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Abstract; Canopy leaf pigment status is a key index for evaluating crop potential photosynthetic efficiency and nutritional
stress. Leaf pigment density per unit ground area provides a rapid and non-destructive method to evaluate yield predictions
and management of nitrogen applications. This study investigated the quantitative relationships of leaf pigment density to
canopy hyperspectral reflectance in wheat ( Tritium aestivum L. ) with two field experiments consisting of different cultivars
and nitrogen levels in two growing seasons. On the basis of measured protein content, the cultivars, Yumai 34, Yangmai 12

and Ningmai 9 were considered as high , medium and low protein types, respectively. Four nitrogen rates were applied as 0,

75, 150, 225 kg N hm ~* in the form of urea in 2004 —2005, and 0, 90, 180, 270 kg N hm " in the form of urea in 2005
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—2006. Canopy hyperspectral reflectance over 350 — 2500 nm was measured, and the density of chlorophyll a (Chl a) ,
chlorophyll b (Chl b), chlorophyll a +b (Chl a + b), and carotenoid ( Car) were determined for leaves in the wheat
canopies. The densities of the different pigments (Chl a, Chl b, Chl a +b, Car) in wheat leaves increased with increasing
nitrogen application rates. With respect to plant development, the densities of the different pigments ( Chl a, Chl b, Chl a
+b, Car) initially increased and then decreased after jointing with differences between the cultivars, while gradually
decreasing in the non-nitrogen treatment. The sensitive wavebands for pigment density occurred mostly within the visible
light range, and a close correlation existed between the first derivatives of reflectance in the red-edge region (680 — 760
nm) and leaf pigment density. The analyses between 21 vegetation indices and leaf pigment density indicated that the
pigment densities were highly correlated to all these 21 vegetation indices. The correlations of leaf chlorophyll density to the
following five vegetation indices, were higher than for the other spectral parameters, with the coefficients of determination
(R?) for linear correlations above 0. 858. These five vegetation indices were Vogelmann indices 2 ( Vog2), Vogelmann
indices 3 (Vog3), the ratio vegetation index of 810 to 560 nm ( RVI(810,560) ), the ratio of the red-edge (680 — 760
nm) slope to the blue-edge (490 —530 nm) slope (SRE/SBE) , and the ratio of the integral of the first derivative on the
red-edge region to that on the blue-edge region (SDr/SDb). All the values of R®between Car density and the different
spectral indices were below 0. 780. Testing of the derived regression equations with independent datasets indicated that
Vog2, Vog3, SRE/SBE and SD1/SDb were the best to predict leaf pigment density with a relative error (RE, (simulated
value - observed value) /observed value) below 17.6%. The R® associated with the Chl b density was below 0. 804 , lower
than that of other pigment densities. The overall results suggested that the Vog2, Vog3, SRE/SBE and SDr/SDb indices
have stable relationships with the pigment density in wheat leaves, especially the densities of leaf Chl a and Chl a +b.

Key Words: wheat; hyperspectral remote sensing; chlorophyll density; carotenoid density; monitoring model
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%" 550nm F1 730nm FeBexIHER R BER, NMERE" BRI, KFE 740 ~760nm FHOEHE ML
HESHERERETHER, 4 TEREHEENEEARR, AMTRE T —R56ER %, 40 PRI, SIPI,
PSRI,PSND,CARI MCARI,RARS PSSR ,NPQI NPCI,CCII.ND705 ) & mND705 %, EARHF LM EH,
AT A R RO TATH , B RRAGE B BRI GE RSB REY XA FE T A 25,
B XRNEM R RIRGL A B, E AR WS T — o B AR Y B R ER T RERR R . 5
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FWEHERRR, BRIH DA RE AP0 EKRUS RS R R TR K6 B R 2, 458
athENFERERESERRGESHNERXR, LB ZHREIESEMEE T M A REEHMR,
DS /M i R R R E B IR E, SR VBB AT/ NG RIEN IR R EFLE
¥ TT R SR AL BB AR I A AR 326 o

1 #RERE
1.1 BBt

AFEBATT 2 AW, B SR RES | AR Rt Rk

(1)iR% 1 2004 ~2005 FEITHERABEHTT, HEGMATZEIS(HHR N, KELSTE, Y
10.5% ) , %% 12 5 (#KR Y12, FEHSTE, N 12.5% ) , BE M4 (MK Y4, HELHSTER, N 15%), LR
LR 2.09% , 2% 0. 18% , HAH, 150. 20 mg-kg ™", BB 140. 03 mg-kg ™", BALHH 113.50 mg-kg ™', RiZEN
KRG, KB 4 MR KF, 205128 0(NO) 75 (N1) (150 (N2) 71 225(N3) kg-hm 44, 4% 4bH AL it 80
kg-hm™* P,0,fl1 150 kg-hm ~ K, O, B4 23 F/E R, & 4LBEE 50% FFE LI, 50% 3% 3 #1588
RBFEHLHES,3 WER, /PR ER 4 x4.5=18 m* , HAE 1.5 x10%hm > 4785 25 cm, HAh#kIHE B
— R H, HRDEENEFCREE B #5030 i 53 3RO B 2R EATIAE /S 20d(DAA20) , 256 Ok
AT BN MR,

(2)382 2005 ~2006 FEAE VLR E B RN RIL TR B s #17. MM T 9 5 (HK N9, &
BEHER,A10.5%) ,BFE 4 (FHF Y34, REHSE,H15%), LEAWK1.43% , 2% 0.11% ,EHR
62.5 mg-kg™", TEHE 10.36 mg-kg™' A4 82.5 mg-kg ™', RIEENKRE, KIE 4 MR, FIH 0
(NO) \90(N1) .180(N2) f1270(N3) kg-hm 4%, KAHEELHE 150 kg-hm > P,0, 1210 kg-hm ~* K, 0, BéH
JE2FHERE, £ HEAIE 50% FERE,50% Ak TEBIE, BV ,3 RER,/MXEMH S x5.5
=27.5 m’ , FEAH 1.8 x10°. hm ™ 7HE 25 cm, HAbEIH S BIEMFE — Mm% B, BEEENRARE
H 885370 : 357 5 20 A AR B . FFAE 8 B /5 9d(DAA9) (FEJ5 13d(DAA13) Fitkf5 20d ( DAA20) , i
B SORH T AR A B M
1.2 MEFRE
1.2.1 JeiEgdEe

NG L JE G & 3% A 3£ E Analytical Spectral Device( ASD) /A &] 4 7= 1) FieldSpec Pro FR2500 B #:5K,
ARG RN . PWBE A 350 ~ 2500 nm, HH 350 ~ 1000 nm Y RAEEIFE N 1. 4 nm, JHik 53 B3N 3
nm;1000 ~2500 nm Y43 RAEE RN 2 nm, ik 5332 K 10 nm, 62065 € AR RS B TR E
TR/NBHEAT , B RIFE R R 10:00 ~14:00, W EBHERSFELEE N T UM S A R 25° B ETRER S
EA 1.0 m, MERGTEEER N 0.44 m, DL 10 A R—REEERE, G 105 10 SREDEHE, DIH
SERMEAE A ZII S B S R SHE . MEDRE T, Kbk xt44 B A 0 BT S AT PR H AR IE (bR AR
RS R 1, B g BFY06is h T8 M AEXT RS2 ) .

1.2.2 HEFAREENEaRFEITRE

5XIENE RS, B/ XBUNEHEE 6 ¥R, B an i ik RAFEMAL 8, AL i L BPARE, IERT
Trétseh B RAC T ] L1 %, R MR VKAE ( —29°C) P RTF, M-SR SN ER, Ut 0. 100g BY
A2z , R FATOK B 1:1 B4 WS 328, A H 37 (HITACHI) U-2800 %% A7) 0L 2006 6 B 1+ e 72
470nm 645nm F1 663nm G Y BE , SR J5 L) Lichtenthaler 37 & R R M- if B 0143 % a(Chl a) .S ZE b
(Chlb) \H-4¢& a+b(Chl a +b) A K (Car) K9 F & (mg. g7'FW) . FFIRLIN F 8 ] (Leaf fresh
weight, g-m“soil) , RGN HHE G & A RN R E, N EEMN A 8 Z % (Canopy leaf pigment
density, CLPD) , B3 4 g-m ~soil , AT B AN T AR :

CLPD =1stLD x 1stLPC x 2ndLD x 2ndLPC x 3rdLD x 3rdLPC + A
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3 1stLD\2ndLD Fl 3rdLD 4553 H 5 TRERSE 1 3kt )r 55 2 Koty BRI 3 KM A |, B kgom ™
soil FW,1stLPC 2ndLPC 1 3rdLPC %573 H A THERSE 1 KM A BRFE B2 KM A BRFEME 3 Kt &
B8, BN mg-g” ' FW,

1.3 HiRatTS5HA

ERRTH, 58 T ERIESBIAF R, J7E MATLAB B 5B T RBELH. UL 2 %okl
iy, 3 hERREMESHSHET i @R BERE TSN, EE 5 QR T E BE MR BURB
BEOEE BB, @ BE TR N I R R R, R A TR YR 22 (SE) AL A e RE(R?)
TR, AEFRIRE 1 BORR B 08 508 37 A BY BEAT PR FIAS B, SR 38 A 9939 77 1R 22 (RMSE) (A3
2 (RE) M (R") VR BE (Slope) 4 MERHEITLHAE , FARMAE ST EZH 1:1 XRE, &H
KEIESHE, 3 21 SRBEIFHREES A ELRE 1,

®1 FXRAMBRESHTIR
Tablel Summary of different hyperspectral parameters used in this study

KA Type 23 Parameter SEX P B4k Definition and source iﬁiﬁ
B B A SAVE Ryn/ (Rpgp +b/a) a=1.3681,b=1.4735 [18]
Combination of wide spectra SARVI(MSS) Band4 / (Band2 +b/a) a=0.96916,b =0.084726 [19]
band simulated TC3(MSS) —0.829 x Band1 +0. 522 x Band2 - 0. 039 % Band3 +0. 194 x Band4 [20]
(Rys -s00/Reos -0) =1 { (Rosos00) 7 (Regs_qa) | —1 (8]
BB S PSSRa Raoo” Rego (3]
Combination of narrow PSSRb Reoo” Ress [3]
spectra band PSSRe R0/ Rypo [3]
mSR (800, 670) { (Rego/Re ) —11/1 (Rgpp/Rezo)™* +1} [21]
RVI(810,560) Ry10” Rago [22]
GM1 Ris0/Rsso [23]
mSR705 (Ryso = Bass) 7 (Ryps +Ryys) [24]
SRPI R0/ Rego [25]
NPCI (Ryzo — Reg) 7 (Ryzp + Regp) [26]
aHXKBHBERAS VoGl Rao/ Ry [27]
Combination of red edge VOG2 (Rysq —Ryg) 7/ (Rys +Rogg) [28]
spectra band VOG3 (Rpy —Ryy) / Ryps +Ryy) [28]
SR705 Ris0/ Rops [29]
TVI2 Ris0/Rego [30]
BABMESH “RE/SEE AT B S PR — B
The first derivatives Ratio of the red-edge differential maximum to the blue-edge differential maximum

AR —Br e BA0S 20— B s BRI EE
Ratio of the red-edge integral area to the blue-edge integral area

FD755 755nm Ab—B i 6 RE{E The first derivative value at 755 nm

and derivatives SDr/SDb

2 BRESH
2.1 /pEMFEREESRELER—Hr B R M

il 2 ARA TR SR REAE DRSS 3R R 6T R 5 2R R — B ik
#(n =168) BAT BRI (B 1) o WA 1A A, HERAEAT bR SERIERH R K AWEH
L, R RRWEL BEFAK, 729 nm FHERFEYT R, BT 729 nm WHEERFRSH FAREEE
TR PR KT 729 nm WHH EIEM K, KA 7E 500 ~ 710 nm B M X REFE—NMEBBBEA,r <
-0.74, HRWE P REPEA XTI, 7 770 ~ 1100 nm [, X R BHFE I BRHFE, HERr >
0.80,2K8A% & r > 0.77, ZXBOGENH ERMEYE RN ER, AL EARFEEXRRET. B 710 m
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#1750 nm ¥ 1) 729 nm BHERE 3, HE R PR

MR AEREE S~ eEZ m A REE (B 1B) R B REE, TUHBRESARE
EHRR. MEFEMEHAE MRS5S XRAZHEMEM, WM S, MR RRXAMHTF. DHRERN
%1, B 640 ~673 nm [X 34,698 nm LIRTE AR, HAP7E 484 ~509 nm 1 537 ~ 563 nm KISA XMAaE Hik
BRKF. 7£698 ~870 nm XIREIEARK, L1341 XI5 714 ~774 nm [AIFRILE L (757 ~760nm g /K FE B3R IR
B BISL) , B R X R BB AT 745 ~756 nm X3, Ak BEKFE(r=0.92) , 7E690 ~710 nm X3, B
WK s, MR RBERE AR, A R4k ,698 nm Fff 314 % R BGRB8 T2, 78 30 X 38 1oy 4 3 7 il 7%
3N, R ERBR R T 4R 85 , T4l B A5 HA X YRy S 5 8 25 HEER

1.0
0.5

0

-0.5

FH32 £ % Correlation coefficient

1 1 1 -1.0 | | | l |

-1.0 ! L :
325 760 1195 1630 2065 2500 325 760 1195 1630 2065 2500

K Wavelength (nm)

B1 /MEHFEREESTERGERSE(A) BB aE4E (B) AKX (= 168)

Fig. 1 Correlation of leaf pigment density to canopy spectral reflectance (A) and its first derivative spectra (B) in wheat

2.2 pEMFEREESRLESHENERXR

ARBIGT LARFIE Y63 B B B I RO AR 8T 239 AMRIES O R , 45 A AR FIAE B TR R B+
H/NEM AR EE S EREGES BT EIRGT, R 2 FIHRAEGTH 21 NS T RUSHIRER
B RbrERZE, B L, KHE FREHERXAEY, B EHERXARFNLIESHEXHE NEFE
SEEIEIHR R BB BEHE MR RS ANAENE, AHALETRPRIENE, ANEHS MRS &
BAR, BME BRI S D REESCRMENRE(R2), HERa HERD SHEEK a+b XREY, TLUEH
G—ZYPRFEEZENERRR, ELZRBRAASHEHMERE, TROERFRENEN, HEHEAR
EBHMER, AR ERMEUSEE TR, SN BERE A &R TS R SUs R, 4 800 nm,750
nm.700 nm.680 nm.550 nm 1430 nm %, XtAHE RS, RVI(810,560) \PSSRc.mSR705 Fl GM1 %
SHREBIFHRZPFE R R R, WHERREEHTHUE, EESH VOG2,VOG3 \RVI(810,560) Fl GM1 4
KRB BRIPCIEFATHEHE, T U LR LS SEER TN T RREN BAtEmEmE, 2 8
A, TR LSBT R REEHRRBRERRR, LAY M ERIENERE,

& 2 AR BT HARFAEEIRFRUAZECRE,, TLUE N, 624 VOG2 Al SDi/SDb 50t i
EHERXLFRIE RS, VOG2 5 Chla, Chlb,Chla +b A1 Car A5 #1446 B 41510 0. 858.0. 866.0. 862 il
0.745  FRHEIRZE 4351 0. 219.0.076.0. 292 A1 0. 065, SDr/SDb 55 Chla.Chlb. Chla +b il Car ] H 721485
43510.865.0.861.0. 866 #10.757 , bRifiREE 4 512 0. 213.0.078.,0. 288 #10. 064, LAASHH | & HIH 47
BARCRRE, RHAE Car FWEER (KT 0.28 g-m™) B UK IE 2 BUH Ehnr B s, L4047 v, i
B OB BB BE R B P RAALE(N2 A1 N3) , B TRIRTVESMNT A £ T #, FRHRE, Mk
BERAR BHEMHSREERR, SEE N B UREZ SR MR ME R, MK, Car BE5ERELIERFR
HERPEREAR
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£2 MEHAEEEE(y) SFAXLESH () RHEXHAERE(R) M HTIF AR (SE) (n=168)
Table 2 Coefficients of determination (R?) and estimation errors (SE) for linear correlations of leaf pigment density (y) to individual spectral

parameters (x) in wheat

EY c3iil Yot B Chl a Chl b Chl a +b Car
Type Parameter R SE R? SE R SE R? SE
BT B S SAVI2 0.842 0.230 0.852 0.080 0.847 0.308 0.736  0.066
Combination of wide spectra SARVI( MSS) 0.858 0.219 0.852 0.080 0.859 0.296 0.762  0.063
band simulated TC3( MSS) 0.834 0.236 0.804 0.092 0.828 0.326 0.747  0.065
(Raso g0/ Reps .740) =1 0.851 0.224 0.850 0.081 0.853 0.301 0.748  0.065
AV B A PSSRa 0.844 0.229 0.841 0.083 0.845 0.309 0.752  0.064
Combination of narrow PSSRb 0.854 0.222 0.842 0.083 0.853 0.302 0.769  0.062
spectra band PSSRe 0.828 0.241 0.801 0.093 0.830 0.331 0.777  0.061
mSR (800, 670) 0.836 0.235 0.822 0.088 0.835 0.320 0.757  0.064
RVI(810,560) 0.868 0.211 0.862 0.077 0. 869 0.285 0.774  0.061
GM1 0.861 0.216 0.844 0.082 0.859 0.295 0.780  0.061
mSR705 0.848 0.226 0.828 0.086 0.845 0.310 0.775  0.061
SRPI 0.821 0.246 0.831 0.086 0.826 0.329 0.683  0.073
NPCI 0.816 0.249 0.815 0.090 0.818 0.336 0.694  0.072
AHEKBABBH LS VOG1 0.849 0.225 0.835 0.085 0.848 0.307 0.758  0.064
Combination of red edge VOG2 0.858 0.219 0.866 0.076 0.862 0.292 0.745  0.065
spectra band VOG3 0.861 0.216 0.870 0.075 0. 866 0.288 0.746  0.065
SR705 0. 860 0.217 0.846 0.082 0.859 0.296 0.770  0.062
TVI2 0.836 0.235 0.825 0.087 0.836 0.319 0.757  0.064
B BATES SRE/SBE 0.863 0.215 0.866 0.076 0. 866 0.288 0.745  0.065
The first derivatives SDr/SDb 0.865 0.213 0.861 0.078 0. 866 0.288 0.757  0.064
and derivatives FD755 0.854 0.222 0.865 0.076 0.859 0.295 0.740  0.066
ON9 x Y34
A B C D
250 o y=-52116x-00865 090 o y=-18808x-00471 33 y=-70901x-01334 070 y=-1.0826x — 0.0001
2 2 _ o 2 — o 2 —
R=08577 | @ .: R?=0.8658 28 o R?=0.8622 056l © R =0.7445
21 L B
& 1.4 -
E
&0 0.7 |-
B
Z 0
2 -0.4
= VOG2
2]
5 E F G H
Z 25 0.90 35 0.70
N »=0.1095x - 0.3455 y=0.0392x - 0.1377 ><U|D:| v=0.1486x-0483 o ¥=0.0228x - 0.0548 Sa
2 20F roosest o 0720 08305 wcm o 2815 po0ge63 o 056K 756
a 15k 0.54 |-
1.0 |- 0.36 |-
0.5 |- 0.18 |
/S > d
0 N | | | | 0 o 0 ‘ J K |
0 44 88 132 176 220 0 44 88 132 176 220 0 44 88 132 17.6 220 4.4 13.2 17.6 22.0
SDr/SDb

B2

/NEH B REES VOG2 71 SDr/SDb ER X R

Fig. 2 Quantitative relationships of leaf pigment density to VOG2 and SDr/SDb in wheat
A & E:Chla;B & F.Chlb;C & G:Chla+b;D & H.Car,n =168

2.3 BEEHIKSRE
AT AT R AT SR A TE M, A A 2004 ~ 2005 4F Bk SRR SR GRS 1,0 =123) X ERE T
B NI 55 BIREFTIER , 5% A RMSE \RE \R*# Slope 4 MER#HITRE . SA4EEARGESH ST
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R ERBERRUSMR IR IR K 8 MRABFSHIMKSRII TR 3. ARAELEMNS,Chl a
1 Chl a +b B BIMBORELF, Chl b B EFHARAS, T Car 45 HBAFHIMIALE R . 3R, T Chl b Al Car 2
BN R I AFE R BAEES, AT B E R BEREEANEZ. AARSERE, BESH
VOG2,VOG3,SRE/SBE.,SDr/SDb Hl( Rsss..sm/Reps.u0) —1 S5 HBHFHIRIEE R, B, LR AF BAFIEES
B BRI, A VOG2,VOG3 \SRE/SBE 71 SDr/SDb 478 &, W LIXHA A6 A R 5 B BT A R
fE

£3 MEMHAFEREERIFNERAHBE (n=123)
Table 3 Performance of the model for predicting leaf pigment density in wheat

Ps‘fm ?:fl SRE/SBE  SDr/SDb VOG2 VOG3 VOG1 @ 1§?]51 60) GM1 Ri:ﬁ:m ’;""_/ .
Chl a R 0.823 0.851 0.845 0.845 0.829 0.840 0.836 0.850
RMSE 0.175 0.180 0.183 0.191 0.198 0.185 0.188 0.170
RE 0.133 0.167 0.153 0.154 0.173 0.171 0.172 0.157
Slope 0.980 1.048 1.057 1.069 1.077 1.049 1.066 1.039
Chl b R 0.754 0. 804 0.766 0.764 0.740 0.785 0.771 0.783
RMSE 0.063 0.062 0.077 0.081 0.076 0.073 0.071 0.064
RE 0.151 0.155 0.169 0.176 0.191 0.179 0.187 0.171
Slope 1.008 1.082 1.088 1.099 1.105 1.079 1.095 1.071
Chla+b R 0.820 0.848 0.848 0.847 0.825 0.846 0.838 0.855
RMSE 0.219 0.239 0.245 0.258 0.269 0.259 0.255 0.225
RE 0.143 0.162 0.159 0.161 0.195 0.178 0.193 0.168
Slope 1.008 1.078 1.089 1.102 1.107 1.080 1.097 1.069
Car R 0.832 0.832 0.788 0.793 0.828 0.776 0.806 0.787
RMSE 0.051 0.036 0.042 0.042 0.036 0.045 0.038 0.041
RE 0.130 0.127 0.146 0.131 0.144 0.150 0.141 0.148
Slope 0.885 0.944 0.946 0.955 0.974 0.945 0.965 0.934

LX VOG2 i1 SDr/SDb 4, ¥ WA MR I FUR UL 1:1 RREHITEWRER (B 3) . Hd, Ll VOG2
s & #BEIST Chl a,Chl b, Chl a +b 1 Car T %5 B 43524 0. 845.0. 766.0. 848 F1 0. 788 ,RMSE 43 5%
0.183.0.077.0.245 F10.042; UL SDr/SDb 478 & , £ ZEI%} Chl a,Chl b Chl a + b F1 Car T F45 B 47351
0. 851.0.804.0. 848 #10. 832, RMSE 4351 0. 180.0. 062.0.239 F10. 036, L) I F S H08% Fml (448 XF 5
ZHET 17.0% , B HERE B 0.944 ~ 1. 089, LBt E IR BB (H, XSRS RERM, /T LA R BIEIE S 3
FoF/NEM A F T AR € 28 5 B AT VR T S A S A2 0, Foep LA Chl a A1 Chl a + b 255 BOAG BAUR &
1o XEIESEOHEEMN A AR FEEERE (CLPD, g-m ™ soil) ) B4R TN H R L% 4,

3 SGit5itie

BERFERR PR AEARE MERKINEESE  IRERERA G T AL EAR
RICHBER , BB TG E AR ERERRATFETE. AMEETAREG BREKER/NE BT HXH
BB, RGBT AFREZOGESHTH AR BENBEDECR, K4 L) VOG2,V0G3,RVI(810,560) |
SRE/SBE 71 SDr/SDb £ BUL I, Xt M- 45 B i et AR p s R %K R* AL TE R 0. 858 ~0. 869, i Js 1 2

NEBER R BEME, ATEE R 0.745 ~0.774, Zxd3hr BB R BAAR AW EE S, BH THIESH
VOG2.VOG3 .SRE/SBE #1 SDr/SDb B L& i sl /38 - B o 2 58 8, TS BE R* % 0. 754 ~0. 851, Tl
REREF12.7% ~17.6% ,HHLIMHRE a MIHEER a +b R, X4 RX/NEHEKBECE BT
Hr RS T AR RSN AR EFRABESEAESENE, ARBRI AR H R R BRSOl
Hr R R AR AL T R BB R S
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25 - 0973x+ 01024 0.90 - y=1.1418x + 0.0214 0.70 - »=0.8785x + 0.0198 35 y=1.0112x+0.124
2 RY=0.7655 2 = 2 —
20 L R2=0.8446 o 072 I S 0.56 R*=0.7878 a8l R*=0.8481 o
15 s GhgE° 3 ° 0 ° g o0
— O - - Q, —
. s 0.54 g 0.42 e/ 2.1 7
0, o 4 o’io 0° o 4
1.0 y:) 036 o / 0.28 |- N 9 141 &
VOG2 ue VOG2 g VOG2 * VOG2
051 JHan chla OB cub O B car  OT[ Chla+b

0 | | | 1 ] O L 1 | 1 ] 0 | | | | J O | | | | J
0 05 10 15 20 25 0 0.18 036 0.54 0.72 0.90 0 014 028 042 0.56 0.70 0 07 14 21 28 35

FiMAE Predicted value

25 y=0.8417x+0.2502 0.90 - y=1.0016x+0.0319 0.70 My =0.7814x + 0.0479 35 »=0.8699x + 0.3304

R>=0.8506 R?=10.8044 R?2=0.832 R?=0.8482
20 F o 0.72 - ° 0.56 - 28 o

ol a ofgt, © o
150 ° oo 0.54 |- ay ° 0.42 |- ° 2.1 - w0
o 5 o o 8 . o5 o
1.0 F 0.36 o 0.28 - o 1.4+
DO
05 | SDr/SDb 18 L SDr/SDb 14 b SDr/SDb 7 L it SDr/SDb
3 Chla Chlb Car 4 Chla+b
O 1 1 1 1 ] O | | 1 | | 0 1 | 1 1 | 0 1 | 1 1 ]
0 05 1.0 15 20 25 0 0.18 036 054 0.72 0.90 0 0.14 0.28 042 0.56 0.70 0 07 14 21 28 35
SR Measured value

B3 pEFREREERIMESZNEZ B EH) VOG2, TH SDr/SDb,n =123)
Fig.3 Comparison of estimated with measured leaf pigment density in wheat (upper; VOG2, lower; SDr/SDb, n=123)

F4 MEHHFEETERNEE
Table 4 The model for predicting leaf pigment density in wheat

VOG2(x) VOG3(x) SRE/SBE(x) SDr/SDb( %)
CLPD, () y = —5.2116x—0. 0865 y = —4.43215-0.0536 y = 0.2266x — 0. 4209 y = 0. 10955 —0. 3455
GLPD gy, (%) y = —1.8808x - 0.0471 y = —1.60045-0.0354 y = 0.0816x - 0. 1667 y = 0.0392x -0. 1377
CLPD,, (7) y = —1.0826x - 0. 0001 y = —0.9201x +0. 0068 y = 0.0475 —0. 069 y = 0.0228% - 0. 0548
CLPD gy, 41 (3) y = —7.0901x-0. 1334 y = —6.03055—0. 0889 y = 0.3081x - 0. 5873 y = 0. 1486x 0. 483

SEMEPAE 800nm [ I S BEAR MR LLAMIE B ) [ 51 28 7K -, T 680nm ,635nm il 470nm AL M5
$I 4 Chla,Chlb 71 Car 32Uk B Br. 1L, Blackbum %' ¥y3% T %344k PSSR 71 PSND 251, ik il A 7]
BEHE, Pefuelas 4 PIFr M ,550nm £ 680nm FHE R 4T 2R R BHUR, AFEAFALL IR
R, P B R 2% 800nm ,700nm ,635nm 550 1 430nm SF4FAE I B FF UL S 1 38, AR LA BUR IF. H,
Z% RVI(810,560) XA [F (2 55 LA SRS RGBT B BB IR S A Y ES B X5
ZREKFEEE . 7290m FHE— BT AN O , R AL B MGER DG R SR 58 &
B R B SFE:, E S LEERREREOGES BT U R FREEHEENXR, AL, Cupta P42
I'ZH RIldB \Rlde \RlsdBﬂ] thmi}%(, Gitelson %[29] ﬂ] Sims %[?A] ﬁ?‘ﬁ%% /ﬁ'i@“ "‘I‘%?B‘JY&&%%? 550nm ﬂ]
700nm P 3T , Hrh R AE W45 % SR705 Al mSR705 , X M4 P R MBS HKHE M EBEH UM L,
Pl B AR TS i h 8D T AR RIS R o Zarco-Tejada 2 P 5@t 34T RIS Bt — 454, 18 T
VOG2 1 VOG3 2%, & FREKR IR, T A FHAR AR EENTN ., Mot
BT RRE SRS RSO SHE AMAER, - RETURAERESAREENRER,750
~755nm fHESEOLERRE N, FELE R BHBEC AR =0 BRI EEEKEET &R
R, EHEB% P % SDr/SDb SKREHGE & B BABFHAE XM, i T SDr A SDb 4 HIEE LM%
FW B RME B, B A 35 B S B AR AR AL A 73 O AS T BB B BE D o AR 55 1 41 38 1 R 26 L (SRE/
SBE ) FI4L ¥ Y1 T AR 1. ( SDr/SDb) B3, LA HE B i S B IAS R 4F
ARBRASFNREEFHMNFEZT  ARERGHARSENEUREEREHZANT, KHE
NESEMATHRESABRESR, fMEFEREZR, A, XY F ZSE8MK, ARPOLIE S Chb &
B, FHI, #7 Car (IR PR —SEBIE Y, EEKZIEFRIARETENTSERLES MR
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TR , RSO A R ARG R TR, i, B E B R BOE R B4 H Car/Chl ILEM TIFHE
AR RRA T . NEEE TR B #&, LH A R R RS, AR
KRR, Car R REME R T &, T2 LA B2 h B A g i, L HAE R RB RN, T
Hk A A RS RROEREE EA R R, B, B8RS Car RAUBMH G R EEEKR &
BIRGRFENRWARX— M. HTEENEERHARROORE , LHAEAERKIER , Chla 71 Chlb 28 4L 3L [F
ETFTREBNERME, B, EES%5 Chl a # Chl b BIH RS FEEHB R, Chlb £ Chl a ZR R
R , T 5 MR LR, {B Chl a RRFEHBII L, HFEMAENEE. WA RR ATHHL
mFF4EE T3 Chl b (R AR RRFAEREZR . B, FIRRECHEGE Chl o 4% R E JHH L, T
Chl b R OUAF 5 1B 2 1 1B B PRI, S BE 20 T Chl b W IR 7 SEER P B B , A S8R BUx Chl b Uk B4
MEBEHCERITRERAD. i, BRiGZROCH 6 KN 3 Z 43 Chl a 51 Chl a + b #ATH), B
HEETWHRGFTHEAR, SHARRE ", Chl a fl Chl b [FAF#AE RIFHAMEXR, T EH%
— B HOHH R E AT ARG RS REX— Ko RE Car 5 Chl HFEEAZT, I Car
FHESURAE R IES B LB H X, ABFFEA X Chl BURAEIESHOHR MW Car 5 B HBBUS T REEHIRL
R, BTN T BT E— Bk

B /NE A EICRBLE T, A GTF R T A0 BB T, Hu %" A CAST Him g
CCIL #5500 /N MR R HEATAE o Jago 251 R k7] FF 3 T 0 R 23 DG i SR AS £ v o B (JR 4 8 SR
12) S GRS RSB T AMERRCR , [BAEMRAYE, Broge % WA T EMEEER ST SR TR
WREHRR ,EBMKFo2Lh B Chig B H R EUR AT ) BRIRCR B, T B R it L SAVI2 il v 47
U EBPRSREET BAELE, 2 5 8RN AT B, StZ AR GRK ST, BRI B, &
SCAB BB 7 R AR B TRIES, R, ZFOR PR & A R R KR MR, AR SRR R A
TR AFEZER  ARETREXECRERENENEE, 2REH, E LRARZFTRET IERR
BB RHBEUBREOEES L, SANRLE SRS A AR E, B S, B, &7
AR RN ZESXAREG AREA RS BHFHEARARRAG THEREREHTRE. HhQ
REFBEMET , ARAS BARE R BANE, ARHS PRERATASHIESHH XA BFEER. T
RHE—SREEY . AR R RS R REE , B, FUR R 6 S P8 SUReE A s BB
BERES R —BIR. WO, R E/NE B R ENER R — A S K BAE K B 508 B
KRR, SR EEI A RESK AL RE BLm RN Z Rk AR R, SRR
WA E ARG — /DRI A BRI RO T R R R E SR EH P A BRI N AN E
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