B P R B G R TA ST B R R R S

FI A s iR R K E A
(—) KIEREHER KGR T

Studies on Application of Spectroradiometry
on Drought Damage Measurement.

I. Analysis of Reflectance Spectrum of Rice Canopy

RHEgA: W @A O ES
SFERE: CWBS6-2M-01

ST: 85427 7 1 I 86426 H 30 H
REERA AL

WRREREA: ARG - BI6IR
BYBEA i BRECA « ZHE - RO

BTEA: HERERKREY - BEARSGARR
HERBIATAEAH=ZTH



RREE i
AR
ElE]
AR
FE AR
5| FzRR
F<—(Table 1)
[B[—(Fig. 1)
B (Fig. 2)
B = (Fig. 3)
BT (Fig. 4)
[ 11(Fig. 5)
&7~ (Fig. 6)

&k

~] b WY e

- 10

11
13
14
15
16
17
18
19



MR Rk R R E R
(7K TSI R S RT3 07

M

TRt RS R R ARt v S e BB LS, AR Ry
BGOSR RS 199658 — » IHRES A B IR, BUEST -
TR IR B A H I R - MR B - POTATAOG U LB ST e
BIIRRR - ST R R IR R RE M 1A350~1100 nm » RIS - WRGA
RIS R - SRR, ATEmE R A GERNE R AT Rk
ER(350~700 nm)EEE M » BT EHA R AN, - HERRF AR B LM/ MY
15% o ITALAGIEER(740~1100 nm)S4 LA 24 B B 1E30-55%HEE
i - LA B EUEE R e IRETLLfESHE - BRSERLDE(674 nm) BRI (756
oy R BB E B EE A B (ND V) ~ THSAERELR VD) ~ 1388
TEAEAGFEEU(SAVI) « RIEMHEBEOVDELERR - EfEBfE eEE s
RETLSER AR, WTEHRE— - ZERMENAERZEZ IFNEZ - DINDVI
B, EiSE B BB i, MImEialE s st - AFESmE
FEBELTAAEBA756 nmE B BB LERI R Mitscherlich functionx” ¥R
A AR, nHIARMEEARS S £ E R, -

BREER: AF8 - R - RO - B - REdal - FEmRdEs -



Studies on Application of Spectroradiometry
on Drought Damage Measurement.

1. Analysis of Reflectance Spectrum of Rice Canopy

ABSTRACT

The reflectance spectrum of crop canopy changes with time and space and is a
function of growth status. Analysis of reflectance spectra of a crop during the growing
period can help in characterizing and evaluating the spectral property and growth
performance of that crop. Field experiments were cartied out to remotely measure and
analyze the reflectance spectra, in the range of 350-1100 nm, of rice canopy in the first
and the second growing seasons of 1996. Data indicated that, except in the early
growth and grain-filling stage, reflectance within 350 to 700 nm region was lower than
10% in both crops. Reflectance of wavelengths above 740 nm was maintained in 30-
55%. By using two specific wavelengths of 674 nm (red light) and 756 nm (near-
infrared) in calculating the vegetation indices, it was found curves of NDVI (normalized
difference vegetation index), RVI (ratio vegetation index), SAVI (soil adjusted
vegetation index), and DVI (difference vegetation index) were belil-shaped after
transplanting. Difference in vegetation index between two crops was due mainly to the
growth rate of rice plants. When normalization with unit time, however, changes of
NDVI were similar in both crops. Reflectance in the near-infrared (for example, 756 nm)
was suitable for estimating LAI (leaf area index), and their relationship was propesly
fitted to the inverse of the Mitscherlich function,

Key words: Rice, Canopy, Reflectance spectrum, Reflectance, Vegetation index,
Leaf area index.
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Bl ISR - ST B ERINRETME - W E T - RAKER
HESEMTEEE - RS EEREEE R B EEIRRERE - AARIE - BRIk
S Bl (Barrett and Curtis, 1982)+ S YERIE i EERiEEE (clectromagnetic energy)
BPI—RERER - H B B EEERASH(< 400nm) ~ F[53(400~7000m) -
ST E(700~13000m) ~ B H AR 6(1300~25000m)3E - 15 BRI TRl A
B b A A B S Y R B AR SO RSB A (Fuchs, 1990) - BAE#RZ
B GEEAT - BEEEONIRI I B I B LB (L SR R e B R R R A R 4]
TEBR(Bauer, 1975; Walburg et al., 1982; Ma et al., 1997, Masoni et al., 1997), T4
[EI RSB LT a T S BB i Bl vegetation index)HIZEMEHIYRT SAE
BABODENEER - S - AoaE - ABR - R SE - MRS
FAREEYSRE  HHEETRAREYEENIERBERENME
(Kanemasu, 1974; Tucker et al., 1979; Elvidge and Chen, 1995; Price and Bausch,
1995) -

SRR DE RN R O 2, RHE SR - FRITRIZZ0HE) -
B AR - NSRBI PR B AR, BB, AR
R GRE R ZE AR BEROIRS] - DL SPOT R RS - M- Blo %
FTHEATIEES 20 m X 20 m, MESEAAIKE - Fok - HEEFATIEASHIRIEY -
— R YR B R AT B, T E RO TR 2R R
A0S - TSNS S R - ARG E - KR - RZ2ih)Ek
Fi R B R RRAT R R AT A TGE, R AoEmE e A
VIt E R ORI, SRR IERERELIAEST - PSRt LIS I -
BT AR R R T R A e R AN R R R RS RIS R
BRSO B YT - HUEDE T DIFE R R E BT, (RO
R R A P SRR R RIS R, IR B S LR T
SETE o W AR A R, - REREN YRR R R
M, E R RS TR FESRRI TR R B AR (DR
(Barrett and Curtis, 1982) - HEBIPHBIHITEREN < AHFFLIRIAN, AT -

FERE BR RS B R R 228 T 22 #R 2 E FR i B (multispectral scanner,
MSSYF G RIER - BREME R EASRE - FIAIRAE T 2 H(percent
green cover) - IEERETEE « WHOLA RS (absorbed photosynihetically active
radiation) * ¥RHIRREE Y (net primary productivity) « ZEREE ~ WEER - IR
BRI - Elvidge and Chen (1995yYS B HA MBS - AABRAE
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HEFELTEEZE(NDVI) - HHEREARHHEBI(SAVI) ~ fESHESETLRVI) BARBEE
S (DVDEUIER] R BT E R TS e R 2, 2
VA A AT S AR, DU R R B R I B2
EHE R TER -

KSR EEMERSTERA - EERRREEY  DERERIvES
rEysEag - SR TR - RN - SRR EEED R TS
RESERTRE - WIEEHS A - EETE - FRMERESRUMRIIER
(E, 1977), THEEZ BRE/KRIER £ TR RS THtEEIDRE
ot - AR S B R S R A I TR THISCRERR - 47
ARG  TTR BSOS B — - “HifarrayEl - SERERIE Rt
HHRBAUOE, I R BRI G ERH LEHIRR -

B S : LAT: leaf area index (BETEFEFSEY) - NDVI: normalized difference vegetation
index (FZYERE#ETEEZS), RVL ratio vegetation index (fEHEHEEL L), SAVI: soil
adjusted vegetation index (R IEAE#HTE), DVI: difference vegetation index (i
HASEEE) -
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WG - FRAGEE) - B HIRSIEE 19968 HS HiEEL - REFEE11H 18H HHE -
4 F ASEEET106K - RB YRR E R R BT - SRS TIRIE0.26 m
X 0.20 m - JERE T K PS4 BB T 2 M3 O S ek » JEF B4 55400 kg ha';
HTRERTE A R FR200 kg ha” - LR ERIERE —HNEH | EERFI8%EES
RII(5%, S-(4-chlorobenzyt)-N,N-diethylthiocarbamate; 3%, 2-chloro-2’,6-diethyl-N-
(butoxymethyl)acetanilide), 3830 kg ha™', THEBERA~6BTATRE X - =
RSV R M = RS 545% 1) S MBI Triphenyltin acteate), HEFIE1 kg ha'', 7
ERAZE1000X, DGR R FARA -

= - BERE

FORTAAERE S A T IR TR ER AR TR ER) - T -EFRL
SEETATCEAEMEIR - TEE B 4 BER - BB  TEAE Rt EER S IR UARE -
58 - FEMEA R #(model LI-3000A, LI-COR Inc., USAHIE, #EHEH#E
80°CHEE72 WA, TIZEEREEEE DIZEmAER DUGR 3 R i - SiEs
1Ak T RS R-4 B SR R R KR RE - SRR ES11:00
ST 1308 RGE KA EREE RS S OGN D), DS AR ML
EFASEIAES A ST A HYT48(ZE » 1995; Boochs, 1986) - JEAERMEHILIRETT 208
SEREHF#a(spectroradiometer, model LI-1800 » LI-COR Inc., USA)RRZ » SMEEAIE
eSS (quartz fiber-optic probe) B FEERT 2 ¥(remote cosine receptor)EHY
B 771 mak PSR « FHRE EEE R /M 350~1100 nm @ ffE2
nm » SHEBBEDBEI~SK  EFIFERIE S GRS R B AR HIROLREST -
BT REDERAE - T ER RN LR EERAOGES BB R A
B H YRR - S54Nobel (1983)75757%350~1100 nmiE S5 ELSFRE 7 /A8
PEY - SF1ES400 niBLUTRYSEAE » 400~425 nmiRATERYE ~ 425~490 nm
W EREDY ~ 490~-5607F 2EIFEE ~ 560~-585nmIFRAYEDE » 585~-640nmiZ Ay
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T ~ 640~-740nmIF AL B 740~-1100nmIF TR » B ER &
PEPR Y ERAEE, DA e BN A 4 P B L 3 -

TSR S B R B M BAR, e A B R R
rEe, AEBRETRAUEAEEELE Y (DEEMEGHEEE (NDVD,
NDVI= (NIR-RED)/(NIR+RED), (2) - B IEREMHEEL (SAVI), SAVI= (NIR-RED)
X 1.5/(NIR +RED+0.5), GME#EIEEIE (RVI), RVI=NIR/RED, (4)E#GEHE
(DVI), DVI=NIR-RED ° HANIREE BITHIAERT756 nm fHE K ETEL, RED
BFF AL TR674 nm A BT E(Blvidge and Chen, 1995) - BfEtGiERE L
IS E R R R (bestfitted curve), DL REIEAEA HiRERHER
pyEl R - NRIhE — - HIRfE2 AERe s B0 R A R, D
NDVIEF, e 2 e O (Eh 4 FHEE 5 100 A1 B E (unit time), FF
15 7 HT RS PEND VIAE 5 5 BT i AR RfH B B B bL R (BN B2 5 RR) T LU HE{L
{normalization) °

S R R A L B TR RS B (leaf area index)El FLENRRAA, TrliEss
EHLRLAS G756 nmiZ SR N AT LLRZR G AR RQADE L - L
Mitscherlich function (Y=A-b x exp(-kt)) KBRS (I EEBIHEED,
LAI= (-1/a) x In (1-Ry / Reo_ i), ERETEHBHME, BREIAAEELALZ R
(Clevers, 1986)  Erl a FIREE » R, 3 RLATBRTHIR ANBIALA CIREIH L
TR A -
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58

Taiz and Zeiger (19918 HTERRITRAIE T SR R ARG R
EEER - AR BAEHE RSB RIG(350~700 nm)BY Ry - B BERERTE
R o HTE S SRR RO R T HOB B i L B AR (2265%) + JLLL
BOE BRI R AR BB (R SR al R R NG {E430 50660 nmaH A — &k -
BERRIRTRICHR FRIEA60 52640 nmlfisiT) » T 8 SAREETFRATE400~500 nmPETHIE -
HiE, BT RERA RSB R EMOER#550 nm)BAAESEY, B
BOCEREIRMUAT S IR, METRIE - M7ESSRETRS - Ml
R - FAER A BESNETERY, RIS BT -

UTHRL /MG BT R S B ELAE fRiR e i B IR EoHEs, Eamitiiniikas
B E, S FR(E D) - KRR RS R R TTAEIE, S
RT3 ih Bl -+ 398 e TRt s S B L B (S Guyto, 1990), BEERIZATERZHE
FFIE30~55%:2 [ + TIFAIER920 nmy2 #75 —BARERY TR - 2960 nmLAEFE
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#F45(Gausman, 1982; Maas and Dunlap, 1989; Guyto, 1990; Walter-Shea, et al,
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BRI - AL A ST GRS REAR SREHERE N REE, ST a®
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HHEITEARER, MR E T e B L 2 SR AR - tuqe
TERHERER A T H BRI ERR - Hrh X DIND VIR SAVIRG & i
£ (R2>0.94) - ELEFHAMERTE RS2 R RN SRR MR R R
A RGEHRINE, ASUEA 1996 ERBER £ F IR ERME
o R Y B ARNE A E BT L7, B CISEERa AR - —
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HEAE, TRERREE R H AR P RIS E R R - ARSI —
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Murata 1 Matsushima(1975) AR UCEBEI LS EY PR LEY
2 DU TR I A R R S S T VBB B R E - TR
ERENLER - SHEREEERAEN - HERRERESAERASERT T
B - fj— « ZEARAfE S B RN R RR ARG, RTRREE M —
BRI R BN RS hEmR, MR e, SRR sRETR
RS R MBS, —HIRRIEIRIR RIS SRRl - SRR B
BIIMA ~ BERAR, TRERIERNRFIREkA R, MRy
FEESRETREG, 1980) - BUAREL— - ZHBfEEE RS
FESFEREYRE, R MEEINISRAER, A RS ERERREY
AF HBE S - DINDVIEY - B— R EHR AERXY= 012740023 X-
1.519%10™ X% (R%= 0.94™) B —EAF/EdhgR Y= 0.256+0.022 X-1.831x10™ X*
(R%=0.96 Y FLI—X# 1% - HI—HIRBIER A ER 741K - ZHIRa/rHIRe1 2
Ko ERAESHEN— - RN EEEE, - DIEEHERRER - R
FRIATAIERNDVIAR R T RS E B RS R4, s —80 #
BERALE - Bit, FEAERE RN (R HMAEE IE R 1008 A7,
R EERE/END VIS SR B B B EL SR (B ) FRURYEL, R A0E
F - EEE— - THIFEENND VISHERSEE AR - HERRIRRSSK  ER
DL R R R R B i e B R TR RO, I SRR s B
HIIEZCIER -

RS RARE T ENEEEASRE, ERNEEE RS IIRERY
EEUEE, RIS B TR E R (biomass) B RIERE, MR ERAMEHE
WEENZF - AR R RS e R, A REE DR REERN
W FEE - FI R PRI R B G Re Al SE TR B B ©ARE 2 AFSE R P fE(Clevers,
1986; Barei and Guyot, 1991; Price and Bausch, 1995) o ZX3HFFZED Mitscherlich
function ST EMBRAFEEREE LA (-1/a) x In (I-Ry/R o i YRS AEER RS LL
FeRERGITAL A BT AE FEBIRAR - IR, R AR
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Table 1. The dry weights of plant parts and leaf area index (LAT) of tice cultivar, Taimmg No.67,
grown at Taiwan Agricultural Research Institute Experimental Farm, Wufeng, in the first and the
second crops of 1996,

DAT® Culim Leaf Panicle Aboveground LAI
gpl’
the first crop
22 0.22 0.33 1.29 0.16
39 2.75 2.23 4,98 0.74
49 9.64 7.23 16.87 2.30
55 871 6.16 14.87 295
61 15.19 9.64 24.83 4.52
0 16.67 10,60 2727 4,88
77 23.52 10.37 33.80 445
83 32.98 12.55 45.53 5.17
90 3366 14.14 7.92 55.72 5.36
97 36.44 10.79 7.14 54.37 3.62
104 35.99 9.78 1951 6568 3.57
111 36.74 187 31.75 76.36 2.62
the second crop
24 1.00 0.79 1.79 0.43
31 2.00 1.73 3.73 0.81
37 4.29 424 8.52 1.9
46 9,16 7.40 16.57 3.55
52 12.25 9.24 21.50 420
59 18.07 ©1129 29.36 4,56
66 26.08 13.79 0.75 40.62 5.60
72 24.45 o 1243 3.96 40,84 4.83
79 2545 11.82 10.08 47.34 420
89 20,60 882 24.03 53.45 ' 3.23
94 19.32 7.90 27.37 54.59 2.94
102 17.61 562 29,98 5321 1.79

@DAT: davs afier transplanting
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1996.
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Fig. 6. LAI as a function of the near-infrared reflectance (756 nm) for rice cultivar
Tainung No.67 grown in the first (O) and the second (@) growing seasons of 1996



