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Carbon Assimilation-based Plant Population Photosynthetic Rate
Measurement System
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Abstract; Single-leaf photosynthetic rate significantly affected by leaf location, leaf aging, and
environment is insufficient to characterize the photosynthetic capacity and material accumulation efficiency
of the entire plant. A plant population photosynthetic rate measurement system ( PPPMS) was developed
based on the carbon assimilation process using a transparent assimilation box. The PPPMS collected the
data on light intensity, CO, concentration, temperature and humidity in the assimilation box using a high-
precision light radiation sensor and SCD30 to achieve the accurate control of the light environment,
measurement of the carbon assimilation process, temperature and humidity control and so on. The
synchronous experiment was carried out with the LI —6800 closed-circuit carbon assimilation measurement
system, and the population photosynthetic rate was determined using linear fitting with the CO, changes.
The performances of the PPPMS and the detection accuracy of carbon assimilation process were evaluated

at various lights, temperatures and crop types. The findings revealed that the system’s air tightness and light
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regulation accuracy were satisfactory, with the maximum air leakage rate of 0.047 3 wmol/(mol-min), the
maximum single air leakage (6 min) of 0. 283 8 wmol/mol. And the average standard deviation of light
regulation accuracy was 2. 71 pmol/(m”+s), which can meet the detection of plant carbon assimilation
process. In the linear correlation analysis, the R* of CO, exchange capacity fitting of single and multiple
lettuces were 0. 988 and 0. 874, respectively, with the root mean square error (RMSE) of 5. 82 pmol/mol
and 5. 80 pmol/mol, while the fitting R® of tomato was 0.952, and the RMSE was 3. 39 pmol/mol. The
results showed that the system’s measurement performance was comparable to that of LI — 6800 system, and
the detection performance in upright plants was superior to that of leafy vegetables. Under varied
temperatures and lighting, the average mean absolute errors (MAEs) of tomato and lettuce computed by
light response curves between the PPPMS and LI — 6800 system were 0.45 pmol/(m’ - s) and
0.35 wmol/(m’+s) , respectively, and the mean value of fitting R* was mnot less than 0.95. Tt was
demonstrated that the method can accurately and consistently measure the plant population’s light response
curve.

Key words: population photosynthetic rate; measurement system; carbon assimilation; net CO, exchange
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Fig.3 Block diagram of environmental factor

measurement and control system for assimilation box
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Fig.8 Analysis results of carbon assimilation in lettuce
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Fig.9  Analysis results of carbon assimilation in tomato
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Fig. 10  Fitting results of light response of tomato seedlings at different temperatures
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Fig. 11  Fitting results of light response of lettuce at different temperatures
PRI 5. 82 wmol/mol 1 3. 39 wmol/mol, % i & A [6) 1
a1
Wy 1 e [ A e R 0 5 3K
(1) BT m [ Ak 1 Ol & 3300 2 2R 48 ol I 4% (3) SR HIRU G A& TE AR X AL SOl 3 R 48 5 L1 -

PR Dy 2. 71 pmol/ (m® - s) 45 iKY B2 1Y % 2%
N FEEVE R, AR E AL FE CO, ¥k B2 A8 Al Y I 42
BT IR, W R G AR L I b S e S
BRI N 0.047 3 pmol/ ( mol - min ) , 58 4 T R ik )
3 R A R I K

(2) ARSCBCTH Y RGN 3¢ 5 B A7 A A R Bk
] fL ik A5 v CO, 72 b 4 DUORG BE R4, A2 38 15 & i
TEAN R I BE 6 HR A B2 A6 I 24 J7 #5822 23 3l /N T

6800 7Y P41 Atk [|) £k 0 it 32 98 B AR O & il AT 0L G

AP A N £ [H]D & 3R A MAE, 15 3 3%
5 A 31 MAE 4351 4 0. 45 .0. 35 ;,Lmol/(m2 °s),
HERIASCR GO Gt i it 26 55 LI - 6800 #! 4]
B (A AL 1 R e D B 25 R G AR &, B 2258
/N B 5 A SO 1 R AL A e RN T
0. 95, AEH /A [7] 28 BUAE ) i K 00 75 5K, HiZ R G 7E
B RAEY RO & 3R A R ROR AR

2 £ x #t

[1] HERNANDEZ-SANTANA V, PEREZ-ARCOIZA A, GOMEZ-JIMENEZ M C,
2021
[2] USUDA H. Effects of elevated CO, on the capacity for photosynthesis of a single leaf and a whole plant,

photosynthesis and turgor in fruit growth[J].

Plant Journal,

et al. Disentangling the link between leaf

, 107(6): 1788 - 1801.

and on growth in a

radish[ J]. Plant Cell Physiol, 2006, 47(2) : 262 -269.
(3] #FRE aEEROLEMRSEY ™ )], EY e, 1999, 34(8) .11 -13.

XU Daquan. Photosynthetic rate, photosynthetic efficiency and crop yields[ J].

Chinese)

Bulletin of Biology, 1999, 34(8) :11 —13. (in

(4] ZFSk, GIFTFY, BH=, 5. FOBREFIHAMELEERSRRREBIET]. ol TSR, 2010, 26(9) : 274 -279.

LI Tianlai, et al.
tomato[ J .
[5] YINJ, LIUXY, ZHANG M
PapersOnLine, 2018, 51(17): 61 —66.
[6] WAHE,
362 -370.
HU Jin, LONG Xingyue,

YAN Adan, LUO Xinlan,

et al.

DENG Yifei,

, et al. Photosynthetic rate prediction of tomato plant population based on PSO and GA[J].

BER A, M—K, 5. FETKF ARG 505 HAR GRS Y TR RAT R[]

Temperature modified model for single-leaf net photosynthetic rate of greenhouse

Transactions of the CSAE, 2010, 26(9) : 274 —279. (in Chinese)

IFAC-

Al HU A= 4R, 2020, 51(10) -

Water demand model for greenhouse crops considering water use efficiency and

photosynthetic rate[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(10) : 362 —370. (in Chinese)

(7] sk, sk, B9,
266 —272,314.
ZHANG Haihui, ZHANG Pan, HU Jin,
with leaf position photosynthetic differences[ J].

et al.

SF . A LG A 22 5 B B0 BRSO IR B AL IR R R R [T ]

R WL A4, 2019, 50(2) -

Optimization regulation model of stereo light environment for facility cucumbers

Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(2) .



%3 1 HRFAE G T A AL R AOL & BRI R RO S IR 367

(8]

[9]

[10]
[11]
(12]
[13]
[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

[30]

266 - 272, 314. (in Chinese)
Bk, A, X8, L BRSO X R R = O IR R iR KRMERERSE I [T]. Rk TR AR e, 2021, 37
(6): 190 —196.
CAO Yanfei, SHI Miao, LIU Xin, et al. Effects of thermal insulation projection on indoor light environment and tomato growth
performance in plastic greenhouse[ J]. Transactions of the CSAE, 2021, 37(6) : 190 - 196. (in Chinese)
PRIGERN , 4 HAS , R, 4. £0E 0S8 N AR SR e i A 5 e A 1 Eﬁz\fﬂ?[ﬂ BB, 2021, 52(6) : 344 - 350.
CHEN Xiaoli, YANG Qichang, WANG Lichun, et al. Analysis of energy use efficiency and photosynthesis of lettuce under
alternating red and blue irradiation[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(6) ;344 - 350.
(in Chinese)
SHIMADZU S, SEO M, TERASHIMA I, et al. Whole irradiated plant leaves showed faster photosynthetic induction than
individually irradiated leaves via improved stomatal opening[ J]. Frontiers in Plant Science, 2019, 10 1512.
PARADISO R, MEINEN E, SNEL J F H, et al. Spectral dependence of photosynthesis and light absorptance in single leaves
and canopy in rose[ J]. Scientia Horticulturae, 2011, 127(4) . 548 —554.
KEENAN T F, NIINEMETS U. Global leaf trait estimates biased due to plasticity in the shade[ J]. Nature Plants, 2016, 3
(1):16201.
PETTERSEN R I, TORRE S, GISLER@D H R. Effects of leaf aging and light duration on photosynthetic characteristics in a
cucumber canopy[ J]. Scientia Horticulturae, 2010, 125(2) : 82 -87.
TROUWBORST G, SANDER W H, HARBINSON ], et al. The influence of light intensity and leaf age on the photosynthetic
capacity of leaves within a tomato canopy[ J]. The Journal of Horticultural Science and Biotechnology, 2015, 86(4) : 403 —407.
VoS J, OYARZUN P J. Photosynthesis and stomatai conductance of potato leaves-effects of leaf age, irradiance, and leaf water
potential[ J]. Photosynthesis Research, 1987, 11(3) . 253 —264.
ZHU X G, SONG Q, ORT D R. Elements of a dynamic systems model of canopy photosynthesis[ J]. Current Opinion in Plant
Biology, 2012 , 15(3): 237 -244.
B, SR, R, RE BN AOLAE RSB R (T]. WTaRl R R (A AR , 2013, 33(3)
225 -229.
WU Kai, ZHANG Jing, HAO Chengyi. Simulation of the canopy photosynthesis model of greenhouse tomato[ J]. Journal of
Shanxi Agricultural University ( Natural Science Edition), 2013, 33(3) . 225 —229. (in Chinese)
B A LLANAR ST BT E SO A R L R KR 22 T [ D] b st hE AR R, 2003.
HUANG Binxiang. Some questions and error analysis about measurement of gas exchange in leaf photosynthetic rate [ D ].
Beijing: China Agricultural University, 2003. (in Chinese)
CABRERA-BOSQUET L, ALBRIZIO R, ARAUS J L, et al. Photosynthetic capacity of field-grown durum wheat under
different N availabilities: a comparative study from leaf to canopy[ J]. Environmental and Experimental Botany, 2009, 67(1) :
145 - 152.
PRI, Bk, BRARRK, 4. J6T L-REehy 3D UMY 2006 BRI T]. R4, 2018, 49(10) : 275 -283.
CHEN Gang, CHEN Bln, LIN Yuxin, et al. 3D virtual plant photosynthesis simulation model based on L-system [ ]J].
Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(10) : 275 —283. (in Chinese)
HIKOSAKA K, KUMAGAI T, ITO A. Modeling canopy photosynthesis[ J]. Springer Netherlands, 2016, 42. 239 -268.
FERRAZ T N, RODRIGUES W P, NETTO A T, et al. Comparison between single-leaf and whole-canopy gas exchange
measurements in papaya( Carica papaya L. ) plants[J]. Scientia Horticulturae, 2016, 209, 73 -78.
T, A, AR YA A HURNE R B S L] R TR, 1993, 9(4) @ 62 -66.
WANG Xiulan, XU Shihua, LI Youxiang. An installation and method for measuring photosynthetic rate of plant population
[J]. Transactions of the CSAE, 1993, 9(4): 62 —66. (in Chinese)
SAKOWSKA K, ALBERTI G, GENESIO L, et al. Leaf and canopy photosynthesis of a chlorophyll deficient soybean mutant
[J]. Plant Cell Environ. , 2018,41(6) : 1427 - 1437.
COOMBS J,HALL D O, LANG S P, et al. Techniques in bioproductivity and photosynthesis[ M ]. Oxford: Pergamon Press,
1985.
BAFIR, A, ALK, S MR TR ARSI i JOBE R AT T A R BIREVE [T ] T RIXBESE, 2016, 33(2) : 362 -370.
LI Shoujuan, MA Jie, TANG Lisong, et al. Scale transformation of carbon exchange over Haloxylon ammodendron community :
from leaf to community[ J]. Arid Zone Research, 2016, 33(2): 362 —370. (in Chinese)
YIN Jian, LIU Xinying, MIAO Yanlong, et al. Measurement and prediction of tomato canopy apparent photosynthetic rate[ J].
IJABE, 2019, 12(5) : 156 - 161.
GAO S, SU P, YAN Q, et al. Canopy and leaf gas exchange of Haloxylon ammodendron under different soil moisture regimes
[J]. Science China Life Sciences, 2010, 53(6): 718 —728.
IRERAL, FERRY, SRIBNE, 5. SRR PPAREAOL SR I B LR AT [T] . JERTMOL KRR, 2013, 35(3)
56 - 64.
SU Peixi, ZHOU Zijuan, ZHANG Haina, et al. Canopy photosynthesis and soil respiration of desert plant Calligonum potanini
[J]. Journal of Beijing Forestry University, 2013, 35(3): 56 —64. (in Chinese)
R PHEALA CO, M SR TR BE MO S I BT (D). A8 LBkl R, 2016.
WU Qiang. The study on dispersive infrared CO, analyzer in measuring photosythetic rate of plant population[ D]. Hefei:
Anhui Agricultural University, 2016. (in Chinese)



