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Inversion of Leaf Water Content and Leaf Water Potential of
Cinnamomum camphora Based on UAV Multispectral Images
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Abstract; Leaf water content and leaf water potential reflect the state of water in plant tissues and are
important indicators of plant water availability and water use efficiency. To investigate the differences in
leaf water content and leaf water potential modelling based on UAV multispectral image inversion at
different altitudes, multispectral image data were collected at three flight altitude treatments F30, F60,
and F100 (30 m, 60 m, and 100 m). By using six combinations of spectral reflectance + empirical
vegetation index (EVI) and ground data for correlation analysis, the inversion models and their decision

coefficients of the combinations of spectral reflectance + EVI with leaf water content and leaf water
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potential at different flight altitudes were obtained. Support vector machine (SVM) , random forest ( RF)
and radial basis neural network ( RBFNN ) models were constructed based on the determination
coefficients to analyze the accuracy of UAV multispectral inversion models for leaf water content and leaf
water potential of aromatic camphor at different flight altitudes. It was found that the inversion accuracy of
the RF-based model was higher than that of the SVM model and the RBFNN model at all three flight
altitudes. The F30 treatment was better than the F60 and F100 treatments for leaf water content and leaf
water potential inversion. The sensitive spectral reflectance + vegetation index combinations for leaf water
content inversion in the F30 treatment were reflectance in the red band (R), reflectance in the red-edge 1
band ( RE1 ), reflectance in the red-edge 2 band ( RE2), near-infrared reflectance ( NIR), and
enhanced vegetation index (EVI) , soil adjusted vegetation index (SAVI). The R, RMSE, and MRE
for the training set of the RF model were 0. 845, 0.548% and 0.712% , respectively; and for the test
set, the R*, RMSE, and MRE were 0. 832, 0.683% and 0.897% , respectively. The sensitive spectral
reflectance + vegetation index combinations for leaf water potential inversion were R, RE2, NIR, EVI,
SAVI, anthocyanin reflectance index ( ARI). The R*, RMSE, and MRE for the training set of the RF
model were 0. 814, 0. 073 MPa and 3. 550% , respectively; and for the test set, R>, RMSE, and MRE
were 0. 806, 0. 095 MPa and 4. 250% . The results showed that the 30 m flight altitude and RF method
were the optimal spectral acquisition altitude and optimal model construction method for inverting leaf
water content and leaf water potential, respectively. The research result can provide technical support for
the moisture monitoring of Cinnamomum camphora based on UAV platform, and can provide application
reference for screening UAV multispectral bands and empirical vegetation indices, and realising rapid
estimation of plant growth parameters.

Key words: Cinnamomum camphora; leaf water content; leaf water potential; unmanned aerial vehicle
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2.4 BHREEMNRESKE MHKBHEEERERSH

DA 9 6 2G5 2R + A Bl 4 $edl & 1
S FAS B DLSIE R AR 5 R I K R S i K
Sk R A i, 43 3 R FH SVM L RF  RBENN ) £ J j
FERY, N R* \RMSE \MRE 3 J [fil 45 & 1 5 B BURS )%
AN [ AR T 7k X TR MR A i 5 K R K 3
AR WE 5.6 fix,

2 53 GEREWORF AT E R E R
X H 7R, 3 AL 46 F30 4B B mf ok R
IR B e, U R A IR AR Y R O R,
RMSE 5 MRE 8T HAth 55 B ; F30 403 F G 1%
GE% + FHP AR B ) SVM (RF (RBFNN 3 Fii J
I5 A 0 R B K R R RS B Ik 4R R 4 K
0.717.0.832.,0. 778 , AT R AF M R M L5 ROR , 3¢
F60 1 F100 # 2 45 780 I 3% 4 (1 R* (0. 713 ,0.791 ,
0.722 F10.620.0. 721 0. 713) 4> 3185 0. 5% 5. 2% .
7.6% M1 15.6% .15.4% 9. 1% ; RMSE 5 MRE 7
1% fe A7, 3 P U i i J {H 5 S5 DB 2 TR] iy — vk

ARAT o AR & BE R, 3 o A4S Jy i 4 A 1) % bR O AR
2 7K R A AR TR g A A 5 0 3 SRS SR I
BB 22K R RF RBFNN (SVM, 4% & A7 5 B Ab 3
T, 3T RF A B8 bR O R I K 3R R AR TR
MR R*%F SVM 5 RBFNN 4255 0.008 1 0. 115,
25 LTk, F30 5 RF J77k 4300 R A 98 v SO i
B 7K AR B 1S AR I R 3 Ak 3L 5 g P AR TR A o Ty
5, E IR Y B P 0 B D R I 8 K SR A AR ASE AR
Yk SRR R K 0.845 5 0.832, RMSE 43
WA 0.548% 55 0.683% , MRE 4> % % 0.712% 5
0.897% .

7K S A R [RIRE Oy F30 R R BB 4, SVM |
RF RBFNN 3 Fift &2 AR 0y A i 7K $40 5 13 A5 281 1y ) 3 42
R*4¥ 3124 0. 679 ,0. 806 ,0. 732, & F60 F1 F100 f4 £
K700 9 35 4 B9 R (0.621.,0.787.0. 715 F1 0. 676,
0.690.0.709) 43315 9. 3% 2. 4% 2.4% M 0.4% .
16.8% .3.2% ; RMSE 7£ 0.1 MPa 7 47, MRE 7

3% ~6% ,3 Fik A B S T (E S SCE 2 B A H
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Fitted curves of leaf water content for three height treatments and three model inversions
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Fig. 6  Fitted curves of leaf water potential for three height treatments and three model inversions
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Tab.2 Accuracy evaluation of leaf water content

inversion model

®iTE VN SVM RF RBFNN
FEALEE FEAR UNgRdE MR4E g MUAE DIgRAE KR
R? 0.713 0.717 0.845 0.832 0.810 0.778

F30 RMSE/% 0.780 0.763 0.548 0.683 0.684 0.714
MRE/% 0.739 0.934 0.712 0.897 0.778 1.071
R? 0.689 0.713 0.816 0.791 0.745 0.722
F60 RMSE/% 0.747 0.898 0.696 0.606 0.766 0.843
MRE/% 0.745 0.941 0.848 0.821 1.046 1.255
R? 0.629 0.620 0.745 0.721 0.685 0.713
F100 RMSE/% 0.916 0.909 0.748 0.774 0.741 0.979
MRE/% 0.797 1.140 0.857 1.036 0.753 1.136

R3 MABREEIBETNER

Tab.3 Accuracy evaluation of J inversion model

®ATE T SVM RF RBFNN

FEALFR bR YN WA g MR IR KSR
R? 0.711 0.679 0.814 0.806 0.757 0.732
RMSE/

F30 0.105 0.086 0.073 0.095 0.096 0.083
MPa
MRE/% 3.645 3.407 3.550 4.250 4.760 2.993
R? 0.617 0.621 0.782 0.787 0.704 0.715
RMSE/

F60 0.126 0.086 0.089 0.091 0.098 0.110
MPa
MRE/% 4.786 2.120 4.365 3.858 4.398 3.977
R? 0.684 0.676 0.700 0.690 0.713 0.709
RMSE/

F100 0.106 0.099 0.095 0.108 0.096 0.099
MPa

MRE/% 4.131 3.145 3.980 5.850 4.284 4.550
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