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Applications studies of the modified exponential model
on photosynthesis—light response and CO,
response curves of Mirabilis jalapa

CHEN Lan-Ying, LI Yun-Xiang, QIAN Yi-Fan, QUAN Qiu-Mei"

( Key Laboratory of Southwest China Wildlife Resources Conservation s China West Normal University . Nanchong 637000, China )

Abstract: To study changes of photosynthetic efficiency parameters and explore the applicable model, five models
were used to describe photosynthesis-light response and CO, response curves of Mirabilis jalapa »respectively. The
results were as follows: (1) The light response and CO, response curves fitted R* of modified exponential model were
both 0.999,the light saturation point and the maximum net photosynthetic rate were 797.299 pmol *+ m™® « s and
7.879 pmol CO, * m”* « s, respectively; the CO, saturation point and the photosynthetic capacity were 1 264.447
pmol * mol" and 16.783 pmol CO, * m” « s’ respectively, which most proximally fitted the measured values. The
modified exponential model was superior to nonrectangular hyperbola model, rectangular hyperbola model, modified
rectangular hyperbola model and exponetial model; (2) The mean square error(MSE)and mean absolute error(MAE)
of fitted and predicted values in the modified exponential model were much lower than those in other models. In con-
clusion, the modified exponential model was optimal model for describing the photosynthesis-light response and CO,
response curves of M. jalapa ,which could provide a reference application in physio-and ecology of M. jalapa.
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£ K i (Mirabilis jalapa ) 2 3R Fi Bt
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Table 1 Comparison of the accuracy and photosynthetic parameters of five models with measured values
29 S . dﬂ@&?‘éﬁﬁ&” . ﬁiﬁZXHﬂifElﬂliﬂ‘ﬁ@ SRR EINEREPNI Y SV PV YR
Parameter Measured value odified exponential Modified rectangular Exponential model Nonrectangular Rectangular

model hyperbola model hyperbola model  hyperbola model

R* — 0.999 0.996 0.999 0.998 0.986
Fitted MSE — 0.078 0.119 0.093 0.094 0.291
Fitted MAE — 0.235 0.289 0.257 0.469 0.258
Tested MSE — 0.234 0.828 1.701 21.023 1.101
Tested MAE — 0.431 0.819 1.768 4.577 1.267
LCP 10 12.515 12.436 12.658 12.255 12.136
LSP 2800 797.299 848.519 — — —
P x 8.012 7.879 8.261 8.644 8.728 10.030
Rd -0.361 -0.752 0.896 0.775 0.600 1.083
AQY — 0.061 0.067 0.064 0.049 0.079
k 0.850
e LCP. JGHMERT; LSP. M AN P I KEOEA A Rd. WEFFWEHR; AQY. N BLE FR0%; k. i,

Note: LCP. light compensation point; LSP. light saturation point; P ..

yield; k. curvature of light response curve.
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Fig. 2 A. Photosynthesis-CO), response curves of five fitted models; B. Comparison of test values and predicted values

(B

the Pn of CO, concentration at 400,300,200,100 pmol * mol' were measured values and predited values of five fitted models” equations.

B R/ T H AT, A 2. A SEINE AN ek iF
6 AN K T A R il 2 e 1 AR AR 11 il 2T DL 7E A
A CO, e BE HIT AT F X CO, F 4R 7845 il
LHE Bk LT 0 R i A BOR B E CO, R
1) 5 0T 2 W 5 RO & T AT, 7R 1 400 pmol .
mol B} A F R #5858 1 0 6 1R 10 16 [ &
CO, W RE I B, — W BN THE CO, ik X H Ok
HERAREER BT COMMEZ IR, CO, HRE
Mgk Tt E R G EHE B ok, k2 v, H
O i B A AU 5 R AT I AR N CO, ¥R FE RN B R
YA RE NS S B BRI . CO, M A R IR B A XL
il 2 A 780 5 S 25 B R R A H At 15 5 00 4 4 42
I, RAECER B T P R CO, /YR A% B,
FRACRCR B S UG A AR X CO, 1 R 878 43
(HRAR%E, 20100, RIGIE 2. A 53 2 o 45 B iy

P 1410 R S A 4 S 90 2 1 2
3 it

MGGt pz gl 2 ] U THE Y 66 2
BCUNAE W) I DG AME 5 GRS R RO RE R
HET R E N LY SIE Y S PN N S
S 6 308 o A R OB AR (Y 40 A L SRR A 1 AR R
GRA 797.299 pmol « m? ¢ s, IR REOLEHEE R
7.879 pmol CO, *« m? « s', Y b £ A K 12.515
pmol » m? « s BEPEIE K K -0.752 pmol CO, -
o s X E SR EARER . HE E TAE (2004) 30
FRE LAY R LCP<{20 pmol « m™® « s 3k
FAK,LSP 24 500~1 000 pumol « m™ « s'; g4
R OGP R SR 8 A (R AR R AL ) I T
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Table 2 Comparison of the accuracy and photosynthetic parameters of five models with measured values

P s L 4R R AR £ e A A e B[PV R B = PG ey ki

25 SMAA o . " Ei g1 R

Parameters Measured value Modified exponential Modified rectangular Exponential model Nonrectangular Rectangular
model hyperbola model hyperbola model hyperbola model

R* — 0.999 0.995 0.990 0.984 0.986

Fitted MSE — 0.059 0.149 0.341 1.445 0.572

Fitted MAE 0.205 0.325 0.512 1.045 0.638

Tested MSE — 0.007 0.029 0.863 0.459 1.029

Tested MAE — 0.074 0.147 0.837 0.647 0.898

r 60 66.987 70.711 74.154 43.490 73.233

C, 21200 1264.447 1284.043

P . 16.437 16.783 16.750 21.310 39.230 29.329

Rp ~-1 -2.508 1.935 2.738 0.842 3.117

%] 0.029 0.025 0.039 0.019 0.012

k — — — — 1.234 —

e T COAMERCy, . COLMBM A s Pmax. Be kOB ARES s Rp. JEIFIHIR o SRALKCR k. i,

Note: I'. CO, compensation point; C,, . CO, saturation point; P, . maximum net photosynthetic capacity; Rp. rate of light respiration; ¢. carboxylation rate;

k. curvature of CO, response curve.

= DI e g 4 M R 35 0C AT A VER . diik
FHT, R A E T BAAE Y L BEAE 7T 43 0 R 5506 1F
FIYCATER  MifE S R A B Mg, x5
ST S8 e v 5 3 — 3 A AE IR 1 A AR v R
RN R A B A5 R A — 2, L. TR
FEF BRI Y PAR # i LSP B, K T 4
LA 7= A AR S 7 SR JBCIEE B A9 I 125 3K £ UE A 4 1E
WHOGAIER . 5 AR LU o 8 BORT A WL
ittt £ e i A5E R e A 3 O & B R 7E PAR
LSP J&5 , bl PAR 1 b F41f T Bk 72, 75 G A9 1
AR LA AN, B O R 25 T E o X iR
ZERAGTIS 5 AR (R B B L 4 AT 45 SR R B LA
WM MES \MAE . #8 J2& S0 18 B0 8 /N At A5
X 5 B T8 45 (2012) # ke 0 $i5 Bk 8N T
Co CAEPIEA —Em 1 i 445 iz i 78 5L 48
o e RIS R P A R — B

CO, W EE FFBIRMY A ERNZL, A
VEF R AR AL 4% CO, e BE 7™ A4 I B /R (i A
25,2007 X B AHFLE,2007) , B EA-CO, i 1 Hh £k
A COL ML L CO, #ME2 S R AR5 T
REEAETEBRL, B FH B CO, 0 A5 5 5 1 b £
SR UL B AR A RO 25 18 AR CO, ¥ BE T 3 AR
B IER, BEAT A I A i B8 B R CO, ¥R
T R SR A R R M AR KR AER, B
CO 100N 35 X BR 55 1) 38 17 B 70 850k 31X 5 1 A
T 5 55 5 ] il 1 T 2 <01 A BRR 2 1 4508 B 58 3R
JERET AR R — B, Y COMEN
0~1 000 pmol * mol' i}, 7E CO, [ & i F2 . 52
Rubiseco 4k RuBP B8 J1 B9l 27 . ik B ' A 6E i it

I JLF 2 EHZ Y COL M 1000 pmol »
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