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TG 40 A AR S5
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Table 1 The definition and description of hyperspectral typical variants
Jai AL Bk EA S E SCRIH 8
Spectral variant Name Definition and description
R, i Jz 5t % Reflectance JE A G i B @ AR Y BT R B Reflectance at the specified wavelength
Da; — B SHOERE

First derivation of R

Dllog(1/2)7]  BIHOS B— %
The first derivative of a
pseudo-absorbance spectral

signature

Da, Fagul=Fi

The first derivation of red edge

A 2L 311 & Red edge position
R, SR

The reflectance at green peak
Ag 404 'E Green peak position
R.. q R

The reflectance at red vale

S, L 1] 1 The area of the reflec-

tance green peak

RV, L HE 45 4 4
Ratio vegetation index

PSSR R S E R
Pigment-specific simple ratio

PSND R M — 1k 2 {8 48 % Pigment-
specific normalized difference

R M43 Z 35 Chlorophyll index
CARI -4 32 W K L B 46 4 Chlorophyll

absorption ratio index

Wi ﬁiﬂ’ﬂ*lﬁ’r?ﬁiﬁti‘ﬁ%ﬁﬁyﬂ%ﬁﬁ‘tiﬁﬁfﬁﬂv:R’:AlAingo %, HHEARN DL =R =

Rit1—Ri
Ait1 7 Ai—1

T e v B 7 A 1 B S SR B BN B — B 3 43 L) The first derivative of a pseudo-

The first derivation of R at the i wavelength

Al()g(%)

absorbance spectral signature at wavelength 7, log(%)/ = lim —a N It is: D[log
M0

1 1
1 log(RTrl ) log(Riﬁl )

R

14
(7)]710&2( At — A1

B VEE Dl 680~760 nm, DA, J&ZL 34 N — B 5806 19 5 K The maximum reflectance
of first derivative spectrum between 680 and 760 nm

D, JIr %3 R 3% KA B (nm) Wavelength corresponding to the DA,

G A 510~560 nm, R, J& &6 I B N i K 0996 3% I 8 The maximum reflectance
between 510 and 560 nm

Ry, Fr % B )P A AV B (nm) Wavelength corresponding to the R,

G A 650~690 nm. R, J&£1 96 Y0 [ PN e/ 1 96 3% 5 % The minimum reflectance
between 650 and 690 nm

510~560 nm J§t 4 56 3% th £ ir 40 [ 19 1 F1 The area of the reflectance between 510~560 nm

RVI; =R;/R; .y Bt i Ml j 0y I § R Z . The ratio of the reflectance in wavelength i

and j nm
o Rsoo [
PSSR=—5—
Riso
RX()() 7R68() [7]
PSND=5——F7-—
Ryo0 + Riso
Riio — Rirs 11
Ry=—F%—
! Rers
CARI= Rzo0 CAR—= Rroo , 670a+Rs70 10 e R700 — Rss0 Jb=Reno —550a [12)
Re7o Re7o fa?+1 150

*x2

AREEKENEFEFALARESENIMT

Table 2 Effects of different fertilizer level on photosynthetic pigments of F. arundinacea turf

mg/g

{6, % Pigments

AL Treatment

CK F1 F2

-4t 2 a & 4 Chla content
M4t % b & & Chlb content
JH % N K & Cars content

B4 % & 1 Total Chls content

1.54940. 090 b 1.817£0.115 a 1.783£0.114 a

0.395£0.026 b 0.49540.032 a 0.47840.032 a

0.418£0.016 b 0.47940.030 a 0.47540.033 a

1.94440.116 b 2.31240.147 a 2.26240.146 a

T AF/NG FRERIR 0.05 KF 227 WHE,

Note: Different lowercase letters mean significant difference at the level of 0. 05.
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T S AR AR S AE A [ B B A 3 — S0 AE AN G MR A7 e 22 5% (1 D o Bl St R 55 Chlb & A&
Phdw K145 Cars & 5 AH M 22 5 IR T FDG£3 6 R AE 7] WG I BE 500~710 nm fR 552 € 1R DU G4
HOAHRAEAE YA 450 nm AETFEGIE N FFAE DS 540 nm Ab 3B FIHFFE AR E AR A  AEZ0OE XK (710 nm) 19 #H 58 1 fi
R MAEBAS 710 nm ZJ5 MR R B IR AR 730 nm 7247 18 B f AR AR AR5 JT B B2 IEAH G L £E 765 nm 4b 7K F]
R Y IEAH SRS BE » JFFFEEE 1 000 nm JLAMOE A R H L 636 SO R 5 Chlb M e i, 55 Cars YA R
P 2% 1 — S5 RRURTF L AE R /ANE 3B BT A5 i 2538 AW 4

1922 O 2 AR A AR N AR R R SR 22 R R T) S S R 22 U B R A O i I e v 3 0 A7 A L A
R B R BB ELLANE SR B SREEAR s AT WO R SR B A L B AR SRR
ER: AP R EARIES T WAl B2 73 e CI R PSS (Y DG i vEA R RS SO S R S SRpvia i s AR b
W 2 3R i A A R R R O e 2 T L B SR 2 O 4R g AR K AR 680~760 nm AL
S PR DAy ab i B F) DY 3 R IR T B 52 I 2 3R Y IR CRZ T T AE 730 iy B30T IE AR T I S 3% W AN v g B DA K
I 1 A9 22 RIS A 58 SR o DRUTRT A S P /0 o T FE D 4G 765 nm 22 I, 6% B A S 3 A BB S B T N R B
22 YU B4 L B DA 38 B AR SR PR
2.2.2 e ORSEOLE B SRR TERESRDOEIE AT — B S 8 2O — R i
BT S WP R /2 R OLT J FE AR R LB L Blackburn'™ i BF 5 4 OG5 B0 T L R = 6 5 S 5T 5 8 4
X log (1/R) 1 — B S BRI J2 M S0 e 0 3R O s A G . EF BN IR0 45 R IE L T S 808 1%
TETH BRE 505 B2 e 7 R B T ARGF AT . MR8 13 Chlb 555635 S 5 3 09 A 58 1 i 4« 76 e 38 20 v ik
Chlb & 5 5 J5UROSERE (R) DGl — B S LD (R) 16 E 8O 8— B S %0 { DLlog (1/R) 1} BEAT H S 1k ELBZ I3 #r

o 5 R 2 Y AR DTS OIS — B R B OGIE BN RO B — B S S Chlb 5 8] 5 A DG HE AR L H B R 2
(B 2) AH 3 PO L AR P 650~800 nm HATBRAY A SN . HHA R MER R e T U THEE RS
EABR . Hd )2 Chlb & & HOEHE— B 78 700 nm B A SE M fRc i» AHOC R B — 0. 897, Tl 5 J5L 4R e 1k
FE 710 nm BRI AH SCPERLE 5 0 15 48 B0 B — B S AE 730 ~ 750 nm MG PRECAF . DI — B S R IR OEIE S
Chlb & £t (¥ FH LGS - Ho45 SR B8 55 0 B B A B IS0 L RAC L 507 0 AR AR 2 B AR W B 1A 5 B0 3% 10 43 7 4508
LEES Y

0.8

......... 4% #a Chla
It 4% 2Zb Chlb
- —— KWE D& Cars
BN 23 FChls

#H 55 & 31 Correlation coefficient

400 500 600 700 800 900 1000
& Wavelength (nm)
Bl S¥EFBERBLESHESERNBEXESH
Fig. 1 Correlation coefficient between the photosynthetic pigment and original

spectrum in F. arundinacea canopy
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Fig.2 Correlation coefficient between the Chlb contents and original spectrum (R) ,the first derivative spectrum [D(R)]

and the countdown to the number of first derivative {D[log(1/R)]} in F. arundinacea canopy

2.3 ke EFLaAZ BB L OB
2.3.1 AL G AR AE AR i B E R O B P AR B A B 2 R T — 2 R TG R
B G AL FBOC IS PP B (R & it R AL IR S HOTM R A R & =Y . R EFaRMME T,
P M A Y 5 0 A OGRS I OIS R AR AR B OCH B, SR AN R A AR A SR R T R K K
RPN R GEE 2  R R S L0 A 2R G R AR 4 B 18] LA AR 4 (9 A 56 1 5 Blackburn™ ™ ) A Y
FEW L JE IO 2 K P bR — 0 3 & i PSSR BRAH G 56 )2 (0 R & i log (1/R) 19— Bir S 850, LA 5 AH G
SR T 3 TR R G T R R AR i T AR S SRR E 0 R AR R A R E LR 5 K moik
FAAE AR 5 @ G SO AR 1 25 R R A IR B N R R, B R - BRI T I 3R 5 1 AH OC R BUES
[ R, F1 R, QI — B T4 AR B 2 25 A2 A B . N DA, DAy, « DLlog (1/4:) ], DA, il i i {ED 1
DA, SRR AED Pk e T 5 €0 5 & A ¢ R B E 19 DA, . DAgoo Al D[ log (1/4,) T = AN BLHI % — By S 508 e ©
BT 1w AR S B AR SE IR M S, .S, (680~760 nm Fy— K RO 1 il 2% Br f, B 0 T RRD LS, (R 1 T AR
560~640 nm (1 — B T HOG I 2k 62 Bl 1 BD A1 S, B3R BLL 490 ~530 nm 19— B 5 BOG % il 42 42 [ 1
RO ke 15 60 R & R RBUR S Y S, s @ 3 T i 635 A w18 A0 A8 . AR AR AE AR AN IS A5 R B
T 2 AR RV, =Ry /Rsso Ml RVI, =Rirs /R s @5 F 4 R HEH Pk ik T E M0 ZFp (R 1850 45
0,2 A B (5 B (PSSR) 0 E M — AL Z (A5 E(PSND) \H 42 K455 R, (4 X Wik leAE 18 %% CARI, HAE 20
X,
2.3.2 (05 5 R SO GERAAE AR S A AR OC R AR T A DG R B e X R 2 P 2 O (0 R A SR S
TGRS 5 L 25 R LR 3, e FH AR R B i i R a SRR bR R MR MR F i Z A
A BF IR S, R 6 S AHOCHEIR B T 0. 01 AR KPS 5 R, . DAy « DL log (1/R750) J.RVI, Ry, .
CARI, b3k 6 A8 fEADE A R A DG M 3R 55 X R ¥R I Chb>Chls>Cha>>Cars,
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Table 3 Correlation coefficient between the typical vegetation indices of canopy spectra and

chlorophyll and carotenoid for F. arundinacea

LES R, Rosg Da. Dizo Dllog(1/Ris)] S, RVI, RVI, PSSR PSND Ry CARI
Pigment

Chla —0.739"* —0.744"* 0.599* —0.816** —0.724"* —0.726* 0.725"* 0.743"* 0.581*  0.613* —0.747" *—0.773"*

Chlb  —0.831** —0.839** 0.704* —0.897** —0.833** —0.818"* 0.829** 0.831** 0.681*  0.717** —0.834* *—0.874" *

Cars —0.675* —0.681" 0.591* —0.759*" —0.681* —0.663" 0.685" 0.708** 0.542 0.569 —0.710* *—0.716* *

Chls —0.766** —0.772** 0.628* —0.840** —0.754"* —0.753** 0.755" " 0.768** 0.609" 0.642* —0.772* *—0.802" *

T o= Flx = 23 RIFRRAE 0. 05 1 0. 01 K L35 F] % ;Chla,Chlb Chls #1 Cars 3 BIR B MG E a WX b BHSGE LY PESEH. T

Al .
Note: * and * * mean the significant at the level of 0. 05 and 0. 01, respectively; Chla,Chlb,Chls and Cars indicate the contents of chlorophyll a,

chlorophyll b, total chlorophyll and carotenoid, respectively. The same as below.

FREER R Doy M RV, i By BUR AR IR 2008 4F 4 F10 5 0 i 30 2040 e 45 o (ELAE B 1 S [] 40 4 30
LR R I G AFTE R UL, HL R S AR A A R AR U B S I Bl . DAsoo B RV, SR G FK =
(48 /R R AT REAS B ol k. TRl L 26 3 S5 SRMENSIE T DA, CZ0 30 W8 ) Al GBS A4S I 43 36 & B3I I T Ay
A AN 56 23 4 R R AP I 2
2.4 EFMHAESEEER
2.4.1 Chb PR 2 PE AR EVF 2058 6 Dl 28 BBt PP M A B 4 R & B ) O R I
FI T 1H J5 3k CREIJZ 2 A6 ED H8 5 i 2 3R B 1R DG 1 I8 B o 8K i i sk 26 I8 B (el I B Al 65 T8 2 A 46 A
AR EL s ) 5 i ER B 2 (R0 [B1E A3 A Sy A% R IR AR AR BIF SR FH O B 1 6 A R O 1S R AR AR
L L S B AT G M SR i Chlb i 4 B[] ) Y

1. &M J7 & (Linear) : Ch=a+bx

2. % ¥ £k (Logarithmic) : Ch=a+blnx

3. ki 2k (Auadratic) :.Ch=a+bx+cax’

4. S 4 Ch=e""

WA FR A F K%, K ifE a=0. 001,84 R, MR, B BEEAN A B EME. B4 44289, 5 Chlb
AW R* 2 FWH DL log(1/Ry) ] >RVI,>CARI > D » He A BER B 2 A )7 #2H Chlb=0. 048 —
0.269D[log(1/R;5) ]+0. 26 D[ log(1/R;5,) J* F1 Chlb=—0. 976+7. 579RVI,—7. 757RVI,* .} R* ¥J35 %] 0. 819
0896 (5% ), FIMEZ A BIHM 4 MBI b, Z IR A Ly 3 R ) 401 5 BE AR 5
2.4.2 Chls,Chla f1 Cars By 548 g 28 P B IHBE R 4438 5 F 5 i )2 05 €4 & Chls,Chla I Cars (1% £ ] 155 £
BF s I A TR [ A O i AT B e R MRS L AR INT

OXf Chls fl& R IR R F K5, KifE a=0. 001,84 .6 P EHOGIGEEZ B b il & ERE
2 4~k Chls=—1.855+2. 381 1RVI,—0.519RVI,” fl Chls=4. 355—3. 692R,, +0. 806R,,* , £ R* #J3k % 0. 846
H10.877,

@Xf Chla L& FEd AR 5 RER A F K5 K e a=0. 001,84 .6 4~ il FRAF A48 f h & A s 1Y
2 4~ Chla=—2. 185+ 3. 391RVI, —0. 939RVI,” Hl Chla=4. 866 —5. 259R,, + 1. 459R,,* . H: R* #3535 0. 818
F10.851,

@X} Cars BUHLA L2 A W 5 R F KRG . K E @ =0. 001, 8 4 L& JE8 B 1 2 Ak Cars= —4. 263
+21.697RVI,—22. 861RVI,”> Fl Cars=8. 014—33. 317R,, +35. 145R,,*, = R* ¥3k %] 0. 854 1 0. 885,

ch P FN

O IAEZ A [T 4 AR, — U 28 B9 00A U AR 3 FivBE 210 A 0045 B2 AT

5
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R4 BFEFEGEEEHAMER D SESRIEHMEEFELHTAFE
Table 4 Regression equations relating the spectra specific vegetation indices of canopy leaves to

Chlb contents for F. arundinacea

A% Variant [a] )9 455 5 Regression model 8] 9 & % R? triEiRZE S, E. F 5 F-test B E M Sig.

Chlb =0. 716 —0. 06R, 0.690 0.028 22.275 0.001
=0.845—0. 267InR, 0.678 0.028 21.095 0.001
Ke =0.565-+0. 008R, —0. 007R,? 0. 695 0.029 10. 263 0. 005
= LATR R, 0.677 0. 064 20. 975 0.001
Chlb =17. 731—20. 138 DAroo 0.703 0. 656 23.696 0.001
=1.366—9. 084InDase0 0.728 0. 627 26. 821 0. 000
DAz =50. 0314163, 431 DAzo0 —166. 292DA700 2 0.797 0.571 17.721 0.001
= el 1990450/ Bzgg 0.730 0.071 27.016 0. 000
Chlb =0.557+0. 642RVI, 0.691 0.022 22. 346 0.001
=1.081+0. 292InRVI, 0.727 0. 020 26. 963 0. 000
RVl ——0.976-7.579RVI,—7. 757RVI,? 0.896 0.013 38. 820 0. 000
= 0 18770 8/RVI, 0.768 0.022 30. 080 0. 000
Chlb =0.582—0. 728R,, 0. 695 0.028 22. 760 0.001
=0.006—0. 128InR., 0. 637 0.030 17.534 0. 002
Ko =0.538—0. 244R,, — 1. 216Ry? 0.702 0.029 10. 621 0. 004
=e LOTIHO-00/Kg, 0.558 0.075 12. 624 0.005
Chlb =0.677—0. 013CARI 0.763 0.024 32.218 0. 000
=1.116—0. 232InCART 0.750 0.025 30. 009 0. 000

CARI
=0.587—0. 003CARI+0. 000CARI? 0.766 0.026 14.731 0.001
= L IOTOL00/CARE 0. 746 0.057 29. 439 0.000
Chlb = —0. 003—0. 36 D[ log(1/R30) ] 0. 740 0. 001 28.528 0. 000
=—0.32—0.016ln{ D[ log(1/Rs50) ]} 0.763 0.001 32,111 0. 000

D[ log(1/Rz30) ]

=0.048—0. 269D[ log(1/R730) ]+0. 26 D[ log(1/R730) 1> 0. 819 0.001 20.329 0. 000

I — RS,

Note: — indicates that no ways to fitting.

3 4ig

AW TEAE 2 BOR B AE R REAT T 3 UG, AP R TR 200 A R S5 H @R & R
B o 73 30 X AR I B BEAT 1O 8 R 5 BRGSO 9 AR OG0 A, SR R D T R A 1R B Pkt L K R
A LA Bl AL I 23 B A5 1 DL T 4598 .

1 28 MO E 2O O 3 5 Chla Chlb Chls #1 Cars %8 PIAR G . SR GG FIAE B 3 Bl B — @ A9 A C
PEAE 710 nm 23K R # . H 3 FhHL— @R o, Chlb (YR PE B if - Cars IR SRR 22

JE AR G T — B RO RO R — B AR S 650 ~800 nm 58 5K & i A BUK B A G, HLAH
KRR FRE . P PUE/E Chlb & 85 B M EE YE I E 710 nm Bz A 56 M f 4 - FDOGIE — By 378
700 nm B I FH S foc i - AT ) RO K — B S 7E 730~750 nm S A 58 R DR TS — B S 59 HH 56 R BT 700
nm IR B fe K O — 0. 897 LU ISR DG S A R 5 I 2 K B AR SR AL

WS R mIEIE AL R Pt 7 12 IR R, 5 3 Rl — (8 5K (0 K& B E AT A OG0 A 4% B A5G 1R 1k B AR
BFEKFH) 6 A, 730 R, Do DLlog(1/Ry50) J\RVI, (R, JCARI, R 4 Fh B AR i 48 1 [0] U 45 Y 3k 47 A
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P — R F R BIRA .

FeAaE AR EN, EEEAs i Dl log(1/R.50) ] RV, IR, 56462 & it B A RIF B4 808, B
4 LG A A v R AU A AR DG M B . T SR S I AOE 2O B 1 B O A B R & B RIS
J5# R Chlb=—0. 976+ 7. 579RVI, — 7. 757RVI,” ,Chla=4. 866 — 5. 259R,, + 1. 459R,,* ,Chls=4. 355—3. 692
R, +0.806R,* il Cars=8.014—33. 317R,, +35. 145R,,* . R* 4> 51} 0. 896,0. 851,0. 877 F 0. 885,

BT RO A AR £ S 1R Y AR S 50 R R BOR ST MR R )2 B R A BRI R — iR 2, iR
ZERUGBR T YCTEAL B B (015 W L Ab A 0 A 3 I B LA R A DA B B B 05 45 0 22 TR 2 B 4 5 W 45 A AR
(ST . T L TR S A% a7 R B LA O 2% i B 8 57 19 PROSPECT , SAIL 4§ RT 45U B 4% 45 1R J58 114 4 30 3 il
{RJERERL ) S H0 T2 2%, A e S B00TE SERHRI, PR B ) 7 0 A
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Estimation of photosynthetic pigment of Festuca arundinacea using hyper-spectral data
QIAN Yu-rong"?, YANG Feng', LI Jian-long', GAN Xiao-yu', YANG Qi', WANG Wei-yuan®
(1. School of Life Science, Nanjing University, Nanjing 210093, China; 2. Software College, Xinjiang
University, Urumgi 830046, China; 3. Confidential Department, Xinjiang
Military Area Command, Urumqi 830042, China)

Abstract: Photosynthetic pigments of vegetation are a primary product and important materials that can indi-
rectly reflect health status and photosynthetic capacity of vegetation. Hyper-spectral remote sensing provides
the possibility for rapid, large-scale monitoring of vegetation chlorophyll change. In this study, canopy reflec-
tance spectra and chlorophyll content of cool-season Festuca arundinacea were measured and their relationship
analyzed. The top-five chlorophyll sensitive parameters were selected from 12 hyperspectral characteristic varia-
bles, and then used to establish a vegetation index model to estimate photosynthetic pigments. 1) The relation-
ship between Chlb and the original spectrum was the best among the photosynthetic pigments: Chla, Chlb,
Chls, and Cars. 2) The first derivative spectra gave a better relationship (correlation coefficient; — 0. 897)
with vegetation photosynthetic pigments near 700 nm wavelength than the other two hyperspectrum forms {R
and D[ log(1/R)]}. Finally, after comparing the correlation between photosynthetic pigment concentrations
and hyperspectral data, the most significant variables {R,, D;,» D[log(1/R:,)], RVI,, R, , CARI} were
selected from twelve variables to establish the regression model of photosynthetic pigments. All of these pro-
vide a theoretical basis for rapid., non-invasive detection of nutritional status and meadow quality of F. arundi-
nacea.

Key words: Festuca arundinacea ; photosynthetic pigment; hyper-spectral data; typical variant of hyper-spec-

trum; regression model



