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Simulating response of the stomatal conductance of Kobresia pygmaea to

environmental factors

LI Zeqing, HUANG Yongmei~, PAN Yingping, CHEN Huiying, HU Guangrong, YANG Chongyao
State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of Geographical Science, Beijing Normal University, Betjing 100875, China

Abstract; Kobresia pygmaea, a dominant species of alpine meadows in Qinghai-Tibet Plateau, was selected to measure the
diurnal variation of stomatal gas exchange parameters and environmental factors with a portable photosynthesis system from
July to September, 2018. The soil water parameters at 0—10 cm layer were measured also with soil moisture meters, ring
knife method, and permeable membrane method. Then, the parameters of three stomatal conductance models, Jarvis's
model , Leung’s model, and Gao’s model, were applied to simulate the stomatal conductance of Kobresia pygmaea, after the
calibration of their parameters based on the measurements in different months of July, August, and September. It was also
analyzed based on the simulation that the response characteristics of stomatal conductance to the main environmental factors

such as Photosynthetically Active Radiation (PAR) , air temperature (7, ) and Vapor Pressure Deficit ( VPD). The main

air

results are as follows: (1) all the three models could well simulate the changes of the stomatal conductance of Kobresia

pygmaea , with the performance sequence of Leuning’s model (R*=0.726) , Jarvis’s model (R>=0.659) , and Gao’s model
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(R*=0.624). (2) The sensitivity of stomatal conductance of Kobresia pygmaea to the three environmental factors occurred
in the order of PAR>VPD>T . The stomatal conductance showed a bell-shaped response to T, ranged of 5—35 °C, with

*s™' but

the maximum value at 24.83 °C. The stomatal conductance also had a maximum value at PAR of 2100 pwmol m”
monotonically decreased with VPD ranged of 0.12—3.48 kPa. (3) All the three models could well simulate the response
characteristics of the stomatal conductance of Kobresia pygmaea to the environmental factors, with the highest sensitivity to
VPD. Among the three models, Leuning’s model was most sensitive to T, and VPD, and Gao’s model was most sensitive to
PAR, but lest sensitive to T . The purpose of this study is to provide a reference for understanding the response of stomatal

conductance of plant on Qinghai-Tibet Plateau to climate change, and for the application of stomatal conductance models in

larger-scale land surface models.

Key Words:; stomatal conductance model; Kobresia pygmaea ; environmental factor; Qinghai-Tibet Plateau
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VEFH VPR 8 VR R R e BRI S AL S BEAR A IS BT L Jarvis FER1 AR F A ER
Be T B e 50 R 5 L Ball #57 | Leuning (B IE R R AILFE 55O AR 2L LR WL L RRIAL,
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0—10 ecm TJZMAHLAK S 78 102.41 g/kg, 2018 FFAKZE(7—9 H ) TR EK R 30 16.88% ,1F 4—
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R1 CO,MIR k- E AW L ERSH

Table 1 CO, response curve-parameters of rectangular hyperbolic model

SR AL BICR RO A A L gt
. FWRABHE n HRETEAHER A, 0 JCIFIHR R, COMES T
ZH Apparent carboxylation Maximum net - . 2
- . Photorespiration rate/ CO, compensation R
Parameters efficiency/ photosynthetic rate/ P .
(mol m™ s1) Cumol m™? 51 (pmol m™ s7") point/ ( mol/mol )
RIEAA Value 0.0037+0.0028 9.83+2.98 3.14+0.65 29.12+2.69 0.978

B M (H +BR DR (Mean=SE)

R2 SISEERSY

Table 2 Parameters of stomatal conductance models

A Model Z¥ Parameters R? a P
a, a, a3 a, as ag a;
Jarvis 0.659 39.64 <0.01
0.989 0.431 0.00478 0.00018 1 200.003 -0.199
b, VPD, g0
Leuning 0.726 143.75 <0.01
6.365 0.00354 0.221
&on k, k k
Gao ! § @ . 0.624 98.43 <0.01
0.3713 1.324 0.000274 583.64

Zom  BIE S T R ATHESRFL S Maximum possible stomatal conductance under dark conditions ; k : £t T 20 il 2% #4504 i il 2 %X ( mmol m™?
sl kPa™! ) Elastic yield coefficient of guard cell structure; kaﬁ AL S X LA 4T N U S B ( Dimensionless ) Sensitive parameter of stomatal
conductance to photosynthetic bchavior;kﬁg AL K IR R 22 UM S L Sensitive parameter of stomatal conductance to vapor pressure deficit;a, .
a, \az a4 \as .aq.a; b, \VPD, \goj‘]fgfli%‘ﬁ

05
~ osl Jarvis iz Leuning ji S 0s|
W 04} '
= L -
- o T;:’ 0.4 0.4
=5 03F .
K<E 8 03 03
=1
235 0|
=3% 02f ‘ 02
£33
g 0.1 L 0.1} 01k
=
s ’
20 0 I 1 ! ! ) I ! ! I I
0 0 0.1 0.2 0.3 0.4 05 0 01 02 03 04 05
AL R
Simulated value of stomatal conductance/(mol m2s™")
B2 Jarvis SILEERE Leuning SFILSERES Gao SILEEEER WISIELLEE
Fig.2 Validation and comparison of Jarvis model, Leuning model and Gao model
®3 SILSEERERIERRILE
Table 3 Comparison of stomatal conductance simulation results
#5540 Model R RMSE AIC
Jarvis 0.659 0.0669 =711
Leuning 0.726 0.0503 =795
Gao 0.624 0.0732 -693

RMSE ; 7 2% Root mean squared error; AIC: 7R (E B fEN] Akaike information cnterion

2.2 il R AL H AR
] Jarvis ZHAEY  Leuning F 2R Gao HLESLRY 735 X6 vy 1L & we AL BE AR K H R A A T A
Mo WP 3 FroR 68 TN, 7—9 AR5 H B AL 2 A BN 3 7 A WEfH ) U7 12001400 72
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Jarvis 71 Leuning #5781 Gao i
0.5 05 05
oa R*=0.713 R?=0.751 R2=0.691
0.3 |-
=
0.2 |
0.1 |-
§ 1 1 1 1 Il Il 1 1 1 J O 1 1 1 1 1 0 1 Il 1 1 Il 1
<
‘L;.‘é 0.5 - 0.5 0.5
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Q » I LY B -
'3‘ —_— .
\éé 03 1 03 |
g % i o ffev*® : =
23 02l ) 02 | *
$T§ 01} " 0.1
= T S ST
v
'E 0 | | | | | | | | | | | O 1 1 1 1 1 O 1 | Il Il | 1
g
A 05 0.5 " 0.5 —
R*=0.618 R*=0.642 R2=0.684
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m
N

3 208F7A8AMIARLBEESIASE AT RERIEL

Fig.3 Simulation of diurnal changes of Kobresia pygmaea's stomatal conductance in July, August and September 2018

2018 AEA K Frp i ] 3 AR 1L AR K 2 (7—9 A AL SR H ARk B4 S & 3 iR,
BNl R 38 S (BT | Jarvis FETRUREAD Y 28 2 IR X4 AR 1k, 7 A I H H BLZE 11.00,15.00 £ 47,8 H IE(H
HPLTE 14.00,16:00 247 ,9 HIEMEHEAE 12.00.15:00 £2 47, Jarvis #2750 7 8 F IEAE ¥4 Hb SEMIE A ; Leuning
BRI 4R 7.8 H R IBEARL |9 A B HESEIE KE /N, 7 HI(E HBAE 12.00,15:00 A 47,8 H ik
HHEE 13:30.,16.00 22 47,9 H & RMEHBUFE 12:00 247, Leuning FE AU 06 {24 5 SEIAE AR L ; Gao 45
RIBUINZE 7 3.9 H 2 IREAR{L 8 A g2k, 7 IR IAE 12:00,16:00 A 47,8 J WE{H 3L AE
15.00 Z247,9 HIEMEHBILE 12:00,14.:30 2247, Gao BLAIRADLIE(E Y L SCMIME K . Leuning AEAINTF 3 4~ H
Byt S R IL T 6 H AR i 2 00 A8 fh b 3 0G0 s 3 (] 34 5 S B L I A1 458 R 2230 5 Jarvis A5 7R
7.8 AR S TE R DB B L SEBRE IR /)N ; Gao B Y H A8 AL R0 4R A TE oy | (EASE DL A 1
SERRE RN, 8 A A B £k, 5 ST AT, AN 03 A W (E BT [R] (R /NS RE0RS BE AR Jarvis FI
Leuning #5741 {H 9 HBHUSURTE = MR R AF . WASEAL TR E R R (K 3) T ExF 7 A58 A
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SALGE H AR R, Jarvis BRI B 47, Jarvis BEARLIE T Gao #E7Y;9 H S AL T H AR (bt 72, I
Gao PEAR ISR I , Leuning #RAE T Jarvis FE7Y
2.3 R AR AL T EE AN R PR 5T PR 14 i) 7 A4
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Fig.4 Response simulation of Kobresia pygmaea’s stomatal conductance to main environmental factors
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