[eES

20, W 8 TS BRI UFIS ©, (WM AFE A I
PLANT PHYSIOLOGY il AN

WWWW@,W,WeWW,mﬁeWWW,m
mm,m%MMmecmnawme
s we s ames AR | ’ : :

el 8 St rerereE Iy IAFSIGE (physiological) - afefirrs woes A |
i fam-Rien ffeer @& @b wAeeige afeam (physiological process) FH 0 | Tfew
mmuwmmaﬁmmﬁwmwml

memmmmeemmww
RIEECEE Gl

supmnamamaw’@mﬁmﬁr yaza BT aW @, Bfew IR (S PR AWy 290 IR
Wmmm'ﬁmmuammﬁwﬁmemmysiom)wnnmm
Physiology G ufb 8% * Physis (nature) &3 Jogos (discourse) (AT Tge TR

@ STCR ATPeT *1eg Prendia 4 Free— G AR
< ftr e et cmer efew | | Bfrwa «feve et oo : SfaEw ot
& Sy TeaeTE S e i e efew | oo | e e wret e i comret
& e e ffi ot effamr T T | MO | T
& foupe R o | N8 | N
& oK TS ¢ IF QG I | e | o I 8 I RSUR P
& SEREE ATIe e 36 ) AZ & TRRT : AR olow orw ¢ ffFeead
T Ma | STETRCRT
o seaTEa fba e a0 ffEeead | A v mmmwm

AE > TSRO & : TEPR

AT so | STARRTETe ORI el
AT S | TR : AwEeReEst  CO, UTH

& IS 5 € W6 IS TS bdF I |
& WESH ber 6 Y6 S T 5T WY T |

& e efemm by TEEE g | weiferder s
T : AT | W
o FTERRIT I TR-NHIC NEW SefReR o 5o | TS W : AATIFRRR
A ST | - P8 | ARFES I AFHPAT 8 (T b
% IS W SifdFE A6 | oy S¢ | BTG BrCA (62 (ETC)
& RS Wi e 394 AT S | TS W
forg SRS W A | AT | FHTE ATS WA JITA
& WG ASAPTIR | AF S | W TR, WA ASRIIR 8 EFY
R : T s> | TR : WS e CO, Wew
o SRS W effeFuE AR | SAqrw

Haters topperon.com

i




[eES

2026, W 8 TS BIRTR QTS ©, (REW A P TGI

W GRASH-2AT 4F

5. : e e «frres (Absorption of Mineral Salts)
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(v) TRIRTS a7 T T Z A | ;
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T, AGEHT (AFT 6 TF RSN TRIIIGIR %07 R OFF “Fre A 8 FifeT 26w e T |
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(iii) & S RuBP SAgSRAA @ BT JI20A 5 R
0 e Cofd | ;grﬁmﬁﬂ i A
BrwOTR == | : ﬂ
C; mm :

o BRI TS 5 B R, 2o gl AIGEC o-IEARFE o-wEfeIRe Wit (3PGA)
Beoi T, OPR SRWE C, Bfew 3071 | W 9@ B C; BF T |

@ TR VA, TR, GRTSTERE ¢ TG B ACTERCIT A{IE T TAR OF
SRGTATSE C, 5T G (1% | SXFRA WgSA& SferH, R 33 fedee@ Sfem C; v fawrae |
@1 g AEHR BTG C, B 77 FA AW | C, Sferwa tafiByeret fawset -

S| C, Sferwa GHIIeT e (FTRT (AT QTS GRS IF AR |

21 C, S Ao e R it B @Al AR B A0 A SR W AR

A |

© | @A GIE GFF AW ATF |

81 C, SRETHR STTEIRCT &y STl 10-25°C STHTe |

@ | ARWET 20% 47 @ O, AP C; Tforwa S Rremaet Jrree =7 |
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20, W 3 CFS BIRaF

Tfew =1ATeg LI

Y | ST 50150 ppm (Parts per million) CO, 97 THAFETS C, 5 ©ITeT 567 |
91 C, Tfetn ARTE-3, ¢-ReTeTes @ew o, a%d 30 |

b | GR R SesimETeT aenfered g ate B |

51 C, Ot 7o srera auw gt *mid o-Fe el s |

16 @ AT Teswe

BT « SRBIGIE (Cytosol) SLFTHBA (Pi) TG I A (FAACTT WO 76 TS
W e s PRt 3wt o TRRyRy Withw 3-et ffreete @3 Wy
O-FEARABE FIE 1, 6-FPTETEs toff 3 T T TR 6-FMIT, YIG 6-FIT, LIS
1-9FE, ADP-JTFe Z0H F516-q e o7 |

IR : RGN SLTFD TG QP U0 Pi-g7 RfFwww pi-Gewati fiew Srarer wowes
@ICATERD (T ARGIGNE 507 AT R FIW 1, 6-RoTees, FL/E 6-TT, 3 6-370F5,
LI 1-TFD Uopm(uop_wﬁmmm)mmmmmwmlm
STraT SRR BEel & | 3515 W SRR @ ST TS, @ BTEF SRR 7Y |

LT, BIE, IR PR G ST I Srara 18T W | RN 5T WA T |

ﬂm(l’hotorespinﬁon) TR ARG 0, 4T 8 CO, ™ I afewr

TN FOICPARIC | S @ G FIFS 5& SR ARTITT S e @ Sevwrerar syE
mMmmmwumcozmmwmqmm@ﬁ
wiwmwmnt?@mewfwmﬂm(eovm R G9R) AT AN TR G A
wmm,vca Sl COZWWWWIM CO, @7 7S 0, @7 AL

; -mmlmwwmozmmﬁﬁmm
&immmmmwwmﬁﬁmmmzwmamm
ofeT @IS, ARSRTI @k TR aMmme!WWQ
Tferna TR 29 ¢ % 68 TS A |

ST e eFS W T (@ : AT effer I @t 6sex co, fife 7w 6 0, fe
= | 58 @ e (IR ATP ooty = 71 30T @ AT &S W57 0 T A |

WTARPAH SR SO 8 W W0 1y

FUOTTAITT pC]
s, efeFft srefasa : y.  «ft SERfaTerT e
. CPIEAERT, ARSIACIN € NRGIFGIF AN &e® | | . VAGHRAR M G |
©. (IIAT ATP € NADPH Teoig =0 1 | ©. ATP 8 NADPH Teag =77 |
8. ITFfSH ST@d 8o frsaeT | 8. IS BLEHA AT (P 7oE (72 |
¢. 4TS C; Bferw 9h | ¢. % GITIT FE (P CH |
GIF-3T (TFI)-8)
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VW, W 8 TS BIRFE

o ERRGE-2RT %g

(R) 16 8 WIF 5 : C4 5 (Hatch and Slack Cycle : C, cycle) : H.P. Kortschak '@ ST @m0
HCO, AT T TF TET7 G W3R 2T FIZIF FTA Y. Karpilov @ OTF FRIAMMT QBT (Zea mays) Tfew
e 3R 8-IEARAE Wi e i SIRERGE SHFTE do-vo o fifee I e
1, SR NI JIFS “CO, @A C; *Mrd fBTS Seeaet 1 A IR C, MG S SRRt
FACE | (> TS 5rara @ | 2RSS M.D. Hatch 8 C.R. Slack ATF T& WG @A TF
Bt farw s feifars sitawen 303 S e « fog e e e a3 (SR TF e
eI @ oifSoId ey Wf*F® &X), I AT Hatch & Slack S 31 C, v&F ReT NS AT (dvao) |
eI v Ame ot wfifee | TSI wofb cam 2w TR @ e Wi TR | ATeR
CTOAIRFT (RTE 3R PRI (T ARSI « oif5ofe vl TR | FOPIRAET AIRFCED SICA RS IR
mmmmmmmm.m&mﬂmm
BTG T (RETRY P (PITY FR A |

PR o @ Ao (5aF) e & :

S | (TR (Y SRES wwRan ARF T Wit (© FEW) @ A IFY CO, (HCOo; R
wReerRe 07) fifere 2w 8-3ERAE waen wits wife s wm | Idfee gwery « R
ST 3T | :

co,
)

O®...© Rite fivfors | e
ﬁma.aa:memwwzmﬂ:wmﬂﬁmn%*
2| S Wit Wit o wite Wit skar @it s (8 EE)-q sfie =)
egmifenTe qwedy « R S $0a | 9T NADPH + H' T® T NADP 0OfF I | @R

ot e 8-IFRAR I @ BEE C, BF M W) W Sfem ¢, H@ MY I @ =
SAACE C, Tfew 0 |
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2026, W 8 CTS BN UFIS ©, (WM AFE A I
S oy olls
mm%wmmmwmﬁmﬁwmﬁwmmmmmmwmm
7|

BIWWWWQWWWWCOZQWHW&WW
IRTE s =1 @ RIS NADP SR*ize ¥03 @9: NADPH + H' 0of 31| Teoly CO, MR C,-
U (IS 5F) T TR (SR AR ¢-FETETEs 3¢ 98 W) G HH GUTH PR
= | @ e RendifEeTe gwenzy sewifier 3 |

@ | ARFET I I @I (AT APTATSITIBT ey e (Iey & 03 | .

v | MRFET Wife aEfE @IE kel Wifte ke aTEReE SREPeR TR
ARFET T T A G- BTG 5] AT | G G ATP (AF 93 ADP 2R 27 |

G (I CO, R TSR T 7, O (AT FBIEPRNE T 1, F07 I ot 7 o
| '

Bfeen o e ¢, oifeiet =7y 5 4 : (i) TSI (IITT YRR C, SPTYR €@, (ii) CITnfEEe
(RICT PARRS C; WIPTEH @7 @Rk (jii) AP @I RFTARIEI GHedeg aarm—a fov whnea
fefers fanfefis fov e C, st w7 a1 T | 7@

TN 1E ITAY (I

S i — - Wit

wifre wife

HOPO, ~ : i\_)
CO, = HCO, \@
T € "n!?ﬁn W= m

fRwfes wrifie

5@ 530 : C, 7f$= : NADP-mali¢ enzyme @9
TF, 91, SR Bf%ta @ v ~Afpiere =3 |

(A) NADP-malic enzyme &9 |
% QUT, TF, SO, T WPT R71fv BT @ e IR (.20 TR Bra e zwem) |
* (B) NAD-malic enzyme &3 | fETs, @18+, fomr Tenfu Sk « aom o1faa |
(C) Phosphoenolpyruvate carboxykinase @311 | ff¥ 7 (Guinea grass) 9@ &PQ A |
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20, W 8 TS BIRNF TP ©, (IR AT JA T
038
TR REn C, ofew
S | STl % SR A2RIRCH H0S 797 77 | mmmﬂﬁmﬁwmu
3 | T8 SRIoHN ATOT IGHNICF XA (VAT (I (P | TSR i eas G
Rolikiskl mvnm«m‘nﬂ!&b
© | @IAATCHI ORI G PR TP | SIS GPIATED 7§ TN :
* 2 (i) SFIE T G R
% (i) AFIRE FrSFR AT |
* 81CO, 9@ g FATAPRCEER &) IR CO, @7 TG | ACTIRER & IgWer CO, @@ g
FIWCF ¢o ppm (parts per million) | FIHITF o.50 ppm AWEH (0.50—d0 ppm) |
“Te (@o-S¢o ppm) |
@ | e TR RITE ST (e Gk DR | GG (P SCeie [aradl @ qreeend |
B& F W | @E CO, 3§ @ FESH b 57 2 |
b | Bedife WW’&@W‘I‘*C;WW"TW WA @9 T @R o Cy Ofen Smemar Seoife
Ao e TS A AR | S FCACE |
q | TR 27 | @14 SI607a SERTTE 207 3 | P9 SMEC AR &9 G |
v 1 0, 9@ SoifEfe TORE AR OE 1% @ SREeT | SeRe  WEEE SSRGS
TS FATETRIRTAE A4S 7 | J4eS TWAT |
> | S %,jm; M, W, S, IVEPR v % | P 9P, X, QU &1 9 RS |
|
. e SRGA (Krans anatomy) : (@6 SUINIBA S0 GO o ARW W GV C,

Sfewrza Arem Rr wweefae | quMmmﬁwnfa@mﬁwmm
@ Ry o1 ATE ©OF M WA I | @31 Sfente w@ A co,-a7 Toiffers reeTReaRd
RIS B | 97 (R BT W R aa s Bre co, R ¢ TS v TR = |

. I BT @ Y- ST Ty AT
A e FTAST SaF TG & T 5F
S. 3G WO @ AT I 2 | IR @ ISP (IS 2 |
Q. O 0 | YJCFWT!
* ©. @R CO, ATl "RuBF
K 8. CO, [Fahr avensw
X €. oI GO

@o ppm CO, AT ATHEH |

b, CO, 9 G IJIAHEE | T4 | Tw |
3 TS|
9, @AATHT & GFE TN | @AACoT @ AN : A |
: GIALPS G (VA PIAAT |
. S ST 30° G, (T 3¢° . | 0o° (1. (U 8¢° . |
5. CO, <q Iy IR i R 9o IR &ifs fifern FaATE

0.0 ppm CO, USTE B |

C, v ey

@R B auw gt awd R 8-aifREE swmien witibs wifie Sy & (I ¢ W 5F)
PR Bfewte C, Bftw 907 | 919 @ 5@ C, 5F T |
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0W, W 8 TS BIBNF

Tfew =1Aeg o3¢

S qﬁf%wmmwﬂmwvcwmwmﬁwmawwmaﬁw@
Bfew 3k (@ g eer@ Tfems C, 5&F (TR I |
Y1 C, SR SN AR FCS A |
© | AT A TAST I I IR F TG SSNE |
8| G (FTT 8 (I (T A ATSTATCETAOT AT |
¢ C, STHE AR ISP (I GPIATEAT AT |
Y| ICEPNRA (RIEET SIFFAR BT AL SATONI TG A |
| O N (¥ GRS (7T TR, SIS S oAy g onfie (T T argfen A
e | @2 Sfema Arer |
vl qﬁﬁﬁtﬂwﬁﬁﬂmmﬁwﬁmmaﬂmw
g |
51 ,NADPWW@WW&W@WWQWWW
faoi @ *f% NADPH + H* Seolifre =11
So | AT EIEIHIGS &Rd o1 WA ACS 9@ et GRITATAIES 5516 AT A 1 |
S | FRCE GTEIRN (NOTITRPCE ATF T, ISP SRG FCA |
%1 c,@ﬁmmmmwmmmmwmmmmmtwﬁs
A AT T |
Cy ofem 5t o7 g :
S c4%ﬁsmmm(3ooc-4s°C)Wtﬁwvmmmm,mimm
FEFT A |
31 ¢y SRR Co, AaRE  TERT ARwFee Wk, c, Sfema co, AFF ARLE
3 ,¢-ROTETEE o SfeF A AT |
© | W ST g TRHFOIE T ATAS C, S BFY AT |
81 cowawzmwwmgﬂﬁmmm,wﬁcmmﬂrwm«mm
& Q@f\’wmemwumcozmm@ﬁfmn _
Yl cﬁf@mmxmnzwﬁawmw%‘wmw@@ﬁew%ﬂwmaﬁm
O AT |
CAM afeFat ' _
 TPTEPRE Wifie (BREE SRTFH CAM 2@ 3 2 | Crassulaceae N (AR o)
SR @ ST SRS & 0 G0 CAM T 1 Z0A0R | i Bfew T SRRIGARI (315 AT | PR
TR TS AT AT AF | 7 PR T (T GO SO 06 ISR S I I TR
e pH «F @S ITT T (R A0S 06 WIBIeT A @ I | T PH @7 @l R0e IW I 9
effaare fafar gt c, s swoR |
mmmm(omm=wmmmmﬁﬁﬁ%
e T 430 T4 = |

6CO +12HO——>ECHO + 60, + 6H,0
2 2 mslzs 2 2

T (R T, @ ST O WY YT Tof REHR T © WY 0, frfe = fifw s wta
'CO, GH20|W,WWMWW@WWW—WIWCOZ @R
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203, W 8 GBS BT UFIS ©, (WM AFE A I

oY GR@EH-22T “a

wﬁmﬂzmﬁwﬁwmmmafﬁﬁzwmﬁsmm,wmmmoz
frfe = 1 H,0 =® W1, o, 2re T, Wi SRR et frfe SRiEER B & iR
(H,0) | et fAwae : s

() er RRF : dv0q WBIw Tww ariasEmig 7 1 (Robin Hill) @S 81 w0 | oy CO,
@ TPIEHES RIFS GFAART, A ¢ oy e GRS S YUGE ATF (hydrogen acceptor)
G SACATS AT | AT (108 (1T IR CO,-48 Woiffors @iam =rkar Lo &n 11, g ey
ﬁ%m:wmmwmwwmwﬁmﬁwmdmemmm
mmmm.m«me««mmmmm
e A, R RidbE e e ffewm) et i feet -

2A (&I TRF) + 2H,0 ﬂ;ﬁ - 2AH, + 0,1

(i) (SJTRT T (Vi Niel) #0 : o= N1 AR TR IR ¥ G @,
T IR A ARRTS H,S WP 8 CO, JITA A *1F41 @ NN Beoly 30 | 58 R @ICT
W&mﬁ%wmnmmwmwwmam AT IS 2T @, ATTPRTRC
favfe sfereaa A «41f; co, 71

2H,S +CO, lm—»ﬁ 2S + (CHy0) + Hy0

(i) FFCI '© PIAT- coufie BiRrest 43w : s58y Wew el ReRwemm s
FLIT @ IO (O (0,18 (AT oI TRGICHI#H) 7RI 2w SETEwee B FET ak @
NS FOGTET XA TSI TeW (AT FTARTRTATS ST e 757 7 |

6CO, + 12H,0" Mﬁ CHiOs + 6H;0 +. 602

ol oF @, e sfrem coufim | @t ez At e @, SR e e
W&m%ﬁﬂﬂﬁlaﬁmmﬁmim«w@moﬂw%wmw
AN IR IF GFR AN A A | '

6CO)* + 12H,0 _‘I"ﬂ,ﬁ CeHi2Op' + 6H0" + 60,

R T COFT @, T @ AfS cowifien Sfarem R | 6 Seeskramer oo frfs sfarss
WMWIW@W@WW@,WWWWW
SIETETTE TR #Nf | 97 NS SR*G FIET TIR-THZG (A ST 7 |

FCTPRCATNR &SRPTR (Factors of Photosynthesis) : FTRAET FOLT oS WAl oS
T | AORPET AF ¢ @A | ORI TS, wpeififSs, ARmTer Fu-aft AT RDTR
“ffemrie FW-@f I AT | LORPETET i :

(%) IMRTF LSRR : <1 g A &R AR W TEAPRC AN o7 I AT
e <t A | .

S| ST : TR G W oy WA | AWy egear @ *fed e = o
Wmmm:aﬁmwmﬁaﬁmmwm:%mmam&mmmcoz
O TETELH AT FACS AT qR AW LESFACT TR 30a | G0 A2 My e wieera siferrer
T O TR Afle (@oy T | ST e el soen s =i, S5, [ ¢ Qe
TRR AR [ 95© 23 |
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0W, W 8 TS BIBNF

e =Aaog 01

IR AR TSI ([@TG (T ATSR Soreag ST IR RfEs el 78 2 IW, iR
SCAFRCITEE 2T T I | :

3| IR CR-SFIRE (CO,) : T4 TR-THXC TG AR e 5a0S 21 /1) IR &
T (¥ AT ES T O I TIR-SHRT RGRCR TR 2 A0S | TR I 20 CO, AR A
QATF | ARG CO,-G7 AT =S4l 0.08 Bt 58 « efemm Tfew o1 & M1 % CO, IR
FACC AE, ORI I TR-SHFREA AW 3% A€ Fr oMemw A ANPT G0
FEARPHRTARCR A0S (F0T T | A

O Hif : T TiR-wHERren W Afve @ efm g3 I | onfaa Afe g e e
TR R 96 0 T/ | SR AR I @S I | WRATE e TATeR whicarsce
PO @ GR EE 7 AN TE CO, TOHA A I | IR Af o F ow
STCRRTARCR TR FTH W | A (BTF O, Frfe 20 @& NADPH + H' TR W |

8 i« STTTeRTe efiF o e eeee ot I I e e
ST (0° (7.7 FTRAZ) R WS BHGIIAT (8¢° (7.-47 SR @ effieal 59S <A1l 1 ) Ffoory
TR ¢ Tw PRTR NATS-ITE O q0° (. TPNARIG G At TS AT | BT 8¢° (T~
@O ST ST ST BT @ i 9% 200 TN | R0° (1. SR s AEeeReae efeEs
= 0 W | Tfere RS eom f$a St GBI S :3° G, TS ve° G 78 T AT |

¢ | SRNTE : INGTT SATST TG (0 (T SR TR AR T FROT IO
TR | S GG IO (AT AR TR (0 T | g

o | 4R e @Al toRw T e, SRR 2o errem = | Witts @ A e
SRR ST ZCET GRICAITRRT SO PO T, O RTINS 26 T T |

q | TR (TS e TR A STy APTRE 5 : 5% 0 1 STy St IR0 (s fenifim a1
ST TG Gy A ST AT SR SRR 20 A | PR AT PR 5 e (o F90e oM
ETAACS photoauxotrophs 0 |

(%) TETeRE QSRR : g oA ST AR A AR S AN et 303 |

v | ISR T : AT RS TR GF qTRT RO 16 I | GUIAT I ATl qR
AR & AT IR SR 0 A0 0T ACTERC I W | TR FowR Ao wfee
AfFEITS FACAPTREITY FACS A

S | SR SRR : AToR e 1w &Pfe Ko I (TR (@it APt ¢ &3S, FaawE
HYT 6 TG TV CAMIBT AT el oS! o/ 30 |

Yo | GHIAIRFT : IAIRFTR ST T AP *feTs Felefe T I femare A=Ry F
AT | FER @A AR e &y G0 TSI Some | @IeAferem seifEfers
oRreR @ SifEFAT HAICS AR 71 | GRS SR ACTPIRCIE 20 AT |

83 | WREII AR : SO WO *EA AR @TG (T ACTPRCATCN I T4 |

33 | (CRIBEER : cemrareT A o, Rfey wwfe dmndn o e @R el
SRR 2T SCAPDT ST |

3o | ABIBRIT : ATIBRITR SO NIRRT AR F0H @S (72 TR | IR, %9 9 efeww=
SRGE T ABIBREIN F1e 30 | A e K SRR A |

38 | (GEIRY : T8 YRRIRT REFR WO ERPREIRT T o | INER [ TR
ATEAT GTERCNE TS 6 “Affmee AR 7 fEe I A |
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0, W 8 S BIEa=
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o GRIEE-2 49

S #1187 (Limiting Factor) I/ Aw@e #1187 J<f<ic

ey ARTER TR, TU-CO,, W, ©F, Nf, e Tonfin @ ATTRREIACR T
oIS 7 | THARTE FNTALTER W @A G WU FNFT AETPRCATR 697 @ o [ 3
O TN T FIGA (AT ARF T Ffo7 IT6 | qOWIIGE TR 6947 O1q 71y &ffSfs
FIRER 4R (minimum), T4YF (optimum) IR FEH (maximum) &SR & S o7 FoAF I
4 TR | :

@ AT Svr8o B K@t e (Liebig, 1843) 1 O RN (Law of minimum) @17 034 |

T =t 1RREfe aftrn @i w187 w3 Fufie @ oR Row Ffergy w87 (W
F139) TR ARwE dftvr T Rfie 3w AR 9187 301 svoe A TREUW
(Blackman, 1905) " &I ff¥I’ (Law of minimum) €% 6+% ff& 37 ‘o1 wg Pfifbe #0197 5@’ (Law of
limiting factor) q STINRGS! ST T’ €T FCE | « A T T4 (AT NG efiF Foer
(rapidity) ITHIT T FIJF AT QOIS T EUHE FARow oy 7 TR « afewrm ofs Fae
Q| FFAICHS S “When a process is conditioned as to its rapidity by a number of seperate factors, the
rate of the process is limited by the pace of the slowest factor.”

FFIRPRTE SfFIR ST, S ¥t ¥R CO, 7 G- [t P #1187 Rows s
A )

b TR NS SR ATNRCLTT @A W2 Few vqua @ w797 v Huws = |
AR TR @ AW R IS  (proportional) R FHIADI o AT
ST TR S | 58 @ wnFaba oAfawre FeAfBw= I (optimum value) (U0F =@ @ =T
AR T 6N GF ST DR I W I R 93 T N G0 TR AR
e oot 303 | 3/ oft Trreaet v @ S @RI I3 |

[ x dopr
A waAfba Bl ®
I 2k E oty "Q
| ©0-0¢° &1, s
‘) ........................ ‘i
8}
NI i R S S -
S Y TR T T v 3w : A ; :
1%t (00 G1.) CO2 97 ¥7g, mg/ T wefEs C, g :
@ 5.4 : AASRCITR e TuREer 5@ 5.2 : AR T fb@ 5.5 : EARPRERR 6 AwTe!
197 RO SITeR 2o @ CO,-47 TA0GA & | 139 R IR SifeeR 2o |

30-35°C SIPNIGR JACARPRCITIT T A @ | TOGF 30-35°C AR oAb
SENE! | SN 0°C (AF A A THST ST SRS FACE ANEARCIINE TR AL AR ISCS
qF IR 30-35°C AR ACIPRCITER 9 TR @ 21 35°C G ST SIN@r ST 20T
SICERPRCINOR T 20T IR T F0 T (51 $.23) | G Srefwar zee b #7187 |
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0, W 8 S BIEa=

Tfew =1Raeg . oW

FASNA, CO, G AR ATTFRCATNR T e woig @b #7189 ) 3™ weefee @ fo
TS T/ do AN CO, TR TR ANE AF 78 @ Ao o » M o, I W
T3 CO, iy #1197 fReie 16 393 | W CO, W7 TR A & 951w » S L i, s s ©
PR FOTAT T ST AR TAS G R @ IS T 7w A (ferq 4 9B So
R CO, TR FA W | CO,4T TG WO So FFMITR GoNF T FTARPRTITR T W I
M | QA CO, T e wrfa (Bwr s.2v) |

Tou b IR, € T, See B N R e I | WA fEEF! (intensity of light)
e T TATPRCATNT TF fhed @ W Gk @3 47 T (constant rate) FTAFRTATS 570
A (5@ 5.3 -2y | SR FodFer fomedt AT ATARTATAR TR RS A, ¥ TS %y @ TS
T G 9, TS N, MEH A

Y TS CO, 97 T7g woo PFHGT 3k TH FIRIRTT (high altitude) CO,GF TTG FNCS ATF |
M MT 0.5¢% CO, TG ATTPRTITNAT T FAGW @ A | oo1er Bf¥H 3.0% CO, Ty *%
PRI DA MG QAP | $PUW NPT (Steemann Nielsen, 1955) WS Chiorella TR
Scenedesmus-9 CO,-43 TH TG gy I wwe! TH Terwa et = @F | srem @ co, =R
FAA SO HTSA YT WS AN | AT Hoaeo! Sfeen @ CO, FaAR A ATSR NFDS ST
(nacrotic area) 8 = |
fb e Tvreae : Afire wiwemR St PR wn%a, T LR W oF wee ot PR wnga
G R SI7 IGTS AT CO, 97 T7g Fiffbe TnFe Rows 1w 3w |

AAPRCASR  Q7/CIIF  (Photosynthetic Quotient-P.Q) : FTTRCIT! efea GG
e *fEre Femers T Cco, REmr T IdIWe TeAma IR 8 0, ARET® =W g
afem cnffrs co, @7 &rr e 0, “ffere =7 | e T MReRTE efery 0, 93 Co, @&
AR STPISTE ATARPREITY T O | WA (9 P.Q I | AERPRIR 79 fafefis
FAFAR TGTs TR T = |

ﬂmwwwm(m):m;%ﬁ
Q AAFACAF ALY ATARRCAIC I oAt AAIGAT (i 20 ©fF Qe #1eq I/ | P.Q @ W 59
TR 1 T | SF @A FIRAC CO, R ST BT (91T FAPRCATCAR TR I W | W_F CO, &7 #Afaret
T 1T 97 TS I A |

ST, SI%, CO, '8 G fRRmTea T FARSRTSeR T fRmae

W, S, CO, G PILANFT fFREes W Sred AT RO 29 faae 41 I o7 e
= focw e <31 ==

S | S : S off SreRcAry ARy 2 e et Sl ¢ SRR AR | T
o3fen W FEFT I (action spectra) @ A I (absorption spectra) (UF A IW @A,
SRR 7 8 o1 Sieent FiRS Aferw | 78 vy @ 56 S A I AR TS
(O TRt ST IR A1 | AR ST AREET I @ A RET FA I | A Soo Fo IS WS
WF I vooo T e e AW WA® Aty ACTERINF TRre FAr ;W | S M
30,000-3% ,000 b e IS *NeAT W | Flaw ARCICT A1 FIoA W AW wAferner ween Forege w2
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e SEEm AN
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(PITET (TSI IIT ATP IS W O G 7032 O R Foiefae =11 | o *fe @es 7w
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P PRTSH : WFCEHAD ATGATOR 847 fRS7 02 o7 e oreet ot w1 T3 790 : (3)
FRI® #79 (Aerobic respiration) €. (¥) RIS Y (Anaerobic respiration) | @ 7 f&@ &7 I&
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(¥) 7RIS %P (Aerobic Respiration)

@ P AT & AT A W R FE 6 7T WS T CO,, Hy0 8 Ropt
ARt = ooty I ST SIS P 07 | AT TS i aRE Toffon erem =@ 4 @
AP P TN IR SR I AR TS (AOPPR) 7 | SR GT-7 (I8 WA, St
e, T (@635, e e AR Yo Tl SIS P | SRS PR IR RS g -

C¢H,,04 + 60, + 6H,0 + 36ADP + 36 Pi s i 6CO, + 12H,0 +36 ATP ( 4 38 ATP R w1 xe1)
I ofEew oA

TS P SRR 4Tt I R
TS P G (RN e xae RKfawm g ¢ siras o7 S@il @ ik RS 9t
1 TR 1 A A AT | AT T fwE
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@ eftm @ = g Ridy IPmfe Rt wife o v Wy kel witte R z,
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ATAEH T T | ARCIFAZER TS @ SIS TS el PR T A1 SR 41 | [ M2#1ZBrTe EMP
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FREBrAETE e 1 2 | B0 i cyooTa ey RSy GTRTR TRy GRS T TE-a AR T 9k
LFTE ARPERE 2= 2w 38 RO I97© & | 9 41097 31 GTeizs 5307 | |
LIS PN TG 470 NN effaanft sifrairers fma wom -
(i) T, ATP T[S B6 TNF6 G20 T YIG-L-FF0-9 AFoe =7 @ [y
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IR GF Y TRAZE@IH WFEH T (o IEARFE) B =) @ Riwn weere
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“A1ea | oy e fag?r |
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« e PP Wit Ree gwedy s @ 9 ADP e 93 ATP
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“ffers =7 | RfFa G | @I @ oy AfF @@ T am )
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s —— G
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3 eIk FINT |

NADH, 1 PICd NADH + H' IRI &% (37 317 NAD' (P QG S, [Reiaet S 36 S20e @on |
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TR (AT ARF ST I #4468 (NS @ ATP I NADH + H* =3 T¥ ©F (WG FefEa 1@ 3a% |
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H' Teoly 0a (SRATSHT) =k (iii) 9F 99 7 FEAREE Siihe sifie Sedy 3 1 <26 AEGTR
T WA (F-GTGZN-A-GF AL T A -FEARMEB SPFBRA Co-ACS AT =7 (Co-A WY EF) |
ot @B fox o Rfewar T T 99 &Y CO,, 9F WY NADH + H' @R @& &9 512 Co-A 2
=7 | WIPHRA Co-A TN ARTIFNEAPT € (@FF Sl SRAPIIA IS TAMIT | O ke
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© | SRR GE St Cco, ¢ 2H T W RFEhiRe Wwife-9 A s =0 9w & w9
NAD ¥® ¢& 9 NADH+H' ¥R ¢F 99.CO, F =0 | WREIFIREGS =RRGIEne (isocitrate dehydro-
genase) YEIN « fafeFar SRS 7 | fRfEnfl a3t |

8 | weTe fRTbifae M, Co-A €7 AT fifeTe 2w AFBFIZT Co-A 707 I | W &F =Y
NAD TS &3 &9 NADH + H' €& @& &Y CO, B =1 « Rz s ot adugfers
(ct-ketogluterate dehydrogenase) qHENRN el 4 | it |

@ | AR Co-A, Co-A R FAHE SWIfIE-9 RS T | ARCRD e FUFRRCTEA G5
WY ATP (ADP + Pi = ATP) %8 & | Co-A % TA W | AFFWIRA Co-A FTABE (Succinyl Co-A
synthetase) «&ax e szrrer 363 | RS awgdr |

v | TRtfae nite 2 It RFeafie wife-q +fve =1 AT 9 S FAD O 9 99
FADH, @ﬁﬁ@l PG FCRRWIETHE (Succinate dehydrogenase) a2y « ffeam sRmer 364 |
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Co-A
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inidaeal T Ry e
(8 m) (bW)
NADH + H* @ Ty
xao 2 /&,
: - wRETRGE Wit
wife wife i
_ W:;Tlﬁvw
® E P v ® NADH + H'
H,0 co,
ot cng o RrBIgTR i
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,{gf A LA,
ATP

Kk ¥ e ®), ®), (9).......(v) Rfera Fots 1
5@ 5.0 ¢ (@I 5LEa TS &P : WY qe S 22 Togie, are vt Goo FW WE |

Ref: L. Taiz and E.Z. Eiger : Plant Physiology (second edition-1998) Sinauer Associates, Inc. Publishers. USA.

v | it St 21 e s wiRite wiftie-q «ftes =37 | 9" 9% 9 NAD T© 93 =Y
NADH + H' ®eoig =% | et fe=r3mifeasr (malate dehydrogenase) qen2s « ffiwwm szl 37 |
faferaf® el

ST IR SIFE @ STaF ees Tefte o0 qk e SREmRY A B’ B ANY |

35 MEGE WFTe 5T SRR @ Tesima fme
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@& T YT (AT Teoi CO,
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Gean H—C—*COOH
WIeT § @ 8 R *COOH
FEA ¥ %168 CO, Roe
FADH, | (3287 e o e e | sREETR G it
BT B (6C)
FAD. wifs (it 1 NAD
A FADH, tof¥ NADH + H+
coo? ) 0, (7l wrx
\C\'\'l QT ow)
\ FOOH
crz CH,
\ 2
GOO\'\ |
«F® CH,
ﬁ&@@@ o} :
o I ? ol O
= e
Co-A CHZ ‘(
| 5 WM
a9 CHy C)
e COOH i 0, (q=ft =&
SREBRIZ Co-A AD e o)
(4C) NADH +H*
o xS Rricns oy | Y TR TR R |
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WV, W 8 (TS BI3FE

v8o

GREW-2 Aa

(T BT U RS T RGPS FeRR e GReiR (SCEDRE GTend™) | ADP,
NAD 20 @3 Twivie; ATP €38 NADH + H' &1l Znf2R0) ATP I NADH + H' (@ &1 21 @ &
T T T | (T B @S YCIE WY TS 8 WY CO,, b WY NADH + H', 2 59 FADH, 4R X 9T ATP
TORE) @ S (s e Wt e T o = A | IR @ e CO, RO @ A ¢
77 R ffe 2 | RETE e NADH + H' @9 FADH, 2129 30 | QRCGITSCR CTREA (I
ATBf*Ie qaifer fResTea (AT T |

©few o et @t sua e ;

3 | RS FAEBMIZA Co-A PRIREE ATP Coff @02 8 &fiTe GTP tof¥ =1 GTP A G
GETRY e Tt ATP-(S FAERS = | :

3| W e Frwrpe T Bfew NABRGTS NAD-malic enzyme *ewl Fiewe | @ «endw
T WG (TIEH)@E AZwfoe Wife-a FRRs 0 A WIBGET Co-A BT YW &P L&
2T IR | IS FA e 9eb A

&P B 6FY ¢ () G Gira ffeq R e & aEen % &P b (PR
SANGRT TR | () @ 5T Besiifire «rifess v woifvTe Sfera wnifiat suie fErs e 2 e |
() (@ BT Teog MBS IBTe Gprafieet &g e AREES RO TR 2 | (8)@P1 b Hie
BT YN (TR | P Teolfirs =fea SRR @ BUe T W0 | (¢) (&P bl Teoty sy
76 WIBTE HYRESIE Serwa (o SHIRTE RS Semzel 90 | (b) A2, ARGHF, iR, &
BorIne @ 5T TR FIT (A TSR FA ACH | (9) WA P @ CO, O I O @ 5&F (AR Teoly

EuEl
3 ARCIFIRBPT @ P BT WP AT
e Rew RTIERP T 5F
S ARCFERFP HATS YT &R 417 | (@ 5 S P oI 417 |
* 3 | TRIBTR Y CPITER AIZCBILATSCH B | wRCEreER Wik wrafbe =)
o | =% Teo e ofiwe 30 B ATP, P | Teo #few ot s e
* NADH +H'. 2ATP, 6NADH + H' €32 2 FADH, [2]
81CO0, CO, TAF I T | CO, Seoig 24 |
¢ | &R e T8 RF SR €O | i 383 T Gl W |
v | Sifer AT WO TN EMP *¥ | oy W Rle Wike & IATCA b
(Tricarboxylic Acid cycle)

8 | 8¢ 41l : TGN YA '8 WIHTETS

Q 4Tt ZTTR ISR 8 ATP BN T | WA 3, 37 8 0 417 3B NADH + H' @ FADH, T®

FACHRAIZCTN : g MRS I

2R, G0 AR BECAD (52 (ETC) WY O, @ G 2 |
BTET BRI (52 (F (BRTTR WGTH AR YRS &) 3t @@ caiifb qwr S wiFbeanfb
FACH I e R TRBRAR ETR I SRS | FCAFR At -
™ (i) FWAF-1 : NADH femrgifense (qfoeafo)
(i) FNCHT-11 : TMPRIAG e eae (432 e i)
(iii) FICAT-111 : RGN FICAH (WD)
(iv) FCAF-V - TR SFree (Noeef’T)

Biology

Haters

AFT (T G

topperon.com




[eES

0W, W 8 TS BIRNE

Tfen =1fiaeg 8%

GF JPACAF (WS T IWACH 2R AR A6 SFA (mobile) XCTRA AB=1 (Shuttle)-aF
- RIS Wy = | G AbA 2N TERFIAR (UQ) T (IWNEEAR TR A | IS TEGAS

AL 1€ 11 TS FNCAH 111-9 N7 I3 | s A5 201 MGG -c (Cyt.c) 7 NFAE (I @
%) TRRTA T SRR AP | G5 A 111 (AP AR IC2H V-9 e 7w

TR &R efferfs fAmse

> | AR/ GPTAD (53R (ETC) FAF-1, NADH + H' TS IR &2 IF UQ-F NG FACAH
111 ¢S (=W | NADH + H' 3R+ I 2 NAD' (SFCIREE)-1s +fffers =3 |

3 | FADH, T[S (AR INCAF-11 429 FF UQ 7 TGN INCAF-111 ¢S (19T | FADH, SHTI2E®
T FAD' = |

© | FACAF-111 TS AR AIRCBTGEM-¢ (Cyt.c) 93 VT IACAF-1V @ g |

H

SRATeS TERIEET

8 | WReorfgER WlhiF-9 Rmmm sfEes, Faw-1v s 9t TEa 9k TihE s 9ft @by
(2H") @T I0F GF Y A (H,0) tof 37 | SfFrenaa =fS= Tenqrariibieia F@ee 3j8 e
(o3 T BT e W €, o e e e R T (s TofR e 1 B0
ATP tSR = 1|

SRATEBS FFRRET : ATP (R : ETC-93 WY KA gARadIe frfs =fes sy ADP
@ Pi I% T ATP 2 afe <o SfAreibe SUeRIRErH | (ETC-4 (Pt ATP tSf =1 1, ATP 0o .
= RPNt efir | @Rerte e « 3 fb dfwm T Tom @ et aftws-ga
*f& @R ATP Synthase GENRN IR FCA ATP Lof1 = |

AR/ G (520 TR/ AW AT I NADH + HY, FADH, TS @ A IF =& (free
energy) %% T | @ TF % 46 IR “NfR-97 T WGF F @B (H) NEREEE 29" @=Ew
A A Y NICAR TR AT o | 97 o1 WIG-9 @B Y38 30 A0S e 7 (wegem #t
Y (@5 W @ AR AT | (AIG TACGA @ AGHIF Proton gradient I, @ Proton gradient
9% 4P WS | (TFTA §' A0 (@B TG AT @R RCEMR/IRIE ey @afs =fE tofd s
P Proton-motive force 0 | (FITIX Proton-motive force FIZT FCA II& FANS 67 T (FASPICIIOFT |

&S -2 RAfRW Peter Mitchell ATP 333 @ s eRR Frafer™ I IR0 ST $vav A
PR (I AFEE QA I W | NROPGACS @R =& S NADH + HY, FADH,
2o THHIETig ST SHCCHTAT TG | O G TN SHCS FHCFAZET |
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2026, W 8 TS BIRTR QTS ©, (REW A P TGI

08 ERRG-2RE g

ATP Synthase : 9f6 936 SIS TBARTE ) 93 FS710 Tt AT | TA— (T, TOT S (BT
R CBT IRE SR | (MO SR MAGHPRGAT 3T (TG At A g el Uiy 6 e
AT | ISR SR¥ G365 #1Y tofF I (7 IR TG @B (H) TFONT 5 TN WihiE-«
(TRITS #i1C7 | T WA YT MGTH ADP + iP T& I ATP LSRG HEST 02 | WA @ Gy o
23fere w1fES Faow @R W67 |

BTG GCATD (53R 1S 20 NADH + H' @9 FADH, 99 2e/G+ WG #-9a e 2aifzs
40|
Bfew NRIGI R e )

5 | «3fb 3fReY (ETC 93 I12H) NADH + H' omrgifense a1 5amifa RIBreirets $esig NADH + H
(AT FEARA AR FAS A | @ TR A ETC-97 TORPIAN -9 & 703 @ B (ofF )
ATP Ty 377 |

3 | Wl¥ NADH + H' Sf¥eRe 419 &+ 76 A WE |

o | SfErEn FeeTa e g A @ g SfEes, TROGTEN-c SfEreres el =1 | o
ARNRC, WERC (azide) I IIEA NAIHRCEA 4T 4T (inhibition) ZW 71| ©IR QATH TG
2AfSTAIRT *P= =7 A1 AMTS =7 T |

SFACER AGTATS! : TS P T A A HCEA-GF LS T AT | NHEH-93 TS 7
(FFT@ ETC-G9 (1 T8 INCAT- 1V (A TR 42 A & | GF a9 S H0ew 7> 270G 8
EE e 96 @BT 2H") 47 I 9F =Y AN (H,0) 207 33 | @Iy SAEH-97 WS[ 20+ ETC-
3 ARG 1Y AP FMRGTGF-F (AF TG 42 IR (P AT T, ©12 ARGTEHN-51 TG
& IS A (T A5 I (AF TG AR TS TR | TSI T (R TG IRPL
SRS T T | @9 T &AW ETC, *td SRGe Wife 5w, A2wfos wibtes sfEmew gae 54w
NRIENLFPT A FADS I 20 AW | GF T ATP TeAMS & A TW, ©I2 (FI¥ ©F 907 @ Ffe
SIFTC TR SCST =& (ATP) 1 ¢TI |

STHR A FRSTE LS ST FIEE afem e ATP toft T «iita 58 e
GG AT AR FRLLI (GZPTR) ©F AT 1 | T AT WO 0T SRR HY (I 7 Wb |

PAE T : TIEAE LA (STX YIS 8 FLIG T AAFFROF-9Q & 0 | J030S FAPR
i 38 ROTT 16 0 | S TAPTIPRIZS AT Y16 T, A0 <P A3 I | 5016, A0S
AT (STF AU YCFTE FBF LG P I8 R 16 307 | TG (o Fpicaret « w1 wibie-q
“ifeers 27 | BRI oRIRT-o- 3t W P SRz I, W T Wibie syiniRe-Co-A
B WG P AT e 0 | @i corx i it ot = @7 Fo% WIBHIET Co-A
TS SR T, W IS NS WIS 5T &A@ IR | >

FHFTFRIRETH ¢ SfECHE SFRREHE WY A6

Adrare e OGP RN AT TAFAZE
S | (I effer 9 AR 2R Ry | SIS 7w e R |
R | GITH FAICK 6 IAIATHA YRFAPHE CTFCH 96 | | WRCOIHGH FPore 9o |
© | S O,-97 ATETST I O,-97 AT 2 | I O,-97 AT 2 |
8 | FLHIPToY FOIOT &ES | FOIPTEON &ie® 77 | »
¢ | *f&7 T xS ST | BTG SRR T aR-Remer
% & 20 ¥k ©f 7 ATP (R 27|
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2026, W S S BB YUFA ©, (NIRHEW HIFET A I
NAOH+HT = 3 ATP
Tfew *1Riweg 89
*f& Bestvrem AfPRUE
TS A GF T LI 574 &I =20 €O, '8 A Tesimeaeet et =i Besivi ¢3
RSN *1%FeT wittes (P 5T ETC ST ATP
SRFTE '
ot AR BN R SRR B Bt i e B R B i = 2ATP
- - 2x2=4ATP = 4ATP
(I ARCBrET INABDBREH - b 2x3=6ATP = 6ATP
=t 36 ATP w5 6NADH+H" ......... 6 x3 =18 ATP = ISATP
[ A MR |:2FADH2 ................. 2x2=4 ATP = 4ATP
g o v R RS s . = 2RIE
¥ | O ETC-(S 32 ATP - =36ATP
NADH i -
of ATP @& | 12 ob A1 firer|os craat 2, S Wb foet @k ]
S o6 ATP
Ty I |

T BT (T, GF VT YRGS (AT by ez =% @@ 20 58 Irmefeee s
T vvo RAFER IR S sMrem T gk A *f ormfE R 78 o | ffey avmfe
ffeam efefB ATP 2re @ Yo fetaReia R Ol ATP 566 6 Keal MfE SHeaiz &n, 19 w01
FHFTS] AIGR ST (@E.8% N SRE ) SR TS 80% |

(¥) SRS P (Anaerobic Respiration)
S SRS P e (Il TT S e T A1 | (@ o AR SR eeT o 4 &
SRS SRS T T O W_IS P I |
CeH1206 T3 5 CoH;0H + 2C0, + 20 R
bl EXioe
TS P D e g = 1A 2 S | MRFER @ R | oA wifiren s T |
S | AT : af TS PR AR effera S, MR T o PR o
T | @ At G Y YIS (AF { T A2 SF IE, W NADH + H @€ &Y ATP By 2 |
Y WWWW:WWMWWWWW:W
mﬁ@wmmﬁwmmwﬁ—mWecmWwWwﬁwﬁ I |
() SUPTIIRPRE FICHT o R 3 : ofS 7 <ot 51vi =1 @ 4ot ST ez
e ARFeF W @ WY Co, @@ ¥ iy WPTEReRTT Bevly o @k fadw st
TR fRuEifenTe qrerRtE IwIRen wftEReate, NADH + H 20 46 ZRges aee
mW(WW)Rﬁammmnqwmmlﬁﬁmmmam
acﬁuﬁfﬁmﬁﬁmvr
NADH +H" NAD
(I)CH3—CO —COOH—& CH3—CHO (H) CH3—CHO -—;-4—» CH3;—CH,0H

m-mﬁw FrdfarE bRt wmm.‘m’“'”“"‘.': X

i O (03n) : WRTPFIRGF-GF &S NADH + H' (0F 5.¢ ATP, ST &S NADH + H' (0F .¢ ATP, &fs
FADH, (U 3.¢ ATP ISR (I ATP B = wofb (ov- a1, wwwmﬁmmwn
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88 GR@EM-2R 4a

SRS YA . WY YL (S0X R WY NIRRT 8 R T CO, Teoly & |

C¢H 206 +2 ADP +2 Pi ——— 2C,HsOH + 2CO, +'2 ATP =20 e «fe

e B2 PR

SATS WA MAFENRLT NADH + H Teoly R ©F qUsta 196 A ¢ | INER /IS P
MRCEFIRGP efFm A vt ATP-2 *fe7 «wm ¥7| 46 ATP e ¥ 8 o x % = 0
frennEa #fe “new T | 2 ¢ e W 5fEE, O 9 of s FTls =0 =7 |

[ 5% w@e T JRYRAA TR T@I9 | G T RS P (W FCCSH G SCS SIS FF SIF FA=Iret
T G St 8 FS LI mm|mmwmwﬁﬁwmﬂmm(mmc)mﬁw
SRR (TS SRTFFEIREPT T AGHITE ¥ T pasteur effect. |

(i) TRHe wite I : WWW@MWWWW
NADH + H* Z0® Q2GS 242 IR WR6e Wite Affrs ) webs wiffe s @i co,
Teoy T 7 | Twrfaw S A wife R = A1 ( Sfeem sk ¢ aifive, Rew ¥ s,
wRbe Wfe SR Sy X | SIS PH WRFR TR §irem’ =& Seimem aewa afewr )

NADH+HT NAD
CH3—CO—COOH

== —» CH;— CHOH—COOH
; - RxEmfT

e wWite

SRS P > Y LS S { N F Wifre Teoty =01
CeH;;06+2 ADP+2Pi . —> 2C3HO; + 2ATP =20 Reeiaeyetis =
LI Wbe Wike
PGS A1 W& (Fermentation)

QIR A2 SR S Rfre it qreRew TfEfere g Wy weren wite T
BT (PP I WRE Wit B ¢ wE AR = Seeim eferice FIeieo=w 1 om0
oy INIRA 6 IR HEO PN 9B | RE@TTI @ =R FCHDAT FHE TG 341 T O
TR (Zymology) 30 | @ AfGR SYFRIZE, T, AC#L TS7fw Coft Fa1 = | TG PIARW
#® A (Louis Pasteur, 1865) Strye RBITH F067 TIAH=w efwm I (7 R 9@ SAFCEAREAT

P R SRS 30 | :
AFSFA GR WA H P g
AN Nlisasll
(F) WRCrRETR Ak (TRGTAE) (F) RLBTATSY
S | METREEOR R | TG > | ARTIENRF R | FCHH © | (&7 b
(4) TR (oo -4 : (¥) ATV (S & (inner surface)
© | ARFeT JIhe SEe 8 | (& 5&F 8 | ZTIRT BIICAD (B3 |
(%)  RERRAE TTE (WET-Q ¢ | 2R BIECAS (52 |

RSy Piegr w1Ire P oA FICH= JIT : [ & S17qre Piw af Fee |
Afsfe zrar S g | TS SRUFT 7 FERT Bogree 41 e

(i) I e « ST TSR efFs « Pg e Aeiear & 1 wEw-fofaw e ®5 @
AT# tof T = | - Tonf Bosaram A fifds FEo7 @S PHAT T FT W CO, dR
BT TR | CO, M-« Lot AT T F1oA1 27; S PP SIeet I 20H Bed 7 |
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*K*

Biogeochemical cycles: Carbon cycle, Nitrogen Cycle, Calvin cycle. (not water cycle)

Tfem =1deeg v8e

(i) 7 FICE : HOTT RIS P SR SIS FI0E P T 0of 1 2 | 9 &f SHEE
(ATF SR TR WA 37 (AT O 2w w31 27 | ;

(iii) SOTPCPIRT SBTS : *1FA17 A Fo7 FIoow Rfemar Tker sz tof zo | v B
01 16T (molasses) (<t @ e SyFTCReT LOf & <2 e RTGwT, et Tonine
/S FAI T | :

(iv) Nﬂw UKE A Lactobacillus helveticus, Streptococcus lactis ot I fffie o—¢
mesms%mmwthﬁwwmmmwwvmvfﬁwwm
w32 eff e IS =W |

(v) IR o Premr : s ST egy tefits ey g e s Bes fiw @ o
mm(wmﬁwmﬁmwmxmﬁmmwmwmﬁﬁmm
e§fiteq ETFIET FE e =W |

(vi) BT, OIF ¢ IF ARFMGISINY : Bacillus megatherium NN TLIEA, 51 € SN
AfEFTeTeFaCe FICHTHT *F S IR F T GR T TEATST Bl 35 @IS T GR IPIHYS W | I
foge @3 emm Wt |

(vil) RS @ W PBrear : R 55 @ fom @@ (Penicillium, Aspergillus), TR (Pedicoceis
cerevisiae, (Bacillus) sp.) T efemms Inw Afw Teafre wwr TGS HI, @NA—wE
TR RFSCACRIT (Curedham), W& TS LS TIHATA IS (Katsuobushi) &8FS |

(viii) B tofs : frifim @ firargmfam e R5RE B, ¢ B, @ efimmr Hr3Ba sy tofk =t
|

(ix) FETTIR B : @TOR W FT AP Tk eI Beoly 79 | GUS dcetobacter aceti
e I e wre e sy wiftte 4 Rt Sesy @@ & |

(x) GRS “H1frer ey : o e e AINeE eem T TiGe Wi e efimm Betfrs
Lol

(xi) 5 Fegr : 51T T BTG (AT T FI efTH (v e @k 5 @ e sy s s
o R «@ta ISR (Bacillus subtilis) TITT T T | P JIIRAR NS BT 5INGT (A
T, (MG TONfoa SopE 95 |

SRS P 8 BB R WG M7
e Raw IS P « FIEfBT (Fre)
>, ferargs «fS GifS FI0Ea 0 W | ¢S Qi (FIcEa A2 WE |
. (FRE = e Tfewm = | S B ¢ JNIRAR WSl e
e = |
o, T CRICAT NKITHR S 27 7 | S NI ST ZF |
8. fefsrm g= ars PR W P Ry awendy | e @R wg P ey aweRw
s R e 30 | @rE AR e R s
2R A |
¢. WIG-GF T (ATRA WSTBAIT TS TS 2T | IS PIE TJIZ© A |
Y. GTHIRY oFpfS FifeTe, Tadug e aefs GROE ANS GHEReE PRI
SRR SIS TG | W,
q, Beoly 9T YA Q@ AT @I (SR WEIE 6| q AT @A IRE WA 8
CO, Afees =3 | . CO, fess =7 |

G5 (Z1)-88
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©8Y GRfEH-2Y 4q

SRS T/ (Respiratory quotient/R.Q) : P afdm Bew @ +ffwrt co, ot 33 vk @
T 0, AR I B WPATSLF PR TR (R.Q) I | [feq e 8w &y e zw ey 7=
A AT | TARRNTHA 0 W, P 3§ I e W O Gt TS P MG & &Y CO, S
A GR Y T 0, & I | ’

qUETE P TR i e fAoe siiesd 9ew s = ovd‘ﬂ'*’f”
CgH 206 + 605 — 6 CO5 + 6H,0 —_T_
e CO, @& Sog AR mpw

FEL 3RS T (YEPIEH) e T (R.Q) =B 0, @ o

w1 e FEREs , & Wi, 5 ¢ Wiy Wee 38 frne wfte @ | e 8 ¢ Piee
$AE 677 %P TR (R.Q) R oy =rs ot am | rm—

WWR.Q--E=§-I33
; oo 236005 36
e wfted R.Q = 510, il &

W O, 97 R I AT R WY PTG R TI7S T qF R.Q @F T | 7 I
T AT |

7 iR SRR (Factors of Respiration) : RS qMe o wom@d oz PH
ferma o gferq R e As:

(¥) I LSRR (External factors) :

S |(SPEE : P T soerEr e R iR, W @ avmfae Rfemerr o9 ffey
T 7@l fRafEs | Ry S IS Seman e RS oTRg SR F-3f
PR TP FoRIES 0 | SIPHIET 0° . (TF 30°C . 148 AT AT AT 3P TAS TS NG |
0°C 1 T YA I S | ARG 20°-35°C SR P AfSF SESIT B0 | 45°C 47 €N
S SLHFTYRR R 27 O/ Y0 =9 (@ W I/ |

R | SRS : ARFET WITER AfF SRR T SIATE AT | TS P AR s e
- 3 \Ifis = CO, 8 Hy0 Beoly I | SIBF (91 TS *PIAR AHCGCAT LG ATS |

© | Af} : FoerE KT e amem =0, ToGT arrEaT A TRaRe P fFrs gefs s@
A | :

8 | WAl : PIIIE TR LTAT G 71 Aoy 6% e @ ez ToAfgfors +wem e A
0, &= 8 CO, TS FAI 7T T IC1 4P TR G (TS I |

¢ | I TIR-THIRE-GF TG : IRCS CO-«7 TG @TT (511 47 TF fHfee 0 177 |

(¥) WEREA™ SIS (Internal factors) :

S | EfoR AMH : T AT Y P R QP 98 | [y Rt ey wfbe amiR
TG FARES 2 | INE2 G AMHEAT AT 8 @ Piw afFme 2 e 363 |

| B P e [y Rieam sory Sweme seemzd 303, o Bofyfen eoiad sovyef
1 effeEfs fasaiie |
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203, W 8 GBS BT UFIS ©, (WM AFE A I

Tfen Aoy 89

© | CITH I : (T (IICH (ATOT2E S4F (S ) GPR (ITE %P 9 &S 27 |
8 | (PIY G FI : (I W& 7 A4S ARFATS AT i 27 @0 W |
@ | G TOY AR : (T AT A1 SO 201 4o T4 0 T |

© | TMBeS W& #1e : ABTS NaCl, KCI, CaCl 8 MgCl &7 FR 12 I wfbea 4o 2a I
AN |

q | WY AR : Wreee Bors wrers e o @R Reem Fowd 21, T P 9 @S
T | TS e wArer 37 wes e o e 3 o

U9 ¥ (Importance of Respiration)

@A R G PO eFg W | SRew 1 afie ool s e W e
SRRSO HoCS AT | 4T a3 26w AR 61 I ¢ 617 @aa Ty 26w | s Bfew Sy
AR TG TCE S FRTFCA 6T a1 0o

S | O TR I TR : @mmmmmaﬁm)mwwm
R Q@ *fE T P AR TG | IR I Testraa Ty IR T LE e ARniee
TR WYL TACE CCIAT A QA P R 8 o7y |
SR A &8 : P effm e co, AT 1 rErTend MR R I9Ee T @R
AT TRA I | (T AT (T BfG GIIE T IR, (SRR WA Tt 1 Gorerpe T 90 |

© | ¥fer # AR : Sferaa W e A o aferr eFgd S e w0 | P
TR W A # SR TR O A R I ¢ SR Lo el TR = |

81 @ e ¢ tikE P : P e qor @ Rewm efmm etre efewfe =) @@
RreretTm ermes % o Ry Wl owd P efFwr e e | ok 9 efew S vk Ifee
Tz 33

@ | ST T : mvpméﬁmmmmm|

b | IR 8 28T WG Bt : @ elfmn Ry Terwia @ tew wifte sfEre el w4 TN
G S &S IEENS TS I |

91 IRWET CO, 8 Oy F SEPIRY TH : FCTPRCIT 2w IRWE LS CO, RS W GR 0,
s =0 g P el IREST =S 0, VS W R CO, IS =W, ©IF I CO, 8 0, G
SIPTY AFS = | E :

v | P IR : RSy w@itea swre P efwans e A e euite Sy, W, frar,
W51, WE 8 WREH 37 2711 Tesime gy afodm |

5 | IR 8 YuETe g : mewmmmmmm
(WW) emmﬁ(ﬂ ﬂﬁa)wfmwmu
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0, W 8 S BIEa=

o8l G-
TS P 8 TS P 7 WG 14T
e Rew SRS P RS P
> | SfEEm TS SRS AHEH X | TS SIFEAR LS ZF 1 |
3 | MEFTeT wrfes R | ARFe wriftes W= wRe Wb AR o% WrIfFTes SRS See 900 |

© | CO, BeAmw S #Affwe Co, Teog = (L W) | o Afwe co, Ty =W (R WY) A
WAt TR W Al |
8 | #fIff Tesiviw AN B=og = 1 (6 H,0) “Af Seoy = AT |
¥ ¢ | TR G TIOT | o & A | Beoty 2 |
* LE
b | *fE ATP SRE 36 ATP RS VYo |ATP WA 2 ATP S W& 0
Tt =& onemr any et e sinearam |
q | FRYGCHE g FIRCGTHAE @ VAGPGIR NG o | | VRORAR 3@ 9. ARG
0o |
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