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Estimation of Rice Dry Matter Production by
Spectral Reflectance of Solar Radiation in Paddy Field

Jeong Taek Lee*, Chun Woo Lee*

, Moon Kap Joo**,

Suk Young Hong* and Han-Myeong Kim***

ABSTRACT : To estimate the total dry matter(TDM) of rice plant by non-destructive method,
spectral reflectance from rice plant canopy was measured by using the spectroradiometer

(LI-1800, LICOR Inc.) with one week interval during the rice growing season at Suwon paddy

field in 1993. Two medium late maturing rices, Daechung-byeo Ilpum-byeo, and one early

maturing variety, Jinbu-byeo, were cultured to observe TDM, then they were compared with

those estimated by vegetation index together,

Vegetation index determined by the reflectance of visible against near infrared wavelength

showed high correlation with TDM. Vegetation index derived from narrow band(10nm interval)
ratio, R910/R460, has the highest correlation coefficient with TDM. TDM estimated from
R910 /R460 from transplanting to heading stage corresponded well to measured values (Y=21.

2428X —212.734 ;

R2=0.87**). But another vegetation index, NIR(720~1,100nm) /Red (600~

700nm) showed higher correlation with TDM than NIR(720~1,100nm) /Blue (400~500nm) did

from heading stage to maturity.

\

Key words : Rice, Dry matter, Spectral reflectance, Vegetation index.
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Fig. 1. Seasonal changes in total dry matter
of three rice varieties.
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Table 2. Relationships between total dry matter and spectral reflectance ratio measured from
transplanting to heading stage for three rice varieties

Reflectance Correlation coefficient Standard error of coefficient
ratio Daechung Ilpum Jinbu Daechung Ilpum Jinbu
R500 /R400 0.626* 0.144 0.576 161.1 280.1 67.3
R600 /R400 0.742™ 0.389 0.614 48.8 100.9 25.9
R700 /R400 0.759* 0.447 0.627 27.8 55.8 15.5
R500 /R450 0.645* 0.381 0.253 650.4 1310.2 936.1
R600 /R450 0.775* 0.718* 0.755* 125.8 172.8 185.3
A R700 /R450 0.792* 0.747 0.793* 66.8 85.8 85.2
R600 /R500 0.691* 0.388 0.578 271.3 198.5 156.2
R700 /R500 0.592 0.326 0.543 215.0 167.5 144.6
R600 /R550 0.678* 0.478 0.751 199.8 147.3 210.1
R700 /R550 0.566 0.567 0.684 87.2 54.9 49.8
R700 /R600 0.463 0.667* 0.594 174.9 161.4 150.2
R700 /R650 0.532 0.465 0.661 31.7 45.1 32.2
R 800 /R750 0.847* 0.804* 0.919= 2074.9 1672.2 1458.8
R 900 /R750 0.788** 0.878* 0.758* 1469.3 779.6 1157.9
R1000 /R750 0.828** 0.810™ 0.871* 726.8 556.8 528.8
R1100 /R750 0.758** 0.852** 0.837* 961.0 572.2 509.9
R 900 /R800 0.452 0.837* 0.516 3920.2 1979.0 2632.9
B R1000 /R800 0.734* 0.813* 0.806* 1259.2 935.5 884.4
R1100 /R800 0.622* 0.752* 0.766* 1781.7 1094.7 812.1
R1000 /R900 0.676* 0.605* 0.832* 1638.6 1421.9 1140.7
R1100 /R900 0.513 0.563 0.839* 2521.2 1942.3 968.3
R1100 /R1000 0.568 0.375 0.118 2785.4 2370.4 3019.6
R400 /R750 0.680* 0.632* 0.725 2610.7 2330.1 2093.1
R500 /R750 0.706* 0.675* 0.693 1835.3 1761.5 1797.9
R600 /R750 0.706* 0.655* 0.711 1131.8 1145.1 1206.5
R650 /R750 0.668* 0.641* 0.680 1205.0 1205.6 1329.3
R400 /R850 0.694* 0.642* 0.734 2851.5 2428.8 2231.8
C R500 /R850 0.724* 0.683* 0.709 1971.7 1822.7 1893.8
R600 /R850 0.731* 0.669* 0.733 1198.2 1162.6 1245.6
R650 /R850 0.684* 0.653* 0.695 1162.6 1245.6 1405.9
R400 /R950 0.663* 0.620* 0.748 2229.2 1308.6 1253.9
R500 /R950 0.689* 0.645" 0.735 1618.1 1647.4 1345.5
R600 /R950 0.689" 0.639* 0.767* 1234.7 1545.1 1210.6
R650 /R950 0.653 0.619* 0.720 1013.6 831.3 926.2
R 800 /R400 0.912 0.692* 0.733 1.577 3.904 1.570
R 850 /R400 0.918* 0.697* 0.737 1.493 3.819 1.563
R 900 /R400 0.926* 0.707* 0.746* 1.463 3.788 1.565
R 950 /R400 0.924** 0.735* 0.760 1.615 3.837 1.637
D R1000 /R400 0.926™ 0.707* 0.752 1.506 3.613 1.655
R 910 /R460 0.924* 0.926™ 0.971* 3.052 3.195 2.466
R 800 /R500 0.898"* 0.926™ 0.934™ 4.972 4,328 4.639
R 850 /R500 0.905** 0.928* 0.938* 4,702 4.148 4,478
R 900 /R500 0.901** 0.933* 0.948 4.822 3.995 4.081
R 950 /R500 0.894** 0.939* 0.958" 5.354 3.855 3.710
R1000 /R500 0.903* 0.927 0.955** 4.865 4.242 3.904
R 800 /R550 0.898** 0.837* 0.933* 29.06 32.80 26.77
R 850 /R550 0.855™ 0.846** 0.938* 26.55 31.11 25.58
R 900 /R550 0.903* 0.854** 0.946* 27.48 29.51 22.98
R 950 /R550 0.887** 0.864** 0.948* 30.52 27.18 21.01
R100G /R550 0.906™ 0.851* 0.949™ 26.35 29.09 21.39
R 800 /R600 0.881* 0.822** 0.913* 14.04 15.88 13.56
D R 850 /R600 0.892** 0.829* 0.918* 13.13 15.25 13.12
R 900 /R600 0.886* 0.839* 0.875** 13.49 14.72 11.92
R 950 /R600 0.877™ 0.854** 0.941* 14.84 14.06 10.77
R1000 /R600 0.797* 0.825* 0.887* 567.14 491.40 560.26
R 800 /R650 0.876* 0.870** 0.928** 6.58 6.55 5.84
R 850 /R650 0.884* 0.874* 0.931* 6.26 6.32 5.69
R 900 /R650 0.879* 0.881* 0.940* 6.42 6.14 5.26
R 950 /R650 0.876* 0.891** 0.950™ 7.03 6.01 4.86
R1000 /R650 0.884** 0.881** 0.948** 6.47 6.32 5.09

* = Significant at P=.05,.01 respectively
A : Combination of visible wavelength, B : Combination of near infrared wavelength, C : Combination of visible
and near infrared wavelength, D : Combination of near infrared and visible wavelength
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Table 3. Relationships between total dry matter and vegetation index from transplanting to

heading stage

Vegetation Correlation coefficient Standard error of coefficient
index Daechung Ilpum Jinbu Daechung Ilpum Jinbu
NIR /Blue 0.887* 0.914* 0.957= 3.6 3.3 2.6
NIR /Green 0.897* 0.843* 0.945* 19.6 22.1 16.5
NIR /Red 0.882* 0.870* 0.933* 8.6 8.7 7.6
R850 /R650 0.884™ 0.875* 0.931* 6.3 6.3 5.7
R800 /R550 0.898* 0.837* 0.933" 29.1 32.8 26.8
R910 /R460 0.924* 0.926* 0.971* 3.1 3.2 2.5
R950-R550 0.835* 0.848" 0.920~ 554.0 558.8 442.0
R1050-R550 0.843* 0.864** 0.917™ 478.8 439.9 446.4
ND7 0.693* 0.658* 0.736* 1702.9 1605.5 1745.2
NVI 0.682* 0.658* 0.697* 1520.2 1496.0 1640.7
MSS7 /4 0.899™ 0.853* 0.948™ 3.2 3.2 2.7
MSS7 /5 0.884* 0.868™ 0.937* 6.0 6.7 5.0
T™M4 /1 0.909** 0.900* 0.943* 2.8 3.0 2.7
TM4 /3 0.886™ 0.819* 0.928™ 2.8 3.9 2.7

*, ** . Significant at P = .05, .01 respectively

ND7 : (MSS7—MSS5) /(MSS7+MSS5), NVI : (TM4—TM3) /(TM4-+TM3)
Blue : 400~500nm, Green : 500~600nm, Red : 600~700nm, NIR : 720~1,100nm.
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Table 4. Relationships between total dry matter and vegetation index from heading to maturing

stage
Vegetation Correlation coefficient Standard error of coefficient
index Daechung Ilpum Jinbu Daechung Ilpum Jinbu
NIR /Blue 0.582 0.780™ 0.890* 20.0 10.5 2.7
NIR /Green 0.791* 0.879* 0.958* 65.9 29.1 8.9
NIR /Red 0.927* 0.978* 0.927= 14.4 5.4 34
R850 /R650 0.907* 0.991* 0.931* 9.8 2.3 2.4
R800 /R550 0.917= 0.922= 0.924* 51.0 29.7 10.5
R910 /R460 0.750* 0.838* 0.919* 16.4 9.5 2.3
R950-R550 0.417* 0.120* 0.785* 1386.1 2160.7 490.5
R1050-R550 0.426 0.151* 0.864* 1201.6 1946.5 7.2
ND7 0.944™ 0.957™ 0.966* 3189.0 1752.0 528.1
NVI 0.956* 0,974 0.967= 2269.7 1168.7 440.9
MSS7 /4 0.742= 0.865** 0.904™ 6.1 0.0 1.3
MSS7/5 0.914™ 0.967 0.919* 22.9 1.3 2.8
TM4 /1 0.818" 0.897=" 0.889* 9.9 4.8 1.8
TM4 /3 0.925™ 0.991* 0.921* 4.0 1.0 1.2

*, ** : Significant at P =05, .01 respectively

ND7 :(MSS7—-MSS5) /(MSS7+MSS5), NVI 1 (TM4—TM3) /(TM4+TM3)
Blue : 400~500nm, Green : 500~600nm, Red : 660~700nm, NIR : 720~1,100nm.
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