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Abstract: Biochemical models of leaf photosynthesis are invaluable tools for exploring the photo-physiological responses to
environmental factors and identify potential targets to improve the efficiency of CO, fixation. The FvCB model can be used to
fit CO, response curves 'developed under different environmental conditions and predict underlying photosynthetic
biochemistry. However, to do this successfully it is important to improve chloroplast electron transport modeling, and gain a
better understanding of internal CO, diffusion limitations and elucidate the mechanisms of stomatal (g, ) and mesophyll
(g, ) conductance responses to environmental factors. The FvCB model and its application in determining the photo-
physiological responses to environmental factors, such as light, CO,, water, temperature, and N nutrition have been
reviewed in this paper. To improve the veracity of the parameter estimations and reveal the mechanism of photo-physiological
responses to environmental factors, the following studies should be emphasized in the future: 1) the relationship between

the carboxylation rate of Rubisco and chloroplast electron transport rate; 2) the CO, diffusion limitations in mesophyll cells
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and its effect on parameter estimations; and 3) the regulation of g, and g, responses to different environmental conditions.

Key Words: C, plants; photosynthesis; FvCB model; photosynthetic physiology; environmental factors
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TERR S Y, CO, O, FIAZ - 1,5- 2 (RuBP ) %7E Rubisco BMEAL T & A= R A0 SO FIAE AL SO o 24
CO, MR BE AR, JIEY) RuBP ¥R B2 4 5 | Rubiseo, Ji {10 15 PR35 B 5 K, D665 #3852 Rubisco Mg TG 14 i BRI, BP
Rubisco i M BRI BBz s Bl CO, M THET , JIEY) RuBP AR 3 38/ N T HIHFEHR {1 RuBP ¥ BEAS 2 1 PR 6l
e B RuBP A R BRI Y o TR BRI B BOAS RE A B — RS A F T v e R
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fil) " B FvCB BRI CO, 8 B A2 S M TE TR A, AT TR B & 5634 52 CO, LI 1] Rubisco 2
AL A5 HIBE 7 R BR ) B I S BERR T T IR A A RN i AR A AR A, FCB B (1 3
ARSI TR AR L FERRALA T, T FvCB BV EE 3 AN A 58 AR A A9 BRI H R (3] i
el OJCIERE BRI I BRI R A A
1.1 Rubisco %4 R I B B

Farquhar S TE DGR A CO, T, YeEVEH 2 Rubisco B MK/ BRI, HAR 4 Rubisco B 2l 12
RIS TS0 S Bk 2 2442 Rubisco IS 4 FR A B BE %) A8 A
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"FKK +KC K0
Vo K0
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Fig.1 Simplified photosynthetic carbon reduction and photorespiratory carbon oxidation
@, FAL R 5 LR 1 U Ratio of Rubisco catboxylase rates to Rubisco oxygenase rates; RuBP; #% MR- 1,5- "% Ribulose- 1, 5-
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R OUSE BT FCB MU B 7SO G, — eI T VR AR R A R 27 A 29 AR
31, BN CB AU G CO, MR AT ISR V, o o T, @ FEBT BRSPS HOM g, (R, S SLIRI 28 TG 1Y
el R 3 AT AN CRYRAE . — B, 1 Rubisco BEH M BRI B Bt 2 RuBP 1A 38 25 R il B B i
1) CicH C, o ; RuBP FHA AR 2] TPU BRIIFEH S CiCh C, o WAL CHE T LRI AR, AT L
A LA T RRBU R 3 2K 1 BRI C,  1E 20—40Pa YT BN AR I H TPU Bl
B BE A H TR P AR/ B, 58 2 2807 SR CO, MR 7 1 2 mP (8 4080 TR B R JL A FvCB A2 58 3
R RN FvCB BEARLEAS SR SR A ML A ki TR 20 5 1 2 BB A AR AR
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PFHIAFEIAE 202 IR €, ARSI SEEE R 28 2 Er REREIR T AATE C,
R AE AU SRAT 1 B B BE A B 2H & AT REAS A5 Rubisco BTG M FR ] | RuBP 42 # A< BRI #1 TPU BRI
AISEBRIUY . 26 3 26057 AL TER 3 A BEA &) o ik i, T BT 5 3 B B A9 SE B e, 24 O 045
Tk AR H R R A A MELAE S A
1.6 SN ASCHE

HAE FvCB BRI A O ARRIREE T K, K, 1 T S BUBUE A, ik, — B8 25C T K, |
KR S BUEAE bR (N3 1), AR S 00 T BEAR DM s Bk TR SE I R T A S8 0 s ek
O BT e 5 05 ek i S S48 TRLRE ) Y PR 2%

P(T) = P(25C ) o'l T"»/H/28KCTD ] (32)
K, T R MERIRSEE P(T) AIEIREE T FESE(K, KM T7) (P(25C) 4 25°C FRISHCE AWALRE R
h 3 P AR
#1 25CTWK K, .I'" .EE5H

Table 1 Parameters (K, ,K,,I'" ,E) at 25°C
COL K IR B 0, K IR HEL e I 9GO, #MEE £

= e Al

e Michaelis-Menten Michaelis-Menten Chloroplastic CO, ) ES

Gas constant R/
Parameters constant for RuBP constant for RuBP photocompensation (J mol~ K1)

Carboxylation K_/pbar oxygenation K, /mbar point'L”* /pbar me

BUA Value 260 179 38.6 8.314
G ALHE/ (KJ/mol
T ALRE/ (K)/mol) 59.36 35.94 23.4

Activation energy

o5 30 ZAFRY K, FvCB BRI C A SEE Rl RS R BB . (HAE RuBP A28 AR 1 By Be
Yot TG A R M Z B B S ATP SR I 22T 2320 FvCB R K SR T i s e,
T g, AR 0%, T FvCB L ¢, AN EGS Rl X2 B R S R A w1
1T FvCB BRI AT LU HEAT I 7 8 A S TR fhT 0 A8 A S B AR AT Ve S T, 8,8, FEE
BAAME R EAERE YA S IR AR EOCR ST A T IZ MR . 4 TR X FvCB AR 7E i
i H B BRI PR3 7 1) R R 00t SR A T8

2 FvCB #RBIFEM Fr & IR IR 15 [F M Sz ) Bz P A 55 i e

FvCB FERI4E 5 Y Rubisco if§ 410 (5,2 £( eyt £) F1 ATP 45 iS5 28 39655 0] LE R iAo & R 58
YR COL MR R KA1 N 5250 S PR R AR fb i R AL, e, v, RS R GEH Rubisco i
RIRACAETT 0 SOCE F T LB B M iR H R BB RE T | T, S BB IR P W 1 & JURE 1 g il g, LR CO,
FRBH 7 6 A L BR
2.1 DGR

FEARTRBREEER T, A AT S AL o & A oA ) O AUt 2 & AR A8 fb . KB 98 £ W FH
A A R f( eyt ) (ATP 5 B0 Rubisco B & ¥R T HIEM /27 S84t R v, T, 5
B W KT AN PP R, BHAEM B RO ARE N BE K T IA A, Hanba 55 & BUBH A A9 AL
I RERTIAAN AP X TRESEHAEMN H 1 g BERTBIAMN F P Piel 28 & BLHAEM F g, A%k
FEAR AR B NT AR R A AR 2 R R K 7 XD BH A i R B R I S A R R A )
AR S, ) R T BN R XA R R T RE S BOHAEM R 1Y g, W KT RN A

FARBERESR XTI v, F L ST WS B CO, P B A W R, IR R ¢ SR
FHERE S IEARSE ) AN RE A R G5 1R DA 8] o] GEA7 705 5 A3 2> it Rl DL ad ad ol
AR LIRS TP RE SRV g SE AR KN, AW K BUKRE ) Febd o HREs = fnge s AR D SEnt |y
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., BT GRG0, (H/NZE R 1) g, ZEAS BRI OGR FARRRRR E AN A2 Douthe S5 IA KR
IR I (4 22 57 T RE 580 g, B IR Pt D' 0 i SO 195 0 AR [0 g A, 7K 8 1 2 PR 1 32 2k il o Ol
SR B ISR 4 KR TE R A RS CO, BB R A2 i AR A O R B LA, ik A iR s AR £k AT
FEIE 2 PR K T B R RS g, o
22 COMkE

FERIIE COMREE R Mt R A5 RRL o 25 A 28, NS i AR L KR o, BT
A K BIRERRIT A Rubisco B &5 B G PERIN H N & 23 0% /N TIER COME T AR MR At A
N & LISEmE A R G Rubisco B & R TG JEIfigkdl oy Jaf i AE 1 RE 415y T RE" ) | 25T s
MR G A RE ST, I AU 5 COL MR R A KRRt R v, F R g 0 A58 3 /N IE #.CO, Tk
BE R AR AR, KR COMREE T AR MM ¢ P il g, SB/NFAEIE R CO MR FAE KRN, F5E
KIAE KB CO, A BE S R BR M R B A AL R I R 35 R 40 M % 3 Ok AR i) k] A S g DN
Kiirschner %5 & B 5 CO, MR T A K MRTAR I i JBERE K T 1E 8 450 R A K r ik 20, i i B2 2 g 38 K
ARES K g, AR, T3 g, 8N

CO, MR BE I S AR (U A SE R v 1 v, 0 T S8 (AR COL Y HIPH T i E . Flexas SR ¢ 5
CO, M I AR L AR R X b, — A 3 Al f# AR . 1) Hedrish %4 B0 F 5t SMA R A pH (BRI S
LA 2Bl CO, MR BE I3 N 2 24 B AR IR PRl AL IC AT, IS8 g 22/, 2) CO, MR I /NG S M it
A £ P S SR R A R, S SRR ST LA R 5 4 T 400 R v B g A R A, A R P < ALAT AL 3)
CO, M EARAIA 7T BB F ATP J8 15 ALHIY X o AT, KEWE LM g, 5 CO, Wk 5 f b 6%
F 230 QAT IR g, 5 COMRBEARMISE PN XFil, — A 2 Al RE . 1) i ToKom il 3 3 A
R MR COMREE AR ) | g XF CO, Wk i R Tb 1y DR s iy 13 7T R 32 /Kl 18 2 A R 7, 2)
Sharkey % BN SR (R AT AT BB 2580/ INHE I TN o ML Tholen ARy SRR RS h%T o A7 W (LM
FH AT SRR AT W RE S AR COLMREE R o B PR R4 G
2.3 HE

FvCB ARLE 08 58 iR B (B XPRR = L 451407 ) %t it ot & R G e 2R AR R B i 52 . A5 BF 9% & 3R
Rubisco B ILAE ST DA T L% RETIA CO, P HuS R BEIRE AL I AE . T Rubisco M S HS
T PEY BE IR (N T3S K (10-40C ) LK, K, | V... 2> BEIR FE (038 i 8 K % Bernacchi %5 FH 45 41 e 51
ARV, PELREAHSCHE T OO R G TT(PSIT) P& % 6 FR 48 1(PST) FG &R 46 T1(PSI) 8] 1 B F-1%
1R (JRRHER PQ FUTRTE 2 PC) 1 R oL £ 328 3 238 1670 XA [t 305 188 A 348 oot 38 K, It 23 7, Bt
TLRE A N i 8 RS TR AU R B e A RE T, T ELSE IR CO, YT IR ) RS g, 5 R AR AN A
SO N g ZSBEIRE ARG K Evans SFIACH S, ANMLBE L RE (T ) A0 0 TR0FIT IS5 A 5 JE
AN AR R R g, T von Caemmerer 45 & B CO, I T HRIB 3 M A1 CO, ¥ BLUM TR I 72 < L 2 0
JE AR O FH O LS v A A AR v A R A AR R g, 0 P9 Ah, Kuwagata 45 & BRK G T8 8
FE DR 308 o 2 o 3, 3 0 485 on it 434 K70 r LA R A T ok s o K G B 1 3 R ) 3k R ORI
g, -
2.4 TEuEE

TSR T DL B S B A oK P SRR AR ) G A VR . A BIE ST 2R I S R 3 R X
Vo 1 J o SECA W07 HXT CO, M HIBE 1 B s ma 7 e T R aER B A0 T R A
EEBBVERT, RS AL 5, S A, FEER A SR, Fh B T A TE N A AR D AN Py B R i AL
e REURALCH , HE 7E TR R A R AR A g, BN TR IR A R AR AR Y
KRBT R TE T SR a0 0 FAE K AR - g, 35N FIEIE R S 0F T A RALRR 57075 K
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