FE IPTAISTHY TS I (T | 43 I ABA (F IITIGA AfST14 Tl (Antitranspirant)
T 7! |

o7l (N0 2 WG Srela WBCA SRR SO ABA 49 W go 3R A { Jareiaia
SR ABA 93 AT 2T ohggpeisyel of® TS Ata | 92 WS ABA O TUCE 4

83 2 SN 2 ABA 97 AT 194
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A IS AFSCAY A € AAS Aed Al TS (Water stress) (775 TEAF T
& | AATR TR A | mol TTEd ABA Figd FA0A 3 (s ¢ Rifacka W aay
TS e A LT S

C) qaa F— ABA @9 2SIt SIS W TS
36 SHISTEN TR N 9 gl 20| B e g 0T WERT ABA e
% YfesTy Sfemis oo camr FEEel | | ﬁmm‘l;m‘mmq

D) (57 T2 AG— T, o1 J) BT (LT HT

308 @ Ciisegd A% €W (2 A e <A ABA FRFIEE TFES 517

#% 7 (Milborrow 1984) | R ST (Osborne 1989) e Wi
TR (1 (MSNSTA Teow ABA, 3BM FnTee 1
ASATIHA 3™

¢S IT| ABA (T (SIEABRCE #IN IAF T

1
RS, TS orpfs Bermafel HUAE A AT Apa az v AFReEi g
fTE #1916 T(ET TIPS (WIS AT I(H | Sferma arAAre @I

18.4 ?ivﬁamfﬁwel%m

Garner @32 Allerd 1920 WA Sdzem Srirad @b f7aifg 798 &e Manyland €4
T E I 2 e e B wfa ol sy e | afel amifoq o sfeyta
<} s frat Triia Bota fSaRia it #esh STERBE A1 Critical photoperiod 306 | 786
S S0 WSy arg Aua Sfeigacd Aves o 91 I |

st ARPTGRT T AIS (660 mm) S FHIE STE (730 mm) STl el &
=1 (g | 2% Fral B SRR N S WA AW (R) FACE o7 2P0 4IRS
Ry 37 411 SCETA 2reTCa (FR) €2 il it g wefaficss am e A e Sfecrs
(HTY SYHIRT FIE (6 7 e ST 2SI ofFe A7Ro+ N4l AN 27 |

18.4.1 fa Borthwick 3% Hendricks (1956) HIT31 HIAUT AN FAA (T AM2F MG
S (R) € qd a0ie STl (FR) 2291d) Rram 243 smd SR T3 FRIGIPE AT AR
3 T | A TCENF CTGBIR PIRCGISLE (Phytochrome) (& Pr (3R HFR A& WCaTl C14
FA pfr T0¥ IS 27| 2 afFans afasda Fefe «faadn (Metabolic dark convession)
IWE | Pr 2 Pfr @7 gofga oo Soyd afew wm Trre RECTETer W @2
WRHWAREH 900 | ARy 37 <5 Aae @y, @3 @ @aTEd A

155



aefory wvw i (GReiRrae | @i SRl SR of et 4 cafds e Fews A 92
ST TROGETIREW |

et S (660 nm)
R
N TR A S (730 nm) !

o //

Pfr

/

-
“‘"—-—_—._—-—' =

Pr @42 Pfr @9 AI%ISIA

FIRTBIEAIT S weelfS syerana | 1128 © somiRee sesa aat Aty i
@R B2 321 WA (NG SN STHT e ATAGHI THAT WU (AT gl
TT AT | PHY-A B ORI PHY-A &S emreirat®a o w03 @3t 2IP0rs (OareReard
A 7S 3T A5 1 43 Ul Wl SECBI Ay At WG ZE (Holo) (24T
[niecd

18.4.2 cxifarsa

S A3 T S oRigRa Sifete Taloll 229t 9 0e Bfgw 9t 2P PoTaa Hdaain S0
Ao 20 | 3D QIATE e | T Sre W Bt 43 ZaratR wred Aeie
&3, A el Sfgrn 0 ST 2 FAAE GA TS 7[> oPg0A (A0S T | BT oA
Xanthium AR ZFHARA (2T e MRS Tovm ATed ST MG FResfgfera
5% (RAIITE T5 (PIOITS 7wl Faw, % #(Trer aifde 77 (1 pifarem zaowlt go gafes 2,
48 T Rediae Toq 3 q0A Taig aetElee i Terd @dRe g @l e W
S et wrae CRTem e 2T Srer® R awAle @ Tefd 3t Femcae a1 s
0 AW | W e sew w0an Sfe pfane= anie Zarsieag Sofals sieal (R 9. GA,
#12f{e ATDIS 93 C/N SRANT SIFATT 2o o faage o |

AEReITE SO (RS SIS 2o TItE SNl (g | TS Flow-
ering Locus C @ FLC @93 AGAMOUS LIKE 20 (AGL20) fomte aeiids w0 oiwas
AT Y3 R &z FCH |
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18.5.5 3IEIF4A (Vernalization)

frseiora e Ao A PRI (@) BT o 276 Tfde aaia AFe
Vernalization A I[8eael s | svemely Sfirm Femas Fy wravaty (ard fmstemmal (5°0)
#eisl BAE S0 A Tem T 94 W

ARG AT *E 5——

1)
2)
3)

4)
3)

6)

Nets ATy ord 3 g SRR qrS 57

5°C SI9IEGR AqFTS: T2 S SIefs |

Secale cereale WIS SfEw ARSI FATH @Gy o erghn WG GAIfES
9 (R

0, 7 Teiffs werg ggsd|

AGIREACHT #17 (25°- 40°C) ST TP AT TG 20w WA | < 2w
SR (De vernalization) 30#T |

Tfgn T TS =R A SRS s

Reae (wwipa @92 I (Melcher and Lang, 1966) s (IR T Sfgm
A APHLAE TS G ZACAW Beo T WS oo e | GA @3 BHARRfS
Sfecas (Fas S w0a) SRl Arareena Grfiem Tt e e
I | wififarry amiefas ofgy azTe wfs oifge aafa o eiiferes osfe
2960 (Hypothetical Hormone) a0 |

IAGIFACAR 179

1
2)
3
4)
5)

Sfgia s sRfEe oA T

& Bfgrrs uaad @S Sfom ol o am)

Sfena 01o) AEHETS! (AT T

et zarmbe @ afetay =i @re 9|

Srapatr (AT Mo DSFLAGAICR (ON IS TCB 41 ALET ITBIFITIA (ST 949
2 |
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18.6 #IAI™ ¢

Sfgrrs 3, Reis @ smpsy «iERgEr Fam goate oy Adiies | SRR w0
g9 g Zarw <ol wee S gikare Riaiafem ¢ ARG cRe Sraraeln g
e | GUPBITIA A STt W (A0 BArurs Wi Snibie A e BesE T @ @2
2T 2N (AT Forem @ Wed RS TFarrel e | Biuwe R ben, wesY eRhe!
AT 92 2 T e @

fermrcafim o=l wRbrFRTTG w71 Sfgrm sRATda 3R aor | awTTE Sfererar
¥ GA [fen ongfiams Sermra sikeey wfw wRprames FRwe! S| 42 [0
IRT= o Seolvw @ #ov LNFow e 0 |

RGN 261 Syifefem-ar grafrsi®l @ go (onae faeem o) fafen Sfgr we
oA 8 TT NSLAMAT B TAHIN TS A |

sfafee Sfgronz g aowig Agfos Sy @R Al T APTS T FA| B
(W (B FE SRS OE A oW A A, T @ F(E SIECAGA OIF | R Z0A
SIS A T | LA IR FRICIT @ 20l go D 37 g +193ws
fdifers w0a areams (g @t ) Bfgwa oot 2rpba afFnf s snrisitea Sofg s |
2ff amfon wafl PfFS sitas Witg T ARS TR 0 | PRGN ANE 950
TTHGLIT TEST APAARFOLA W (77 | @3 9T P, 94 P, 7B Lo SORIF TR | Gfgm
3% ST o T GRfRcE HicH < TATI AT OB I SATO! (ATH (PITATA
T &[S WA »PAYTAT [ 0, FaevmEm (5°C) Herns o4 2o Afem
FfAs 27 ¥=e orifem ans fEre s O3 FITh ARt FF |

18.7 T epiqett

1 Tfgnriz o Sfe@G e

2 o Wi Wi wEr I THieEd wie |

3 g a3bel i

4 (I 2O 230 [GRAER Sraie 2w

5 et e on T ggeed g Aew 30
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@Y Rerea @ Zars S w

FLETE FIEAGH (Y ST (DI TN ? |

G fRET @ ATTAMS (A (PR, G4 1) WA 2
TROTFN 2 3219 I #wifs 36T 37

10 pifarsta §ery gy e

11 arSeas Awifef a¢fm w1 EfgnfRmm 2o e @9

e - &

18.8 Taq WAoo

e wite snfte

18.3.1 9T oA SO (A | _
18.3.1 47 Wf¥Taa *NAAET aRfaaig-— C) Saw davel Wb w3y |
Gibberella Fujikuroi

fercamifem Zrafim

HZCBrRAER |

e

SRR SIS |

18.4.1 &+l (w1

18.4.2 wief (W |

18.5 wafire adfar a1 Tatg|

st

I S

Tt —
- -
- -
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. a9FF - 19 : Tfgw FENNCAEe (Plant Tissue Culture)
oo

19.1 =i © Sowy

19.2 @13 sjfomm e

19.3  #@m™ (callus) coirme #ifS
19.3.1 3% myw ¢ 3y o
19.3.2 ffm =wad
19.3.3 coma e

19.4  spweem s comad

19.5 0 SRgra Safte wcsinen 92

19.6 =t
19.7  <wpfedt @ e
19.8 Terwre

19.1  SRFET @ Ty

Bfign wenrorsst b Az fofem feam =1, 11 518 ip v frsrrera e ae sw | 164
2ryf T SToIATe S1g TN | TR SET Bafers, Bamstm, sRemer, S afnea
et fere 93¢ Grmets Bfew vf5ne Bfer wmmsma R gfire e o2 e 3 B
TACARIEAG ST IZIAT | A G0 A1 Sl 43 e wrst, IR SIS A% s
¢ Ffite Tafsrs aamamme i@ e SEsal T |

9% 0SF Y BA AR —
o Efuw oma faneg wael-otipotency Wird
®  Tiuw senremara anafis SE@E a3

o iz Tufdre weenaraz ffsn aragm sricd a<lt el qrel afs 73 |
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19.2 (STE4 ﬁ‘ﬁ-‘nﬂﬂ *FWO] (Totipotency of cell)

Bfign (e @ fvey wae) @3 (@ 920 @i g @3l o S frekre zam wee sy
U | 9T (@A e Aers @« Siew Rapie gene FHows (@Ea o e A
totipotency ¥ T¥ | €% totipotency-(< 676 tad Bfgw wwmmcsias fagammiia se Bremmi 1902 fs
@fw fes! Haberlandt (214614} 999 (GIR61 FET @ @ Bfgn (@7 +fe1s 793 faerera mym
43T =iof Sfew RO (ot AR | €] UG ST T Haberlandt 2% (31T (R &3 2, fog
a1 e Fof STa T 1 e SAIATETE T ST R W STARE S 201 Organogenesis
ST AR (T (R o SRR e (g B W WA YD ZAE | [ N (S
e TN @3 ER MR Ay, (7 Wy @ o aeren ) axf e afi efoag 2,
(FTNE TR @xT B1 dedifferentiated 208 RSTEw (BTA (meristematic) sifate & aa
fretesa adl callus 5% 274, 277 (AW (7% @1 g9 A% 23, 0l (s = a3 T faobre
T VE | SR 9T G Berge (ot AR e | (7 faRtnd (@I Aol ES] 4 fotipotency-
2 Haberlandt 2RTEw Al Regs - (FTaa NEGIS ST A2 Bl THYE (A9 W ¢ ~A=ne (o’
T @SB g4 6w o B [Rafre w8 «g'

19.3 A (Callus) CATTS 2% fS

Qe (@ Bfign B (e T4 T, TR (a7 e s (@ oy spisgE AinS s
@R 7S 7w, @9 oAroe (orentia fARG AanaEa (@ | 9% RS S 2 el
43 TR A%E A W 5

19.3.1  ¢simrt qame gfags

Bfer 1 (TR FRN TE ST (AL, Y1 (406 (P R T (908 AT | 1934 A
White 3 Foofel cofrRermiaTs GERR Bram A W g 19, B, Febifim ¢ e s afre
&uw, Wit White's medium 712 #ifdive zg, @i ﬂﬂﬁf[ﬁ TETE 4 basal medium | fafen awifea
ey fafen garer Wiarag Soutem 2 | TSATA 956 PO WA WL AATZ Murashige and Skoog
(MS) medium (1962), BS-S1¢7% (Gamborg et al., 1968), NT 479 (Nagata & Takabe, 1972}
fog 3 faves S8 ST ST Gl R T AR STA B seere e fafez
(semisolid) TR FT T, TF G TR 0.8-1% Agar (U1 Fal 737 | A oy o0
CATIR Al Ode] J14Ta8 LR T4A ATATE |
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193.1.1  COTEOIYiTd SoSid e g

e TR Wy TR ARG, TE, *BiiEmm, sy, wmermtiam, owe apfer
7, el wfE@sf® @ macronutrient 93 (@R, wlrare, W, B, @, s, @efa
S8 A micronutrient TITY #AfaTGS, T tevef wfs «f@am arem 1, 93 #1IT ofd 44
OE AN AAE T |

19.3.1.2 (&< %9 AYZ (Organic supplements)

O Wy Ay S oW, W aae srEal s s, @ AW, e
wif3rs, ofigfrefsm HCl, fmifim Hel 3whte aefe |

19.3.1.3 ﬂﬁﬁ'ﬂﬁ ZENA (Growth hormones)

Tfgw Temeirara wrasts 3fa-fame qofiv care 29 A 20| 7 W0 TR FeofH Wi
G - indole acetic acid (1A A-RTSE WS wmfHs), indole butyric acid (IBA, 3t ﬁ@ﬁﬁ?‘
wifTE), 2-4 dichorophenoxyacetic acid (2. 4-D; 2, 4 GBI crafRreyhE Sfe) ﬂ?ﬁl
FATARA erarEAr A« I Fge 2o ARGRERT (cytokinin), TR W14 IR FREG
(kinetin), f&ifbs (zeatin) 2efS |

19.3.2 fA3fsizad (Sterilization)

el TS @ R owgeld T | PR AiTa € TR S A G, (e,
(PR T STAGATE SN ST el Q2R (oATFarag Wfar 39 wTeps T | FpA o1 @ Tyt
95% ethyl alcohol 4 FRTA +TR Arfzra Frr e A Sraprs w71 A, ©7@ oM @ (A
TR SHIFS (autoclave, B 19.1) 97 12wy Rafesat 721 Mercuric chloride (WSS
@RTZE), sodium hypochlorite (&M ZRANSES) 2of® amREe ¥@R w3 FRw T
(O RN 3T SIRITS T AM | (AR & RIS #AfRE02 &) Jaminar air flow cabinet
(5a-19.2) €3 T2y T T FEAM FoW 3 FAEES 39 7T U |

19.3.3  comendmE

el (ofrae &= @ B o @1 ore R e 3 7, G explant IR «fRGS |
Explant 22 073 59 gem 3yl 38 @AW parenchymatous €a% meristematic (FTIT wiifea
YE | (IR I, eI, T GOy et | EAAG G A FENW 2-5mm WA explant ZAN
TAIWT T2 W Laminar air flow chamber-4% 3ty 4%2S ufel Wi % e (F57 W
A FrE q FEeE B8 way) 25°C-28°C @ 12 T51 ~fTafis SIe @ SHANR (e FATE, explant
offl cor Frerea Wi ety ¢ S wrer om e R at o W e A
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ol et FIAD R parenchyma (141 Q3 (AR & QT HE WAH (BT (SAE
F91 BT, TR ACAEA SATAS 71 T | A GTF (AT organogenesis 9F TN A5 1 77
SARPEBH 83 | SRR FIRIF (¥ CUF @A il A embryoid (embryo-ma) @8 St 45 ol

Efar R = «ivm

B2 19.1 3 9l R wifere s
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19.4 HAHTHHS (Suspension) FIEGIF

W&ﬁwwmm(agar wH1) @ﬁt’ﬂﬂt‘fmsuspension #GT ET, 99 T}
oz 5% A B1E 6 platform shaker O (A0 TAIIS WIS 391 27 | TF IACA FEQH
AT (R T RN (SrF I S & G (I AR I OF T 4T3 3 T
TR (AR To7 IS MY AR AR T8 AT I B0, SR A&+ =By
SRR WG @ fSoifm g it e ourer S @R Aifis Wy 1 x 10V ged
IS G TR | X 10° 26 SATAEAT A T A WA 2, 4, -D Ff#A (0.3-
2.0 mg per L) Y9 &9 @ |

19.5 Ffaa Tufere waenarr 3277

S AT ey ool AR RS ' S | 93 BrHea el i o
(AT o9 AR, (FAT —

I15A.5.1 =q<® (Micropropagation)

R AT[S SEHYTR SH TR 37 AT Tigw TeAma A9 | (¥ SR WS S
I G2 TZ W Tfgw ofem g | Rfen wfFe, &, (memet age oo Beemaed Bfgw 3=,
A apheR ARTTOr TR T91 e | WS, T afe BE @3 owfs 9% Rea
aibtate ; GBI T Fiaw Fers (artificial seeds) G99 1 TAR | WwS FeRoro3 qfﬁﬁ
At ¥R NI AT, AN Daucus carotus, Gossypium hirsutum, Solanum melangena, Hordeum
vulgare, [ actuca sativa 29509 | G2 AR FT & Na-alginate G WG QIS G yias T
o8 wEm I (fva-19.3)

Ca~aa1f@veha T raraza
e Nmmm)

— T

b@-19.3 ¢ «3f> Ffaw Fe
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19.5.2  Haploid and Dihaploid (Z2THT ¢ TITTNATE)

Bfgr-zearas w1ae @ e gaee anes g R an wfow sty e dfenre
CPTAITHTNT fagesare) Qerae (AT SIEmeEs hedl I3 | 9 it S e sof arag @3z 200
o SRR AR AT TR | SFEE SRS RS (¢ SIRRHe) Sfgw Arsw e 3
oEfers A, 4, B, oW epfers A «rTR | wRzaEe $fgr smewan ¢ SWereena
fowuram ofied g eofd earawwe a7b |

19.5.3 fhecwe Sfgwn 7St Femeiras

3 41 endosperm - (#iTae ~aTors Tame Sfew wnaal %83, <2 Sferm et sl 28, ¥TA
FRICHLy 93 Rer sfores By o1 Sfem @99 - Annona squamosa, Pyrus malus, Prunus
persicus, Citrus grandis z@;ﬁm I3 SRS R AT GrArg |
19.5.4 i offSraiess =7 Hf¥res seweid

FEARA (FTR APAMR W Ihefos Sy w7 =W @ epaarsfor Adiede 32w
AR} (T Solanum 97 I &GS 8. hrevidens €3 FH TS @lfE S wberosum-4a3 FEqH
gL SR | O3 W@ W Jeaforoll virus €48 Y - ©igA @19 aferanems | aufa @ w5
(somatic hybrid) feTa #ifdfew

19.5.5  Stress tolerant ((2¥ afsratew)

el efetanes Bfevm wm cow oforany B HRree wesiEe smEfen AT G
(P! ST toxin- CANS A efSraIermTe] Thie T4 0 ¢ G2 IR SIAR-ART A2 Citrus, I,
Gt AR TEE |
19.5.6 e Myw AAfsare eead

S DA (PRI (R (LA (I ALRAA (AT WA (A ey e agfen
sifETaTa ararel *Eafe RE Ton gogd R Tezi 3w efFaree RafEsfc aga @iy
oA TV WS SN | @B WA re] Wy oA S Tawws Bigr AR e gare, A
Helminthosporium maydis SfETRFN Zea mays, Downy mildew € Smut HegHE B, early @ late
blight eferaney oie, SIEF Tewmie B!, 1am FEe g 2jin |
19.5.7 @fw T (Somatic Hybrid) € (Cybrid) WEfE

i fom e canbiens az gl wfere ofiema T (@E AT T 7G| 9%
5% SeTI b e A NS TPPES eEifer (ebian Ao IR, AR & HE @Y
(E e Tftgw 7ea 5fae oral 1w | 1972 133 Carlson @ O 7ERAQ) 42 #@fs S@eTHA FL GN
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Nicotiana glauca X N longsdorfii @3 %t (somatic hybrid AR HeFA) tof PR | N
B % TR oA daael A TACE | B 40T W@ B AP (9F A hybrid vigour @ TR
T, COIOTH! erofors 3 s Fies Tof wamy | oyt @ 2enfen el afera e wfiee
SRewm 28 WEa, aoW Y - o 9B leafroll afetaiy Ske ey | (FIEE WA @ WEET
tofam emals 5@ 19.4 @ @A 2

Somatic hybrid 9% W91 (@THEATE Qa1 At Figie tof o, o3 arsee aalh FrefFam 3@
(TS <a wew 9o WEET 3 onbie® «z AEaRe 90 | W RiErs a3t sfed
@R MG ATy g Wb, o e, o, aa agers mEbewlE fds o
<HTg | TR Siw Bewima 2igaE Giew Rrarg arre | AR a1fEe oW sfAtEa e FiEEnee
SRR T, (AN BwEE ATANA Brassica (chioroplast DNA fes bfam) awfe |

. :

b3 19.4 ¢ carbiant aFreAn 2R ¢ AR e | &l ez e sawm
TEATA Beorfly, 2, 23U, 3. wbiEpt o FEfAn B AHURS ¥7 oFroTw Tye AR
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19.6 ST

Totipotency 3l #jfaa= Fwe! Bfer @maa = [foig o3, 97 T TAAREE Tym 9ol oy
ez @3 3 Bfgn B rwa1 Sfen weeinara Rrag 76 Stargaras off e 93w 9 sl
CONTITGT | (HAFINLTN @ FAT FAFS TIAE Fpeen 207 eranes | Fepamaa G f[ien
YRR (ARSTGN GAT FA] TF, AR R Wy AT [y wied, I wy ewmed, WA,
o e Fuws | Sierm Romm e onarg oo (oo farem qaeete gia e aRee
9 g1 oY TIE € photoperiod < 93 ¥4TA explant (A® HY RfEF WA callus
5 =W, TN (A organogenesis A FARRE MITA @6 Hv)ef By 8 221 I 1 ST callus
@ shaker platform @ RIS STHIETS (3 TE (FF I @77 7uH ooy 37, @ef va
(AMETGIEE suspension FIFI6T BAIA (oirae o g | fafen wemaAre &l smerm $fe s
TS B eefers fafem wara BHfS Hivw o1 79a TATR | 93 99 A% ea Ny 9ae s,
raTrs, TREEs A Buwe St 7R cnfin e e Biew, @i afordem g ceraferaesy
Bfgw, wizfae 9 @i «fFare Sfen (vl Rfen gRming <Ry wreem amms)

19.7  SEpRTETAT epsert

L. AArg s swa—
7) ST AW SRR Ty SIA SR ———— (419 9 @
%) JAA (Xrem wiEhE wfe) gt ———
A R @ ANE WEA 5 @19 IR W, e qawe: g7 ernag, ———— ¢
|
9) @ G (IAY ————— TSI 93 e B{TES, (1 TG (1Y Al |
8) A (A ———— O FHAES —— - GIGH S 7T !

2. T) Totopotency TIE ACE 7 AT FFA |
3) e wafs off sema a |
) Callus Reeia oreml 9@ 932 (e =21 21 e T
¥) Suspension IETHIA FONT 771 T, TEHA T34 |
e Ffce Safers Bfew wemamrea giie Agrwis 3¢l |
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19.8 Taawien

L. (®) agar, (4) SR, (51) WS, (7) @rom, WEEEH, (€) haploid, triploid
20 () 9.2, (F) 193.2, () 1933, (¥) 19.4, (7) 19.5 (LR
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G - 20 Recombinant DNA Technology and
Transgenic Plants (DNA #Rcdie offe
¢ Gaefero wie Tfgn)

20.1 =¥ S ST

20.2  Recombinant DNA Technology 31 DNA <frdiea #afe
20.2.1 DNA 71 §W g
20.2.2 s W @
20.2.3 %fgw corn Redy Giem afeman wwfe

20.3 ==t pretve SRew

204 Sfgw Gmemfew sl fomedu et

20.5 @weafs wew [

20.6 Fra
20.7 wEA @ opysE
20.8 Terwe

20.1 2WIEH @ Trwly

AR WS EW-2T A Genetic Engineering @4 ¥ ZAMA (I8 F21 A | S
T WY g =erEie Glaerfga faor femrs wRamed 9 TR 2 AN A8 LR TS
XSS YT e A WG AriRe, Fe Tory favsa am) Tpi s «ifasme gage grafea |
g DRdIm g 3k Sgn s A T S e feeadl ReE s U s
OIATR wel) SRefE fRmets st sieerg wrare | SRS Sie-egfe «ifaee e @iy, 33 8 Wi
e e 2wy R samm @ | Sw-afewiwF wire Bféw 932 Gene Manipulated (GM)
AR TG A AGEA Frae 5T @R 2006 e Af@Ts 247 fema w3 wfive e
S e zrafes |
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OB 9T A1 w3 SR —

&-29fF & SIS e

% o T AR WIS FS A

sl faors §-afexitem oie Bfgn ot amEa
TR IS GiA-2YHT Riey sawm a3

Si-2fE Tt T T=itd GRS ARG |

s @ @ 9

20.2 Recombinant DNA Technology 3 DNA #Frdiem wfe

79 43 SR 71 S SITa DNA I STEENAITE oRkgS DNA O 9 & ) 3 g 71 Sl
AT AR F91 T8, 472 & DNA - (IS [@TEA R afgs T, 939 & (o1 i
31 transformed % R B w0 | & (w18 (2re Bge Bfgs (T &) G = (transgenic) 3
SimefosioeTs BRr (a1 &) A Gene Manipulated B (&) o3 o1 281 % Ravera sivefe
Sn-afmi1s # s 3l Recombinant DNA Technology 3 #ifafbe |

20.2.1 DNA 31 & Wz

DNA S22 {5 & warza &1 3fS Sy saems o4 o, (@—

® Endonuclease A T Benra Ay WS Srera Son fiea MEFebRy s
o 9t & S a9 WwT,

® (3 HIWT mRNA (¥ 78T FTF, reverse transcriptase FIIF farre <5 (T RNA (W3
R+ transcription €% TET DNA (872 (8 2T F) @3 FgAifiem ARome &7 S
F@| (% T & DNA (T cDNA A complementary DNA 3t 3@ DNA @ Tl &1
i (I (FIER NG mMRNA IR =9 T L GR ST 4778 DNA B @R O
@ 2sfd w91 T, & 7R DNA O ©97 9F0 cDNA library 06fd 924 |

20.2.2 &= @fw

(T LTS T 7 cDNA @ TRGET A oR amice Ram afesitem e GG
(T8 6% DNA 3 #AW THTAI A | Recombinant DNA technology (B &¥% 4% T4
transgenic bacteria 1% =0, @5 Rfon 8y ¢ frepmafy tofwe gam ¥0 W, @ £ coli
TGRS LA insulin SIF AL TR humulin A human insulin 4, recombinant DNA
technology-3 2 AT | TEAA offFias w2+ RIEW A polymerase chain reaction (PCR)
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sefEn Ty S @I SaS WEE AR | GUA OB DNA T 26 2 ara2d ad Taq
polymerase SEIHS(ET AR @ W 253 +AfTwwe 3R <O A |

20.2.3 Efow o= ey St afewitom 2=fe

Tien o faemen Sima dfesaisia Jafaena Sed! vector @3 FIZAT WO A A0S | @2
ST (AMBIANPEA 328 AAA T AME, IR G4 SIS (P A e 71, R Rersiy Sewe
B GBI 78S | Ohayama 6 OT7 HEHIAA (1972) 2 fusogen W7 R LN (2AMBIATH
ferS Giraa S ara= 461A | 9 &) DNA SIS B (liposome) @ lipid 43 ST SIS
#9301 Electroporation #feree S ST THITAI 7 | 2G]RS A AP
DNA 93 ST IOIR &1 microinjection H&ed A2 (REH 2¥ | WA &l I AT (FI7A
& particle gun bombardment A% oz 371 2 | B G afor#Taa T 24Ss vector
AeE’ 97 A (IS T | 93 #wafS Sireraf fega (te 932 g vector 93 FIRITAT gene cloning
8 AW | BIGW F4F9 ©N Agrobacterium tumefaciens ((3 G gall (97 ) @ IR
AA7S T | (GIACH1, e, OIs, AR, (AR agfers Ti-plasmid GIRIT 31 AR | T legume
w1y BfEw 6 Wl *3 Ti-plasmid @& SCa A, A CHLI FEIH ST DNA virus (T
Caulimovirus (cauliflower mosaic virus), gemini virus @I Wheat dwarf virus ﬁ?ﬁé BIGEAU
ZATE | TS GiW ARSIIATR transposon (T5E DNA 4S - T (FITRHTII Jra) R sAfgaera
W) @ (AR A AR | FERTSTA transposon DNA Siefd (FA S FAK wfaqéa ara “Afzqrfe
THITE oMM | TSR S DNA T 3§ (@19 373 47@ vector RS 27a21a #41 b7# | 53
20.1 @ recombinant DNA technology 3 I€TE 72& ©l(d WANA &&i—

-

~ T A4 T Tk ¢ A A TTon C T

KOTTAA by [ITTOTEE ¢ #e Thask IR
/ /
o LTI AAATIC 3 [ = ] §' -cuzzmy 64T - ¥
1idareiriag ’ /,v ‘\

o IR CTTAS T e § o IR o1 1 A ST 6
(F) Q) (¥)
(33 2 WERETA AMAAE @ ATATHHAEAS HAWHN STRPR 9% AT, 2006)

B 20,1 - (TR 2y FaIfRe il Faemera (T e & %) 93 B DNA sieis anofeinie
SerTrs A «ah wisres S (BT (e 2| W) 3R aneiBiHEe waRrd A a sl
Vector-43 DNA (273 G Sioel AW (redl 357 | o) Tforers DNA 966 Vector-99 DNA -4 *ARRITH
ARG (ligase) BLFES AR (AR #5188 @ Vector-44 AR & DNA ¥& Gebiaur GRTae-
a Ao @ Fraifa sferae v Rdifas cafbn A 7w |
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20.3 FHSHD transgenic A G-efsAmeie Sfgn

1983 AT Montagu & Schell Bf%7 @ aem RBE@ &9 Neomycin phosphotransferase
s e 7 i 1987 ¥z i B i efosanfre Gemeiee Biew 4% 73, & 9eE e
Frafen fEfans SATERie long shelf life (BISTICA 5T <7 T | IEWA (I ILISD GIHIGING BigH
aifféne fSfere s 2me, wa sm@e 7R 20.1 @ SEw a9 &

e 20.1 aaf Fed Gi-afewr-m-gre TRm

e TYIRT FHR  sfaafEe s fwren §iera R

i Monsanto FHATEIALTEN  JRIHEA

BTyt Calgene e =|firg anti-sense RNA
DNA plant Technology atef g Technology

)| Dupont, Calgene SR ﬁﬁ”ﬁ Rt

ot Monsanto eIy IR

@‘ﬁ Ceiba-Geigy P TALTE qreniaa

T8l Plant Genetic System oG ARG Sl

AR Monsanto SsfERS ey Zw) IR

fem-efemiom T Bfgws wioarms ore #na a1, ©f 2@ Remrg #7 faseeps 1o+
e R 48 [rware fdias 3591 7 93 GRS Gign SR, o ) S{ffrawes o1 faaen
e ) T w1 56 Rira Greaie $fgn Feird szl sara —

| PR GEG-Flavr-savr

WIICH! 2N e Bestivm (I® (0 1 EA R SIAlE S 253 R A G2 AfREasE
TS T WG QA | SASTRCE AR S T A MG S 27, W Ty He7d Sy 7% 2|
%, I TR oS oo (delayed ripening) A TERIRTE (Jong shelf life) &+ &R-2f¥7
LA A R | 2O @A 4R GGt oheql ANPE-Flavr-savr (TYRE HIR(-Calgene)
6 (TS FRI-DNA Plant Biotechnology) | 991%1S Flavr-savr &% qifdféras Siw-afemnsere
Sfgn | 9 GRRTBITS polygalacturonase ST antisense technology TITA Fd1 AR &
TOI5T T4 PR o9 % 30 9 AR FRABED (oA (oo vy 9 WA AAbe g T
Antisense-technology T3IEA3 T polygalacturanase €@ mRNA €4 AfA9FS WA GFHIWT
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mRNA U812 28, T & RNA &2 %1% W@ A & RNA (6 78 20 11 (7, T7e1 432 9 ~Afawrs
& Beppa (o7 T 932 & FH1 <2 B shelf-life T |

2. Btcotton-Monsanto™ ¥ «& Gmaiae gen az siefoe | 8§ Bacillus thuringiensis
FIRIGEAR Bt T 9T 4 W2 ) & AR spore 9 PR cEere @il e toxin
“NGT M, T insecticidal crystal protein 1 ICP A AABw | Fp-~ror A & @l I SR
midgut SR TR IW GRS WG TF T (7, WICIE W W AHE A TweT AQ (R
43 toxin WEwRE 7| Bt S FHE 4fes WY Ti-plasmic €3 T 9ETR faim ZareRs
4| A, WA FA & Sw [T FEwew (@ie TN | ST QI AN @3 i A SN
A e Wi R ea

aregfEte - 20.1

Bi-Giceas Sfgn Rmesene aferas gme =
A1t v Al @ e SR Awe - off
WS 7] SR O3 ETHIR Sife wm TNg
faadrma Ty aferaremnel Sem $4r% AT
AT TR BR1AE H{fAefs il a1 a0, (TG
a3 Sfem vl OF qaen Aewams &
afsmleiw Qg |

204 TEw GWeRfET ISTH o7 e 2

B SayfEa srwah fon o a@ls ¢ A, @ «3 egfEa W SrEeeiE = g
Fs SR SMBTSa @aR WA % Lysine 31 tryptophan <9 $EHd (WG & & amino acid
% SR effSwem ¢ R epsivel GRS € Golden rice @7 STa wfd 411 Golden rice @ beta
carotene 99 & @INEIT AfTIfor6 ZAT® TS endosperm & beta carotene &N 2, T0E BIE
(T1fe 96T T | Beta-carotene, vitamin A TSATS AT 74 | TP 91 AW golden rice T{@’Q
s B 0 vitamin A @3 TSR R TG aferang WY A |

QRIT! (A I GrAcEeS BRME “molecular farming™ @ 487 T L | (TN rape seed
(Brassica napus) SR W neuropeptide - leu enkaphalin (FT8-gasEfm) & g xfere
AT (I3 A OnNET Wy resiat - b @R e (Bocillus licheniformis) 4%
a-amylase SR ARSI+ 7 AT | @ 7 TEw (AE @ F0 (oA=513T a1 Terna Tidfers oig
e vz | awens e R Grersite Sa S S SEld QT | SR S St
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&7 enterotoxin <FBTE (3 oral vaccine TR ARRa 1 571) Sim afsniPe grarm « URHREA
epitope (BRI QI&F ©RACIT I (coat) protein e a9 FEd Aferem wq gz a
*fifs TMY 119 O g (e 54 AR malarial epitope 6T (TS AT, &1 I
SR AT JIRTAT AT T |

205 TGN oS AT SEs e

W TR (R BT WA FTATR B (AT FHETS(E, Wef3lIR T (TS oA Gyt
Bf¥% 6 recombinant DNA technology SREea Wy sy rifaens faom gfie fome ez
ora a2 Awfs firm a3 Rod 5% SR | WIS @ 4@ Franken Food S fGwes | SAs
T2 GM (gene manipulated) fi% 7735 91 A | Bt-cotton @I RefFe GM Bfgr i awwes
Bt - S S7wiel SILq S 1 (ol Sforaa] B, ASERITRS] SR F0S A 1 G A, A
orgfs wraif® e A1, SR @ SR Y TS HEEA W0 TOAKR Bt - SloTa oo e o 3
TR BoR 6 200 I3 © TR SN B WA wdIT | W @ RG] A AL
AL 16 IF, I ReffIAea 0o #ila, 11 SRS T ToIlema auifls 2@ o1 |
G BTt BT kanamycin resistance St fifew &18ce antibiotic resistance 4% 4%
PITT »N2 | wrErers Fg GM Bftw InEa #iv% allergenic T ATA | '

e G-2gfE @@"1 fRicea wefAifea Tom s afsf@m eemat Palm oil €3 lauric acid
& T rape seed @ efogiem = rE (1 HowrR 799 Zrg) o FAm 3 BorarE® Mea o
(STFTE STATG IR IR TArare omisjff $8IR faoed palm oit 1A 03 11 GIZIS! recombinant
DNA technology-3 &l 6 &rmisl agwela sl fem T s, oiam 2319 Sfgar &=
A FGAND, WAGAIE SGTod patent '8 I7FaA (0T AfeHfET FAeffera FANG ! T 9%
{RIE agricultural imperiatism 31 I NEETAR &AF TH HTEE, W For Roaw wdife o
AT AA |

20.6

% WG SN recombinant DNA technology I 81 &3[R 31>t farg et FafE | G
@7, cDNA 057, DNA cloning, #Fs ool Smwesire v 30 | fifew «ifere & oo
R g Rt eifeseisi a1 4w, T W0 FACE- fusogen 1 lipsome &% IR, electroporation,
particle gun bombardment, microinjection e iR | O3 vector &I Ti-plasmid 99 Q9
HAWE (¥, SINSCRCE CaMV A Gemine virus 251 Bfg7 DNA ®12AI3T4 <1 transposon 49
AWS (IGU T | Si-er T qaRr (et ATl =-Sfew %% worg, (1 4 ey aiifers
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RTHT (oTACE, QIR WY ACACR, Do oresirigard) Br-Bign, Rddl Grumdt T, ama e
FKCHCS WA T ZONR | ARG 8 GreEe S W FeRae ane, @9 e R
AR | +ifArirE Sign-egfE 2RaR weord oy faorda Bva weeee 39 Qe |

207 Al

1.

© N e W AW

Bt ferym

(®) cDNA, (¥) transposon, () humulin, (Y) PCR, (&) Golden rice

AR o} IgA—

Ohayama '€ O3 T3 fas Q2 AR v Sfgr A
Rend Siwa e TR | 93 B0 DNA S —————— 49 SIS0 |ige 331 74 |

R AnfoTos WA SHA WHIA! 793 |
faendr dim Bfgw (It o AfSssm T 2, SIEADA I |
Bt-cotton f& ©1a tefd watk wwes Bi@

I TNy bree SRem Sary 3371

Flavr-savr (Brapedt @ @ Frena tof = g
Molecular farming i Bwzae 3 SAGH 354

A g ol RAerda T MOTH NERFAS IR |

20.8 TET IS

® 2 o8 U B W N -

() 20.2.1, (%) 20.2.3, (%) 20.2.2, (¥) 20.2.2, (®) 20.4

1972, fusogen,, lipid, microinjection, particle gun bombardment
20.2.3

203 (2)

20.3

203 (1)

204

20.5
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(R T € OI(F I2 R L AR A (T 901 2lpd ARl MR, 1
3 (F22 THIFE IS ACE N | T8 (72 RT3 =1 FeIRS e
TN SN0=RA TN (FeTCeT et A PN COleT 23 |

— 92 IEF

SRCe 6 mission W, G5! (TR SR WE, (13 ©fEe
G T | 92 TR SN(R AETR. BRI 22 38 32J FACO A, TR
TN WAy FAce AR, ABED 97 oyl smeda o srace
gfepre F0e #/1f |

— JORbT I

Any system of education which ignores Indian conditions,
requirements, history and sociology is too unscientific to
commend itselfto any rational support.

—Subhas Chandra Bose
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