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Abstract: Leaf chlorophyll content is central to carbon, water and energy exchange between the biosphere and the
atmosphere, also to the terrestrial ecosystem function. Quantitative estimates of leaf chlorophyll content with
hyperspectral imagery can provide scientific insight for assessing plant’ s growth and stress as affected by abiotic and
biotic factors. However, few studies have been conducted on the application of spectral indexes in estimation of leaf
chlorophyll contents of plants in karst areas, especially in South China. After a review of the application of common
spectral indexes in estimation of leaf biochemistry parameters, we found that most of the common spectral indexes were
developed based on the difference, simple ratios, normalized difference and inverse difference formulation of leaf spectral
reflectance. Therefore, we firstly measured the raw reflectance spectra of leaves from four typical karst species, namely
Vitex negundo, Rhus chinensis, Celtis sinensis and Alchornea trewioides with a ASD Field Spec 4 ( Analytical Spectral
Devices, Inc., Boulder, Colorado, US) spectrometers. We then used the above-mentioned four formulations to process
the raw reflectance spectra and their first-order derivative spectra. Finally, we analyzed the relation between leaf
chlorophyll contents and relative leaf raw reflectance spectra and their first-order derivative spectra, and tried to propose
the best spectral index for estimation leaf chlorophyll content of plants of karst areas in South China. The results were as
follows: (1) Among the common spectral indexes, the modified normalized difference vegetation index ( mND705)
performed well in estimation leaf chlorophyll contents of four typical karst species in term of the determination coefficient
(R* was equal to 0.45) and root mean squared error (RMSE was equal to 0.26 mg + g"). (2) However, most of the
common spectral indices were not suitable for estimation leaf chlorophyll content of plants in karst areas. Thought the
prediction capability of fluorescence ratio index (FRI1) and chlorophyll absorption area index ( CAAT) were almost the
same in estimation of leaf chlorophyll content of plants in karst and non-karst areas, their accuracy of prediction was
relative low according to the determination coefficient. (3) The spectral indices proposed in this study performed well in
estimation leaf chlorophyll content of plants in karst areas either based on the raw reflectance spectra or their first-order
derivative spectra compared against others common spectral indexes, especially for the difference spectral index based on
the first-order derivative spectra [ dD (760, 769) ]. Its determination coefficient was 0.71 and the root mean squared
error was 0.19 mg + g'. We, therefore proposed that the difference spectral index based on the first-order derivative
spectra [ dD (760, 769) ] can be used for estimation leaf chlorophyll content of plants in karst areas. Our results
indicated that leaf chlorophyll content of plants in karst areas can be quickly and quantitatively estimated using spectral
index combined with hyperspectral remote sensing data. These results can also provide scientific insights for estimating
plants’ growth and their adaptation to environmental stress.

Key words: chlorophyll content, spectral index, spectral conversion, hyperspectral model, karst areas
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Table 1

Basic morphological characteristics of four species

WAL X Karst area

JEms L X Non-karst area

W Fh . ~ o -
Species B B et 1R e iz B =i T e LNt
Base diameter  Tree height Crown size Tree age Base diameter  Tree height Crown size Tree age
(cm) (cm) (em X cm) (a) (em) (em) (em X cm) (a)
A 6.45 407.50 219x181 5 6.60 410.00 235x186 5
Celtis sinensis
H I 2.57 178.33 129x119 3.25 2.47 304.33 172x152 3
Vitex negundo
EhERAR 4.57 360.00 241x216 6 5.30 323.00 234x267 6
Rhus chinensts
ZL75 LLRRAT 1.95 226.75 80x85 2 1.77 187 115x122 2

Alchornea trewioides

1.3 3G E

1.3.1 ki A L #3 MPOLIERER R EZ
HIRES ARHIF (Xue & Su, 2017), 38 i STk UL
AEFNRET N 130 22 FHAE B T 48 B0 i 12 Hh
15 A SRR (2 ) RDGIG TR 8 (3% 2) , TR
PPX SIS 48 AE v T AR A SR i
AR,

2 A5 O i AT By 25 M B AR AL
(difference vegetation index, DVI) | H {H #H #% 5 %X
( simple ratio vegetation index, SRVI) JH—fbLAI#E$5
#( normalized difference vegetation index, NDVI) LA
Ko A8 K 2% (8 A 9% 48 2L (inverse difference vegetation
index, IDVI) o PRIt R FH2E A | HOAE 0 — AR DL R A2
By A0 i SR 4R 1) W 0 Re 1 ) i e D e D'
5 48 e H— By S B 5 () 20 D s A e
SRR Orm TR P oA, R R B RO E I Be
B TR EOHY | JE— 25 BRIk B T 4 450 s e
TP i 2R B i Z ALY DG AR, LA hy g 30 e A
Pyt Jr S 2R i PREUE A S AR T SR YO
TETRE, 228 | FOE  H — 16 DA S BB 22 (DG 45
Bk = (1) (2) (3) Fi(4) Frs .

DVI()\,,/\Z)=RM—R“ (1)
SRVI(A,,A,)=R,,/R,, (2)
NDVI(/\I’)\2>:(R>A1_RA2>/(RA1+RA2) (3)
IDVI(A,,A,)=1/R,,-1/R,, (4)

oA AOGIEBBS R, X g i B IS

XA R IR DT B S A IR AT R 40 v RE
g4 o T O 1 B 1 KA A A S B A Y
FEEE (Dawson et al., 1998) , [Hitk, AF5E R H 558

BRI P IR G TS IS R e i O — B S B, OF
WL T — B T B0 A 1Y D635 95 B0 i Ay 44
dDVI dSRVI,dNDVI 1 dIDVI, — B850 46 )5 11
JCIEE RO ik T R G I 8 S — 2, A0k
P RR G S AR R B 0 IR DG 1 S S R — B
THUAE dR .

132 A ThiEHREEMT TR EL T
FadE O 7RG IEEE T A6 R ROk SR R A
SRR S ORI AT LA S g s I i
ROy A, RS REC(RY) My iR 22
(root mean squared error, RMSE ) PFAf 3T 48 44
R SR 5 S W R A A T R R R B R A B
BT PRiE ZR O 7 AR 22 i sy 2k s =X
(5) F1=L(6) Fi7n (Zhao et al., 2017) .

(5)

(6)

Ay AP AR S RSy,
TSR G A 2 S AR 5, S
I K R

2 HEXRE52M

2.1 IR R T RF I M AP R RSB R HE
TR 4FAE

I R A S LR A AR | B SR AR R I
ZRER SRR S T AR IR X B (P<0.01) 3 MH
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Table 2 Spectral indexes used in this study

S #

Spectral index

E3uy:v EE DTN
Formulation Reference

A — flAt i A AR

Normalized difference vegetation index ( NDVI)

Z (0 ) — A BIHE B

Green normalized difference vegetation index ( Green NDVI)

R AT A — A B 4
Modified red-edge normalized difference vegetation index ( mND705)

2 A PP LL (B 5K a
Pigment specific simple ratio (PSND)

SR HUR G R

Structure-insensitive pigment index ( SIPT)

o RIS U TR R

Modified carotenoid reflectance index ( mCRI)

B SR
Physiological reflectance index ( PRI)

26 LB HE Bk FRI1

Fluorescence ratio indices ( FRI)
FRI2

T 48t - 2 32 WA AL L 248 4L
Transformed chlorophyll ratio index ( TCARI)

=HICAEAE B
Triangle vegetation index ( TVI)

I 2% W AL T AL
Chlorophyll absorption area index ( CAAI)

LRG MR FOLIEIR R

Modified transformed chlorophyll absorption ratio index ( MCARI) to

optimized soil adjusted vegetation index ( OSAVI) ( MCARIL/OSAVI)

(Rggo-Rego ) 7/ (R +Rego) Rouse et al., 1974

(Ry50-Rsso) 7 (RysotRs50) Gitelson et al., 1996

(Rysp=Rons )/ ( Roysp+Rogs = 2% Ryy) Sims & Gamon 2002

R B()O/ R(\RO

RX()()/RA‘GS
R0/ Rz Blackburn, 1998

(Rgpo—Russ )7/ (Rypo—Rego) Penuelas et al., 1995

R7sn/ [ ( 1/R5|0) _( 1/Rssn) ] Gitelson et al. , 2002

(Rs5=Rsy0) 7/ (Rsy +Ryy0) Gamon et al., 1992

R 600 / R 690

R0/ Ryoo Dobrowski et al., 2005

3[( R7OO_R67O) -0.2
( Rmo_Rssu) ( Rmo/Rmo) J

0.5[ 120( Roso=Rsso) =
200( R670_R550) ]

Haboudane et al., 2002

Rouse et al., 1974

[40(Ryp~Rgz) =30 # (Rgyy—Reze) 1/
|: (70( R7lm+R(ﬂl) ) :|

LA 2006

[ (Rwo_Rsm) 0.2 % (Rwo_Rsso)
(Rmo/Rem) ] (Ron/Reze )/
[1.6* (Rxoo_Rsm)/( R800+R670+0.16) ]

Wu et al., 2008

Sy IARZE 1.08 1.12.1.05 mg « ¢ (I 1), Mizriy
AT it R B AR AR 2R A B %
(P>0.05), &) 2005 2 & IR, A
PInt BOGTE I R 24 5 3 (P<0.01) , U HUE AR
W5 HA 3 AP I R B SR 2 8] B A AR
EVEZEF (P<0.05) . ARIEY)Z I F 65 R 5
RES RER AT WP B 530~ 590 nm 3T
ZLAMEBEH 750~ 1 300 nm .1 600 nm & 2 200 nm
BT (B 2) o eAh, R —HE i o s g = A
MR S AR TR AR S T AR S, b i il
JRAT B ) 2 5 A5 /0N | i 6 KA FAMRE 119 56 35 Ji
ST,
2.2 BHSEYIH AR ESE5 TS RENEXE
W R AR A I SR R SO R R

[i] P P G i gz BN ) 22 S B R (TR 3) o i it
TG S S S A Y i SR R A A O R %K
(r)fE1 661 nm PEAL K, 0.53, MR JE IR
S — B RS S R SR TR
AH TR &R 45 b B B 5 34 5% | A 56 22 50046 X (R
T 0.53 AP BEIk B 270 A, 46 0 {E B K AE AR
2 384 nm P BAL, R 0.78,
23ETHRERALERFSERE—MSHER
R HEEHERK

ARG 2 B AR ME R 2 — F o A A Ok 4R
BOE A TR 5 AR v 0 RE X AR Y it s R
S mA A, B, WIS A TR XU
MR ISR R i E A OGS B R i — 2P
WFSY, R 7E A B3 50 R ik 1w 107 AR IX ke,
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JE Bl e BRI 0.71, BT ARIR 2N 0.19
o0 m JE Wi Non - karst mg - g%

250 7 ab PR Karst 2.4 BEF &R ERMO BB EOTAHRES

2z M- .2 Y a BIEEEERIE
%250/ I : : ABFSEFTR I 15 B HEHEHOR — 58
£% 10 B TR A S 2 S A T (R
£ 4) o TGRSO TR R P P - 56 A b
o F 7 A 0 Al ) 3 3 5, D R B(R) H 0~

A g5l BB L LRRAT
Celtis Vitex Rhus Alchornea
sinensis  negundo  chinensis  trewioides

W ST DRy O S W M A AR D AR AR Sl R D v [
e Ak AR AR 0 el 1 o 5T A DX AL ) AR A, TR () 5 ab 3055 Xk 1]
FEAE 0.01 JKOF 2540 .35 5 0 3R/ XHTA) B ACHE 0.05 K
FREFALE, BAR N FIE « bR (FEAE R 32)
Karst represents the samples from karst areas in Dabu Township,
and Non-karst represents the samples from Guilin Botanical Garden,
the same below; a and b indicate extremely significant differences
at the level of 0.01, and a indicate no significant differences at the
level of 0.05 between different areas. Each point of data represents

xs-(number of sample sizes is 32).

BT AR XSO AR AT 7 i 2 R & A Al
Fig. 1 Leaf chlorophyll content changes of different
vegetations in different areas

i 2508 | HUAE A — b LA B {80 80 22 (E 6 48 805 45
WE A X R, 78 500 ~ 800 nm 4t
1 500~1 700 nm #: L)L K2 1 900~2 100 nm 4t 4 FE
TR B0 H A Be 21 A A e A B 3 (K
4, 1 BH X e 5 [ I B O 15 X AR A g R
AR RO U, MR RS G R R it —
WS BUE 5 S gk R S AR R
(R i 25 (8 DX Sk s m AE b (B 5 ),
500~ 800 nm % B J& 5t F 7 iR o6 % I 5 R — By
BAE R 2EE | FUAE  H —Fb DL B8 22 (8 63 46 40
S SRR X 85

BT R AR 6T S AR A R ARG 45 4L
KEAE 1 642 nm F1 1 665 nm BT 19 9% Be 4 4 4%
R (R3) P REUR K BT iR 2800,
A AIEE B v W R AR Y i SR 2R B E
ARG B B A — 3, Yo R T 0.6, (HI
JR IR G i R 8 — B S AR S L 4 PR
TR RO I TR Y i S R S R m AR
K EEA e 4w, o DU R i 46 O 35 B 5 R —
B S B Y 22 OIS HE 2L [ dD(760,769) G 5HE

0.45 , 2 BRI X A0 1) 2 2 R 2010 U5 —fh A Bt 46 4
(mND705 ) 1 2 W i 1] B 3% 48 210 ( CAAL) ,
Hoge g 25009 0 0.45 F10.43, T R Z 1k
0.26 mg « ¢, RAMFE I & EvE R Yt
M2 R O R AT AN ORI R R R, S
T — AL AE B AR £ | 5 2 1 5 LU (B 45 20 ( PSNDa F
PSNDb) A K Az 3 3348 55 ( PRI) X W5 37 4 A 4
W 2 28 R AT A o A B 3 IO B I ASOR L R?
BITE 0.4 UL b, 156 BH 5 265 B G35 48 B0 3R vg iy
GEL//IN NS & ol il (i A el o BTl £ I (NN
FEVE TR Y R SR R o AR P IR AN AR
W, EARZOE A E (FRIT) FIH- 28 R WS T
FROGTE H8 R0E 2 12 A7k 58 w8 30 R 5 Al s 307 4 i 4 ot
F 28 S IR BE AR X (H AR E RBORF L
il 5558 18 AR A
25 B EYMH AT EESETEHERRIE
EHIEE

ZAH G +8 ZUAE 400 ~2 500 nm [H] 4F 2 P A~
PB4 A a2 TAH L HA 3 28 A 1S 5 #hr 3k
IR Sk (R R A P e B i SR 3 i A ARG
JEFLRAE (B 6) , 2GS 48 05 v i Ay k4 o
A SRR F A O R EOR T 0.70 G 45 204~ 4L
TEM F R LR 6T R 5 R ik 36 734 A, M FE M
JR IR G G R — i R EUE ik ) 61 876 4, ik
AL T HAh 3 AR ECR L, HAE 3 b
ATRVE W, JER 5L T ik 7 JRAR D6 5 I G R A 2
FL— B B, LA A 1Y ' 35 48 B 2 22 1 O %
FRE, ULE 4 ok Rs Foh, 2 E IR BOE S A
TR R A Y i 2 2 0 AT

i 3 i R R R TR AR A RO g =
NSRRI (R 5) W R A ) i RO 4L
NPT BB G W B, FEAT- 34 20 50 1w FL B g 1
Ko A1, A8 E TR v e DX, s 107 e Al 4 ot
FETEBRLT 0 B LT A, W A R B A A
H—E M, WiF2HE L8 5 =i
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Table 3 Optimal combination of spectral indexes based on raw reflectance
spectra and first-order derivative spectra of leaves
JEig AL FGTEHR B A WE 1 B2 WERR WHRIEE  BRE
Spectra type Type of spectral index A A, R’ RMSE P-value
JEEROERE 2RI R 1 642 1 666 0.63 0.21 0.00
Raw reflectance Difference vegetation index ( DVI)
spectra FE A A4 B 1 642 1 665 0.62 0.22 0.00
Simple ratios vegetation index ( SRVI)
I — AL B B A K 1 642 1 665 0.62 0.27 0.00
Normalized difference vegetation index ( NDVI)
RIHCE A B HL 1639 1 666 0.61 0.40 0.00
Inverse difference vegetation index (IDVI)
— MO 2EE R A 760 769 0.71 0.19 0.00
First-order Derivative difference vegetation index( dDVI)
df““i'rwe FE A A4 B 16 53 1781 0.67 0.49 0.00
spectra Derivative simple ratios vegetation index( dSRVI)
5 — AL B B 1 K 942 1 655 0.63 0.44 0.00
Derivative normalized difference vegetation index ( dANDVT)
RIEOCE A B HL 642 2317 0.63 0.44 0.00

Derivative inverse difference vegetation index (dIDVI)

F4 BERAREEHNEYHREMHEEREEEMERERIE

Table 4  Accuracy performance of different spectral indexes in estimation of plant leaf chlorophyll content

FEHTREHBIX. Karst area

EwE T RE X Non-karst area

PR T

Spectral index TE RHL B iR M AH RE BB ¥R M (H
R RMSE P-value R’ RMSE P-value

3L B HE 28 NDVI 0.00 0.35 0.99 0.44 0.18 0.00

00— LA B HE 4L Green NDVI 0.32 0.29 0.00 0.21 0.21 0.06

o BT 0 — LA S 5 mND705 0.45 0.26 0.00 0.21 0.21 0.07

B P L (E S 4L PSND a 0.00 0.35 0.99 0.44 0.18 0.00

b 0.26 0.30 0.00 0.44 0.18 0.00

c 0.00 0.35 0.81 0.29 0.20 0.02

SRR R R A SIPL 0.00 0.35 0.86 0.29 0.20 0.02

R ZEEA S b R HEE mCRI 0.11 0.33 0.07 0.29 0.20 0.01

A BUTHE %L PRI 0.18 0.32 0.02 0.53 0.16 0.00

PG AR %L FRI FRI1 0.24 0.31 0.01 0.27 0.20 0.02

FRI2 0.24 0.31 0.01 0.03 0.22 0.79

He A 2 K S L AR5 L TCARI 0.16 0.32 0.02 0.18 0.21 0.12

=MICAEBTE R TVI 0.06 0.34 0.19 0.04 0.22 0.70

A 2R KT AR A CAAT 0.43 0.26 0.00 0.45 0.21 0.00

LEA 4 ZOLIEFE B MCARL/OSAVI 0.29 0.30 0.00 0.20 0.22 0.06

SRATERZ B I AR 3 AT BE S W 18 HAE g
FEAE I 2 2K R E R S RIOR AN AR A D
Pz — o X He g 30r R 55 A s 3 e ] — A 1 1
L AR R B, i 30T AR i L T AR A (R

(150.1£12.03) em® - g, AR HrRRAEL Y 0T 1 LG I T
FRIME M (118.81+4.46) em® « g, I E A i £ H
FE— S TR B U B[] — R 1 I R 5 4 o e S
FESAEMC TR XA T 25 5 . AEY I A i 2
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Fig. 2 Differences in leaf spectral reflectance of plants in karst and non-karst areas
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Fig. 3 Correlations between leaf chlorophyll content and spectral reflectance
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Table 5 Comparison of trilateral parameters of leaf spectral

reflectance of plants in karst and non-karst areas

RESUNE MRS AR TR
Trilateral parameter Karstarea Non-karst area
s ke 522.03 521.07
Blue edge position
Lesul s 0.00 0.00
Blue edge magnitude
AR 629.11 628.10
Yellow edge position
IR {E 0.00 0.00
Yellow edge magnitude
EAR vk 709.19 707.27
Red edge position
EARUL Y 0.01 0.01
Red edge magnitude
Wi A 0.06 0.06
Blue edge area
TR -0.06 -0.06
Yellow edge area
EARUNIIEA 0.49 0.41

Red edge area

TR B OISR BB B A, 1) R T7 1wl
Mosl, M BL A, [ LLAMR T A2 3l , R E
FAR R A A R R K R E A RO
FRBOAN—E A T X

34

AT, 38 b 48 HoE A A ks R
B AN 395 RS BE (Main et al., 2011; Croft

et al., 2014) ,{Hix 28 FGIEHE £ 3 2L TR i
R OG5 R R S M R S R O R
TR X EE T S e B W R e A o R et
SRR O R O AN R O 1 e B N oY
A X B = R 7Y R AR b X TR 2 54 T
km? SR BRIE T REAE h o K AR AR E
R AN AR ZREVE T N i B A i) i
SIS X (ESEAREE 2019) , TR X 4 2%
T A 0 A, LA R A s )
Tt CRSFHE, 1997) o FRIR A0 W 3R A 35 Jilp e i 3
BT 5 38 B A 3R VY R 0T R b XA ) A K i
B0 0 EZREI H T (Liu et al., 2011) , 3Z24F
PRV SRR AE BRI, AR K T TR X A S5 R
TR b X A A AR L, 1R A R B S [R] A T e
IREFIE ( Geekiyanage et al., 2017) , ANWg T REAE 9 11
A B e G A AR T BE T RK 23 R R 5C% (Fu et
al., 2019) . YN R I 25 o AT AR Sy ML AR X s
A A R B LS A 35 1 36 1) 7 14 4 7% 48 B8 ( Zhang
et al., 2008) . P, ASWFFEAE G5 I THlig 4
BWAE Y A S B0E AR SRR oY R AL L a2
1B LA U — b DL R A5 55022 8 6 3 48 Bk 2 5 =X
X RAEN 4 Fh ARG M REAE ) —— 0] EREROK |
AN FIZLTE LU RRAT I D 4 D' 35 8 B (400 ~ 2 500
nm ) S K — B S 5 ) 250 i g
R e T i A A, B E AR S o i Be &
AIFEEORIAY  JEH I FH T S R A A i R 2R R
i A,

ARWFFE P B 15 Fh SRR A X E
SRR, 2R 20 13—kt g 45 5 (mND705)
X8 S RERE ) i 2 e A R R
AT g2 R A A R 4T 70 I — Ak 6 3 45 502 A i
FELL B i Gk s ) ) OB A1, BB B 4T b
AT ARFAE R A ot 7 it 2 R 5w = A
(Main et al., 2011) ; i HA g FIGHE S Bore ws iy
R R I S 28 5 B 11 Ak B oM L 3R R Sy
XA RORG B R 2% WAHIF 9T o, T I3 — b R
FEEL A5 N AR B L B — MR i e B e
S S R IR A I i 2 R AR 11 e
TERB(R) ¥R 0, ZHIYI R 450 22 533615
TR ), SR FH 28 ML 1) VA — AR AR W 8 B0 i A 05
T 2 25 0t RS B2 G T JHC A ' 335 48 25
28 2 A 88 45 22 ( chlorophyll vegetation index, CVI)
(Frazzi, 2011) , FEFHCHEHE BOWAE Y e S H0E



924 | i i |

0%

Fo6 FREHEIMHAFRELERFZRE-MSBENARLELEEHENLKRAS

Table 6 Optimal combination of different types of spectral indexes based on raw reflectance

spectra and first-order derivative reflectance of plant leaf in non-karst areas

Sl Mg i B R BB BB 2 ATEE Y BoriRiR 2 BEARE

Spectra type Type of spectral index A A, R RMSE P-value
R i FAEME S B DVI 597 2176 0.48 0.34 0.00
Raw reflectance spectra FLAE A B B SRVT 641 2 203 0.49 2.73 0.00
H— LB 38 % NDVI 709 2193 0.45 0.43 0.00
BB 2 (EAE W 4R 2L TDVI 475 478 0.41 0.47 0.00
— W RHOLIE FEMEAE AR dDVI 539 1953 0.62 0.35 0.00
First-order derivative specia bt eokte aSRVI 487 2 230 0.56 0.79 0.00
H— LA P45 % ANDVI 539 1991 0.61 0.88 0.00
IR B8 5L dIDVI 1752 2 345 0.60 0.68 0.00

A I — A B 48 BT E— 15 A 2L ( Khadka
et al., 2021) , MICHFFTHERM , FT = MILLI%HE
BAE Y R SR R AN AR FE G, BAR T SN E
(FWGFEE,2016) , P, 7R R BREIEHE SOk 174
YA S BOE I T 2 PG R A 3R
Pk, VIR R 250 E SR TR S S AR i
5 X ELAT B 22 001), X T RE R S B0 ey 5 Ak s
FEREYI XS R RS AN — B R, A
U, BT AEwE TRy XA P |G s SR St R
2R R i 22 18] 56 R ST 1Y Gk 5 BB AN —
TG T W R b XA A R R
i,

JETE AR B I B 4l A 7 R LR IE L 2 Fh
ZFE (XI5 ,2016) , i i B 0 A 2503 O g 57
FETEAE OB ) G, ARWF T A 25 0E L H(E A
— A DL R BB 2 1 W ' 1 4 s Ty KO g B R A 4
5 IR DG S 3R R — B SBR[ 25 I
AR i 2 28 % i E A7 D o R B, SR T
FEA I R AR TS B AR 2R — B S AR Y 22 (D15
FEE [ dD(760,769) ] RESEAR L b Al 5508 S R AE )
W S 28 i, HOKS B O T LA RO 48 28
dD (760,769 ) Jr % £ 1) I B #2346 % 3 21 A8 X
X — DX I A ) R e R B — o A e TR
P X AH 9 i R 45 F A 3 R BURR ((Jacquemoud &
Baret, 1990; & JK 7% 2014) , W& 345 5 Ak wg 1
FEXAH L, K o S i R G EERg m [N ZE ZE M TR A
BT, W5 1 i DXRE B T 25 5 32 B K 43 1
S (ERAT4E 20115 Liu et al., 2011), T5EME T
P R RN R AL MRS A 2L 2

RAEASAL (CE AT S 2018) |, I DAY G RE
F 5% 5 3% 2% 5 ( Chaturvedi et al., 2019) ., Z<HF
FEF E 0 AR A A i 30 R X1 ] — A i o
TEARRAE B A R B AL 25 R, Ae vk 0 ke S R g e
AL T, W —mY ot R ES
2 U X6 A T 2T Ah B B K,
B, BT RR IR A B 1 i S0 A DX, P i S T
TP SR 3R A OGS R O
B, BEAh, B2 REAS B DL R X 3 R ] A8 52 0, S BF 52
JITHE I T AR v R TR AR G T B R — B 58K
I ZEEOETEFE B [ dD(760,769) |, 5 B AEA [
e TR AR 5 DA RO WA ) KRR I it 2 R
O AL B 2D S IR, DL A
i BE R F T

W TR ) I g R S i e A S8
S AN SR BE A B R, R D DT R
XA A AR 50 B X6 B 358 Joly 30 o 7 AFF 5% )
S RS IE AT 4 Tl LT b 4R A g S g
F R G RS R 5 W P e it SR
WZESC RV, B TRy R G
i O — B S BUE B 2 E ISR A [ 4D
(760,769) 1, 3 BT R FH T & 37 4 A 4y - v o 4
R seiia, STyt B R4 6
T FEE I 2 EDGIEHE L [ dD(760,769) 1 7E
W TR AR ) I I G 3R A R RS B AR
FHAE SR8, F 8 T % W R Y e Rt
SR F B B OE w5, O RS R e
g W RE A it e 2 38 a B A AR e S 80R
PER ARG 5 E AR Ly
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