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1 U 2 > =1 4 3%
FFE BEE & M R
SRRSO, VPG % 343009; FER k24 dr Rl 50, LT 22 343009; I8N T AV RL AT 4B, WITIEI 325006

O MERM DS TR COL M R AR AL AR T S R B A B R . AT ARG A AR X CO, MR 5L
BT (R ) B s B 3T T4 326 T 3R () T CO, PR M) B2 AR AR (R FRYIT), %o B LI-6400-40 1 465 2O & G & 1 £ K (Zea
mays)F-THELS (Amaranthus hypochondriacus) IR HBET T WG 4 RR Y, BEITF DR HIAUA FORF-TR5 0 55 CO,
TR [ L 28 (J-C, 28, 59 38 T R TR 1) S5 R HL T4 B T 3R 0 1 249262.4181393.07 pwmol-m s ™', S EEARF & o 7E
IR b, G IR A B A B AR AT T R . 45 R EOR, 380 pmol-mol ' COLKEE N F KA TR B RGBT 75 (¥ 0 1
WiN247.92H1285.16 umol-m s, 43 HCE HABIR ARV & HL T N 14.49H1107.91 umol-m s~ (FFEHMICO, I FI A ).«
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Construction of CO2-response model of electron transport ratein C4 crop and itsapplication

YE Zi-Piao', DUAN Shi-Hua”, AN Ting', and KANG Hua-Jing®’

!College of Math and Physics, Jinggangshan University, Ji’an, Jiangxi 343009, China; School of Life Sciences, Jinggangshan University, Ji'an, Jiangxi
343009, China; and $Wenzhou Academy of Agricultural Sciences, Wenzhou, Zhejiang 325006, China

Abstract

Aims Accurate estimation of variation tendency of photosynthetic electron flow response to CO, is of great sig-
nificance to understand the photosynthetic processes.

Methods A model of electron transport rate (J) response to CO, (model IT) was developed based on a new model
of photosynthesis response to CO, (model I). The data of maize (Zea mays) and grain amaranth (4dmaranthus hy-
pochondriacus) that were measured by LI-6400-40 portable photosynthetic apparatus were fitted by the two mod-
els, respectively.

Important findings The results indicated that the model II could well characterize and fit the CO,-response
curves of electron transport rate (J-C, curve) for maize and grain amaranth, and the maximum electron transport
rates of maize and grain amaranth were 262.41 and 393.07 umol-mfz-sfl, which were in very close agreement
with the estimated values (p > 0.05), respectively. Based on these results, the allocation to other pathways of pho-
tosynthetic electronic flow were discussed. At 380 pmol-mol™' CO,, the photosynthetic electron flows for carbon
assimilation of maize and grain amaranth carbon were 247.92 and 285.16 umol-mfz'sfl, respectively, when the
CO; for recovery of mitochondrial respiration was considered, and the photosynthetic electron flows for other
pathways were 14.49 and 107.91 pmol-m s ', respectively. The photosynthetic electron flows for other path-
ways in grain amaranth were more six times than that in maize. The analysis shows that this difference is closely
related to the types of catalytic decarboxylase and the locations of decarboxylation reactions. This finding pro-
vides a new perspective for investigating the differences between the two subtypes of nicotinamide adenine dinu-
cleotide phosphate malic acid enzyme type and nicotinamide adenine dinucleotide malic acid enzyme type in Cq4
species. In addition, the CO,-response model of electron transport rate offers us an alternative mathematical tool
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for investigating the photosynthetic electron flow of C, crop.
Key words C, crop; electron transport rate; CO, response; electron flow allocation; model development

Ye ZP, Duan SH, An T, Kang HJ (2018). Construction of CO,-response model of electron transport rate in C4 crop and its applica-
tion. Chinese Journal of Plant Ecology, 42, 1000—1008. DOI: 10.17521/cjpe.2018.0129

JeEEHREY(BFEEE ME) M LR,
COEHLS & A M IR TR O I A2 « 26 BG4
Yt i, SGRERE G R T IRUE RS ERIT
FIMRES, BTHRES LN FAEILEHRER
(Baker, 2008), Hr o RE T R A ILIRTT AfLidh
FPERAI (PSI), =4 a0 8, EEOLAH
Tiite XEEIEE HLFUAR ZA I SR A T 1 - 32 A
Bemb 4 Rasr T (Phe), A5 K IKE T 41 il £ 3= bof
HHAEEIR(Cyth6H R (PS]), e afkidsh i
P e P4 — A% HF R (NADP) 2 BANADPH. . [,
TE LT 1 368 b P 7 A 1 8 R o o 5 IR B —
TRIR TR (ATP) & B, TEIATP (REIRZE, 2017). Ht
ATEN, 8 B o7 AT HL T AR 3 0 2R () KGRI XS CO, A P
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F5F COL MR EE i mi N (A-CHI £ M i, HEelg R 1
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AR (LL R AR FVCBAE AL AR Y, ZAH A 223430
ZEMRE, DN 12 N 1452 (Farquhar
& Busch, 2017; & = X%, 2017; Silva-Pérez
et al., 2017; JHEHME, 2017a, 2017b; Walker et al.,
2017) BRI E GV A-Cl 82 T LIRS F iR
M EAER LA BE NS, i KRR
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RV py)SE. SR, %A EEE R CHEE .
CoHE 728 NC R —MrE ik, 5
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T2 Tt R A T 2 8 TR — U 58 ) DR P L 1 1D 016 0,

URC L AEA) P PRI A D - 2o 35 A Tt P s 1 2 A P IR
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WL CHAEY A TR B A HE M E . I
Gh, A BT FR S REW, 7RI B A-Cili 2
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TEYIFI R A [F] T A 22 e (ARG 55, 2014; M3
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1N CHAEMI I A BT A F R 23 C v AN T 28
WA T2 Tt ik, ARSCE SRAEEYE
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FoxT g, FH AR AOEEE -0 & RS R
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111 REAEERXTCORINE R FRE
ARSI (TR CO, [y AR 2 ST 7E
A AE FH X COL M B (1 HT ALY (730, 2010)( {8 FR A%
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K, ANEHETHE, o AR FIXTCO M B H
LIV R, Ay A5 CORE T KM R,
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RO FIPIRE A, 5 WA e AR ZR I R 26 R (-
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— (—W] — R AR (T

i, 2010).
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Y E A TR Sk FEE VIR C, B
U AT A DT CO, Fr M AR TR W 1% 5 A B TAH AL, {H
WA R E SR . HIREZ: fENEEY N EE
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15, B LLRIAE S8 A A = I CO K FE N0
umol-mol ™", IHHH T3 SR 17 7018 L 7 15 24 45 L Ath 74 2
A LR 4% (Bichelmann ef al., 2011; Heber,
2002; Miyake ef al., 2002, 2010; Peltier et al., 2010),
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Br, RIEERIRE P Fr T C O Fi o A 70 (7 AR A R4 1)
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Vee
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JER R, TEAWLE Bk e 584 gt
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20

(=)

R2=0.997

0 500 1000 1500
CO, ¥ ¥ CO, concentration (umol-mol™)

o YLl /5 Observations

E1

B R2 R 1066 A 6 DR C O R i 1
Ze(A-Coth28) . HE TR, 7ERAKIICOL MK E (< 400
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BRI CHEMIA-Co 2, R* 7 T0.99.

B R LIEAE AT, TR MY R R (o) &
KIEFNEH R (Aemax) W& =1 T EK@Pp < 0.05); 1%
K AICOIKE (411 400 pmol-mol ™) & 2 & T
TR (Z11 000 umol-mol ) (p < 0.05). T KF1T-7
BIICO M S BAK, 52 84.255113.41
umol-mol " X 5 C IR COL M B s e 4
HRFMEA 5. AN, WRIEERIE T A, BROE T

[ B F#%4 Grain amaranth
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0 500 1000 1500
CO ¥k ¥ CO, concentration (umol-mol™)

—— Ak Fitted curve

FORANT R G A IR COLRIM S Hh 2k CF 2B bR HE IR ZE, n = 5).

Fig. 1 CO,-response curves of photosynthesis in maize and grain amaranth (mean + SE, n = 5).

L BB KA TR (6 45 18 F X COL R IR L 1 28 (A~ Co) 15 B 5 S8 L RAR 2 O A S8 CP MR R 2, n = 5)

Tablel Estimated values and results fitted by model I for CO,-response curves of photosynthesis (4.—C,) in maize and grain amaranth (mean + SE, n = 5)

HESH EK Maize T-#4 Grain amaranth
Photosynthetic parameter ,, . § . o .
& P UAME Fitted value {5 5H{H Estimated value A 1H Fitted value {44514 Estimated value

e 0.247 +0.033° — 0.334 +0.022° —
Aemax (umol-m s 59.12+0.67° ~60.39 69.97 £0.71° ~70.49
Cusat (umol-mol ™) 1335.74 + 196.52° ~ 1400 976.25 £ 12.06 ~ 1000
I (umol-mol ™) 4.35+2.08 ~ 425 12.77 £0.53" ~13.41
Ri(umol-m 5" 1.13+£0.64° ~0.24 244£0.15 ~0.28
R 0.997 — 0.991 —

ey HIBERIEE Aeamae, TOIEHAEIE; Corgar, WRICOLIKIE; I, COAME S Ry, LT IPUGESE; R, i RE. BUHA LM IARRNS FREOR A S

A 2 181 22 5 2.2 (p < 0.05)

0., initial slope; Ac.max, maximum net photosynthetic rate; C,.s, saturated CO, concentration, I; CO, compensation point, Ry, respiratory in the light, RZ, deter-
mination coefficient; the different superscript letters followed by the values are significantly different between fitted values and estimated values (p < 0.05).
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I R SR04, BRI KT B 1 4.-C,
ith 2245 2 H A S S80S W = B — B T
RUTEE R P R 5 B AR B 2 R (p <
0.05), 4T 1 A IR R BRI 25 FE BICOLK
FEXT I PR SHCR (520 o BFF 78R B, COL MR BEXT
IR B P DL S G I o 2R 40 2 B e (B
HYESE 2014).
22 REBFHRBREITCOMINE L

Bl2¢5 T R K AT A2 2 F Al ) 6 CO, 1 1]
2R (J-Co i 2R) . HE2A %, FKJBECO K FE
[RIBEInT Se s n, AR T RE; TREAETE
B RAASE, BECOLMKE GNPk . 1t
Ab, 23 AT RN, A AR AT AT 4 G b 0L A 2 R AR 4
(11J-Co i 25, R* %% 70.978A .

B R 2 H B vl 40, KA TS ] 46 AR
(oce) FH 3 H %A 58 w1 (40 7 4 1.215 F11.208
mol-m >-s™"), &M IX R Bl R oA e A

N
[V
(=]

A F>K Maize

RTGREE
N W W'SJZ
g 28

Electron transport rate (pmol-

50 R2=0.978

TR F7 8, T R AT COLK FE th L AR T
(p > 0.05)0 1M THER 1 max (179397 umol-m s ")
I 2 2 s F K (2929265 pmol-m+s7) (p < 0.05).
Bh Ak, MER2 B HHE R o] A, BB T A oK AN
TR 1) J-Co i 2215 2 (06 & 2 505 W0 IR 2 A
—

3 THgMLEie

TEM YA VE R M ER R B FE R, et
0> TR 1 6 B L PR 1% 3 2 PSITAN PSS =
AR B, TR G TR X TR T
P2 R R AR %, AR TR R m etk &M
NADPHAIATPH, S8 1 Ot fE B4k 5 BE (1) 4% ¥ IF
BRI RGP B2 L R B (B IR S, 2017). #ERFAY
HEA IR COLM B B L Acmax~ Jmax
DA KB AT LR LRI COL R BEXTR N T il B A 38
R A EEE

B T4 Grain amaranth

R2=0.992

1 1 1
0 400 800 1200

CO, & CO, concentration (umol-mol ™)
o MW 45 Observations

1 1 1 1 1 1
1600 0 400 800 1200 1600

CO Y& CO, concentration (umol-mol ™)
—— A #HER Fitted curve

B2 FOKAI TR G BT 0 22X CO, A 82 R (P B FR HE R 22, n = 5).

Fig. 2 CO,-response curves of photosynthetic electron transport rate (J~C,) in maize and grain amaranth (mean + SE, n = 5).

2 RV G FORAT T REAS B A HL T 3833 22 5 COL MR 2 HH 26 (J—Co ) P B s M1 Cosd 55 5 B VA AT L) i 5B CP B ELbRHE R 2, n = 5)

Table2 Estimated values and results fitted by model II for CO,-response curves of photosynthetic electron transport rate (J-C,) in maize and grain amaranth

(mean + SE, n=15)

HBESH EK Maize

T-H4% Grain amaranth

Photosynthetic parameter
Y P #151H Fitted value

{5514 Estimated value

UAE Fitted value {518 Estimated value

0ce (mol'm 257" 1.215 +0.543"

Jinax (umol-m %+s7") 262.41 + 1.64°
Coesat (nmol-mol ) 1198.58 + 342.78"
Jo(pmol'm s 2222 +8.35°
R 0.978

~265.66
~ 1200
~27.69

1.208 + 0.357° —

393.07 £ 37.84" ~397.82

1229.10 +59.14° ~ 1200

2743 +497° ~29.26
0.992 —

Oces WIUARITE Tonans TR T AT Cocar, WRICOMKEE; Jo, T FAHOBHT; R, 08 SHL BUEA LA RNS 7 BER R S S 2

7] 22 573 B3

Oe, 1nitial slope; Jiax, maximum electron transport rate; C.sa, saturated CO, concentration; Jy, electron transport rate at C, = 0; RZ, determination coefficient; the
values followed by the different superscript letters are significantly different between fitted values and measured values.
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31 REERMXEBFHEIEREIFCOMMEL

WA FERTE, T TR TR 2 (KSR COL M
AR (R U It AT AR 4 M 0L & B K AN A4 1 J-C,
Wi N7 2R (R > 0.978), 28 H (1 e 2 00 5 2 BB 4K
FEMEEEEYE . R, AT DLE EE R R
K AT REA I 2R 1) J-C i 7 28 () AR A 35
of Bl B LR P 20 AT LR B, AR R TI40L A R KA T- A
B J-C, i B 1 28, F A 35 5 HAH B A - C, 1 B
AR —, mER29E, TREA M (393.07
umol-m *+s )L & F EK(262.41 umol-m s ).
X R TR LK 2E ATPHINADPH ¥ fE 17 8
5, [RITRR [RACRE DB sR . RIBIE SR, TG
() B K6 B ik %(69.97 pmol'm s Y B E & T
F#(59.12 pmol'm s )(p < 0.05). 4RTM, MHLAI
COKIERT, BARFRA TS Z 81 Cogar (I
XF LA COL K BE) A 2 7 (p > 0.05), 73 4ilA
1 198.58#11 229.10 pmol-mol ™", fHF K THEA 2
[) (1) Csae (V5 TH 2R BT 0T I (1 7R C O3 B ) AT AE 2
HZE R (p < 005), 7~ 133574 F1976.25
umol-mol '« IX 3B THEA HIE Al R b oK 2%
GIEEICOMA . THARMIRE ST EK, Mtd
B i 825 5y 1S B O
32 HEMFIRCOEIWFIATHEBTF RSB
A

TEPIRIG A AR F R A R S AR AAH EL AR
SRR J S (PR 75 2, 2000 (R, AT R 8 65 [
IR IS o BT CE A 1 PRI G A2 T DL 2266
A, WA NG LT FRE, EF MK &MN
N, CoHEYE A I AT I AR G e h
B FEAC RIS P . fEA G5 T B4 L COLR AL
N0 umol-mol i, C A AR FI Ak A il i,
T B P PR 3 2 U E 3 AT o IR, BRI R WG &
TH RN A N A G T I I R (R (AR S
2014). HIR1AEE AT &0, TR TS K6 N
I 243 51 0,24 F10.28 pmol'm 2+s™'. T K AT
T P G IO PR S8 8 (R ) DN 21 L3R 3, 493 3.2 7
3.17 umol-m>-s™'o HUAEE AT 1, FRATRA
Ryiz /N T HXE IR, o BB AL W NIX A BT
I I 33 2% 57 5 5 4 il (Foyer & Noctor, 2000; Yin
etal., 2011). AR1, A HFFTIN A EIE IR AT IS MR
FEAE I CO B SR SR PN, HSA LR E
SALCA R An B BE IR 1 o IR, FLCO M S #oe &1

F =557 FH (Loreto ef al., 1999). CIRIfAL 2 KR E
I S T K - A I R (8 COL R TR W 40 & 1 P 2
R FH(Loreto ef al., 2001). FEHEIEE(2014)F) S
WA i T e 45 FA R W, FEPIRGWIBEMCAS 2 R
FEaR 0], A BT BRI 1 CO, X
T ISR AT 51 kD G T USCR) FH 2R 5 6 i 34
iR B W AR E, EA R TR AT
COL MK N0 pmol-mol I, ¥ F FIJ AT {5 55—
SE B - AR A (6) T H B K AT HEAR (RS I
W A9z 6 3B [ AT ) Y 34 40 (Re) WL 323, 43 53 3.02 11
2.89 urnol-rn72~sfl o

A B AT LR R, MCOKE N
0 umol-mol ', #RIEAXG) I, WA FEHIT
W CO, R R, K AT REAS 43 Bie 2 C R AL 1 L
FHAFH0.96F11.12 pmol'm >s' (F3); W% &
s PR C O 1 IR SCR FH, - R KRB 23 43 FiC 3 C [
AR IR EL TR0 23 30 9 13.08F112.68 umol-m s~ (%
3)o FHILAT ML, COL#ENO pumol-mol 'H A fE
s I I C O, =T YAC ) P 4 7 B 4K A1k 6 & Bk [F) 4 L 73T
3 2 000 pmol-m s IR T T KM T A AIEMMASH L BT
ik a st

Table 3 Comparison of photosynthetic parameters and allocation of elec-
tron flow in maize and grain amaranth at 2 000 pmol-m 's™" light intensity

HAEERSHL [CO,] =380 pmol'mol”"  [CO,] =0 pmol-mol™"
e wk TR 3k TER
(mol ™57 Yt et
Acmax 59.12 69.97 - 7

Ry 2.86 132 3.27 3.17
Ry 1.43 0.66 0.24 0.28
R, 1.43 0.66 3.02 2.89
Jrnax 262.41 393.07 - -

Jo - - 2222 2743
A 24220 282.52 0.96 1.12
J 20.21 110.55 21.26 2631
J. 247.92 285.16 13.08 12.68
Ja 14.49 107.91 9.14 1475

Acmaxs % j:%% 7‘%%%%( /I_IL% 1), Ry, H% ET‘ U&]&%(ﬂ)—m%{ﬁ)’ R., H% ﬂ—‘]" ”&
CO % Z 7 IEICRI F 823 (1 A 30(6) TH LT R); Jonans 0K HLF-A% 1582
(WFK2); Jo, ERHHTABERNEL); J, BFEMLBTRAREARAE)
THSEHY); o, FeAbiE AR BT IRAREE A G T ), J., BRI CO,
ol T ) WOR P 5 BB R B T 7, 25 R IR COL 1 T T
ISR R T 5 1 A i A% B i

Acmax, Mmaximum net photosynthetic rate (see Table 1); R,, mitochondrial
respiration rate (measured values); R., CO, recovery of mitochondrial respi-
ration (calculated by the formula (6)); Jinax, maximum electron transport rate
(see Table 2); Jy, electron transport rate at zero CO, concentration; J;, CO,
assimilation electron flow (calculated by the formula (4)); J,, other ways of
electron flow (calculated by the formula (5)); J'c, CO, assimilation electron
flow considering mitochondrial respiration CO, reused; J',, other ways of
electron flow considering mitochondrial respiration CO, reused.
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L. BEAN, BT COLKE 380 wmol-mol B 1
I PR R A A L LR AR SR R
R, )—2F(Fila et al., 2006). HIRIEARG)ITHHE T
CO M E H380 pmol-mol I, WA FECO,HIIHI
FIF, T RAN TR 5 R4 0 £ HL 30 43 M
242.20/1282.52 umol-m >s ' (#3); W% FECO, 1)
[l ORI, T K AR TR Bk [0 A T 4 T, F b 0
43 5159247.9281285.16 pmol'm >s™' (383). FHILHAT
W, COMJE A380 umol-mol ', J&75% IS IFI
CO ¥y [ WS R) FH oF 45 Bk ) 4 FiL 1308 9 TG 1 2 1
BN

T M A BT e B HAhig 425k &, 24C0,
WS R0 umol-mol ', USRI CO, 1 A1 i
FIH, FRANT AL (AR AR T 43 B T 5
H21.26126.31 pmol-m s W1 &I IEILCO, ]
ISR, T K AT R4 i H A& A2 T 43 T HE P
43 %199.14F114.75 pmol'm 2-s™" (3). HIULAT I,
COL M N0 pumol-mol ™ I U A% FE IS I CO, 1 1]
ORI, 7 2 i AR R i s I . R,
COL ¥ 9380 pmol-mol I, A% fERE I CO,
(ISR, T KR T RS i H AR A2 BT 4 i H 7
Wi s 920,21 4111055 pmol-m >~ 1% FE % I
MR COL R [T A, 5 KT RS i S Athig 42 BT 4
FiC LT 43 )9 14.49H1107.91 pmol-m s~ (#3).
M L, COL#K 380 pmol-mol I, &7
JRE 1 WP W C O 1Y [T AR FH 6o Ath 85 455 HL 3 9 TR 1)
SO A XA, JRILE TS BRI E AR
i &
33 ERNMTHAMNAESHFRAERIEKRRE L
BREREENRERATRENBRRE

4 CO, M 9380 pmol-mol ', HEHE % FE IS I
W CO A [ETYSCFI FR T - 5 1 1 T oK oAt & 12 BT 40 i
HLFI(14.49 umol-m >+s™ WX A H AN e (262,41
pmol-m s )5.52%. HILT W, T KFBRLE
Tk [F) 40 b 1 At 2% 42, i [ 8 PSTL I HL 1 1) 2R
(Miyake er al., 2002). [H%¢PSIfH)H &3 (Heber,
2002) KA S S5 BT RE I HEL R4 o5 AN EE A
X 5 H A7 e B R [E AL RN 6 IR BT 4 BE 1R 6 A T
TR, AR HAd S AR 2 TE ) F A i e
ZW&(Epron et al., 1995; Valentini et al., 1995) %
5 AR R AL R R G, LACO,
WS 380 pmol-mol ™' I ) B4l 191 (% & I I %

www.plant-ecology.com

CO IR, FHKALN14.49 pmol-m s, T
A EHE107.91 pmol-m s, HIEHE6REZ . b
FLATAE P TR DR A 5T REAS AR T K P A B 7R e 7 i
ol 28 DL S it 38 I 0 R A= B B A AN [R5 L 2% ) SR BBk
(Taylor et al., 2010; {&¥i =45, 2011; »7 KHESE,
2017; ZE/NEZE 2017). T oK £ NADPSE B R fig
(NADP-ME) B ; 1ff T Ff %5 /& NAD 3 R %
(NAD-ME)AY . K W2 5 T 1% 1 TR T 7 0k (] 281) -
AN A, e T R T R LI G AL, T R R 4
izt X 74 T 82 (PEP) 4R Ji5 22 3 4% %2 CO, (Taylor et al.,
2010; S =aE, 2011; BEKMESE, 2017); 1AE T
A5 H TR BRI PR R S A I R4 M R A AR A TR R R,
FARPEP. HHBETI %0, fEAPEP T [, THEALL
TRELZ B fese . XA RERSHTEALE
KT B HRETE Z I A L FIR A2 518 3 CO M
AR T (R BRI R A

B AR RN CO M AR AT AR 4+
LA KR T- RS B J-C i B 2R, 28 B~
Cosa I AR R S H 5 W IAE = FEAHTF o a0 SR BB LE
A FI BRI ALTL, U A] CUATRE FEAE A I 0 Bk
PE. HEHTFRSCOMMPES . FrtEGHaT
TR AT 196058 P i 2 42 R S5 B T o RIS,
N AATAOE A AE F ARG & B T3 X COL MR B £
JE BIF 9T C4 1.4 H NADP-ME FINAD-ME % it I 84 .
[ ) 22 SR — AN B A A

Bt RN AR T B AR B (C20150008)
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