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Discriminate Rice Cultivars Using
Canopy Reflectance Spectra
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Taiwan (ROC)

ABSTRACT
Ground-based remotely sensed
high-resolution canopy reflectance spectra

(350-2400 nm) were
experiments to study spectral differences among

obtained from field

rice cultivars during the growing periods and
between the cropping seasons of 2002. The
suitable spectral characteristics were also selected
to build the spectral models for cultivar
discrimination. In the first step, 3-11 narrow

bands were selected progressively from
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reflectance spectra as the spectral characteristics
by the stepwise discriminant analysis. Secondly,
through the principal components transformation
processes the selected narrow bands were
composed to various components, which were
used to establish the spectral models by the
discriminant analysis. It indicated that the

accuracy in discriminating cultivars TNG 67, TK 8,

and TNG 71 was related to numbers of selected

narrow bands, expressing as an exponential rise
to maximum function in both cropping seasons.

Generally the accuracy in cultivar discrimination

was higher in the first crop than in the second

crop under same numbers of the selected narrow
bands. For example, when 7 narrow bands were
selected, overall accuracy was 87% in first crop
and was 82% in second crop. The percent overall
accuracy increased slowly when 7 to 10 bands
were selected. To reach 95% of overall accuracy, at
least 15 bands should be selected. It further
showed that the distance distribution among the
sampling populations of three cultivars was
different between cropping seasons. The distance
between TK 8 and TNG 71 was smaller than other
pairs in the first crop while the distance between

TK 8 and TNG 67 was smaller than others in the

second crop. As a result, this study provides

information about differences in spectral
characteristics among cultivars TNG 67, TK 8 and

TNG 71 as well as an appropriate analysis method

for discriminating these three cultivars using

hyperspectral data of both cropping seasons.

Key words: Canopy spectral ~characteristics, Rice
cultivar discrimination, Stepwise
discriminant analysis, Principle component
transformation, Discriminant analysis.
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Table 1. The numbers of reflectance spectra used for spectral analyses for rice plants (Oyrza sativa L.) grown
in the first and the second cropping seasons of 2002.

Rice cultivar

Growth stage

TNG 67 TNG 71 TK 8

First crop, 2002

46 DAT® 15 15 15

65 DAT 13 13 11

79 DAT 15 15 15

88 DAT 14 15 13
Second crop, 2002

56 DAT 13 10 12

63 DAT 11 12 10

81 DAT 12 11 14

92 DAT 14 13 14

@ DAT: Days after transplanting.

1st crop, 2002
60

40 -

20 r

60

40 +

Reflectance (%)

60

20 +

0 700 1400 2100 28000 700 1400 2100 2800

Wavelength (nm)

Fig.1a. Changes of canopy mean reflectance spectra of three rice (Oryza sativa L.) cultivars, TNG 67, TK8 and TNG
71, during the first cropping season of 2002.
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2nd crop, 2002
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28000 700 1400 2100 2800

Wavelength (nm)

Fig.1b. Changes of canopy mean reflectance spectra of three rice (Oryza sativa L.) cultivars, TNG 67, TK8 and TNG

71, during the second cropping season of 2002.
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Fig. 2. Changes of overall accuracy in response to number of narrow bands incorporated into statistical analysis
for rice plants (Oryza sativa L.) grown in the first and the second cropping seasons of 2002.
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Fig. 3. Changes of Knat in response to number of narrow bands incorporated into statistical analysis for rice plants
(Oryza sativa L.) grown in the first and the second cropping seasons of 2002.

AR E o AEBAERM - BRZHEZ
56-63 DAT DI4h » {E S AH R BT » —
HAVE R PR A HE 1 P — IR - [RIBRIY o BR
“MAfEZ 56-63 DAT {E38HY 3 flf 3 BeHI ]
SEF] 97 90 1Y A= fa HETHE I (Knae By 96%) 41 » Fit
BRAAE B IAR - MR — « IR
5 7 {18 BEIRE 43 IEENHT 88 % (Knat Fy 81%)
T 82% (Knat Ky 73%) DL |1 2= 8 HERE & - 538

£ 7-10 {5 BB - HERREE AR 1S I - 5%
7 10 8 DL Fry 352 B B8 AT B I Ry R e 0
o QFGEE] 95% LL_F 1y 2= e M ff 55+ FUJ 4
A — ~ IR VRS HE A TSR R 15 {9 B
B IR SR PR R o SRR A A A e YE A
JEB Knae FURH L IIAFHFEIRIE O
Al EORHIRF - FLPERRIE AR - BRI A SR
BRATHPOE R ZORE - Pk s Rt 5 - S



248 Crop, Environment & Bioinformatics, Vol. 1, December 2004

71~ el R U [ 9 A O 3% 3 RHL S AN R R A
(] 7 e s o ) REL A ik L it KT W E e T R
SR iz 7 e A A B el R R A 1 8 O ) A
R A 72 B o 1T G A AR - AR —
A RS E 1Y Rl BE A RE 9% O6 B P B 0 R
W1 SRR R R B  E — ~ TR KRS
H9 4 R AR BB Pl 72 52 » (K]t — SRR fil R S0
WAL T 2 D B e 2 T 1
HE— 5T -

AT FE R+ RE A Y 3 Bk P ek 35 A IR ]
A J0E A ) A el R A % P R B O B b - T
HEBACRBIREAR » Hs{ KA EEL Chen and
Yang (2002)ful » ftk AR E B2
REL Ak 15 15 A e 356 A T A e 00 PR M BEL AR —
B MERIRE S E B AT E K2
TR AR (O LY 22 72 AN » A 8 R OB A
B2 5t St i B R 4 S 8800 B A0 A A ¥ R
1 %% U B 15 S SR R Ay A1 48 P 8 J7 A 88 1T 2
1 W 5 [ AR R B R R R T - BB 41 0 ER
AR BR B BRI B AR - IR VE ER IR AE 53
BE FLI0T A9 B 2 s 3 i 00 AR PR 43 BE I A
BEEREW(Lin 1979) » HAEAEE EA
Sy AR BUEZE I Z 1L (Chi et al.
1974) o ANEZ AL 1S H 0385 B K fg i
Aot FET 4 DY 3l 7 B R A » 35 350 i 20 T L

B A TR b B A AR AT I 1 0 AT IS » BRI A
I -

DVE S EREIN S - 2218 M 1 FH R K Rk
B IRF AN AN — B0 R h 5 22 1T /KR i e DY
SR TR FELIME AR A E MRS
Rt - BIAWIZE—Hi{FE .z 46-88 DAT
WPEZ 56-92 DAT f4H) FiAs X 14 B F
i 5 o FIN 53 AT 2 A & S R AR AS R B A B
i 4 A B s By L R PRI LR o DUASHI
JeZ L REEEEHEERT S R 7 (RO
B LU 1 43 A 38 B0t A ] P A o s 1 %
HI 45 FL40 Table 2 J% Table 3 fifix o 45—
HAYEF » TK 8 Bl TNG71 B PR B 25 » Hk
By TK 8 81 TNG 67 » 538192 TNG 71 8l
TNG 67 (Table 2) o /5 f [ fHE i 25T - HIJER
FIRBE SR @ o [ Table 3 AJ4] » TK 8 fY
50 e MRS dh AR AR A T A 12 fEER AL
RARy TNG 71 » 3 fEERA#HR AL TNG
67 » BIJEK R TK 8 Bl TNG 71 1 i it i T
iR A o MHERY - ZHAER DL TK 8 B
TNGo67 yeEfffc i > TK 8 B2 TNG 71 X
Z » TNG 71 Bd TNG 67 (i 8 fx 5= - tA
B TK 8 Bl TNG 67 — 5 fifl [ Ay 3 A1 =R
s o HHBLAS REEUR - fEkRE— AR
TK 8 Bl TNG 71 BYFE #% S 5 65l 2 B s A

Table 2. The values of generalized squared distance between rice cultivars after discriminant analysis by
using 7 spectral characteristics (narrow bands) selected from canopy reflectance spectra for rice
plants (Oryza sativa L.) grown during 46-88 DAT (days after transplanting) in the first cropping
season and during 56-92 DAT in the second cropping season of 2002.

Generalized squared distance between cultivars

Duration Observed rice cultivar
TK8 TNG67 TNG71
First crop, 2002
46-88 DAT TK8 2.28 13.66 7.82
TNG67 2.17 16.52
TNG71 2.14
Second crop, 20002
56-92 DAT TK8 2.14 4.49 18.24
TNG67 2.14 26.26
TNG71 2.31
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Table 3. The posterior probabilities after discriminant analysis by using 7 spectral characteristics (narrow
bands) selected from canopy reflectance spectra for rice plants (Oryza sativa L.) grown during 46-88
DAT (days after transplanting) in the first cropping season and during 56-92 DAT in the second

cropping season of 2002.

Classified rice cultivar Commission

Duration Observed rice cultivar
TK8 TNG67 TNG71  errors (%)
First crop, 2002 TK8 Spectral no. 39 3 12 27.78
46-88 DAT> Probability 72.2% 5.6% 22.2%
TNG67  Spectral no. 1 56 0 1.75
Probability 1.8% 98.3% 0.0%
TNG71  Spectral no. 5 0 53 8.62
________________________________________ Probability 862 000 9138
Omission errors (%) 13.33 5.08 18.46
Second crop, 2002 TK8 Spectral no. 38 11 1 24.00
56-92 DAT® Probability 76.0% 22.0% 2.0%
TNG67  Spectral no. 12 38 0 24.00
Probability 24.0% 76.0% 0.0%
TNG71  Spectral no. 0 0 46 0.00
________________________________________ Probability ___ 00% __ 00% _1000%
Omission errors (%) 24.00 22.45 2.13

a: overall accuracy = 87.6 %, [(39+56+53)/169]*100%, total sample number: 169.
b: overall accuracy = 85.6 %, [(38+38+46)/146]*100%, total sample number: 146.
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