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Abstract

Aims To quantify the responses of stomatal conductance (g;) to CO, concentration (g,-C,) under current and
future climate conditions, it is necessary to build a generally applicable model suitable for simulating this process
at plant leaf levels.

Methods The response curves (4,-C,) of photosynthesis of soybean (Glycine max) and wheat (Triticum aesti-
vum) to CO, were fitted using data collected from a portable photosynthetic apparatus (LI-6400). Based on the
comparison between the traditional Michaelis-Menten model (M-M model) and the CO, response model devel-
oped by Ye, a new g;-C, response model was proposed. Then, the measured g,-C, curves of soybean and wheat
were fitted with the new model. The model results were compared with those of the traditional model and the cor-
responding observation data to judge the rationality of the model.

Important findings The 4,-C, model developed by Ye could fit well the 4,-C, curve of soybean and wheat, and
the coefficient of determination (R?) is as high as 0.999. Although the R* values of M-M model fitting the A,-C,
curves of soybean and wheat were also high, the fitting curves deviated from the observation at higher CO, con-
centrations. Meanwhile, M-M model greatly overestimated the maximum photosynthetic rate and could not esti-
mate the saturation CO, concentrations. Therefore, it was more feasible to develop g,-C, model based on the 4,-C,

AR H HiReceived: 2020-10-09  $:5% H #Accepted: 2021-01-16
FEWH: HXKERFHERS(319600548131560069). Supported by the National Natural Science Foundation of China (31960054 and 31560069).
* JE{5 {4 Corresponding author (kanghuajing@126.com)



2 MMAEZEAR Chinese Journal of Plant Ecology 2021, 45 (*): 00-00

model of Ye. The new model of g-C, could fit well the g,-C, curves of soybean and wheat, and the R* were 0.995
and 0.994, respectively. Moreover, the maximum stomatal conductance (gs.max), the minimum stomatal conduc-
tance (gsmin) and the CO, concentration corresponding to gsmin (Cs.min) could also be generated directly. g max of
soybean and wheat fitted by the g,-C, model was 0.686 and 0.481 mol-m >'s™', respectively, and there was no sig-
nificant difference between the fitted values and corresponding observation values (0.666 and 0.471 mol-m *+s ',
respectively). The new model of g,-C, could also obtain the minimum g (gs.min) of soybean and wheat (0.271 and
0.297 mol-m s ', respectively), and there was also no significant difference between the fitted values and corre-
sponding observation values (0.279 and 0.293 mol'm >'s”', respectively). In addition, the new model of g,-C,
generated the Ci.,, values of 741.45 and 111243 ],Lmol-mor1 for soybean and wheat, respectively, and also
showed no significant difference from the observed value (732.78 and 1200.34 pmol-mol ', respectively). Con-
sequently, the g-C, model developed in this paper can be used as an effective mathematical tool to quantitatively
study the effect of stomatal conductance on CO, concentration.
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(Tuzetti i) (Tuzet et al., 2003). MedlynZ5(201 1))
AR DA - SR T 5. (20092) 4 72 (1) A1 34 452 Y
&5, HoA [E A 3 A Jarvis B A BWB AR A 5
BBLA Y Bt T A 40 (1) g R 24358 D] 28 10 i 187 (ol 5 0
55, 2010; ZKF55E, 2011; FBUKFESE, 2018; TAKH
FUJETE, 2018; e 4%, 2020); [ Ak238 0] 3 22
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KRG TR E IR FEYLE K BB — 5
RO AR, /N2 DA I 0T 5, K 0 B
HETT N B4 (R TR A S0t 52 o LG BT i i
RO SEA R, IR, MR R E O
4 X (L1-6400-40, LI-COR, Lincoln, USA)T 9:00—
11:303E AT 248 I &= o ZHm 0 &= iy g AT AL A S 2%
TR AT . P, Y3 9400 pmol-s™ o il
A AN TR E BN E, NG = 5
Iy IREEAE29.33F137.12 CA A . & SAHNHE %
il 75 45%-70%, 6 A 0 5 58 B (PAR) W BN
2000 pmol-m *+s™', N HCOTEN & G4 AEA [F] 1
HMFRCOKIE: 1 600 (KGR AR EIZE). 1
400+ 1200+ 1 000. 800. 600, 380 200. 150. 100-
80+ 5010 umol-mol o i F] & &I B AL ¥ (FIr 4,-C,
curve) FEATEUHE M & o B IRAR T 1d 5% e /N S A N (1)
N2 min, ORI EDN3 min, BOHEICSE AT
I E BT S S RRE 2 2 8] DT
1.3 HEALIE

CO KM s (FOWLIE R FH N 45 21 oAt
HGZHMZFH o6& A5 AT (PMSS)”
http://photosynthetic.sinaapp.com/calc.html (F X 1L
KRR 24 Bt ) i A AN A,-Co - C, B 2R 1EAT
WA, BRI E S BT s~ &=
B HER, n = 5), FISPSS 18.5%/4(SPSS,
Chicago, IL, United States)XJ &5 5 -5 W IME 2 [8]
BEAT 7 2y M. FH Origin 858 HAEE, #i)a H
Adobe Illustrator CS 53T EEACEE . L4k, SCHH

& ZBU(R =1 — SSE/SST, H:rhSSTHISSESY 5 HF
J7 BN 5 R 22 5 AN R s A B LS 5 I R A

BFLHE
2 RO

& 18 A 3F CO B M [
AR GRAVNEA4,-Coti 2. W] %0, 7
MIRCOL M E (<400 pmol-mol "), KT FI/NE A,
B C, (03 I PG BTt 2 5 AL Bl C, 3G in i 2218
0 E BN, BURER PR R (TPU) ) R 1 B
Bo BB AT RN, A AT A M A AR RN
(114,-CoBH 2R, R*93 7] 5140.999 8410.999 9., it 4h, M
BT T S, B AR I M-MUBRE R 40 K 6 A /N 22 11
An-Co RIS (R 5 7, ELE 52 iR C O JEE B O 48
£ 28 i 2 00 00 b 2

R4 0 T HAROMM-MAERL S 5130 & K &
N I 4,-C R AF B E BB S8 R 1
g, AR B A R G RUNE [ A4,-C,
2k, i R0 0080.999 8F10.999 9. HHA (1)
A RKEMA-CHI BB E NG S HE N
N7 AU AR 2 [R) 3 ANAFAE 235 22 5 (p > 0.05) (3K 1)
T H MM R DA oK 57 RN 22 (1 A,-C, i 2815 31 1)
Anmax TR, 55 F X L UL B 2 [B) A7 7 2 25 25 7
(p <0.05)o HIM-MAERIYU A K F AN ZZ1F FI ) Apmax
B EL 2 P A 4300 = ik 1791.25%4186.75% . HH
BRAT A, FE T A1), B AR R g CL
AR S ATAT [ o

2.1

80 -
B 60 -
£
E
3 40 -
<
N
2ol I
R
&
ok R*=0999 8 R*=0.9999
----R*=0.996 3 - R=0.9953
1 1 1 1 J 1 1 1 1 | |
0 400 800 1200 1600 0 400 800 1200 1600 2000

CO KB C, (wmol-mol ™)

o YR s Observation points

HFZiRER Ye model

----M-MZAi#] M-M model

Ell KEAFNEB) AN KR COMKERM N el CFELhrUER, n=>5).

Fig. 1 CO,-response curves of photosynthesis for air CO, concentrations for soybean (A) and wheat (B)(mean + SE, n = 5). 4,, net

photosynthetic rate; C,, air CO, concentration.
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Tablel Observed data and results fitted by Ye model and M-M model for 4,-C, curves of soybean and wheat (mean + SE, n = 5)

ZH P#h Species
Parameter K& Soybean /NZZ Wheat
AR M-M#ERY MMAE AR M-M#E7Y PURIITEER
Ye model M-M model Observed data Ye model M-M model Observed data
VIERER a 0.101+0.019°  0.128 +0.014° — 0.101 = 0.001° 0.132+£0.001° —

RRIRALEZE Apmax (mol-m2s7) 48.61 +5.52°

HIRICORE Cipy (wmol'mol™) 132828 +79.07* -

CO M5 I (umol-mol ™) 66.32 £ 4.04° 66.02 = 4.48"
T IERIEZR R, (umol-m 57" 6.22+0.62° 7.58 £0.19°
Wik R R 0.999 8 0.996 3

93.71 £17.67°

49.00 + 4.33° 68.13 + 1.62° 127.03 + 4.42° 68.02 + 1.45°
1332.72£66.52" 1596.73 +31.88" - 1599.46 + 0.25"
70.32 +2.33° 63.82 +1.59° 64.91 +1.26" 65.18 +1.13®
5.39+0.32° 6.29 +0.22° 8.06 £0.15" 6.22 £0.26°
- 0.999 9 0.9953 -

HUE A _EAIIATRNG FRER IR A BEAEPIPT R ik S8 5 W 2 ) 75 5 2.3 (p < 0.05).
Values followed by the different lowercase letters are significantly different among fitted values by two model for P,-C, curves and observed values for each
species at 0.05 level a, initial slope; Aymax, the maximum rate of carboxylation; C;rpy, saturation CO, concentration; I, CO, compensation point; R, photores-

piratory rate; R*, determination coefficient.

08

0.6
£
3 0.4
&
)
%2( 0 2 -
HL’P R*=0.9951 ——R?=0.994 1
[ ---- R*=0.7273 ----R?=0.984 2
r .

0 I 1 I J | | | | |
0 500 1000 1500 0 500 1000 1500 2000
CO,¥fE C, (wmol-mol™)
o YRI5 Observation points —— BRI New model ---- ZI51ERY Empirical model

B2 KEA)FNEB)MHF SIS X KR COHMKRE MmN th 2k (FIELFRAER, n=15).

Fig. 2 CO,-response curves of stomatal conductance for air CO, concentrations for soybean (A) and wheat (B) (mean + SE, n = 5).

C,, air CO, concentration; g, stomatal conductance.
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R2 dUHRR AN BRI K TNV T ) g Ca M AR RIS 40 55 T AT R LI Bl CF BB RRUE SR, n = 5)

Table2 Observed data and results fitted by new model and empirical model for g,-C, curves of soybean and wheat (mean = SE, n=5)

24 i Species
Parameter K& Soybean /NE Wheat
A LI A WA A LU FONIULED

New model Empirical model =~ Observed data New model Empirical model ~ Observed data
YIERE o (1.42+0.68) x 107 - - (7.22+143)x 107 - -
ZH pi (mol-mol ™) (6.14+0.33) x 107 - - (234+0.73) x 107 - -
ZH 7 (mol-mol ™) (7.02+0.68) x 107 - - (2.08+0.35) x 107 - -
R TIL B o max (mol'm *-s7") 0,686 + 0.154° 0.615£0.161*  0.666+0.151°* 0.481 +0.023" 0.438 £0.013*  0.471 £0.023"
W Cy(mol-mol ™) - 6725.12 + 3 765.30 - - 2 781.66 +792.63 -
B/NSALGE gomin (mol-m™s™")  0.271 +0.062° - 0.279 + 0.066" 0.297 +0.018" - 0.293 £ 0.020°

COLKE Coymin (umol-mol ™) 741.45 + 143.22° -

WE R R 0.995 1 0.727 3

73278 +£133.14" 1112.43 +149.31° -

1200.34 +200.38"

- 0.994 1 0.984 2 -

HUE A EAIIATRNG FRER IR A REAEPI PSR ik AR 5 W 2 ) 75 5 2.3 (p < 0.05).

Values followed by the different lowercase letters are significantly different among fitted values by two model for g-C, curves and observed values for each
species at 0.05 level. a;, initial slope; fi, coefficient; y; ,coefficient; gs-max, the maximum stomatal condunctance; Cy, constant; g min, the minimum stomatal
condunctance; Cs min, CO; concentration corresponding to gs.min; RZ, determination coefficient.

Drakea et al., 2017), HAEFE 7K 7~ o b B A
H(Flexas et al., 2016). 7], #F AR ZH T
SERFL T B PR DR e 7 PR RS R I S D
Jarvist ! (Jarvis, 1976)FIBWBHL (Ball ef al., 1987)
PL J BWB [{] & 1F # 74 (BBL 1% %4 )(Leuning, 1990,
1995). Jarvistbi A& — AN EFR A A INHIAL, AN
AR EE G, BRSNS (R %,
2020), [FIF EAG BRI 2 1 (E @R AR R,
2010). BWB/HE AL 2 7 52 50 B s 1) L fili 1) 2 1)
MUERREAY, 5 T AL E S EE R AT
J& DL ik 2R TH CO, ¥ FE 2 8] 11 2% & (Ball et al.,
1987). XM, =76 16 45(2020) I 3AME Y (Jarvis i 7R |
BWB 4 MIBBL AR 4 ) 48L& 2015 4F H12016 4F & )
(Tamarix ramosissima)™ 7 1L BER R I, 0
A M2 5 R ) 22 S UK, W I BBLELZY U &
o 7 f 28 0 25 HH R 5 AR AT 0.603410.400. Ut
Ab, FHZARE R e Rk ST, B e E B
LA SAL T NG B 26 (g-) . BRI
1 s max PA I 5 @ max P 6T IS (14 160 FH S B3 338 20 25041
TR G 2 HAt OB AR . YeAlYu (2008)F 145
B G EIHYe (2007)89 81K 56E 1E FH X e SF
B J5 A U M A & 4 /N g T T 22, HL P BAAS
B NF I gomax~ TR 555 G 7 (1 WA R
P . BRI 55 (2013) PL K 256 (2015)F 1%
AR LA T W E (Nicotiana  tabacum) 1K
iH¥(Populus pruinosa)tt F M g-Tih 2k, 145 2351400
f 45 B T 51201 0) K9 2 AR Fr A, 6 CO, ]
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AR AT A AU, G R TN R A-Cu i 2, H1
EF R EEOCE SHCS HO BRI IE & — 2
(K. T, NTHEg-CHAE, ALY
Farquhar (1) 42 A0 RS b i SR BR 76 11~ (2010) 4
TG E AR F R CO M RS AU JE Al B 1 kA
J1 B SAL 3 X COLMR FEE AR i AR
RERHTFEE REY, BRI COLE AL
SRIT, TR R B RE i 3 ALK, S CO,
BT PR IR g, HLg o] 15 COL R FBE 1R M 7
765 E F — e BE A )Rl S IR A [ IR B8 25 AR R AN
() T AR A (GRS R A2 /D B, 2003). TEABFTH, K
TN g FECO M 1) T %, K g 3
R /ME Z G R HSAL T B BECOL MK FE [ i A 4
K ETHER2A), TN ZESAL TR IR AMEZ
Je WA K N (E12B) o 1M £ ZEAR(2009) FH AL 2 157
UG ML (Avena sativa)F1g-C, M2k, HAL A5 R K
B, COMKIEEME, AL FEMN, HHAAL3ERE
COIKFE T — BT B, (H HAB A S 153 301
KA WME57.33%.  [FIF, g
TE. 24 % (2010)F) FH Farquhar®%:(1980) 4= AL AR 704 rp ff ik
(I Rubiscoi i I Rl TG 2R FE R E
C.Z AR Z, I BB 7T 7 OME Y v ()
AL XS COMRPERIMA N . {HAECO,#K K 500
umol-mol ' /& 47 I, H1 % f5 AU 4 & °F B (Leymus
chinensis). £XK(Zea mays) I (Citrus reticulata)
MR R AL T S I R 2 R (R AR
AR K, 2010), A HEH 9 R 3 MR ) go-C, 1



LIS . RN, 2R ORI ColE
ME/NEI182 pmol-mol ' # £ K #1985 pmol-mol ',
NI Coo IR 4RI 22 50 W i ANIE 2 o DRI, 1482
TELE—E R BR 4« )5 A J2 Farquhar55(1980) 424k
1541 1A Jy Rubisco M i Vi £ M-MAE Y, T & A 1
SIS S5 IR R, M-MASE AL I 5z A AR ) 1 B RO &
Be I(Yu et al., 2004 ; T TEUFIT58, 2009b; A
MR, 2017; THRHLEE, 2019), ALK 45 REE DB
BE 7 IXANEE 1R .

WAk, AR, Y RS S R
Co Ity B - E PR Al (R R 26 R %, I AFAE oAl ) A
& (Yu et al., 2004; Z=3E5E, 2018; Batke et al.,
2020). Lbin, Batke%E(2020) 5T 1 Sambucus rac-
emosa~ Populus tremulafPopulus tremuloides 3FhfE
WAL T FE T COLIR FEE 1R i 7 7] @, B LS AE )
WEAF 72 AL 5 B i COL R B (1) 369 T iy 1 P () 15
WAFE S AL F BERECO MR BE IR I 2 F B Ja LT
B0, Xt T a4, A RE 2 5B A il A ALxT
CO L0 N AR AL Ea . 5 IR R A LU, B s
BUAA O] DR G #0480 & K S R0 /N 22 (1) S AL 5 FE XY
COMK FEI ARy, T HAd vl DAt S8 5 oK< AL
FIE N LR R COL M BE 524
[FS, B A SH B A R Y 2 . B
I, BB A AT DL S e oK AN I SAL S R
XF COL I B AR AN 4 o

BN, HTRE B R AL 5 R COL IR 5 M) 9 [ A5
RUAU AT DURGF AU A R AN i S SL S
XTCO R FE (1) Bt 2, 17 HLadk v] DL B4 AE 7 Hh 15
BRGAVNER IR KL s ILFRELA
5N LA B COK FE, HAT 21X £
S EMMME AR B2 . BRIk, ASHE F08T /8 2 1)
g CIE T TT Ry g B S v SFL S BEXTCO,
WEEAA A B T A .
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