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Fig.1. The three-dimensional changes of rice canopy reflectance spectra during the first and the second cropping seasons
of 2000.
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Fig.2. Changes of growth traits of rice plants grown in the first and the second cropping seasons of 2000. The 95%
confidence interval of each growth trait is included.
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Fig.3. The correlation intensity (linear correlation) analysis curves of growth traits to reflectance spectra of rice plants

grown in the first and the second cropping seasons of 2000.
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Table 1. The best 1-, 2-, and 3-variable linear regression models for growth traits of rice plants (Oryza sativa L. cv TNG
67) grown in the first and the second crops of 2000

Y=aX+bX,+cXs3+d

Growth stage . b . p N R P
Before heading
First crop, 2000
Leaf fresh weight -1.92 1.16 -1.21 16.16 20 0.779 <0.01
Leaf dry weight -0.43 0.39 -0.52 3.48 20 0.786 <0.01
Aboveground fresh weight -5.46 5.57 -7.34 40.22 20 0.761 <0.01
Aboveground dry weight -1.03 1.21 -1.82 7.81 20 0.740 <0.01
Leaf area index -0.15 0.10 -0.13 1.39 20 0.758 <0.01
Plant height -2.15 1.79 -1.99 42.36 20 0.832 <0.01
Second crop, 2000
Leaf fresh weight -2.21 1.15 -2.28 31.08 20 0.793 <0.01
Leaf dry weight -0.73 0.30 -0.60 8.93 20 0.708 <0.01
Aboveground fresh weight -8.00 5.03 -9.34 99.27 20 0.790 <0.01
Aboveground dry weight -4.72 0.56 28.23 20 0.617 <0.01
Leaf area index 0.15 -0.34 2.26 20 0.385 <0.01
Plant height -6.03 1.05 73.15 20 0.730 <0.01
After heading
First crop, 2000*
Leaf fresh weight 4.63 -6.93 0.55 21.94 20 0.642 <0.01
Leaf dry weight 1.12 -1.78 0.16 6.13 20 0.649 <0.01
Aboveground fresh weight -6.95 1.83 142.65 20 0.363 <0.01
Aboveground dry weight -1.69 0.40 29.59 20 0.457 <0.01
Leaf area index -0.28 0.05 2.40 20 0.577 <0.01
Plant height” -1.16 0.67 99.66 20 0.282 <0.01
Second crop, 2000"
Leaf fresh weight 11.56 -7.84 34.44 20 0.727 <0.01
Leaf dry weight -0.73 0.16 7.18 20 0.690 <0.01
Aboveground fresh weight -7.41 1.88 120.57 20 0.693 <0.01
Aboveground dry weight -1.39 40.48 20 0.540 <0.01
Leaf area index -0.27 0.04 2.65 20 0.731 <0.01
Plant height" 0.40 -0.35 97.64 20 0.177 <0.01

* X: reflectance at 541 nm, X,: reflectance at 872 nm, Xs: reflectance at 1607 nm.
¥ X,: reflectance at 583 nm, X,: reflectance at 896 nm, X5: reflectance at 1421 nm.
* X,: reflectance at 533 nm, X,: reflectance at 629 nm, Xj: reflectance at 834 nm.
¥ X,: reflectance at 629 nm, X;: reflectance at 1876 nm.

" Xi: reflectance at 479 nm, X,: reflectance at 670 nm, X;: reflectance at 808 nm.

" X,: reflectance at 808 nm, X;: reflectance at 1621 nm.
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HEPR H 4 B R A i S0 A B A+ 3 TR P B4 3R & R T R AW AS W AW A 5 - R R I 1S HE R K
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Table 2. Regression analyses of spectral indices to growth traits of rice plants (Oryza sativa L. cv TNG 67) grown in the
first and the second crops of 2000

Growth trait”

Spectral index LFW LDW AGFW AGDW LAI PH
Before heading Y=ae™
RED(%) a 74.61 22.42 308.18 81.85 7.42 122.06
b -0.29 -0.34 -0.34 -0.43 -0.33 -0.17
R? 0.599 0.589 0.569 0.599 0.459 0.654
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
NDVI a 1.19 0.17 1.81 0.18 0.10 16.83
b 4.01 4.74 5.03 5.86 3.98 1.80
R? 0.767 0.730 0.736 0.666 0.740 0.704
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
RED/NIR a 58.63 17.33 249.69 57.39 4.74 92.79
b -6.11 -7.43 -7.98 -9.44 -6.04 -2.37
R? 0.758 0.763 0.780 0.719 0.730 0.728
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
GREEN/NIR a 70.47 21.52 314.35 74.50 5.82 104.59
b -4.78 -5.76 -6.17 -7.23 -4.85 -2.10
R? 0.785 0.763 0.780 0.719 0.775 0.728
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Y=aX+b
NIR(%) a 1.01 0.27 3.83 0.75 0.07 1.25
b 3.88 -1.37 -23.15 -4.47 -0.08 27.50
R? 0.504 0.430 0.449 0.318 0.397 0.372
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
RES a 180.61 49.51 704.73 136.34 13.27 233.22
b 1.86 0.05 -3.22 -0.43 0.33 33.43
R? 0.468 0.415 0.434 0.305 0.374 0.375
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
After heading Y=ac™
RED(%) a 55.67 14.32 193.05 31.75 491 107.88
b -0.09 -0.07 -0.04 -0.02 -0.11 -9.41
R? 0.456 0.395 0.220 0.026 0.533 0.000
P <0.01 <0.01 <0.01 <0.01 <0.01 1.000
NDVI a 2.71 1.04 49.15 9.57 0.12 105.36
b 3.33 2.92 1.56 1.68 4.04 0.03
R? 0.665 0.634 0.461 0.560 0.708 0.004
P <0.01 <0.01 <0.01 <0.01 <0.01 0.487
RED/NIR a 67.00 17.21 220.24 47.76 6.00 108.89
b -4.86 -4.24 -2.23 -2.38 -5.95 -0.05
R? 0.677 0.645 0.474 0.566 0.715 0.004
P <0.01 <0.01 <0.01 <0.01 <0.01 0.466
GREEN/NIR a 89.89 22.84 263.15 57.57 8.46 109.06
b -4.94 -4.44 -2.48 -2.63 -5.96 -0.05
R? 0.596 0.588 0.431 0.523 0.650 0.003
P <0.01 <0.01 <0.01 <0.01 <0.01 0.585
Y=aX+b
NIR (%) a 0.20 0.07 1.17 0.19 0.01 0.16
b 20.08 5.28 95.54 22.79 1.79 100.92
R? 0.032 0.054 0.127 0.079 0.008 0.075
P <0.01 <0.01 <0.01 <0.01 0.321 0.218
RES a 148.84 40.42 519.96 97.97 10.91 39.48
b 4.34 1.55 61.64 14.98 0.38 101.42
R? 0.267 -.301 0.370 0.319 0.192 0.069
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

“ LFW: leaf fresh weight, LDW: leaf dry weight, AGFW: aboveground fresh weight, AGDW: aboveground dry weight,
LALI leaf area index, PH: plant height.
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Fig. 4a. Correlation between growth traits and GREEN/NIR ratio before heading for rice plants grown in the first and the

second cropping seasons of 2000. GREEN: reflectance at green light peak, NIR: reflectance at near-infrared

maximum.
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Estimating Rice Growth Using Ground-Based
Hyperspectral Reflectance Data and Simulated
SPOT Broad Band Data’

Rong-Kuen Chen’ and Chwen-Ming Yangz’3

Summary

Ground-based remotely sensed high-resolution reflectance spectra and growth traits of rice plants
grown in the Ist and the 2nd cropping seasons of 2000 were used for establishing spectral characteristic
models to estimate rice growth. Differences in plant growth from the estimates of spectral indices with
narrow bands and simulated SPOT broad bands were compared. The 3-dimensioanl reflectance spectra of
rice canopy were similar to those of other green plants. The patterns of growth traits were curvilinear,
reached the climax near heading and differed between cropping seasons. By correlation intensity analysis
between reflectance of narrow bands and growth traits, it showed that the correlation intensity curves were
similar before and after heading, with lesser degree of correlation after heading. By the multiple linear
regression (MLR) analysis, the best-2 and best-3 MLR models were established. Among the examined
spectral indices, the GREEN/NIR ratio had the best correlation with growth traits before heading yet it was
the RED/NIR ratio after heading. Differences in growth traits from spectral index estimations by narrow

bands and the simulated SPOT broad bands were not significant.

Key words : Ground-based hyperspectral reflectance data, Spectral characteristic model,
Vegetation index, Growth, SPOT satellite.

1. Contribution No.2128 from Taiwan Agricultural Research Institute, Council of Agriculture. Accepted : November 22,
2002.

2. Research Assistant and Senior Agronomist, Department of Agronomy, TARIL, Wufeng, Taichung, Taiwan, ROC.

3. Corresponding author, E-mail: cmyang @ wufeng.tari.gov.tw ; Fax: (04)23302806.



	以近地面高解析植被光譜及模擬SPOT衛星寬頻光譜估測水稻生長性狀的變化 
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19


