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5 R AHERESE XA AT T A, S5 . (1) ZEBAT AR YA K , BEE S AW AR, et a i
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Correlation between pigment content and reflectance spectrum of Phyllostachys

pubescens stems during its rapid growth stage
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Abstract: Phyllostachys pubescens, one of the most important bamboo plants in the world, is widely distributed and planted
in China. Due to its rapid growth feature, long growth period and high photosynthetic efficiency, this plant has high
environmental and economic value. It has been reported that the photosynthetic pigment content and its reflectance spectrum
was closely related to leaf growth process of P. pubescens, and a model of reflectance spectrum was established for
monitoring the plant growth. The stem of P. pubescens has abundant pigments. However, to our knowledge, no study has
been reported on the relationship between reflectance spectrum characteristics and pigment contents in the stems of the

plant. So we tested the pigment contents and reflectance spectrum parameters in the stem and examined its correlations. The
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results showed that; (1) The content of chlorophyll a, chlorophyll b and carotenoids increased with the stem growth under
its rapid growth stage, and the content of these pigments reached the highest level after 60 days, (2) The value of the
reflectance spectral parameters ( GNDVI, PSDNa, PSSDa, PSSDb, PSDNb, mND,,, mSR,,, CRIl1, ARIl and PRI)
increased with the growth of the stems but the value of NPCI, SIPI and RGI decreased. The change of S, , was mainly raised
under the rapid growth stage. The value of those parameters was significantly changed from 20 days to 30 days. (3) The
reflectance spectrum parameters, such as GNDVI, PSSRa, PSSRb, PSSRe, PSNDa, PSNDb, PSNDc, NPCI, mSR,,
mND,s, DA, and A, were significantly (P < 0.01) correlated with the content of chlorophyll a, chlorophyll b and
carotenoids. The correlation coefficients between reflectance spectral parameters ( PSSRb, mSR,,;, CRI2, PRI, ARIIl and
ARI2) and pigment ( chlorophyll a, chlorophyll b and carotenoid) content were higher and near to 0.9, indicating that

these reflectance spectral parameters can be used to evaluate the content of chlorophyll and carotenoids.

Key Words: Phyllostachys pubescens; pigment; stem; reflectance spectrum

M2 e AR ORI R RO RE Y R AR 1, HESEZ DA ME ISR 5K, AW iy
FERB S KA N RBREARBOLEEE A L R Chl a IIRESN K HA {4 T 4 R il E Ak
GiERER, AR ET SR A ORSE S L EMMN D WIKAl( Narcissus pseudonarcissus )
EEBNAE T, v R R SR S BB R I, O AR S A AR Y 2 A5 A& /INFE (Triticum aestivum )
MARATIAZ AL T S 38 & TR IR 2 b TR E AR RE SIS T 0n TR B S ZLU0 SR it B
FEWRIE( Castanea millissima) HIF IR GRS R ZZ WG N, AR E R 5HSRR ST BN IE
DU RH B FARS . 7E 3B i ( Solanum lycopersicum ) I AGEFE Y, BISH R & B8 E0E 88 0, If B4 4
WREM B MRS EWHEINT  XRIDEG ARG E SHYNAKEE B, &R YY) L
KA B H RN EEER,

KARBTFE R WIAEYILE AT ULOEIX (400—700 nm) £L3AIX (680—760 nm) FIILLLAMEIX (780—1300 nm) )
GRS G A AR SRR S A CHE 1 Blackburn " AL 670 nm BEE WM T @R H
{EFEHC(PSSR) A1 €6 % H — 4k 45 £ ( PSND ) FH FAS AW ( Quercus palustris) B (Acer rubrum ) FE 5 F
( Castanea mollissima) 55 3 FPFSARN F 096 & & thAh i A /MR TR R T A EeoEEm X
FrE SR AT R Z IR R IS TR RO R S A R B AR Y Gitelson Fl Merzlyak '™ iP5
FE AT 21 A B U R (> 750 nm) 5 700 nm F1550 nm {9 FEE (R,50/Rog0 < Ryso/ Riso ) FHA (Acer rubrum) (5
F( Castanea mollissima ) KM F ( Cotoneaster horizontalis) %50 Fr A4 E a BN Z -5 EEA B TMHK
P TR 550 nm S 340 38 19480 B2 IH — A6 G FR 20 ( GNDVI) X4 3R a 9 B it AR AL AR 3 BURR ) Sims
1 Gamon") 7E Fii A BYBIF 7T Fehilt b 32 H T8 IE A 2130 H B 18 20 (mSR, ) AIME IE 8 217 30 15 — 1k 2 {35 5L
(mND, 5 ) FIFA 5 BAT AR R 0 SO S A 4R 38 it JREAE AR 58 il AT S8 AR [] b 28 8 ARSI
PRAS AR B I EK (Zea mays) MR BJEIERAE L B, M bt R RS D R & a5 RIS S
Rgo0/ Rsso \Rers/ Reao O R HLAHFEEL a(PSSRa) (AR T — 22 {HHE % a (PSNDa) W% M ZRIEE(CRI) (L1
PLE (A,g) LLABFE (DA ) LR S, ) ¥ B W 2 WA OG e, BeAh, AR5 e R A, S0t
O 2 B A TE A VIR ARG . X Sepf s 3R IDGIE R R 506G HA () Pt B R & &
AR, SR E 2 (28 SR i @ 3R 5 i ) A ZEAH DG I & UL IE

EAT (Phyllostachys pubescens ) JEHL VT DAL SRS T — R A Z — , HATARE R 270 J5 hm?,
4 EAT MO TR 64. 19% 1 SR IR E Ry B AR IR X BAT F SRR A RSB R T R
AT HAE 6—8 H AR B A 8 U, M4 A i, B A 10 H Ak BI58 1 A mid, Z 5, B & O IR
55 URFEA, 038 5 1 R AR 3 B ST LT A 2 1y i AR 2 Al AR, 78 4 T 1y B
B R R, RS AR TR, R, S s SRR IR 2 . AT A TEH 4R B A
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A e, 4R R a SRR b FIZREIES b 2 A R Eign , It L R 7 SR X 9 6335 S 5 5 B it I Ak AN 1)
MAEAE P S BRI A0, BATZEFF PR & KRR T, 1 H AT AR A T HZEAF 0 R 5 RSHE I i
FEARGE . R, AR SCRL AT H 455 P A= K 01 (10—60 d) BIZEFT MR XF 4, 25 A 0 A BATZEAT 3B I S
T e AR OGS BE S A K A A AR A AR, T X ZEFF i SR R RIS 8 N R i 5 R s Rt () 19 ¢
FRIAT T MM, B ERTT BT X — AR RS B AN & B B 60 28 3 A8 A 5 L R i (8] Ay A+
HIORFR, IR AT H 5 I Rk A A 0 25 €0 28 45 et ) SICAS DR R TS 0 s D0 2 (AL B AR 0, 32 7 Sy 5 3
i ZEFFEER S W AT AR ROR DR RS B
1 Mel5H%
1.1 {5 HHE L
R M AR 2T B BT N 1Zm 8 A TR I ZE T (118°51'—119°52'E,29°56'—30°27
N) |, J&@ T Ry 2 KU TR, DU 2R3 B AR 15.8 °C 7 A A PSR 28.1 <C,
1 AR H EAE R 3.4 C, BimsEii 41,9 °C , WumfKiR-13.3 €, 24FFW R4 1628. 6 mm,FH H
W22 1939 h, JoREIH 234 d, SRR R 76.5 % . BT IR LTI | L2 ETE 60 cm UL I
1.2 K5 R
BERA R BAT ( Phyllostachys pubescens) , M 2011 4F 4 H 13 H—6 A 2 H 2 BI1EBAT % 10,20 .30,
40 .50 160 d WFEATHURE | BUBERFTE] A 10 00—12: 00, FRRBEHL 3 #RA K RAF O IERN BT (), F5H
ZEFFREEE IR 3 AR  FEE | PR AT, 26 Z5AT TPt A T IR o I A 95 B S i i e R LA AK
1.3 Wk
1.3.1 MERMEHYE MRS =N
PIEBEATZEFFTE AL < 2 mm) K0, 1 g BRI B T HIEEXEH A S mL 80% NEW, =i T
BRI AL A SRR G, 43 BITE 470,646 F1 663 nm LI H OD {8, M FESEE 6 Ik, RIG, 1%
Lichtenthaler AUTFE AR (1) 435I AN E a (C,) &R b (C,) S NEFR(C,) .
C,=12.25%XDy,~2.79%Dy,q
C,=21.50%D,,~5. 10xD,, (1)
C,, =(1000xD,,,~1.82xC,~85.02xC,) /198
1.3.2 bl R4E
K H UniSpec-SC I BAH GE G E 43 HT1Y ( PP-System , US) #ll 22 BATZEFF7E 310—1130 nm b 1) 52 35 6385 %k
P, RAEIRE 1 nm, 098 1 nm, Unispec-SC HLIH I VG154 N B —A> 0 AT, W B K43 306 EF 19— i
P EN b R KT A i 11, O — i i 2 G D B B B A T, G R RSk i [ RE E UNIS00 A ife e v, 4 vk
SEVERUEATZERT 3 Mk, Bk 6 Uk, OSSR R B i 06T S % I ol R v B R R A 5 B A A A
I, Multispec 5. 1 £ A B AR 1352 BRSO 1 Dt s B3l
1.3.3 JtiEadrorik
SRR o A B W BT R R GRS (2) AT — B o A B BRI
Ry — Ruiy |
p, = ety e @
K A, RUEEL i L PIRAA S R, I A, AT SN2 AN IR A ) B A, BI2EME, OGHE R L]
“Z5h BEGTE T A BIAE 505—545 nm 560—640 nm F1 680—750 nm 78 Bl Y E TE L S NLL
B BRIEATE R, A, NEGTE N — B S B0 e BB B 1 B, DAL, i — B SO 1S 1 B KA,
Sa H—Br FEOCIEL I A . BN (BAALE A, BOIRAE, DA, s BT, S, ) FIHE D (i
TE A s WD TRIE, DA, WD T AR S, ) SECS A S 508 R, AT B R A OG0 EA B 1
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Table 1 The reflectance spectrum parameters in the present research
SOt SE E X SCHRR R
Reflectance spectrum parameters Definition Reference
BRI — k455 G
IRACRI GOV (RyRs) /(R Ry [1s]
Green normalized difference vegetation index ‘ X
s -t ) 5
@E ttﬁ}aﬁ.ﬁ. : l.SSRa Lo Rgoo/ Rego [12]
Pigment specific simple ratio index a
: o 3S
@%‘: HfE R& b P.SSR b Lo Rsoo/ Rers [12]
Pigment Specific Simple Ratio index b
3 o
BRILAER Cpssite Ruo/Rer 2]
Pigment Specific Simple Ratio index ¢
-2 4L Reh
Chhnqh?ﬂindcx (Ros~Rez3 )/ Rers [23]
BRIH— L2 HAE L a PSNDa
Rgpo—Rego )/ (Rgpo +R 12
Pigment Specific Normalized Difference index a (Raon ~Reso )/ (Ryoo *Reo ) [12]
BRI — (L2 (H 455 b PSNDD
Rgpo—Rezs )/ (Rggo R, 12
Pigment Specific Normalized Difference index b (Ran ~Ress )/ (R +Ress ) [12]
AR IA— L 2ZEIREL ¢ PSNDe
Rgpo=Ry70 )/ (Rgpo +R 12
Pigment Specific Normalized Difference index c (Ruoo ~Razo )/ (Rygo *Rzo) [12]
RWIE N FRAEH CRI
’ 1/R -(1/R 24
Carotenoid reflectance index 1 ( s10) ) [24]
KN D RIEE 2 CRI2
1/R -(1/R 24
Carotenoid reflectance index 2 ( si0) ~( ) [24]
FRIEH 1 ARIL
1/R -(1/R
Anthocyanin reflectance index 1 ( s0) = ) [25]
FETFRIEE 2 AR
R 1/R -(1/R 2
Anthocyanin reflectance index 2 ol € s) ~( w) ] [25]
A — A2 245 % NPCI
Rego—Ryz0 )/ (Rggo tR
Normalized difference pigment chlorophyll index (Reso~Ruzo )/ (Reso+Rizo) [26]
o )& okl Q
’n*@m@‘ué%h ﬁ( SIPl . (Rgop=Rass )/ (Rgoo~Rego ) [26]
Structure-insensitive pigment index :
S Al 22 P
Jefesr AR R PRI
Rs31—Rs79 )/ (Rs3 +R 2
Photochemical reflectance index (Rss1 Ry )/ (R *Rezo) [27]
415 A5 %L RGI 700nm 600nm
R./ R. 27
Red/Gren Ines DI )
- (Rys9=Rys )/ (Rys9+R70s =2XR s ) 17
Modified red edge normalized difference vegetation index 70 70 s 445 [17]
B IERIZL L EHE 4 mSR
" 70 (Ris0=Russ )/ (Rygs —Russ ) [17]

Modified red edge simple ratio index

RACERSUN , FARUERSeE Bralil I

1.4 Hdmab

IR R ] SPSS 13. 0 GEiHR A AT e 11504, Duncan 5 2 M 22 4G 56 22 5 W 351, ] MATLAB
7.1 AR AS BT LA B IFAR U 5 SR 3 O HFIE R BL, FIH OriginPro 8. 0 #ff4:

2 HRE5HMW

2.1 BATH AR RE LRI ZEAT s K 22 T

TEBATERAIYI(10—30 d) , ZEAFATEEY FDEAREE S, GRS i,

A~
Fi
A~

AR, I HAR R

BEH TR IR LT, 25T T RS R B ER, 2R 3R a IHERER b FI2E S PR SR BB E (P <0.01)
o, HBATERZE 60 d I (RO HarE a AR b MREIE MRS R0 30 d MHER T 15.2

5 178 5 7.7 f5 (£ 2)

http ; //www. ecologica. cn



9 1 XUBE A5 BT S PR A S AT G RS S R AR DG 2707

x2 EBEMHERRBERBEFFERIENTN (py/gifH)

Table 2 Changes of pigment contents in the stems of P. pubescens under the rapid growth stage

ERN R HEER a M4 b AR B ESTE N M4 a/b
Growth stage/d Chl a Chl b Chl a+b Carotenoids Chl a/b
10 3.90.6eE 3.3x1.2dD 7.21. 8¢k 1.00. 3¢k 1.220.8¢C
20 5.540. 8¢k 4.2+1.2dD 9.7+2. 1¢k 0.9=0.3¢E 1.3+0.4bB
30 17.7+1.6dD 7.2+0.7dD 24.9+0.9dD 6.5+0.6dD 2.1£0.5aA
40 135.30. 1¢C 65.3£2.2¢cC 200.7+2.2¢cC 42.1x0. 1cC 2.0+0.2aA
50 179.8+0.9bB 94.6x1.7bB 274.4+1.9bB 46.2+0.3bB 2.0+0.3aA
60 269.6+4. 0aA 128.0+1.2aA 397.6+5.2aA 49.8+3.6aA 2.10. 1aA

INEFHRERTI R 0.05 K FLMZESM(P < 0.05) , RKEFEARZEMR 0.01 KFLMZEFH(P <0.01)

2.2 BATH G PR KIS RO G IS RAE

ENTE 6 DAIRIL B B B 25 I 568 238 i 4 0 B A4 A8 Al 35— 350 ARRAEAN TR AR A 01 S G 19 s 2 %6 R
ANUIAFAE R 22 5 (J& 1) OF HAE RN 10 d F120 d A9 RE SRR T LA A R i 22 S de ke, OB 1
£EEIX (525—605 nm) FEAEI B 22 57 OO B X (605—655 nm ) FIHELLAMX (750—1000 nm) . 7E A WL
X, BATZEFF 0 S S F Bl ZE A A I TR, O3 IS #E 500 nm A1 670 nm Ab 2547 — IR AT, 78 500
nm Ab 30 d ZEFF SR 10 d BRI T 40. 0% ;670nm A0 S 5FREE /N AR 10 d B9 50. 0% , FEITLLAMNX T
AR ZEFT AT B 093l Hh A 40 d I I RO R R

60 - 1.5 -
% 1.0
Q o
S 40 2
2 2
O = 0.5
% 3
& 30 3
Z =
& i
= &
I o5
0 1 1 1 1 1 ] -1.0 1 1 1 1 1 )
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
K Wave/nm %K Wave/nm
E1 EMHEEPREEKEZTNRSE B2 EMHERREERPEFREXE NS

Fig.1 Reflectance spectra in the stems of P. pubescens under the Fig.2 First derivative of reflectance spectra in the stems of P.

rapid growth stage pubescens under the rapid growth stage

2.3 RREBBHAZEF RS =Rk

P T S MR P G S T (R S AR K, PR IR SE PR 063 B B, R 1 AT e M 7 DA 3 25 S 80
HERE , 5 5 T 2 R AR B A T R o A4, BT S DR A A 2R 1 R ISR T — o S Bk
OSSR 2 FiR, AL, DT AR UGS 2065 Bl (680—760 nm) P, EEL LR & A &, A4k
AP I B IR IEZ — . AR KB B BATZEFFE 680—760 nm P BN RA 1 ANEE(E 2) I
HFEHEZEFREET A, BT (R 3), EAEKBIN30 dBF A, BEE(P <0.01) 3K, 1M 30 d
J& BEARFRE AE 700 nm £ 47 S, B ZEAF AR IEAR R I AW KA, b 7e 20 d 2130 d B A28 fk i B
o DAy, RS, BEE ZEFFAE K S I B MR AR a3 0T A, WEHTIE R A, DA, B TR AE
B TS, TR ZEAT AR A S BN S 3 R e, Toit e W10 2 8 i, Je B W iy 28 AL R 1R R AE 30 d
B AR (£ 3) o
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Table 3 Three edge parameters in the stems of P. pubescens under the rapid growth stage
S8 Hz K Y] Different growth stages/d
Parameter 10 20 30 40 50 60
A e 506.3 +0.6¢B 506.3 +0.6¢B 518.8 +0.8bA 519.4 + 1. 1abA 520.9 +0.8aA 520.2+1.1aA
DAy 1.10 £ 0.04aA 0.88 +0.03bB 0.47 £0.03¢C 0.39 +0.04cC 0.30+0.03dD 0.29 +0.02dD
Shiue 30.71 £0.95aA 25.04 +£0.84bB 12.1£0.92¢C 9.88 +1.30cC 7.76 +0.70dD 6.07 £0.56dD
Ayellow 613.3 £0.6aA 580.0+1.0bB 571.4 +3.0cC 570.0 +£2.3cC 569.0+2.1 cC 568.6 +2.3¢C
DA oy -0.12£0.01bB -0.09 £0.0 aA -0.22 £0.01dC -0.21 £0.02¢dC -0.20 +£0.01c¢C -0.20£0.01cC
Sellow -2.30 £0.63aA -5.85+0.25bB -9.93 £0.35dD -8.69 +0.63dD -8.03 £0.52¢dCD  -7.28 £0.49¢C
A 688.3 +1.2¢C 685.7 +0.6dD 696.0 +0.7bB 695.6 +0.9bB 698.0 +0.7abA 702.0 +£0.0aA
DA 0.65+0.10cB 1.15+0.07bA 1.32£0.03aA 1.20 +0.06abA 1.23 +0.09abA 1.26 0. 10abA
S ed 10.57 +2.11dD 18.33 £ 1.35¢C 40.67 +1.33bB 37.31 £2.59bB 44.40 +3.78abB 49.75 £4.74aAB

2.4 BATHHEPOEA K BIZEFOLE S AL

Fi S HUR SR O TS SO RRAE , S S WA A KRB 1 B OGS A8 & . GNDVI L, PSDNa  PSSDa
PSSDb .PSDNb .mND,,; .mSR,; .CRI1 (ARI1 PRI %5 £ %03 b B 47 25 FF A4 K RS0 ( £ 4) ; NPCI L, SIPI FIl RGI
Bl ZEFF AR 2 N A H; Reh IR ZEAT AR K 2 e KOG R IR a5, SO S8 &k & W12 20—30 d B3
W2 (P < 0.01) ARG E A%

R4 EBYHARREERKAZFARGFAESBHTL

Table 4 Changes of reflectance spectrum parameters in the stems of P. pubescens under the rapid growth stage

S R A KB different growth stages/d
spectral
parameters 10 20 30 40 50 60
GNDV I 0.0150.004dC  0.044+0.008¢C  0.384+0.030bB  0.409:0.044bB  0.5610.031aA 0.577+0.022aA
PSSRa 1.2100.051cC 1.568+0.061cC  5.789+0.406bB  6.027+0.862bB  7.880x1.020aA 8.660=1.077aA
PSSRb 1.073+0.017cC 1.240+ 0.031cC  3.951x 0.440bB  4.262:0.663bB  6.493:0.485abA 7.318+0.795aA
PSSRe 2.531% 0.080cC  2.834x0.130cC  6.313x0.316bAB  6.266+0.455bB  6.756+0.693aA 6.854=0.796aA
Reh 0.152+ 0.056bC  0.451+ 0.034bB  0.605% 0.075aA  0.543+0.051aAB  0.292x 0.01cC 0.230+0. 025¢C
PSNDa 0.095+ 0.021dD  0.221+ 0.019¢C  0.705+ 0.018bB  0.712+0.034bB  0.778+ 0.03aA 0.791x0. 022aA
PSNDb 0.035+ 0.008dD  0.107+ 0.012¢C  0.593% 0.037bB  0.615+0.046bB  0.741x 0.021aA 0.758+0.021aA
PSNDc 0.433£ 0.013dC 0.478+ 0.018cB  0.726+ 0.012abA  0.724£0.017bA  0.7200.022bA 0.74320. 02524
NPCI 0.400+ 0.020aA  0.351+ 0.005bA  —0.0120.029c¢B  —0.064+ 0.037dC  —0.208+0.006dC  -0.21x0.008dC
SIPI 3.999+ 0.751aA 1.961% 0.104bB  1.013= 0.009¢cC  0.993x0.014cC  0.963% 0.006¢C 0.951x0.007¢C
mNDygs  =0.006+0.002¢C ~ 0.002% 0.002¢C  0.234= 0.020bB  0.244x0.031bB  0.469+ 0.003aA 0.476:0. 008aA
mSRygs 0.988+ 0.003¢C  1.004+ 0.005¢C  1.611+ 0.066bB  1.649+0.111bB  2.789+ 0.057abA  2.816+0.061aA
PRI -0.012+0.002¢cC  -0.006+0.001¢cC ~ 0.007x 0.006bB  0.012x0.007bB  0.038x 0.001aA 0.041x0. 003aA
RGI 0.991+ 0.023aA  0.884+ 0.006bB  0.688+ 0.011cC  0.690+0.014cC  0.688x 0.010cC 0.668+0.014dC
CRIL 0.006+ 0.001¢cC ~ 0.008+ 0.001cC  0.042% 0.004bB  0.047:0.006bAB  0.047x 0.002bB 0.049:0. 0052A
CRI2 0.006+ 0.001dC  0.010+ 0.001dC  0.053% 0.006¢B  0.061+0.009bAB  0.063+ 0.004aA 0.064x0. 007aA
ARIL 0.000+ 0.000dC  0.001+ 0.000cB  0.010+ 0.002bA  0.014£0.003bA  0.014+0.001bA 0.015x0. 002aA
ARI2 0.024x 0.007dC  0.068+ 0.013dC  0.511% 0.079¢B  0.640:0.131bB  0.815+ 0.091aA 0.868+0. 121aA

2.5 ROPDGHES ER SR

GNDVI PSSDa ,PSSDb . PSDNa ,PSDNb .mND,,; .mSR.,; \CRI1 ,ARI1 PRI Il NPCI %4 K Z 505 508 5 it
LK a WEEE b M2 S MR SRR EE (P < 0.01) BH M (£ 5) , Hidh PRI 54K a 4
b FZEAE MR ERE 1 0.918.0.936 F10.905, SIPI S5H4¢K a M4EE b IR E N ESE
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Z IR A AR IR B 2K (P < 0.05) TS IH4RER a/b BRI CHEMA R B EKF-(P < 0.01)

x5 EMHEFREREEKBERRFAIESHEBRSEMNMAXE
Table 5 The correlation between reflectance spectrum parameters and pigment contents in the stems of P. pubescens under the rapid

growth stage

RauE £t oz Y A NRES LS g B Lz g KAw NE 15753,
Spectral Fa BEb KWP l\g M5 % a/b Spectral MagFEa HEED ek b_?% M4RE a/b
paramelers Chl a Chl b Carotinoid Chl a/b parameters Chl a Chl b Carotinoid Chl a/b
GNDVI 0.840 " 0.821* 0.852*" 0.546 " PSSRa 0.837*" 0.822*" 0.849 ** 0.535"
PSSRb 0.895"" 0.898 ** 0.895"" 0.396 PSSRc 0.694 " 0.653*" 0.721* 0.696 **
Rch -0.187 -0.269 -0.148 0.822* PSNDa 0.729** 0.689 " 0.750 ** 0.706 **
PSNDb 0.790 ** 0.759 ** 0.807 ** 0.626 " PSNDc 0.681"" 0.635" 0.708 ** 0.730*"
CRI1 0.878 " 0.859 ** 0.890 ** 0.503 CRI2 0.899 ** 0.903 ** 0.898 ** 0.387
ARI1 0.894 ** 0.909 ** 0.888 ** 0.326 ARI2 0.894 ** 0.906 ** 0.889 ** 0.345
NPCI -0.838"*  -0.813"*  -0.852*"  -0.555" SIPI -0.564 " -0.517" -0.578 " -0.827""
mNDyos 0.886 " 0.887** 0.885** 0.413 mSRy5 0.901 ** 0.922** 0.889 ** 0.273
PRI 0.918** 0.936 0.905 ** 0.271 Ated 0.766 ** 0.725** 0.791 ** 0.634 "
DA 0.791 " 0.752*" 0.814 " 0.613" Sred 0.858 %" 0.824 " 0.876 " 0.545 "

* FREFREBE(P <0.05), = » FREFWMEE(P <0.01)

3 itig

M2t ZIEAEP RN I R B A R N E B YE FE M Je AR Mg e R SRR R
LR RN 2 AN R A R T B, AR B Rl 3 S i AR FIRR O A 4 R AR A R AR AR
EMZEFMERE a MR b IS MR EEMZEF A K2R MEE (R 1), P ET7 30 d A KB
R O A 2R, FE R AT REA 30 d BT 5P AR ALY, AR L 5 BH G i o, FL A i 4R R a4k
b SIS MR BAK 1M 30 d J5BATMELFA, ZEFF T 2 Al PHOE , R G i 4 R a PR ER b
A S N 2R A I, B G, X 5 RS B 0 R R R AR 3R a b IS AR AR — 3K

A T EAS [ R B A 0 AR RGO R], OGS RetE 2k A AR i 284k, BE BT EFFA S,
AT LG BE P G S R B WA I R S B A Wi s, X R BN OGS R R S5 e R el
A GAHSENE S AT LT AN BE P G S R BEZEFT & T I AR D BN, X T e ZE AT A R | R R A [N R
2 Z A B UM 56, T aR R OSCRRE  Z5FF 0 RS ETE 7E 500 nm F1 670 nm &b £H — KA,
It BAE P A 30 d B, H T A 3 A BT, e AL B R SR B R B R, BATZEFFAE 550 nm
T SR H S S ER IB SUU  IX S HIBIESE A R A — 0

MY R EDEES B EE S A E S RA KN R w T I EY K B RE PO A SCR ALY
U OGRS R s 2 B AL A S T A G B AL, 1T LA T SRR BRI , T K
LW AT FAR B 8 B ST AR B KAk AN 25 i 5/ ME , DT B BAR A B ST R
AR RIS S SR S AR RS ) BB A% FFH — B i e A2t 0 B n] RS
MR K (Zea mays) WERZEHEE, AN, BUSHGIE B9« W R /NG BT F Sk Wil K R 0 g g g ) Bt
ZEFFEE A MK S, kA aBIE" S, ANBHEIN, X R4 SR T, 2050 X i,
TSP LT A K% 5 8185 3l . PSDNa PSSDa il PSSDb PSDNb LA K2 GNDVI mND,s .mSR.,; 7] 435 F 43
Wit a M52 b FIF482 55 5 CRIL A1 ARIL  ARI2 T] FOR METNZEEH 38 N ZFRAEH E, iS5
GNDVI ,PSSRa ,PSSRb ,PSSRe,CRI1 \ARIL A, Fl DA, SEFE BT 280 A B M0, X 5 6F & & 5w
A SR A BT A A — 3L

T Ik ( Carya cathayensis ) W At R & & = AL, KOOGS 220 GNDVI, Reh ,mSR,; . mND, s Fl
Ao BB SR B R CE DY ORI R 5 R a MPERE b MR BRI RS RRSkiE
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Z#4 PSSRa . PSNDa Rch \CARI A, DA, A1 S, FILHME W AAHICHE | #8203l 52 KA (Oryza
sativa) T HBEY RS G1E & LT FAE $5 %50 (Red edge simple ratio index, SR,i5) .mSR,s . £L3 FLAE 4 %X ( Red
edge normalized difference vegetation index, ND,.;) .mND., Fil GNDVI iS50 5k fgnt ik 4g 3£ a Finf4¢
RO REA MR (R > 0.9) , 5 Chl b A HEHRIE B S KT (RP> 0.86) . AEARWFFH GNDVI,
PSSRa .PSSRb ,PSNDa . PSNDb .mSR,,; .mND.,, .CRI1 .CRI2  ARIl ,ARI2 PRI A, F1 S, WH52EFF P @RS
TR I AR S 3 0 TEAE DG, NPCL SIPL F RGL I 5 38 & R ML W 3 M SR DGR (R 4 FIR 5) X A
e ae B RIBEFE A RARZERL . P PSSR \mSR,; .CRI2 PRI ARI1 I ARI2 54K a 4K b L b
RO B (BT EEI0.9) (£5), X% PSSRb.mSR.,,, .CRI2 PRI ARI1 Il ARI2 %5 6 Fii S %k
WIS T EATEAE R RS AR SRR, 5 IR ERAF, OIS S 2 Reh 5 EATZE
FE SRR b R A R PR R A O, X T R 5 AN [FIAE A R RO R A G
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