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Abstract

Aim The photosynthesis-light response curve is the most commonly used method to explore the relationship
between photosynthetically active radiation and the net photosynthetic rate, because it is more effective to reflect
the plant photosynthetic characteristics. And it is very meaningful for researchers to choose a suitable summer
corn (Zea mays) photosynthetic model and optimal the models of photosynthesis-light response curve by analyz-
ing the differences between simulation and observation in each growth period of some plant. So the object of this
paper was to propose some useful suggestions for the choice of summer corn photosynthetic modes and the opti-
mization of the photosynthetic light response curves model in further.

Methods In this paper, three typical photosynthetic models were used to fitting the photosynthetic light response
curve for upper leaf, leaf at ear of grain and lower leaf of summer corn during bell and milk period. And then the
fitting degree of each model was compared to the measured data. Photosynthetic active radiation was divided into
three parts, and the fitting residual errors of these three models were analyzed individually.

Important findings The photosynthetic characteristic parameters such as maximum net photosynthetic rate
(Pnmax), saturated light intensity (lss;) and dark respiration rate (Ry) decreased constantly with a top-down leaf po-
sition and the parameters at milk stage were generally lower than the bell stage. Each growth period and leaf posi-
tion could fit the curve, but some deviation exists for the Phmax and I in the rectangular hyperbolic model and the
non-rectangular hyperbolic model. The results of curve fitting residual showed that the simulation values from Ye
Zi-Piao model were closest to the actual values, and especially for the high photosynthetically active radiation
section.
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T HE AU EBI A A Sam vt 28, B S H
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FEH R (Ye, 2007, DL FARIFIURIAN S, 7K
S N X AR R 0 - SR AE A 1R O - e 1 it 2k
BEATHA TR SR 6 S e . a0 P AR 200k 2L
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RGN 55 & AU (AN S, 2010; PRAEAESE,
2013; FhRGREE, 2014). N T HRTHG A - N AR 7Y
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PN HERAOERE O 2 a 1311

KE, MRS HKIAEE. 4> A7E20154-7 H31H 28
H2HF9H 13H 29 H 15 H #EAT Y A~ min 37 il 28
Mg, BEHLIE B3P K 335 50 — B i 4ot e bk 4T
WS o AREPR T I (WA B e BT 2
EEUHHEUA /N F10°, /hF200, /NF30° M — AN
Jr, ARUARIE S B ARAZ L R WA
75 K H LI-64001# 4% =t A 72 4% (L1-COR, Lincoln,
USA), CO,#/E 15 & 380 pmol-mol™, 7 E Jy
33 C, oA MRS R B B D92 000, 1800,
1600. 1400. 1200. 1000. 800. 600. 400. 200-.
100. 50. 0 pmol-m2.s™. PR LEAR I & M- F 78
AR TR N1 200 pmol-m™2-sHE T .
A HE S L4160 min, FFH A EE SIS H S,
TR &
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LA A 2 A5 7 (Baly, 1935):

Pn — alpnmax _ R‘;1 (1)
al +P

nmax

Ik B A X Z8 A7 (Thornley, 1976):

_al+P ~J(al +P )2—46>05|F>m_Rd @)
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BRI, e, AR @)iFFER
s EAG E R AN R, eE N H E & TR
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AL Pomax 10X T AR08 (lsa), 75 Bl LR TS
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2 #R
21 HEFESESNEIES

8 2 AR A S B KA AR R, 8 DL B A R
WA, 2 BEEEmEEESER S AR IES
(BETES45, 2011; BRELFISE, 2013), A& &
TRAL I 22 4 S T A6 o SRR E S 4L
AT AT (L)

PIAE B AN RIS B 6 S R IE S 30H B R 1)
Z 5 ERWUN 3, AQEFR I N b3 it >Adfr >
THERH, BETRAK I N6.6% 10.5%; Prmax L BB -5 4
R ZERIANK, SRR PR IK34.7%; Ry I
N RS EEAL > T M. EALAM, AQERILN
R SFEAL > TR, BEIE K XCR20.8% . 4.8%;
Prmax < IR _F B > FEAL >R, BEIE K KN
5.3%-. 11.9%; Ry I A L EBH>FRAL >R EH:, [
TR IR N22.3% 13.8%. ASFIAE &AM F &4
TES BB AETE 25, FLEE R W O 2556 47
F A ES B A R R, it
AQE T F#13.1%, A7 M AQE T [%26.3%, T #nt
AQE T F#21.6%; b #BIH Pomax I [%46.4%, FEAL
Prmax I F%49.6%, I Pomax I F32.5%; 3B Ry
N FE33.3%. BN Ry T [£46.5%, &Ry FFE
43.0%.

SHTRIL: HHTIAQE. Pomax 5 ReZE & RHIF
SRR AL B R IRE R, FLEAHEIK
W\ U B S RHES BUE R TR, 53
Pl 56K, AQER /R MEX Y AE JL L& 556 I H

R FORRMII O 5 LD A RAES 5L

BOR(BFE S, 2011), — @AM T, M A Pumaxd
T HEBRERE S (FHIRFASE, 2000), BEHIHALH
R R SR RE R 5 i KO B RE T R AE [
i, KU\ s Re R 2 5 | X6 G e IR T
FLE . BEOPIR A RE R (IR — IR« 30 )5 R ARk
JERREEVS — A2 IR) BB 2L A A B B 44 1
RE AN SERE (5B, 2004), FLAJHBARHIR AT
DABEAR IR AE F X e =R FE, AR T T
1) A (TR LA SE, 2001).

2.2 E-dehn R phskiEny

R[] b ([R)ERAE H Fr AN ) AR 1) 5 23 1) (1]
EE RO RO G REE Z R, A
X 22 7 6 B - o i R 2 0 A AR R A ] 5 2
NTERITIX— 0 8, 32 B B A 2R R E A
U i1 L ABE 2R K I~ SRSE 2R 43 Tt Rl WA 3R 5 7, 28
WA FR ALy JEAT Y6 - e B gt G 3, LG
gER A2,

P A I e R, A K{H0.996, ¥]
S8 TR () £0-0. 125318 78 FlE 2 P (Rl Il 2
2, 2000). Tt BH B A O 2R AR A L Sl A X 2 A5
B, B LA T DA SR AU A RN A AR B A
IR ASE I e () Y -l i 7y 28 (P 1) o {1 18 o — MR
T R)3E A RAOUCE G B I =, IS E 4S9
G S O S IME R B L, X Lo BT A &5
FRAIRN G IS EE A 25 5, X SE i S i il
WA, 7 BUE A1 3 P max I A 5
SCNME B30T, LA O £ A 7R 5 3 B A 0 2 A

Table 1 Photosynthetic characteristic parameters of Zea mays at bell stage and milk stage respectively

i3] Period  MHfii Leaf position FUWETHE AQE RKECEERE P HFDER 1 JEAME A 1 MR H A Ry
(umol CO,-umol™ photons)  (umol-m2-s™) (mol-m?s™)  (umol-m?s?)  (umol-m?2s™
R\ 13 g 0.061% 36.78° 2 000° 48.87% 3.36%
Bell stage Upper leaf
FHA 0.057 36.99° 2 000° 49.14% 3.25%
Leaf at ear of grain
T 0.051° 24.20° 1800° 43.40° 2,63
Lower leaf
szt 0.053% 19.70° 1.800° 32.29° 2.24%
Upper leaf
FLA] Fifir 0.042° 18.66° 1800° 32.32° 1.74°
Milk stage Leaf at ear of grain
R 0.040° 16.44° 1800% 31.43° 1.50°
Lower leaf

R I /N 3 78 522, R R — AR - BE R 7E0.057K 1 L Ab B 6] 72 57t %
Different letters in same column indicate significant difference at 0.05 level according to least significant difference. AQE, apparent quantum yield of photosyn-
thesis; Pnmax, Maximum net photosynthetic rate; Is,, satuation light intensity; I, light compensation point; Ry, dark respiration rate.
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Table 2 Simulation results of light response parameters fitted by three models and the measured data at bell stage and milk stage respectively
35 iz [t VIR TR RO RE R WADERE FERMsz TEIPIR A g RAL
Period Leaf Model a (umol CO,- Primax lsat Ic Ry Determina-
position pmol™photons)  (umol-m?.s*)  (umol-m?.s") (umol-m™?.s") (umol-m™.s™) tion coeffi-
cient
F#t H A2k 0.083° 55.89™ 99772 48.35™ 3.70™ 0.998
Upper leaf  Rectangular hyperbolic
T A S0 25 0.064° 48.70"° 846" 49,334 3.06"° 0.998
Non-rectangular hyperbolic
H- B A 7R 0.068° 37.12°¢ 2 2355¢ 48.71% 3.15M 0.999
Ye Zi-Piao model
A - 36.78% 2 000° 48.87" 3.36° -
Measured data
ELAAL 0.079* 57.44" 10717 50.014 3.65" 0.997
Rectangular hyperbolic
FeW\ 1 R AL H A 25 0.057° 47.35" 880" 50,75 2.83% 0.998
Bell stage Leaf at Non-rectangular hyperbolic
ear of
grain H- B A 70 0.063° 37.10% 2 061%° 50.23"% 3.01%° 0.999
Ye Zi-Piao model
A - 36.99% 2 000° 49.14" 3.25° -
Measured data
ELAAL 0.090* 33.93% 729" 41.46™ 3277 0.996
Rectangular hyperbolic
g AL E A 25 0.059" 29.56"° 628" 44,14 2.50%2 0.999
Lower leaf  Non-rectangular hyperbolic
H- B A 70 0.070° 24.18°%° 1789 42.98" 2.76%° 0.999
Ye Zi-Piao model
A - 24.208 18008 43.40" 2.63° -
Measured data
A 0 2 0.102° 25.30" 540" 31.31% 271" 0.997
Rectangular hyperbolic
F- 3t AE B AR H 25 0.076° 23.90% 499° 32.29% 2.29%° 0.999
Non-rectangular hyperbolic
Upper leaf  IH-T-8i {70 0.089° 22718 1973% 31.63% 2.45% 0.998
Ye Zi-Piao model
JEHE - 19.70°% 1.800° 32.29" 2.248 -
Measured data
B 02 0.076° 24.94% 645" 32.09% 2.16M 0.996
Rectangular hyperbolic
2|, B I A AR H 25 0.050° 20.02"° 5614 32.88% 1.59%° 0.998
Milk stage  Leaf at Non-rectangular hyperbolic
ear of
grain TH- - B 7R 0.062° 18.55%° 1819% 32.36" 1.83% 0.999
Ye Zi-Piao model
A - 18.66° 1.800° 32.32% 1.748 -
Measured data
A 0 2% 0.073* 21.88" 5954 30.41" 1.92% 0.996
Rectangular hyperbolic
s A B A 00 25 0.049° 19.67° 52870 30.814 1.45% 0.998
Lower leaf Non-rectangular hyperbolic
IH- B i A 0.059° 16.455 17775 30.40% 1.61% 0.999
Ye Zi-Piao model
Pl - 16.44° 1.800° 31.43* 1.508 -

Measured data

MR fo N k38 22 i, ANAANG PR ROR SRR B B 7E0.05 S /K1 N ZE R 3, AFIRE T REOR SRR & (B SENMEAE0.05 0 2 /K1 F 2=

BT

Different lowercase letters indicate significant difference at 0.05 level among three models; different uppercase letters indicate significant difference at 0.05 level
between fitted value and measured data according to least significant difference. ¢, initial quantum efficiency; the rest of notes see Table 1.

RO (B8 KT S, 5 S L A i 2 5E

FEAN R, LA R0 2 A5 T AR DX o\ 1 0

I RIS S A S A A i 25 B A Y A52%
55%. 26%, KWW\ AKX N40%. 34%. 33%; dE
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m [#BM Upper leaf o F#fiM Leaf atear of grain - A T #FMH Lower leaf
— PR LA BH L Light response curves fitted by three models

I NN BB RSE P SR YE o Kt P e e i VAL ES £ R AN =R RV o it b N L AN B B T e =B e e VAL
28, B, JEE AU AR KW\ CUEAR B (ot A - e R i 2k . C, b7 SRS Rl O I e Aok R 28 . D, B
FARU B FLESAM B G -otma Rt 2k . E, JEE M AU SR R0 M G- S 2. F, o B AR
FLEAIH R B - B i 2 .

Fig. 1 Light response curves fitted by three models at bell stage and milk stage for summer maize. A, Light response curves fitted
by rectangular hyperbolic model at bell stage. B, Light response curves fitted by non-rectangular hyperbolic model at bell stage. C,
Light response curves fitted by Ye Zi-Piao model at bell stage. D, Light response curves fitted by rectangular hyperbolic model at
milk stage. E, Light response curves fitted by non-rectangular hyperbolic model at milk stage. F, Light response curves fitted by Ye
Zi-Piao model at milk stage.

L R A 2 A5 28 7E ) A 1 A AR D 2 AR IR A E BT R S R PR A o R L I FL A
32%-. 28%- 22%, FLAMHMKIK N21%- 7% 20%, 1] T IAR Y 5 SE e il B OO AR RS AR B
DL H LI ) O 25 R A /N T mi i\ 1 BA Y 1 R 2R AR TR e /N T SR, L A O R 2R A TR A R
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MR\ 3 e, BRI ER I O S AR VN
50%-. 46%- 60%, 7EFLEI I =5 5 K C58%-
56%- 65%; I B A X 2 A AR R W 13 ) i 25
FERINTO% . 64%. 67%, FLEAMI I S BER kN
72%. 69%-. 70%, FLIANHI (22 B4R KT Rm o\ 1
W, AERAL 2 (R TG B 2 22 o SRR N AR
1 AL G SR . B AR O AR X Ry 9
EAES KT SEIME, 7E MW T et ARALet
I S P S A P AR S FE AR I 10% . 12% . 24%,
FLAIAR I N21% . 24%. 28%, LA I 5 i 4
£y N N 1IN B ol W S T N ) R 1S
BN, R B A Ui 2 AR AR R - B AR ot L 2R
RalTIALA SR, 1 7E AR 13 356 R £
FEXTECHS (T &R ] DU U i & . B A SHL
KB, T ICRME AL, 3PS ¥ T DU b e e s
DR, 55 TRq, AT A X 2 A5 R A 7 B 7R )
T E A A, KT Prmas i e, T AR AR
FH PR, Xt T PeE R H A
MG GFREELE, HARMRIUEA SR — e 592
TEAHTF -

MPLA BB T LAE H: SR p e F 1 =
HOAL A R 35 T DAL 1Y), HOE R D U M R
I PR B A AL G SIS Ol R A
ok SR LA R A E S, BE RS
HERT i, ALt A R L ERm>FE A7
>R, DR W 1 A 248 S 2% 1 01 5 A X
TAAI RIS, R IR I ek T 724
1, iR TR BRSSO S E A 4 5 b
SERLR—E . XARTHERER, K0
B, ROK b AR S R, A A R R
LA B I R SRR AT 3 A i 2R A HL
BARALT R A d 2R By, iR T LB,
SRR BT AR R, (B b AR A S N,
FEAL 4, BRI E B oA
PRI AR 20 A, MW A g i A Bl 2L 2
W, Hh A R R K T AL

BIL AR 3005 i 2R R 3 B 35 R e AR 2%, kAR e
SRy R R BE(0-200 pmol-m™2.s7Y) . it iR
B (400-1 000 pmol-m-s™) 122 Bt (1 200-2 000
umol-m2.s7") . FEHRE BRI BE, 1o il Rk 1
Fo, SRR [ A0 ph 2 2 T DU g b 2 o S A
PR B 2R 4 T — AN e BE R R B, B R ok

PN AIRAOCERE RO il & 1315

EEARALERG N, (G, 1P E A XU 2 A
RUAE o SE I A Ve e e B, P22 Bt
LRI V52, OB ARIEARAAL, EA ML
oI 55 A A Xt 2L 8 T 7y kB TR AR IS
h2k b, 3 E AU LA R A T A O AR A
XFIE, 3 SR UG 2 R RORR B 1
PEB BONT S BB 221 O AN, 25 R LR 3. R
FERCREY B, 3MA (3R Z= 1 RS /S, e B
X ERESEOCHME ml . IR 2) D& (R
2) Ry, AR Bk = 1 O AR A B A XU
LRI T 1, A2 BRI R I H 873 S e B0A ¥
FEANGS IER 1 P22 Bemi e il o0 it BB A 1 5
ZEf /N, X I 1 SEIIEL X UL 2R PR 735 45 BE (B 1) A
X HEEFFESE(Prmax Lsat) I (R 2) N B -

3 SRR 2R 5k 2 T 7 A
Table 3 Residual sum of squares of light-response curves fitted by three
models

JeEAE GRS PAR 0-200 400-1 000 1 200-2 000
(umol-m2-s™)

A 2R 0.75 115 1.92
Rectangular hyperbolic

E[A=R:pIiiiERY 0.40 0.31 0.50
Non-rectangular hyperbolic

SR 0.28 0.14 0.05

Ye Zi-Piao model
PAR, photosynthetically active radiation.

3 it

B RSN, o iR, SALSE R
Rubisco & /= AVE VETF 46 T B%, Jo & A& idae
BRAR, PRI 66 B8 /712855 (Dai et al., 2004). &
TIPS Y 0L & 250 mT LA S e HE B R AR I8 1 R
THEMAETSEFNERS, BraEEST
B IF B PARAZ AL (1 93 sl 2 521 . 7EPAR40-2 000
umol-m2-s i, ARV I AR A R A — s R T
FEI, 75K\ - HIPARJ90-200 pmol-m™2.s7i, 3
AN P 145 A i 2R A — B, T L EIPAR
“A0-100 pmol-m~2-s7H K, 3ANERAL I A 94l A R
FEAR—F DL A, BEEPARIIIE R, K\
P B F i SR H5O6 & R R U KT R
ok, FLAAE A AR G bR SRR >
TR KWW\ A E R S5 R AL FEPAR L 400
umol-m™2.s7H, i A R I LR,
PAR 91 000 pmol-m™2-s i 1l i 22 7L B 6
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A F I TEPAR AL 000 pmol-m s i 19 380 25 AT
IR TR R R 2 (2008) %) A% (Rumex acetosa) A= 5
Z5(2011) X AS[AI -5 48U e 7 (Arabidopsis thaliana)ft]
W LSRN B 78 43 A K Ja Bl A R4 R 3 KA RO
BRI B, AR KRB A RSN TR
WO\, mAL R B R R A RE 1R BEIG, St
IR EE 10— 5o Wi 2 R e R AR I PR ) —
FER R, MR R BE A R i 5 o R A
(Villar et al., 1995; #h&: {1455, 2013), X2 K AHRIE
AR IR R EE Z YRR E, DL 2R K
TR, KM WL T R LB, R L
A7 U8 )N, B A AR B A AE S DA A e
i R, RgZ &AL AQE SRy EIUAH [H] AR (b A A
BAVLGEE BB RHES B AR R LUK EL, H
5 G M2 S BRI BRI A 1, BT B
IAQE R, HAEMGIEM Bt & E o, (H IS
WP g, BCE I Fr AQEAIRIE IR t.55, £
P L RVE A R LG M R ARG B (R B
MILE,; BEEGRT &, G ERER N, 1
W PR 52 M0 AT ek 55, A 5] P88 1 400 i e 7 35 P
BRI BUG 8 AR a3

o A A B - e i N7 2 0L A, R AL IR AR
A B AR B A BB . FRER
OB AR, R ek BB AN T oK EEC,
IR D, RSO IR R . YuZE(2004) %
T &/ NFE (Triticum aestivum) S FL S F 5 Fk A
ZE I S5 00 R AT 57 3 B A 00t A R0 K R At B
T P amax; Juniord(2013) 5% ¥ D i) 10Fh b A
BT T RERem Rt 205, R\ E AL
AE B AR B AT 253 KAk 5 Pomax; LOb0% (2013)
FMicrosoft Excel#tl & & -t e 57 il 26 i 5 Ee 43 At
TEWEH, HE T 7P EAE Prmas i 5o /7 THI
AR . ACMLER S F IR IR 2 — 20,
{H Lobo % (2013) AT 7t 45 5 [F] I 1 3 BHAZ A5 2R 6 A5
SR A5 B SO A TERIE R . X — ]
FRIAE TR, BRI, y eI, 2y—
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