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Abstract; The thylakoid electron (e ) transport chain in plant chloroplasts is pivotal in coordinating the fluctuating supply
of absorbed light energy with the varying demands of the photosynthetic metabolism. Photosynthetic electron allocation plays
a key role in regulation of the photosynthetic metabolic processes. However, according to the biochemical process, there are
some deficiencies in the current method: (1) the electron number required for one oxygenation cycle was underestimated ;
(2) the relative electron transport rate and the absolute electron transport rate were confused; (3) some electrons via PS I

were used to CO, assimilation and photorespiration, whereas others associated with electron—consuming processes (e.g. O,
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acceptor cycle or water-water cycle) were ignored; (4) mitochondrial respiration in the light (R,) was difficult to obtain,
which led to inaccurate estimation of carboxylative reaction electron flow (J.) and photorespiration rate ( R, ). Simultaneous
measurements of leal gas exchange and chlorophyll fluorescence for wheat and bean were measured in this study. The results
revealed that the electron transport rate and CO, assimilation synchronously reached the maximum values through fitting the
rapid light curves and light response curve of plant photosynthesis in bean, but not in wheat. It's concluded that the
difference seemed to be atiributed to assimilation product output pattern. The difference of the electron allocations between
the calculated values from photorespiration rate (12X R ) and the measured ones (AJ,), and the difference of
photorespiration rate between the estimation by traditional method (Eq.5) and the measurement, were all demonstrated that

the difference between the relative electron transport rate and absolute electron transport rate.

Key Words: gas exchange; fluorescence; electron allocation; carbon assimilation; photorespiration; mitochondrial

respiration in the light
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(380 F10 pwmol/mol) ; Li-6400-40 % Y6k FEALA R A A5 2R S 58 B2 (PAR) , 43 31124 2000, 1800, 1600
14001200 ,1000 800,600 400,200,150 ,100 .80 .50 .0 wmol m™> s™", & JH H Zh &2 )F ( FIr Light curve) , [A]H}
1058 21% 1 2% 0, W BE T My SRS I 2R R DOEESE, B URIC sk R/ N ERFIS [ 2 2 min, o K ERF
BRI 3 min, B IC SR Z BTAAR 8 F 34T 2 L 2 A i & 2 ] B DR B
1.3 Hdsgiitotr

AL ' A 1 RS S A i 7 1T 28 FH A 0L it £ (40 06 TEASE 4015 ( AR FRTRR B XU ZR A8 R AR Y ) >0
JERFIR AR (R ) SE T WA O, W BE (21% F1 2% ) T RWDGA BARAY 2286, PIFR O,k BN 1Y L 1% 328 3
(ETR) Z 22 WHL TR (AT,) , Bl AJ, =ETR,,, -ETR,,, . R4 5 2 7 BRI E B (B 5—7 B4R ) SR H:
FYIME . SR SPSS11.5 #F47 5 2225 7 1 B V43T, Excel2010 fEK]

2 RESH

HAT, ENAMET A B TR A 2R M Valentini 258 #1 Epron 281 Fr /810 J7 v (R FR1E G )y
%)
J;=ETR =@, xPARX0.5%0.84 (1)
P PAR A ARG, Dy S PS TR FAESBRCE, th (F, '~ F.')/F, TFRR70.84 R0t Ak
W ZREL 0.5 FLARETE PS LRI PSI AN G 2 48t 4 e i L] 177
HEA GO L T35 () ) ARG L T30 (J ) I3k =0 5000 .
Jo=4x(2XR) (2)
Jo=4x(A+R+R ) (3)
K, A RRWOCH B R RIGT BT 4 AR F 14 CO, 0 TR B 1452 AR 2 1 0,50
TR —A o, T
[FIBs A 58 5 B AR ook B PS TR R FBR T 2 S R ALFIOGRE I S A 34 4% ) L) 22w g %5 70>
SHECS 2 B I () A TR SR TR AC () RS () o B A L3R 2 A
Jr=Jct)o (4)
i, SERPI A (R)) AR 2N .
R =[ J,-4x(A+R,)]/12 (5)
SR I eI AFAE R R FE LU BRE B 58 20 T 5 I T SR N 1, 5- B MR A% B M (RUBP ) #&
S, T 2088 T SRR AE 3o S A ) 1l A v R 4L, AR 0T ~F AR, RIRT G, 48 AR B 1R PR T #E 3mol 19 4 T
(2mol 7EM- SR FH T4/ RUBP, Imol 7E1t AL BEIA ) R TELORLAR T B 1mol CO,  THAE 2mol i85
F1(2Fd, ,+2H") S8 2-C B AR SRR SCIE IR L Bt PP IGH AR (R ) 5 FE 0, (V,) 1 H il 6 &
T K«
V,=3%R, (6)
SERF T o FE A LT3 () A
J,=4xV, =4%(3XR, )= 12xR, (7)
HR A sk 3PS I FBR TS S50 FE L RDEIEIR b, HoAl& 42 BT 2 B A B3 (J,) , A4
WRJF (Mehler R ) RACHFAR&AR , NAEZME 5 & A R w50 IR A4
Jo=Jct]ot+ J, (8)
TN LG PR JEIT A BC I FL 00 () LA BOG I IGHR (1 1153 3 75 F 8 S 80— T WG PRk
F(R,) o SR, BETC TG WP IGH A A A S I AR R A, — 22 RO N BRI R (R A2
Sk ak CO, MR BE R, 13 i YR N 28 sk O, R 2R kAl B — s AR A A T A
— o O A R TR P R 20 ok EA T B R R RS D L 3T 43T B G T I R A MR A B

http ; //www.ecologica.cn



1220 H

&t
s

Eild 35 %

3 #R51TR

31 FObahLk

L 1 AT, B OB HR S A8 TEAR TR AN AU AT LLAR G- b 4006 o't i 107 il 28 o ] A - i 48L B PR st St ) 17l £
(B 1), 314 THUG/INEZ R GRS 7 4 PRk 6 i Ze i35 S 8005 21 106 A S48, DL G S5
G SHOHE RIS, HAUA B 5 S0 E R —3, Hor ) i UG A 38 5 f 15 38 3 R o A B i
TR 7E R T 43 5k 1938.11 1 1945.16 pmol m™> s~ Ui BIFE K T A v B 114 386 R 505k [] 6 0 3%
Ko B8R ) W — SO B A T AE /N A2 Fh 43 R 2289.38 i1 1649.55 mol m ™ s B 2 A] 22 7 W (P<
0.05) , 7T A Al e S VEYIXT R AL P= 1 i A=A R A 6

e 7 i 2 P e th 2%
35 300
INE
= 30 - ~ 250
& 25 - o
= L 200
& 20| £
O g 150
= 15+ 3
EL 10 ® JIEfE E 100
5 T =
5 50
0 . ' . : 0 | L L |
=5 500 1000 1500 2000 0 500 1000 1500 2000
30 - kg 350
o s . 300
0l 2 250
g 20 !
6 E 200
=]
o 15+ £
5 5 150
E <
g or £ 100
=
S5k 50
0 | | | | 0 | | | |
-5 500 1000 1500 2000 0 500 1000 1500 2000
PAR/(umol-m™2s™) PAR/(umol-m™2s7")

1 21% O,iRE/NEFARE M Fr S Mm z #h 2 F0 sk St i 2
Fig.1 Light response curve and Rapid light curve of photosynthesis for Soybean at 21 %0,
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Table 1 Fitted result of light response curves and Rapid light curves for Wheat and Soybean at 21% O,

B K JGHE S T2 Tight response curves e ST ZE Rapid light curves
Parameter Species PAE HURRRIEN PIAH HURRRIEN
Fitted value Measured value Fitted value Measured value
e K6 A 3R/ umolCO, m™2 7! wheat 27.40+1.59 28.68+1.92 — —
(Maximum net photosynthetic rate, P, ) Bean 21.96+1.65 21.93+1.05 — —
FeAWADEHE /(umol m™2 s71) wheat 2289.38+83.38  1898.50+113.78 — —
(Saturation irradiance corresponding to P, ) Bean 1938.11£102.49  1942.86+97.59 — —
L& AR A/ (pmol m™2 s7") wheat — — 1649.55+80.92 1699.63+201.45
(Saturation irradiance corresponding to ETR) Bean — — 1945.16£195.12 a  1914.27+106.91 a
FRHL T/ (pumol m™2 s71) wheat — — 222.72+30.12 2 224.37229.70 a
( Maximum electron transport rate ) Bean — — 266.90+12.45 a  271.90227.02 a
eiE ZRL(R?) wheat 0.998+0.000 — 0.997+0.002 —
Coefficient of determination Bean 0.997£0.003 — 0.994+0.003 —
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Fig.2 The rate of mitochondrial respiration in the light (R;) of wheat and beans response to PAR at 2% O,and 0 pmol/mol CO,
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Fig.3 The electron allocation of photorespiration of wheat and bean by two methods
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Fig.4 Comparisons of photorespiration rate (R,) of wheat and bean between estimated value and measured value

RHITELAE: ity 9 S B AT 3 0 G5 e T 5 i e ok e A~ 5, DRI, SR T RAMUTT ¥R A5 31 10 2 AR X v, 142 35 5k
A M BRI, AR ERAE IR PS I 2N HP Oy LT 0 B85 A8 AR OB i ol o AR 52 4 2 A B0 T >
R L7208 TR g 2 0 v TR R T ERUE R R b e 22 5 . AWSEIRAUR B il i <A
SEHSE Y (12%R ) 2% L FA5 3 AL IR 1 T Li- 6400 WAk H (AR X s (% 30 % (AT, ), ISR ERTE
COLAFAE MR, H2E (HIE 22 TR, Schreiber 55 LLSESE S B 5T 45 AL 7R 20 %8 W 1% 38 0% K T
RO RS b 5L S
3.4 Al 1L E R

TP IDCEERDE LA BE AR AN B SR JF R el I £ 2 TR R R RT
A, FAbIEAR S B U0 75 Ry B T AW i A AE > Edwards 5557 I EURBEIT 1
REREAEH /N, 1T Turpin %5 A AEY I AR L BT ATP Al NADPH (197 R i 2 i K F CO, i [l ikt 72
XENBIFRE, 250 1k, # B AL — 4 XA R0 E 575 5 0 T A AR i B TR 2B

B ARG A TR B 5 vk ERAFAE LU T R (1) IRl 1O A3 B i — A~ CO, 20 P i AR 1Y
LT RIG (2) TR T ARG F A R A 0o riL A 3R 5 (3) 2200 T Bk (] A ATDG IR A Ay At FL 13
FCHRAR 5 (4) e LAVRERM 3K IO T BERFIHARAF ; 7340, A7 A ARSI S R POLI R A TR Dt d
R i R AR IR 58 4 R A A (] R R WA T SR S e N 1 [ A0 X 4 v 73 20 PE 4 T A
B R HYDCE H IR BC R HERR A B A T — 2D T

http ; //www.ecologica.cn



3

Fetesg A USSR 59O R I AR SR ) e vl TR Y 23T 1223

£ 3L HR ( References)

[1]

[4]
[5]
[6]
[7]

[8]

[9]

[10]

Logan B A, Demmig-Adams B, Adams WW II[, Grace S C. Antioxidants and xanthopyll cycle-dependent energy dissipation in Cucurbita pepo L.
and Vinca major L. allimated to four growth PPFDs in the field. Journal of Experimental Botany, 1998, 49(328) . 1869-1879.

Robinson J M. Does O, photoreduction occur within chloroplasts in vivo? Physiologia Plantarum, 1988, 72(3) : 666-680.

Huppe H C, Turpin D H. Interaction of carbon and nitrogen metabolism in plant and algal cells. Annual Review of Plant Physiology and Plant
Molecular Biology, 1994, 45(1): 577-607.

MAETT, ZAGE, IMEAE, MREEER. SGum X 4 R P BRMAE )0t & fL 7 F2 088 1 BT I BC RS2 . R EARR S C B, 2000, 30(1):
72-71.

Sayed O H. Chlorophyll fluorescence as a tool in cereal crop research. Photosynthesis Research, 2003, 41(3) : 321-330.

RIH, BB, B SCRIAEX FORM e @R KIS E S RER AR i . AP E SR S LR, 2000, 6(2) : 152-158.
Genty B, Briantais ] M, Baker N R. The relationship between the quantum yield of photosynthetic electron transport and quenching of chlorophyll
fluorescence. Biochimica et Biophysica Acta ( BBA)- General Subjects, 1989, 990(1) ; 87-92.

Valentini R, Epron D, de Angelis P, Matteucci G, Dreyer E. In situ estimation of net CO, assimilation, photosynthetic electron flow and
photorespiration in Tukey oak ( Q. cerris L.) leaves: diurnal cycles under different levels of water supply. Plant Cell and Environment, 1995, 18
(6): 631-640.

Long S P, Bernacchi C J. Gas exchange measurements, what can they tell us about the underlying limitations to photosynthesis? Procedures and
sources of error. Journal of Experimental Botany, 2003, 54(392) . 2393-2401.

Yin X Y, Struik P C. Theoretical reconsiderations when estimating the mesophyll conductance to CO, diffusion in leaves of C; plants by analysis of
combined gas exchange and chlorophyll fluorescence measurements. Plant Cell and Environment, 2009, 32(11) . 1513-1524.

FEAes, B R, TS, MR SR SRS RS e B AT A 1 T R —— DA RARABE R . AR B4, 2011, 27
(10) : 890-901.

Ye Z P. A new model for relationship between intensity and the rate of photosynthesis in Oryza sativa. Photosynthetica, 2007, 45(4) : 637-640.
Ye Z P, Yu Q. A coupled model of stomatal conductance and photosynthesis for winter wheat. Photosynthetica, 2008, 46(4) . 637-640.

Epron D, Godard D, Cornic G, Genty B. Limitation of net CO, assimilation rate by internal resistances to CO, transfer in the leaves of two tree
species ( Fagus sylvatica L. and Castanea sativa Mill.). Plant, Cell and Environment, 1995, 18(1) : 43-51.

Krall J P, Edward G E. Relationship between photosystem Il activity and CO, fixation in leaves. Physiologia Plantarum, 1992, 86(1) : 180-187.
Ehleringer J, Pearcy R W. Variation in quantum yield for CO, uptake among C5 and C, plants. Plant Physiology, 1983, 73(3) : 555-559.
Major K M, Dunton K H. Variations in light-harvesting characteristics of the seagrass, Thalassia testudinum ; evidence for photoacclimation. Journal
of Experimental Marine Biology and Ecology, 2002, 275(2) : 173-189.

Peterson R B. Partitioning of non-cyclic photosynthetie electron transport to O,-dependent dissipative processes as probed by fluorescence and CO,
exchange. Plant Physiology, 1989, 90(4) . 1322-1328.

Zelitch 1. Control of plant productivity by regulation of photorespiration. Bioscience, 1992, 42(7) . 510-516.

Cornic G, Briantais J M. Partitioning of photosynthetic electron flow between CO, and O, reduction in a C;leaf ( Phaseolus vulgaris L.) at different
CO, concentrations and during drought stress. Planta, 1991, 183(2) . 178-184.

Taiz 1, Zeiger E. A2 (SEVURR) . R4S, T2F, ¥ dbat. Bleg A, 2009 108-145.

R, BA R, EDH, WP, L FORAE ST TR R ADGIEI Y B RCRAG . MRS, 2011, 37(11) ; 2039-2045.

Kok B. A critical consideration of the quantum yield of Chlorella-photosynthesis. Enzymologia, 1948, 13: 1-56.

Laisk A K. Kinetics of photosynthesis and photorespiration in C; plants. Nauka: Moscow, 1977 76-23.

Larcher W. Physiological Plant Ecology. Berlin: Springer-Verlag, 1983 105-127.

ZREAR, . NIRRT A SSRGS BC A SE IR R A B A AR 22, 2007, 33(5) ¢ 417-424.

Andersen I H, Dons C, Nilsen S, Haugsad M K. Growth, photosynthesis and photorespiration of Lemna gibba: response to variations in CO, and
0, concentrations and photon flux density. Photosynthesis Research, 1985, 6(1) : 87-96

Yin X Y, Sun Z P, Struik P C, Gu J F. Evaluating a new method to estimate the rate of leaf respiration in the light by analysis of combined gas
exchange and chlorophyll fluorescence measurements. Journal of Experimental Botany, 2011, 62(10) : 3489-3499.

Zou D H, Gao K S, Xiao J R. Dark respiration in the light and in darkness of three marine macroalgal species grown under ambient and elevated
CO,concentrations. Acta Oceanologica Sinica, 2011, 30(1): 106-112.

Tcherkez G, Cornic G, Bligny R, Gout E, Ghashghaie J. In vivo respiratory metabolism of illuminated leaves. Plant Physiology, 2005, 138(3) :

http ; //www.ecologica.cn



1224 JAE = 35 %

[31]

[32]

[37]

[38]

1596- 1606.

Loreto F, Velikova V B, di Marco G. Respiration in the light measured by!'2CO, emission in'*CO, atmosphere in maize leaves. Australian Journal of
Plant Physiology, 2001, 28(11) . 1103-1108.

Pinelli P, Loreto F. '2CO, emission from different metabolic pathways measured in illustrated and darkened C, and C, leaves at low, atmospheric
and elevated CO, concentration. Journal of Experimental Botany, 2003, 54(388) . 1761-1769.

Kozaki A, Takeba G. Photorespiration protects C3 plants from photooxidation. Nature, 1996, 384(6609) : 557-560.

Sakshaug E, Bricaud A, Dandonneau Y, Falkowski P G, Kiefer D A, Legendre L, Morel A, Parslow J, Takahashi M. Parameters of
photosynthesis: definitions, theory and interpretation of results. Journal of Plankton Research, 1997, 19(11) . 1637-1670.

Rappaport F, Béal D, Joliot A, Joliot P. On the advantage of using green light to study fluorescence yield changes in leaves. Biochimica et
Biophysica Acta (BBA) - Bioenergetics, 2007, 1767(1) : 56-65.

Schreiber U, Klughammer C, Kolbowski J. High-end chlorophyll fluorescence analysis with the MULTI-COLOR -PAM. 1. Various light qualities and
their applications. PAM Application Notes, 2011, 1: 1-19.

Edwards G E, Baker N R. Can CO, assimilation in maize leaves be predicted accurately from chlorophyll fluorescence analysis?. Photosynthesis
Research, 1993, 37(2) . 89-92.

Turpin D H, Bruce D. Regulation of photosynthetic light harvesting by nitrogen assimilation in the green alga Selenastrum minutum. FEBS Letters,
1990, 263(1): 99-103.

Riichi O, Douwstra P, Fujita T, Chow W S, Terashima I. Intra-leaf gradients of photoinhibition induced by different color lights: implications for

the dual mechanisms of photoinhibition and for the application of conventional chlorophyll fluorometers. New Phytologist, 2011, 191(1) ; 146-159.

http ; //www.ecologica.cn



