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vi) ol Som AT oReE @I oM, MR A TRAARDEE, o3 9%
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@ xafers e A Tfgwa ov o YA (AT T oMFY IAF FEA PG T 8 GGH
@G W ST ANGRE (Imbibition) IF 1 VI s A foww T A =z e
WArHe SRGfS & I7 |

Wer TFERWET G T IR I AR ReE oFwdd [T @R v w2y
@RS GLSW AT AEES T A OF TGO IS T afewniad fice Afke 7@ wdfe
B Geifed TwE (AT T, U§ Ofgr I wdle NTERe T SwE e aaiRe |
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a) wgfe efFmi Fera e SFRBE A M2
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@E PRI g faftes 39, (ABIEEER TWed 9eWn b R e e
A

i) QRNADRE ¥ad ¢ I3 AR TG (AT TGT G AN W ORI (WD
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i) el wad ¢ GUETE (DA TN G TAY W QAN G
ofFT T @I A I 8 TEAA @Rb e 7@ I

i) wiRGieie 339 ¢ (IR (AHIAT 8 W Y AW 28AW AUHE (RIS
wfomads G A aR @EbI wgfers @ Affwda = Ay

T 2ReREEE A SfeNE wae wE @ (A Aefenad efrmnies fife =m
TE (AT ReNT EHA (] I @R @AM AT (ANBIAR (A (A M
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AR el AwEe ¢

D) TR T @E (T T oS W 8 93 FE (@IF PFRrS 5191 (Turgor
pressure) I I |

ii) AW SRR A @I oM R (BTN (P ABE (A R A |
i) CADIATET T TF I W
iv) DO SREW (ADBIATN (NI A G0 I A |

wfea @ (Hypertonic Solution) FRIA #itF 5 @ T AGEARPH T W o4
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19
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(A) AETHEARPG (F1E (B) 9 IFF® @R
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(DI JeS TAME| @3 (AT (PR PR T frfes sam @R «ff e T
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TSR T 0 FEE @RG Afwrde T3 udic @Rt ww w6 & S Al
TEy 2

ATAIZEE afF swe AR Ty 7% FA I
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TN EF TAGTE T G2 SR T SN SR (Refein ArTseRiee €0 |
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i) Wy, WA a9l @R MRwE wwwE TRt 97 93l wfea wad @ IS I I
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TR e I GR FIRIE 7 AT @R APIT AfST3 Birsi oI =161 375 S 7K
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T G IAE A FIFA O A (I 97 HfFs w391 B 10w Afeee 2 I3 | 3G o
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Ted s TS SR e @b 7 sy 7, wra—
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2R WfeF BIAR BoiF Sanat | sl f[5g o7% Il (@ AdR iR TR 1 @R
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4) W7 TGH T T GMINET WEFNGR T, Freare ToAfge syrenea ey o A

z7e 73 7% TN (Warmer, 1953) FlRrags @ e qrenes w9 @Al g

widfie T (FNIF ALHNGI TG (BIF AW 25 B A

W AT Fearera @ Aien g @73 adie «ft @t T Affemed o o e

73 [5G aFoTF Pewed (DAY tawe JIdd SRS fmawd a0

6) WAMIE, TE TG WHWA (AW AR YA ALY 8FS U1 7% A @I
ANGT (72|

6.8 FIET (e G ISR (Phloem loading and unloading)

(X TS ATERSETFR (AR T (A Geviifine 61 Fiewte 4= FF oI @GP
SR A 1 ECIRR A (W G ATIASIZAL TG Y SO 7 e - AR
(Sievetube — companion cell coinplex Al se-cc Complex) 2™ I3 ¥ 94T MY =&
AR AR (P (AE se-cc FALAH A 0 |

A) SgnifeE i (Apoplastic pathway) — (NIl (T Seom = 4 AR
(PRI TG 5FS T se-cc FAACHT FFADIF R (NS T7 TIH OIS [YEANTHS ot
| 3 ST WG YAS SLFISR Prears @i (Mg | 7% A (o0g Frewet @ FRPIEs
@R BoifEe ToeR (Afbw LT =R NI HES! A | (A I (UF Frewe
3] ST RS FIOAET (ABIATETRR TG (3741 T | O 3PS (NIRRT (I (A0 #-63, 90ed
feoidre e widie et «ffEe w1 @ IR @FEN @ TR SAfReE Ay Afdem
TE | G AR TR ATP Tive =ifea 0w s |

B) fm2%% 919 (Symplastic pathway) — €2 7T (IfF= F67 RICER MR Fre Somima
T TR A A | NORF I (/S ¥, A AN R 8 IS TS (PR
4w PrewE O 2R I3 | O3 AT g4 ERE 29 (@ o fifen se erafae et
AFTANEIOR G ~AfFaEe 01 agel, Pt o e wos i, onvme
#efs wfFesn eRvaie e Some a1 e
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R @ GO AR AERSREET G (@ O A DT SO NIRRT
Beom W (rafE Afes e (IE T T S 6 A | GFAF MG g ¢ Hreara
TEFS @IE G T MEARHIER A 6 T FIRAAG @ e JEAIPIRIIIZE 5w
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AfRZ < | .
'2f BY G G AT NGW 2. e weNe Rifen SferspRze
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@ 5o Bre BAME (AT AT @I 1 Bz 5 Troiw TR AR I O @
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ANSIABIE NG FrIe A [{efie 2w oo ¢ Frane RER 23e T @y 20 T30S
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RN (@I R TGLS! FIEF AT NG T AT 20 037 GR A Sragris
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3. fasfefe temiffe swepefem wa i 3w
a) FreatE waw w7 sfRaiks ==
b) ETRPRENET TE LIS BT (A8 O AT N +Af7<ifze 23 11
¢) P - afoa @ramd fu S @b @ 0
4. WMy Tez fax ¢
2) @M QIR TR TR T TR Rk 2
b) YT IC AFEI TG F9?
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1. a) FrewrR Mg, b) ARPHeRERS SeR M, ¢) @ @b, d) Fifrmre e
' |

2. a) W b) @AY (AfH, ¢) I, d) TS

3. a) 6.3 A A, b) 6.3 I DS, ¢) 6.5 e JwEvS, d) IS s
2fow 8 FrEw a2

oo ot
1. a) WP, b) sEfem, ¢) Fafos, 9) Gy
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6 4

3. a) 6.3 T AAMS, b) 6.6 ST ATAGS, ¢) 6.4 WL AANTS |
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gFF 7 U gﬁﬁ (Growth)
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7.1 WA S T
7.2 J@a W

7.3 I, Reew 6 R
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7.6 Iz KT

77 R @3

78 I@I AT

79 Iz AfEem o8
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G2 SR ST NS 2RI |
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o SferT 3w fmef e
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AT T GIw TG U | G2 AN AT T e wwefe | @3l e SR erekr
T4 D (localised) A1 e | 4% Aedey w2 o FeifRe | (rrrefem fon fon tam armafass
RFareeeit W fi @R A1 ARPES 20 | IR T e SRR (IS Wi @D I8
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RIS, RG], A RGI) AT | G2 16 AP ARFAPIRA &) = e

T(1 ATP FTH(ET QRS AT | O RNAT et Oe] Tl Oifeieie F70s A —
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d) IR ML ATP FREHT QAFT 7T4F 2
e) Trew ¢ R g 35oF 2
f) O RS N (@IE 13 o s s S Jfa e1re ifd (e

7.5 3%d B (Site of growth)

Bfgoa e ofews S B e SR R I oI A o Bigrw I P
e R SwtE Hwam | Ao BEW T ¢ 9T WLSTS R ATE SIESE a7l (artical
meristem) | 97 IO @ @ Jfa =T ©OIT Tfema i Jfa T 1 93 T T 6 N9
wareles) e wAferfire 2| Rl Serm Fite 1@ e afes ot I | v SiReEm e
FPIETTE TG T RN Grl T | I 251 G T 61 AR AT I AR ST
3 (lateral meristem) | 93 FLIIfFOT Bfewma @z (N AT TN W QR GF A= (N

I

ayiel g g Bfeer wian o 6 8 AN OIS I TEIS W WS oes e
(Intercalary meristem) Gl 31 (IU Mentha) T IR W IR G AU | wre FRMe
OIES e 25 AR SIGE IR A A YA FAF 5o T et (U R[vem 7w o=

7.6 W /1T (Phases of growth)

IR g% il SRt TR IRl (R @ e et @ o+ 3% e
G (Y ffoiaie 2! e Ir AEg SRR IFFIROR FER B A CEg I/
sfinalens sE @RelR sfrafre AafiRestz o9 Fare Hff—

a) I Sow Wil 3 G VI OIS mﬁiﬁ@ﬂ%ﬁs@a«ﬁwmmmnww
@ W 93 Rrew AR N [om @6 3@ 9 T 707 THhige W W40 oo

b) W Wil 3 TN TR SAGS (I W I A | el WMy Sresa
FAGYE | 9T T (I & O T P o1 GR RADBR wrrew 3 o)

c) ifacfS wit 2 WA o [T R WA «AfRfon w1 el Fmors raRRr
fRfsr AR =1 AeeSin (2 e 33 Wk R frew o zm w2 g gfsaw zror
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argfefst - 1

iR foaefite am Rivn “[Aiem @3t srem orem
ez | o2z @0 7% I@ TYE AW @I ©ET
1T (m) Reifere 2@ qf6 =919) @I (m,, m,) 7R
| OWF Y GIT SEF @IET Gf ITW AR 9R
Reifére 2 %7 4 @) (m a @9 m,b) PR B
31 woaf (m,) PR AL W, (PR AP o5F =,
IIRET e I | b T (m,) 9F ALY well | Tt
(m,) RIS =Tre 0a @ Tz AR @k @B
ARGIeE 8 FEFIR wkeg Wi mb &
AR A oS #Hifez |l ma e o oo of
[ FARA @R IRE Refere 2@ maa € mab
IR A5 I

ﬂﬁﬁ @AF (Growth Curve)

Bfera a7 29 ARSI T TN W Al | GIF (PR IaT @@ G2 G A
T I 2157 I IR QA AT T TS (I I IR &0 QA A AT T AR
SHfReifo7 Wi 93T T e wAfrs 27 1 BfgeR I @ ol ek 3% 2w Afkefire =@ s
@ 4w 3% NS A (arithmetic proportion) ™47 27 ©IF =T T & It (grand
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S (Lag) # |

N
oa 7.1 ¢ Sfgw ez @=foa

% @focaa foalb sty weifiy ) a¥w 71ty Jfa 7 B9 WL IS IS WS | 97T
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, W, =W, . e
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@ifbraa foat srfface 93f Sfemm Ifaa sfdrefrs o ol IR @ TFERETT T
Arw STees =618 FML T JIF© | 9 T G Testiis 21 | f5g R I wgEmems
T TG SLTTHS IR JR© 20 | OfR TFAMIGR T oF 68 ZF #i7 aR @foa
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7.8 3faq &ASITF (Factors affecting growth)

oz dorPafeTs R 8 oW doRT @2 TN O FA IV
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A) Teer s Sfgme Sive fFaeensiafa 0°C cw35°c~ﬂammtﬂ|a3@wm$m»
T @5 10°C Taver Yfre Ja 7w et 3R «ir 1 RearR ©iib 2@ (Vart Hoff) @3 3@ wegai@
eififerire sftamr fofere el 2ot Q% TR 2, R 35°C &R TR R T AN W
A (@ SRR BLPIHIR 35°C 9T (AT kS Taeory fAfgw zw w1 IRHw Swewr oo W
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BfeReie for fon ek 3R PR Borme SRt RSeie | o G wwes 3t ifSAicome
SerETa S I TS Sl (Fa AR TR SIeorwg worm! fowen |
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1. e T fam

a) I cffrelne feae e AEE w7
b) ST Wl R @R B IR Ol e

c) &9 AAET GBFe ATFACER IR 2

d) I3 e FIE W2

e) @I AT A A TS @I T |
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B) WITeE & Tfhe SIS AT g 2ops Toiwia ©g6 3 soreia e 7o
TR AR I | (@I P SN ToAM Soifge, e Wi IS Ifa TS AR
SFIR IS Twod S +ig v, 289 Gk ALY WY | AAFATE WS Il
Tiema w1 ¥ 9R il gE 27| oo BfEw AR 9 Z PG R8T W (I
s 3 TS SAMRSRR A T3 27 @R T Y9 AEFEIE I I | WeRE cFawa
R «ig a1 T 1<y Sfeorm wlke sreiiReei bive |
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S W A | ST A WIQYST OIS 5T ASTwS % | W o7 SAew Ford +iiEA Ny
wfoaw = ol

Il. S@ASIqE (Internal factors) S

A) fEmsre fwEe (genetic control) ¢ WINAI TN @ @W Bfgn FIRE @3 ojfist Bfema
FABRS 20O 1T | WA BHoA @ @A @, ¢~ e @R 1 oo @Y, T QS
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RIS | AENTATHT S (T (IS =i ABETF =) FIsrna @aig, w7 AfFa @
W% 3R T wE =i Sestifre 21 @3 ReteiFmefl awifis te armfs R e
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7.9 & oAfeeim #ArF (Measurement of growth)

IS A TEF S A ([C TF FF Jad Ao I SR AR Amfosikia Wy A |
AT G2 3T AE ARt IS T T SHEIRGR (Auxanometer) THT LI
ARG ST 2|

| wien wafee g o

i) % SRR / 3t ae o Wi%c@a(wmﬁm)mmﬁqm
1/4 SR 93 @ES w9 (B 7.2)1 067 & =k @3 8fe 5&F (pulley wheel) A= |
G R I TR G T T AR (@FS oiies e ware A

AR AN G HIFNLI PST TLSAF X G0 I8! el T G SOg Ao
a8 @l oI A e i vy e R (e = | P9 AT g
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i) o CAfT 3w ~fFet - ogfe ow @ TR To Imm IR o1 R
BUFS (space marker wheel) FTICY R 4377 Fiferm AT Aot (e 251 IS A0 4o
T e 93l Gl TP T 3 366 R Tos TP 2271 @ ae RAY
Rt bt T fAm @3 @rerTa 1t @3 B TRy wiseiet 25 ) Iy R uw R
T FTT 9T FB LT FAE T | AT I ;S AR W o fifss wam e Gl
PN oG T RASEBE WS T IEIWA @Y (6T T |

AT I (ORI AR @ IR W 8 SIS TGLS! ZIAR TN S7iaa (W
S TR A (0% | TS TS T @ ra ArR o S qemaw e P waiye |

7.10 A

A 9% GuEF YT «R weifRdan Jface 3 i wfolRs w01 21 3% Rrew ¢ am
AT H TRIYE | (NI & T TG PTRANT Giof AW 76 | OIF 70X 0% AT
s HfEe e A | SRR o T 8 e AN FIAYS TAZ-SITF I AU TA
AT | PR IT I AR BT ey A | Iew @At I Fromwe @b SR
T8 | @7 ol rfim aurerey wel, %t @R M 1T | 3T ARSI R ¢ U @B R e
oo 91 T | AR AR W0 e, Taewy, T, WiReEw, Y Tonfi wwgsyd | TerRTaRa
Ty T @ TeHHT 9T PR Qe g & W S wrat FafEs |

7.11 FECE e
1. 3% I A2 (R e Foce [ @RE e @R an Rion srifaofe s w1

2. g3 EIfbran AR IfacE it s | Ebat Fee @ IR i
3. m%ﬁé_mam AR & FoIE o 964 |
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b) 7.3 myT
¢c) 7.4 74
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d) 74 @

e) Remem737e mﬁaéﬁaﬁn&‘@ﬁaﬂ@?ﬁrﬁﬁ@mﬁﬁﬁ
fir a1 9] Woans I frew ) e ¢ frew < qrae e R T =
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e - 2
1. a) 7.6 @4

b) 7.7 3N
c) aimqﬁamaﬂﬁwmwmﬁamﬁmmmwl

d) 7.7 =
e) 7.7 @ MG FRWN-aF AP 7Y
wghadh - 3

. a) 7.8 93 SER W (1A |

b) HIOR STeA JF A @ 1l SERG AR FTCH AT LA G SAYE
ifgme vy Tofae @ |
c) WG Ao IRl AR @3f6 (Wl T W @R Ao A% 3 g I | 9T
A eI |
d) IPE A @Y
e) mwwmmmmmﬁwﬁmmqﬁwm
' Frsfse = T
oo erfer

Iz Siget )
7.4 S7d (IFR 3fE wweve AR
7.6 St ez fafen =1 swenfoe 2@z |
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#mal, &% ¢ TR 21 aw 2 IR & 9 @ | Ja AT @ @ Febars Fmda
77 o A | 9T Sfema Sgrame (S AAfegeler sfmufe Srrad fica cefbafba
QAL @R |
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8.3.1 SR AR o
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Beotfs T Cue TS wiestat forcn s o iffmne wrfeR 2 Sevm 9 @ Sy AEgd
fFa e 30 SIoR Bfen W (Phytohormone) 36 |

- SR O 8 fraiaieE-aR v 2l 3 e azd ware RGRREw, e e
AR S ghs Rerer Sey |

Sty ~
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©® SRFGI IR 519w, FREE 2 © MATFAT f&FA TS Ao IS AR |
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IR 1 ¢ fFaeafon fefere v ke o ot w1 73 -
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23feT (@R Tfaef Tﬁﬂ(ail‘cmmﬁm aasﬁv(alwammﬁa
TR e )  otem T A1 o FheweI 157 WS TAS

' Y 2 Fg gt Ifelsel  fFmfieer emifts zamm)
, 2FfoT AT TSA) - R e
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wfe [ |

: FRGE 7@ A= R

Bl ¢ ARGRIRFE T s ERaeE, Rl
108



83 ¥

- feare e Traten aaw T (1886 @:) I @ @l [raw aimfae omiel Sfgnm
Wﬁﬁﬁr@m ooy wif | fJ=eINl ST (Went) W2 SIC2R W‘F@% (Coleoptile) IS S
5oTRE & RS qafe e SRR Wil a1 srRorers % Reiw apfee el
S T wfee |

2% SIA “auxein’ =WHR W 26 ‘I AT | (@1 '@ S el (Kogl et ul 1934) (YA,
@ IS S 2 2er Sifts St |

831 uﬁammﬁﬁas Ur

Bignmez 24 S 2cem Spihs SifTe (JAA) TFe 6T SEesl agpfes
eqs&wwﬁqwmﬁrmn a5fes Sfie Wy oo cafafas wnfie (IPA), 3WTem
o e (1BA) 2efe Smme | worfis, Mefm ol e (NAA), 24-

SRIPTRAEER St Wb (2,4-D) Jaw M zee awa wifwfien St arpfes
w33 w7 ( 5@ 8A @ 8B )|

t—]—w .COOH @-m .COOH

(CH,),~COOH

Fere - 3 - mﬁm ma 3 ﬁ%mﬁas
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- foa 8A ¢ TS enqr%ﬁ w3
CH, COOH . O-CH,COOH O -CH,COOH
90 @ Q
e mﬁﬁ?ﬁ , 24 - vr‘a*@mmﬁ 245 m‘mﬁm
. (NAA) 24-D) (2,4,5 -T)

f5a 8B ¢ I FW AW
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{575 TR AT STTSIRTA ST (A7 (1AA) S 7 | Gedh v vt o i orafea
YT AT TPHIECRRNG HAES )

1) @m 2mfors Bed e e1ae ¢ G STiRE™F O FE gAeE AiRwes s
R | IS Ha R (@eiba FewrdFamm (Co, Ryfe) Wi 2wet Trem SpbbETeze e
= ' .
2) Rl TGReTS &g TS AR o <05 <R %5 1w Seota =0 | ! ~Rfira
mqemmmmmmwﬁﬁnﬁmmﬁm

AT STt SHBHIMeRR®d TR B Tee onfe e (1AA) Beom =@ (ba
8C)

CH,-CH-COOH ST QR — CH,-C-COOH

R [
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%0, NH, e AiwEfes wiTe
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sfam gurTe SEma Iges Teom @ 9t o SfEma Gz S (deE Ay fafew 3 -
AYE S 57 I | IS I w2E e 7 a1 foe e feraa el a7 Afes 11 w)gE
S AT A AT FYTS! FE QR (PATE GRS GFEd (Oxidative degradation) (40

Terem it — B OTE SMGES
e ' - EALEOE
SSIATAE

__ upP
v

FeE THRA - D g

Nitel '
' v _
TR SHGIZA - 2 - 0- NCAREGEA

UDP - SrafareTe

e SmeEA - 2 - 0 - IAREReE SRfaEeTiRe
o 8D s fafen o=@ Age ofFm BT A2

T FEA | ARG S F<TS afee (U faarsin (@6t somfae Tra w[r wfEs ¢ 1& ofsm
MG | (IAA) ARG @i e afsras Smrzae |

832 = SRR WA FEl ¢-

Ay  Sfeme 3 o
i 2o Sl g Frrgerd 32 ol | Sfm orTs RoA Skrdm el ks
7 e Frifoa #ififze 2w SRerm i Sface frge 0 | SR HAfwe g (e Ro
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B) Bfe vem

| @ 5o TR Sifeuid Al Qi 2 I G 5o JE | WA W e
SfeefifE - Ton 2R vemg fAaE S|

i) Wﬁ?ﬁ B9 2l Phototropism

Bfer IR WA W T 9k o1 s R fiss wAfsifere 21 @3 s
BRTR B SR 5o TNET SIS 8 YA HeTIE WA AfSF a7l vorel et | et
@Ts (Went, 1928) Arena Zd As+aicaned wgeta fm Fafafis o[ igm e
TEE @ RN SES TR 5 & WA A) JseaielE wHeE G e ok
TS SiF s 7| IS AT-iaRened T I J9F I3 AWE OI0e S e @
B) SIGRPICST AT S M I 774 AR SfFm Aftes 21 1 g w3 @ wiEW
. AR Y A8 =¥ A1 C) Areen 5@ (Mica) fira Asioiaene® TamfFens 43 S0
SR SR 5 T 2 A1 R TR { R (AMeifve wieet @ o Reie faes) i
S HeS T D) =S A%, @ W (2 i Al Fowifera Rew wwm
rel T @ B RS i SReTe g (@0e T wide SR S (A SEeEd i
SR AR 5o 27 | (BF 8E-1-1V) |

TR S
JaIE Avena-3 JEoarRaned m
(Y v ™ \\/’;‘
YT I B 25.6
i TR AfFme "
& ( lr— A ARPGT TLSINE w A AAIING T ALBIND
orEd (Mica) o TGS AR TSI
1.5 | 112 | sz s 76 e 8.1 [ 154 E’ﬁ‘,wq-aﬂwmi

i Sil T TR v

5@ 8E 3 TGRS AEAPAES AT ART 8 AR ALl

@3 ARl (T < P we I @ wER Rede i siineg o 3 om0 @
SR S oot oo 3 @R 23 o Swens fires e w3 e e firs @+ 3
| % I PR TR e e e (& Ty
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i) mWﬁCeoiropism ‘

(oA 3beT el S a1 FrafEe @ Rz orte 141 I | T SomiREant
T GO T i o o1 T A B e | oG UGR FBIGEIS A @I
e 271 @ wibce gl ARFE SHIGRG Tl (e e Mo e a-pifas =)
&9 F7F Ca™ A ST AES T GR Ca®' 97 T T I T4 ol s Al
3@ =t (f5a 8F, | ¢ 1l )| @Ry wiEs SR dond TR e I I (e [odrs) o
era frves (33 Soifaer 3 @ @ 9 T R wehRfad e Ak i @ I adie
T Sfoay Segersel 5aiv (W4l T | RFEA 6 SR (McClure and Guilfoyle 1989) @il
(A (X BT @oItd SAUR (Small auxin up regulated) i sriwfzer 3% «m a2 fomg
A IFbeR R IR Arabidopsis SfEWE Foeef RO (axrl, aux2 A9fS) I
SR 0T IR GR @3 ATl sfsedE same % A T A1) oAk emfde W @
i wfewdE oem faage #3 (Hobbie and Estelle, 1994)1

R Toifee e afis %

: ' T qfe  ONOPIREE AFEL
L e RN L JEE Seet Cate

' [ JAA w%w

foa 8F 2 erw wimA FafEe I@vem

C) =y oFHS! A Apical dominance

, ﬁ'@ﬁl‘ﬁ'@?@ fapm (Skoog and Thimann, 1934) &9 ¥4 I wfew Sfema waens
APEB W 9w @2 wfE Fmfee «iffafze 2w s gEm 3 g0 3@ | SfEra i @
QNP Jad T @A e, T FER e SR N RS W | G2 SR (AW
@ 1) SrEEef (@ AfRke w4 FEr w39 R IR 2) ISP @0
T, AT e HAfEte I A 9K G R A ek JEed TR e
qﬁmlg)uﬁwﬁmmmmmmmmuﬁmmﬂwﬁwﬁwﬁm
AR g s e wE |

mﬁﬂ@aa&mww (maeomu@wﬁﬂrﬁmﬂﬁm&—mw@mm‘
§f'i_1@3 4 7 PE O T4 Ao (Apical dominance) 375 | )
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D) cuive efferiy I Abscission

{1, o1, T Ao ARSI BT (2 (AT RYS WIF WA G I | @ SAeferd
(ISR TSl JOBF I G (G T 8 W | R AL @RSl Tge [ T Sl
(AT TOA TG I A NS T I8 B AT WA 327 IACS AT N 4R Tzt
O % #ifoe T | 7% I (N @ FFWS T W Ao T S WD Sl A A
G5+ (Y A T |

E) e @t Judw v Searm

YIS SRR 8 AT o7 SKSafS =T #if7e® =1 Gustafson (1936) TF
FERE @ AR S TSI A R I SR (Pl wo Retfers 7w #@
A w1 REIRATeIR G Taef Seolm o I 9t Ao =¥ | ISRIAT T BeoAWMET
BT AL (Parthenocarpy) 0@ | AT ¥ A A AT a7, SAHEA,
QP BeoE A1 T TR O AWAST @Fg AR TEF GW FwS @ |

F) @ Sedva

I M RW 2w S (RS ARG FHE) TS @TH (Callus)
Teotia ¢ P (A Rfem s Afgs w5 | '

. G) oot TermH

SYATONR S =251 SPFO I Wi I SR S, OIS AT #MMeg AF o5
SRR TR | AN ACZ WA A@e I SNGHA (Spikelet) T ATTS (71 (MZ |

H) uneg famgd

24-D ( 2,4- SRFRER WFHT WFE), NAA (Fsdfm sfibs spfe)
aofs TR ofi ool 33 RAwd W Re =01 @R TeiRef 5eTl AE AR
@ W IW :

- 833  wew (@l

18 (sirs, Som (Leopold 1955, Audus 1972) i3 Reaaian wif¥mma férmteraf®
ool IS SN PR | W (PIER WHeFd 5171 AT (ST (I TBeeifen3e
ARFTR T AR FRE (INEI PTRIS B9 (A0S IW | T FCEA (IIEI e 3w AR W_R
SfRE ZoIE RGN (A H' SE (17 2ibia Aids 211 @3 afermfs ATP 1 xfefen e
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% efram H' s 239 TR (PRAnAD A o | @EaAe wEwRs g anm
¢ Ffogee I 93 I, FEHS B AT TA mﬁrﬂacaﬂﬁ-mlwﬁwsﬂﬂm
GRS R A T ez 5w el 3 |

W@WWRNA@caﬁammmmmmnwﬁmﬁﬁa D, @REF Fgfe
fS3atEs RNA 8 (it ieree J1ze 30| g sfts Saffers of spftamafbeicim
s o 5T 3 W N [ AFsTera e F@ @ wfEH RNA 8 (@it A 725 (Ba

8G) |

fefFam
H™ ATPase

H* ATPase DP*P'

AT \4/A9P+P|
H* |c¢mnﬁm LI

~ =rRabE

=R —.1

foa 8G mwewﬁn%mqﬁww\aa—ﬁm

a) 7 gfaw sfmz am fgw|
b) E{ﬁzmmwv
c) AT . 2

d)
e)

SBIGAAIRG € FHhiEY INT A ?
G oy Fraes s A Sy Il
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84 fExiEfem

SR A @ THAE ger Signmz Fifes oiftafre @ o A TRk 3 ok
o[H (GA) | Tt 511 (rafRe™ @ w3 2ARNBS @IeR (Bakane disease) qmsiRefe caisi
frg TR o9 ¢ T T | AT ANTS TN (@ @ (@A o) WPTIREOA (&fa
G =@ WM — IA TN Gibberella fujikuroi| FRAGIA (Kurosawa, 1926) (RISIFTE 512
(U3 Jfads aomaf st oj¥T TR @R 1938 A SIS ¢ AR (Yabuta and Sumuki)
T @b AT IR raalm am fsfze 3w | 78 sws 7616 GA ¢ aF
el JTEIRe WIRES TA® I9 W GA 8 GA, a9 frmafams srfwfrel i
(Moore, 1994)1

84.1 RAPTAAS Ao @ QT —

ARSI GA G AREUEARRA SfGn 26w | T 6 O 7T (Cross ef
al) RETER @ 7R FRIERR 93 o1 P ISR AR «ifFe I rmm Fsm’
(Gibban skeleton) 3 | R T @I @M I8, G A 777, G0 TRISPLIA
T3 6. 93 T 3R (B 8H 7 A, B, C € D) 7w if$s | [{fen GA @z sl
arew guee ' wEe 7% 39 I—

f5a 8H GA_ @3 FIPIRAS o157

i) 198 20 O IR AL K TG A A e[ TR |
(ii) 7. 18 @ 20 ©% I +FMF — OH FFa TofFfe a1 weaAfzfe |

SHBTEs @9 (Are TRTERE Beom 1 @3 @i gwm Gremee I wrefie =W @2
wy fsfafre Rfvam ngm Bk om w-iefe 22 (Ba 81 )1
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— ATP (TSIEHG S, ATP msm

> AT
" ATP Pic%

A 3 RN \ 3-3, SRR

<

wri‘cmm

l

!

frmmafoe
Infere
59 : 81 forwafes o waEs oRg e

842 *RgAw wRlA

A) Sfgeir Ife — S 3 o fReem ¢ @ R g A7 W1 GA Tew
afranaR Rt I Tewa 3T B 1 GA 93 FeId (PR [eretwa S Wi DNA JaEs 9
= 71 GA, 97 SRS (PIF ST ARG A7 30% I Y A (@ Rorere 29 &
|y I e A (PR et 35 o ol IW g @ SRYW GA s sra FRefi
Froifs fRrerem ool g s | g A e GA 21efie s @IEs s 9

FICOIT T sirgd w4 Torg 4F 2eTW MR @S (Rosette) JFeA 70 1 W1 (10
G2 ¥Jqra13 oG e M= GA % =@ 71 fog 3@ (T GA ¢ T3¢ 39 SRefers aRm
SIS e o7 7 W1 GA @ LN+ Fi I oifeifrs za 1 durl oz Ga
ISl FAE A Rffs 7@ am 6-8 fibw 7R”fg =191 =W
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M7 I OIS GA 9T eI Jol 8 FETH WWSA & A% | WS (FE WY GA T
TR T A4 7 IR | SIRAP W G} AMRA (Prunus Ceraseus) TS @ 178 A
GA aae TG el SiRare @ 71 6 g i 7oRe & o 1 7w

Tign e IrefRen fofire RfSw GA offis aums vl sret st a1 @—
i) o fAE wWe! 7" — GA,, GA,, %S|

ii) = wwe " — GA, GA , 29711

i) WRIfF IS 79" — GA,, GA,, GA,, ¥9fS|

iv) $% ®wel 3 — GA,, GA,, GA,| -

V) WS % WS A — GA,, GA, |

B) oo SFEW — GA 93 2SR AT TFRN TAS W I GA T STFEAWIAI
P NPT G TG THAMI | AR (cereal) GAGT Ao Reena 75w | % Aorafm
TP (U AMAZ I [ FETA SRS 2-4 TS SRR T AF | GA PSR T
fRfen oy e BHbred IRER I A (7 @ 97 Foraaiet APIR Tioe A AT |
@3 37T I 2 I T T IS I wdie e AFRW 2W | WINRETS, TGS
RNase 25f6 o9w 157 wuResmss S<5s GA O geord H&a 28 | B+ sneaa (Higgins
et al 1976, Chandler er al 1984) 3 (FWFFA FERETERA @ GA TG IETCEN ¥ o
SNIZET™ m RNA 97 AT AE (¥ | 9 T o WNIRETS A0 (@ TLHHT Beoim 7 o
Nom TSI FBI6re BB F@ TGS Teol I | G2 TEHE R A7 Hfiw @
T Vel T © A IR ol T 9FHe 28| GA FafEe o wiwidee ey afen 8)

A2 ¢ 8K R forga W [y I =
' ~ BT

]
o0 h
2
Euﬁ- GA 3@
P4 SR

LR

GA 2% wpifeream
J
5 a 3 r'y 'Y 4
) ’ % T 4 Ty

f?ms.lzu}ﬁ%@mmm SN FTPE (I5T)
AR TR BET o WS TeAMET A7 GA 97 dO7 |
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GA 913
g ’Tﬁf"“ GA™——~0V GA—MYB &
GA MYB mRNA ﬁ@ﬁmﬁ
E a NEE & :
GA- MYB ‘
’P‘ﬂ DNA
GA MYB \\ ,
Wmﬁ‘aﬂw mRNA 8 8 .
ﬁ‘ﬁs@m o WEREE
' sfEfS TG NYW G- o IR T2

L] o SRS

fo@ 8K ¢ GA geIfte o RGeS e
1)G A 2 SHIRASEN (s w6 AL (Receptor) Y TG TA
fEeEE (I A I
2) GA9T #ei ASFI GA-MYB f&a A 23 9k @3 = sidiaem GA-
MYB (2if6] siesg I |
3) @3 @ifa SRR FEET 2 I o WNRETS B T I o SNIRETE
MRNA %157 3= | €@ MRNA FRITHE o SRS 0T S 565 Ig Mg
AN @I (A o NSRS FET F1 I | :

C) oot oPgB — WY 7t BfemT (long day plant I LDP) I3 AI6 SICAR 2w
(Critical Photoperiod) ¥ %@ SITETR A 27 ©LFE OIS F&1 (TG | WY frar Bfgwes 7306
NS AR W TR AT AW T (@0 A g R Afoge oGy GA A FAE 6]
M= To1 PHO (1A T | R FIAC 4R I W @ GA 7Y 1 $fgwwa ovca e oificem

s Mot I I AR FIRER SIS oPALTFoAPA AR ey B | g7 frar SRew
T GAGT Ao AT i FeT Fore ot I 7| Rt el (Zeevart) T I @
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GA 297 ST+ SFgHA TTS! WA I WAS BYW2 GA FHRER AT AN
@l (AMO-1618, CCC &$f9) mﬂwmwmﬁwﬁw (Lang) 93 TS 2%
L GA 93 SR AT F1A ¢-

i) GA yws AY frar Bfew (LDP) T (FHIS Ry A |

i) GA FMST TSI N TA =[>71 Lo Ffs 2 g wmwmn eif @ wifaapredt sm=d
THG I € oo TeAWANG H GA 97 AR @ oo Afefve =@ Al 9w
Chrysanthemum Sf&T 7> &E-E GAS o€ &6 FfER TS (74l (T2

D) siediH — afifie TE GA ol T R (T T Kol 2@ wE
sifzrs T 9 [ows FRG 71 2677 TG AGRA (parthenocarpic) T | TN, WPfd agfe
Tfew 7o GA @3 2o AR oo Teon IR TR AFRTS 70 @™ =)

E) e Beoma — ARSPREAE #4 GA (T FIE TS T TeAMA T R WAT SO
T GA,, TRGRRAWT fmd ams Fwa FEd qRSH I o e S g
TR JEH GA 97 FOII S 7Y 28T oG 6w FEH M (F0E IF|

F) GA @ 73T (Vernalization) &F & — Hyoscyamus niger. Lactuca satira
ergf SNtz ATGTICT (Vernalization) Tt o>t 2repbm gafys = | Fiw wiefmam (4°C) Jersfenr )
ATVTT 1 FE GA A IAEAS WO Tol Toro (A I | [@FRIE0Fa A e (T W GA
SHifETa s 91 @ WA GA 97 oTd B6 ST (T @3 23fere gafie
ToifEfe TR ATHRI T NR) FRCET TH |

G) fom siffads — a3fer T GA mﬂwwﬁwmr (741 7 | Begonia
SR GA R7roAa A ﬁﬁ I]E GR FWCE (Cucurbita moschata) A8 GA @‘?{(’”ﬁ FAN
e e Beotm I 731 G MRS (R TR oA SIoTA A A A | TG FEAS
SIARHTS S GA R SR FAAgiRS Tl

H) wfefae =41 Teomw ¢ Fog SAfEs wiba @iy — S SR (Succharum afficinarum)
GA 2715 Tre ¢ (@ INOT MR 9 21 ©f 78 G Mg (A3 &S 9 75 wiefe 52
site 7 | Fif® 5 T (Sweet Cherry) %1 2GR TS GA 215 TAH T SAGS FoeT
(Crack) @<l 3 1|

S — 2

a) (@ Z@F GA JATEA G W2

120



b) SIS WA GA NS (I SHGA ATzt a2
c) aFH TH FAOFE GA 9T NN Sy 9 |
d) @S @9 (AT GA T OF W?

e) GA JS 7% TGO Tl IF(R?

8.5 ARGIFR

SINE SM=F W Ww o FE9 (Tissue Culture) FAF 798 Rewdl g ¢ 19 Az
(Skoog et al, 1941) 7% FRATT @ FB M4 foxfin AR orel Ko a5 T a1 63
T T IAA @7 A 757 WF A 7@ 74 (Coconut milk) Fif¥s @ mear =1 o
@R A Remsy @ S| @ (U 9790 39 W @ T@ Sfgn i ek s
Rrerara 2ws Ry Sotmm A | i ¢ Sig s (Miller ef ol 1956) @R @3 SIgA
WW(mmﬁ—mﬁmmﬁaﬁwmq%wnmﬁwﬁmw
ARBIPREDH 2R TS I I o FGERA I FROR A ARG A F@|
T ST o @ (Rarefer e Rerers TRl I OIms ARG (18 2olfitra Ty
TGS A T | | '

8.5.1 AN 197 @ AT ¢- AT ARG forb ifdrs

Sist F[ TN 2

a) mﬂmﬁﬁﬂ—ﬁmﬁeﬁiﬁ@wmmemm = e [6-(4
2GR -3 WAZARTE 51 -2 @iz Sy f8fRe) 26w g8 o) e T b) e
SRR — (NG SRR (BAP), FREDA (6 TIFARE. SHnRe| FRREW) agfs
meﬁﬁmwﬁfiﬂw%m@eomw&ma\am@mwaiqs%asimﬁm
mlc)w&m%ﬁﬁﬂm(ﬁﬂ~ﬁ@mﬁﬁ@ﬁwﬁ%aﬁ%ﬂmﬁiﬁmawwﬁﬂw,
IR Turzad mﬁﬁﬁvml(ﬁa 8L)

_~ CH,0H

H/CH _CH / e C\cu /\\CH
%" 20 )

AL (Pfaw) rwﬁ‘n (2rpfes)
' Ba 8L 2 FIFH L FABBITRAGTR 157
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AoRRAER (Raifa) s afeafa sfeg adq M orean == 3-

AMP + A —IEANARGIZE AT
(Tmfewitm
THACED ) |
IREANANGIRA AMP FEGE
SRENAFGRE AMP + PPi
TAGIHS
HIRFesRE SHfEIRW
J oy fIeeEa
HREMAGIRE fefm + AR
oz—u T
fEmifa

5@ 8M ¢ it AiseEs 43ig Ba

852 ATl e —

A) @ ffermm — ARG @ Rewer 2R Ifw e Sfewms s
TAR® IR Vinca @I ARG e I @Rsla we [ofee T @ Sl I |
FeT IR (Tissue Culture)m‘\'ﬂ@ﬂ@ﬂmﬁﬁ'@?ﬁaq oS FE T (FAM (Callus)
Besn | TREE 74 (Coconut milk) (TR MY AR FAE (I RO Q3 T W aR
@IS T4, o1 aofs S Rrsfie 281 (a1 (g @ AREe e s sifaame ARG
T T (@ GeAT A (@ART (A <A Bfew Mot et IR |

@ BT Agrobucteriium tumefuciens TS FIIWIL! 1A SFE A (T e 22
Fo 78 G Bigw wios Bourza we $o43f% sifde =1 T T8 515 (Crown gall) I | (IR (5102
@ @ FRGEEE Ti 2P A T @I AR Set T-DNA $+4fZe | DNA 93 @8 siwe
e ¢ wfEm MR fom = o) @ iRk gerdd JIEGRT WEg Sign S
ou e Bogfa ofFe 23 (Chilton 1983)1
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=T, @ (Miller 1956, Letham 1960) 22 Reaaian el IR0 (7 ARG @Iad
e TS TR I0A | PRFEHET SN LS Fo WY RS 203 Jr0e SRS 21 -
el g @rEe wfeae siv AW @ o @ A o1 97 TR @Rel
AT i AR | FREDEI LONI OINE [E7a AR (FRGTETT Sred 4 4w e o)

B) ofem wra Rt — Sfen Woora wAfrghie ARG wore oFge)d ghm oz F@ |-
TIIE ATSIA TG (AF IR I AT IAA @ PRIAD 2mg /T 3 0.02mg/FoHEA — @3
TANS AR T (PRSI T (T BeoAH 20 I [5G @eRvrs Siew oo S =
11 % Tegra @ 7l 7 Reifre wgeitcs Wee (e PREHER st 3fs F36T) @@ (@
we A B | Peperomia Acex AT HooiT oW o= ffen w1 ¢ I8 ARG
&, A, IRTET Aefox @ SAfE I | Psycomitrella patens TNF NEE OVE oS
oS W YT TLAMA FHW GR G2 AL WEHTHH apa R AZGRAT Seomm smwn |

ARG @R Fefm Aer aftw e TiRve siow 2Rl @1

C) A gt — IWETR A AR FROMR @ FWHS AT 8 (SRS Afadal
AfFefrs za O ANIATeIE AR 753 (Index of senescence) 301 | A5G 6 IR (Richmond
and Lang 1957) Xanthium *re1z ffoza 513fecs (Isolated lej;if dise) @RIFER F SH1 7%
IEA O €T AN (AT AfFwIe SELETSIT T T | 6% ~AOIsRI MRGRRA 7
AT AP FEF A SERETOR I I (o 8M) STl o7 T3t (oirm AT
A AN @AFRETS, RNase, DNase 2gfs o Ruaws Sermosfr fFn wwfte = am
Tz Aee rEnFEFeaefE Sew WE | ARGRIRNT @3 SerneslER T ige
WA AreR @A, RO wy A (@bms wwn @ 3@ @3 ofsfFa Richmond and
Long effect <=1 |

. - .
1 I""\_:i 3 4 <
foe 8 Waﬁsfiﬂd (CK) 9z ez [Rvzg “avfere @l =3 @
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D) =g Ahol — SIS TARROrE SRR 2O AT IR TS o A B
m@ﬂm TR A6l 1| Sach @ Thimann (1964) GiRaces @ SWg [{oo WS
Figon fe Fre saw, SagET SeRferoe AT TTael TeRers @ el @3
I e I @ FREADA g AFHONT 2fo7S A AMIFETR ARTEHA TS AR I |

E) emfbrex sfiad o @il Ay — @i o S 7 5w A (@i e
2R TARS Zo AT T IR @R WEEe TG T A1 @R R @A
(Etiolated plast) Sfgm FRHA @S I To @A WHT U IR @IAMFAREZ
Ao 3t 3PS (Etioplast) AMre wvrsite 231

F) ™A &F65 — Pharbitis nil T5F 37 1 SFGHS (Short day plant) T fReE A4
Fol @0 1 g R weFw AYGREAT e I T Tooe (w1 W | WK SMZ 100ppm
FIRAGA @S IAE RN Tt oot wetelie

G) NEa AFEWET — ARG ST e TFEMN TS 281 @FH e @
SRRl WFEMAI & e TEN AW T, CRR Aakits ARGRRAE ame 4
I ST SRS RIGTR SrETamt STei 2 | SR A ABA G W1 (0T IR [ SFCARAIS
#foze T3 g R Mo AGERAT am@e T 7 TW @ @3 W ABA 93 FaE
sngeIca i I3 Ao TFERMEN B | AT GA 97 TS FABRPZANE o, SHBETETI
e AW ME STFEMAE FITS! I | O3 I ARBRIZATE TFEMEEI promoting
factor’ I&7 =W |

8.6 3w

23S - W 93 T W FRGRERE (CH,=CH,) Bfommmz Ritefm s ¢
MR 2w AT =) e e Fmefa st -

A) TR sifset — YRR TS T RS MR A | WREWR SO F) TR Aes
YMIG T WY [RE T0B, ¥) Ferered I AAfFfes = o) cizfore wren Seomeea few
T T T FRABRT TIN IWE T FER Ao S IR |

- B) fom oAffeds — ReSaRGH contazn (I, T aefs) Sfema iy 2ffem e
AT Al Fored Fesie e ol Ty

C) 459 wrreta TeFet — AT A (etiolated) M AT Ao IFAE IS TSI
&3 W 9R @R IFoE TR AT TH0g AN TAARST |

124 -



D) &R % — FRFeW oama [ I 2fSZe IR Ara bidopsis xSy HAfFER
oI WS SEIRIN Beolw TS (7l AW (Dolan, 1994) 1

E)‘W—ﬁwm@mwmmn &R, o wﬁimiﬁm#
(Ethephon) =15 YRIfFH SeoAmaidl cel erAls I TS T A |

F) ey i — 3R/ 1 ACC (1 - iz AR | - I oy — bW
TSeAmadIA @9) A FAE AR AGW A =W

G) AerE TEEWER — IM TR MR HARTR donr Jres QRY o W 8 T Fe
= =re IR

8.7 iR wE

- SYRBIGRE o5 (ABA) @ Siafomme (el 31 Sfema auiv e Af SR vzt e |
GBI o (RIS (1 A el Hees 2 o SIRFGA A AR e o,
At SEEE AR A YYRII TH TRFYE @ TR I 7O | AT
WRFRW A TRRRE PRSI SREERe el e =)

REBR SEI (ABA) 38 W@ C, H,0, — T @b 15 sHge Frilee-Srfmme
11 R AT @iftre @l TF ILFARTT FF (-COOH) T IR AREFIITH IS
o 6 B IR BawA (Double bond) U | remfas & (AT fFafrfe Rfeam sigm ABA

Teod 2 3

ATP - .
g Tl (TSI (TS - A RGBT
] "s-zsﬂw% -5 -2IRTATATS AT
' Co2
R PN 3, 3- GRS - afers
o ARCATATD " RIS
(ABA)
Hidagaw fFa -

A) e FYRY TFIEH — A JeS A 403 (T A0 A A O Ao
Fol (@17 932 A& JAZT (Doxmant) TANS 27| (7RI (7R @ AeF ALITI MR MR
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ABA @3+t R A0 IBCO AT | @3 AT SRR FQTE GA R fFgresrel 78 I3
o8 — FeFae GA frafge o Roeres Seomaofm (o - wimikers, wrembe agfs) e
T | RewR e AW G Areelie TRATS @ A1 e =l JRee w@ AR
FRACR STFRAET (8 ABA & ‘AfSTa1e B’ A “Preventing factor’ &0 |

o o) AR S FAR AL AN TFRS
At e T (o A A LI (Post harvest
dormancy) RUF | 4 GO WAMPY o7 I (R 62
T A i oA ABA AE T TFERWE ALMIT

703 | e MR ABA ¥ /w (@hiw ¢ wiehs

S FAERS T | 93 T T (e Rpgfet 23 Jerafa
SR S TS I |

B) 'mﬁﬁme AWM @Y — ABA @3
AN 7T SrAMe T 7l 9R 9T F(E IGIGEHT
YRS I T | G2 P ABATS IS AR Soitwret
-t An'thréhspirant) pe i

HC CH, CH

3

OH

0 COOH
CH,

. f5@ 8N 2 ABAG FPIRRRS oo

ol (S1TR (X G SIS W0 A “or ABA @3 #1311 76 3 #11a | LAl S
ABA 3 A3 2 siepiad «1F8 ATTS AT | @2 IfSE ABA S ATIHS I5 I(F ISADA
2AfSTAY IA 8 YANS AT A TESIT (Water stress) (AT ST TH I | RPN SIZR
SR 1pmol TNII ABA Fieest 3361 3 (I 9 G Wy ~lazs 35 Tw© @ 9|

C) ¥R 3G — ABA aammﬂﬁaw
ZE1e THEmSIT Sitg R e ke 231 3 IS &
% feer Sfee & CIRT TR I |

d) G5 BT 8 — T, Al I FER [®GESF 370
B @ @GR B W G2 T 71« ABA R
=3 (Milborrow 1984) | fa@iR SHAR (Osborne 1989)
@RETEA @ (oA Seolm ABA, 3fF weias
e FF1 ABA J(EI (FEADRE 739 IR &
(b, RS aghs Sempael e 29 A/
fia TSl ¢ TR SPE (ST TRAS! A |

126

RGO Tl
Wwf%ﬁv ABA e
TH @ (@ KPR
ﬁma#@smgm '

AATAIS ZA

ABA <= T AP SRR
SR AT 1 |




8.8 ™

Tfera 3%, Rets @ ey IRRER TFaR N w3 746 | SR RBE wFge)d
1 TR T ZeTe Bfrm e RrRIERE @ SRR SEary g e | §r e
AT SNA T (A AFA ooy 2 9R R Tl dawe @es Rewm ¢ wmed e
e I | Tfgrra G 5o, Wz avhel aue @3 oW T FafEe w@ |

RrrIaem ol SRS T 1 Sfem R 3% W | AAGTR SIRSEE W
GA Rfon wiiRoes S<rmred wen e SgEmes FEe IFR | O i sl &

Teowa @ o7 SFPHaE g IR

ARG T ifEfe-o zmfaend 3t o @R Reres <o | R[fen e s s(fvgta
¢ Jw AR @} oA TSl I | |

e Sfemmnez 21 owia gl ST Zofa 1 e AR Y I | SeT WD G5
B WREFRE TR AR W T ANl Fe1 @ TR SIS WO | I LA SFCAMSH A4
IR | LA TR TR G Al 7 MR T @R Aavms RNfrs T arvimm @y

A

8.9 iy il

a) (R YR W (/E SAHEAR REE 6 ?

b) A FE A2

c) <l agples e «al PR ARGIRPRFETT T Borx T2+ |
d) @ @NI Ao A i @2

e) AR FeIR T ARPCS ARG IR ?

8.10 TerwEl
e — 1
a) oW Sl wibte (NAA) 8 2, 4, eR@FEER= wnfifbs e (2, 4-D)

b) 8.3.2(C) ®YAI
¢) SiRW O @I I AIE T & I @ Tioat (@9l 519 IR OIS YT AHA W |
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T ZFCR-SniRE B - D e,

d) TR S SRS E IR SBER T)

€)

@ @I ShRivel Fiwe @ O TNHERS W |
2.4-D 2, 4 - GFRAEH WFds Wit |

A — 2

a)
b)

€.

d)
- e)

Gibberella Injikuroi W SHPLIRFA @GR T@ |
o - SRS

GA, @ GA,

eEeE o

8.42 (F) (A |

e oM@

a)
b)
<)
d)

e)_

Tes e

8.3.2 (E) G7{A |
maﬁmﬁvemﬂaﬁ@mml
REFE o= (ABA)!

8.6 (A) 4|

128



EBT 07
Block 2

129



955 9 O Tfew 3gs

oL
9.1 o
9.2 Ty
9.3 2f%T ¢ 2T afxge agw
94 @@
941 FNET AN @ eFATSH
942 FElS of
9.5 @AiEs weE
9.6 FRIGER AET e efew
9.7 NI
9.7.1 IR
9.7.2 ey
9.8 mﬁﬂ
9.9 FRIREW
9.10 et
9.11 Tewsiren

9.1 exgral

Sfer oo ¢ we ftalaa o e SIS I0a | Sfema Rfen veears Wy
AT WPl TGP 20 FE TR GIEIReeT 1 ey efeaies g o) e,
FAfa ¢ TcEie e Tge AF5E wINE A, AR SicgeEiE, PR e
TR Ton ge AF5E WIkE AR T | @ EReE e s Srefee
o R 3 (STEE @RI O (/eE [l BrEmeha Rien arees wy i sfRe =@
B Wi ATP @38 NADPH +H* 7153 Rerss Serly 0 | AR5 Susize o Aehmige-
CoA-97 AIY I& @ Gfow ~aee [Ridrng wigm Gitaieet Ay 3 |
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9.2 Tt

a3 g5 A T3 A

o {fSn agona IPTF 510 8 SIta WIRFFT [l ol 4IReN 1S FACS 2N |
0 FEfTE I ARG N T O G FACS A |

0 AR (o Fwy e IR frs e |

9.3 2T ¢ Ao e 15

AT Tfgnceran @b, wwysyd weiiy 1 21750 | Sfema aam sgaiafe
2AF6E T AE | @B IgTElem W s, wEiba e e S|
goafi, wREmmRE ¢ siR@aRids—a gt ke TREiRklem el?ff‘a AGF AR
T Bferra sogpTRiee 25T aRde ags|

2150ee W @ PSR W SNe AT SIWR AW (Grana) (ST 1 SIG W) GG
IS B7195 1 /fer g ARAITES AE 7 Ty AFTT @ FgTnala (= o | AR
s oifn Refgare e ARGEEm skiye [iver dizeewte @i 9w
arE AT s 711 wefns, FeneRM, creeRBH 2ofs e avige 21F5ee O
T TS ARATEOE AFoF FIE T AW 510 FE | G2 LA A
(EINBIER (Chromatophore) A, IF W agaaaafl Alws A wm WeFare
WW@WWW@WW@W@%@%
TN FAEE Tl aGTF AT |

ACSIE ZARFANDBICS FrTTSIAR TAETHRET N Gl SioAf3e, O G acﬁaf?m\'s
Uil IR W0 S Penicillium glabrum FINS T@NE MRGRAGN @R Penicillium
citrinum~q ARG TG qgFS (= AH 1 Mucor hiemalig~a G e, Oospora
aurantia-(3 SN AS IGF BofFe | zad [(fen sgosla s, e ¢ wnta
el (@9 9 wReER AT RS 16T

9.4 @it

FAETRETIR Sfewa A3 IeT [y qgTeoNB 25 @A | $fgea sfror renfes
T (@ AFTT AME O Y @A ToifFe | Ares “rom 0.05-0.2% @i |
A5rTa o s 25010 @I o9 @ Eae 2@ AEFREET O3S (off I A
(EMBICE (Quantasome) I |
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9.4.1 T o157 @ erFTER

fewiat g @ @GAF (Fischer and Breitner, 1936) @ w9z apmafas 1o
SRR I | FERIREE 959 @ wba | 5 oAiREe @ JeE Afes @ b
AN (T T (A | IR TREAEE (THIE GO AN ot A | A
AR IR ARGICS ST MY (@R AP Al (@ A oAwwiRiE
@oie G 1T 9 W 5ol ARE@E T (AF 936 FRoe (Phytol) 75z Beofm
T | PR AT IS G0 YRGISAGS FABA (C,oH,,0H) 1 @ieafeesra
AzelRfan @l 15A a5 armeafdRE w3 =l 20A @ = (B 9.1)

CHj\ ,O
CHO C HH;CH
/a \ B\ H
\B\ CaHs H3M<C2H
@RI b EHEIT Aot

5@ 9-1 : A 9w I 1w
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9.4.2 Ee 47
@R R ool N e %@
1) @R fS 7y @R Ters wge Fi Ame|

2) 8 e T SN R BRI ST, R, (R, e Siteranest, it
29fS Ter wIRT T |

3) AP o9 W W AL @R VR Mg SRR H e w efbgre g
a7 T, @A TAsig-sE (Olive green) 39 4179 A IS pewRia @ |

4) =g e R sae @R AR = (Saponification) 905 @ @7 e
@ATRER 9T &E 7w @3 qg Tesiy 33

5) ST SER @A T3 A se A SiEns Rugad ol 1w | @R 961
2f$& (Fluorescence) (A | G a SIEfE (i = Brefere 0 @R (i3 o=
(AT OIS SRZ @ wome 5 Wy e e Sy dfoes o= a1 99|

6) A= TCFF (Spectroscope) T ffen wamtrrsha vz R @@rew |
A (IF Fo! AR T AT IR @ @@ NG ©F SN 391 27 OIF e
zffet (Absorbtion spectrum) IC=T1 (71 (M (T @I a2 @ b TOFR el @ Fe, S
FART (199 | @I a 429 nm 6 642 nm STHWHES WIEN FIGE @ I 3
GR @A b 453 nm € 660 nm STHWLTE SICEA] TR I I | ST GRS
b-a9 et ST vl T S| AR 497 G @ @R @RIfee a-93 7 S
(T Sl FICAIRF b (5T SRS (@ | @IAIRER 3R T 20 R I TS
QI CI1F9 FTO] FIGE P | AETRETIN 767 @A e 8 & ot 7 e
AR 1T IR @R 96 el ST ANETRPREET R i = (fo@ 9.2)1
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300

CEE o%ewdf (nm)

fﬁa9.2:mﬂ%mmqmﬁﬁ |
—— A = @A a - = IR b (TR FE)

7) Tre T9 SRR SMol @NAIRE a 8 @R b-a3 SHAS 2.5 : 1 I @7
FEARFLAZIPIR ATOR @ICARF a-a% AR Gieaifee] b-a7 gevam sived (@ 21 | =
TFIAET T @ TR SR O @RI a @ b-a9 SRS 1.4 ; | 27| @ el 6
W @ AT YA @A a-93 FRET @S ({0 7 |

Sfeneieice v 49 @I “IeT T, IWT a, b, ¢, d 8 e @ Hire 71 =7 | ATV
AEREETIR Sem2 @RI a AN T, ©IF WS AL AERCETIN IGF &1
| NG AT Gfgr aR @R 7 e @R b ot
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mﬁam:ﬁ%ﬂmﬁmawafmemﬁqﬁ

@it 7 Az S ¢ AT AFTe
. @R a T AT T C,H,, 0N Mg
. @R b | e @@tk e | CH, ON Mgl @RI a-93
Tae @A Sfen T oR faow #R@E =@ —CH,
AT W ~CHO T AT |
. @R c It e (RrarelRf) ¢ | A avmfis s ot o @2
sRIGY (fiatiewi) | GIAIfFst BiR5e Rl oIS wgHiEe
ATF | Y AT agfs -Mg-2-
fearga-4 3% frexzwiRfaa
TR GBI |
. @R d EfRe tieE (@reiER) | C,H, 0N Mg | $20%@ @I a-
aF W FRIET eTEd fewigs(-CH
= CH,)*m @l A a1 932 @3
A ARG T (-CHO) SZH
IR
. IR e & EEE] T o ifwer IR T |
. JrREGRS- TEAH JRIBRG-GFIRARA— | JFEREFIRI 297 o WS
calelig a, b,c,d ¢ e wkgs gmrl | C,H, ON Mgl @Zrwta @RI

a—AT ANEAFACETIA
(IGRAT, b—oofa Merwrg
8 W-HAGTPIN JIFGRAT,
@RS c—Fq@ AT
PYIGRAT @R d 8 e &
AP FIRAGRAT NS T |

a~99 AN AR @ ~-CH=CH,
»f{ xRl SHGRe JeTe (CO.CH,)
Fra afemiere | agre! 5gd wREE
TR @3 SfSHE FIrGE= 7Y
AT |
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Ao Bfew @RI a @ b MERPREE T4 IRHazd IR | @3 4 @I
Biera 2 3G I | @A a @ b-d 24w revafd A SiEte w—

AN 9.2B : @FEATFA a ¢ @RI b7 N

o138 A a @l b

1. arfege A AETRERTR Sfgn | @R @l ge e ¢ Sre
T Sfer
2. T WS C,H,,O.N Mg! C,H,,ONMg!|
3, otsaors aren | fadha sifEcaE @@ —CH, fadi #ifREre e -CH, 216 -CHO
spol QAT | 7l efsgioe &)
4. SfdE wow 893 IetoA | 907 ©&GH |
5. 3f efre 7 | T I |
6. FETRER | TSI AREE T4 | | @R 297 SriiRfers AeereE
ofr! | AT HAtz W) 9 3G SAENE NI
‘ F@ e @R a-®
sifavifers w0 |
7. sifd edmel | 2| | Tz s
8. CrEe Fefst 429 nm @ 642 nm 453 nm 8 660 nm
STHINTG ! FL L STHIHYE e TS AR A |
oM R |
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9.5 (FiwifFe =

et anfae @ @R (Granick, 1954 and Shemin, 1956) @RI MEET &HA
A snfRea s | @R e afEs oy (ammEmReE s oiw o
LIS

(F) 247 1T

1. aﬁzﬁﬂ SR G HAiBge CoA-d7 AN TS T R wﬁﬁaﬁ CoA(CoA-SH)
TG @ o-SHREA-B-FE SnifehHie o T aaf sZf @9 sio7 |

2. #7378 oRfiw 2 @IS (A CO, el 7w §-wymiz forgemfas @@ (ALA) Sesin
2 | AR WO ARMET ARFACS oI oIw (A8 ALA Seoim 30 S| ALA B
aferaife ST SfRfere 9@ |

3. 43 99 ALA I T ScEifRiEse (PBG)WW@ AAAZCE oo A |
() feStm o1t

1. oS stacEiRfrEie @9 76 T ToRTTRRAEIE (11 4fds | b =fiawm
(RANGroRTRRETE X, SeefisiaeifRemney 11 8 AFeE @iGemeaka [X sbe a1

2. (AGIFRTRET [X-97 @ @36 Mg #1750 e 271 @8 Mg «1awm9 o1 iz
IR GG FZWIEH AN M & 2@ IS (G FIATRere-a 5197 F |

(o) TOIF “ifw

WATSHIZS (AEFATRFTG-a Sied SoifEfore NADPH, @i« Reifze gexta we
@RARIRTC-a et 2 | O, 1 8 &It Sigwm 2 #R{afb sy S fRaeors e
gz

(7) o9 R

@ICAFRETC-a (@91l @IRFRETS SLEIHE AR Feba <E{ETH TR & & G
a 454 @ (oa 9.3 AT oMo @A Z90) |
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CH,NH,COOH + ARBR{EA CoA ——> SmBERe CoA +
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S-SR W (ALA)



(@I AL &) ST G0 SIS SRS | S S oifZfers (@rbraszere
a (A @A Teofg o AN 7| @B PR ENR SgsiEfore @IEfeEs oo
MR AS! TV @ I

SRIRTIRRAEATEA (A (AGATHR St 7wy A el wifte @1 @@
G & 0, G e Tomm foona e A | |

T < (I (@ SRS Rl MecnR 213F @ B o Beom =1 ot
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1043 TEBER ¢ o SRew FeTeIREET g
=g ee19F (Limiting Factor)
10.5.1 FEwiew Fres dera @
e
TR epe
TaAe!

10.1 &I«

IR AR T (@ AT WG TGS Sfew A 7GR @R G4 PR 56 AR
ToAfEfore @7 Sftoran oo ftewm 4 g w0 A | @R 4w tofiw A S
PICAITRPCeTa AIRICY SIS (oiBe <ol a2l 03 Q3 AR (ATF 20 F-BI3-wzs @ A
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Rfzmafla wfie an sace S swd zf |
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RoE @R-SEre AERRET T 2| e Sfewma @AM @i A
abE @RAFGE A MCEF @I ARG (chloroplast) I | @CIAGEI (SOFF LA
(matrix), G (stroma) @R CBINIA W& WZS SRy BIFfed el SAtE aielt (grana) 3 |
@ (51T AERREIET SIENS 79 SieTd ST Res¥e (photolysis of water) @3
3R IS4 (electron transport) @IZAGTT AN TR AR THE P DI SOG
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Ml (E (@ @3 SIETE GIUITE O9% (continuous wave) @3 N#AME 9] (discrete
particles)—a2 72 @2 amxfa 03 | WY sy faca (2fFe ZA T A @ I8 (object)
fra efSafe® (reflected) 2 a1 (FW 15 (lens) ?F'\f?‘? #foATS (refracted) 2 79T
IS O Sy e B(F | WA SIS [ ogfEe (emitted) SR (*NAS (absorbed)
2414 Y WIS O I (particle) € 2FX T U | ATHET EARCE Foule =fer
SIS 9 4 @6 (photon)-93 sufEzwcs fofers a1 231 afsl @b @ «fae =fe
(%S A, OIS (SIIFGN (quantum) I&T T8 | (T (R (@ 26l @iow o A 43 foeen
WAl (keal) *f& F7m |

AT WG @R (g @ fS W FET-TR-wmiEeE e SR [enfte w@
SRR oS 8 (A 10/ (i TN QS T 3R (BT G FRAME AETRAEER
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ARG @TTIT%T‘II (quantum requirement) J&7 3 | SN @3N G @ Al @preaifEa e
GG Toft (1l <o GraEne 2w Wk @2 Srefers weml 0.01 GIRed (@R 2R 2 71| PsR
FIRINET SIS AT @ G € FGwe agsomLa s s s orEe S
OR SfETy (13 (N wies TR fafemncsey (reaction centre) ZWefFe Fa |
oo fafermceca e 300/ @i w9, Ry 1w (accessory) 76 g 3R FIA, e
oI e | *roife AEs SR T SIS G2 @ G5! R HERadE) G
(photosynthetic unit) =T 22 | TR AETRACAT G35 IS AN IR S A6 7T W9
TS @ G G (unit) T ST (ERAFBN I FIT 247 (I ARSI
e grefie T a3 eI (@l R @imRi-a o) @ 993 TERENE o
A0S TR (F | @R @I @UAIANEET DN WEF @A (26 =G A (particle)-9% 7!
I ITH | A1 (Park) 1964 RRIBIw el geam 64ta 3007 @riRrer s are sifye < s
5T JA | I e Sl R B (quantasome) AN A @92 17 WS @3
OF QI (PRAFTICHE 9T @3 AR 9 e v (Ba 72 10.2.3.2 (T3A) |

for 2 10.2.3.2 : @36 anen ARASCICST T METEREI GT (PEFBIEN)-a7 S
AR o ecEfeT Rigane gaend g Sreltre P, @R W 39 BEEa
e (SnETe-armaiee ki)
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10.3 Twe Tfewm METFAET “@e (Mechanism of Photosynthesis

oot WroTTa gL R AEHAED Tite Aafed AdE A Reaioz i 2+
Sl 25 W11 (@R ARG S0 (starch) € JC@IS (sucrose) FFE T AR e
fisfe 23, O AGTITHTEIE $AEE (respiration) Reidie i bize wa1 7o
@S afeiie 7Raad (reaction) T AT I To— ‘

6CO, + 12H,0 9, ¢ H 0, + 60,

6 12

(eren)

@y FRremifior ah! gl B (@ AR Nefe SiRieEs B FEA-UR-uHiRs |
afaw fBa (Robin Hill) 1940 561 w8f@w (isolated) @IS SES 8 WRGICESH
sRoE SHiffere we REifee 2@ @ wfis Sesn 7@ ©f 218 I @I 9K 97 (AT
o R (1 TIETRORET 2Afra $ge SReEd B o ) SIEH-UR-wIiEg 91 |
eIl #Ca, AETe € INEW (Ruben, Randall and Kamen) 1941 f&5%icw cowfga
SRENGIAT 7 ZEd @3 AEENE SIRe TSE AN SN | W AR
Awfas efFmfGa (overall reaction) AT GSIT T Fe1 Ze—

SR
6CO, + 12H,0 ——— C,H 0, + 60, + 6H,0
: SN (<) E! 276 2 :

e (Rl Aoz (@ ReE Awfors wgE Sfen caifer armfe *fers. sl aw
] S A 2Efd M ol (Fies et Wi A ol «olh wor wibel (com-
plex) afewa |

TR (oS (radioactive) SIRGTIGEAT (isotope) TR @bt fWRswwia awide grie
(@ AT @6 EFa-fenael (oxidation-reduction) &fer @3g a3 fFmm o (H,0) V
wifFe (oxidised) 2@ URTEH Y& 2 AR IE-TZ-SHBT (CO,) Relfaw (reduced) 2@
%31 (carbohydrate) &¥S T | (71 (N7 (A, FIE-Gi3-O92e fwnfae 2@ =61 awe 2o
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@ wrewaan =ifE (assimilatory power) Sifie. ATP (SHfSCNHH-G13-##6) ¢ NADPH
(Reifae Rrafbarnze-onuodiza-uR- e pebiRe-a0es)-93 AEIEH 23, ©f 440 @RIA0E0
ofd =@ wzR 3 W& 8! R FET-CiR-mRurs {ete 3@ ¢ & agfers aame
|

10.3.1 AIEREE ¥H a7 wiF TeifFfe

ARG G e Rl e @ «re e oiEe (oxidised) € IE-TR-
330 REiRe (reduced) 2rane @& wnfas Rfema @i s wietes qra fafae = o
e Rresiaia Bereie! we waw | P (Blackman) 1905 2961t @™ awid weam &
AT AEOH S 8 WHFFG—2 7 7A@ 7viw 2 | A wgans R (light
reaction) 905 €3 @3 faferm sneers woifdgd (essential) Y32 GEACH THHT &S (dark
reaction) (6, TCS SNENFI (FIF AT T A |

1920 {961 oreals (Warburg) (04 (@ GICRET ©lo{aNf@™1 (Chlorella vulgaris) 93

. ’ !
CENCGIHNIA G (Scendesnmus obliquus)-4 T

6
 (emit) FAE A EIECS AERAREE T & AW 9 Sy WS A SR THPIE A
ow @3 3 Srvmeia @ w1 97 (A 6 98 FrRite SieH @ MEneReseEs 98
ST SEAIB-HICAT ZENS 96 A SEAIS- WA | @397 1932 Bt wg=% (Arnold)
AERREE 75 fom it iy RRceeI e IR | (T6Ta T SRENE! (14C)-93
MR ANAS AR @ AETREET wEs [ [efe NADPY @R ATP %S 23 |
g9 SEHITE A @8 ATP € NADPH-(F G (R IIEA-UIR-Oriigres feneel 9 @i
aft s wPRfe R T e SerTed T e 7 e @ R e
HCE AR | (3 A S e oA s1fi7 (light-independent phase)
e @ Pere | (Al (e @ ST (@Rl @IRaieEte el SRed SETeE qre @)

SETR-FacerE Rl GIEIAetE BN S SeEbeEd Fidl Akaive 231 (fhg R 10.3.1
M) |

A STFT TFT TS SICA f[aogae
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Co,

BallSal Skl

SRS~ e e

fom o 10.3.1 : ol @PEAAGE BT vl @R AR o AR ST

O ARSI AN T AR @ ST SR re S i Sensma s
ST Ria g9 Saeaisred 3 47|

10.3.2 SCAF Wit (Light Phase)

AT ST NG Sropg wioet @ wwrgeyed @R it @IIaesa i SiRed 7=y
W G W o SeoAWefe (products) 2e1 Sifite™ @3k NADPH @ ATP T 1893 i
(assimilatory power) f@AIt7 TF-GiZ-wmRe fRewE 7o =3

SIS T W30S ST ToifEfore @raife ¢ el e Sl wiEees o
I (T B AR G (RS et Rt (reaction centre) wifye @i Rorw
IR WS FASRe 3031 @ W@ @ R @Rk 9 Sreftre 20 (43 Soaem
YRR TR GR SLHAIR HACTREE IS A 2 RS w0t @b 7w 2@ a9 3
Trefers @A (A (@ 2ERhR fRefe 2@ o wie-Red taed (redox potential)-a3
T 3R GRS el (donor) 8 AR (receiver) TS YIS 200 A @ «AFeIE NADP
e REfie $9 NADPH o A | i 3Eils sl 1@ o Rer @i
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Sifirs @ 3EEA JFoR AR W O eed WEns [E@S (phocatalysed splitting of
water)-49 T SgO G @19 A7l 21 @3 F (stable) @@ st gzvE waw
WG ST (<110 19 =/ Sieia B | S SoifRors s 3 Reers @it
(photolysié) IE 9R G2 AT NG SES WSy AARNGE WMot | agers S
PRI BTG 2A11RS T4 ST BES e RIS ADP-3 0 Ser ST (Pi) A
0 IR ATP 9F© T | AT SoAfFfore @3 ATP 8we 29 WW&@W
(photophosphorylation) 3T 23 | ST W17 @2 (e WOl iaewm a0 2=

10.3.2.1 f&=1 f3fem (Hill Reaction) @ vsn’%ﬂrw Refam

1940 12551 3 f2s1 (Robin Hill) S8f¥® (isolated) GRS e @ Jeag
SRere (@ BN EREEe) SHEfere wete fAaftre s e Sesime
T IR 93 (AT TN THEF el FEH @ AEEREET FE TYS MG O &
GR PEA-G3-owEG 77 | KfFae o @hrmamie Reffe 2@ @Emegs Setr we |

JHO+4Fe" —p O 4 4Fe + 4H

@RS

Bormm @& Rl Resll fem aniepiics e &g (Hill reaction) w161 #AfRfow |

et freta @3 IS AT REE 936 wrodeyd smewerme biee w1 =11 93
o el T —

L e foferm Rffsoea e @ @ ACEIPRETE THO ABCHEE T e | |
2. SR SRcE [sie @ II99-0i3-omizres SoifFfs 2o 9% ©f A AR AR

- e e ¢ P-eR-ermRe fwied @ 6wl fon afemn o ARwens
G T | ,

3. RPN @RGSR Ol Tob! wwgeld ol e Ritrarg Ao g2w w1 |

4, ETREAER aiefie [ien mwm@vffiﬁms@wwmwm PEN
el SofEfore (@fFE (Fedt) (U @a (Fe?t) SIueid [Reiactd Mame @
- o apTEiae et meelie &7 Bl SRR T AN | .
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10.3.2.2 (f%e Hf (Red Drop) @ GN=EF @@ (Emerson Effect)

@A @G3R 33 (Emerson and Lewis) 1943 25513 %9 (<1ais1 (@icaa (Chlorella)-
(S AETRFHRETIA FF A (action spectrum)* ARG HNY (T @ 680 nm-97 (M
SIHAIYS SIS =T (far red) SETT FANET-a F9F (NS Z(ES ©F AETRPREF (19
T DI G 17l 03 1 | vy OB T, B T STHWHRE WEIS S TeAMET
7 frmreaeia o o | Bwe Sferma (0 680 nm-93 (IR SIS MA@ @
Tawfery @fEe pfe a1 (@ g1 (Red Drop) 9ot =0 (fow 7 10.3.2.2 (#4@) |

0124 aememmmmeel
-7 A

0-10— WA ST
0-08

5 06— E

: 3

g 0-04 *'%

o~

O | 002

1 I
660 680 700 720 740
@FET, (nm)

fa = 103.22 : RE v @IFE EEs e w46 sifsme
' BIEIE SRS AP &S]

* orEet IS (action spectrum) : (I ¥ foT SARMCHT AT T FAE FASHS ©F
Ee a‘ﬁ?:ﬁ A @ AfEEE (spectrophotometer) 9IS T @IEITE-2 A (@@fEE-b ™
g ituct a+fidita (visible spectrum) fifen oI Sammd (R TR WA A3
@AMBCAT (graph paper) TGE SR Fa & Few qgdamneld oNEd oo aom o= 201 ol
(oTE (@UARF -2 9% @RARF-b SR A fe@ieg Wy A, @ ¢ Am wkiR
AR @ e A | 9 BPRER WA-@eN O (435 nm) 998 A I (660 nm) (NS
TFIRR AT Y G ozt ||

TS Pfed FITd WPl SAC® BiE NN @ $1@ FELl (Emerson ef. al) 1957
RPBH wine SEN @ AETREE FE (inefficient) 680 nm-a @R SEAT STHTLTS
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wfS & (far red) SNENET AR 650 nm T SEAF @04 AR FAE @3 [igwet @
VYT 19 W OIRZ W, TG AR I Yfar (I A | ST 2N B (A (@
R Q3R 27, @3 B SIRVCTA AR 724 ABIE SNENFTREE 70 (@ Afane wife=
Tge 27, 46 #IfHeEs s 9 SRS (superimposed) FRET SIfSIE GRAMTH @l
e @ 37 (Ba w2 10.3.2.2 @) | ofs &e SEEs (700 nm)-a3 3 IAEA-AA
WA (653 nm) G A AERPREED @3 7 I AT WA GNP dord
(Emerson Effect) 37 28| @3 e (E)-& fFsfERe ARwaca My aom ) 8—

AO, (SIS STHWCHR BT — A0, (377 TR WAICIS)
AQ, (W ST SIETT)
@A A0, 2&1 Si¥cew fsfaas 24|

97 (AS GNP G3 B e @ 4t for SEHMIIR IS AEIRIREES QA
fagd @ 9 e AfAfere @eitE AETRREE el (photosynthetic efficiency) 3Re
g o |

E=

10.3.3 fG2gFoE (Two photosystems)

R SRS (AT S S T ([ AETIREAEE s vl g6 feq e~
M (photo-chemical) RiGa= e 7~i7 27, I @3 680 nm-93 @M SIHRWIS
SIS G2 SIS 680 nm-9F SATFITS T CIHMIIE SNENET SIS 9T | A
T (7l (ot (@ @2 TR w6 vjaweiE vt 96 @e (pigment system) AKX &, IR
TG U 7GF ¥ (Pigment System [ A PS 1) @32 &8w 26 @ (Pigment System
I 3PS I1) a3 28 | 680 nm-93 (@R TIHMCNHT T wgsia PS 1 @ e
FACAE 680 nm-aIF TN TIRWCHA SES PS [ ¢ PS 11 7forg Al |

% 3G @ g6 widie PS 1 @ PS 1l GIRIATE AZAES GRS 627 AT
- agS-(ABA (@9 (pigment-protein complex) (A Fere A (Ba 72 10.3.3 @A)
GFRAPHE @3B AAA@HS (ultracentrifuge) IFF Y AT F(F ST SAFIFO
2% e PS | a3 Npa o1 St PS [1-3 ToAfES o7 a1 a1 | 3Eeha war (electron
microscope) TCEA AR (4l (iR (1 ool wgT F 40-60% @ o, 9
faferaam@Es (reaction centre) 20T Wl (electron donor) 8 3ETRGEH A2 (electron
receiver) ARIfTS @3 wem (@t (core complex) 93 wRfAE fig @A B9 ¢ FER!
G T TN WIS 96 ST (A (antenna complex 3 light harvesting complex)
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A | IR SHFGA (TR Pler 25 RS Sasnmdige Qe g a1 @3 «3 e «fs

(absorved energy) ﬁf\@?ﬁ@*@ (reaction centre)~4 sifqaen 31 | wew (@eifFe @3 [BIRRIGIEE

ATOATF F7ARRCAE WETI-armafas [Rieafs (photochemical act) #eafte 77 (b
R 10.2.3.2 #4x)|

10.3.3.1 2% 9GFew (Pigment System I @ PS 1)

98 7g7 @bre SEiaE 200 (2w 300 B @il uq ¢ 50f% srabacs v (e
M) AMF | GRITIS 98 FEETFN by(cyth,), FBEHCEN flcyt 1), AEEHIIIR
(plastocyanin) € (FRGIEA (ferredoxin) ST 3G 93wl M | PS 197 wew! (Aa4Brs
(core complex) ff&FaIm (F@FE (reaction centre) P, 75 4% Revd @icaRes g
A | B 9GS BT GIAATHT (G eMfer G il S T3 s sz 3 (Ba
72 10.3.3 @47 |

T RS W PSI
\ _ — @ PSII
B ATP Srecis S<oime

A cytbef @1

fba w2 103.3 : o AREREE-97 esid 9 TgFeE PS | @R PS [1-97 wwEN

PS 1-93 24 I 2o 936 e e {Re1as (strong reductant) &% 41 T NADP-(
frenfee w901 @R 76F FW 680 nm-97 (@ SIS SIS STRGA R a6 e
g (e = 9 98 WETS *ifE R @@z Py, @i s «r HRes 2ear
@l Twifore (excited) 28 €} I 3G Afrensl T | IS FEFGH 2! € T
TR RS 2@ G2 IEREAL AfRIE NADP-@ f[iwifie @@ a3k NADPH tof@ o7
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PS 1-9 5@ (cyclic) @38 SHFIB (non-cyclic) 3 12 #&loa NG LG~ 2AA(ZS
(transfer) 81 (fb@ ¥ 10.3.4 ®gH)1

—

—04 = FRS Fd-NADP"

—02 |—
-01 -

00 —

PQ
01— cyt bg l

02 - " —ADP + Pi

03 —

04

06 — e _k\;\mﬂ %0,
o \ 2e /Ze H,0

P680 Mn+2

- PSI

Safcer
1%‘?:\ 10.3.4
W\mwwm@mﬁzwmﬂwﬁﬁﬂww
‘70 T e oS w@e)
[Fe Q = T2, PQ = AGHRFEAN, cyt b, = HARBLFT b,
eyt f = JEEICFN f, PC = 2EOPINfE, FRS = @@eRH Rews @,
Fd = (P@ESHEN @R PS | € I TU&HE g0y | ¢ 1l (IRTT]
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10.3.3.2 o 9g&eH (Pigment System I @ PS II)

93 s @ fbre Tt = 100.200% @itafis e 50% smmafbaae wg (e sgiee)
AE | QUIEle €% @7 Q e 251G Ea (Plastoquinone 3 PQ), ARHIN b,(cyt by).
ARG fcyt 0. aoopTwlaa (Plastocvanine 2 PC), HAIE (Mn*2) 8 @936 (CIH)
T4 GoAfge A | PS 11-3 5w (@b (core complex) RfEFa™ (@%@ (reaction centre)
Pego e 43 fpaa @icaifes @i A0 | @B 9GT @ o (@IRAGE Al SRR
feetaa fite wrag wea1 (5@ 72 10.3.3 074) |

PS 11-7 24 afe 75 @0 “(fexd s (strong oxidant) 2FE T4 T & F(F GIfTS
& Sfsre GeAME T A1 PS (] Ags@m Suetal (T 986 99 680 nim-97 I
SR AN T A 43R G2 (<Nif¥re #ife Rferae wge P, @riaiea secs o
Al e Gt SRS (excited) T W2 IFTH IERGA AAfFen T | GG SETGH
Al @ W W 2RIk T @R FEGAD ARCIE PS g g w1 97 T Py,
AT (7 TG eI (electron deficiency) HfB 71 ©f & (H,0) (U@ 185 &0 @@k
O3 T ST WG [{Eem (photolysis of water) 905 @32 @3 TEAFA T (AT QARG
ofe =1 Py, G2 TERRG o W B (ground state) R o | w1s3 PS [1-
(S 3EAR/GN AT @A (unidirectional) @ SHEFE (non-cyclic) | (fo@ a2 10.3.4 @)1

10.3.4 31059 QG € NADP e

PS 1 @ PS Il 9% @@Id NYH SIS TFEIGA 24I%e 27, ©f faw Redior s
TGN ARITE et @ (@A (Hill and Bendall) 1960 B35 (@ (%rg 7201 (Z scheme)
5@ am o, o ey e awifRke ag Sawel seay <« arzd @ar 39| @3 7"
T 45 9 @R (PS 1 4R PS 1) @l il (7w 1 @7 Wea 29w 3G s (PS 1)
680 nm-93 (I 9= @SR 7gF TG (PS 11) 680 nm~93 TN TIHWLG SIENT Golrel
T ATF @R PS [1-9 2rgelsl @b @19 (bridge)-43 W01 II& 7 € PS 197 ACx PS [I-
& T& I A0 | '
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-7 R SRR PS 11-(8 S (s T R Py, @ s 2o
1 3T P, Sraftie T @ e fofe w0 (16 29w Q Ame ¢ wesls 23fe Blann
AT (A (M), [ Van Gorkom| 1974 R9B10% Q- FRAM A fofme aaw) Reifas
T@ | 9%9a EeEa mEfeyd fRf@ma (downhill reaction) B JEFGAD TLIEH
AGTITE (PQ), EBIGE by(cytb), FEBIEN f(cyt f) @ AGHRIRFF (PC)-a% TEcH
PS |4 FBRIC 2F | (EAFTCNR ZETRGH 2N I S1el-f&iael (383 (redox potential)-
a7 TE ATP o9 &¥s =¥ (10.3.5.1 SRed ST FOACERIRENR  0RA) | e
R oS 2 TR T Py, @R W €S (positive) RIS (charged) TH
T @2 @f% e @ (Mn protein) (UF 96 RERG ofzel-aa | €8 Mn (2B S
T (AT G oz T ol e T8 GR I Pyg, SIS FEhA sfferanf® &

MRIGICS
4H.,0 —2'+—‘—~’ 4H' + 4e +2H,0 + O,

Mn~ Cl
e SefEfere e @3 REemeeg, FEIRhm (photolysis) T 28 IR ETA G
S efF RS (Mn2t) € @RS (Cl) ore Rer gwgdd g o |
R S{foleg REH! WA Py, GRS WS o 7 (stable) ©IF 2NY T ¢ AT
S oAl IR H Se 0 | FEIEEIE W Sge HY W NADP-v Refre

Sofafics PS | S0 ST s 2 6 il FRFrRItea Py, PIcafEeet Siqre e <ot
G G (U@ G BTG fofe @ @k @it 2w @lRefE faenfas (@9 (Feredoxin
Reducing Substance 3 FRS) s1¥% ZEaGa a®eice Refae $a1 FRS (A< FERGAD
@GR (fercdoxin 1 Fd)-47 T NADP*-4 ZHISH® 2 | 6T SIS RN T
Tgs H*-«a7 Seifgfere NADP* feifss 23|

fe @ (AT VIS ZERGA ZAGAT 3 foamet Beafer 2MaTa (alphabets) *Z° RIGE
1o 26T BT 20 W (Z scheme) T 28 | 5@ R 10.3.4-¢ 3ffe aaiifh fBe- e
aife 7 TIRY ey sAfaf® @ (modifed form) | fea or W @ PS 1
Reife ael @B ETgF (bridge) W01 P& T @R PS [1-7 3% PS |-G IR B |
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‘2w @ Rl wleseld ©f %1 @3 @ PS 1l @ (A0 PS. -9 e ZAIeHd
SRR FES W AR TP @ PS 197 Py, @R 4G PS 1 @ (UF $INR G0
FEGA 8159 FACS ANE T4 97 e galb Erehy aibfe A, wdie aft gaes siege
(positively charged) 2 | S5 Giffl (@ % PS | 6! ST (NS 7@t Py @RS

- wqre SRS 26T Ma G Srefers 2@ 9T FEREA AR FH G2 GAGT ALTTE
| g @6 AR PS 11 (AE oS 3EIHA 220 TS HF 2 |

FEE (741 A @ PS 11 9gFerg e (S 2t 9t 9ge @g Ahel AT AR
10 &1 (H,0) SRS 20 2 24123 Wrs! (donor) €38 NADP* 28 BTG S31e!
(acceptor) A e e | A sl Sesimardl AETRETR (TR 98 46 44T G
HE Oy o a9 W | s ARy ARAR™ (photosynthetic bacteria)
wgEa PS | ToAfFe A @F PS 11 1&g SoE MG TG BesAwA FACS AT |
TGS (Scendesmus) TN aialte WSGHARSE PS | € PS [l 2@t o F g qape (il
(5= @ PS || TeREe FNEHIG3! Ik SEIFe FA00 AFES THEH SAMH S T,
wsaeE PS | SoREe NEoG6al (@@ PS 11 98F A0S AN |

I3 Bxo Sfewm PS 1 @2 PS 11 46 363 T3 AR IS (A IR G 20
T FEIHAE G (@ NADP-(® ZAIEEe 6 | 9% eG4 FAee Aed 1o Ziw
UG PS [ G388 PS [1 SR 03 @< @9 2 =i 5@aarz (supply) TG, TR AR
BTG T3 Sfoe-IFRET ST (electro-chemical gradient) IR 2RIRS 3@ AT |

10.3.5 FHEAERIRES (Photophosphorylation)

e TAEfre ATP (ofF 28717 21&erd TOIFEIRAREHE IC31 | SE= (Arnon)
@ $TF KA 1957 DI wrefas (isolated) EIANATS SETH ToifEfSte ADP € Siterd
THEAN (Pi) T T@ ATP ST @ &=l ¢ (4 |

4

i
FPi ————» ATP
ADP + Pi - A
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&3 9TRSE ADP ¢ Pi-a% @I MRGERACS @ ATP Tofi 2@ o wedi
TAIAREMA (oxidative phosphorylation) <1 28 @R «ff SN S wifeweT
esfy ST, Tied aff TEEIEERERE (@ 7= fon |

10.3.4 IR ST (SR (3“2 St ST @ pifes MR T e BERRE & (A
NADP* (& @qIf3® 2 | @3 JTeaw 2RIad g 2l 4ieeiz Rig wifmie < [3eRGe (o
(electron volt 3 eV)] @‘Q_\') 7|

3ERGE G @ qesfe Tge e ADP-3 A Sied THE (Pi)-(F RIE
A0S A 7, G W w1 el a3 7@ 3, e @ aeefts ard-Remd feg
(redox potential) *N<<E 0.33 ¢V (RETREH (S10)-43 (IR W, GIAN Tgs & ADP-7 7
Pi- (% T8 ATP 3 90 | SR AAROTS 3O ATP Tofi Q€I PRI
I €32 G SEIPE G SHF (B {RSNE T ACE |

10.3.5.1 SH@EE THIEaEaieE™« (Non-cyclic Photophosphorylation)

qe R PS | €=k PS [1-47 T SO FERPARIRERR B IR GUHeE
3G 2R T G | SRR FERG ST (R@ PS 1 @R PS 11 46 seeaR
LGl (sihultaneous) AT o @ GdR o [fenicecws Treftre @R ([
ST 2 oS 2 | 29T PS 11 (e ol e oo At sidfiancst Q (Srestoeigf
SETRG A%T), AICIREN (PQ), RGN b (cyt by), FRBITEN f(cyt ) @ 2GHRIRNER
(PC)~43 MG PS -4 FMefi® 20 @) PS <49 TG *F7! (vacancy) %4 F@ 1 PS |
@A ol SEee @RSRER (Fd) Mga NADP-@ Refde a1 @3 #itd eRiIER =
cytb, @ cyt a3 wRe-fRerael fe<-sidey 0.33 eV (3R (O0)-a9 [ 26T @3
- xfFz LT ADP SHF A SET TATA (Pi) TE W 8 9T WY ATP 2% |

W'chzrﬁaw%Wﬁqu PS 11 (¥cw fAsfe Fereae ofmam
PS II (5 (¥ TIPS A A, O G LA ATE L AP FETREH PSS R 6]
o2l ATP B Z31T THAICE SHEII FHRAERIZER <611 (53 /R 10.3.5.1 D1
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FRS| .
-06H 2e NADP
' Z > Fd
04— FTORICRTTE ' .
NADPH + H
A
_02F ’
P _
00 — Q 2e 2e”
£\ cyt bg _
+024 ADP+Pi\2¢
, ATP ™ cytf

+04 — 2¢”

_ PS 1

e 0
vosL P 70
' % ~ 683 nm
*08— | PST| 20 +2HY=2H,0 TTTS
2¢” | oo |

| ¢ 1cl

~673nm | Mn™
A
02 + Hzo

fbu a2 10.3.5.1 : vwR wORIEEERE

10.3.5.2 51T FEIFAFARE (Cyclic Photophosphorylation)

S PS 147 SAROUS 5T TR AT T R G PS 11 Bolfe
N AP PAGACR T JERGAG I 70} SRS 2@ ATP AFOS (A GR AW PS
I~ e | FeEreiREery FIR (Rhodospirillum rubrum) 3128 Sfgdiod i aae
frg DRI ST SO IETRRIRISE A < T |
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aeHca PS 1 (A fsfe 3ol 29 (r@Eefm Reifwe @5 (Feredoxin Reducing
Substance a1 FRS)-& f@fae w@ @l (Fd)-« gmsfte @, o@ 4t Fd- f[eifas
71 38 ead-fRenge fAetaa (Redox potential) =@ (downhill) G by(cyt by) €
ARG f(cyt )99 MW FNSHS T 7T PS -9 I A | @2 MR TEIGW 2R
2317 A Fd (0T cyt b, R cyt b, (A cyt G2 qf6 415 Tg® A& 0.33 G (&6
(eV) @ zear @3 ¥d FE 2 WY ATP IFc =¥ | JSIF WYNE PS | TS 5EFTF S
FEARGH SIS FHW ATP O 003 26N 5erIa FHIHAERIRE™H a6 | (fva 712 10.3.5.2

@4e) |

PST
P 700

~ 683 nm
AP

89 72 10.3.5.2 : SIIBIT POITACEDI LTV
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10.3.5.3 SH@IDIE @ TRITI THITATAEHET AL

)

. PS1@R PS 11 76 3gparag SiReialzd A |

TG EIGA WOIA (donor) TS 2T | &&
3ERGA WSl (donor) @3 NADP' &
3ERA SO (receiver) A I I
@R P, (A ol FETia AR G

TS YT

N

. wye@ PS | SiReaEd |

G 3ETIGA VIO (donor) TSR 7 A,
PR P, @R (A Wofe BTG
FFIFIE WSS @ WININ G2 SN
@IS 5 S |

3. NADP f«-iffe =@ a1 <1dq wréwsd 3. NADP' fwifse 1 zq13 & 319
AR 9O | SRAFAET YT I A
4. TG SRR (photolysis) TR T 4. FEIFER A1 ST SFCE T S AT
 Yf3eEm Beew 2| ot
5. O G Sfew 9 | 5. @RS GRS FIPORA 6
QI ANST T
6. DCMU (oi3-@aifEaiEa-ci3-faEs 6. DCMU-a37 © sif%fe Preacac
2EfRE)-93  THAfRfs  wv@wiwE FHIENTRBEHT-9F €747 (@I gold
FOHIPACIRIZETNGE ARSI (inhibit) I | FHCe AN 11
7. ¥EWRGA AR @A W P, > Q » 7. ERGA AAfwes @end €% P, —» FRS
PQ > cytb, - cytf > PC ->"P/ — — Fd - cytb, > cytf - PC — P_ |
FRS — Fd — NADP'I
8. ool vow @l Wa ATP w9 westy | 8. Ol dwrwlw Wwde R WY I ATP
TeoAq |
Wﬁﬁ : 1

Bolrag wiaf A el Fewed Site A, wE W aaefia Ter frre e
oAl 2317 A W7 |

1. #fés Teafore wet fv= -
(a) & waaw 9gmd (pigment) T& IR /SR / TRl |
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(b) st Geifzfore @il wge weim Ruiaae agfatey weikmy
F3CGIEIP] 2ot 23 |

(¢) FNERREATFIA [IBOLA wsa PS 1/s4500a PS [1/ PS 1'¢ PS [ ToF A6 w8
ToAfFe A |
2. A 7R T
(a) ARSI TN AT A &1 |
(b) afelh @oE @ «Afme e 7ies s, s A
(c) ST «feq MY @AAEE ATP AW @R oA am
(d) FCETHAER TS BHACE(AT T |

(e) AETFATHED WENS i Renifao UEH ARG W QR THIE
Wi @3 feRel 69|
3. qftea SREE A TEweR oRe AT G
(a) FAGTEG (i) e
(b) ICEIs =il (i) =
(c) SIEER el (i) @
(d) AETRERT 9T (iv) sl
(¢) BETPE TLHIICEIALE (v) wqe Sfen
(f) ST FHTFAPIRRBET (vi) CRRFGICE

10.3.6 SFIA well, FIGT AT TIFA 8 (et b A C, bF

<3 Rl wha Ny WENET ArIETel 7 AP 9 wHiltE swr [ie (dark
phase) 6T 29, O QYFHT fraima wee @it siET FReers [/ (light independant
phase) <= (Il IiEarey | ¢3 iR Rigaieles Tgm FE-UR-S@Rees e (fixation)
@ f&&rad (reduction) I ANE IR 4TS (@ oAl afod M aft a6 A Grafer go—

(a) @fes 5& (Calvin Cycie) i C, v&

175



(b) I} R FF 5 (Hatch and Slack Cycle) 31 C, 5
(c) TPt S ﬁ’?ﬂﬁ (Crassulacean Acid Metabolism) @ CAM &

et @=feq (Calvin), @ (Benson) @<} I (Bassham) (S&f%7 FE (14C)
ST HE TS Sew I AYNGTEI IEA-GIR-SHBG WIFHEI (@ owfold onfaw weam,
I3 efen v A HAfifbe uwk @B sEiE Ye 76 Se A I A—

I. TGS AWAT (Synthesis of Carbohydrate) : @it SIIF FEIH 4T T=9w 2|

(i) AN FRA-TR-wHES FRREEE Fo-wws Ee Senen Safifers
AMRRIEIG -1, 5-RA-FAHT (RuBP) 3% I& W @R @3 6-F1 wqfatHg st (un-
stable) (A% (R 32| @3 s (A9 R FAX TT T 2 WY FACHIATIES SFT IR |

AT H.,0 ' -
WwRErE + COo, = ~ > SR @5 ——> 2 TS
_1, 5 AR-TEE f-wces SR

@R 3-w1dq SRR (3C) At @92 & @=iea sowra g g/ @l (stable
compound) @R G IR G HFT C, bF T 2 |

(i) AT ATP @ BLEHEE HYE) 1.3 SRS A =71

ATP
3 TG — » |3 TIREACPIEAAES
PR

(iii) Ty b2iRe 3-wices foriRgiite Serives $offors ¢ NADPH-43 e
1, 3 RicREERs, faReftae 3w sifre o

NADPH + H'
—>  fIIfeRRe © T
firpefeaizs 3P

foeiRrafecTe

1, 3 GIZACHIAANES
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(iv) TaarefSaRe 3--T90F5, B T9Es SZENNES SerhEd 4
GIRRRGRETGR G Fse @

O L i Cﬂ@@ﬁiﬁmw
(v) BATER @R (@9l b SieTeiTer S @%@Wé TITEIE-1, 6 GIRTATS GO

IR
ToIGh
W3W+m@@mﬁ@mmumﬁml,e—
-0
(vi) FREIE-1, 6 -Ro-TACT6 ﬁﬂ%wﬁ@@mﬂmmﬁmm
E R @3 (I (AT RIS A e A @R IS (eI ey A S 7 |

I1. IRRSES A6 (RuBP)-93 7|« (Regeneration of RuBP)

@IRIAES RuBP-3 #ifdsmel Hifire eI METIEIA0E SIRITS A0S RuBP- ojees{Iae
FRE T G A6 SRS 4I0e FHoHAT 2 | '

(vii) FIEIG-6-TF5 (6C), [ MaeIfbg2e-3-9%6 (3C)-93 A% & W ¥R |
WIPRAGICTE BT MRIR] SRRTSEIS-5-F 0 (5C) R @fRie-4-3970%5 (4C) &F©
| .

It Q G
RS -5-THTS + AfNLG-4-TAEE

FIRFUOIE-6-TF6 + AAFACRRC-3-FAF6

(viii) GfTS-4-FACEG (4C), AT S SAEro GRRBGReuHGw FAs
(3C)a7 7 TS T 7C w9 RMT EUSIE G @S -1, 7 TRIAEs (ofd I |

BB AGE

TG G Ere- 1, 7 ©fz-
TITO

GfRTAT-4-FAHG + CIRRRGHASIGN THAEG
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(ix) TIPS S0 AR GRS, (511G -1, 7 CIRwE0, (FICSIE?y (#1Ie- -0
TSRO W |

GBI, @G- 1, 7-Ro-9@s —————> it GO - 7-FHTG

(x) mﬁrw,«ﬁm (7C) @377 BRRTeTERias-3-91Ceh (3C)-4a% 0t WIHHmIETE
BT Boffore im0 FRES-5-T0F0 (5C) € TREFSES 5-TEh (5C) Afkers
2|

(TCOTZ, TG 710G + PATRIeoRIR G- 3- 215 Rl N
AR 5-TACHD + WRIAEEAS 5-TT
(xi) SIRGINICHS TLOIEER AR ARAE-5-TACES TRRCCES S5-I Moefie 2 |

ABRAG-5-FHTH ——J—»ﬁﬁ*ﬁm-s-m

(xii) aPPICaE Bernera BoifRfors TRFRETE 5-2Es ARTES S-FIEs sfafes,
el '
RS- 5-TFACTB —i\—————e ARCEAlE-5-F7CES
(xili) GBOIR HB IRRTTAT 5-F7F6 AR ATP-7 A T& T 9% FRREENS-1, 5-
TAED BIAAG BB SRITOR [7a ARRBETE-1, 5-ARTAES (RuBP) Beoid 2 |

. . § .
ABRTET 5-FAES + ATP —————-—“ 5L AR EE-1, 5T
" 5-FHRG BIREIS

FEIT TS RuBP 7[AR FE1-GlR-SIHRG FIHA FACE T W AR (S 5o
wfEs 20w 2w (e w 103.6 0737)) |
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ki) 24 Malod) S 9°E0 E@W@Zw& _%!L@ﬁiuw lolailikske Qivlutel ( (%) $0p) (1)
(Bl (08]k) Eb-lallod) k5 b5 klids B 2] 4 7D b B9 bbls HEpElkelllk B B9 pajled) §9E0L M BY

adich -G -plisdRalzlo

dOCHD.
addlela - 1-BledLEAMNO ik~ £ - lldE221a0l0) =o+:
z
komxn_u 4o :_u , :wo:
:ow: :oH_V: O==3
- (X
HOOH  (y,y HOOH HOTH) — )
Q@ -p-wUEk|> g
r o ) ._ON:_U
(A b Tells
mqumwNw LIbJelts HOJH
dOTHD _
H ow: HOOH
:o“_uz — OHW
A cgn-9 ‘[ -SIGAK O==
dOTHD =3 | () HotH:
| HODOH 41V
HOOH | ()
:o”_V: a2k Midlle B geus _ o= o
adiletiih-G' ] -lollodqblRll
| dOCHD  Qidictr-€-agienlleliblict) = z
HDOH L . 4o :_u
IW 0= <75 . HOJH

Jdo<y
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10.3.7 TF 8 T v&F A C, b&F

1965 45510 Btel 1€ eiRont b&a3 M@ DIda-EiR-SiRy WIH T dIg
Y2 FAT S FA TS| WG9 A7 (O MC-a7 AR 2wl IHF (Hugo Kortschak),
% (Hartt) € & 3 (John Burr) (029 (1 0% S=A (Saccharum officinarum) MR
ATFTREEI TI-53 M AR -8 sfre (ifers a1 smmaae) 97wl
FoofoTe ATE AF GIR B4 TG GBI, I, YA &oln (@ g S (Graminae)
8 FRHAIER (Cyperaceae) (MR GFAGAA Tfgmre U 3 qo=1 9B | Jrd I8 RTINS
1966 4361 =5 (Hatch) 9% FIF (Slack) M w3 fReerell qrei@ wWeq 7 @ o
(AR (A, g TR SR (3C) MERTREE 9T gew E Sesifre (@l
(First stable compound) 7% @R (@ g Q3T ¢ I Faedl Sfew 9 o
AFECE TN FIFA W, @A 4C wefifE tee anfe ¢ el 7l @ awe
T | FE-UlR-omitu-ay @3 faow wawa AEfslis O 13 ReWr aEepiE g% ¢ m
T 9E (Hatch and Slack carbon fixation) 219 @32 2=s & (@4l C, e zean
4f5ts C, 53 (C, Cycle) o7 28| (@ 7M€ SfEw €3 5ara WG S FRIF €, S0
‘C, Sfer’ ww Poiee a1 =1

10.3.7.1 C, Sferm @R

. C, Sfgwms “row |iferst aifes (vascular bundle) #ficaf@s wifes sz (bundle
sheath) (FI7E =R »fRmme @RS Soiffs U S G fE A FEE
%% cupifeet (v fReelal wiwe (Kranz)-99 IR0 C, Sfema ofrerm @3
e SR (anatomical arrangement) (3 e TG (Kranz Anatomy)
e 281 (bg o 103.7.1 @g#)|

dfee SrEdl e (e (@IEE @IEEeS @erel (dimorphism) 57F P
20! ORIel Afes Wl (SIEE @IAAEE e SWPFe AE aR (Wl
(FIES @RS Piegs e o 37 991 AR @eia @ s
s SR (T TSI (starch) SRS (&R s Wi @ aifts eread
@I ozl @wifeadl (centripetally) wgm w31 (fva wikst 10.3.7.1
@) |

o
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fba & 10.3.7.1 : C, Bfevm <3 “toR e (e TR ,
(Fifer afSsrs @BF T ST IEN @F GR 9@ @B TR ENRE (IET SLEA TTEN)

3. C, B Aron (o (@I PEiRAe ARFTSs (PEP) @k Afee Wi
@IE FRREENS AT (RUBP)—2 F«3E CO, 2436l A |

4. T O (30°- 45°C) C, Bfen SIteTl &y, Tl AN S Sds Scene
SIFeR o wo Im TG AE

5. C, Sfew e wwol 9 Jfew 29 C, Bfen (e wwe @ =

6. C; B @ oS 3o etz C, Tfegw s W wel <R FA|
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7. C, Sfgw SRR (photorespiration) 31 SR#fEs [Feal @7 24 (rate) 92
w419 |

8. aIgNeTE WREN S (oxygen concentration)-@¥ €sd afFwil RSwie 7,
T SREEE $ARfS C, Sfem AETeReE (TSN Ul &nie B A

frealel (51518 (Cholet) @ B (Ogren) C, Bfents Foufe (afficera fefers 3% gerfors
Tl | 93 (Tl ge—
(a) SIE-TE wgfaf¥E (4C) b e3fS (It A SHHAREGE), T EETRE @Y
(e G A (PIFT FUAAT A I |
(b) Ffem-d @y (3C) RFR (@ oaFfe (ATt A wyEfaw), o afea o
@R (A @O (I q TR
(¢) afa oieed @IE - @ TrinEd SHRfere TIdN-uiR-omigred [yfewsad €,
oI oS Wk @3 RYfEwa (decarboxylation)-aF SREZ—NRBIEGT, TR ARG
q IS |
10.3.7.2 eefs famim C, Sfegw a1da Awaga o\e

C, v afis RiFmel @wsrfa T w37 =) Rigan vwce wiwEe AiRweees
(Phosphoenol pyruvate 3 PEP) JIRNGA (AF IEAF-UI2-S3M36 (CO,) 929 I 8 4-
T w19 (4C) R¥E SRIENMHGS (ocaloacetate A OAA) TSRS 27 R @3 [feFo

TARFRTA ARFCSs PRAES (phosphoenol pyruvate carboxylase 1 PEP carboxylase)
AT TATHF (enzyme)-9F SRS WH 1

COOH
CH, - CHy
CIJO(P) +CO, + H,0 PEP ST >cI:=o + H3PO,
COOH COOH
T -
*[f%%cSh (PEP) STBIES (OAA)
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SIcETeiGG 2w 2emy Aafs Rei@ aft 20 S (malate) 121 STIHARGD
(aspartate) #f&® W1 NADP Wifew Sepwe awifere wife [GaiE@ferse (malic de-
hydrogenase) S<GTH(Fd 2el@ 13 NADPH-93 Bof3fsrs OAA wites weiefzs 231

?OOH '$OOH
fHZ NADPH NADP* fHZ
?*:O \ " > HCOH
COOH R COOH
(OAA) (D) -

WA NAD ifeie Beeivs a3k PCK gefoge C, Sfem SrmHiabe sysiamGseice
(aspartic aminotransferase) S<GT5® @R gBIGG (glutamate)-a% TAROCE OAA SHPATAEE
(aspartate)-4 *fATe 27|

COOH - COOH

w, oo,

ic-—-o +zfmmﬁ STPYCTRCES liCHNHz' o FREmgEAD
- COOH | COOH

©An) (PR

G (I 2we @ C, e (mEh A SyEREs) s wresdl (bundle
sheath) (@FE @AAGS Fwefde =3
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NADP fers Beois a@ifen C, Sfer qfea el (FIa wiefe syes, NADP* @
e Bertbra SoifEfors sAitwret R FIdT-viz-emiRw (ere W |

COOH COOH

+COH5+NADw- Wﬁw%%mﬁ—'(L43+NADH{+H++C02
CH, (I:H3

COOH

(MEeTB) (=If¥=eCet)

R Bge CO,, @ifed 5 (C, 50F) A (I a1 Rafors. I3zs 27 |

NAD 1o Seoi53 @ PCK ewifewe C, WWWW@QM
AR ARG OAA-(S TS 27| -

c|300H | | (|300H.

FHZ | CHz

CHNH, STFCIRCER, SREAGERACS, cI:—o

| _

COOH COOH
(SITPTRTRITHS, ) (STACETSITGS )

R SFAREE (ETIRE (@1 (A0 AR ARS8 (I el w0 SEnin s
(OAA) #fFes 7|

NAD Wifeie Berivss ewfen C, Bfewm afes wieadl (@I 22 OAA (A WG
8 AT SMZFTST @ CO, Teota W @ PCK 2onifen C, e OAA (= @iy woiceiza
MEFCST (PEP) @ #(3 ARFTSE € CO, Beoiy 27 | (B3I Afset-onaad) (I B AiZFes
Foresn e RiFma spenfm @@Iﬂ A AR A6 ASENTSIIG! (plasmodesmata)-aF
g T o 2w s TN (Pt A @ @R o-RIGIEBIEGe Ao [
I S SNRAGHRERS GG MR A7 ARFSE SR 2| @3
ARFTSE (P PEP et & A a1 CO, o1z TS SNA | (BSId Wonfieet (@iT @
eI (PIEm T C, v ARSe 2o A | (Ba W 10.3.7.2 @)1 :
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1. NADP —- ME 9 NADP Tifeis ©

f

HCETHIFEE Wca%
J/am [ i
HCO;

NADPH NADP
RGBSR € ABIFCSH
ATRFTSH

-

CTHF ANS
Ll

1

\

NADP -
NADP @ c,
ABFCSH

——
-

_/

e (P

mﬁm-mﬁl et

2. NAD — ME /I NAD ifers Secmsa owife

/
SCATSIIGS

FATTEAT €~ IBFCSH
HRFTEH

i ' D
k"‘ ey @D || oo R
HCO,

T —

N

v

L]

e, |

_/

e

g
TR (1Y

f=-=R2A

3. PCK 31 STaeizse] “iespst Siedif3tcs et

/
WHCATSEE

j/*m @m'a-ﬁ@m
)

*TEFCH

RIE I —

AT €— AZITS0 Siicioot &;mwﬁa

SHATICED ﬂwmwﬁz;

L

CO,

o RCBIBEs OIS

ATP
Gy
"WGD

L

N
A (T

e - (R

5@ w12 10.3.7.2 : =% fon
Al (K 9R

geifea C, Sfem o fafewas
W 5 A C, 5F)
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14 (Saccharum), B8 (Zea mays) 26 AT (Gramineae)93 (@ g Sfgr NADP
Triferss SeeInS @Eifed C 4 el SIS wfocas ~Ifeaam (Artiplex spongiosa), 2
ffJZFTTﬁWT‘{ (Panicum miliaceum)-512 (@ &g @@ (Liliaceae), @tafercasi
(Bromeliaceae) @3 STPISIATEST (Asclepiadaceae)-d W™ Bfgna NAD e
Berive gwifon C, Sfen | S s IR (Panicum maximum) € GIfEA 30
(Chloris gayana)-2 3ewafaaAig fog Bfens PCK ewifsa swsfe|

aH @ Rl Rew wweed © 3@ @@ @ C, SRewm (oNeE GIew @i
RuBP sHBieerz @Sl Seohs @ AR C, v&l (o @ sy aqsifye
AF | T @3 (FRYHITS T REFA 9R A 4B FEI T A ORI
AR (I YA R SES TN (light phase) 797 22| WA afee-
ARER @I PR C, @S v TeAfyro Ain @R SErEE ATP ¢ NADPH Gicifeest
(FIE Teofn 26T WE2 AGFT-WFEN (I IIE FHIAE AT S AIA |

10.3.7.3 C, Sfgwia siesd (Significance)

1. C, Sfem FIET FRIFATIA BB FATIRAA IEARES (PEP carboxylase) C;
Cfgwa RuBP SHRee sl (@ SId 263w C, Sfeoml 43 39 CO,=
TARRSTOE AEATRET IS NI |

2. wicEEE SHAfEfs C, Sfewma Aenome@ @Agew A9 % e Al

3. ST SREfTS A1 Asl gemw C, Sfgrd AETReREE wwel C, Sfgre
(U@ @™ W 99 T @9 R (U foded @ T Seov $A0s A |

4. C, Sfgmm @ sepm@ (30°-45°C) @ SES Sigel (light intensity) e
FACS 2N AT @A (tropical) THE O SET T € TS G (AT A |

5. Y% 3 SIHCTA (concentration) CO,= 3T (2m 10 ppm #Rf8) AERREE
FACS AN AT W ST (@ C, G Sfgn T, O AGTF I A AGS
AT FACS THY |
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10.3.7.4 C,ax C, Tfgma W Nidey

C, Bfen

¢, 3fem

I ofgere s BfgnR C, aefes ak @Al
(@Efod Srrd MY LA NEEFA I |

2. &eRfi® CO, dizs 5C wqfRRfE aiRErEre

&5 9 RuBPI

3. aefie A @9 3C wREE TiaEs

q PGAI

4. @UAEPT @7 LFEI (monomorphic) T |

5. oo/ I (anatomy) TSI |

6. ofSf @S 3 sgT@w PS | @

PS I ToAfE® M|

7. (@fed v (AR (FICAIRNGS v g |

8. BYIY C, v ToAfE® |

9, IEEET TAFe gk @I I @

10. CO, =373 3 (compensation point)

50150 ppm CO, |

1. o foe CO, MY (concentration) AR

200 ppm ATF|

12. AASTA CO,- WY I A T CO,
G2e T, wE 93 o Slem
AIARTT wHe! (photosynthetic effi-
ciency) ¥ T8 199 RuBPcase-93 IR

IS T |

13. 0,-9% w4Y (concentration) I cATE

METTRCIES Y (rate) T T |

SNIfSRY (Graminae) '@ SRR (Cyperaceae)
72 R sl Sfer C, dafer g @l
5 S I GG MW A, FLIHA A |
gefie CO, AT 3C WRFE TR
ZHreG al PEP|

21 7q @1 4C TfRI% sEmEemiGG
A OAA|

G a-Fad @FEAAPG WIR GINE
@IAACS B! (dimorphism) &7 T
A

ATSTA FAMEA (anatomy) FNE AFFOT
(Kranz type) |

AfGT-oFN @R PS 1 SHiFS AT

@Efen 5@ AGT-SHA @ AACGS T
el

C, @ C, To¥ g ToifFe |

SRR S SHAfEe A uF 7w R
S .

CO, a5z &% 0-10 ppm CO, |

Aror fee@ CO, SMyg 2w 100 ppm AT |
IS g7 FA CO, TA9e PEP Il

7, T 3 SO B AT et
@ =)

0,99 T4 3T! A I FCK AR
I OIFe g A1)
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C, Tfgn C, Tfen

14, o@% ST (optinum temperature) 10 — | 14, oI5 SiofE0@l 30-45°C (T3 B GRE ©F
25°C1 G ) |

15, ol et Aeeiea@a QT (rate) T8 | 15, ol NS NARPREET T T 3040

15-25 fafsam Co, / coRifiERe e fifsm CO,/ coPifER? oo wmres (leaf
SIS (leaf area)/ %! (hour)| area)/ ¥%1 (hour)!
16. =% w9 grore afere 18 ATP amrew | 16. &fS @i grare agfers 30% ATP aansw
| £l
10.3.8 @A e {39 a8 CAM

YA (semi-arid) Sw(E g TF-94@ (succulent) Sfew Tww, 1 @ [Fove omwfore
HAIETFARTIRFE DI AIEF F(F WS | (AT (9107 (W G251 BfGwa A9a& (stomata) s
T G AN (AT AUE R @Y ©Z-3 77 A%y AR AT Gwa 7oy (& ibied
(organic acid) @A I 21T 43R w3 (et ©f Fetias g ot | 98 Srarciey o+ Fdaaw
TFIPIEPN (S116A9 (Crassulaceae family) orgsfe 1%5;@’?@(? @ ENFERENN (Bryophyllum),
WA (Kalanchoe) 2gfts #fwfre g A TEReReaEs @3 [om Aafeber @rmmm
w71f3Te 3901 (Crassulacean Acid Metabolism 31 CAM) 911 28 @R (@ 71w $fgw @3 CAM-
OF TGN Pie FRIG I O CAM Sfew et 7 | et (Crassulaceae) 2GS FIFHH
(Cactaceae), ST (Orchidaceae), @IWAERT (Bromeliaceae), & (Liliaceae),
ARG (Asclepiadaceae), 6B (Vitaceae) @k 38=aR@t (Euphorbiaceae)-a
e (@ g B CAM-93 ST SAEARPRET F97 27 |

10.3.8.2 CAM Tfemma taf¥is;

1. CAM Sfen afaczety CO, 279 Ica 3R A AR e’ A%s @ AL |

2. wigaied CAM Sfewd 7@ #fafZ®® (succulent type) T @R MYRTS G ArS! o4F
(fleshy) T 2T | SR TG [N TEPR (49 A B (succulent) 2 CAM: B
N (@ pferefaat A Salicornia) |
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3. CAM Tfgma +ireid @e oo 98 16 5139 (vacuole) U@ €2 @wfem s
Afacaety e wiifre (malale) #f%S 2a7 @ A@ @IEI D (sap)-4F pH
SELTOTSIE I T |

4. AT (stomata) (A € Iw WG9 2 (diurnal pattern) &7 o1 TT @ag el
frea (eER 3F e AE@ @E A

5. oleaE MANES % Ao CAM S & Jawiel (conservation) @@gsef S
A BCE Q3R TN R (tropical climate) SRTE G (dry) SREIeAR e
sleTels Aol AR [re #ma |

6. CAM Sfewmz #irery afacasiy smfFeg sifdwe argam A mme #fess wdarg sifFue
ZP A, SeRins ey wnibices offame 2 e *=Far sifne 3«

7. @t Efen (xerophytes)-ad g (a8 @@ o Sr@w<® (thick cuticle) fufdse
719%F (sunken stomata), 161 (thorn), SCHFS IA AHGEHT T (transpiration
rate) CAM Efgm &7 &1 a9 |

10.3.82 CAM Bfew o4 7ieagn “&f® (CAM o)

CAM Bfen 3¢a I g SiETReR C, beF Y @ JIF A2 (Hatch & Slack
pathway) == |
I. CAM SRt #usg (stomata) TG (6T & AME IR AT @97 @EE CO,

(I S B | TR FIRIETE Gernaa ©fEfers PEP a1 wozeiase #{i3Fres
<3 CO,-(= o929 =3 8 SRIESAGE (oxaloacetate @ OAA) #fdere 331

COOH
CH, l
é O(P) PEP THf3 ?zo
= : EP iy
| + COZ + HzO : —_— CHZ + H3PO4
COOH |
COOH
(PEP) , (OAA)
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2. Mt RiRmEEe Sernrd SoAROre 9k NADPH-93 A SIFErSHIHGs:
(OAA) TIETE Foefas =7 |

(IZOOH ClIOOH
C=0. wifers Ragrwféees  CHOH

| + NADPH + H* _ > + NADP*
i i

COOH , COOH

(OAA) (STC=T0)

3. GZONA #en AT (T Wt 8 T, ©f ATST (191 (vacuole) 7w A |
e (e @3 AfRT WIET @Rz (A AR W Gk GHERIEED (decar-
boxylation) ¥ “EFCe TS 2 93 CO, Fofe w1

COOH

- , CH;

CHOH  NADP mifi tezise 5

CH ' > C=0 + C02
[ L |
COOH COOH
(FreAb) - (vifeTsh)

4. @@ TgS CO, @NAAGE A TA GR (o7 5PN SRIHI-93 TR~ CO,
SR YT *1FA G (S | WA AIBFCSE (A TR ARFCS6 (PEP)
tofs 28, [ e AT CO, (F 220 FHCS. G T IR *RFA] QLS AR I |

- @ 10.3.8 (5 CAM v&F Reifsoeia (v &= |

E (7 T @A C, 4R CAM Tonaa Sfegmz CO, FRIFEWH T4 C, @it 5
qR C, 5 JT A MTF| C, SHWa Aoty (e 9 s sa® @2 w46 2w
(I INPE b 7 WSS 27 | weafncs CAM Sfewma ova @3 @32 afman (wdfie C,
R C, bF) O G @EAIRF (@ T & @R @3 5 qfoa 9 @ ¢ a3
et <05 ot | R IRl CAM S s s qifesiia C, SR (night C,
plant) Sy A A | ‘
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S Te S B =

. s - y,

@ M 103.8 : T MR (7R ABZ A CAM S Fai=es 8 qifgwet €O,
srErer SR @ (@R e St AR e R el Few B @ smfers
CAM SBfew 19 k3gw 27 ol RifFesia @RI oz
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10.3.8.3 CAM-9q 9oy (Significance)

wifgpIe C.-.. A Sfeng & w1t (desert area) dIfeice @ WfHre ww, @A &« A
TIfiie TR B | FIceR CAM Sfemwal 1 s &) SyAIg J1%] AT (IR AT
(e} MY 93 % (dry) o7 R 39 03 (| GOIE 1q9F I AR T M (@@
QAISA (transpiration)-43 M & [Hof© 2™ TR I I | q=GI8 CAM Sfgma
ATOIZ SWYS (cuticle) T 8 ool 7 28T Wzt fqufeee 71a37 (sunken stomata)
B TR C, 41 C, Tewa (A W 9 | (R (X @ CAM B @i
AAPAEE 26 N FIEF-GR-THAZC a2 Face 50-100g & IIFR TR, GIATA C, @
C, Sfgw ¥z ARl z&1 3@ 400-500g 93 250-300g |

CAM Efgr S141 s@iaae (assimilation)-a% g7 C, Tferm wnds @ C, Bfemw @3-

| o .
g (;)mammuﬂiwww—m F9 C, 8 C, SRew AETRET A%

I @ I, CAM Tfgn ©3me CO, a1z I AR HIEls TFA 28 | Ggol8 @3
(A A [W5fe CO, (T 40 AMCH (retain) | IO I S [{eg 71 20 fw oI g
FACS AT T AL AT 4 A (drought) HeTeS FIETRFHCAE MG GF G6] WHS
UE €Gd (dry weight) IS TS 77N T |

TG (Cactus) TSIy g &rste1 B (xerophytes) CAM BT& SIHITH I O] AL
- PAES (I fg 2T Bfem (succulent) W‘i WA T4 CAM (obiligatory CAM) <&l
5 1 | AN (NN, (1T (Mesenbryantheumum crystallinum) 156 G356
el Bfgw METRCIET B TRIFET T 4T GO G| (| ST Ao (suffi-
ciency) 131 @3 Sfgwis Q@%’C@W SIHRE B GIR C, (e S AL JIE w9
A (I | GUHE AGTF (6T A I R A@ 2o SpifGHad (acidification)- @S
@I PR G (AT T SR @3 @3 Bfen wE QiU (tropical) et S [l
Nibre TAF ©lfl @A 97w NAFFET WS (physiologically dry) MEte st @at CAM
Sfema WCol AT I 9R CAM BLFA MW I O 7RIF I | {ewql ST ¢
GGG+ (Winter and Troughton), 1978 fR951cat APIa Mpcal &l I (REET @ @
@ Tfgm CAM-93 (3% §-AIRe @ I Sfere (hereditary) T8 &g %@
@t AREF @7 FSTAT 27 @R @5+ g CAM Efen (facultative) SCZ 11 fewd (@@
Ra & (A S ATEF (AT A G O Ol C, BOFH A B AT I |
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it FafEe B<rvE (Light Regulated Enzymes)
AFASACEER SIS Faeer® wig (dark phase dl light independent) 4% FEFH BeriHe

FAGS A, A FIEG SENE SRS AfEa (activated) =W 9 SN Sifefore aa
TG TS A 2 | 9FTFH AT ST 2 —

1. EREreErs 3w SRES (RuBP carboxylase)

2. franefese 3-wes foaiRmifieTer (glyceraldehyde 3-phosphate dehydrogenase)

3. TS IREHEG FAEDE (fructose bi-phosphate phosphatase)

4, (TORT G ARFHAES FAEHS (sedoheptulose bi-phosphate phosphatase)

5. TCERRRCEI-MRETE (phosphoribulo kinase)

AreAreAREE AfStieS (Inhibitors of Photosynthesis)

- frg efmere Aniel @ww @ifiEs wifiizagsia (chloropheny! dimethylurea 31 CMU)
93 SRR TRRfNeiReRS Rt (dichlorophenyl dimethylurea I DCMU) FIGEIRICHES SIS
TR PS [l @ Q (UF PQ-d FERGA G I% I (77 | 92ers Frmifem (simazine), SyifEm
(atrazine), @I (bromacil) @ SIREAE (isocyl) TE (TG G52 DS (A AT | AW GFRSII
GGG (diquat) IR ATAICPIT (paraquat) (! 6 ALTSII SATCEG JGF (viologen dye)
A1 e 3R AR ST 7ol 5511 It A1 PS | (A GRS (Fd)9 TG A0
AN GIHCE 4% FF € Ffedd (harmful) FANTSHRG (superoxide) FE F(I AT IF I
(K30

SrpE ;2
1. XA 27D FF4 :
(a) @IS 50 3C SIRRE s 7R @B e |
(b) = € W ouF 4C S 2l gd @b &= |

(©) C,5&F (T (I TP, JCPER STfial] CHRovIy TSI QI S 2 |
(d) 7C SRR ol ey @ %@ | ‘
() C, 8ferm —__ @IF (@IS 5 TG |
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2. ¥fow Tenrft fofes v ,
(@) C, Of¥wa @UAATS (4 /7R) £ CO, 2! AT |
(b) TS T (Kranz anatomy) 7% 371 T C,/ C,/ CAM Sfioma =irom
(c) RS wwel @R ' C,/C, Sfer|
(d) CAM Bfgw IeAmbEa 71 (Aot /(¥ /3rer) |
() asmsﬁimnzcz/cgc/xmmmmcw«lﬂmﬂmmr'
3. R SKCTE A AT RN APPSR e AIGFOII (N

(a) @RS feorel (i) CAM é%m

- (b) WETEH QR (i) DCMU

(c) AceRREy efdtaies (@ (i) C, Sfew

(d) FGa slagw AT AT (iv) RuBP RS

(e) TS Rz SHHd (v) C,%few

103 BHEET AR

YA IR W0, WHR FLRSEIANP (bacteriochlorophyll), ElEE
@A (chlorobium chlorophyll), IRBTEE ogfe agmmLal SIElw e 302
G % IR SRR HIZE) G FATCNE NG A 2GS B0 N1 | RSO
i AERRETFR GIROREA (photosynthetic bacteria) &1 2|

AETRREETAR FBRAGkE A 40 ST i EeRes. SneTa Sfee
W | YROBFA F0E G ARKCS ZRCQItE ATERE (H,S) TERGF 7ol (electron
donor) 5 I IH, T JIBOEAA ANTREIE AATSNR GOIT 4FH I IW—

T *
6CO, + 12H,S - > 128 + 6H,0 + CH,,0, +*&

| TR ST TestH T A, @9 SRS MR (S) GR *IE (energy) Mofe zu| Tgw
«® *fFs ARER CO, Ruifie &7 aR a1 @ A &FS W |
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a6 i @G g TR e @R e CO, Remsera sz
FCZ BT ¢ 717 6@ g MRerT IR bR Marmarsia fod o ois w1t AR—

(a) FISATHIR GIFHEA (Green-Sulphur Bacteria) :

IR (Chorobium), (@IIIPTELGIITRT (Chloropseudomonas), @IRTRBIOEAT
Chlorobacterium) SoR g IpEREA @} @fow | ual AaEas SERre TR H,S
WS W TWH | B AqEATET AEHRIT @R el 16T (pigment)
niafbRefefifen (bacterioviridiny 31 IRBREARPIEREA (bacteriopurpurin) AME €98 T
e @RI @afFs (Cglorobium chlorophyll) 71 27 |

R NS IR TR ReRees e H,S (5 99 0 | S e (green algae)
3 Swcaiia Bfr T @3 iz [few @l wqaf «ﬂafvs SRZ AT
155 (photosynthetic unit) fo= 357 | AT @icaile T T NS AR A erIis
AFANICH (reaction centre) FSHS T €92 AR H,S-49 MY FET-GI3-SrHi3es
et e 90—

-z

SR ‘
6CO, + 12H,S > C,H,,0,+ 128 + 6H,0 + =&

qUFGE T AT R W @3 (@ eSS ARy SieEe +Facs sewa
S 23 9% 17 2gfer 7 *Ifs fefe m—a1 Bre Sfema (A e fome! aam (3 |

(b) AUN-C=TIE® Mevea AFBEM (Purple-Sulphur Bacteria) :

BN (Chromatium) 3R GNFHARE (Thiospirillum) <3 fge bl
IR G-I JIICRAT AL G A0 92 #AfF3ed e H,S a7 e wienfee
T & | G Feire-ige ARy abiRewaiiie (bacteriochlorophyll) -a 8 -b
o qfe ag@smel (pigment) RGNS 2pa AN FEIBAERS (carotenoid) el Boifys
& | @IS (Chromatium) Rfes sierem @91, @9 GISTN RIS (Na,S,0,)
199 GRTAN (Selenium) wmery (@TeaR et Rferat 3@ @ CO, & Rfare wea

A

I
RSUGIRIING 2(CH,0) + 2H,0 + 2NaHSO + =fe

(PISICOICPI

2C0, + 5H,0 + Na,$,0,
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() AererRsw qiehEa (Non-sulphur Bacteria) :

QICSr=oNZfeTN (Rhodospirillum) Q3% @ISR (Rhodopseudomonas) 3
ETee BRI G0E (@GR THHHEEERTA -a ¢ -b A @R gaifen
JRBRAR T SHIFG @ WIHRIRET SoAfEors J6TS #NE 932 H,S-4¥ A0S Sz
(alcohol) B2 e (malic) A AT (succinic) ByFe @Tﬁ— © A CO,-a9 feirge
w1 | R www ghiReEie ;i e (infra-red) SR IR 02
aR @ eNfFe Wfer ARy k@ K w6

2CH,CHOHCH, + CO, T, CH,O + 2CH,COCH, + H,0 +*f&

(SRt ' (STFTEM)
HIEACHIZE)

10.4.1 TFIOHIFAT ACHREIET 9FZe (Locale)

AP FAIAEHI NCO! SV, (FI-SA1 (organalle) AL 7 UG HICHIHETS
& e aemd (pigment) (AIBER MM TS 2@ 500 — 600A TPRE AT NCe!
(et (vesicle) slo7 (a1 et BfRE@ (Stanier) 8 S MFHAA (coworkers) 1952
s @2 (PSR (@ INIGIEEE (Chromatophore) SIRJl (46 €3R &3 (PIABICEINE
2@ IO MEREET 47 O | Sefore™ (PIEIGIERam o7 biel® (sau-
cer), (AT (cup) T TGS (oval) T@ A= | &S (FHIGICER T AP
«@3% (photosynthetic unit)-93 IE@ fds | @Er=N3Feaw FFaes (Rhodospirillum
sphaeroids)-93 (FIGICER 2T IE@ @ (5702 @ ats 4006 RfFAE (reaction centre
complex), 500 SCENS azel (@4 (light harvesting complex) €32 @@ 10007 Fncaifbacre
92 10007 TRPIEW W AT |

10.4.2 JHERT AT /%S (Mechanism)

FYG (A1 (green algae) € TwEad Bfew (higher plants)-4a3 SCet Wﬂﬁ fafen
@afFa (Inshfemafes, @aiam Erafea 3onm) wqef asfae 2@
HATARPRETFIA @3S (photosynthetic unit) 07 IR | €3 G (4T @A o9 ==
ERs (MfTe 2@ #[F @it REGNE@E (reaction centre) I 27|

TGN FG (Rhodospirillum rubram) F15% JHRRE ATARET 7als
G AT SEAE 717 (light phase)-d G 2AE FoE 9065, ©F K@@t orq
(Vernon) 1964 513 Iy I3 | O W0 FRBRGTIIRCE WIS A1 Ag G
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@A oy 6 s SEe ga RidFem awffe P, @i wgrs 9
(Fierm | Brefdre P, @it wefb e Breférs (excited) T8 9 @il Frer fsfe | |
@2 fefs JEIGET (e7) ESEA (ferredoxin) W3R FHCSIATA (flavoprotein I FMN)-4
b #afZs 2@ NAD' & Reifie a0@ | @@eRa NAD Romie (ferredoxin NAD

reductase) 7S TG SAERSE @2 [Enae 9% @32 NAD (F NADH+H' Seom 2 |

AT S T 3SRFIEA (ubiquinone) FINS T AT IERGALLO! (FAGRHA A
FMN (203 3ERGAT 429 F@ @F GR GOwE 2@eaas NAD' @ Reifte a1
@rer=iafem & @fw (Rhodospirillum Haeme Protein 31 RHP) ¢Ttsl ZTefis 2|
&% RHP (2t «1fEs RGN (cytochrome b A cyt b @k cytochrome C, 3 eyt C,)
97 W FEIGAT JrebRe@RFE (Behl.) @ WG (@ SEFE oY TERGAIL
&RIfZ 27 ©f T —BChl(P,,)) > Fd — T8RFE — RHP - cyt b — cyt C, - Py, (@
T 10.4.2.1 ({H)

cﬁﬁw (Fd)
-
FMN ——> NAD
' H,S
RRIRAT | 1Rt
RlH b RACAACHD
s Zonifi
cytb
fHfe- ,A—
@A |___—cyte
Pgo0 [ ¢
ngw

fbm M 10.4.2.1 ; IOV AR T TEREA FAOI @O T ©F (I 08
@4 FMN = FFIonais, RHP = @uer=izfFeny & @ifba @2 cytb @ cyt ¢ INEW
AZGIGEN b 8 ARGIEN ¢ o 3|
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S A H, S 2e1s g (&< 9T (organic acid) (@@ ARG (succinate), Frgameat
(fumarate) SN IS (thiosulphate) TERGARS! (donor) (e FIE (A | ATHCE (2
LI 2 TR BEIRS 28 O 2oT—AIG /RECAB / LIS [ H,S-> 2o
— RHP — ¢yt b — cyt C, - Bchl - Fd — FMN — NAD" (fo@ #< 10.4.2.1 Gf4«)

fRewell @eEe (Frenkel) 1954 33513 wawm (e (@ Se Sfgma swcet aasbiaanee
TORPAFINIRERH (photophosphorylation) ¥t 3R ITGRACTS bEIT FOIFRIARETR
&4 (dominant) | AT ARHEIICE e Tgo 27 71 e 74 Remims g
G147l foel (@ GRHLRARN SAEEFFR (non-cyclic) THERPITERIBENN SaEe Az
i3 AO1 WG | WA 1961 0w @R € 1 TNl (Nozaki ef al)) A%F WYG
AR TAEF PR FORPIRIAZER O TG SN I | PSPz @ Saoiz
Sfgrra W0o! AFRETIN XGRS S $4Fre ATP ¢ NADPH &g od
T SR FEA-TR-SHEE RETAE AIQYT I | G ¢ USFPIA A ZETGA TG
QR TEHIFATARER (ba 712 10.4.2.2 (137) |

e (Fd) ol (Fd)—> FMN —£—> NAD"
. A
ADP + P H,S
i ' TeRgRAreL— T
ATP L e/ e L et
e RHP e RHP 5\9” [;
e /e"
ADP + P P ADp + pi OV
ATR & ATP -
P 890 . P 890
mﬁﬁﬁ- / ye2 W@@‘ Cyt Cy
e et @At [«
AT A
A B
foa 2 10.4.2.2

A, FRLRAR AR SR FOEHARRILET
B. IO AEATREET IFFR T ARIRIZE
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T IRBRR TR vaERe, FdEE 2am St Tre R f4fen e
-(q% (organic compound) T BeA (source) HA TJITS T | [BEAG 9 (Fog), 1968
%W (ouhEn SN (MC)-97 A oMY FE A (@, (@A T
(Rhodospirillum rubrum) &3% RGP (Thiobacillus)-2 awifEe a1k
freraet o Sfemra Tow (Foifen 5EFd MG T W R 8 AGO0e ST I Tge
ATP 8 NADPH 33g© 23|

10.4,3 B ¢ Tre Sfewm AR goml

AP BRI Gk Tty T, Sorma W AR ~fafere Gaifés
Ay <P I A GR 97 Born Fofs Cm T 5 (¢ ARG AR (photo-
synthetic bacteria) &1 &% F(eI&l &few, A F(RTEA (evolution)-43 T TFS 7q&
Efgom % | :

AR G600 F& PFHRT 1R T7e Sfem T Mgl —

1. iR = wgw Ofew, Tow (wag e siEele ol WS Ridm
(reaction centre) €% (A=A | '

). Gew oo BRUmE HENE qGIAMEA (accessory pigment) WK HIT S|

3. PHITIR @ SHEFE TOAERRETH o Ser? Alefwe |

4, EEEH TEIGAEE S RERGN ¥ egfeers Re Yo stem T

5. SoarwEEs ATP €3 NADPH 31 NADH 20 T 4R TS SRR SaAffe it

efifam ¢ Tae Sfegm AETeREEe oFe

g @ Bfem
1. @ A @@t @R : 1. A5i%® GIRIERS A
2. @ agemd GEBRSEIARRE (bacte- | 2. W FgTAmdal & @ a @ b
riochlorophyll), INTBfaefefaies (chlorophyli -a and -b), FHIAHBAES (caro-
(bacterioviridin) '8 FCAMHBARE (caroten- tenoid) 8 TIfRfE™ (phycobilin)!
oid) |
3. (IS ST O SR (800-900 | 3. SHAEIPS I SIHRCYYE WA (450 —
nm) Sidfe SREAIRS (infra-red) | 700 nm) CNRA® =71
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SISIEER)

AN

e ofgn

Q@1 ® (reaction centre) @FH @R
a5t P, S (reT T4 |

5. AERIERFE SfHred Gedd 78 |
6. IAfE IFRGA WO TH FRGHEH ATDRG

(H,8) wi2ar fFg (orq @R oitea (7197 |

7. GER &FC G0 Al
8. FILI-TR-UFITC Fole w7y & @4

IR TA (source) NI I7T® W
CO,~9% Jes® 25 NADHI|
e TR @ws

sfEfere afemfS 9%

wifFreTma

. TNEAAWT LS 7FF T Y 41

ST 8 TCFIBIE TOITAEIABEHE 97
WY SEIFIRL. A4 (dominant) |

P, @ P, I 32 73 RiErees $oifye
S |

AEFRCTINE S Tge 23 |
el TR wrel 28 & (H,0)!

Ged @IRd U Sife SeAn T |

8. wyW@ FLA-TB-TFELE (CO,) FHEA

B IRTe A

CO,~97 fotae = NADPH

e 43} SfErea Sowas SHfEfers
afFmi 9% |

. DMINAG deig (Emerson’s effect) &% 31

T
T THIPTERIBER-9T W SEEFE
(non-cyclic)—?z g4 |

10.5 Fg &Si9F (Limiting Factor)

ST *IAEgEd (physiological) f&Fa TSl AETRERER &Sl @i a7 (fac-
tors) @I [RafEe 21 | U3 dorpefer Wy ©icETRE, CO,, SIANTEl (temperature) €% fomfl 2o
24 AZASS (external factors) | URIGIE AT WSS 5197 (internal structure of
leaves), 2o @F@AMRER #fae (chlorophyll content) Zonfn Sr@sae@® (internal fac-
tor)-43 8oiF HAITACHET QI (rate of photosynthesis) Sa |

Q¥ @30 Bfgw FENFEET T T @M a1 I 3@ o 93 R[fen gorEs eo™
o7 s 53, e el O3 gores Tawasi aaicE Rwa (consider) W 3@
il SeRT AETREREIE 2|9 LIPS Tl T3 I ©f Ao I | Sl
@3 Feirafe 7EifET (maximum), IR (minimum) Q3R &AW (optimum)—xﬂ? &=
T ©le I | Rt woe 3w @ 2o SoAfzfen v afn e =, o
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ST (R TP FW O[T IR 47 @ LS (& A&l o <60 w1 (g
[T LA W, O AR (P2 S FES SOlad e | WA @ LSIAFI I ILW
efernite 99 FE® AN (Ainy, ©IW dSAET (1R TR 7170 TSRS I | AEACHIZ
@ @I MNARYET ATy @ (I @I SR HKiEe @ AN owg) T2 AW I AT
FES AT FORAE (3 (@ R@Nm TfA@y oF 30 aR 3 230 2ok [erreid
A THR & FEWE 1905 0w 93 oG Toglen wEa |

10.5.1 FFWET g o@SRFR @ (Blackman’s Law of Limiting

Factors)

@ @36 MNA7F8T AfeFa (physiological process) (@1 @3 RE geRE (factor)
2/ w1 (optimum point) (IR &) FHIFF (Blackman), 1905 %1 @30 @ (law)-
7 SR WE @R (3 3@fba ey fof Rewfs Remerta e I (A | I
43 >afs g dewdIR 3@ @ Laws of Limiting Factor Wit #Afafo® | $17 @3 b T 1—
‘e @ @30 NAE A @il Afeie e eow REwe 7, W ¢
e g7 AR T$I e T PN doRs T FufEe =1’ (“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.””) . ‘

0 (Blackman) $17 @2 @l @er @ rafocaa (graph) AR FG IR
{ﬁmﬁa o @ W 10.5(2)~ @I W1 43 @ o ©& (abscissa)-(S FEA-BIZ-
RS (CO,)-a7 Rfem av9 (concentration) ¥k @IS (ordinate)-CS (S AEAPREET A
(rate of photosynthesis) &M (I | S17 @3 @EIDT (WF @A T @ (@ a3 [eR
e Slwer (light intensity) IFRSTE CO,-7- SATRRSC AT I~ 6 WS |
G @ G AT SIFON AW WIS | mg CO, A FA TF, O HAIENRET GF
2 | SIS SIFS] I3 (same) (AT CO,-7 2Rl &S T%17 | (U 5 mg A AL Zee
ACATAGET T @RISR AB OR¥ AR TSI I (IS A | @ G W
Siger CO -7 M wwe ATIE AENREE T g o 3@ A a1 @R @2 77
@bt BC widie Qued TS IKE 27 | e, (7l R (@ @R @ ke (BO)
SIS Sl (intensity) ANE @8RS (limiting factor) FCe & (A | AR G GG
HAEIFIAEE TF I IS ZE WENE SIS ASIHAIT LG B | (A (9% (T WA
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el fawe (double) FAET ARPREIET QI @G AW Mz (certain limit) =1® g
AR, T @R6CT BD S0 (AW 2R, 8 @ 9 2=AT o FNSAI 9199 (DE) T3 T |

72 P E 3 2 SR E
B ll C ) ,'l C
B
y ) .
—_— —
CO,-7 oY CO,-4 oY
(a) ®)

foa = (10.5) AEITREE A GORE ¢ JRWIES @
(a) IR 7@ P (b) @ h QR YEFT “AfFfSs @=fpa

e AR (A (T TR T 4B € BD=et CO, T AN @ W% wkedt CO,-¥ ~AfFe
fETs AETRET @ iR, WRIE BC €. DE SR SIET Slqe! I A0 & ¥R SR
HAARPREES Y7 @ & EE SiFot Jad e @R

(& (James) @ TG (Harder), 1921 RIS 7PIAE @ O0GA SCAGAT (criticism)
TR | ST FIRFICTA I (I FCAH [ 7 Sl TS @4foean (a)-7 Aoy AfRads
A | S WO AEARPREE 3aF AT e 8 T (TR 4 8 D FE) TS
(parallel) SR = @1 Y@ Q3 T TACS INCO NG A T (Fied | Siwa R
fFafee @afta fba 7R 10.5-93 (b) S T ==

10.6 =ied

AR T GG 4GS I MR 7@ Ofgw G ety apmafie wiece
FEHe At N 2| T SRgwA @IEIRFE (chlorophyll) 317 Sy g% M
TRHOR SRR ‘@B T 42 TR IR T, RA-GR-SHTGHS IES BeToea
AR *FA (carbohydrate) T UMy AFS I € W_EA (0,) WP YIS (=T @ |
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SlawatEd (biosphere) 7l Gia S1a=g @or® (direct) Al A (indirect) ©II SfEw
@3 SENEROIEE T B (o (o esin Fdamel | R G 7R W @ iR
“fesroel ATP ¥t Reiifie NADPH 2@ g8, SItAd R Y (VS 2 CO, 47 e
0% Gk WF (o 2|

R g (Blackmany), 1905 RSBIcw @ &l 03 (1A (3 AGTROER A7f6h
3 42 ol Sm R | 97 @2 A Wit w1 (light phase)—afb GIRIAGER Al
Aealbe T 3R @B W SRS 32 ATP ¢ Reiffe NADPH 296 23 @R #t3a w6 =1 -
wEa1E Wil (dark phase)—af EIANGET @M ST TG @K G IR FIA-BIR-SNZE
Renfae @ =< (carbohydrate) &¥9 @ AT | ‘

AR GNP IS I (green algae) FERILCHIIA AR (action spectrum)
ST FIAT T (AT X 680 nm-9F @ STRAGLIT=IT WET @At w6 eNfFe
S GfS FERRCIED SIS BE R @3 BAs o @TifRe pfe (Red Drop) =
o1 o TR CTCd T 680 nm-aF I TR S (far-red) M 650 nm-a W
TR S T Q@A (3 Tl @ W aR AENREE S I A 9w @}
 {BNIGE @NIRPTR @@l (Emerson’s Enhancement Effect) <@l 8 | €2 W01 (X0 € 414N
ARSI . (T SICERPIGTE ST 7 135 760 (photosystem) 7RSI I1& I(A | IF
@3B 680 nm Y9 @R CIHWLHTE WAFNE (3&F9F [ A photosystem 11 A PS 1) @R
o9afS 680 nm-a% I SIHWHTS SIENS (7GF0F I1 A photosystem [1 21 PS 1) A&z
70| @3 3 vgeeE RGN oifke TR Wy fAsfe =few ARy ATP-7 et Pi (Sitera
THFA)-47 TG WG 4R ATP (o 20| e X6 TR T ATP egfon @3
HANT FEIFAFIAEE™E (photophosphorylation) @l 2T | AT 7SN @3
THRFACRIARET N 906 A0S | G AL 21 WEFIIIT FHRAERREH (non-cylic photo-
phosphorylation) @B3 T PS 11 (U@ PS | T LG @ ZERS 20 @
ORI S THIPAGIRIRE™A (cyclic photophosphorylation), ¥ 84w g PS I-F e
PTG GAH IEFGH GV TF GR FEI AL YA T | GONT FAEATHRAES
SIS W (IS S *ife gt ot ATP exgfers 37 =W @k S =if& NADP-
@ feifie @@ NADPH 0of¥ 33 8 @8 4{67 (ATP 8 NADPH) ARI®R Bfen CO,-(
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e T0a @38 ] A I | IRITIE ST AR ST SR WG G9R & (S
FRegEH (HY), 306 (¢) qR SIfSie Serg 2|

2H,0 —, O, +4H" +4e”

SRS ATP ¢ R NADPH w2 s argfon = e o 7k (fixation)
@ T@F (assimilation) wF T @3 RiE wiceicen owefEfers TG I @t s
wEla w1 (dark phase) T S AT CO, Rermwers @ e wifbes S
forseet w1 (light independent phase) <ol 28 | foafb srafon Mo Tre Bfgm @2 FIE
Seqg 45 A | 93 AR 25 (e 5 (Calvin cycle), R 21 7 Bestife (e
3 arda R (3C) '@ TAIERIRS i@ (3 phosphoglyceric acid A1 3 PGA) 61
a5 C, 58 (C, cycle) 1 2| 7Sl 21 gy @3 F ber (Hatch and Slack cycle)
aR 92 91'62! T AT N 4 S SRR (4C) terw WIS (organic acid) @™
SSRGS (oxaloacetate @ OAA), I (malate) Topifv 2T A @ TS
20 6 5@ C, 5& (C, cycle) T (ST T, STF ASITS S @=ifen 5o fafera
(G | PO (@ AGISCS I B eI WG O AN PRI e fafi<s (Crassulacean
Acid Metabolism 3 CAM), @I 21t CO, 5216 28 @R G w1fers SifFe (malate) Eaedd
“S{f®1a 130 (vacuole) @ HAfB® AF AR fam SN REPRRIMER w0 CO, T 2
G efen BGER MGE < AFS I AT | '

3 o 4T T T ~AoR TN S S Bfgwrme vAw™ C, S, C, Bfgn
a3z CAM Sfew sy (rewl 2 | SIfSRItelRe (temperate) SIS SFUIG Sifamis Sfgng C,
ooifoge | AR (Graminae) @38 AZAIED (Cyperaceae) (STagE (family) g Sfen
C, 2e1fox @32 W W (desert) S SfFPRe A (succulent) gz CAM geifed |
awd W C, Sfgr Ao g (anatomy) @ | C, Sfeom sArer wferet e
(vascular bundle) e Afea @@l (bundle sheath) (A sfie SAfme @RIaes
AT, TR G e e TR ¥ (layer) IR (IR ([@BN— Fe FegW
Kranz anatomy S8 #f%f6® 1 C, Sfema T SLE O TR Q3R AL
(photorespiration) 43 2 YI I EJR G AETITALEIT wFe! (efficiency) 9R qﬁﬁ?
TR C, Twioma (A @ & a5 @@ (unit area) TS (productivity) @ qeam
qfﬁm C, Sfgnra gfitwt Sy | wsfice CAM Sfew I FAIFA (fixation) € A
C, ¥ C, chwwwuﬂmﬁmwﬁmwwc @ C, Sfgms
W\MMWW it CAM Sfen AGETReReR bRt e &1 aa\%w qR
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¥l (drought) tettete Wl @b R W& @& (dry weight) IS AICS 6 27 | Q3w g
Bfew (Mesenbryantheumum) g 31 3194 (obligatory) CAM Sign 718 4% &iteTd eyl
(ite @Al C, B Woo! WIbA IR G (@RS Fe@EA N I AEFA FR | C, AR
CAM <& 7e0a SRR I FRIFAT AGRore @3 [earg AT (similarity) o5 o1 319 |
CAM 8 CO, &2 (carboxylation) A} *%q1 G (carbohydrate synthesis) 4o fom 7%ca
(TUFE AT <R TAET) <GB, werfies C, Bfgw Svicare @ «g <641 1fb 76 fom ey
(compartment)~d (INFE FEEIRF @IEF @R ST TRFN @IF) HRAPS 23|

Tre A7 Sfen gor Rnlia [y giebie AEeREy $30 A | awd Fale
EITARS A AKETS (PGP FebiReprairs A e @rafre ¢ wabacre
T Feromd AT, A AR 97 800 — 900 nm T SAHVCHR SR (infra-red)
CNES B(F O3R TS TBfGwa Won ZEREA S (electron transfer) *afed MU ATP €
fFenfas NADH 296 33 | FRBHRANCS 5rpla FEIAEEIBERH (cyclic photophospho-
rylation) 3 2414 (dominant) | m &3 ATP € NADH-93 Q) (e 5Ca G Gl
w14 ol o A | IRBREE CO, Tk s Bt geme Wi 3w Rfew tera (@
PR B (source) TS 2 | IFHRAT ANETRFREE SR GIF 1 <017 Sif3ee
S ieul

10.7 F€eAE 2Rer

. SETRRER s B @RI Bre SR ACTRER W T @ S e
sl elEem T, SITE 510 SIICEhAl e |

2. AERERETIR 95T I T2 BPTR AW 107 FICE NGB! 3 |

3. SCTEREE Tge SREH (@ &9 (@ F5fs T, O A0e Il FeL (@ 9k
eI I 7 @3 0 Slesd g I |

4. @IES PS¢ GAPIET 2OlF TS F @R ? AETTReE diew R awe
it J2 ' ,

5. BoRye Al G Bao S AEREA ST AwOl R i 39w |

6. THIETEARBEMT FABI 9L 2 SHEIAT W v ¢ WHHBIT
FEIPIEIFRERT Freld 90 ©f IR W |
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10.
11.

12.

13.

14,

@S b e SNl B R @3 5urd WG Sfew IS IIERIBGE AR
@2 RuBP-7 sfFFesiv W6 ©f Berisred W @ [feran fexmarcg i st
e fRafEe Serns wivrg 3o am? :

NN TS (I (@ AT S (@I afed WG BIE FLHA G0 7 P
Rfsarr @3 R 5o ReiResid SIEsT 396 |

CAM Tfgn it <1l 20 7« Bfgrrs (af1y Fe (@ Amfon Mg CAM $fgm w1
AIFH 90 ©f R[RfGrR Jn I

@iE CAM (facultative CAM) Bfew F1twa 367 202 GiR @il N (A4 9139 f 2

AL ACETFREET TR @ ARO00 2ERET ZAS9 705, ©f oz 31 e |
ST =S AR & 2IGT W) A BTG ol Rt pieer s ida-
Giz-wreEred Romd 9w A awe $a0e N 9IeN 1o i A B |

A |

Ndfey forgw -

(a) C, 9 C, Sfew

(b) PEFR 8 SHEFIPE TP
(c) TJRHEA ¢ Txe Sfewm AT
ey e forgw -

(@) (FNEITR

(b) CPRTBICE

(c) RGN PRGN

(d) wcabaEces 9 I

(e) =1 Rferm

(f) craet Fefieh

(g) PITH ST Il

(h) FTs qgTomed

(i) CAM @3 wiesf

- (j) e dfetais

206



10.8 el

Wﬁﬁ o |
1. (a) TRIRGR (b) FHRIER (c) [w4T@ PS |
2. (a) GRS (b) @WFBR  (c) TOEEREH
(d) &= (e) NADP*, ATP, NADP*
3. @@ () (iv) (¢) (iii)
(d) (vi) (e) (i) ) (v)
SEperr : 2
1. (a) 3-¥CwIERID (b)  SREIEISHIRES |
(c) TPRIGIE —1, 6-CRFHF" (d) GCIRBGENG — 7 — TATS
(e) (Gl
2. @R (b C, (©) C,
(D) (¢) CAM
3. (a) (iii) (b) (v) (c) (ii)
@ © )
FEeHT eplia
1. 2 SR G 10.1-97 2 SRR (1R | AGFIMI S99 10.2.2 Wie P
A |

2. 10.2.3 SIS SIGAGAR o TR ANST TN | AT G IR
& 10.2.3.2 O¥ (131 | '
3. 10.3.2.1 o+ eGeTfe TR

4. 2N SRV T 10.3.2.2 S (R34 | AERORET efEn R @nide pife e
AN AONIF Ghwl 10.3.3 ST QAT Sy J&l. SR |

5. ez 10.3.4 SINfES SCEHGA (7Y |

6. AT X 10.3.5-97 YN SR HENHO | AF09! B&@ &= 10.3.5.2 8'10.3.5.1
- oeifEe fod @ e (Y |
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10.
11.

12.
13.

14.

N SN TG G 10.3.6-9% T8I Seqwn (79 | 290 T 10.3.6-99 ARG
S 5@ 8 SEBAT NSH AL -

g 8 J7F 5&F A C, vrera [t ¢ Hfoa wneswe 10.3.7.2 WGt A |

2 wHGF &= 10.3.8 (731 | CAM Sferwa ¢afigy 10.3.8.1 wieet 3en wE | CAM
Sfgw SN sikamn o7 Ao Rfeamrz e 10.3.8.2 SREIE SIEGAR #H1Ca |

10.3.8.3 S0AE (1T SRR (T4 |

2L T G 10.4.2 SIS SRH (7Y | TS #(& QIS 7 0w = e
s CO, Remel afbw 4w efors s sl ralbl-« w— FRGwEnET

(Nitrosomonas), WW?(Nitrobacmr), MR (Thiobacillus), T3
(Thiothrix), @9@7@@7 (Leptothrix) (FTARGIBERT (Ferrobacillus) o5,

10.5-9 2 SF T€F @R 10.5.1-9 "o wigeia ez e AwE |
(@) 10.3.7.4 S0 (M |

(b) 103.5.3 S (A |

(c) 10.4.3 SRI @Y |

(@ 10.4.1 g |

(b) 10.2.3 ST T SRG (7Y |

(c) 10.2.3 SR PO SIRMA AL AT |

(d)- 10.2.2 SHNFS B-97 (5 SIoyodt (73 |

() 10.3.2.1 wIHBrs “Aicaw |

(f) 10.3.2.2-93 AWM (Y |

(g) 10.2.3 S¥F @ @ SCETHA (7Y |
(h) 10.2.2C-93 KM A |

(i) 10.3.8.3 ©igd |

() 10.3.8.3 TRA o770 WOl AMGIBIT SCENIDS |
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a3 11 O 9§

I

1.1 o

112 Tty

113 A9e eraren

131 SR W
1132 = efeem

_ 1133 74 W

114 ARG

11.5 &E 95 5P _

1.6 2ETREA ifdazwoy

1.7 (IT0TS TACE6 7Y

11.8 P SHet®

1.9  FA

11.10 #<oog epfiear
11.11 Tagsen

11.1 o™=

GRAECR &) 7 TG e | @2 &7 eI T 781 TS | ATTAHES
T Sfen Creifee ammfs *fere weisfEe 30 51 8 (o el (&1 #MiY e
I} (I AW AR | P 93 Berve Hafde wad afr o mgm o Ales
Y SIS 2 @R 3 “wfer M @ =i e 27 o Sfen RKfen tafs fea e
FAF Y I IF |

FYFRSIC XA LTS SR HAMS PR, I | ARCFIAREPT 8 (a1 5 M <]
WG A | Griel w6y Gt ¢ Sre &I SR W 960H TG
HHIA e @ TG H mmﬂlcvfmw AT YIS G 75 21t W3 W60
AN+
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G G A AR wEImfie A e Sieee 3991 @gel SRS
PACHFIARE oimrors [Tonr Twxeom ATP SId AT 96 ©N8 @3 G D)
Forty 1 wAfeiecy ot i Torie awe TS ARG SIS R

112 Sy

&% 9T oy wm ol

'

AT LIACST TATE LI &S FACE |

LTS W DO AREEELH 2fFrg Tym RS 2w Akefs o S 3@ o
G SIS AR |

@OR W S (o e T W AR |

YN Aoy [Fela ATP Beriia T ©f I FICS ARCA |-
T s vl Sz e SIRe |
%Wwwwwwm%ﬁ«ﬁmmm
eI, w%@wWWmWWI

113 mﬁw

mmmw@wmﬁ@mﬁm@eﬁwﬁzﬂwmp@eﬂam
Sf¥es BaifEfs @ SRHifES @ grere s R efear sgm Sest tod (il agpfen
ota e w0 wCE 2t o7 oel vt T = '

11.3.1 RIS PR

THr G 0,-a7 w-Efors v @ e wiwe efie o s o @
T AN SIoiE fHofo 3a O S[are W A |

51 R S S FINCS FA (@ A SR WA ACTARP a Agwe afewt
Y Mg e 9y (6C I@) REB 2@ 2 o RFos w5 (3C 79) Seon w1 @’
HTFOT UH 0,47 Soif¥frs ARG wibe (2 buea A R o i Frsfie
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1 0,47 SHARSTS @I ARDIATaE Reees oF o #9 e s aebe
N TABRT. | S HRRGEET SEHI Ao wEee NADH + H* g
fRenfae e ol oy Besn |

CH; ?Hz
C=0 + NADH + H* , > H—C—OH + NAD*
COOH COOH
ANIFST o AN I

2 RS o iy Raferne R S @ AficIEs sfefRe faFrs v 339 0,93
Q5 oral AW T4 B (PRGTT SAIS A MG (@ BT O BeoAq 7 O (AR
e g @R @7 REfran s % ol 1w | SRS PRI @RIR SRR Tl
ST O, (PITT HATS R T TCA 9] (I (S A Aew Rare wiefs o wwaAifas = |

11.3.2 % @f&Fq (Fermentation)

ey, T, 95 WS 246 WIS ARER TS So MG SIFTed wife
R IR ok i agfen ted oF siow —aR AT FHW A FIACTDAA
11 Besifre stiela ot SR wea S efre R @fice St Wl T @R —
SICRTEE TEA, ST O 7, RO o 7w 2y | %55 T 2@l @ Sowiizst
i o SRverTs (R AfFNIGY A wweld | 9T (Buchner, 1897) F0%H @2 TN
sffer SIR®E 0 |

Sl 1.1 + R st S T 6 Seatfie T T

YERF AN Tesifre toa (@l
(i) Saccharomyces cerevisiae ERIEG W
(i) Bacillus sp., Lactobacillus sp. e oE
ii) PropionfbaCterium sp. @B o
(iv) Clostridium sp Rehfae o
(v) Escherichia coli e o, e o, TS o
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HECPIETRA FHIER Aias Rfen Faas
C¢H,04 — 2C,HOH +2CO, +27 kcal

TRTG HATA T FFI AfEFAC0S AU AP Marael *= 7 Foiw 27 | Seotfre
MEeies o fafie Rivam wum %65 2% Speze Ses w0

(l:H3 (fH3
0] C=0 ————> TREFCSD H—C=0 + CO
RS 2
COOH Ay ze
MIECICT
CH; Hj
i H—C=0 + NADH + H* UGSRRY > H—C—H + NAD*
(ii) - |
IR e OH
' : 313E IR

@ TN AET @G TIOT T SeAT W ONT QIO FHEH A 92 ([J
AZSCO IO T YUIS S (1 OH I AR BT 2 Ol OIATHEE HEH
&1 Lactobacillus 4R Leuconostoc FFGRAAT IAGFE QRTINS 8 ROIEETIBS
T AFR (T T
TS W G (1w T TR 0,q7 weiRfre Aifte Tee Wrr W
fsfiie stdarafd Sy -
(i) IS =7 Fpawe TAe T §X =W g wwW e s, grecha avfe
s Siw 7% T T

(ii) om@%wm@@ammwwﬁswaﬁwﬁo aters
wdfie 0,47 TofEforoe waw e tece A |

(iil) TS WA Fel TeAAlfwe 0T OF (1T AR 231 T @I Rt o9 a1
IR (—oifiice wefs oy S v (iR 1% 9 muscular fatigue) g
TFH A& SrEes, Aebe o, REhiRe oy vl Sesfie @91 @iET I_E
fsfe 26 @I i Reafera orat 3w w11 et TEw ftr Seow @arefe
oAl Fsee el IIYT FACe AR A SRS PIET CFCa ST 77 |
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11.3.3 73S %A«

SRTETR BARRSTS Jrie TeR W FfeId e W (@ W T I OIE
AN WA (T | IO W 2ferD ARIPIEEie @ (a1 Seard ST 7~ 2 | ARz

(I ABDHIAGTH 8 (T & m?m@m TS & |
TS WeicTa e R et
CoH ;04 +60, — 6CO, +6H,0 + 673 keal

3 2T TS S T SRS T8 A TS W < R (6 WA
@M =fe oo =3 |

114 SZEEEEw

QIR FARBIENCT [@ e RafEe srffweris [ Mg Lo 31 FREE Sror
T PG W SRE Pt e AR w13 ) fon Pae ARwRs s Best
T(A OIS AR @ | @3 “afed WRES! Embden, Meyerhof @ Parnas-€3 S
SWEE SRR Ot EMP 2dle 3@ 3| @S (AT AREes oF SeAmea sffnef
fawset -

1. & 7@ s O G ATP SR AN & T Je-6-T7T0 8 ADP Teofd

@ | I Berwen 3 [ FrEd s

cI:Ho CHO
H—(Iz——OH H—C—OH
OH—C—H +ATP a2t > OH—C—H +ADP
Mg
H—C—OH H—C—OH
H——Cll—OH H—(IJ—OH
CH,OH CH0—®
LI LIS -6-THCTD
[P=H;PO3]
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2. HRIS! AN FIIIG-6-THACET, TACTICIINI, WIS SLFSCF IR TS -6-
TG NSRS 2| @3 R g sneee o FIveed o Ee
FBRO T |

CHO CH,OH
H—C—OH (I:_—.-.o
OH—C—H Wwﬁzﬂm OH—C—H
H—C—OH << —  H—C—OH
H—C—OH H—C—OH
(I3H20—® éHZO——®'
LRT-6-TID FIRICOTS-6-FCHD

3. OO R FITHIE-6-TI6 AT @F B ATP-a7 MY T& T FIFEIE-1-6-
ﬁwmmrwmaiﬁ%mﬁmqmlﬁmmp
cwmwwﬁwﬁmﬁmﬁawwmwwﬂn

?HZOH ‘$H20—.—®
OH—C—H TR | OH—C—H |
] + ATP > | +ADP
H—C—OH H—C—OH
H—C—OH ' H.,_(lj_'_oH
CH0—® CH0—®
FTRCTS - 6-TTCTG TTRICHIS - 1 -6-Ro7e1s
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4. AREISREER @& A FIEEE- 1. 6-RoIzs (6C) SFTIETE SGHBR MG
i 2o qff o w16 (@l cof w1 R (@i 7w «fb 3-iETrTeeRe
S SpETSTE WFA ¢ el olRaEgf enfiGn Wt awe o A

CH0—®)
(;—'=0 (|7H20—® ?Hzo—-@)
OH—C—H L CHOH + (I;_—_-o
H——?—OH CHO CH,0H
H—C—OH 3-TTC- RERERE
EMIEHGIRCEY MDD
CH20—® (3PGALd) (DHAP)
FIICHTS- 1,6- 7700

5. @2 qeifdre 3-PNEEPAIETGRRT ¢ UigRRgR RGN wEs Fuame wu
TS T | TIPS RGNS BLPHCF TG G oG X5 |

3PGAId ——= DHAP

T RS
| ARCPERPT oS! e 3PGAId (¥ 7o & | @3 [RTm 3 A4t v @
GF &9 (6C) (@ 789 3PGAId (3C) Teor 27| e IPGAld (AT 778 «ific
@ @l Beom T@ @3 Y JIE (UF BAR FAE oirE SAfFed TR fawd 2 !

6. ARERAER (& i Rew ewed diEd @A 2w aRe-Rerad e
T o IR G SHHTERAE TocEs (@9 Bt | ApEiSaiRe 3-w90w0
feziRrgeme Serhalt NAD™F FRIEeR @3 fafera <o)

3-CEifaApeiieRRe + NAD' + H,PO,
£— | 3-Roaceiias@s 5 + NADH + H*
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R gl qft 4 96| avm 3-wihEiyRe wite 2@ -k oy
T3 e | a= SieRw #ied @R @l efirn Sy #few gl srew ARy @ @ H,PO -
a3 wew Rferz e Swefesmn |1,3-RommianEe um e o

7. ARPERMCR A77e i@, 1,3-Ramwiante ey g i ADP-4% AL I
A GO FAE G719 (A 3-PACRIAAES o wonsiie 27 w3 @3 Rfeaw | g
ATP Teo 33 | TAEITAICEG Siawe Sepipan 3 [Rieae Fagd a@)

CH,0—® CH,0—®
[ < FAENAEE |
ClHOH +ADP = (IJHOH ~ +ATP
: TS (M
Coo—® (Mg™) COOH
1,3-Remifasia o 3-FACEFIIRS =3

8. @B fiwm 3-womfaniEs Wiy Toifiee won TR wices Wit R wRE
PRS2 2- T o ofkde @ | PRty Sone ¢;

fifernes Fagd s
cI:H20—® CH,OH
i (€ DR DT
CHOH = = (|3H0—®
COOH COOH
3-TACEI RS o 2-gcEfanfdes o
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9. GAIETE BeEHID 2-TAcEiafie wEe Refte @ wwarie Asfes oy

Teoty 7|
CH,OH ﬁHz
CHO—(P) o~ C—0—® +Hy0
COOH COOH
2-TCRIAES oy TACTIGCAR

NLRfoT oy

10. ANFERPCR FUIs +RiE ARFeh SR SLHbEs M TG ARF s
H, 93 O ADP-(F O T e I ARFIOT oy wensiEie 21 €3z ADP

w45 ATP-(S Folrsias 23|
e i
MIESIAS
—O— + ADP ———3» C=0 +ATP
® RS l

COOH COOH
FAHIGAA MICEICT A
MIEGICEA T

BT ARCIEARO &fEFara N @3 o9 e [ES 2w 13 o9 o adage ~iRsfos
CERC R
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AR 2
(ﬁQm) ADP Mg & mmm
AP -6-
(Ge6P)
: 5 Jr € TACTICITNRANICIS
FTICOT-6-T5CED
(F6P)
TFRIRCETH ATP + TAREFCDIPIRCTE
() e
FIHOE- 1,6- o1t
(FBP)
focew Jr «—— QFONEAS
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1 gReTa e AREEE R (s Tefi 7 @3 #1ca B ¢t (Rtaferm @
0B | Sieilie, (R AT Al B ARG GG M AT ARG
WﬁmﬁmmH)awﬁEWcmﬁmmemmmm
ARGIEEte e weeiie o |
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13.4.1 (81 WRGIEH wiaasad afeea

@ (5T 3 AR el Ao AREE KR (T s 2 o SR G
PR (7R @R R oreepd engfow A1 PR Armfers e TS A

TEfgeT JReTeT T T ©i#l 8 BItA N, S 0,47 TifFfere e FIgir oraige
(NO) 6 ot WG BRwiRe (NO,) Ses |

N, +0, —BIET o

2N+, %jmw, 2NO,

: ai NO q@WWWWwWWWW(HNoz)GWW (HNO,) a15s1
muﬁzﬁwmﬁ‘c@@mﬁmw%mwﬁ%mwm@Wfﬂﬂ@ﬁml.
BEIR IO N, Rfen adieye a3 sfirs 2 a3k Bfew fewifyes o sref @
Buclociclveisvccaiin i eLiiel

IfRolrs

2NO, +H,0 HNO, + HNO,

CaSO, + 2HNO, — Ca(NO,), + H,SO,
, (fe=iEs)

R AT TS Tee Pl B ARGER AT SREFH! HES | (AT A O0S
(Haber's process) N, @ H, s5iea el gibea (200 1@l sicsl, 550°C. S WA ETg
W@W%ﬁfiﬁ@)mﬁm (NH,) Bewts a1 2311 @& NH, czr@ﬁﬁr-ﬂzrmmﬁzﬁwmw
SIS AEES [(NH,),S0,], STHRam w13%s  (NH,NO,), SIafmm w0
[(NH)PO]@?@WWG?EW [CO(NH,),] st taam@w:wm

13.4.2 TGS TGN GIAEWT

<2 R orelie (@ HREGIE SRIEAEIR QA QTS TRGRE ¢ Tl e e |
A1 ARG AN BB T TR N,-(F NH, (S 7osfHe o3 @3k @ 2
mmm%w:ﬁr%maiwmmﬁwmw
I e 2o AS| :
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(F) TR GG TIACH (Winogradsky) 1893 e HIAN 51% @ (@
Clostridium pasteurianum SI9S TGN SR (anaerobic) JIFGRA ISBE Né RACRTC
3N | 1901 A [@8efR=F (Beijerinck) STE2 I (@ Azotobacter SIS IEISA (aeribic)
JYIFGIRAE A AFOCS N, II&FA S| Azotobacter chroococcum, A, agilis @
A. vinelandii €% Toaf6 2eifS Sra@veIa N, I 7w |

Chlorobium, Chromatium, Rhodospirillum @fS NARHETFR TIFHEANG N, FLE
A0S ANCA |

(¥) @ Freofrm : @R e JRGRA FoTOI N, FRIGE T | G I4
I B e RrarSIRmest g 0 U SITE W N, AP el o <ol
T 1 78 RS JIFERAR W Rhizobium HIBT GFFo | 421 AR N, (& NH, (9
Dol w0a FraenSia (Fabaceae) Bfem a3 | womfucss Frenela Sfewera om
PRERIA G} GIEGRE el $fer (Ae AF e 4 Wy w0 Sfew
Rhizobium (TR 72T I FOLOIA N, FRIFA FACS AN A1 | ©IR qva FLgH &g
% e TwIRad | N (McComb) € ST &3l (1975) R4 Rhizobium-a3 &% v
- G5 (strain) G WA A (001G WA ToifEfore AT @ FoFOI N, FHIHH
T |

() EREmREeA : Frankia TS SRRGERIREIGA (Actinomycetes), Myrica,
‘Casuarina 9%f% 3G, Q& = Bferm J= o7 B I8 R

(%) NeTrS 7Y 01T : NS 7Y 0 (Cyanophyceae) FAS FRATEA N, FRIFTOR

- Bfen 1 cowfEa N'S I3z @ O (e @ 2 RIS SRPIER RBIAIRIG (heterocyst)
T e I N, 3e Fa Aifie @1 N, MIGR Aerrs e CRIET F0g
Nostoc, Anabaena, Gloéocapsa 29l STacaIay | AR5NI @ IR LINTFCS Anabaena
gelatinosa, Aulosira fertilisima 39S TR @pg AfME N, O | 97 T WHCS
SN @ STl ARG e Fes At (3eg e Wbee T4 e | I FRNEA
IR @ @B A R Sie AT (Biofertilizer) TR T TR |

Fere Tqw o vy TG RoNCR 7, Fer SR efdFmrces N, HTEH S A
Azolla TS (G FRFAAT Anabaena, fafSn ARG 8 Anthoceros TE ATAIRDG Nostoc
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SeARCA (Endophyte) A G} N, FRIE R SISl SfYHee AT I3 | Cycas
mwmm AnabaenaW°m9fN HRIEA WA | O I 8 (AR
(Von Bulow and Dobereiner) 1975 I B! A Spirillum TS TRIER MG N, HEIG
1 B7E S | Ao '@ et (Shields and Durrel) 1964 A1 w83 W e W’f{w
| DRI T WeSET] SR8 $4 TS N TeAH | |

(¢) w@F : W@@Tﬁmmﬁﬁi (1 7| AR N, FIEE FFA| Pinus
SO M=F ‘{Gﬂ TR m Rhizapogon roseolus W Wﬁﬁ‘@ﬂ N W
FAS 9"@!

s : 1
1. sfe Teadre we fiv -
(%) dzotobacter @@
() Rd? st
(i) s rge o
(i) RS TR
(X) AIRGITE FRIACAS G
(i) 2o Tevin
(if) o 3 2
(i) IR o o
() Frankia <%
O
(ii) SOFRBCTRIREAG
(i) amcbﬁzna
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2. AEE e e
) a%ﬁﬁzﬁnﬁmﬁmm_f_m@a@m{ﬁ__aﬁma

Q) e A A IFBRAE N, FALE
eféra o 0 |
(N — 3B N, 2o @ ol @R @ TGS TG A |

13.5 Rhizobium-S% TIZGITE AIHA

mw?f%v[ceﬁzm e @ RraESn SRH Rhizobium " Tl Reardi
aféFama N, a\wzrcamimwwmwwmﬁs@mﬁaﬁmammwN
ﬁwﬁ@mNH © FSES 2| :

Rhizobium T Jfeifze am @aite (Gram —ve) IYER, WOIRPIT JITERAW | @R
v R Rraersin Sfewe e F3 9R Y0 TG B T OF N0 P FA |
TS SEACA @ Bradyrhizobium G, F1e-3 (Cowpea) &efs Bfem aR Rhizo-
bium 357, ST (Alfalfa) BT N, 7@ S0 | GIARAE N, TGN Jrec
%@l Bradyrhizobium Japonicum 9% HANET YA A JIFWRATE A Rhizobium
Leguminosarum |

13.5.1 AwgI e

Rhizobiym 24 NHTe oG TGRS ogH @1 SenE (@ Fspe
EoAET AT (receptor) sl S #51fea Rhizobium-(F TS I | &7 T Sfgma
AR A Rhizobium TTGRAGRE A ZHHS 2 | ARG SFLPT FRIX AT
IAA SO SR Fomd @o AW O 97 7@ Bier Tranb Fes 28| 97911 Rhizo-
bium JERAN (P eI (S (O mnaimmﬁmmaﬁw FEsfkTe
&t IHA (.@f?ﬁsﬂ‘@% (vesicles) I& X (AT W @"@ﬁﬁ f[ﬁ IE Y Y@
SRR @I W | AGET (@ #14 FE Rhizobium WA WIS A I GR
SR SRS I SIS FPe 7@ (Infection thread) (=1 | FRE I8 Y EICER)
oY wo Reiftre @ IfE FE | PR AT F@w I RIS TR Rhizobium-F
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Rifn 2 @ 71 | e ReremaRl ARGRE @99 @RkerEw Frel IRE @@ 63

RRHET WIRENT T WS A | (B TR TR Sfers 7, Fuser @ Retew
oFY  GR GE IRGRSTET (Bacteroid) I |

o e A
N .‘ .
e .
® ® ¢ "~~Rhizobium Rhizobium-&3 &SI
Bfew TR | - TR
2639 Rhizobium '
LW I
AL - FEEFR AR YA
Rhizobium -3 A Rhizobium-93 RS8R S2ied=
SR AT I oA | |

Rhizobium-&% SREA 5 .
B 13.1 : FryedS B Rhizobium woe o e S S
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98 ST Y& [AA WIS M@ (AT ASA Y A A 57 (nodule) B =1 @2
LA TR oARAS Rhizobium TRGR N, @ 6F 0 | G2 FE S erdl @l
WET G Roe 76 Beow 21 | Affitncs Toifye RentaiRera woa Raaen Siemme e
g e et aR O, ARG %W T G ETOREAIRA (Leghaemoglobin) 31 2 |
EREEReT FeRRe Rt Sawy |

(@
(i)

(iii)

(iv)

)

(vi)

(vii)

(viii)

aia@mwwqwﬁmwﬁmwm

e odwm mqﬁmmﬁm Sfae A 99y 1-5 x 104 M (GeR) |

R woq @afemaRe sewa 0.34% Fe A

R ek e 34,000 wefie R o

e RSty B @ hazobzum-xﬂ?l RreriRees ‘«Fcai casﬁmmfiw
ﬁmwzﬁeqwqw«%‘mma}wﬁﬁm @s%iaiamw@vmm
ST 1 | RS 7% 1 (M0 (W G TG N1 B Se™ifB Rhizobium DNA €
R =it Bfgmra DNA =@t @B =)

hazobzum A T 8 (T Sfeme ARGIAEE @} ge NN

@sﬁ%wwml

f‘wf@w@ﬁwaﬁﬁma@wm@mﬁm%w

’-Wﬁﬁﬁﬁ (Ammo acid sequence) 7T YT =

Rhizobium <3 Ig&A an?@ﬁﬂm weffe &7 PITIET T 0,47 e |
weEfAeE, N, 3w @3 Rezaed frm a0 0,43 wiewipd <@ 2 W)
FEfREANRA AT 0, Wi WA ARSI Rhizobium aw W@

W GR GF T & JRGRAR N, TIER e 0, Y@ AW
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13.5.2 (5@ IR SAM

- & i Sl S $RE @ DI ASER N, P Rhizobium-47 FHEFToR ¥
NH, (e F#I8fie 27 | I R@IAE31 N, HIFeR [{fon el Refoeie e
FACS AR LACRA |

(%) TFnim Sead anae Some : Y@ fFe Rhizobium-a Rfen awfoui
RS- oo ARAS (o11es SR ToTes S I mﬁmﬁmﬁw ST R | A
cmmwwaﬁqaﬁﬁmmﬁmﬁﬁwmwmmﬁmm
oH, TR 97 ¢ FenEe (@ Rhizobium-& WT?@ I FrafR s
TR T FIFHIRACE STl TR AR GO (Chemotaxis) = T | Swiafiica,
Rhizobium-93 (SABR (A8 FRIIEHH (Rhicadhesin) MW «& ReME Ca AIEIRA
@ femme @ T IRGRIT B wm IS ALY IR (Y, 1989) 1

() TG WEBA (Nod factor) : SRemyera eb<S! 2ewIw AN MY Rhizobium @ Reem
ot BesmmeIR Somiet R TR O TGP WA A TG WA (Nodulation
factors or non factors) 3 | @af ANAMTOIR =RA-FRGRA-STPRS efie FRBER
43T Boere S| FRBE N-SHRHRe-D-JREme aveefi B — 1 > 4 AR@riRes
THENT MG AR o197 R | TG FPASTR 1978 ot g R wufem «eins ovre
o (Fatty acid) &g =@ SFHRA STeT ARG | Rhizobium W7o g FIPOI
aﬁwam%ﬁmmamqﬁm wmw'aw\fs @I B I
Rhizobiym (F I AN AT FACO TR |

(%) 7 R (Nod gene) : T& G I TG GoAmefor e @ fmafem Mg
mﬁmmw@w@mﬂ%ﬂmﬂwvfmf@mam

RSP, Rhizobium (A7% 24 7g R (Nod gene) WRgs 2@ | 9 TG Nod
A, Nod B, nod C & 6% Rhizobium, Azorhizobium, Brady rhizobium -4 #w% S&lferey
sz T | OiF @2 o e et TG B 011 Nod D w15 =ieat Roes wweelel
Rt wRge T®I Nod D M wwe Bestifie cafr sttt g Rerafim FrEfEem
(Transcription) &féFte waifie w@ Riow Tu FrRoaef Bevn w1 [fen T f@ﬂ‘@f?ﬁ
e FfaReet g w0 717 : . ,
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nod A nod B nod C
m e =

nodD — nodD

fem cafos

Nod FT163 Beoima

ARG T |
(%) ARG : PR 7 B 26T 47 9T Rhizobium N, TI&H OF T |
e Ao N, 3 Renfs i syrifRan (NH, ) Besta 0 ot RiRGIet | @
BEHIES 32-40°C SHANT IR 6.8 — 7.4 pH-9 (e drdeq = | :

MEGITRAA SO 9107 WG &fbet | 9 TLHHT b Sews Row | a7l Suame
T T OF Fe (DA wole Gzl ARG @ (MLJ@ w1 OIF Mo-Fe
@fs

Fe (AT gombErreiR 4| @3 o oo 57,674 (Clostridium pasteurianum)
(/I 73,000 (Corynebacterium sp.) S8 g8 | Fe (2B 41 Fe m'-l\e 475 ST T AT |
R Fe cafb aram s st AfRTestoioiRs e f¥e @ el sifiet=ibre 273 symie o

QIS | Fe (21 Sre1® O, FCaaatet | 0 A8 T G N, (A0 NH,-a9 5ot1g @il [Reraeteges
Rt a %R 0,47 TS @3 Rerwel fermt frmgereta BerToT wdie AIRHETAER el 78
T O | 0,49 &SI Fe (AR Ui (Half-decay life) T 3045 G|

262



o3, Mo-Fe (@ifbalt gemierreis 16 Ut aeforem @3 ke euw 180-235
kDa (f=mrersfo~) 2 | Mo-Fe-(2ifbeax 3R 76 Mo (sferream), 28 (acs 32% Fe ofmiq
@R Fe-T FPRAT S oI (A0 | Mo-Fe (2ifSa «af (S widfe 4 sfisi=ibisren
T oMf0S | 4 siferet=iReen 76 o *aet @ 7S B e wefie el Mo-Fe @B a,b,
e e T 3| Fe (Afba g @3 eifda 0, R, Tzl 0,49 TwifFfers «x
SRR am 10 &G

_ ) ﬁ$f\§7_'{(N|fgene) @ Rew f&m wiRGem aw eferaie R 3 oI nif
fom 3| @R nif Bm 24iTe TGS S ARew | Klebsiella pheumoniae
A GRS Sessivr 17f nif B oy sthea ootz @1 76 @roia sees A |
ARGITSH FRIFIN RGBT nif el meres wxga o« Faewea @ nif fomavg
his @tsiafow (Histidine Operon) AU T | YRR DNA—&ﬂ?I nif &= W%ﬁlﬁ 24 kb
() T =3

g nif femefe Rafefe a@mﬂﬂﬁ%@wmﬂ@mﬂ\mm

nif H nif D v nifl K
Fe confos sk Tiy ~ Mo-Fe ceiifieaa o Mo%Fe cenfoeT p
- ARG iRe W Ao GRS AL Ty

Mo.F 2N Mo-Fe ¢onfoq
nifE,N ¢ B __Mo-Fe >
coNfbea - TTe0R TR e

e Mo-Fe cafbw



e 2

1. TrEs ’K‘l A
@) - Freedin SRmER 9w W 3G A e T/
. () EfReeaRes wake eew @R €7 TS ST ©i%l Fe
PMqE
(o) & Fe (oo @ - & Mo-Fe caifta seew T

2. AT Teafa At v fir fm -
- () Nod W @30
(i) TEBrErS «md; (i) TS g (i) *=F=1
- () ' Bradyrhizobium o ‘ | ,
() G (ii) WO (i) TR A N, HAw w1
() Rhizobium o o
(i) RGN JRGRA; (i) ToRA a}ﬁ?&:‘ﬁm (iii) ?@@% WTEFCBﬁTHI

1353 BT FHeTA—Iea A

% fica s m%m-t@mmmﬁmmmmwwsc@
AT | IRGEN ARFET ST IRRE Soraiel w— (3) Y@,
() TEE A, (o) TG ARy, () FRGREH (TR AT), (€) ATP 8 Mg
- @R (5) ARET VYGRS TS | |
AR A IR @ AT wy @ [RfFm Awfes g nHGE s
W O MG ARGIE HRIEES G e H, eATp@vnf%@meiﬁﬁmﬁw%
i Frifre Tm—

CH,4
(i) C=0 + CoA —————————>ﬁ f CH3CO—SCoA + CO,+H,0
COOH SFRE CoA |
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FHF R RS

(ii) CH;CO—SCoA + H4PO, —— > Sf5iEe TS
- ' + CoA
(iii) SRG1%e TcEs + ADP — TR e > IMIeH +ATP

S EIRTHLET I WA ERGA FRIZAOCER NG oS BTG (e7) TGS FHRIFA

2T g 2| @3 [EWN AW (TR [Reffe 3@ 939w Refie @Rofm
- (Fd) TREGTSEET Fe cifbaee Refre v <7 Rered e 8 a9 sw o7 9k afear
2f5 T ATP O 97 | @3 T, X *fiw 2 x 8 = 16 WY ATP 337© T @ 8
e RS W 739! i &S Fe (At Mo-Fe (@ftas Renfze sz fice wnifie =1
a2 R oix onfim Renfde Mo-Fe (aiftd (3 fHofe Iemaw FiRGTe™ € H SRS
MY & TX NH, 8 H, o 07| &I Savwsy Raw &1 @ qAowm N, v
R g mrmwﬁw (HN = NH), Zgfem (H,N - NHZ)@Qﬂﬂmﬁﬁvfm
- NH, 3% 31

2ADP + 2Pi
Fe Cﬁﬂm MO'Fe C&Tm N2+8H

m i > < > > <
' \Mo-Fe 215
e '51\ Fe carfoxt /- (wfﬁcw 2INHy+H,

(wrﬁv) (ﬁ%ﬂﬁ@)
a?mlrfﬂﬁ smwﬁvw

2ATP
TAREIET LT MG N,49 ﬁwm a&wn 8 NH, \‘raevnm

SH 2~ 2H*+2e- H' 2H*+2e-
4 ( K /
N=N—>> H—N= N—H — NN, — 3 5 oNH,
CiEw AT H
R -
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sl e AN P (741 A &S &Y N, (& NH, (@ ARIS 3309 66 ¢ o
16 | ATP =Tt | O 341 T (X ARG ASTRel ool @l araeet it | @3 RiF
opa oemfPe szl T (AG™ = —27 k) mol) | (Al WIRG o FEE @ €}
Rftrm 377 T 30-60% Toers =M H, Bevty FRCSR 9T 2 | O Rhizobium-
47 T 2GS 4GS ZRIGISTEDT (uptake hydrogenase) SeEFHIER MM H, (F (S8
ATP Geolet IF 4R & T I T N, 7% 2Ty ety 320 20 (Marschner, 1995)

13.6 EGITew AIFE RIS AL

OB N,, TGS ST MNGA NH,-(0 ToilSfe g eps aﬁ“@mﬂ LICRED
mﬁﬂmnﬁ@wﬁwawmﬁa NH, (3 SRAIE NH; Sz Aes) @b S
R 4| ST iR @R NH -0 B RiSH SITRE o FeirefRs 30 | SR

2-SEBIE @ NH; WG M 39 2@ 06l o ofd wa i @3 el Lo

fCaRgiteE= Serned Ragandiv | CPICES NRGReE NADH-99 HRW aR GIAanss
NADPH-93 T4t 2-SHiBidnee [Refe 33

COOH COOH
NH, + (::= | Lre Reaegeac H—c:—NH2
G f \ G
|<|30' NAD(P)H NAD(P) I(IZ—O'
o) X o
2~ Pores

< oI T NH; o2 ¥R 51 Sz fY e | 2 Firedw Berra @
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fm el w1 R Rfem AfefSn @ Mgt Mn?* @9fS WbER Seomalba -
WRGF A FREAME Fo IS A | |

 COOH COOH
NH; + H—C—NH, o P '> H—C—NH,
’i((:JHz)z o / \ ' (CII3H2)2 '
lcl—o‘ ATP ApP+ip N2
- 0
?IBWIT? - e

N, HRIFeR Bferm wige™ = Rewad 9 ol (ol @ Afeitore s Sfgom
(Pisum, Vicia, Lens 29f®) TRE NYE HIE A ARG SISIT RS FREZ

3 o8 ﬁ’rﬂﬂﬂ\‘)ﬁ? Sfgorar (Glycine, Arachis, Phaseolus X)) NH} @3@?13{'5 st

mﬂ@%mwﬁ“ﬁmmmwﬁmvmmﬁmm N, &0 NH, @ ==t ofier
Rfem IR WE ¢ S NRGEEE. (e werstie T Sk sffenem o

13.7 ARG MRIGET GG

ot ofie AR N, e @ AP e R A1 26w W ST N,
RIS @] 6 TS TGRS TR0 A [ | N, 57w 1 @3 Reow e =
TG N, & NH, c@awﬁ@mimwwmewmmﬁﬂm
N, oG IR qba Tdamie aw ol Anabaena, Aulosira 29f® RNetre e I
%WW%W%WWWWWN A% A | AN TFGh SHETI
white B4 Taroe «3 T e Rrigera Sieel | 3 S [fen 2@ s
@ Teire 7@ CIKETE 6 &P (Biofertilizer) I 3719 a1 | '

Rhizobium &io Fadid areiia fryerdn 8w i NH, 7791 @1 @]
Rrrifres MacE 19 RATS I A 5.46 % 10° 57 A N4 35 96 |
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TS BT @ N, FIFET Mg AfiF +ffw @ NH, ot =0 ©f Rare
o | O Tor APHITers R T NH,, 51 o @ gBifimance cenbiare srRgs
I C, SRt NH, @@ ST o, SR Agfs SR W A I
SR ST NH,, 2fZrsiZfere s e 1@ 7@ 2P ¢ @i A1 S
T oI5 I | AOIRPOR R IR weft SR (e Seamer g afvwm om 1.
agre! (eAprET WAy N, Riew ter aemfre Ritears wage RE o, ofm wro
TAR BAMH TRAS! A | GZSIE FIRGIEH FeF 2l Sron ey N, g
IR SIS (S S AL AT A |

13.8 A=A

N, st T S AT N, m«mwnmme
ﬁﬁ?ﬂ@ﬂ{@hﬁﬁﬂiaﬁﬁmwwmaﬁ@w%wﬁwﬁmﬁmﬁﬂ CoNGaR
Bfer @ %% T ZanFd AN T I

BRgm@aits Rhizobium Frgrsidn Bfewm fFrardifices wigm N, ikawe efdem s
ST | Rhizobium RS nod e Mt wewefl Nod factor Besta S T3 Sfeme
o[ IO FRITS! I | O SRR TR @I A oA a7 TN Terin
1 ERENARR ISIET O, (F T WA IHRY Rhizobium-a7 W TS
(At o wice Rraraeed NH, Besitvt et <res =1 21 | TREGIEsR B<ei5s N, (& NH,
(o TSRS IR ai%emwﬁ) Fe (5w @ M-Fe cﬁﬁmaw gy

mwﬁwcaﬂ\wmmw %amwmﬁ%am%m«mﬁsm
Tl (B TAGS N, (2w, SRm ek T, ek ww aefe wops N,-
m?quammwmmmnﬁmWﬁNN FIGHT OFY
G |
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13.9 . F¥eiT et

1.

9% YW Ted e -
(F) @l wiver effeFara = B9 1= ALY NH, Seots 21
(}) @3 DTG JRGRAR T ey |
() 43 TeT© e T AN Brar FFa 1 LACHCS N, IRIFH A |
(}) 0,97 2N Fe (A7 wfwFaaE 32
TGN oA T |
(is).‘niff@ﬂﬂ?fﬁﬁ SRR A0S ST AT |
() &S 9 NH, Sesfi 09 9, ATP =i |
(M N, 8@ _____, ia Testa w02 AR NH, 7B I
(%) T ZBIGD (VT oI (o |
e Tewa ot v o i -
(¥) Rhizobium TR A WIkT T & FEfRe @it A

(i) crelba

(i) cafb

(iii) cTefRTmCaRE
(}) T @ o1 I

(i) MC=R oo

(i) e AR

(iii) wi“cm
(M) N, FRIGET & SRS ATP @ H, ~ew1 18
(i) 20T (Ut ZBifW SAmeE AN
(i) NHj e TBARE A Wﬂm

(ifi) N S (3T T A A |
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13.10 Teawie

oepAtE—1

1.

2.

(F) IRNTEA [P

(%) syt AR 2w

() SHROEANREFNL ,

(%) Rhizobium, WraensE, o

(}) OyEanelE, 1983, Clostridium Pasteurianum
(o) Gorea, S|

gt —2

1.

9

(F) @RemaRa
() 34,000, 0.34
(9 nif H, nif K

(<) Rbwerew smef
(d) oI ‘
(o) IFEA [

FEE AT

- L

(F) @AF-9T &S
(R) Azotobacter agilis
(1) Aulosira fertilisima
() 3045 FTe

(=) R

(A) 16

(o) ©RZRN, ARG

(7)) foifm Pregde

(F) @b

(¥) YER AT

(5) ARwioT IF (UE PIFWHE SAWMER I
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a3% 14 O Tfgn vem

A
141 o
TR
142 Sfgmr vem
143 AT vow
144 IFGeW
14.5 frafadie s at §fore oo
14.6 ©FG 1 NI e weat oS o
147 qB==
148 wrRifvE~e vem
149 A
14.10 7eR epiaeh
14.11 Tewen

14.1 o=

@WW_E&SW@WIWMIWQ¢M%CWN
aﬁwmmamawwaﬁamwawﬁsgﬁﬁ T TG ol G A (O
R ST TACS AN | I, o APTS TOJReT GAMR R AR LSS 2 Sfgw
5o 6 T R~ w1 @R gw el B Rifn oW bom 8 s Teied
| SIS PR ‘

R G Y @ qAf—

° WWWW@MWWW

o Rfom ovln Bfen bew PO T ©F YT TS AR |
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° am%@wwa@m%@wmﬁmﬁﬂﬁvwﬁmmm|
o Sy oom Tfiw saea g [ A O P FACS ARG |

14.2 Tfemma oo

v Gfema @b ey ey | o, =z aefs fammdin Bfew saade sWe @
BeT Cr1 T | b e cwea BferT vo e Tedafe o Am AT | @ e
R (< B T O CrRRe TR ABITS A WCHARS W O bo I |

fifen eig Bfgw vem
et s o AU ©r! ol Fa IW—

1. Al vow (Movement of locomotion)

2. 3% e (Movement of curvature)
PTI 2AOIT SR |

14.3 e vew (Movement of locomotion)

oE TR P B T Bt R 7w AfRER W o A v <
IS e eI —
(A) TOTFFS beR— @I (P G B 73 IRT SR AR WGR FRR

mﬁﬁawmmwmmﬁwwmm«a»(mﬂu)lﬁw'
faffde agfea =71

@ FfemifA o : Ry IR CIes 8 O TR WA SFIEOR AT
Bt M TorPeeR TNCE N IS oAl

(b) FTEAR W : FNICSENA (Chlamydomonas), STSH (Volvox) asfe

‘ WWMWWWWW@WWlWﬁWNW
@R ZA (E AV o FA | (Ba—14.1) '

272



B vo

— 2 v
Movement of _ - Movement of
locomotion ' - curvature
I v . v
ke - agE A wE | qﬁwm _ AR5
~ (Autonomic or  (Paratonic or (Growth (Variation
Spontaneous) - Tactic movement) - movement) -fAgvement)
b> pfmfy > CRoDIRDI R ,
| (Ciliary) _ (Phototactip) R v
Ly FeI} 0 mﬁwﬁa 7o mmmﬁ?
s (Autonomic).  (Paratonic
. (Flagellary) (Chemotactic)
. - (Flageliary s orrrel or Tropi¢)
> wmfRmre > ol R | e
(Amcebozd) | (Thermotactlc) (Movement - (Phototroplc)
' " of variation) }|-» R
> cﬁ@ﬂsﬁnw , o .| (Geotropic)
3 A g b il
(Protoplasmic (Movement (Hydrotroplc)
movement or Cyclosis): ' ofgrowth) | | s
' ' : (Thigmotropic)
- @EEPR
/- (Cheinotropic)
v ’ K2
mwﬁ% - Bl 3
- (Paratonic or _ ~ (Autonomic)
Nastlc rrrovement)
TV T % v ¥

I amfmnﬁb ﬁﬁﬂnﬁs ﬁmmm% . B
. (Photonasty) {Thermonasty) (Nyctmasty) (Thigmonasty) (Sexsmonasty)
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'(c) IfTRETS o : RHmRFHG T doeer @Rk Sfem sifar sow
@ oI, 5TF) B I OIS SNIAAC I I | (FRIRIAIN @R B wioimia
ool Goflz (ofY I (A Wi e Awitre w@ i (ba-14.2)

(@) AR : TS S FiRs Icen deEem (@IGIEEE Ko «F ams
b (741 N | R GO0 FRGIH I | SIS be @3 I8
Wﬁma@mmm@(gﬁﬁ)wwﬁﬁmwﬁﬁ MY O AN

- (TREafe) 1 (Ba 143 A 8 B)

(B) 295 73S 5ot WS Awfaw vow t Snefhw W'(Paratonicf'-mowme'iif of
locomotion of Tactic movement) : Bfgrra Arfei® 5ot TXR TRexw Thaloia. ot Aoike
T UMF O OIS 2438 ANET 5o A B AAfee 5o A GIeios boiw 6 |

G% &R v NS Il s oY F | qw—

(8) CRBHTEHT 5w : Bfewma e ol WIS SR FoNd 49 G T
cmwmmww@fﬁnmwwan—ﬁs@mw@aw
(UE WA TR P Bl e e o W |

(b) TGNSHF vew : g Bfgr mﬁwwmﬁasmﬁawmmwm
(UF O W I O OIS mﬁmﬁw«aﬁm«t—wﬁ@ﬁ
cwmﬁamﬁvmwﬁamﬂﬁwﬂa«mmw;ﬁm
el wrl ST 2@ B s T




- @ 14.3.B : TRt (SR$afY)
fa 14.3.A : TEIBR (THID)

RIS

, foar 14.4 : 3w oo ,

() ATHTNTT vorm : 79 el SR BIe I ORI w0 e SRS 0
T (T T I IR DI SN AGBIROT 5o T | SIZRe— SRS I
(Chlamydomonas) IR e &1 (AT TH o1 ST SSATY oFiel 9 |
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14.4 JFHew (Movement of curvature)

%ﬁ@@%mﬂﬁwwwmmcmwwwmmmw
A B ST STHLASTHE HIeT] FACS AF G (T A O T-gepmafens @ Retw
5ot &7% 31 TY OIS IFHeN I |

(A) W J&@5e (Autonomic movement. of curvature) : SfGMd @ Gﬁﬂ
S 5o CEOR i) Taieis il WWWWQ,WTW?EWRWI
G AA HoH I W— :

(a) 3% 5= (Movement of growth) : B (@ HA O G I ST
e T e bew (7t T | Sreme— e oited Arely Mew P (erefeE
o BorRa Prom el oorelfy AR e @b S stersf oftw A,
a3 & e e QRS (Hyponasty) 611 AE IEasICRE RG]
Aol e N, 9 GRS I 1 (Pa—14.4)

(b) ee 55T (Movement of variation) : (I FTR6T ZP-Ia =1 Bfgw
WA @ B (7RI W OICE SR HI TG | SMIRAG—GTE (R qhTele
(Desmodium gyrans) Tfewa fa-va AreR. MR T 70 (@IER EMRETICE
SRR T QI T | (B - 14.5)

5@ 14.5 : STOE (GRATE) “reR gBEe vew
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(B) Wﬁ"@ 3 eige q@EeW (Paratonic movement) : Bfe7 W o T4 aﬁ@a_
Wwwmmwmmmmwﬁﬁwwuﬁwawuw

(a) Wafadie o= a Giois 5o (Tropic movement of Tropism)
(b) T 5o 3l 5% 5o (Nastic movement)
Wﬁ'ﬁﬁf 1 | |
1. e Teafre Wt fir -
(‘a)‘ T TR T LSS TEE TS Sow ./ WIS Bew T |
(b) wirfa @@Tﬁ?@ﬁﬁ?%aﬂﬁm e mmwﬁas/mﬁnaﬁas/ AEinae

HeTC SIRR | -
, (C) Wﬁ-WWWWWQWWW/WQWI
2. R AT T ¢
(a) FcaiEfiia awe g mmﬁ%w%ﬁim T (T TR
(b) WNWNGWWWWWT@EWW__—WI -
(c) Wﬁﬁm@ﬁmmﬁawﬁwn@@ﬁmma@%_
- JE ; -

14.5. f%ﬂﬁa"‘ BT ?T Ef\% 5o (Troplc movement of Troplsm),

mw mewm%ﬁﬁmﬁ%ﬂmwﬁv@—msmwﬁﬂﬁ%wm
GPRE 5o A | R AFR BeCe RS il et | Iw— S
(a) TTARY(E 5o A (PIBIGIHE (Phototropism) : SN HBETIR A wf%w
N @, G T T G T oMy (@0 G W T {eE AL S I wens
i & 9, ﬂ@WW@(PositiVe phototropic) 5o F&1t 2¥ | WA Sfgwa &
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m @Q??EI e fiees =m NGl I3 HEWE SR ﬁ%w@ (Negative phototropic)
5o 50 | BfG0T sirel (¥ e AN &) e e AR TR AT 6 G i
TEIe A AfFeGioe (Plagidt_ropi_c) et A | '

%@14'.6@1"@1@@1@@3%%%

Bfen oz @3 W s wat Reidis fie (o e el SR Jfa | @2 et
3% S NS SR P B &) T A | e e Teebifies wafie wrmera
s SR (A »IfRTITe! TR0 2 | 7.8 R Sl (oAl O, Wik (Al sifed s 2
B 0T @RS [Feiftrs ¢ e zrs igRy w0 5% e @R Ko ¢ i
0T | AR POT THFFE W (@ o S @ LT TER ¥ T AW T P
e s @R & SER [Reide e @ T

SiEeicea Sl (intensity) @3 TR (time) Wefie SR AR Toia W
foferm srorg ST | wiETeqfe e fifen Scetees FIA@ (Action spectrum)
AR TR O (IR (¥, A WG SRS 5o (P @1 sifFefies =7 a1 s
@ T (Thimann and Curry) 1961 R5IcH @M1 I @ &2 (oat) Fo-IFENIFNT IOl
IR SRR e wed ST ISR | O Fo [EAENE @ Fgomd AE OF
onTd zff A (Absorption spectrum) @ P 2 (Action spectrum) Qa1 I¢1 (1 (517 (T,
FNABAES (Carotenoid) T2l FfeH TGFAMLR WETRIE T SENT ARTACH Fer
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| ST (1 I B A AN A O Gorm S{R B G (O G, ARG B
@ S S[fFe Fel cerﬁﬂiwm Tzl da od | (Ba—14.6 ¢ 57 14.7)

@)

Ba 14.7 : SRS SET @ SRR AR A
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(b) wfSTqfSG a1 fRreGi*Iew (Geotropism) : Sy <1 71w FafEe Sfew wera v
wfewdyfe a1 fErehirem 3 | o ey AT SRR R e SfsTd e e I
AR | ERE T Yo Siqge SfeE (Positively geotropic), T1% af$ga fewd (Nega-
tively geotropic), GBlET, IZCETN &Sl Bfgn o5t @« =arepi sfssd AR AP
I #im, avra TRIAfeR (Diagravitropic) &% I&! [ Bfewra @ =17 o 5o wfead
7 wial fafEs 2 A1 oiwe onafeliee (Agravitropic) e | SewdEe. beme wifE 7
frafie = 1 s 3@ S eicar Ao fie R i@ o @ 7 @ drenas Ava
s ool o Rifns 2o A a3 I0ST Warel! B 7 | SRR Y @R QR
e Twd e el Reem ool g 1 e e ggerm Suawa e
sl we Refte T A, AR T [ A6 e @@ a7 |

| ”ég Y
(A) (B) (¢ D)

e 14.8 : wferd 3@ ¢ Riemeia (et got v SEMEIGE T 3o Wbe e
' aR I Borrm i I (oA

Bfew o7 warelo SfSwdE Hecs faE I | (AT (SN0 Ot e St (R e
T wfewa efena deifis 7 711 Rivw el we cvest, ARG, =i A
2SS TAMNGT T (PROET Mo s s | ofeed afdfrmia @y @)
THAMITSCEAS FIGIEY TE GR BB Twhe @ el afwle e Frgd I
SR SHIGINES <0 | T B W, SRS S SBiokie @R Movw firs svs
i A i Rers Refeyd st 4 v@ Yo ofede e fms IE |
(Ba-14.8 @ 14.9) ' ‘

280



@ 14.9 : ufeed fo—afSara dena HHHY @IEa Ao e FAve x|
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14.6 298 3 I q@vew LA 7S 57 (Paratonic
movement of curvature of Nastic movement)

(@ I SRAE sifeoia Tl FRfEe A1 3 win Slae aEl FafEe 28 o Wis
5 A | TeiEd At SNt Wit vew R[fen awica =

A—F FTRSIE TRR
B—i@ SReEeId TRR |

(A) B)

Ba 14.10 : TSt Sferm Fricapioe agfea vom
A—Sfemia AEd Sy (sirsl (Afe)
B—SWivEd SeId oSt (o

(a) PrIARTS : =, siare agfs Tnienea Siger aral fFafge wnfios e FHEnS
I | SRR —AFIR 57 B WP (@ e (Mimosa pudica) SN #1ow gre faca
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OIITA LG A | o QT TRIoHP G =2 (Eeical Lo #{Lal Aol Yot o1 | et}
AT AT (NGB FS AT, 3R GG e (Pulvinus) I | NeEa #Aroifd 7= @
. 27 O AN NHT a1 (AT T SRS (PGS b AW IR 9F FE
ARG TR (FIAVCEAIT PRI 517 (Turgor pressure) I I QR (IR (O
| ADA (PIRST FAAIA GR TR (PRGN PFHS 6T Aol I 1S |-(ba—
14.10) | B
() B (Nyctinasty) ; wIEEs Sigot @ Twor gr-3fE wdie Terw fiftre

SR Tl peces ARG A | Brread— e, e defe Sfgrr ot fwea
(T THAYE SN € WA SIFeld Y& AT Y @ Yoo ;||

(c) CPIBIIPE (Photonasty) : SeTcr Sigteta g1oi-3fs B oot Hewteress erwifs
T OIE GRS A | S — R g frew e s R spfiveR AR A

@ T | FHWNETS, gl 8efS T e +7 (1% e aew s <& 2 a1
S, (Sga ooy (@fsrr Aot s @R E AT [ AW AT S I

9 )

(A) .(B)

@ 14.11 : ReEaRe— Aorngs Sfewms 3T v |
A—ifE Bigma SR o |
B—urifaa Sfgera IR oo |

@) W(Thermonaéty) :@maﬂm Soifie T ARG 30 | Bt
o1 FoIS ol Felle e (WG g It ARYET FETA AFOSE & T I3
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(e) fAsI=51% (Thigmonasty) : SfeW W boW TI OF (@I IFI Fixferie
THISIE BT Aeie TW 3 OIS RSEtG 3 | R (Drosera), BT (Dionea)
2gfe sfonge GRma Ao e Aftes st Ao Aewed e ome
WYy RO 4R b (T A | AT S Sleiat @t siror 2fewd #M% 93k A0
TR Ao (5 €@ | (Ba—14.11)

14.7 TH*A

3% LTI ROIT 4T 5o T F0QT S9N SIA THT AT 7N (700 AT 7 |
3 BECS oA A1 AR veiw e | g g emers R It S e I geiie =3
AT O T 3 SRR 5E (el T | IR RSO g R ST Be ¢rdl A | 0T
JIOST TN 7T TV QR OIS (I S AE 7l | FIOeT o Jad I0Y I0WT SANT @i
5o (T |

14.8 TRfSE® 5e (Turgopr movement)

(e | BRI —TER SOl SPI (Poa protensis) “Foid <@ e @3 «JEI 5
AR |

ool

1. foree Sfgw wororeme & oenes sow ordl OF, T -

(a) FIGIER A =Icaa bor |

(b) TR FeTa Sramsa |

(c) RO (T 2t veiv |

(d) TR Efem oo = vom |
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2. AT Terlbre wet faw
(a) Sfera & o S | efeERd |
(b) Wk Iwoew A WIFGT ol Biicea. ofSid arar Fafde =/ = 1)
(c) BT vem Tlers ze1 ST / ©let./ BiEEt 8 i |

149 A

wemef@am ﬁr@@mawwwmmmnmqaw
SOl beW (TRIT I Te We Wifow e mmmﬁﬂwewﬁwarﬁﬁ
oY AR FACS AR | B Flee o AfoTerd! IR SR SFers) 5o (74l
T G GF T e A TR (A WE T @ AN @ ACARSIEET &) SRIea
SIC] HER FACS AT |

- Sfem Rfew eta vew ol I | e vem (R Rrete @ RidfaeTa w0 T A, @}
T b1 WATTIST | PRSEAS Gore ARTETN QR R 5o (PIEI PP @
T A | G o T aifeeie qrat Fafae zn g ke som Swmisitea fSorns
@ﬂWW@WWW@%W@IW?WMﬁWW
5o OO [ I |

14.10 ﬂa’m bR

1. mwmemmmwa?m@@wmwwm

2, WWW%@W?W@WWWWﬂ:@M
(A P |

3. g Bt fergm
(a) Brfoe Bame
(b) PRGIENRGS e
(c) wrPfeafe sem
(d) T
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4. ds o T
(a) G e TfSs vei
(b) «f*mf% 8 YIRS
(c) Bifmafd e FreenE o=

14.11 Teas=
S 1
1. (a) =RE oo
b) @R
(c) o=@
2. (a) SMhEGES
(b) T=lbT vew
 (c) QT
SrpAteTar 2
1. (a) &RIFY BeT
(b) GRS
(c) Feeanfss
(d) TRecIRS
2. (a) efcgeel
(b)
(c) I 8 O
T AN _
1. TOTES HAR (IR TR el o 2w 1 e Wi vetw Ssicen e ereifie
27 | AMES 5o 14.3 @R (A) € (B) SRt e |
2. 14.5 @7 (b) B WIS |
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3. (a)

(b)
(©)
d

(b)

(c)

14.3 @3 (B) SR TS |
14.6 @3 (a) S SEADS |
14.8 S0 SO |
14.7 SKEY SIS |

5foi® v
Tmivitea e aar Fafae za)

afoefs
Ao TART 3T (I &S I
SMEIIY WOIT 28T YL I

Ffermfa s
TR A, Wl A9

EiGticir oSG
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@& 15 O ’T’ﬁﬁ"‘iﬁﬂﬁ%ﬂf

LeL]

15.1 &=«

152 Ty

153 @S sgfe
154  wROGIEN
155 @fatem

156 IS

157  sdies

158 FEwAE epast
159  Tease

15.1 o=

fafen Sferma o= argon Rien oo Fm =) =W, o 2pfs Sfgrm go1 Sy,
1, SEwiE TR AR Fo1 Mo (@I | A TAH!, =i—3 47 M@ @ A
AQPCOR T FHLO AN | 7ot g5 TS et Auaaiera B Safe «ar oo
L ol 1 TCdia SOIRCE SIETT 2136 e | oot @ Roow agefs Wit sifigfe
gl faargd o= o TREIEw T «AfR7e | FREEN i WS maw s g o
wioa MAIgRT efFmn ifdces AN 93l Ao FREE AT TR | @3 WWHD
G YIE ANEGS SIS AT WATSRS | N WisfaiaE (5°C) NI oA
5 A AT Taa s ISR A |

15.2 Twey

(3 G0 A I Self—
® %7 FFO(R BT HIETH S HIE LR S FAEA |

o ST Bfem TIRGIEFTIF N JSI 71 & el Wafze @ o arn s
AR | ‘
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o T ISR FNIe GeAWd FF O @RS 2R |
o [N SIvNaY SOIT FSI@ B© A &Fod 9% (7 KW TS A& |

15.3 WW

fareaial afi+(17 '@ ARG (Garner and Allard, 1920) mﬁwwwmmﬁmw
mﬁamﬁ%mﬁwﬁmﬁwmmﬁmwwmﬂﬁw
W%@mewmmwi@mﬁhwmﬁmﬁmmm
A IR FTIA. SSR(DE WEAF A& A Photo-periodism I | : |

Ao aenfon oo epon il WS fr (iedia Bo MSamia e 6 SIETFle Il
Critical photoperiod I | k3% SEIFIIET A few = g @f@«—fe@ LA QACIL]
T

1. % 1 8few (Long Day Plant)—C @WWW @ Q@M T 4
il et st ergibe 2@ oes Yl Bfew et | Snieseraiol 3T AW @ (@A (Hyo-
scyamus) MR HEG S 11 91013 {3 MR o LGOI &= 11 1 ([ 7
mw%m@wm%ﬁmmwmwﬁmwmﬁaﬁw
@3 4TS IS |
2.7 a1 ©fen (Short Day Plant)—@ H9 BfEW &G WEAPPIET mwmw~
(AT T (I O 3 WAl Bfew et | ifERN (Xanthium) Aefd FES SETIE 15.5
951 | ©f% @3 SCES (57T I SE (AR @B SN Tl FHR | AL MO (@ srReferes
To (PG O SFPRAZ 37 il S| '
| ﬂﬁﬁmwwmm%m@mﬁwﬁmwﬁammﬁﬁa
I (2B T | OR G 37 Afa Bfeme (Short Night Plant) J&T 2| 99 i 37
Sfencs AT «fd Bfers (Long Night Plant). 36T 581 | :

3. @t fR=eers ©few (Day Neutral Plant)—— @W@W?{Wﬁ"{fﬁ?ﬂ\ﬁw
Boiq RSN 77 Siora Tl acers B e | @R Sfeneli Te @ (I ¥gred TS
S{cR |- x, Tt erefe i e Sfen |

4. g¥A4 T ©few (Short Long Day Plant)—@ Sfewa <> &FLCRR &) AL gwﬁw
8 ARG Y fraw e o g7 Al Sfew e |
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5. Wi g% rar Sfew (Long Short Day Plant) — (7 Sfgma o[> &gbeaa &y Qe A
a1 @ 7tz 3% e AEew oI Wz F M Sfer I | ’

wﬁ-l.wm@mﬁfwmmq

feree epfe Sfere Tmzaa

1. & frar Sfem (@R (Hyoscyamus niger), & (Avena sativa), Rl
(Sp)'nacia oleracea)

2. 7% frar Sfgw ] (Solanum tuberosum), OIF (Nicotiana tabacum),
sifga (Xanthium pensylvanicum)

3. frar fR=eers Sfew = (C ucizmis ;vativus), Baee! (Lycopersicum esculentum) |

4, A T‘:WT Tfgn Eﬁ'@@ﬁ%{m (Trifolium repens)

5. aﬂ’{‘? a1 Sfem QAR (Cestrum nocturnum)

- wIEs sfgfen o fefeilRe Ramefd sw s —

(i) 2 gwfon s ST A

(i) 93T 2¥ Tl Bfer™ A6 EFE A fral S A6 SARFPIET G @
B0 AN | @ Hyoscyamus S A4 71 Sfgwio 76 w11 951 g -
Xanthium 5% 27 W1 Sfgrla 736 ST 15.5 9961 | @2 46 Sfgnz 13 9551
ST SPETS ZrS A | Q917 IBI I AL NGNS Xanthium Tt FH©
FACS AR G Hyoscyamus AR | GILSNE Xanthium 15.5 9610 @
BCTIFPICT Fo FIOICS 37 7@ 1 [ Hyoscyamus Fw9 A |

i)

(iv)

2% a1 Sfemr@ 2 & FRI6 SEFIIETT (50T I I e faeel 1w &3

foe ST Sfefie T 2@ AETRRET AT TS T 8 T 7oA Toae

QA 2J |

frar fRscsie SfetrR ot 711 Igro2 T oce AAIE, [ (@ 17 Sferma oo apow

SIFNIEE TR ST I SId (Fa AW Agres T TH|
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fReaida ocal o Faes @ O] Sfemr ova eve S W I o
fRpgrel AR SEFPIADT A T OIFE o5t SFHAE AT T | IPTSIE 37 Wl Sfewra owem
ST SRR g QA T @ TeraEm @@ wwre JfE ofiefre o)

o[os| PFHTR B9 ST (660 nm) 6 WA S SENA (730 nm) TTEAcAIey GHRA o7 1
(IR | 27 R T ST T A S &0 (R) FAE 2 S Fow JLe W e
g A SER IR (FR) @3 2wl wwifde =11 sexfics, as oeen @9 Sfema
(L FPOER TS [5G WA e SETR O 27 2 Fo IS 27 | s 9o faw
3% 1 (MR (@ T8 TN G I ST A1 @ YR AT ST QA1) 901 53 O AN
e SN I8 907 egphw AfEmiTss Faael 302 | @3 PIATE TN A6 St ¢ Hga are
o 3% R B aRk @ T A f Sfew g ceid (B 1)

T i SR Z3 fran Bfew
| ' R
—— |

- R/FR/R

o, [ I

R/FR

et [ T

R/FR/R/FR

= 1 : R @ FR SIGTR g Sfgma oo Afagoa



154 FIREEE—eA ergha gl ae

Rt L7 ¢ @AY (Borthwick and Hendricks, 1956) @i 2uid Ia9 (@ MR
AISTT 71 (R) & AYF &1 Ot (FR) 22t @3 R[Revw g ML Sz T FEGIrs
A WG T T | ofr Lo e wiReeE Rl 2 -

(1) Bfgrm s wRETEN Jgoh Gl AETEIR AL e S| AR S
CITEIRIR PRGNS Phytochrome, 31 P, @3 H 37T S CNIORPI RGPS
Phytochrome,, J1 P, <7 23|

(2) P, FREICEG A ST oI S AR AN P, @ HAGAS 27 | 1, Py, i
A G (N I P, @ Folrefire =@ | q=iel A S eeeifEfere A Py A
il P @ FEfae 7 | @2 e fesiaw o «fs<$s (Metabolic dark conversion)
| G IR A WY 7@ Trfem P @R A (@ =)

& JCE] (66V nm)

Pr < > Pfr
A 37 74 §et (730 nm) J
\ , /

Ffgea= Py

N
N g S

P, 8 Py~ 93 TTGR S

(3) P, = P, -3 FoM9 43 Toxdl o uR I Nieieces MoeR @3 weied
TG | G HATGCAR FAW FRGIGPIOE GGIREE (@12fbw @b H 7w gmres 96 | P, ¢
Py, (NG AT SR ©IR B AT SRR Tell AW | W17 G{6 Sracaiay
fegw == MY 1 Sfetrm ¢%a P93 oIfEs sied ariem 3R @ IR A e w
S (=20 FFOE TRE | SR 37 1l Sfeww o091 &g &+ P97 7w
&G 74 *1$ (Pre-condition) G3R A T SR &ASIF A ARt A ez $few p-ax
AHRY (0T A | .

(4) ISR FRGIEN G0 Aewre @It | @3 (@R @I A 3
Qs G0 GRIREE @I 5 AREE 39 79e @1 @Re §”E (Linear tetrapyrrole)
Aftee A | @3 TN TRGEERi awme Afifve |
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@B (IR ol s @l sl AR ¥ A0 | Spiemiba sl Ere
G SRIoI-ET | &3 (Oat) FRBIFICE G2 FT=5el 1128% Sywizm wwwz R
s @ @3 Ml eom 124 kDa (RETGEDA) | Avena B @@ oARustobize womd
DNA-93 Premie sifige 2= (Voerstra ef al. 1986) | (f%:‘fl 2 e b 3N

(

“ffercorobiEs

Pro

Ba 2 : TRGIEGR IPTES o457 @ FAET
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- ~

CHj | CHy (l:H2 7 CHy)
! C|3H3 ﬁH' ?13 (‘3H3 ﬁHz cI:H3( (!:1{3 ﬁu"
L S S S e S

‘ I |

C C c. C_ C c. C C
O/ N \C/ \N/- ~ 7 \Né \C/ \N/ \O

H H H H H H
P, (&1 SIS AR

Py, (ST & AT CATEETSN)
JPETEED . COOH COOH
v CH; ! CH, CH ,° CHj !
’ ! I' I !
\ (I:H3 ﬁsz ?HJ ?Hz ﬁHz ? 3 .’(|3H3 ﬁ“z
C==C C— c==C '‘C—¢C
DYV
O/ N \C/ ~a” \C_% \Né \C/ \N/ %O
H H H H H H H

fboa 3 - wREFER PR 909 > 9 Hize FE
FRCYICE FGET T P @R P, IGT T o<yl |

feaial wre 3l wwEgell [{ey 7% IEET @ (IR wwEs SpeenebEE 321
T3 e SR wEd AN AAZAR IFAF NGE IS AT (Riidiger, 1986) |

(5) ST T (Absorbtion spectrum) &% A ¢ A @ P, 660 nm SITH-
WY QI @ P 730 nm SIHWHYS W AL{ES Ad FH | QUG P9I SES
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CIRICET BIY QETRIETPeIrd (I | A1 4R TGN Hq& AT SIS (500-550
nm) e SAfZEIe earEe R (foa 4)

ORI T
(OD)

300 400 500 600 700 ;300

<o (nm)

a4 : P @ P a7 cMEY A

(6) ¥ Trararalen Raw orF oA (MY (@ TEINR A G397 WA PHYA oo
PR 78 T PHYmMRNA-GR MU AT P49 SCATfa a1om e A o8 A a1
TR S P-4 ToiT8f® 27 | PHYA f&t, @¥af PHYmRNA @ Wtee @i ffgs e
T (Coupland, 1997) | WORFIFT ¢ AFTT—Ton AR Yook T NG FREGGEH
e 405 | FSRRIeTE PHYA G siestiaiBs siom e @3k 21560 Goi=iRere cegnffem
GBI TR0 9B | 3 7% ol RGN G [T 2@ sy FRGICPN A FIREGIGE
G olow |

SrepETat

1. 7Cweet Ter fuw -
() IE AFYRS P A2
(¥) @36 fwar fRaeers Sfgma W oiga |
(o) i R Bfew 2w FREGFEN G I3 ?
(7) TREGGEERER Fe .
() P, 8 P, (@I (I SHHRCHYS Wicel Affe oAl I 2
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2. Afés Tealba A W =
Hyoscyamus @36 (%) 23 @t (1) 0 faar (1) 1 Faeers S
23 i1 SR 7o AT @ () Py (X) Px (1) P, A e |
afesE A 7@ Sfew () P, (R) P, (<) ToaR wfis sk H 2|
TREGFER 2fFebiReha ek gem (F) 50 kDa () 124 kDa (9)
248 kDa
3. Wowe T faw -

(=) FRGIEN @6t IEES o7 TEAGT T |

(}) ST #AHigfen Toix e wx Sfgnes % fice 15 w1 e affeld
mﬁﬁaw@aﬁw@ﬁ@c@m%{m

15.3 Fifae=

Af¥e Al 512eaE (Chailakhyan. 1936) 7@ Brad I (@ BfeMR 7o A6
T G0 ALEAIN A & a3 | 9B zaEEit fofd @ifires Tien wfefe o | Sfgr
A A eI Tt SRieH a4z FAE AT @fes T AT 96 | 9]
LA R &) Sfgnes 71 siffme O, Srae T30 28 W3R @Is Gro xS
3 WHENEHT FREAE Ao w0 | S [Remak 7@ sEw @ i W@ Sfem GA T
e ERfRTe™ Redaes geifds o | W Tt Bfgns Hasaietd (o W e e
GA TS T o7 Ao o) 41 A T fafseeig aud o3 (@ @3 Zaeate @ifdmes
FACAEI Ty Wit |

SI3ETIN 9% Xanthium NS 7 MAPE @Y O A TY et ar saesf
Xanthium NP IR NG TG A | Xanthium 37 a1 Sfewn 3w aaw swefice @
@ifien Geom zafe o A e a1 Sfrefts oiRs Tw ARa8) Aefites &
@Ite AR @ | =G, I dEfeT M AT AETIE i I OF A T
A7 MRS TR NW WYE I 770! ARefs A s em T
TACENS O 7 SO WG | 3 2w 767 T &Niae 27 @ @Fifee weaita b
ffie gt site 31 Bfew et Mg wfieaiey ak awfs [ifeiw 3 wen (@)
“oforl O RIS IR |

oo >
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Fifdrem FfEe oram gui qdeTol T8 (@ SN TRIER TN 97 Rwdsad (Purifi-
cation) 83 T AH RS ITARS 5107 FoAF @uwe [Fghl &l 383 2l | @3 R
faearial fare (oiree S0 | S oo g @rfcee i ZaeiEe ofFe’ (1R @ R GA,
HGIE GO *Fq q2R B S 8 ARG HA9S SATCR (C/N ratio) o1 276w
Aferae Fegd 3031 SR o Resmior e @R Sofs Aavmie 8 ©3d 26T
Sfgn (¥ e s s aff K98 = T Sfen o wifés sicem (Acid fraction)
T 7o YOI AT ToAfFe A W @ifFee @fRERe wEwme e
A | RG] e e gime @ifdcen 99l oo Sl GIlrRe s (el |
GIHAR FE IR IR AR G 7od Reafiorg aigen Awere o At

gl @3¢ &S (Florigen is a physiological concept rather than chemical reality) |

ArefssiE qfitem FeiR fifen ffmm aeifie a oot e efFms Mgl s
G faur sEeere o TR | S o9 et qumeed @3 & ez e FLOW-
ERING L(+ 'US C A FLC 31 | @3 &= oig oo siomaid sios el Seife
AGAMOUS i IKE 20 (AGL 20) fmss [fg 3 e 1 7110 wicenss #Rigfes exma @rfioes
AR M o ©F G NG 2fee @ TRyl Siedwet B 977 (g
@ FLC f#ites i3 63 (78 (Michaels @ Amasino, 2000) | 93 % AGL 20 RS 7w
Q| 3 Gl TR eAsa slol qderg [Gas AEF @ oo R IR oaes
StoIAl el =1 APETALA 1 (3R 58 =), APETALA 2 @1 AP 2 (31 Q1 wetanasst s1ow
FE), AP 3 (SE¥F A I@) € AGAMOUS Al AG (SStIa 8 <) |

15.6 IFFIFAS (Vernalization)

1928 el AR SN ARG (Lysenko) N Taeod @ond Sfema 707 &g
afras gaifie < efFme P A SfeRe 3@ | Mokl ST *77
TG FE1S &6 (KON SN O @M &I TS 2| @3 4FEE IS
Bre wrgla R Ol (5°C) S@te FF @ IS IATSFIE @99 IS B TR
T 7% T T | Aol AS(F THOI@! 1ol I ISP (@94 THCE 2o 2o
waifi® 23 EER G2 AfFae ATRITAA 6 | Vernalization @2 3%AE *%fH sy aifera=
*% ‘yarovizatsya (I(F QORI
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&R Sfera wrae SR A AT aerd [eiEaiE Afefre 21 6,
e ergfe RAAEIR Sfema (wia @ AW ([@FIEa He @ oFF T AW | 4N q-A
MO TFOIANG o420 FAT TER G AFI IG7 70 AFOH THA 27 | 7% I (1=
3 Tfgnulens Mo AR 1 A0 et +778] T8 A vy T Jfaele B | 99
(A SIS 20 @, o> FLEHET CFe@ 5 Ol A eerd @3 WS ger Bz | @
g7 R ER Sfgem Awcs 8 wemaw g a1 +7 wgfRe 2o te gaw =R
SR =[59 &h Al T AW F0O AN |

APFACR *o— IPTRRe 2Tl sl *Ida T RSl
(1) @ s IAITA FACS YA OIE TR e o=z qA0e |
(2) & FOIE G I WA IFF (FGE IPTEIFACIT LS AG] (73 |

(3) IFDTAET CFGA 5°C SIANANER FHAGE S Siofial Fefl 23 | 0°C isfia
O (@ WO IFRIIFAET SO TF FA AW Al

(4) Secale cerale '@ S TS BIGW (T (AT INGIFACIR AN TS AGIAT T
#oo &gow Afeaf vog wafie =i

(5) INGTA 2l 9ol 0, W7 @l | iR 0,97 weKT W afiF e =
o '

(6) ARBIFAS T =T 7 Ae A Tfgwe T Toed (25° — 40°C) SIoTAR A 2
IEtE IASIFACE FORG 78 T W 93 [odfie afsfame RdEead
(Devernalization) s |

(7) Sfen W e Trow AFAF e TGE IFEIFA Fofer FF =2 1|

IGITACAT MAIFET AT S —R@R (W6 (Melcher, 1936) IFEIFS (AR
(Hyoscyamus) Sfgma A WM@W (Non-vernalized) 6t (SGIeT™ (A &% I(I @
o Taeo! awmesl 1 SIS TRIAGITS BfEw o e 2 | ARIOIIIE GRTGIE GR FI
(Melcher and Lang, 1966) @2 T&I08 SNGW @ <1y 2is! TGRSR T BiGm 7o
PO TS G TN AT T TS Ol SR I SIfSes & | GA @ SH{fiEs
TRl 72 TE8 GA HBIS I BeAAma A O fFaics §aIwS T | Sinapsis alba
A Sfemt IFSIACEIR T PGP e GG GIRSHINEA (ol T8 T Ao &Y AITe!
I | R @ @A @ i Rt @IfHee SeAmE R FF GR AFI0! AR
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e 4o Sesmaid femafer e wm g @ibns ARy o | 3 Ran Sawey
@ erifeiae gl wfy w1y wiikge @l ok sHifmme ol wxmm
(Hypothetical hormone) 3&T T | MYIFTSIA IRSIFANA oiwfors Fufie eafras mgm
T FA A |

550
[ O (5 °C) ] . -

T

GA &=

e Twed
G e «— «———— SNl
[ Femi@ae ] 25 °C40°C

INSFACT ST :

(1) ISP MU NGB ST ITSINE TFRO T o1 SPGoas gaIfve
4 T |

() <2 T T GER g adad Sfew wotsits w1 78|
(3) IS A&foT To1 Tfed ey HZTMETe! (Cold tolerance) (ATS e

(4) IS @A N IR IFSFAET T Sfgma zaeaive @i afseany wwel
(@G AT |

(5) T ¢ NSBIE TFRMAEI (S5 TGRS ¥G 1 I IFTGIFAcae [ea
WFY (2| F (Kar, 1943) 6 M vrQdad wo@ Sfeme 3w waifes sare
(ACATE ARG GICwCa oA AFHE AT @ AfFaS 7 w1 T

15.7 Q™

Bfera oot egon AfFm S RREE Saw e | afsh awifer «alt MR
ARSI S TS FFo SRR A | A il Sfeva ovt@ 7136 NI R
@ «R 27 T Sfema cwea O (5T I AN e e OB oo ego T Bl T |
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FREGGEN TN @I @G SNERSRR AGFCA G I | FREGEH P ¢ P, 3
S SIREINIRRCe S 0 | P, STl WG (IR B0 P, @ @R P, A S O G
A P~ oNefEe 27 | 9ol EE P, (Welfl P wifFafSe 7 R e Bfewrs owa P -
a7 @R 37X WA SGr@ (W@ P97 A oA SO TONF 7 X | T Ao
I RAYE w0 @RfRTes A @36 AW ST I T AT (AE GRS ST
#ATS T AT e e | 8 Oem@m (5°C) 2oiRe Bfgra oot egow afemn
TS 2 AT IFWIFA I

15.8 F&eeE opEer

1.

SRR T A
(F) TREEE @6 @9 (@PIEER Soa I |

(/) FefFm e o O30g TIREGIEN S1od S|
(1) femi wiRGE™ JfRce A 7 IR |
(?)  @Efitem e oFifemeE T I

2. s TEla At v () o fe

(F) EfTER TAEET T AR T JEW R (i) @A (i) v
(iii) fafea '

(4) fceEa wnie esa (i) 240 (i) 124 kDa (iii) Sr&rs |

() @ WG SETFARRE 8 I Ton efFar aeifRe @ Gt &=
(i) IAA (ii) GA (iii) CK |

Arwret fRnfefie fTaefe woid s s -
(=) 7Y T Sfew

(R) P,

(o) cifares

(9) IEIFI WS
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15.9 et

SepRTeTa
1L (F) oo QFOER Tofd Wl U7 I TR TR AT S« 3 |

(R) = (Cucumis sativus)
(o) LTS @ =AGH (1956)
() GRARER ==l oiffe PRI o-@fa st FRGuwmRim @
(€) P, 660 nm @ P, 730 nm SIAWGYS S HRT 0wt ¢ |

2. A () .
B. (%)
C. ()
D. (%)

3. (F) 15.4 Sqm=w T3
(q) 153 (LW

LT bl

1. (%) QIR
(}) @Afoe
(o) PHYB
(7) awfere

2. (F) (i)
() (i)
() (i)

3. () 153 YW
([) 154 gA
(o) 15.5 cgw
(%) 15.6 @8
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qFF 16 O Fred YY) A wAMiH

NI
16.1 g
T
162 QY G O APIACSH
163 ALTIT FIDPRR
164 ILIY SR AGOETR
16.5 QLT WY |
16.6 SFRWATH =gy efewm

16.7 SFEMAIE TAGNTE G
16.8  rest

16.9 FECE e
16.10 Twawien

16.1 oI

@I Sfen S iﬁzn‘ AT Zore 20 OF YT A TIANH (dormancy) I« 27 |
Sfew A GR [FE G2 (AR A TF I W | AEere Ao oAf e (2w
AN & N A I AYRIR B T R @3 43a evm Al sfoew sarg #92
AR ©% 2 IR Sraferce FreiRe Jfa Afetere w1 «five I mibcs eem s A
1 AAZ IR IR FES 2 | GF ANAE AYE) (primacy dormancy 3! post-harvest
dormancy) I | SRS 0eTH MY SFEMEIWT WSBA Somiei Ffe e SHFe
YR ARG S B SFCAEN QG T OIS (N Y@ (secondary dormancy)
W | PR [fen & werea 3 AwR AU JaW T ©F FAro AW
R —3 Amroafer iy FRRER (scarification), W= S1osal egs), @ SigFAME
J2F, TR oy 1 ARGRREAT TR e s agfs S@aalal | SFEmss
A wowsl R AR TG T~T 27 | @ —eet [, SE RS Sernasi
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Afezrel, P 27 @, THa Afwes IMEER TN, DNA WKER, T (SRoe
AR TS (AF N[ ¢ IIPER WNEwR Mg Srgamew w74 231 GA
YO o -SETS FREAEE M *PHACTI-SFRo fern frge wea | ARGeRAE
ZAERIDG FEEMAIE RS IR SRER WEE 24 SR AT A T

ST ¢
3 GG A FF eAfi—

0 JER YYRTR WA RSN I TS A |

o @M el waifte TR o widie AYRY T TR T A@T G
FATE QR S FACS A |

® TFEEIGI AN AT MA@ (57 AP AfFISTf 7 Trs e |
0 TFEVET NaFeRl e wfrel JRE e o |

16.2 Q% ¢ o ZEren

e @ +ifFee T g | &, oM ¢ weal i Toge AR cofee A
oo @ SRR % T | SERCRE (1 I @ BAYS ARG (Ate e Tered
MR Fmafel Mg A T A0ET SFERMEN A1 | TS A ST AR e
M@s AP Aoer wgame efenf Ffore W A Joe qARE A T
(dormancy)?ﬁ!%m WW%WWWWWIW%
TR ROR AR, TREEA T o, o, ST el s Ro 3 gre R,
Mog (e &3 (oI PN OHE THEF FFORT—d 732 YA FAIten Nd | O
Ao AAER e vzt TR @ owg (o |

FeraER ewracew (Type of dormancy)—3ier Rfeq «atas el 1 TeapifEics i
NS WA (terminology) WE AN I AR

1. 7gEe ARG (Innate Dormancy)—3IY« e e g @ v JIER R
YA SIS RO YRG! A | AP I TR SR IMAPI Ze g, Sy
FEo Jf AR FEER NfoRe F% dgfo O] 4Ha R g e |
AR AR g e e Ty Sfeawrs 1 311 57 7RSS AYE O S I |
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2. A 4@ (Imposed dormancy)—I44 SFEMAIE %3 Ao afepel s
ARCICT oI g 200 AT W ©37 O WIS JAE 0T | 9 A GieTd
TSI, Mo (e THYE TR TSIT @3 YA AYRT] o7% I AW | 30 2AREeHE
ST ST [AQO FAEE JG(T IFR© 200 (74l I |

3. ﬁm‘(lnnate Dormancy)—afus s A3fre I3 e TE @Rl
WA (Aging) B UR WA GIRAME 78 W T | @R €I AS (@I T3 WLl
W@WWWWWWI%M@?&W@&WW@&«
3 (JR o W& (Non-viable) & &1 2| .

4. %7 TRATIIEA 276 ARG (Post-harvest dormancy)—NIemez AP IS
398 e i owta e QY ST WS | G2 IR0 T (O 917 A e RAT
FAR 198 g Mo AT 7% A AW, A =77 FRATIEI 270! HYRZ! A Post-
harvest Dormancy 31| #ifR°/@ Aera Ty ARF AR SFEMSEE IAamE SFROGT &=
(ABA) 7f%s AF | & MRAI 17 @3 ABA S#ifbfoue fram o= 8@ 8w Ao (I
ummewm%mﬁwwwmnfﬁﬁmm%ﬁ@w%ABAﬂﬁwﬂ
T I AT SIS SFEE &% A AW

5. 330™ (Quiscence)—ArRASTHIE BRGHRMA FIETH AINE QI *H(F FII I |
eifget A0 T 34W e TFEE A W S WS JLIFR ATE TIH O
TG I | SoAfc, Fed TSR FIAEIF Tl AW TFCRAMAT N WH ONF ASF THIH
(dormancy) <=1 27|

163 FYTYT IO

€T 1 G T PR T NS TP (7 T | PR zei—
A. T Juree— Jeress wfoRie 3o 2@ e qYRE (O19 IR | 97 @7 Jeorgs WHfaRe
IR ed TFRS o @A @ |
(i) Forafic, wieicef 2ol cseam Sifgwied e Zol Gra NG & A FACO
1 AR SFEMEN TG A
(i) Xanzh}u;n@f@mw mﬁ%ww%m%ﬁa@%ﬁm@wwﬁm
e 2@ FACE A A SFREMON TEINT TW Al | AGF Aee GG
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Aafba Wy SRHEm 2 T3 Ao FrofEs wgEms™ o6 | S a9
fon Tt at Ao T TGYS SRCSEHR NG I D o e W
(iii) Alisma plantago, Amaranthus rétroﬂexus agfo sNtzg eregls QAN ERIEAS)
con (A (MA@ S0 AT A | T AFEAMET HGI &7 1|
B. woifade ga—aifFceR (Orchidaceae), SHARGFIM (Orobanchaceae) gefs (sfitaz
GG Bfew GR Ginkgo biloba 9T &G Tiewma Awmafe 47 WS #ite w4 Are=
Torerd Bofs gafs weifiers wagm o | FeiRE PR g ik srgm A o e
e AR U |

C. TFRMAE AR Somvies SARRR—erm way s ammfe smicd =
e (e @S FAfFTerr IFEMEE AmE I FNEE, ReERS o, afee,
(Tl O, (AN gofe (@l srame a1k (R o @ @19 e AR
- oy g M @i 25 wrRGit o Wi @3, 3fa efSmias z@ew (Walton, 1977) 1

D. IR AEEATS—es, 5 aofS ited Iw @NEdIE ARvieel e FAEe
FRLRFT AT | NSNS 75 SAN@R @I (chilling effect) e @2 A} A A
@0 I ¢ AFIO IS Aeafd gfEe =@ (b 16.1)

100

aof
80
0°F
60 F
50F
40
.30
20¢
10

T g A

L A 4 A

10 20 30 40 50 GO 70 80 90 100 .
fa
AT (4 °C) ST

Bd 16,1 : o Newd W ORI FRIFIPIET Tod SIFEMSE Y|

n i

E. Sitens fRSaet—@E03 (Lactuca sativa), SIS (Nicotiana ‘abacum) 3!\_?% =R
Dol TEERMA A7 TS I Aol o 71 e ST FEHW AN GO
AR A | @3 FAT AT 4RIGF @OFIFTS (positively photoblastic) e e |
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woafs Nigetiu damascena, Helleborus niger 255 oiitzd &1 Sea SoAfzfere wgfie
W N IR TFEIT GARFRETOR AR AYRY ©F T | O AISE (FIGIFIF6F (negatively
photoblastic) 3 3|

16.4 RITY STHA ARSI

SR wiE e JARY @B eFed W, Fid Ae oFRe T W S
Besiva 27 1 | AT TR A & -2 (@ AwfoeH e s W olefl wm—

A HfRR— @ s #w Jervecs s a1 g3ige F8 TFEEMI AT
it o9 20 oite W a1 @] 27l IR PaRes o AlE—

(a) s FRRTEIN—Ee TR 9@ FEeE A 3R w39 Toesw @ n
frte srgame et wo sum w1 agrel 2efE i e g e wf
(Hammering) 31 TR wioie i Sergsras 908 #iieet w0a FiRRe a1 78|

(b) mmﬁﬁ?@wme@wwﬁmwwawmwmtﬁam
@R ST TGS I AW |

B. A st airate— 5-10°C Sisiiar e Rgmed 1A ARG ©% LS Al
(Crocker and Barton, 1957)| SitHs fReeaiat @3 swfers Fifbfeee== (Stratification) =G
wfefEe Tater | Fy svma FerR SgEme RIwse! 303 O AT Tl IR 93 @
feaca Rfen ez R 2|

(F) AR e Y oA gei A oA afFa Saie @i
) oz T 77 S wEre B 9 At @@

(51) T @ G T (Fine and Barton, 1958) TI0erd @eicd fH4zmt (Peony) e
[ (A G O SNBSS AR TG |

C. ez S ems —TaF ¢ AHA 7% A @ cREerw Ty e T
oA (15°C @ 25°C) e A SHE WS SFEWoW GAfee e | @¥rweg O
Siofal AT TSTIE AT oW Smw-emie AT @7 |
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D. ST ASF—SNANA (49 S (A (AERA @ @G &S
T (AIGEITTT eufns siem 2o wd SEEme 7| R
fG ¢ WaferS™ (Flint and McAlister, 1937) SIRe o7F SA@A €3 RG1d ERGFIEE
Aesferrs A SEN A T TO AYG O 77 | & Acer FIRGICP . (P, )47

AT G o1 A SFRAIR 7S | [{earf) (it @ (Kendrik and Frankland,
11983) @ At ERe Wow Aew Aeeraace wROGE FiEe AR A =@
T (R fRerea 2w A o |

E. SIS qe e —Xanthium 5itza 3o Jergmrr Tafrs 0, 2= w1 F419
et 9o e g A | B wikieE el el e Hag on W)

F. Za0t79 2ol —fERIEhR oF ¢ ARGRRANET geir w0 o 1a[e diba
oEfS 7 | 4, S 4GS wANTT e GA-aF AfRe I (o1 A A ea Sgcameie
Fel QA FE | @3 TP IYTONI GA @ I AEd QT ©F | gl
ARGIPREAA el TS AY A TFEME TS (T T |

G I IS AMITHT erEil —gen A& AMP (SIS NReTES) e
A NG O ERS 2 | IRIGT SFEWEIE HLRS (A1 @ KNO,, H,0, 29l wited
@9l @R ARFSF, AfrermRa 2ol T @61 wEs AeR @@ (@i G T
A TAE TEFEEN TS =7 |

16.5 FRE= g (Importance of Dormancy)

AR 3 eI TE Qe SRES 27 A1 8 a7 T T GRAMNS TS 2T | O @S
AL IEIO ANAIge ghiwl Bz |

1. SregaE Fet MoiE @ e oAfdeiFel e FF O wo wFFe & Wy e [{ws
W T | G2 T YR G Mo afogs AT Srorel FICS AT | 9PTSIE
AR T e Sestn Al AL ARE NS Sfoe™ e IR wgie
=

2. A A ABE A SR A TN AT TFAS 200 AN | G3 4G GRS
SIRCAMAN WOCE FIATg Ofew =Sl g9 (AT Besly BRI AR e FEre A 7
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g

1.

Afow Tealoa ot v o fam -

(F) ABA @3 2AGioT 27GIN A SFEMAE AL H B |

() e ASTTR I G I TFEE A GG O OIS FREH |
(1), O, & TACS A A Xanthium FEE GART &6 ALTER AT |
(}) G @I NS @O e

2. AN [ T
) PifFE o fiw 9@ Ao oAree w0 Ao YR X I ARG
— QI
(A) __ @3 otew e @R @3 Toa (el [ ST AR I |
(o) 2D ST FAE 4-TE SFEMEN A 27 |
(@) ofs-Aw Ay wemmEm _ Reiees 7w Afdw o

3. ﬂ@ﬁ'ﬁ[‘?:
() o™
() PSR T,

(A) SEETS AR A BEAEG GHE
(%) M R
16.6 SRV *ﬁ%ﬁﬁ? affera (Physmloglcal Process of

Germmatlon)

%mwﬁﬂmﬁmm@mﬁwm%cwqweqwﬁ%

QA AFACE ST I | Tgeamem it FuflRe e Reow - ,
A. SETCIEe—3rergs ¢ AGAE (micropyle) NG Tl A0 SOTGR AT A |

SR

SEFCEI 2 @ (Ol AfeFAl | SfEpie e &AL 4-6 961 TR AR e

e 2rere 3 S & 72 91 o8 G AF | TFRIN HEOCS ST AT~ rotese

ﬁ_
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1. T GoAffors Reamals wree 2@ Asgrad e T61 | SEeaEe S
e wEwes 30-40% (I0T T |

2. Arem WG ABA wrow Jfa eferras same apa oA wfws A | s ngw
Fre s (A @3 @arafe bR (Leaching) afdFam fMafe 231

3. o AeTA 16-18% TEl A IAF AW NIHIHHA 8 FRGIEw Afwn 2@
NG

4. TR % @R 10 G 21 (¥ A w@o T el 9 ATCe AT

5. we Seiffere symigeTe, @fbae aufs oy Rosrs St A 1 @
B Rera A wibs AMIGS FFAFS IR (@A, F15 *Fw Tmoefe
@) gl AewIfere o | @3 T Ay AR PR A Jaee 2@ wFE AR =)

6. ST T RS (SR Sy (@ SO 3 PR O 7, ¢ 43 @RaAt
AL A9l < F |

' B. Teriwrea fEmmeret—ordi] sffaied e o Mw TAFE mRNA wqef
Arm 7w 922 e AT R S AR SLEHCEE AT W0 | WA HwH
gyie WY Reas Servosia Jfen | (afbas e Awe @bace Ree =@ @
ARTAABIRT 1o (A | @3 ARTABRUSH WA (ooGiEes SerETmied e (o8 o
THRG O o1 I | (97 e AR e AWS A A ARG SR
g RS 2w @il o ¢ fEeraE «ifFes 53 | AameT @ SHESEN 99 AT GRIE GA
IS TGN 2SI o- O3 P- SHNIRCETE Geqts &, 1 I [T B3 wdre slow
@ (Ba 16.2) B BEHT TGEIEE (ARG @ 79 @ FoeHe 3@ 92
Beraef Bule THEIHE, B-gAie, RNase 29fS Berbaaf Sgamses Awa Afen
2 | SREISERIEPIETS G SRAIRERIREE T 46 S<ohs wRabiNe Taee
(Taiz and Honnigman, 1976)1

C. Beifofowers frm—a3 s g Sestn Symize o, wif onifie ¢ =Fres e
P TG (2, eomY G ARTHIFARG Sern 27 | @3 Bomimel grom 3w @3k erEanE
I FYTS! A |
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D. wer e fAerae Serheted dend @ Y wen e AR o
AR M WATETS 2 3B 303 | ARGl YIS T (IO THHT AL M
@ S GO *F Testn w o WOFs oy Wewww 9z 211 Wi o ¢ o awmas
A @ AFHGIEA CoA ool I ©F TCA 5@ Al I WA YA RIS 07 | 92/
e (AE RegRieEmtm smfers e WF AR @ A B SeAmzme Tage 2|

E. @F fterem—i I o= m%wz@ﬁﬁ@mm%ﬂﬁﬂ@mﬁm
(I DNA FREIEFE B9 FWI9TS GO AT IR GHAEFE ¢ G afEam RNA 8
cenfbera e 9% | @ el gan @ Reem e AfEn I |

F. gy @ gergat fsfom—ararere @3 Rerems o 90 fEare e gous e
g fareie 2 | wa eres (ov IF T @ NI e (U QI G SFEEIE
a1 e (o 16.2) 1

FIRR WS 3% 8 B /i @y Je1m ?f%—%&‘m?l‘qf%ﬂmﬂﬂ

T OMRI—> aHReaws Serwaaltn ey

16 715 canfoq
wmﬁmﬁl confocae
mw v
TS o ARG
“i'm’l et cenfbet sigears DNA oifefif3) srdm

—— TS W@3 o ) J T "

- : E ' q-n;{‘:‘-cm . DNA €]
i l B_mq BTW‘W

ATP Beotmm RNA € DNA R08¥

COTHTE -THCED g > AR

foa 16.2 : FPIFG ACTe—AR AYR TFEAGR 2R Taie
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16.7 SEFEVAT THGIEE SNl

foals Bfer ZMT—GA, ABA 8 CK SIFEMAIT 249 sl a7 |

A. fRITER o (GA)—aoAes@ e RO TRNED o-STEEs Srva
SFAMSIE U GR 4Z4 I | *FE S F(A -3 GIYS MICTOA Gl U SLHAGDS
e 9 | f@eeies 8 ©iNid (Chrispeels and Varner, 1967) W19 3@« @ GA WINF
AN Al ST Bia o-SHINRETed FRew aferas Faad s | &5 (Higgins,
1982) el JETGEIIERT Aafoq MU e FEW @ Aed SFEme efemz aaw 24
9 @ “AfFme (2T AT 27 TR 60 SR T oSS |

freaat sreare @ @S (Lovegrove and Hooley, 2000) SRR 233 faeaiial (Jacobsen
et al., 1995) GA TR TSN o-SPMIRLETS it SR 03 SHRTSER S o-SyiaTe
R faRrge I o g i (W | GA-TRafEs o-sriEeETes AR FafkRe Jdias
TG AT h—

1. ges “Efica SpfTerEm @R Seife MRS arersa (Receptor) T (GA) SIS
(I &A@ ICE | '

2. MYB S(PIRGRS S=ICs09 Bmibee el o DELLA fRiaie 3@ A0S |

3. GA SfEerEM @Ed ReFne o @3 el as semits 3@ 93 GA-
MYB 7w g6 e ifEFn a1 @9 @ GA-MYB mRNA Seoiw 78 31 fNefganers
AR G AR GA-MYB HifEopm T3a s a3 (2fbws sesg <o)

4. @3 (@fw el o FERRET 2 T o-SHRETS SIARGTd (Ao oy
AL & W IR o-SPNIRETS G Tga FCF o-SINRETs mRNA Beo| I |

5. o -SJIEES MRNA SRS (SIS ARSI o-STINZETSS A WiF | 3
TGS SIefo! G (SRR T ST T8 | SIS (P (W o-SRLETE *P) BT
a1 CHRRIF 217 #eTa 3616 O I B HETen e adiefie 21|
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6. o S IR S Al ¢ wgfe 2w (o 16.3. Ba 164 @&
5@ 16.5] '

* = GA, B

® = GA, 2THI4 I AT

s 10 15
ST W GA, SIS ST (57
B. WRG0E w8 (ABA)—ABA TR SEcams eferncs Aam= e @R A
FYF I W | A, @ &efS o GA 2ok o-SumiRETs Hesd ABA-a7 §4ffore
SRS 3 AR | RS e ABA T SIeg e 9R W67 A0e THATIGES b

T@.ﬁ?ﬁmmu

=Y
—_

[ ]

* =GA, %=
® = GA, 27191 I TR

oo
T

ez 3R)

H

a-SH3CTS mRNA
[T B3 Beom (b mRNA 93

5 0 i
G BT GA., AT TPt (1)

feal 516 @ U (Tao and Khan, 1974) 7% 302 (@ €3 TICN0 SHRIEH] SRS

tRNA-FIE0E SEnCe [Fas THIge $3 W07 08 SWFCAMOINS 709 (2N FEEF Y9
S N @3 | [Rfew e ABA, DNA 932 RNA TSREE MEET YAE TG

a9 DNA fA$3 RNA «ifemias (DNA dependent RNA polumerase) <1534 e
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O3 WA ol IS | W’ ¢ Wik Ag@i€la (Milborrow et al., 1970) &9
FRERA (@ (TS OF (AT ABA-9F AR GRG0 577 20 @R 7T e Rt
T AR (@ ANAE AR e Sesim ABA e s =)

[o—rm
GA Rt

(L]
M [
7
DNA GA MYB
GA- MYB
,\A// mRNA
a paErers S B
DNA :; -MYB
~A~ m&w
o WW@?
mRNA '/II /]
( mq ER
Yoo WTTIII”{CEIE
¢onfoe ey
? — A TR (SO
A AT o-SIIRCES
— -—-i-—-——a TGS —————r—> P&
i R TS
@R o
TP
AFCATT e JREIH FCITTH
A3 9
R

fbw 16.5 : Il SWferSm W@ GA-RST o-SHmiRGETS KON MG STFCA |
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g% 21 76T I, ET TFEATEER T Ses Germesia fE - ABA
A A2 5| SN I GUANSCHABH (cmbryogenesis) 2AfEFE MATH 9 15 FR
w3 FAfam Afawme ABA e @i A )

o= AARQE1 (Seed physiologists) A=W @ ABA Ao e s’ ewEgs)d g
AT T2 @ m— 1. ABA Aw @fww dwn afd@ @@l 2. ABA-9R @O e
GETOIE® AG (desiccation stress) 2 FACS 2MF | ABA-99 S '{‘T"TS(B'CFI?I o A
wewaf Rt @BER (late embryogenesis abundant protein) JRET ¥, A AR
Sw Adfva ug SPee AET A | 3. AT TS AR oge @ Jael Tye
Afrree SO A AT RS (S A | ABA 0T @B 4R SRS AFEE
afera o721 GO @ TG (v,) SIRISTENEA (A ABA-T R & T (77 | 42
RTEMT ABA-IT TSI TC IR WA W] APPANE Aoafes egie 26 (] 99 |
43 I Arabidopsis 9 aba NEHIGHE ABA FRET «l 28R &+ AW AC&A (IF
RF CTE T |

sifgore sl TS NN AT ApF AR ABA e 33 | k@i cecas W sfacie e
sEfae 7 @, IR G2 e THAFe e WIE ABA, TFEVAE TS GA TS
R o o1 @3 GBS RS FYRF (primary dormancy) | IE @3 (AT S
forgfim FcafiFe T Ao WAF TF@MAIES NS TS F(H | 43 FIFHE ABA-G7 WS
% I AW @R ABA AT (T WE (phaseic acid) 8 ©iRREGIEE wd
- (dihydrophaseic acid) eSS 271 ABA-93 G2 Reliwene sraalel g Sgamele I4mi
73 I, w7A ABA-93 Sl 9613 w1 Qe Aea Qi SFEMAE wéel Fe B | 97!
o Fre oz AFE AT ARSI ABA Rweed NigE ofa@et [efe w1 @3 ffbe
(leachiny) *&fo8 SFRMAC. FRTS! I(F |

G R—IRGRRA o @rikeny afEns aRe 3@ A e 3w 27
Aoz -7 | R <7 @ @35 (Khan and Heit, 1969) 7% Safee™ (@ e ABA-a3 w1l
I (ots O GA-AT IFFIO! 78 T (7 g 98 W CK Ao FAE O WAL ABA-
97 FERET OIS 98 I STFEMEAE TS F(H | el A G FA SFCES
ARrefs GA & 22 Boimm (primary factory), ABA (& 4IRS BoAI (Preventing
factor) €9R FRHIIBAFS SHa~dIal SN (Promoting factor) 2 ofre s@e |
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169 aies

Arera s afEmG sfiesia w A G} [ wagE gy AL )
o Aegs, ABA G101 e afermus 2amie w3, IR wefaers sl aefs Jarg
TP 37 d19d | AE-*Rafqmal (Seed Physiologists) FfRRFEAg M Jergw
SAIoeT A w9 (A, TH SIoE 2w@e I, GA TS Ifa Swrlsie TeIn e I0E @3
ARG ©% 3 Sgams Af@AE gAifTe 00 WA A | IFEMEEE ANY S (SO
afem e @ oM 01 W AfET we dergred @uigd €hIne WE R SER
SeifEfere ol Srmeals AfE g Aaes A1 W Aiks Mg TAIGE w0

TE AATAE A | TERMEANL CFCE GA NS T anefiis il oz o g Sew
9% TAAAY golE g efScaias ABA zaenaia sfama g (oist @3z’ GA-97
FILFAG] I8 I AYRT AWIN (| ABA-9F 2o17 A @ AQRI P 28 @ 9w CK
(FARGERAN) Zata Sofzfere wemfae g3

16.9 FoaE owaT

1. (as)’ FAGRF INE IE? LRI APACST TE SEABA T |
(4) Ffaw orafors e AQYRY ©F FAT Awfof 1w

(9) TEFEMAEE ANE N I F AAfFET T FA W2 FPNIC ACER NG
ergrave AT YR W\

(9) GA-g@Iff® g-spiacee 7w afenfl semma o |
(6) HURF SFAE ABA e ofial e o |

2. T—WEF M A—BIIT AT Y& (3 TLef A/ o1 37

I—TE : 1—FE
(F) GA ZIEFHa gena (=) ffR a@
() T WA Rewd Terey AMiRd  (4) e @Eadble vdge Wl
[GRboied
(5) EEIARAAPIRSEE &SI (o) =T 9N ¢ TiRIRGIERT uF 3 |
(2) 7w Geow NEd AYRIIE () SIOEN BE a-SyIRETS Seotd 27 |
(¢) ABA-97 Tififow oca Seom (@Sl (8) ST TR A

qfo
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3. mrweel T faw -
(F) YR wFY B2
(A) @ & a-wmiEEs e Afen s@e
(o) (I TAACE SFEMAATE IRE G a2
(3) ABA =0l 46 S@E@meN fer@iad (@em A g |

16.10 Tegaet
~

L (@) (MN); (D)
2. (¥) uifze i
()  KNO; ¢ ~iferenza

. () GA
(}) TAEESA
3. (3) 162 @y
(d) 162 (4w
() 16.2 4=
() 164 @y
T oA
1. (3) 162 @
(4) 16.4 @
(1) 16.6 (g
() 16.7 wg=
(8) 16.7 4=

2. (F) GA WEEDF SONI SETSEN VA o-STNLETS SesAq = |

(4) @ Mg Newm SrergTy Mid e Bt 3@

()  EIRETARRERPIRCECEE 2R AeE (@EAb 7AeS =W |

() W ST R YR (GIPG-TAS T T |

(6) ABA-93 99357 wa Seom (@14 b wfs oF @ UiRRRGIEERS OF 96 |
3. (@) 165 3F; (1) MYB f&; (5) GA W, (]) 20RpRRs o9 ¢ (FFkrs oF |
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