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A review of plant spectral reflectance response to water physiological changes
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Abstract

Spectral reflectance is a new, real time and non-destructive hyperspectral remote sensing application to monitor
plant water status and physiological changes. The spectral reflectance responses induced by water stress reflect the
interaction and coupling of carbon, nitrogen and water cycles. A majority of previous studies focused on a specific
structural or physiological effect on spectral reflectance with little attention on their interactions. This paper re-
viewed and synthesized the direct and indirect spectral responses caused by changes in plant water content, pig-
ments, nutrient status, photosynthesis and chlorophyll fluorescence indices and their internal association. This pa-
per also discussed the common approaches and the new techniques in applying spectral reflectance for detecting
water status and physiological activities in plants. This paper concluded that analysis of the spectral reflectance at
multiple temporal or spatial scales might have a potential application in projecting vegetation productivities, par-
ticularly in the context of climate change.
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R A MR MR AR AL, T ZMIRE = 152
P 4 AT R4 A AR AN P B S e 1 e S ATE T 4R
(Ustin et al., 1998; Li et al., 2000), #iR546: = T % (1)
S EiE PR AR A B AT &5 4, 1D MR I
B HEME, KRR FIEWZ AT, e A
R I, JacquemoudF1Biswal (1990)%:T Allen -4k
R ke ok (19 PROSPE C T 70 2 % FH d5 2 I -
RO AR . SRR B NI S v g
WSHR A S S &, RS E, &
ROKG JEEEEWT) T & =55, BOALR s ]
AAS S 1H- Fr400-2 500 nm K] Bk 5 5 158 B 4%,
B AT LA S R i A S 5. )2 R L,
Verhoef (1984) 7& B 1E Suits B 74 (1) FE fik_E 4% (1)
SAILARE R f5e L1 — AN jeb JA R, 1B T 5 2%
NIZEAFT P SO R AE N 2 W RS
FOULI LA % . Baret?5:(1992) 15 VK SAILAR AL 5
PROSPECT#E /454, $& tHPROSAILAEY, X1
TEANTRRUBE b s R i) A B AR A 2 08k P e
MAEGC R |, Zarco-Tejada%s (2003b) A1) J] i f -
gk J22 P S A F RS AT 1) 45 2 MODIS J 5 2k
T AT ek 2 A A I AR S5 A e K
(AR, F5e J )P 1) 25 (RIMO DI S B S s 7 21 i
Sk, L 45 SR S AT R (A DG
T, K E LIRS R YOG, BkIF.
BRI PR AR SR N BAT i SR
PR ERRIDEE, W BEIRAT 2R B AT BUR AT AT,
BRI R G087

1 BRI R S 5 e 18 O 20 FL 42

IK Gy &R I S AL G Ay, i
H[1150%-80%, 7K43 H G 1K1 ey Bl 7 o 41
ANFIRE I AT AMX ] (NIR & SWIR), EbAR 25 W i
4 (#3)#970. 1200, 1450, 1 950#12 250 nm (Hunt
& Rock, 1989; Rollin & Milton, 1998), Kt M H &
JK 1 A8 AL FEINIR AT SWIR X 55 ) 0' 13 2 4 %
52 m AR K (Hunt & Rock, 1989; Yu et al., 2000;
Ceccato et al., 2001; Imanishi et al., 2004). &%, 5l
ECHEDI 7 SRS AR AR DR 3R 43 S 5 R P T
F R ERE. R TR. Ko w A ) A AR B
I (B RS = JedlE, ST M
M- 23 25 9¢ 655 (Muttiah, 2002). 7K 4> —J7 T4 B 1E
o - A TN & T pin AT 3k e PN =K 7/ 1 S i

XS RHA SR GRS K o AR B A Y TR 8L

IG5y, FENIRFISWIR S5 X HATHE 52 (1156
TS X 8] 55— 70, 7K 2 AR 4k S - A
F I AEBEARAE, 51 OGS AT WX (VIS) ) A2
1, XT3 RE T K G5 e Dl S () 52 Rk

R 7K 193 1 S 1 i AT 5 B 7t AL A
U, FEH R K S UG R,
14 CA TR M VE 2 6sHa BOH A IR /K 4 5
BN (ERD.

M AR F, Bowman (1989)7E X K 4E
(Gossypium spp.)tt v (7K AR GURD G SR 2 A
G R I LT AP X S ' v B A 2 7K S R B A i
7, Hoh810. 1 6655112 210 nmikk 55 - A Ry AH X /K
HRWC) M7 BUKF(Pep) M AT 825 1 AH ¢
KH. Carter (1993) REHFT T 6F AR FH A
e LEAN RN R 7K 43 B & eH ik B i SRR 2 1 52
M, IR 42 X1 300-2 500 nmik B & 3 1
R W S HH 7K 23 68 HE IR B B B RO aE 1,
400-1 300 nmi B S5 2 (1) 5% i M) el 7K 7 7 i
JSCRIH N S R ARG R Y o BR T X R X
ISR L 5K B R RN HTIES, 16 %
TG T G 2 R HAE L M A, Dan-
son% (1992) (M 7T K IR Jr #11 360-1 470 nm Al
18302 080 nmAEP BLAL St (1) — B S 5 ity
oK EEAH O, 1 HSE I R G5 R4 1R 52 e AN RO
YU (2000)F FH v KRS, A RWC, LERE
TIKE(SWC)~ FAL & K B (LW C) EFRARRAL B
AKEYFUARARE Bt (KRS, BRI g ST 1 it
TR G FIK AR Z M G &R o P HESE(2005)
TE I 5 F RN R A R e K R D
TR AR, oy o ST R A K ) PR AR
MZ ARG, RIS AR b5 R A () ST
RS T ) Oh T 4 BEAE /K 43 i 5 3
b A= ) Wy 38 DX 53 TF R B O 5 ik B Bl 1% A
GraeffF1Claupein (2007)%} A [ 7K 43 b BE R () /N 32
(Triticum aestivum)M Fr Fa o4 24T T WE9T 04T,
RIMTCAEA KB B SO A 71510780 nm (47
()2 P K Y5 B 4510780 nmff) ik S5t %), 54010
nm. 4901300 NMA15401300 NI B B il A K 2K 7187
I F 7K 53 ARG« OsOrio?s: (2012) 5% AN [FJ 3 B A /K
DA T KA R (Ceratonia siliqua) %)) 1 5T
KW S50 Yo MIRWCHHLL, K F I F 1Kk
FE(WC)RUK 3 F8E (W) AR DG B vy o iR i 25 55
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Table 1 Spectral parameters and their definitions related to physiological indices of plant
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Type Spectral parameter Acronym  Definition Reference
IR AR K FREL wi Ro70/Rao Pefuelas et al.,
Related to water Water index 1997b
WI/NDVI (Rgm/Rgoo)/[(Rgoo - Reao)/(Rgoo + ngo)] Pefiuelas & Inoue,
1999
St S S TR csI 25SR — sSR* + sWI Sims & Gamon,
Canopy structure index 2003
py where: sSR = (Rgoo/Rego - l)/ (Rgoo/Rego - 1)max
sWI'= (Rgoo/R1180 — 1)/ (Rooo/R1180 = 1)max
IA—4b K o e 5L NDWI (Rss0 — R1240)/ (Rseo + R1240) Gao, 1996
Normalized difference water index
SRe10560)  (Re101Rs60)/[(Re10 — Re10)/ (Re10 + Re10)] Tian et al., 2004
ND(s10610)
O FA K VA — b R B 4R 4L NDVI (Re00 — Reso)/ (Rsoo + Reso) Rouse et al., 1974
Related to Normalized difference vegetation index
Pigment LR A Green  (Reso~ Rsso)l(Riso + Rsso) Gitelson &
Green normalized difference vegetation index NDVI Merzlyak, 1994
BeCRARUL AR mSR705 (R750 = Raas)l (R705 — Rass) Sims & Gamon,
Modified red-edge simple ratio index 2002
R 2L AR 2 mNDzos  (Ryso = Ros)/(Rrso + Ryos — 2Rass) Sims & Gamon,
Modified red-edge normalized difference vegetation index 2002
m%ﬁ kF' Uﬁ'fﬁfﬁzﬁ[ PSSRa Rgoo/ngo Blackburn, 1998
Pigment specific simple ratio PSSRb Reool Recs
PSSRc Rgoo/R470
@,% u:l 4’{{ }E‘ﬁ PSNDa (Rgoo - Rego)/(Rgoo + Rego) Blackburn, 1998
Pigment specific normalized difference
g P PSNDb (Rao0 — Re3s)/(Rsoo + Ress)
PSNDc (Raoo = Ra70)/(Rso0 + Ra70)
SRS LU KT RARSa (Res0/R700)/(650/7700) Chappelle et al.,
Ratio analysis of reflectance spectra 1992
! ys! P RARSh (R700 % Re7s/Res0) % (r700 X re75/7650)
RARSc (R60/ Rsoo)/ (760/7'500)
GERANUR B R FRHL SIPI (Rso0 — Raas)/(Rsoo — Reso) Pefuelas et al.,
Structure-insensitive pigment index 1995a
T 3E 2 TR HL PSRI (Re78— Rss0)/R7s0 Merzlyak et al.,
Plant senescence reflectance index 1999
KA M & RIS CRIss0 1/Rs10 - 1/Rss50 Gitelson et al.,
i indi 2002
Carotenoid reflectance indices CREoo YRe1o - URnoo
SRS N3 RO mCRI R7s0/[(1/Rs10) — (1/Rss0)] Gitelson et al.,
Modified carotenoid reflectance index 2006
H— 6% S HR NDsss707) (Risse = Rro7)/ (Rasss + Ror) Wang e al., 2009
Normalized difference spectral reflectance index
Sk K5 R SR23770)  R72s/R770 Yang et al., 2010
Spectral reflectance index
VA — ARG S a2 ND@70,713)  (R770 = R713)/(R770 + R13)
Normalized difference spectral reflectance index
BIRTCRMK HBREDGIERE Plant nitrogen spectral index PNSI (NIR + red)/(NIR — red)| Stone et al., 1996
Related to nu-
trient element  EUAEAEHEFREL RVIgrogs0) Rero/Reso Zhu et al., 2008
Ratio vegetation indices
9 RVIgiog60) Re1o/Reco
VA4 6T J I a4 NDugas03)  (Raga — Rso3)/(Raga + Rso3) Stroppiana et al.,
Normalized difference spectral reflectance index 2009
e R aE AR SRR PRI (Rs31 — Rs70)/(Rsa1 + Rszo) Gamon et al., 1992
P ES Physiological reflectance index
Related to pho- .
tosynthesispand FOLIL AR FRI Reoo/Reoo Dobrowski et al.,
Fluorescence ratio indices 2005
chlorophyll Riao/Reoo

fluorescence

NIR, JEALLANGIKI; red, Z0JGDKIA]; Ry, 2 nmFIGHE SR 2, s, 2 nmiRIG ik S5 4 (K7 41

NIR, near infrared region; red, red light region; R;, spectral reflectance of 1 nm; r;, mean of spectral reflectance of 2 nm.
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(2013) iz H = 1 43 23 At 14 07 ¥ 001 SRR A (Trachy-
carpus fortunei)tt v IR SR G 55 K F (5K
H=( 0 T EE -y B D)/ 6 5T 5 x100%)
fe &, KPI454. 668. 1466, 1 664711 924 nmit
Bb 5 K5 ARG, JEE T TR BB (M R
TOKEWR, IbAh, A — e gl T T
TR H/K /> $EFR(Gao & Goetz, 1995; Ustin et al.,
1998) F1EWTH&¥5(Ceccato et al., 2001)4%, #—45
IR T KRGS R R Z MR R HE, AIED)
A HE AR LA SORE, RWCTR b B 1o ) A 3
RN, A K (R SUIE SERWC S R () 25 11 Fi
AAUAT R S5 AR IS B 2 ) (R A D T At K o
fePr(Tyree & Jarvis, 1982; Kramer & Boyer, 1995),
RWCLEBR R IR G AR A5 AP A2 A4k . TN Jse
SRR SR e (R RIS TR AT — S L e

776 2 )R I, Holben%(1983) & I+ 7 i K
(Glycine max)I 5 ]2 061 S5 % /1630690 nm.
760-900 nmA1 550-1 750 nmis B AR &, Jf 4R
H760-900 nmis; Bt Jhy BRI 7K 4 36 1D e A 8 Bt
Inoue’%(1993)f 5t A h950-970 nmAkK 43 55 W L 73
(1 J52 S5 2R B 5 7K o () AR A AE I R ek J2 /KT L
W4, HEMEEH T H950-970 nmAk i) S ok Fif
g6 2 AR 5 K . Pefiuelas(1997b) & L H
WI. W21 Ap Bl — B S 3 i ME S LA 24
Aevs 28 HhF5 s KRB A8 4k . B, Pefuelas Al
Inoue (1999)[IWFFTFR W], WIL NDVIN) L AL A5 Tl
7K o0 R (R A b, 3 mT AR S T A A 5 ek
JE RS KBk . SimsHAIGamon (2003) )\t I
SR AR BE LR T WSS FR O A 585 5 7 i ek 2 4R
Mg Iy 2 e, $2 e 2 25 /AR E0(CSD SO R b 75
JKEE . Gao (1996)7EWT 5T & 11 240 nmAk (k)i
RV 7K 23 A4k A BBURK, 117860 nmAk IR
AU, W B K S R EU(ND W) . AR
)RR b, K A5 (2004)BIF 93 R B, 15 /N 22 A
RN, 2 E /KR 5460-1 500 nmi B
0, Bl N R0 B S R 38 A A AR O, AR G
JE M RIZE ) 5 K R 15560-1 480 nmis B i Bl Y
T I R R AH S B IA B WK, JLrh, A
JGIEHREL(SR 610, 560y ND(810, 610)) I M AN A A= F 3]/ 22
ek S I R 5 7K 2 IR R B

UbAh, HenE g A TR RS MEY T3
. Sandholt4 (2002) A1 F H i 2 (Ts) FAND VK

XS RHA) SR GRS K o AR BB A i Y T ERE 83

T IR R T R AR E TV DD I DA IR e () T 5
RUL, &5 FRTVDIN AR A LK SO BE T8 4 b
WK o> R R AR . 5K A5 (201 2) 2E A b1 IR
b X PRI 97 2 BH AR (1L /K 3R B (VS WD) A2 HEAN /N
g afa s SN ETDS 271 ke B SE AR Y S Ured i =8 S OP o 1
H A DR R B LA 22 PR I St 2 20 A
W T 222 o M 5 IR R - F 1R 55 (2013) K 2
BAE B SED TS EARL &, a7 IRA1ED T
R &N AR KOR B U EE ), IF BABLAYNT
DX IRAEY) T 5 AL 45 b B B SE Bt o 4k
A5 (2015) 5 T 43 8O 1R (MODIS) £
P, 2 AT RN B K A, R s 5 Ak K g 4
L (MNDWI) S5} BT )57 2001-20124F - 515
HATHEI, o T3 =0, SRR AR AR
S AL

2 EMERSRITCIENXR

S R I R RO RE RS ) 0 3% AL FR S
FRRIAE b, a2 FENRBOLRY R, B
e mEDD A AE R OGRERIH, J58H R4k
FIMDIRe, KOs 2 MY 55 ATV T Re AL
B sl I aR RS RN OGS e K
B BA B ARG, AT A E R R
UK B R B B B (FF 0 2 % 22 B Be) I 48 7 48
(Minolta, 1989). 7K 73t n] F 304 2 5% 5 FRAK
It 4 L 5 5 () B I RN (] PR B, 2 25 PR
Jill, PR DR DR R R R A I A S
EHN, PUEAFINPUR MR & 52 e H ik
B MRS E N, ANSEHSREAEGE)
RS2 EH4 -

21 MEE

2k 3 (Ch)E A e G B h i 2 2
5%, BB D R AR I . A
1 2 S AN A5 (0 R ) S ST 16 335 A R U A Chl
RN O EH R Z TS, Rouse%5(1974)HF 5T
TR 5 ChIS # I SC R, UEWINDYISChl
(18 OB . (HAEChIS SR Rt b, &8
FAY U MEAE 675 nmik BEAL B AR, i Gite-
Ison Fl1Merzlyak (1994) & t £ €4 V4 — 44 #8 B% 45 2%
(Green NDVI)A #5138 % T 675 nmft iz ChG 1%k
Wit e, 320 7 NDVISH i Chl & & ik B () 7 RS
J& . Holben%s(1983) A/ 71 T HE 4 61 15 Chivk B2 1) ¢
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R, WU RIS L0 (Ae) BEE TR NI
ChIFPIRA, REARZER Y KIChIE & 5 A 1 E
HRRAAAE—EZER, H. 51X L [ Chl =
2 [a) 35 5B BE OE A 96 . Chappelle %5 (1992) i
Pefiuelas5(1995a) 7t fff 7T 4 th I 2 I B 1) s 5Ot
TR EA A i I 26T FAFG TRIChIVR JE o R 17 1K L6
F A R OGS C R I TR 2 R — AL
TSR ENNRIE, @b AN F R E B B )
P 1) e @G T 5T . SimsHlGamon (2002)38 i % 24~
ANFEIRS R FI D REBL IR G0 bt R 22 i (R I
B, ZEChLEEF£3]0.04 mmol-m™22 |, 445 nmAk )
T S S 26 (Raas) DR FF RS E,  H.ChIFE B AL B G IR I
e, HETTHR T H Raas WS BRI v G546 00 D't 1% S 559
[Py sgm, N T Ol R 2030 LB FR B (mSR0s) FH 24 R
2LV R R B (mND7os), /N T 6T
SERGIRNRE, |2 H T AR ERChIE
AR YFECPER(014)M5E T AL E R 2k
FENT(Phyllostachys edulis)SE A 1R 25 5 /A0 SO
Tk, a5 ROR IR OB OGS RO R R i
TESRIGIX ORI ZL G X AT 10 35 it b 25 A O R &R, i

WY B SR il S S BOmT R A S J (38 5 i,

T B AT e S 0 R . AR ) R |
Sampson %% (2003) i izt 43 A7 /> LB 280 1 1 AR A
(CASI)FRTF GG EE, 15 Hi RysoFH R710 ) EEAH R &
A] DUF R I I ARARCh I FE I 2R A4k . tb4h, 75
fh%Chl afIChl bE & WRFFTH, (R 5 LLE TR
H(PSSR). 0 F A AIRE(PSND) SUtils Ll
I3 HT(RARS) 525U N FH LL#E T2 (Chappelle et al.,
1992; Blackburn, 1998).
22 EipE MR

KL | F (Can) GG AE A AR
i 6RE, IEHARPChIIIRE. —Jy i, 2
) 1) ' B ik B R R ) O 5 R e K ) H 8 I
-85 2% (J& T-Car) i ¥4 (xanthophyll cycle) 2 i 5l (1)
TGRSR, DA SO0 & RS0 52O G (Demmig-
Adams & Adams, 1996). Gamon%%(1992)7E M 1 L
AR BRI AES31 nmAk () 615 i S # ] LRSS )
UL W (B2 S TR S AT 2 s i 11 < VAN G B
H I SR H(PRI). GamonASurfus (1999)IHfF 572
B, MYI{EWGIE N R PRI 7850 JGIE N T IPRIZ.
7 0] DR G- s e S 3 R EA R (KR /N e i A i
Bt A3 206 R 5, PRIFAZ AL AT DUAR &7 b s
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ST AR KB () PR AR R . 2 V5%
(2009) FWF TR T: oIl S A8 H 7K1k 2 e 2 7K
P ()G SORRAE, 385 B SRR R A AR
W2 M Z AR DG OC R Ta SR /K IR G o SRR A
i AR 1 b s WAL 47 A9 A4S 110 Pt 8 2 00 B 1 JId 1A R
Ao ARIFRLR LT RE RFE R T A 84 A1
[Flo AT W52 8RBT 8 2 30 B IR
XTSI SRS LA AN A] [R], %) T X Lok A it Bt
FARFR LG i B¢ FRIE Ty EEEAT 5 2 R AN
Gio U710, MM 307 B A RIS Wy ia
N, CarffI47{E ] LUSE 22 ChIff Bl 2 i, “EFrt &
& H 7 34T (Biswal, 1995; Merzlyak & Gitelson,
1995). Gamon%&(1992)% th it A= Hi s S Fi5 2 (PRI) n]
DL Sk ffi il Car/Chl. Pefiuelas®:(1995a) & v7. 1 45 4
ANPUR TR E(SIPI), M T W g5k sz, n)
DL 5 AN [R) 24 T AN R RE A v CarfIChIL affyAH
FAE Ak, Merzlyak % (1999)iF 57 & Bl (1, 2% 21 B A8 4k,
5 |G (R 38 28 R IR S A2 52 6701500 nmAk
ST SO I 2R, 1T ST T 0 Car/ChI U ) FE
W3k ¥ RS (PSRI) . SimsHliGamon (2002)7E
FE IR B PRIASZ A A JORE L W &5 R4 AN Aol ) B
i, HCar/ChIZY)HI2% . Gitelson2%:(2002) 4 X AN [i]
58 A Z 2 AN R Bt 1 1 SR it
FUH R IN510 nm BT 1) 0635 S5 SR 2 1 31 Kion) Car i)
R BUK, HChHB 25 m X Leis B, b T4
FRChIX510 nmPffa ' it St 2 (1 540, 16 1) 55071
700 nm#taz T RIHE 2 I FEE(CRIs50 1 CRI700)
KU Car . BiJA, Gitelson%5(2006) 34 Hi ik
RIS bR SORE((mCRI), $&7& T X Carfr
I TIOIRS BE . F AR A5 (2009) 20 BT 1 TS ik B
BBl Y BT A — 6T S S $5 50 /KA (Oryza sativa)
v Car s B L A IR R, KILND asss 707 1 LA UF
Hfh 5T Car sy &; #7855 (2010) [T 7T ' 1 s S
F5 SR (723,770 FNVH— A 61 S B8 BUND 70 713y % 7K
eI Car & 2 (1 PO 2 AT A e (R MERF PR R AR e

3 HEMEFTEMRH LM

TP IR ZU(N) TG 32 2 6L 28 1 BT 21 %
JLEZ—, WIEChl, IR, P4l i35, i
VI F 3% (de Vries et al., 1974; de Vries,
1975), FHAE IR I0 F T G- B A R i F R AT
25 R AR L . NJGE A PE AR
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A AE FH i 2R A8 TR () — A R bR (T,
2008). NZF WG ALMIH it 5L A B4
PR AR A v LU I R A 1) SR 61 1R AR A Js e H ok
(Yoder & Pettigrew-Crosby, 1995). f#(P) st 2 Al 47 (K)
TR SHEY G A T VIR, PLE
HiEZ 5LA MRS S BRI, MKIGHR
TEGAAE ) = R ALY . SRS
TERA R 25 R0 Is s T 22 (0 AR 21T
Ae. KOENEFRICEN. Py KIisknd, HiY
MNPy KIRE R AT AR AN R AL B
=, IS A I A S B

FEM 7 ] L=, Stone% (1996) (177 36 B A ik
NG 45 £ (PNST) 5 /22 1 v (R NWR WS fe: 3 5 A 5K
HAZ KR G R m, HPNSERTE T it it 8
UG R SR %, b DR it o B 5
RIS . Tarpley% (1999)if 4% 2 W 21421 % B (700
8716 nm) IR T 21 40 i B (755-920 nmFI1 000
nm) 1) AR A VE D it J2 0 B Al BB A1 T R A (1
FEFUERS . 423 K& (2010) % K B 4= (Prunus vir-
giniana) (WG R B, 58 A 2 i (9 D 1% s S
AL A WG BE(720-760 nm)FIHT 21 40 X (760-800
nm) -5 I PN SR S R IR AR DG . e 2 U |
Everitt®%(1987) A/ 51 & Wi 4 i J /£500-750 nm
()61 S 2 S S N AR DGR &, 9F
1 2 H T 550-600 nm 5800900 nm s i K (1 e
FERAT IR R FINZRE TR DL . Lee % (2007)1ESE T
735 nmiet 2 6 1% 5 510 — B 5 B (dR/dAgzs) K
KRR ENS =047 PE . Zhu%E(2008) 7R 5T
ORI LA A AR ELR V870, s60) MRV (810, 660) 5 7K A
FUNZE B N 2 (LNA) A e P d5c i o Strop-
piana®(2009) 71 % K A& I v i J2 ' il (R i 5 v A B
Al WG Be 483 nmAH503 nmf H—4b 445 NDss, 503)
A U G Al R INR B (PNC) .- XIFR#E55(2011)
W52 T A R il N K S 1) = 4 42 1L Bk (Carya. ca-
thayensis) S5 £ IRIN 2 & SR ROBDGHE, RILBES
NZ VR FE G0, (LA BRTE R 6 X e S 6 28 ¥
IS, LLIOATE AP T M 8)), Green NDVIFEZ
ACHESRHO] LURAE (L BEIINZR ZKF; 1T PRIFEN
kS ETHE R, 7E1.5 mmol- L™ NS ¥ R ik
Bl d KA, RUIFEARIKREE N 3 26 2008 J) ik
o BEA A RO AN« 78T R 2 ) )R |,
ik 75 55 (2003) A1) AL 2k 1) 35 FH ZRUASE Ak, s A5 1WA

XS RHA) SR GRS K o AR BB A Y BT ERE 85

(OMIS)ZE AL 3T /)N i 1Ly Hh DX 3R BT 2 o s it 3128 Jak ]
1%, IsHLA . SIS CRIAE 53 B 7 g A [l
Sk, AT T s 18 B G RN N
TR R AT . R0, )2 SOFHE i
Dy BRI B KA RS R4, &
B SUER RN LG, g NS S 7R R
TR RUR BEIE A fp itk — 4 i (H K 5%, 2010).
EINZEAH LG, PHIKK A 6 WS REAE 1) 5 1 AN B
i, MR D . Al-Abbass (1974) K IIT 4T
AN BAFAE AT K TG 2 ISR B Milton 5 (1991) 1)
WEFURILERPI | 5 1E 5 R G A e — 8 1 2
Ayala-SilvafiBeyl (2005)7EHF5TH kIH412-770 nm
FEPFIK TG 25 1 3L R RO B, HIX Se R 5T &R % A
SER LS B SP. KGRI R S kEE
(2010)HF 5% T i (Citrus sinensis *Jincheng’)iH 7 (]
G AT E I KSR OCR, #AL TR
KE SRR 2 R ER 46 (2014)BiF 74 Hh o0 1
AR LA st P 5 i e A B AR DG
2R SCHH(2014) K FH AH G 43 B2 0 326 2% T M B P ARF A1
HEmm 2% E S R BE RR MR K, #
BN P KA TR BUBE K y655.408. 744.482F1
850.578 nm, TN+ P KR IRUBIAA X 73930k
380.487. 914.562£1556.664 nm, Jf LB K ALY
TR N fE A7 T MLR, PCR. PLSEA!, 2, P
K S L AR A 2B AR A AT SO 6% 1 e 1 1w
KRB FTIH A, DRI 22 R AR P RIK S & 5 X
SPOCIERE SR, BT AT EIRA I

4 HEHMXEEMFRERALIT I RExIE
ie) Joz #122

YRR A B G VR HL T (4 B I
A EORE UL R ) e e, DLk GO S AL B
il — oy 2R R 2 532 (685 nm) Al N HLChl a
73 7(695 nm){EJE RGN (PSH) LAZE I 1 7 5 1) #h
R, BOCACSERE K (ge), o3 Tl )y X 202 DA
FEUm A &, RIEE Gtk 2208 K (NPQ), X
235 | ELAH IR SO R AR . OGS S HEY)
A AR EN S R, HArE P bR
A= B 5 Fis B0 (PRI A5 ' E A i 2 (FRI) (Do-
browski et al., 2005) > B EF5 bR o

A2 B S AR B (PRI 2 1R R ) A B AR A I —
ANTEEICRESREL, PRUEAEREIUT 35 AR B Ik
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Pk ) (Gamon er al., 1992), 2 J& PRIMEIE W] 5
Car MIChlZ 8] () LE 2 i A e v A W v, A PRI
(R)3X e P AT DUE Al AR ) (1) A BEAR A . AS[R]
(A2, H T P B 2 0 AN (10 7 A I ) R 2 1 1] 11,
T A L I T) P R A P A B e ;- Car/Chl A=
AR AN 2, S H DL R AR 1)
Jig, AHAERR S8 I 2, 33X B R DS 26 PRI 52 W ¢
ST 25 3 S A M R AT 4N (Sims & Gamon,
2002). 3 HMT ST R ILPRE FI AL ) S 5 e 1 i
FOCE R T A7k, wTBUR R S e 4
K RER R (LUE) . AEW ) R |, Pefiuelass
(1994) A1 5 5 W PRIT] LA SR BRI LUET) H A2 4K
Stylinski %5 (2002) () WF 51 % WINDVI 5 COp i Wi i
IR R, 1PROAHLLI F Chl& & fg 5 4 h )
e SR ER I LUE T 2= 284k o T 6 205 TA) RUBE |,
TR BHAE N | ] (Pefiuelas et al., 1995b). 7 2 ]
JE£ (Pefiuelas et al., 1997a)F15: M )X £ I (Nichol et al.,
2000; Pefiuelas & Inoue, 2000)#f3k 74 T PRIFILUEZ.
()5 R RS E DG &R S50 BH M1 4+ (2008) i 51 4 1]
BEE A A )R AR AL, 7K NZR B, i AR 4R AL
K BH = 82 £y 55 R 32 23 06F PRIFILUE W AR OGP = 1E
T4k, M TTHI 55 PRIFILUET X & - Pefiuelas®(2004)
AR FRRF— R EAR BT TR W PRI M v IO &
THZ(Po) L VEAHIC  WBAL, LEAN R Af ity i ek
JERBE, CAAE R I TR A2 i RO b, PRIZS IR
UE B 5 PSR SEBr oG & 1 7 B (AF/Fr ) HINPO R A
1R & (KA S5 1% (Evain et al., 2004; Guo & Trotter,
2004; Rascher et al., 2007; Peguero-Pina et al., 2008;
Panigada et al., 2009; Osorio et al., 2012).

R A 4 38 O (Fo) A2 F A A JC A R TR G )
THE IR A R AR 2O, e SEYOEE/EN
[FPIR A 45 %5 V) (1) X 2 (Dobrowski et al., 2005).
S I AT AR R A2 A S5 I s AR A 1 0 5 A2

FRARAL FI /K 43 A8 Ak, (Zarco-Tejada et al., 2000a, 2000b,

2003a; Dobrowski et al., 2005), X JFRE T W A 4k
A AL TR AR o (I, F MG i S 5 R [ 5T
BRFARMC(/NT-2%, Zarco-Tejada et al., 2003a), /L4
Wi, ARNESORIN, A8 LN FE I X R
BRI 25 F T, FROK A& BEA% LG i Hh BR 8 18
T 5 COp Rk 2, S FLPFH J) 45 I B AR DA S i 2.
Jii 132 Pk 52 3 R (Dobrowski et al., 2005), {H7K4)
JpIE 25 A T FRIF) AR A W R4S BINESE, fRgiit—
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BB ) BAT R R X
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AR, FENIRFISWIR S5 X H AR E 1k
TR DX ] S A v R AR AR, T
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A7 RN F S B R AR A 7K 53 B 2B RS 5)) (FATE 5
N B AELL R 7T

R 7K 53 RO I EL R R i e 3 ok AN (R AE A
BB 0l B SRR AL &, FE TGt e s S AW
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Fig. 1 The response mechanism of plant spectral reflectance to carbon-nitrogen-water coupling relationship.

ORBUIBOCHER S TR BUBOGIESR B S 9O
A BABUROG IR, BE A X L RUBO G R SOl
o MR AF TR PR 7K 23 B A AR D o

E£WAH K B KA K 4(31290223).
S 3k

Al-Abbas AH, Barr R, Hall JD, Crane FL, Baumgardner MF
(1974). Spectra of normal and nutrient-deficient maize
leaves. Agronomy Journal, 66, 16-20.

Ayala-SilvaT, Beyl CA (2005). Changes in spectral reflectance
of wheat leaves in response to specific macronutrient defi-
ciency. Advances in Space Research, 35, 305-317.

Baret F, Jacquemoud S, Guyot G, Leprieur C (1992). Modeled
analysis of the biophysical nature of spectral shifts and
comparison with information content of broad bands. Re-
mote Sensing of Environment, 41, 133-142.

Biswal B (1995). Carotenoid catabolism during leaf senescence
and its control by light. Journal of Photochemistry and
Photobiology B: Biology, 30, 3-13.

Blackburn GA (1998). Quantifying chlorophylls and caroten-

iods at leaf and canopy scales: An evaluation of some hy-
perspectral approaches. Remote Sensing of Environment,
66, 273-285.

Bowman WD (1989). The relationship between leaf water
status, gas exchange, and spectral reflectance in cotton
leaves. Remote Sensing of Environment, 30, 249-255.

Carter GA (1993). Responses of leaf spectral reflectance to
plant stress. American Journal of Botany, 80, 239-243.

Ceccato P, Flasse S, Tarantola S, Jacquemoud S, Grégoire JM
(2001). Detecting vegetation leaf water content using re-
flectance in the optical domain. Remote Sensing of Envi-
ronment, 77, 22—-33.

Chappelle EW, Kim MS, McMurtrey Il JE (1992). Ratio
analysis of reflectance spectra (RARS): An algorithm for
the remote estimation of the concentrations of chlorophyll
A, chlorophyll B, and carotenoids in soybean leaves. Re-
mote Sensing of Environment, 39, 239-247.

Danson FM, Steven MD, Malthus TJ, Clark JA (1992).
High-spectral resolution data for determining leaf water
content. International Journal of Remote Sensing, 13,
461-470.

de Vries FWTP (1975). The cost of maintenance processes in

doi: 10.17521/cjpe.2015.0267

©UI 00000 Chinese Journal of Plant Ecology



88 M LA Chinese Journal of Plant Ecology 2016, 40 (1): 80-91

plant cells. Annals of Botany, 39, 77-92.

de Vries FWTP, Brunsting AHM, Van Laar HH (1974). Prod-
ucts, requirements and efficiency of biosynthesis a quanti-
tative approach. Journal of theoretical Biology, 45, 339—
377.

Demmig-Adams B, Adams IIl WW (1996). The role of xan-
thophyll cycle carotenoids in the protection of photosyn-
thesis. Trends in Plant Science,1, 21-26.

Dobrowski SZ, Pushnik JC, Zarco-Tejada PJ, Ustin SL (2005).
Simple reflectance indices track heat and water
stress-induced changes in steady-state chlorophyll fluo-
rescence at the canopy scale. Remote Sensing of Environ-
ment, 97, 403-414.

Evain S, Flexas J, Moya | (2004). A new instrument for passive
remote sensing: 2. Measurement of leaf and canopy re-
flectance changes at 531 nm and their relationship with
photosynthesis and chlorophyll fluorescence. Remote
Sensing of Environment, 91, 175-185.

Everitt JH, PettitRD, Alaniz MA (1987). Remote sensing of
broom snakeweed (Gutierrezia sarothrae) and spiny aster
(Aster spinosus). Weed Science, 35, 295-302.

Gamon JA, Pefiuelas J, Field CB (1992). A narrow-waveband
spectral index that tracks diurnal changes in photosynthetic
efficiency. Remote Sensing of Environment, 41, 35-44.

Gamon JA, Rahman AF, Dungan JL, Schildhauer M, Hue-
mmrich KF (2006). Spectral Network (SpecNet) —What
is it and why do we need it? Remote Sensing of Environ-
ment, 103, 227-235.

Gamon JA, Surfus JS (1999). Assessing leaf pigment content
and activity with a reflectometer. New Phytologist, 143,
105-117.

Gao BC (1996). NDWI—A normalized difference water index
for remote sensing of vegetation liquid water from space.
Remote Sensing of Environment, 58, 257-266.

Gao BC, Goetz AFH (1995). Retrieval of equivalent water
thickness and information related to biochemical compo-
nents of vegetation canopies from AVIRIS data. Remote
Sensing of Environment, 52, 155-162.

Gitelson A, Merzlyak MN (1994). Spectral reflectance changes
associated with autumn senescence of Aesculus hippocas-
tanum L. and Acer platanoides L. leaves spectral features
and relation to chlorophyll estimation. Journal of Plant
Physiology, 143, 286-292.

Gitelson AA, Keydan GP, Merzlyak MN (2006). Three-band
model for noninvasive estimation of chlorophyll, carote-
noids, and anthocyanin contents in higher plant leaves.
Geophysical Research Letters, 33, doi: 10.1029/2006GL
026457.

Gitelson AA, Zur Y, Chivkunova OB, Merzlyak MN (2002).
Assessing carotenoid content in plant leaves with reflec-
tance spectroscopy. Photochemistry and Photobiology, 75,
272-281.

Grace J, Nichol C, Disney M, Lewis P, Quaife T, Bowyer P

www.plant-ecology.com

(2007). Can we measure terrestrial photosynthesis from
space directly, using spectral reflectance and fluorescence?
Global Change Biology, 13, 1484-1497.

Graeff S, Claupein W (2007). Identification and discrimination
of water stress in wheat leaves (Triticum aestivum L.) by
means of reflectance measurements. Irrigation Science,
26, 61-70.

Guo JM, Trotter CM (2004). Estimating photosynthetic
light-use efficiency using the photochemical reflectance
index: Variations among species. Functional Plant Biol-
ogy, 31, 255-265.

Holben BN, Schutt JB, McMurtrey 111 J (1983). Leaf water
stress detection utilizing thematic mapper bands 3, 4 and 5
in soybean plants. International Journal of Remote Sens-
ing, 4, 289-297.

Hunt Jr ER, Rock BN (1989). Detection of changes in leaf wa-
ter content using near- and middle-infrared reflectances.
Remote Sensing of Environment, 30, 43-54.

Imanishi J, Sugimoto K, Morimoto Y (2004). Detecting drought
status and LAI of two Quercus species canopies using de-
rivative spectra. Computers and Electronics in Agricul-
ture, 43, 109-129.

Inoue Y, Morinaga S, Shibayama M (1993). Non-destructive
estimation of water status of intact crop leaves based on
spectral reflectance measurements. Japanese Journal of
Crop Science, 62, 462—-469.

Jacquemoud S, Biswal F (1990). PROSPECT: A model of leaf
optical properties spectra. Remote Sensing of Environment,
34, 75-91.

Kramer PJ, Boyer JS (1995). Water Relations of Plants and
Soils. Academic Press, San Diego, USA.

Lee YJ, Yang CM, Chang KW, Shen Y (2007). A simple spec-
tral index using reflectance of 735 nm to assess nitrogen
status of rice canopy. Agronomy Journal, 100, 205-212.

Li H, Lascano RJ, Barnes EM, Booker J, Wilson LT, Bronson
KF, Segarra E (2000). Multispectral reflectance of cotton
related to plant growth, soil water and texture, and site
elevation. Agronomy Journal, 93, 1327-1337.

Li XF, Han TT, Dong Y, Wu M, Shen X (2011). Relationships
between spectral reflectance and pigment or nitrogen con-
centrations in leaves of Prunus virginiana ‘Schubert’.
Scientia Silvae Sinicae, 47(8), 75-81. (in Chinese with
English abstract) [4=%5 &, ®iflifl, T|EE, %2, ik
(2011). SRMBAZE I A 3K R RS R S TG O R
AR SGHE. #Rolk Bl A, 47(8), 75-81.]

Liu GH, Huang JQ, Pan CX, Wang ZJ, Zheng BS, Jin SH
(2011). Analysis of the nitrogen levels in leaves of Hick-
ory seedling by reflectance spectra. Scientia Silvae Sini-
cae, 47, 165-171. (in Chinese with English abstract) [*/#
e, SRR, VAR, EIEMN, MRS, eFAME (2011).
HE TS5 G I LA Bk 4l B R E IR RO . MRk
Bl 47, 165-171.]

©UI 00000 Chinese Journal of Plant Ecology



Merzlyak MN, Gitelson A (1995). Why and what for the leaves
are yellow in autumn? On the interpretation of optical
spectra of senescing leaves (Acer platanoides L.). Journal
of Plant Physiology, 145, 315-320.

Merzlyak MN, Gitelson AA, Chivkunova OB, Rakitin VY
(1999). Non-destructive optical detection of pigment
changes during leaf senescence and fruit ripening. Physi-
ologia Plantarum, 106, 135-141.

Milton NM, Eiswerth BA, Ager CM (1991). Effect of phos-
phorus deficiency on spectral reflectance and morphology
of soybean plants. Remote Sensing of Environment, 36,
121-127.

Minolta K (1989). Chlorophyll meter SPAD-502. In: Radio-
metric Instruments Operations ed. Instruction Manual.
Minolta, Osaka, Japan.

Muttiah RS (2002). From Laboratory Spectroscopy to Remotely
Sensed Spectra of Terrestrial Ecosystems. Springer,
Dordrecht, Netherlands.

Nichol CJ, Huemmrich KF, Black TA, Jarvis PG, Walthall CL,
GraceJ, Hall FG (2000). Remote sensing of photosyn-
thetic-light-use efficiency of boreal forest. Agricultural
and Forest Meteorology, 101, 131-142.

Osorio J, Osoério ML, Romano A (2012). Reflectance indices as
nondestructive indicators of the physiological status of
Ceratonia siliqua seedlings under varying moisture and
temperature regimes. Functional Plant Biology, 39,
588-597.

Pan PF, Yang WN, Dai XA (2013). Vegetation moisture con-
tent model based on principal component analysis. Remote
Sensing for Land & Resources, 25(3), 38—42. (in Chinese
with English abstract) [EiJF, #uiE, fBEE (2013).
BT E R o AT B RA A K AR A [ R
25(3), 38-42.]

Panigada C, Rossini M, Meroni M, Marzuoli R, Gerosa G,
Colombo R (2009). Indicators of ozone effects on Fagus
sylvatica L. by means of spectroradiometric measure-
ments. Rivista Italiana di Telerilevamento, 41, 3-20.

Peguero-Pina JJ, Morales F, Flexas J, Gil-Pelegrin E, Moya |
(2008). Photochemistry, remotely sensed physiological re-
flectance index and de-epoxidation state of the xanthophy!ll
cycle in Quercus coccifera under intense drought. Oecolo-
gia, 156, 1-11.

Peng T, Yao G, Gao HY, Li PM, Wang WW, Sun S, Zhao SJ
(2009). Relationship between xanthophyll cycle and pho-
tochemical reflectance index measured at leaf or canopy
level in two field-grown plant species. Acta Ecologica
Sinica, 29, 1987-1993. (in Chinese with English abstract)
(20, Bb), ke, MG, AR, b, B
(2009). My G RG4S UM HEHS MR R R
MR R, AR, 29, 1987-1993.]

Pefiuelas J, Baret F, Filella | (1995a). Semi-empirical indices to
assess carotenoids/chlorophyll a ratio from leaf spectral
reflectance. Photosynthetica, 31, 221-230.

XS RHA SR GRS K o AR BB A Y BT ERE 89

Pefiuelas J, Filella I, Gamon JA (1995b). Assessment of photo-
synthetic radiation-use efficiency with spectral reflectance.
New Phytologist, 131, 291-296.

Pefiuelas J, Gamon JA, Fredeen AL, Merino J, Field CB (1994).
Reflectance indices associated with physiological changes
in nitrogen- and water-limited sunflower leaves. Remote
Sensing of Environment, 48, 135-146.

Pefiuelas J, Inoue Y (1999). Reflectance indices indicative of
changes in water and pigment contents of peanut and
wheat leaves. Photosynthetica, 36, 355—-360.

Pefiuelas J, Inoue Y (2000). Reflectance assessment of canopy
CO, uptake. International Journal of Remote Sensing, 21,
3353-3356.

Pefiuelas J, Llusia J, Pinol J, Filella I (1997a). Photochemical
reflectance index and leaf photosynthetic radiation-use-
efficiency assessment in Mediterranean trees. Interna-
tional Journal of Remote Sensing, 18, 2863-2868.

Pefiuelas J, Munné-Bosch S, Llusia J, Filella I (2004). Leaf
reflectance and photo-and antioxidant protection in
field-grown summer-stressed Phillyrea angustifolia optical
signals of oxidative stress? New Phytologist, 162,
115-124.

Pefiuelas J, Pinol J, Ogaya R, Filella I (1997b). Estimation of
plant water concentration by the reflectance Water Index
WI (R900/R970). International Journal of Remote Sens-
ing, 18, 2869-2875.

Rascher U, Nichol CJ, Small C, Hendricks L (2007). Monitor-
ing spatio-temporal dynamics of photosynthesis with a
portable hyperspectral imaging system. Photogrammetric
Engineering & Remote Sensing, 73, 45-56.

Rollin EM, Milton EJ (1998). Processing of high spectral reso-
lution reflectance data for the retrieval of canopy water
content information. Remote Sensing of Environment, 65,
86-92.

Rouse JJ, Haas RH, Schell JA, Deering DW (1974). Monitoring
Vegetation Systems in the Great Plains with Erts. NASA
Special Publication, Washington, USA. 309.

Sampson PH, Zarco-Tejada PJ, Mohammed GH, Miller JR,
Noland TL (2003). Hyperspectral remote sensing of forest
condition: Estimating chlorophyll content in tolerant
hardwoods. Forest Science, 49, 381-391.

Sandholt I, Rasmussen K, Andersen J (2002). A simple inter-
pretation of the surface temperature/vegetation index space
for assessment of surface moisture status. Remote Sensing
of environment, 79, 213-224.

Sellers PJ, Dickinson RE, Randall DA, Betts AK, Hall FG,
Berry JA, Collatz GJ, Denning AS, Mooney HA, Nobre
CA, Sato N, Field CB, Henderson-Sellers A (1997). Mod-
eling the exchanges of energy, water, and carbon between
continents and the atmosphere. Science, 275, 502-5009.

Shen Y, Niu Z, Wang W, Xu YM (2005). Establishment of leaf
water content models based on derivative spectrum vari-
ables. Geography and Geo-Information Science, 21(4),

doi: 10.17521/cjpe.2015.0267

©UI 00000 Chinese Journal of Plant Ecology



90 FMIEAZM Chinese Journal of Plant Ecology 2016, 40 (1): 80-91

16-19. (in Chinese with English abstract) [Fi i, 28, £
B, R (2005). H T-SHOERAR RE 5K R
Hgar. RS R DR, 21(4), 16-19.]

Sims DA, Gamon JA (2002). Relationships between leaf pig-
ment content and spectral reflectance across a wide range
of species, leaf structures and developmental stages. Re-
mote Sensing of Environment, 81, 337-354.

Sims DA, Gamon JA (2003). Estimation of vegetation water
content and photosynthetic tissue area from spectral re-
flectance: A comparison of indices based on liquid water
and chlorophyll absorption features. Remote Sensing of
Environment, 84, 526-537.

Stone ML, Solie JB, Raun WR, Whitney RW, Taylor SL,
Ringer JD (1996). Use of spectral radiance for correcting
in-season fertilizer nitrogen deficiencies in winter wheat.
Transactions of the ASAE, 39, 1623-1631.

Stroppiana D, Boschetti M, Brivio PA, Bocchi S (2009). Plant
nitrogen concentration in paddy rice from field canopy
hyperspectral radiometry. Field Crops Research, 111,
119-129.

Stylinski C, Gamon J, Oechel W (2002). Seasonal patterns of
reflectance indices, carotenoid pigments and photosynthe-
sis of evergreen chaparral species. Oecologia, 131,
366-374.

Szilagyi J (2000). Can a vegetation index derived from remote
sensing be indicative of areal transpiration? Ecological
Modelling, 127, 65-79.

Tarpley L, Reddy KR, Sassenrath-Cole GF (1999). Reflectance
indices with precision and accuracy in predicting cotton
leaf nitrogen concentration. Crop Science, 40, 1814-1819.

Tian YC, Yang J, Yao X, Cao WX, Zhu Y (2010). Monitoring
canopy leaf nitrogen concentration based on leaf hyper-
spectral indices in rice. Acta Agronomica Sinica, 36,
1529-1537. (in Chinese with English abstract) [FH7ki,
mAs, WhEE, WAL, K (2010). FIHIM: Aok e
H R RERE AR I 2 S B EY)AE AR, 36, 1529-
1537.]

Tian YC, Zhu Y, Cao WX, Dai TB (2004). Relationship be-
tween canopy reflectance and plant water status of wheat.
Chinese Journal of Applied Ecology, 15, 2072-2076. (in
Chinese with English abstract) [FHAGER, A, TR,
WS (2004). /N TE J2 SHOE T B RRARR K 23R G0 Y
KA. WHERR, 15, 2072-2076.]

Tyree MT, Jarvis PG (1982). Water in tissues and cells. In:
Lange OL, Nobel PS, Osmond CB, Ziegler H eds. Physio-
logical Plant Ecology II. Springer, Berlin. 35-77.

Ustin SL, Roberts DA, Pinzén J, Jacquemoud S, Gardner M,
Scheer G, Castafieda CM, Palacios-Orueta A (1998). Es-
timating canopy water content of Chaparral shrubs using
optical methods. Remote Sensing of Environment, 65,
280-291.

Verhoef W (1984). Light scattering by leaf layers with applica-

www.plant-ecology.com

tion to canopy reflectance modeling: The SAIL model.
Remote Sensing of Environment, 16, 125-141.

Veroustraete F, Sabbe F, Eerens H (2002). Estimation of carbon
mass fluxes over Europe using the C-Fix model and Euro-
flux data. Remote Sensing of Environment, 83, 376-399.

Wang FM, Huang JF, Wang XZ (2009). Normalized difference
ratio pigment index for estimating chlorophyll and carte-
noid contents of in leaves of rice. Spectroscopy and Spec-
tral Analysis, 29, 1064-1068. (in Chinese with English ab-
stract) [FARE, MAE, £52 (2009). KFEM R4
= R PRSERMAEH L ORTBEII. i
2 55618504, 29, 1064-1068.]

Wang Y (2008). Information Extraction of Rape Nitrogen
Concentration Using Remotely Sensed Data at Different
Levels. PhD dissertation, Zhejiang University, Hangzhou.
(in Chinese) [ (2008). N RIZKF-iHh 2 7 3% 2 i 1% K
5 BBRIBOT RIS, 22 AR50, WK, B

Wang ZH, Liu JD, Liu L, Wu DR, Qiu MJ, Feng YD (2013).
Regional agro-drought simulation based on remote sensing
technology. Bulletin of Soil and Water Conservation,
33(5), 96-100, 122. (in Chinese with English abstract) [+
IR, RIEEKR, RIES, BRESR, BESEE, £k (2013).
B i AP SN WA Ry s 2N O N e 3
FriK, 33(5), 96-100, 122.]

Wu ZY, Niu Z (2008). Review of retrieval light use efficiency
using photochemical reflectance index (PRI). Journal of
Plant Ecology (Chinese Version), 32, 734-740. (in Chi-
nese with English abstract) [25FH, 4% (2008). Jtik
AR AR RE R 2 OB LR g AL
AR, 32, 734-7401]

Xu GP, Wu XB, Liu F, Wang YK, Gao Y, Zuo ZJ, Wen GS,
Zhang RM (2014). The correlation between the pigment
content and reflectance spectrum in Phyllostachys edulis
leaves subjected to high temperature. Scientia Silvae Sini-
cae, 50(5), 41-48. (in Chinese with English abstract) [
BOT, SR2EBE, x0Ty, EER, s, AR, RE M,
FKITEE (2014). mlbfia R BT v iR SR RO
JCREIIAHSCTE. MRk RS, 50(5), 41-48.]

Xu HY, Jia JH, Liu LY, Peng DL, Li CJ, Wu YP (2015).
Drought monitoring in Huang-Huai-Hai Plain using the
multi-drought indices. Remote Sensing Technology and
Application, 2015, 30, 25-32. [fRJha, e, XK=,
PACE, B, RROF (2015). HET LT RN
BRSPS T S, BB 5 T, 30, 25-32.]

Yang J, Tian YC, Yao X, Cao WX, Zhu Y (2010). Estimating
leaf carotenoid content with hyperspectral parameters in
rice. Chinese Journal of Plant Ecology, 34, 845-854. (in
Chinese with English abstract) [# 7, HKiB, Wiz, W
A, RHE (2010). AT RDGHE S EU KRG K]
2 NFEEE YA, 34, 845-854.]

©UI 00000 Chinese Journal of Plant Ecology



Yi SL, Deng L, He SL, Zheng YQ, Mao SS (2010). A spectrum
based models for monitoring leaf potassium content of
Citrus sinensis (L) cv. Jincheng orange. Scientia Agricul-
tura Sinica, 43, 780-786. (in Chinese with English ab-
stract) [ZIfk, X%, f[4H2%, AR, BV (2010).
HREH S O MRS, T E AL R, 43,
780-786.]

Yoder BJ, Pettigrew-Crosby RE (1995). Predicting nitrogen and
chlorophyll content and concentrations from reflectance
spectra (400-2500 nm) at leaf and canopy scales. Remote
Sensing of Environment, 53, 199-211.

Yu GR, Miwa T, Nakayama K, Matsuoka N, Kon H (2000). A
proposal for universal formulas for estimating leaf water
status of herbaceous and woody plants based on spectral
reflectance properties. Plant and Soil, 227, 47-58.

Yu TX, Luo HX, Zou YQ, Wang J (2014). On correlation be-
tween leaf spectral reflectance and agricultural parameter
of Beibei 447 Jincheng orange leaves. Journal of South-
west China Normal University (Natural Science Edition),
39(5), 33-37. (in Chinese with English abstract) [ KEz,
BUE, AR, TR (2014). JLR5A4THRE I A2
S5 I G AR DG PERIF I, 4 R O R 2 A
(B #REH#AR), 39(5), 33-37.]

Zarco-Tejada PJ, Miller JR, Mohammed GH, Noland TL
(2000a). Chlorophyll fluorescence effects on vegetation
apparent reflectance: 1. Leaf-level measurements and
model simulation. Remote Sensing of Environment, 74,
582-595.

Zarco-Tejada PJ, Miller JR, Mohammed GH, Noland TL,
Sampson PH (2000b). Chlorophyll fluorescence effects on
vegetation apparent reflectance: 1l. Laboratory and air-
borne canopy-level measurements with hyperspectral data.
Remote Sensing of Environment, 74, 596-608.

Zarco-Tejada PJ, Pushnik JC, Dobrowski S, Ustin SL (2003a).
Steady-state chlorophyll a fluorescence detection from

XS RHA SR GRS K o AR BB A Y BT ERE 91

canopy derivative reflectance and double-peak red-edge
effects. Remote Sensing of Environment, 84, 283-294.

Zarco-Tejada PJ, Rueda CA, Ustin SL (2003b). Water content
estimation in vegetation with MODIS reflectance data and
model inversion methods. Remote Sensing of Environment,
85, 109-124.

Zhang J, Wu JJ, Zhou L, Lei TJ, Liu M (2012). Comparative
study on remotely sensed methods of monitoring agricul-
tural drought based on MODIS data. Remote Sensing In-
formation, 27(5), 48-54. (in Chinese with English ab-
stract) [7Kil, sUE%, F%, wIRA, X0 (2012). JE
T-MODISH I 1 A b 54 W 7 v X EE A0 A, B I
K, 27(5), 48-54.]

Zhang X, Liu LY, Zhao CJ, Zhang B (2003). Estimating wheat
nitrogen concentration with high spectral resolution image.
Journal of Remote Sensing, 7, 176-181. (in Chinese with
English abstract) [7Kki#, XIR =, &FIL, K& (2003).
R FH 6 T S P £ D R . BRI, 7,
176-181.]

Zhu WJ (2014). Study on Determination of Nitrogen, Phospho-
rus, Potassium Content and Interactive Effect in Green-
house Tomato Leaves Using Polarized Spectra-
Hyperspectral Multidimensional Optical Information. PhD
dissertation, Jiangsu University, Zhenjiang. (in Chinese)
[RICHR (2014). T fdhe- w22 4E6 A5 B 7 i 4
(02N G R (YR IR S B wie VA s S W N
BUL]

Zhu Y, Yao X, Tian YC, Liu XJ, Cao WX (2008). Analysis of
common canopy vegetation indices for indicating leaf ni-
trogen accumulations in wheat and rice. International
Journal of Applied Earth Observation and Geoinforma-
tion, 10, 1-10.

THERZ 2 i M

MAET S WMiERE S
W A2 2 R A
M As B 5 A 3 xSV

ounoonono

doi: 10.17521/cjpe.2015.0267

Chinese Journal of Plant Ecology





