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Estimation of Photosynthetic Parameters of Cinnamomum camphora
in Dwarf Forest Based on UAV Multi-spectral Remote Sensing
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Abstract: In order to explore an effective analytical model and method for estimating photosynthetic
parameters of Cinnamomum camphora ( Linn. ) Presl by using unmanned aerial vehicle ( UAV)
multispectral technology, taking Cinnamomum camphora (Linn. ) Presl as the research object, its canopy
six-band spectral reflectance was obtained through a multispectral camera carried by UAV, and its net
photosynthetic rate (Pn), intercellular carbon dioxide concentration (Ci), stomatal conductance ( Gs)
and transpiration rate (Tr) were simultaneously measured. The optimal index factor ( OIF) was used to
screen the combination of spectral reflectance and vegetation index as independent variables. Partial least
squares method (PLS), back propagation neural network (BPNN) , and random forest (RF) were used
to construct estimation models for the independent variables and photosynthetic parameters, and the
accuracy of each estimation model was analyzed and compared. The results showed that there was a close

relationship between photosynthetic parameters and leaf reflectance in the red edge band 2 ( center
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wavelength 750 nm) and near infrared band ( center wavelength 840 nm) of Cinnamomum camphora L.
The combination of red edge band 2, enhanced vegetation index 2 ( EVI2), and red edge chlorophyll
index (CI,,,,,.) had the highest OIF value of 0.012 6, which can be used as the best combination of
model independent variables. The optimal models for the four photosynthetic parameters Pn, Ci, Gs, and
Tr were all BPNN, with the modeling set decision factors R of 0.85, 0. 81, 0.80, and 0. 82, and the
root mean square error ( RMSE) of 0.85 pmol/(m’-s), 16.23 wmol/mol, 0.03 mol/(m’-s) and
0.37 mmol/( m® + s). The relative analytical error ( RPD) were 2.59, 2.33, 2.28, and 2.37,
respectively. The R’ of the validation set was 0.81, 0.73, 0.83, 0.76, and the RMSE was
1.46 pmol/ ( m’-s), 18.37 pmol/mol, 0. 03 mol/( m’+s) and 0. 67 mmol/(m’-s) , with RPD of 1. 39,
1.86, 2.67, and 1.20, respectively. The research results can provide a theoretical basis for the
estimation of photosynthetic parameters of Cinnamomum camphora in dwarf forests using UAV

multispectral remote sensing, and provide technical support for rapid monitoring of the growth status of

2023 4

economic plants in large areas.
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Fig.3 Estimation model of photosynthetic parameters of Cinnamomum camphora in dwarf forest based on PLS

Bk 0.76, 0.30, 0.72, 0.76, RMSE 43 5l &
1. 11 pmol/ (m’+s) 29. 95 pmol/mol 0. 03 mol/(m*+s) |
0.72 mmol/(m*+s) ,RPD J}y 1.73.0.84 .1.82 1. 03,
BT PLS HEEMOTHE Gs Tr 5 P fHFBEAL RIGA
NTF0.72, 5T Cif A H Gs £ AY RPD # , [H It
BT PLS MREMRIS KL Gs Al SR BN B2 0 13 o

2.3 ETF BPNN &

JLF BPNN BRE M7 f Pn Ci Gs Tr 4 MGG
SHALE LRI 4, B4 R 5351 0.85.0. 81
0.80.0.82, RMSE 4> %] & 0.85 wmol/(m® -+ s) .
16.23 pmol/mol 0. 03 mol/ (m’+s) 0. 37 mmol/ (m*+s) ,
RPD 43 %/ 2.59.2.33 .2.28 . 2.37; B iF 4 R* K
0.81.0.73.0.83.0.76, RMSE y 1.46 pmol/(m’ -s)
18. 37 pmol/mol 0. 03 mol/ (m’+s) 0. 67 mmol/ (m’*+s) ,
RPD y 1.39.1.86.2.67.1.20, 3&F BPNN &M
J7 R 4 TG S RO RURG BE A AT, 4580 24 30 A 4 s

HERRE
2.4 ETRFH#HE

BT RF BYEMIFHE Pn Ci Gs [ Tr 4 FIOEH 2
B A 45 R LK 5, 3 T RF (BB AR O7 F P ff 54
AU AR T AR S A OC 4 RO B S BB
R*4y 5% 0.69.0.71.0.80.,0.73, RMSE 4} 51 &
3.66 wmol/ (m”+s) 20. 35 pmol/mol ,0. 03 mol/ (m*+s) .
0.46 mmol/(m®-s) , RPD 43 1 % 0.60 .1.86 .2. 28 .
1.93; 9F4E R* 24 0.72.0.70 0. 78 .0. 74, RMSE ¥
4.10 pmol/ (m’+s) .16. 11 wmol/mol 0. 03 mol/ (m*+s) |
0.59 mmol/(m*+s) ,RPD % 0.40 .1.75 2. 10 .1. 28,
FF RF (YRR TS RE Gs Al AR R 1 RPD 3
e, I A RF BORLAL 5 Gs BB & S8 H
HER o
2.5 REFEM,

hXE HE A i

PR UL K 3 R NG JE 2 8



184 g Ak Bl W ¥ R 2023 4
fec 2 it
24 - y=0.85x+2.68 300 y=0.81x+36.77
R?=0.85 R*=0.81
2L RMSE }0.85 pmol/(m? +s) 2801 RMSE#716.23 pmol/mol
__“°[ RPDH2.59 ~ 260} RPD#H2.33
—‘:n 20| v EEE 3 | v ERATE
o|e g E 201 o miEs:
B gl EED S 220 — ALY
= B g § | —- Bk
g 14 = 200 L 14
5 1:12% ~ o | 1128
Z16) i
@ = 180
= 14} £ 160} LT
2 Sk y=1.07x-14.46
ha & P 140 - R*=0.73
r Eal RMSEjjl 46 pmol/(m?-s) L RMSE#18.37 wmol/mol
g . RPD#1.39 205 - RPD¥%1.86
10 12 14 16 18 20 22 24 100' 120 140 160 180 200 220 240 260 280 300
SZIME/ (ol - m2- ) SEME/ (mol « mol )
(a) Pn (b) Ci
i e Y
0.45 1 4=0.77x+0.05 7T y=0.82x+0.76
0.40 | F=080 R=0.82
- RMSE 40.03 mol/(m?- s) 6l RMSE 40.37 mmol/(m? - &)
2 035 RPDJ2.28 ~ | RPD}2.37
I v A W | v g
£ 0300 Bﬁ@% ) o 5Fe RyiFdk
< o5 [ BEEMEA E|— RN Atk w
E 025 ik, W 3 4= BERRAL
E 0.20 k- 1:1%k v "'!g v v v 5 ]t lé’jz ¥vv
-1,5 - v X i L - A -
—0.78x+0.04 = y=0.56x+1.85
0.10 oy = R*=0.76
R*=0.83 : "
2. RMSE40.67 mmol/(m? - s)
0.05 RMSE_40.03 mol/(m?+ s) RPDJ/1.20
RPngz 6 = L L 1 1 L I
0 005 010 015 020 0.25 030 035 040 045 1 2 3 4 5 6 7
A/ (mol em2-s7") SIS/ (mmol - m2 - &7
(c) Gs (d) Tr
Bl 4 LT BPNN f9EM5ROLG S 8N
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