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Simulation effect of four light response models on the photosynthetic CO-
response process of Populus poplar under different irrigation volumes

CHEN Yueping™2, WU Shengli*?*, SHI Zhixin?, YUE Yongjiang*?, HE Yuxiang'?

(1.School of Geographical Science and Tourism, Xinjiang Normal University, Urumgi, Xinjiang 830054, China;
2.Xinjiang Key Laboratory of Lake Environment and Resources in Arid Areas, Urumgi, Xinjiang 830054, China)

Abstract: Four irrigation treatments, CK(no irrigation), T1(20 kg/plant-session), T2(40 kg/plant-session) and T3(60
kg/plant-session), were used for 3, 5, 7 a poplar as the test material. The photosynthetic CO2 response processes of 3, 5, 7
a poplar to different water irrigation were measured by Li-6400 portable photosynthesis system to obtain CO:2
characteristic parameters, and four light response models including right-angle hyperbolic model, non-right-angle
hyperbolic model, right-angle hyperbolic modified model, and exponential model were used to fit and analyze the
photosynthetic characteristic parameters. The results showed that the fitted coefficients of determination(R?) of each
model were greater than 0.97. The right-angle hyperbolic modified model( MRHM) and the exponential model fitted the
photosynthetic parameters of poplar better, and the MRHM was more accurate, with the total integrated average relative
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error(Are) of 0.093, 0.084, 0.084 for the 3, 5, 7 a poplar eigenvalues under the three irrigation treatments, respectively.
The net photosynthetic rate of 3 a poplar varied little under the three irrigation treatments, and the net photosynthetic rate
of 5 a and 7 a poplar was maximum under 60 kg/plant-session treatment. In the comprehensive analysis, the optiaml

irrigation amount for 3 a poplar growth was 40 kg/plan-session, and the optimal irrigation amount for 5 a and 7 a poplar
growth was 60 kg/plant-session under different irrigation treatments.

Keywords: Populus euphratica; irrigation amount; CO2 response; light response model
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Fig.1 CO:2 response curves of Populus euphratica under different irrigation
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Fig.3 Simulation result of CO2 response curves of 5 a Populus euphratica
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Fig.4 Simulation result of CO2 response curves of 7 a Populus euphratica
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9.5%.19.2%, 7 a ‘LMY Amax 70901 HE CKF5 29.2% . IK, T 7 a 2B 1HY Ce7E CK A N fefi, T1, T2,
34.2%. 52.6%. AN COMEAI, Cop FUSEIMIMELy T3 ACFET 7 a A5M5AY Amax Il Ce SEMNE I 51 o
578.28 ~ 875.77 umol/mol, A[RIFEKAE T Cep Vi IS KX COL [RIMLRE A —E o,
BImT CK Y, RUIEHFIH CO: mfe 1A Friest. EE PGSR AAM A RE T .

3.5 a AW R LA (Ce) SEMIEAE T2 AL PET i

#x1 ATREKETHH COMEBSHHMEESTNE
Table1 The CO:z response parameters of measured value and simulated value for Populus euphratica under different irrigation
Wb/ AbTm Ce/(mol mol™?) _ Anmax (umol m=2 s _
RHM NRHM  MRHM EEM SEE RHM NRHM  MRHM EEM SE

3 CK 0.086 0.059 0.071 0.070 0.065 48.23 37.63 26.24 33.67 22.46

T1 0.085 0.058 0.070 0.071 0.062 62.53 60.38 36.75 36.25 36.38

T2 0.081 0.051 0.065 0.072 0.051 66.36 45.96 37.89 38.75 37.45

T3 0.083 0.055 0.061 0.072 0.064 58.36 42.72 37.56 37.75 39.17
5 CK 0.084 0.053 0.064 0.068 0.057 63.46 47.65 38.24 40.45 39.72

T1 0.083 0.054 0.065 0.070 0.061 66.74 48.38 39.75 41.78 39.98

T2 0.081 0.056 0.064 0.067 0.055 76.52 57.86 43.28 44.76 43.51

T3 0.091 0.067 0.077 0.075 0.066 78.58 61.75 46.85 47.58 47.36

7 CK 0.085 0.063 0.072 0.075 0.063 61.32 51.24 40.75 40.36 35.12
T1 0.092 0.070 0.079 0.077 0.071 73.75 58.82 45.86 45.28 45.39
T2 0.092 0.070 0.078 0.077 0.070 77.45 60.05 48.38 48.58 47.12
T3 0.088 0.067 0.076 0.079 0.070 86.45 64.84 53.87 48.58 53.59

Wb/ Ak Rp/(umol M2 s7%) ‘ Csp/(umol mol™) ‘
RHM NRHM  MRHM EEM SEIE RHM NRHM  MRHM EEM SEDE
3  CK 8.18 4.06 5.22 6.64 551 756.64 77914 71532 69827  578.28
T1 8.55 5.75 7.28 1.75 6.11 847.47 115030 62157 61258  697.49
T2 8.21 5.10 6.88 7.85 4.88 92757 96586  678.86 61258  813.38
T3 7.23 432 468 6.52 4.89 820.36 85863  691.65  614.85  699.39
5 CK 6.75 434 6.12 6.26 5.34 86749 92476 82654  837.14  663.66
T1 7.57 476 6.63 6.54 5.24 931.28  937.83 69654 68155  754.18
T2 9.96 7.46 8.58 8.72 7.49 112127 110885  778.86 78247  875.77
T3 8.75 6.75 732 7.35 6.21 97323 110882 69247 71928 78474
7 CK 7.36 421 5.23 6.12 5.86 869.67  896.43 54645 53624  659.78
T1 8.64 6.38 7.68 7.24 6.31 92338 93527 66557 68158  741.28
T2 8.09 5.75 6.52 6.75 5.65 94228  957.38 70278  681.60  782.36
T3 8.38 5.45 6.75 7.37 574 105850 1064.00 78757 78285  863.96
Wib/a b I'l(umol mol?) _ R?
RHM NRHM  MRHM EEM SEINEL RHM NRHM MRHM EEM
3 CK 8524 69.25 74.63 78.54 86.36 0.98 0.99 0.99 0.99
T1 10220 98.38 10275  103.75 98.78 0.98 0.98 0.99 0.99
T2  101.36 9438 10157  104.85 94.96 0.97 0.99 0.99 0.99
T3 86.75 74.65 78.52 86.58 77.68 0.97 0.98 0.99 0.98
5 CK 8636 82.26 86.12 84.46 77.36 0.98 0.99 0.99 0.99
T1 94.85 87.38 91.68 94.75 87.63 0.98 0.99 0.99 0.99
T2 12738 13236 13175 13162 13287 0.99 0.99 0.99 0.99
T3 95.54 92.43 94.76 93.58 91.36 0.99 0.99 0.99 0.99
7 CK 8954 79.65 86.75 88.64 91.79 0.99 0.99 0.99 0.99
T1 95.38 91.87 93.38 94.68 91.36 0.99 0.99 0.99 0.99
T2 91.93 84.86 87.43 89.41 83.86 0.99 0.99 0.99 0.99
T3 94.53 85.35 89.36 93.39 84.35 0.99 0.99 0.99 0.99

TEEAMABIMABIESAE T, 3 a Adtgm BHERRIUE TR A AU SRS
FRACKCR (Ce) BERE /K RIS I 52 2 i s Y R 4 T, 5a’lLiitgn Ce EREK B AN T B
TE FLAA S AR AR B A DU BTG TR AU IERRIIE T, 5 a A=Wl Ce BEREK
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FEEERISL, fE At 3 PR 7 a Bl Ce bl
KRG I 2T = JE BRI
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KR ETVE FREEHY; 5. 7 a tEBIM I Amax BT
KA BT, 7E T3 KR R IRk,

BRAGEUETIAN , 3 a A A% 1 SEIT IR 3% (Rp) £E
Hofth 3 FRELRY R S REME K B B N 52 2 B THE T RE
#H; 5 a g Ry YIMEHE K & G 2 5 E Tt
o Rk, 78 T2 T EK; 7 a E¥I R
PR7E NRHM T 256 FFHE NS, Bk Rk
EFE TR T

XTI CO A (Cop)TT &, 3 a8
T 4 RIS R () Cep AREA—E, JoHH AR LRI ;
5. 7 aE##I1) Csp MIFHRE K B IR SE FTHE
RS E T

HAIT COL MR (I )TE 4 PR R AR b AR —, 3
a BN © 25 EFE TS, EMM SRR TE

T2 Wk, HAth 3 MR FIFE TL R 5 a4k
HIGI T 256 BT FRERES, T2 BHck; 7a4:
B T 5256 IS IRER E TS 76 T1 iRk,

ANREAK BT 4 FRBRLLA 547 COo i i 47
TESH ST ERA 25, MR LGSR, 44
REAINF ARG CO2 i W AR 25U 0145 K 1 B 1
&, R2=0.97, HA B ML AR 3, 5,
7 a L CO, MR FFAESE A LA G FE 344 0.99;
TR RIBR T3 HEKALFE R 3 atE I SR A A
4 0.98, HAHI N 0.99,
3.2.3  CO,7h) BL W 2% B9 A AL ST

FIFPEHI AR 2 (Are) X 4 RS DL SRR
P T . R 2 AIOL, EA RIS IEASR RIS
FOEHIST ) Amax BAAREREAT, Horr B AU
LAE BRI Ane AR, 3.5, 7azk
BIMTE 3 DHEIKAEFE T Amax HF-EIAIRTR 2203 51N
0.021, 0.007. 0.014; FEEBIRY Anex UERERIKZ

®2 A COMNSHINES 4 MRENSEMNBEIIRE

Table 2 The relative error of CO2 response parameters of observed and simulated values for Populus euphratica based on four

models under different irrigation

Kb i Amax AN IR Ry FAHXT R 22
RHM NRHM MRHM EEM RHM NRHM MRHM EEM
3 T1 0.719 0.660 0.010 0.004 0.399 0.059 0.191 0.714
T2 0.772 0.227 0.012 0.035 0.682 0.045 0.410 0.609
T3 0.490 0.091 0.041 0.036 0.479 0.117 0.043 0.333
FHIE 0.660 0.326 0.021 0.025 0.520 0.074 0.215 0.552
5 T1 0.669 0.210 0.006 0.045 0.445 0.092 0.265 0.248
T2 0.759 0.330 0.005 0.029 0.330 0.004 0.146 0.164
T3 0.659 0.304 0.011 0.005 0.409 0.087 0.179 0.184
S 0.696 0.281 0.007 0.026 0.394 0.061 0.197 0.199
7 T1 0.625 0.296 0.010 0.002 0.369 0.011 0.217 0.147
T2 0.644 0.274 0.027 0.031 0.432 0.018 0.154 0.195
T3 0.613 0.210 0.005 0.093 0.460 0.051 0.176 0.284
FHEIE 0.627 0.260 0.014 0.042 0.420 0.026 0.182 0.209

i S T MRS Csp HUAHXF 22
RHM NRHM MRHM EEM RHM NRHM MRHM EEM
3 T1 0.035 0.004 0.040 0.050 0.215 0.649 0.109 0.122
T2 0.067 0.006 0.070 0.104 0.140 0.187 0.165 0.247
T3 0.117 0.039 0.011 0.115 0.173 0.228 0.011 0.121
S 0.073 0.016 0.040 0.090 0.176 0.355 0.095 0.163
5 T1 0.082 0.003 0.046 0.081 0.235 0.244 0.076 0.096
T2 0.041 0.004 0.008 0.009 0.280 0.266 0.111 0.107
T3 0.046 0.012 0.037 0.024 0.240 0.413 0.118 0.083
SR 0.056 0.006 0.031 0.038 0.252 0.308 0.102 0.095
7 T1 0.044 0.006 0.022 0.036 0.246 0.262 0.102 0.081
T2 0.096 0.012 0.043 0.066 0.204 0.224 0.102 0.129
T3 0.121 0.012 0.059 0.107 0.225 0.232 0.088 0.094
S 0.087 0.010 0.041 0.070 0.225 0.239 0.097 0.101
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3. 5. 7 a/Ei#% Amax 9 Are 235124 0,025, 0.026,
0.042, AEEMAAUMLARIITHAS A Ry AR i
i, 3. 5. 7 aZEHIIM Are 73510 0.074, 0.061 .,
0.026, EfAMNZMEIEBIAEIXTiHG Cop #IERIR
£, 3. 5. 7 a £ Are 7351 0.095, 0.102,
0.097., A[RMEKETR 3. 5. 7 aZ4®ily r A EMA
MMM IERFIALE T, PR 22 e/,
43524 0,016, 0.006. 0.010, AR HRE, RHM,
NRHM ., MRHM , EEM 4 F&AIZE 3 KPR,
3 a AW BARES BN Are 43510 0.357 ., 0.193,
0.093. 0.207; 5 a A=A LFHESET) Are 53510
0.350, 0.164. 0.084. 0.090; 7 a =iy BAFES%L
) Are 4331124 0.340., 0.134. 0.084. 0.105; 3 MK
ACFER BA AU LAY 3 5, 7 a AWM (A 45
A HIAIT R ZE (Are) /331 0.093, 0.084., 0.084,
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P2 (Are) 7514 0.093, 0.084., 0.084, 14y 4 /M
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