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medinalis Guenee) Z HAWOCIHERI KIS E VI > [EYAEENRE (Pyricularia
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(e AT B Y3 77 (J& )T 3 (spectroradiometer, GER-2600 * Geophysical &
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R 0.929 Z 1 7E (%8 (determining factor or coefficient of determination,
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Y R > R HIESAE  nm AR 2 SOGTEL -

BREEEA © JKEE ~ TBENE (Pyricularia oryzae Cav.) ~ JEFIE (Cnaphalocrosis
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Bl (Variable-rate Application Technology)
F R EAG > 2000) - FEHEELSE 2 e kb
B FTT I A B R E M (7)) 1%
A D IR 15 Y A RERIEE - S
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11T Hp 8 B0 28 DU 245 HY B B (Goto,
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oryzae Cavara > A& AAPREE f ~ SCH K
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L o AEIRER T IURSE I L o RIRHEfE
e E R REHFEEZLAREAN - 5
REAHGESEAN - BUR R E ALEE
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LT 22 RIS ) 75 SRR 2R 52 50 T ) F S
B BT AT B LA oy (@) A T LA
RIGT KB & ER G L AT Y
I~ RS~ [ E BT B A
%o PERUERIEGEIR ~ EAE - [HEH
R > m RE SRR - K22
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2000; Yang, 2001; Yang and Cheng, 2001) °
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1) EE & S (Blackburn 1998; Curran ef al.,
1990; Elvidge et al., 1993; Ferns et al., 1984;
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B 2 [ ) SR R BRI R S R e A
BB F K2 — » —WIfa/ERAM 2 RRIR
B AAENME - A VE BAR RIS B
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77 BEHA R S SR B0 o REL A S B O 3
I > FH3% H il 2 S 28 75% » 1M
11220005 —HA1E 2 B0k e )4 S ik
FEEPUR < REAROCRE I > FH 38 E 2 e 7
AT 100% © #E L SOLahy - 5%
BURER 77 E 3 # R 2 S EEAN S T8 o R
Qere i 2 S F 15 E B o ELLLR MIRE

JEHE T 7 ELIE 0% (TEERFEIR) 22 25% 1N 55 (3%
1A) » FHE /\f s H e B iE 2 BE
WH Z H W SEAE B - B SRR o RS
PRZBEER9 » FHAE S o RS2
BRME DR - B SR 2 P Rt
{THEET M

RIA. TTHBR R G R BRATEABR 2555 2001 5 —Ja (F e = o0 BE U]
TRE L TG TERE B O 1 B R B HLE S 43 L o (Ff EH Yang and

Chang, 2002)

Table 1. The percentages of blast infected areas recognized visually in the

identified spots in the experimental plot at Taiwan Agricultural
Research Institute on April 19, April 23, and Aril 24, 2001. (Adapted

from Yang and Chang, 2000)

Percent infection (%)

No. of identified spots

0 (healthy check)
3
5
7
10
15
20
25

15

6
24
30
10
11

K1B. 1T Hbe R d R SE s B il B 22 5 12 2000 4F — B EE R 7 B 1) 3]
TR LTSS EPIE R 030 o (Fi H Yang ez al., 2002)
Table 1B. Classification of levels of rice canopy infested by leaf folder.(Adapted

from Yang et al., 2002)

Level Percentage of leaves infested (%)
0 (healthy check) 0
1 1-10
3 11-25
5 26-35
7 36-50
9 >50
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A SO FH 2 FH TR A =X o e A i
B¢ FE 5> M # (model GER-2600,
Geophysical & Environmental Research
Corp., Millbrook, NY, USA) B 10 i 4
(FOV)fmfiiBi e - i#ie e B AR {E(GER
2600 User Manual, 1996) o Jt.a i i i [
f12350-2500 nm > Z1H 6401 %= I B (H
WA R BT 5371 > bRAE R X BE
Bl > Horp 512 kY & R &5 5 H1330-1050
nm&FEZIE 1.5 nm) » 1281 PbS /&I 25H
H1050-2500 nm &G E (AT 11.5 nm) © £
FER] EJTME - AR B 2 O R AP 4
FAHZE BB (411550.22 nm F%F% 550 nm) »
A HE S (radiance) LA E HIEEE M E 2 12
#E 91 ('Spectralon', Labsphere, Inc., North
Sutton, NH, USA)& 8L S 5 ELEEE

TRV HEL A G 3 B T AR SF O 3 e B B
EE P RE 775 1.8 mig » EEEKK
0.3 mZ BN HE S8l S G e limaht - f ]
(EHEAE T4 R > BUFE - F— R
ORI 1 &SR BRI E R A E
FAH o HHIFRG S 2 AN E 3 5
PTIE > BELFRTIIEEE - DLZErT
et b o FHER I M S 2% %5 (T EAR ]
it 77 T (multiple linear regression (MLR)
analysis) & R H SAS A AL H#E (Statistical
Analysis System (SAS) version 8.1)(SAS
Institute, 1998) ° MLR 734743 A& H f {2
—JC ~ 7T K =T HE #R 8 1] A
Y =ata, R, Y,=ata R +a,R,,
Y,=a+a R +a,R,+a,R > A A8 B
(dependent variable)Yifs /&Y H 77 L (GERA
PN ) BIORE Y R (R BRI o B AR
(independent variable)Ri 2 & i 47 7€ 42K
BRZIGHEE o X EHEWOLEE HgE I =221
B R B GREEN (% ' IR B 2 IEE fiED) ~

and

RED(FL IR ER Z & E) ~ BNIRGEALYFE
W OBz g E ) o i B B O FE R B
NDVI(NDVI=(NIR-RED)/(NIR+RED) » &
#E 7= 4l 4 45 0) ~ RED/GREEN ratio ~
RED/NIR ratio ~ GREEN/NIR ratio > {5 %
RLERR SR E 22 B% (red edge mid point)
FAL SRR R (red edge slope) © RLYEHER
AR R E /N FARLE IR A BOERLI L
&2 f o

{h ~ BRI RIS E R B
FFIERIEHRZEE

IKFEE R 67 5 e MR ATTREL A S ST B 3
(350-2500 nm) Bz /B[R] 55K HE AR 2 B
S8 B 2 KA ST O REAE AR 1 o FHOE
i 2SR ARIZE R SO LR
A— FEIZEMEREEOE - KDa &
Kt 28 TR — Mk i) < AE
W2 (15 Befif > 1997 5 Meyers, 1983; Su
and Yang, 1999; Yang and Ko, 1997) ° —fi%
BRI BonT RO B 2 S5 B
1K > AL EIR B 2 SO B 5y o HoFm]
ROCIR B 2 SO ELAE Bl R 32 B RR O & Rk
tt1 % (photosynthetically active pigments).Z
5.2 (Fourty et al., 1996; Gausman, 1982;
Maas and Dunlao, 1989; Salisbury and Ross,
1969; Water-Shea and Norman, 1991) » ¥T#L
AR ER (the near infrared) < EE1R 52 ZI| i i
3G B AR AR ATt £ 2 1221l (Asner, 1998;
Gates et al., 1965; Water-Shea and Norman,
1991; Woolley, 1971) » FLHALIFHEEL AT
ot B 2 LRI K 0 & & KA RS S S
Ffr{f %€ (Barrett and Curtis, 1992; Woolley,
1971; Fourty et al., 1996) ° Hil&] 1 /x>
T B T PR R T R o HE O B it R A
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Fig. 1. Mean reflectance spectra (350-2500 nm) of hyperspectral resolution from rice (Oryza

sativa L. cv. Tainung 67) canopies infested with various percentages of leaf blast

(Pyricularia oryzae Cav.) (upper) and different levels of leaffolder (Craphalocrosis
medinalis Guenee) (lower). (Adapted from Yang and Chang, 2002; Yang et al., 2002)

1. 7KF(Oryza sativa L. cv. Tainung 67)FEH YA R ZEREEMH (Pyricularia oryzae Cav.) (L
I ) £ 53 B S R RPHE (Cnaphalocrosis medinalis Guenee)( T [&]) 345 e iR B 22 (I
#(350-2500 nm) ° (fi# H Yang and Chang, 2002; Yang et al., 2002)
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RS (EAHRR - Bl B U L R T 2 F 1E
FHRH o BERSERAR ST - HAHBRTEE SR
P E%(350-400 nm) K ALYF IR ER(740-2500
nm) =3 AT RS B (400-740 nm) o i AHH
B R (correlation coefficient, r)i/ /31436

11

nmZE P EE 0 1=0.982%* » HATH BLAZ I B
I G Bt B IR T e o AR AR B R TR E (R
% (coefficient of determination * R2)[5)3E
0.964 © JEERPIEER ) » e AAHRA FREURE &
A RO R 2 691 nm %2 R (r=0.952%%) »
SETAL IR B 2 BEk 2 afie KIS A (A5

10

09 r

0.8 f

r=0.982**, }"1436 nm

i

Percent infection
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05+
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Fig. 2. The correlation intensity analysis between the single narrow band reflectance (350-2500

nm) and percent infection of blast disease (upper) and levels of infestation of leaffolder

(lower) for rice reflectance spectrum. (Adapted from Yang and Chang, 2002; Yang et al.,

2002)

[ 2. KRR % e AT 2P A I 3K (350-2500 nm) 2 5 5 Lb Bil R 5 e s () B Jed B i
(1B S5 2 FHERSRE M #5 R o (i H Yang and Chang, 2002; Yang ef al., 2002)
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iR %664 nm)IE o A [ERYLEERTL 691
nm ZE 3 B 2 I B Eb 43 {17 36 FH S TR B B
HRE REUEE0.906 (P<0.01) » —KEKEL
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EXIEE(GREEN) ~ #L IS {E(RED) ¢
WAL AL e BRIE (I (NTR ) 2 % 1% % % = {8
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B E A% R B/ N BB KR SCRe BT 1

NIR 382 s HIJ 25 B (3R A 2 S B B 238 1 2
MTRLIN W B 2 I KBTI © b= {42
W B EE KA RER T 22 - 62 B9 SR
Z B - LR BN REAEE o ST
B > RED K NIRZ = (BT HERS 205 5 e 2
HREZE TEAERR - (ER R 22 e B 2 SO EL
N1 A B JeR B iR JER L S R S AR B RER A
) o B/ Wanjura and Hatfield (1987)48
o IR 2 (A2 e B BT L o A R A
2 BE S B U I I AR A= W) ) B
Filk 284t - Rift5eit BRI 2 8 & (r)
E AR B Rr bT 773 o B DAER A 26 (28
EAH AL 2 B B o) E AR R » AR S
ek W5 ok 5 Sl Z MERE S o FR DA A SR JE
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Fig. 3. Correlations of spectral indices NDVI, RED/GREED ratio, red edge slope, and red edge

mid point calculated from rice reflectance spectra to percent infection of blast disease.

(Adapted from Yang and Chang, 2002)

&3, JEREFEHINDVI ~ RED/GREED ratio ~ LM SRS (red edge slope) Sl yEHR 5 A
[El{E (red edge mid point) B BERS 2R LY 15 77 L Z FHRR © (F@ H Yang and Chang,

2002)
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Y=-9.391+6.265RED+0.340NIR-3.381
GREEN (R?=0.929, P<0.01) » LA {1l
B 2 me(E —or E AR B R Y =-3.742-
3.742RED+ 8.616GREEN (R?=0.963,
P<0.01) = ZIrEAREEREAIR A T HIF %
&' RE R A E Y < A P P BRI IR
LAl PTRERIE » FEASLZITE L -
#7% 7 GREEN ~ RED J NIR 5 = {[f| %2 i B
Z =T IEAR BB 2GR HE S B R
TR L fE I HERE AL - (H 2 BhHTE ST 2
FARPIE fo FE REE 2 A o

Thenkabail et al., (2000)Zf7etEH -
AL ICUR B o B R MRSV 1 A S 1) FH 7
RS AR B TR ERGE RS AR PRS2 fd A
Vs P 2 RHRATE - BAE SCRR ERIRSE
EHIARGEBL - Elvidge (1990)F1Idso et al.
(1980) AR Ry bt — %2 W ER T A HRET ) 2
PEARSE LR G N EEZCat (v E S
O ETE MR » AT LIRS 4 =Rk
W KO E R W34 © Penuelas et al.
(1993)F1 Thenkabail et al. (2000)fF 72
RIS » Tl B L I BT AL I
I B o T2 I B T 5 T RE R 588 3l
{8 HCHT RO 3R T RS R S Y
1t &2 BB T o A SURFeER o] i
TR Z OB L - T B R e ek T
IKFETE O RS R B B A - R BER B
5 el B WL SE S B ek ' IR M B AT OGRS o2 X
STELFEE - TEALYFCI Brid (e B A 4 Bh
figekt 2 LA o SORR BB R 2 oTiE
AR 1B 3 AT ERAE V) AR VP BRI S
WF 524 % (Lawrence and Ripple, 1998;
Shibayama and Akiyama, 1991; Thenkabail
et al., 2000; Yang and Chang, 2002; Yang et
al., 2002) » % Refi LU A RS IR R
JES - NIRRT R -

A SO TE S MR TR AT T ok i .2 7K
TEtE R R Tt T el Ei R 2 %
T IELARAE [BIER AT » SRR T 118 Bl 5
BR 1R % U] 2 W ER o £ 8 So 4l Blackburn
(1998)F1Thenkabail et al. (2000)f7t.Z
"over fitting (collinear)" AR » RS RAEE
FAER < KO R P A R E 2\
(A7 B » T TR B I 2 K A E O
Al pgE S E AN R A2 B FEETT 2 T ERR
AR RIET AT o B BERE BN e B (]
Z b = T E R A B AR 0T B Y =-
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Fig. 4. Changes of spectral indices NDVI, RED/GREEN ratio, RED/NIR ratio, and
GREEN/NIR ratio to levels of severity in rice canopy infested by leaffolder. (Adapted
from Yang et al., 2002)
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ABSTRACT

Reflectance spectra (350-2500 nm) of hyperspectral resolution from rice
(Oryza sativa L. cv. Tainung 67) canopy infected with various percentages of
leaf blast (Pyricularia oryzae Cav.) and different levels of leaffolder
(Cnaphalocrosis medinalis) were collected and analyzed using a field portable
spectroradiometer. Percent infection from 0% (healthy plants) up to 25% was
based on blast disease affected leaf area. Infestation levels by the leaf folder
were classified into six levels, i.e., 0 (healthy check), 1, 3, 5, 7, and 9, based on
the numbers of damaged leaves. By the correlation intensity analysis between
reflectance and percent infection or levels of infestation, it showed that the
maximum value of correlation coefficient was located at 1436 nm (r=0.982) for
leaf blast and at 2327 nm (r=0.946**) for leaffolder. The spectral indices of
RED/GREEN ratio (reflectance ratio of red light minimum to green light peak),
NIR (reflectance at near-infrared maximum), RED, red edge slope, and red edge

mid point were all positively correlated with percent infection of leaf blast. The
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normalized difference vegetation index (NDVI), the RED/NIR ratio, and the
RED/GREEN ratio were curvilinearly correlated with infestation levels of
leaffolder. By the multiple linear regression analysis with GREEN, RED and
NIR as variables, the model was Y=-9.391+6.265RED+ 0.340NIR-
3.381GREEN, with R?=0.929 (P<0.01) for disease estimation, and the best 2-
variable MLR model for pest evaluation was Y=-3.742-3.742RED
+8.616GREEN (R?=0.963, P<0.01). When 8 optimal narrow bands selected from
reflectance spectrum of disease-infected canopy were analyzed, the best 3-
variable model was Y=-21.401+ 1.162R +4.855R -3.914R
(R?=0.980, P<0.001). In pest-infested canopy with six selected narrow bands for
analysis, the best 2-variable model was Y=-8.749-2.336R,,, +5.099R
(R?=0.989, P<0.002).

620 nm 1436 nm 2198 nm

691 nm

Key words: Rice, Rice blast (Pyricularia oryzae Cav.), Rice leaffolder
(Cnaphalocrosis medinalis), Percent infection, Infestation level,
Spectral characteristics, Spectral index, Multiple linear regression

analysis.



