£ 36 5 1 1) R0 IRBR 2R Vol. 36 No. 1
2022 4E2 H Journal of University of South China( Science and Technology ) Feb. 2022

DOI:10. 19431/j. enki. 1673-0062. 2022. 01. 004

ST B 1 RS T S PR P A A bR B 5

FERE O OR L EARYY FRAM F R,
THRE R #HWEE S

(1. AR WIRIREE 5224 TR0, WM 5 FH 421001 ;2. RAEBE T RS BRI SIS E A E L0,
YIVG B 330013 ;3. Wi &8 B 7= & 5 0 4 b o Ak B R e Al TS SR IR AR T PH 4210015
4. TN A TR B 38 85 B 5 MR AT H R B R s 50 =, b st 1000295
5. TSR I S5 R TR, ILAR T 277160)

W B AR TG T AT R B IR R T A ISR IS TR, ENEE
T 8 AR B AR 893200k, A B Pearson A8 % A2 ¥k BT w2 o 4TS LA
et BRI E TR I FHEFREA T ST A G R R i RALEE
ShAFEANIRZMG X AR FFREREN A1 P W= A0 A9 5 4 et
RAEWEZIERPAR LB w8 AR B, i8iT Pearson 48X £ Hok kit b %
et B AACIGAR G R IE A TR R IIREE £ A R AIARE bk A e A
WHETPEML, 2 HNELT 542 A2 $AKBSZ ThHieE
MR ERER Ed et RS SEMAER S e R AT AN AR M MR R
3R 5 A A 0.486.0. 442 it BACH B E ML A BEASRE R 6O b AR e ROR R4
R % %1% 0.645.0. 580,

KB A T B g A AR AR

FESES.XS3 XHEIRE:A

X EHS:1673-0062(2022)01-0025-07

Study on Physiological and Biochemical Characteristics of Leaves of
Purple Bamboo Plum Under Uranium Stress Based on
Remote Sensing Hyperspectral Data

WANG Zhengging' >, XIAO Ce', CHE Yongfei'* , LI Tianpeng’, LI Ce',
DING Huadong', SONG Jing' , HE Haiyang' , MA Yan'

(1. School of Resource Environment and Safety Engineering, University of South China, Hengyang,

W fm B #.2021-11-02

HEEME ST s S0 ER 4T H (6142A010403 ) ; ZRAEHE T K224 IR -5 155 [ 5% 1 5, J2 86 25 JF i3 4 i
FI(NRE1910) ; W R4 F 8RR/ G100 H (2020)5481)

{EE® A EIEPC(1983—) 5 PRl 11 ) 322 S5 Al 5 S b 245 BOAL BR 7 TR AR 9T . E-mail : wzhg20082008
@126. com, - WIFVEH : Kk K(1982—) , &, m gl TRRW , T, =2 R s IS & T 1 I AF 9T . E-
mail ; cheyongfei@ 163. com

25



5536 B4 1 4]

AR E AR (A RBHERRD

2022 42 H

Hunan 421001, China;2. State Key Laboratory of Nuclear Resources and Environment, East China

University of Technology, Nanchang, Jiangxi 330013, China;3. Hunan Key Laboratory of Rare

Metal Minerals Exploitation and Geological Disposal of Wastes, Hengyang, Hunan 421001, China;

4. National Key Laboratory of Remote Sensing Information and Image Analysis Technology,
Beijing Research Institute of Uraniuim Geology, Beijing 100029, China;5. College of City

and Architecture Engineering, Zaozhuang University, Zaozhuang, Shandong 277160, China)

Abstract; In order to reveal the indication ability of remote sensing spectral parameters of
purple bamboo plum leaves to biochemical indexes under uranium stress, eight culture so-
lutions with different uranium concentrations were set up indoors. Pearson correlation coef-
ficient method and stepwise regression analysis were used to establish the relationship
model between spectral parameters such as original spectrum, first derivative and second
derivative of purple bamboo plum leaves and other biochemical indexes such as leaf chloro-
phyll, malondialdehyde, peroxidase and uranium content. The results showed that there
was no obvious difference in the spectral curves of purple bamboo plum leaves in the early,
middle and late stages, and the “Red Valley” and “red edge” were more prominent, it is
found that the correlations between biochemical indicators and spectral parameters are all
medium-level correlations; The correlation between biochemical indexes and spectral pa-
rameters of purple bamboo plum leaves was screened by Pearson correlation coefficient
method ; The stepwise regression models of chlorophyll content, malondialdehyde content,
peroxidase content and leafl uranium content were established respectively. The results of
leaf uranium content estimation model and chlorophyll content estimation model were bet-
ter, and R* were 0.486 and 0. 442 respectively; The accuracy test results of peroxidase
activity and malondialdehyde content model were good, R* were 0. 645 and 0. 580 respec-

tively.

key words ; purple bamboo plum ;leaf; hyperspectral ;uranium ; biochemical indexes
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Fig.1 Spectral curve of purple bamboo plum leaves under uranium stress and first derivative spectral curve
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Table 1

R1 AREMREMPE TEMEH FEBELERSEEN

Changes of physiological and biochemical indexes of purple bamboo plum leaves at

different uranium concentrations under uranium stress

ke Rb PRk B/ MR EE/(mg - g ") N BESH/(umol - L) TR YIEEEYE/ (g + min)
B A R R T B L L
ULoO 0 0.733 1.333 0.580 0.630 0.695 0.673 53.992 194.497 19.223
UL1 0.05 0.724 1.376 0.926 0.447 0.561 0.585 26.456 131.390 681.184
UL2 1 0. 605 0. 683 0. 606 0.448 0. 607 0.958 13.157 714.760 43.095
UL3 2 0. 659 0.893 0.736 0.771 0.430 0. 684 407.190 1 066.143 25.941
Ul4 10 0.712 0.639 0.744 0.579 0.582 0.597 107. 630 66.211 113.115
ULS 50 0.661 0. 445 0.354 0.5320 0.635 0.642 67.045 171.857 32.388
UL6 100 0.756 0.564 0.693 0.236 0.054 0.509 57.736 190.580 21.474
UL7 200 0.587 0.479 0.787 1.049 0.518 0.567 150.298 155.037 41.367

x2 AEHRERPETETETFAESETN
Table 2 Changes of Uranium Content in Purple
Bamboo Plum leaves under Different Uranium

Concentrations under Uranium Stress

pen  ALEREE Il i/ (mg - L)
(mg/L) B i e 01
ULO 0 0.027 0.016 0.012
ULL 0.05 0. 086 0.030 0. 044
UL2 1 0.027 0.024 0.013
UL3 2 0.033 0.019 0. 008
ur4 10 0.047 0.017 0. 008
ULS 50 0. 150 0.022 0.110
UL6 100 0. 654 0. 009 0.006
uL7 200 0.331 0.009 0.046

2.3 £t R EBANIER S BXE SRR
SR AR S AR AR AL R R 5 A OGS S
B KACHEN £ 3, &3 L, —r S8, —
B S8 5 A AR B A AR AR B A S B A
- B G R LA e R A K (.
KFp<0.05), Ho H@ESES MR
D, FRPER M R 8 r=-0.537, R E
OGS R S — B T8 D, MR R,
AR r=—-0. 627, 5 vh B 7R G ; b AL W 1
WS — B T8 Dy, HIOCHER S R r=

0. 596 , 1 FBE AR OG5 M A Al S T AR
Diyy FARHER R, MG R EL r=-0. 553, 2 EE 7
FAK ., AIUL ARG A BAE AR AR bR 5 45 mOG I S HL
FRRAASIER Oy B A O

®3 ETHESHEHIESHEHIMETEMEH R
EBENIERNEXREXRER
Table 3 Based on the maximum correlation coefficients
of sensitive spectral characteristic parameters and
the physiological and biochemical indexes of purple

bamboo plum leaves under uranium stress

W g Ay

o e WA AR
JEHREDEIE (R) R Ry Rys Ry,
AERE(r) 0.293  0.181  0.313  0.280
—Hr28(D) D5 Des, D, Dy,
MXRE(r)  0.507" -0.627% -0.596% 0.518%
ZHSE(D)  Dey Dg, Dg,, Diyy
MXRE(r)  -0.537% -0.543% 0.440% -0.553%

OFRiiL 0. 05 BEMWAL  FEARLUE n=24,
@FRiEid 0.01 B EMEEFEAL R n=24,

2.4 EMEMREBEELERSBRIESEE
BHMERBEERRE
PAR.D D" FOLIESEON A AL & LA 4%
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R =0. 486 , H iR IRZE Ry =0. 064, EMK  WIE AW EEERIEEDN R B&, 5 5H
- p=0.013, %R R K H Ry /D, HkJE 0.580,0.645, M ¢ % & & K ik R &K,
M2 2 S A AL R? = 0. 442, R, = 0. 167, 5 0.335,

x4 EMMEMHREBEUERESAESENZESOEFERSHR
Table 4 Parameter table ofstepwise regression model of leaf physiological and biochemical indexes and

spectral parameters of purple bamboo plum leaves

— w » il (n=16)
A B FE R AIESEL LY 5 A
Rz RMSE 14
NS5 x, D, y=-10130. 200x, +0. 320 0.312 0.176 0.025
Mg ES R x, Des, y=-3796. 600x, +0. 428 0.442 0.167 0.005
. . X Ry
STE AL YR y=7125.970%x, -852057 xx,-215. 704 0.413 179.203 0.032
Xy D,
Xy R,
it ) y=1.835xx, —460. 220xx,-0. 089 0. 486 0. 064 0.013
L2 Dy
L1r y=0.516%x+0.164 L4r ¥=0.416xx+0.398
1.0F R=0.580 R=0.335
=09k ’ o 12r
= = .
g 08 g 10
0.7+ =
@ | @ 0.8F
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Fig.2 Relationship between measured and predicted values of stepwise regression inversion model for

physiological and biochemical indexes of purple bamboo plum leaves
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