5538 B 18 W) S &~ £ Eild Vol.38,No. 18
2018 4F 9 A ACTA ECOLOGICA SINICA Sep.,2018

DOI: 10.5846/stxb201803300669

T, LA WP L TR P T R A T AT R SR ER A R Dl p i RS B e A A 2504, 2018,38(18)
Zhang W, Wang X M,Pan Q M, Xie J Z,Zhang ] S, Meng P.Hyperspectral response characteristics and chlorophyll content estimation of Phyllostachys

violascens leaves under drought stress.Acta Ecologica Sinica,2018,38(18) .

TEBETEMHRFHEZNELEMNBFERSE
il &

R R ¥l S PN A
1 EBOl B SEBEBH MO AR SE T, UM 311400
2 H EMOLBFERF S BEMOL I ZE BT, JE 5 100091

BE Y R IDEREE S SR SRS, USRS EHTMEN ( Phyllostachys violascens) YILIEIRIE S i E
BRI TR IE T 2 AR TR TE T S A 250 T2 v R S 86 nme BERFAE , 3BT T b R i ORI BOG
TS A — B O (B LA RO R S ECZ B A OCOC R JF LU T 55 3R 5% d BURple Be S by A O AR A A8 20 5 2 R & R lEAT
TG, SRR, R EOK AL RIS BT AR R e R A, TR T WG DX R 1 S S 4 B 2 2R 1k A R AR T
PAPEK: 493 639,693 756 nm SFAb BYIETE S F— B il (B 5 4R & i ORI G HE R R . BT AR A R OGS RRIE S
USRI ST LA SO R AR R0 AR Z R A DGR & . 5 A RUAEL A4 5O L3 T 3 A A 3R 5 BB B
A& TE 5 A B F K0T 3R 5 A OCHEIL T ISR R . BT S 5% — B (B i 22 58 I E D R LA R B TE i s (05 — £k
A B (mGNDVI) A4 [0 )3 5 R 005 R, S B AT 4 3R & i B B 7 . BRG] LI R T 4 3R i Y
PR T E LA R Z 5 VT A T B AT R 2 228 S R R Al SR AR

KEEIR AT M s TR EE R AL

Hyperspectral response characteristics and chlorophyll content estimation of

Phyllostachys violascens leaves under drought stress
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1 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, China

2 Research Institute of Forestry, Chinese Academy of Forestry, Betjing 100091, China

Abstract; Plant leaf spectral reflectance is closely related to leaf chlorophyll content (L.CC). The present study investigated
the canopy leaf reflectance spectrum characteristics of Phyllostachys violascens under drought stress with 2a potted plants and
water control methods. The correlation between LCC and first derivative of spectral reflectance together with spectral
characteristics parameters were calculated and analyzed. The regression equation of vegetation index and LCC was build
based on the reflectance spectrum sensitive wavelengths of LCC. The results indicated that; the LCC in P. violascens leaves
was significantly reduced under severe drought stress conditions. In the visible region, the spectral reflectance of leaves
increased with the decrease of LCC. The correlation with LCC and first derivative of spectral reflectance at wavelengths of
493 nm, 639 nm, 693 nm and 756 nm was higher. The correlation coefficients between LCC and spectral characteristic
parameters such as green peak reflectance, red valley reflectivity, blue edge area and green peak area was higher than other

parameters. The correlation between the modified vegetation index and LCC was better than that of original vegetation index.
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The regression equation based on spectral reflectance and first derivative of spectral reflectance at four wavelengths (493
nm, 639 nm, 693 nm, and 756 nm) together with the modified green normalized vegetation index (mGNDVI) were optimal
equation for estimation LCC of P. violascens. The results can provide a basis for the rapid and nondestructive determination
of LCC. Furthermore, it can provide guidance for scientific management and post—disaster evaluation of bamboo forests

under seasonal drought conditions.

Key Words: Phyllostachys violascens ; canopy leaves; drought stress; chlorophyll; reflectance spectrum
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Fig.1 Comparison of chlorophyll content in P. violascens leaves between different water treatment
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Fig.2 Changes of spectral reflectance curve of P. violascens leaves between different water treatment
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Fig.3 Changes of first derivative of spectral reflectance of P. violascens leaves between different water treatment
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Fig.4 Correlation between leaf chlorophyll content and first derivative of spectral reflectance of P. violascens
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B I 2 S IR 20 8 B A (A S R I A OGO R TS B 2T R ki
PP ARG AN E R EARZ R R E AR, b e R & Sakg R R 08 T
R W TR e R[] A S R AL XHE R T 0.8,
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Table 1 The spectral reflectance characteristic parameters and its correlation coefficient with chlorophyll content

SH Fqs & MR HHRFEL
Variable Name Definition and describing Correlation coefficient
Db Wi E WK AE 490—530 nm P (#E) Hail S R — B S8R -0.793 **
Ab Wik E WA AE 490—530 nm P (#E1) Sil ST 38— B S Bcm R fE X B 1 0.428*
Dy R E WA AE 560—640 nm N ( #) Sk SURZ— - S EURK(E 0.754**
Ay W E WARAE 560—640 nm PN (B ) i S 3 — B S B0mR X L 1 0.292
Dr 2L iR B PERAE 680—760 nm PGS 55— B S BUR R E -0.721**
Ar AR UL DAL PERAE 680—760 nm PN IS 5 35— BT 30w BRIz (19 9 4 0.633**
Rg SR SR PWATE 510—560 nm PR AGTE A% -0.849
Ag LRI WARAE 510—560 nm PR GG S 5 38 %0 Rz )i -0.311
Rr LA U PR AE 650—690 nm P 5/ 1 6T SR -0.831*"
Ab AR DAY TCTE 650—690 nm PR/ NG SR 3% 0 A 4 -0.771**
SDb WA WA N — B S BB R B -0.824 "
SDy BT BRI P — - S Y S A 0.781**
SDr EARTNp:A 1370 95K B P — 9 S Y A 0.282
SDg Rl THI AR PERAE 510—560 nm A SR S35 1 22 6 B ) i 7R -0.849 "

* P <0.05; " P <0.01

2.4 FHBOCIE RO G SR & BN SCE T
ABEFEHER T H AT 2R AR 3 AIEHE R (VA — A B X NDVI 20 ()3 — L AL B 20 GNDVI LA
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ZLI A — AR AR R ND,5 ) LSR8 7T R RO B A TIE IR IS 19 3 DS EC(3R 2) R il Bt
FrA—fEit R, S s R S R TRSCE T . 3 2 2R R | JRUR DT 8 RS F 2 A DI 4 2K
RS R S A F] TR A OEKOE (P<0.01) B s JE OGS 85 A DG 48 OM L 0L G
k-

K2 ERAEEHNELRESHEZRSENHEXRY

Table 2 The vegetation index and its correlation coefficient with chlorophyll content

o i B X 1
ks s s R FICRA
Vegetation A . Correlation
. Name Definition and describing .
index coefficient
P e Pt [22]
NDVI A ﬂﬁ_*ﬁﬁfﬁ s o (Rgoo=Reso )/ (Rggo+Res0) 0.835""
Normalized difference vegetation index
4 e ke Yt b gt [ 23]
GNDVI S ﬂ:ﬁ&&{;& o (Ras0=Rss0)/ (Ryso+Rss0) 0.853""
Green normalized difference vegetation index
2130 A —AAm A A
ND Ry50=Rgs )/ (Rysp R 0.822"*
o Red-edge normalized difference vegetation index (Roso~Roos )/ (Roso +Roos)
B IE A — AR BIE B (A 30)
NDVI Roso—Reo3 )/ (Rosp+Re 858 **
m Modified normalized difference vegetation index( this work ) (Roso~Reps )/ (Roso+Ress) 0.858
(ENRESENEREIA 35 (@ ') ‘
DVI y Rys6—Rss; )/ (Ryse+R
mGN Modified green normalized difference vegetation index ( this work ) (Raso=Rssr )/ (Ryse +Rssr) 0-854
B IE £ A — A A RS B (A< SC
mND705 f A~ ARBHER (A0 (R7ss~Reo3 )/ (Ryse+Reoz) 0.850""

Modified red-edge normalized difference vegetation index( this work )

2.5 HETOLIERE O U B R 2R i A AR 5 IR

T SR S A KRR S A I, Foh SRS 2/3 (n=24) F TR, IR 1/3 (n=
12) PRI . AR H T 7T i R AU I Be R U K 493 nm 639 nm 693 nm 756 nm FY )45 [z S
BTG S D B AR &, SR S T2 nd th mH 7RG . RIS i S 2 R ARG
B 3 MBI RS M R R F R T AR M A BRI . 3 3 TR T LUA  H R B AR
B 4 AN BAROGTE B S — YR (AR EE 1) 22 5T [l 9 5 8 D R 5 T ke 1o AR = 2 Pk [l 05 5 R e R 8K
B, B IE A —UAE B H R A A AR Ltk AR AL P e RO . BRI TE S R s, i 4 U B
— B A AR B 22 T [ I 7 R AL S RS B A, TROE R R 0.882 V- BIAHXT 1R 2228 2.72% , ¥ )5 bR 2
H 0157 ;A E SR A H — AR AR BURE AR 2, 33 PSS AL B8 5 SN (B 405 B Y AR 38 S 4 1 1, T 42
ETSE, K, d USRI BRI 4 K (493 639,693,756 nm ) Sl S — BT EAG Y £ 5T ]
VA5 R DA R i TR B A8 T 18 2 (5 ) — AL AL ABHE B0 ( mGNDVI) AR AN G A 5 55 S e AR ARG B2 A 6
IR, R AT R S AR A S

3 it 54£iR

3.1 TR AR R AT R AR R S R

R IBRK 5 A R BUE Ko i BB S S S5 A AR Ak, TS DTS S S e itk i 8L B AR 22
Y PR BESE Y FEARE TR0 G0 b B HEA T B 5R 28 d, R BOK AL ATt it R e
BFEMRT K RAFAL R, Bt i ARSI G 7o) S rh s 2R Tk 2 2 i ad 20 d B9 EE L
S SRR N X
3.2 TEMHAAIEAE R T R AR E 0 DG TE E RRE

T B OCTE &5 A KA B AR R, T — B e ol LAsi /e BRAS O R RIS R i AR 5 53
(RN, Of B H TR ik 280 a0 R e G A YD R U B A R 2 — ) A B A R ]
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W i S S 5 B 38 S SO S 2R B R P R AT R, DA K 493,639,693 756 nm FEAb— B o (E S
SRR R E e, BT R £ — B T g S g AR Ak (] 3) ,680—708 nm ZLi1— B s o3 B BE
M2 2225 B B BE N T FAARG , © F206 7 2 J5 720—760 nm 2130 — [ S /(L Fifi 2 25 5 F: A 8 i i s 50 B B
SRR, v R RS AL Ky 1 RS By, BDAL A A T T S, SR, E
— BBRfF ST AR LT S S GG S B NI, L2 8 e A2 7E 700 nm Al 720 nm FREE 33X HI 55 T 404 B AE
Wt e E S B STH T

K3 HEFZQEEERRUSSHILREELR

Table 3 Regression models of chlorophyll content and fitting accuracy parameters of model checking

IERES _— iR 2
AR EE Yy UTII;K: gvﬁﬂﬁﬂi iﬁjiﬁzné A Hﬁﬁé/ % B
Variable Regression equation samples alldatlonz squared error Relative Slope
R samples R (RMSE) error (RE)
Ry Rz y=5.35-51.22R 1, ~75.45R 95 +
R:i ‘ R:z 90 73R . +2.4 1{:3 3 0.728 0.7329 0.268 5.14 0.700
DR o5 DR =3.36-1518.2DR 53 +46.4DR o5 +
DR:Z ‘DR:Z §2‘80R639+1199Au4;;756 3 0.716 0.882 0.157 2.72 1.026
Rg 2R y=-14.375x+5.6528 0.693 0.834 0.238 4.19 1.254
ALk y=-109x%+11.815x+4.1393 0.720 0.791 0.247 4.42 1.158
SDg 2tk y=-0.3271x+5.6184 0.704 0.817 0.244 4.42 1.205
LR y=-0.0511x2+0.2037x+4.294 0.726 0.775 0.256 4.70 1.116
mNDVI 2Pk y=6.6128x-0.8152 0.695 0.827 0.184 3.88 0.895
et y= 11537999 0.724 0.830 0.183 3.74 0.901
mGNDVI 2tk y=5.9565x+0.4985 0.670 0.845 0.170 3.72 0.974
g tt y=6.3866x"52 0.710 0.845 0.172 3.69 0.965
mND705 Mk y=6.3997x-0.6718 0.671 0.824 0.181 3.77 0.931
ALtk y=1.1975¢!6446= 0.699 0.826 0.181 3.65 0.935

R i MNP N H DR R B — B i

3.3 LTOIEHR B R B gk A A

HEA 23T 705 nm BT A48 B0 T & R A I R i H e [ A i o8 5 48
T A T R T R AR A S AN B AR AR DR AR e A B - AH C R BOE SR B M i i R
SRR B0 AR LSRN A R A R I A 2 R A R G S AR R O L R A A 9 R e
I 2% AT AT AR A AR B 40U Je A I A T e A B A Ul BRSO G IS R R, —
FERRRE LA AT DI BT, ARG BE AE A 4 (5 8 W B 2B, Hoh )3 —ARA DR B0 (ND V) J2 1 A %
B IIR I — " RIS S BA R AR D 030 AR A B A7 A X 4 48 1, JHL v e FH 1 s X i 0 21 4
XAH G R B R I A 693 nm 5 950 nm AL EE A& IE 0 — A 5 48 ( mNDVI) DL K 2030 — B i oy
BUNPIPEAAE 557 nm DL R 5 2 A OC R B0 = B B (E 756 nm 414 04 8 0 SR 0 — fko A Bk 4 2L
(mGNDVI) 5 FAT I RS R 5 A OC RBUE & ESE T HAET IRt ik 28 3 Al B 1 vT DAAS Bty
BN

FERE )2 3R 5 1 0 JC R W g 1o, 1 P 485 X 4 A (SPAD 502) T i 2 R A X 3 i 2 —
P2 1 AR R A SR S R 1 it 9 I B B — [T 2, AN R AR5 A A e 28 R A 7 IR | L LAiMG
JE IR TR 5 B DX I R BE DN A () 5 8, 3 AR & e e R 1) JE AAILAIG 28 3 JE e A Pl TR U B8 LA o e
w2 I RS AR S A B R B R A S G IR IR R SR R A AR SRR AT A
RO F X H R SR vEA T I R | e i S5 SR R M e 2 R L R S motisn e e -2 s % =
S ATy 38 g R o P DR DL A5 R 4 R A A ) A SRS
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