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Estimation of Rice Canopy Leaf Area Index(LAI) by Spectral
Reflectance of Solar Radiation in Paddy Field

Jeong Taek Lee*, Chun Woo Lee*, Moon Kap Joo™ and Suk Young Hong*

ABSTRACT : To estimate the leaf area index(LAI) 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. LAI of two medium late maturing varieties, Daechungbyeo and Iipumbyeo, and one
early maturing variety, Jinbubyeo, were observed and compared with those estimated by veg-

etation index.

The reflectance(R) of visible wavelength remained less than 0.1 over entire growing season,
but that of near infrared wavelength remained from 0.1 to 0.5 with the significant positive corre-
lation with LAI. Vegetation index determined by the reflectance of visible against near infrared
wavelength showed high correlation with LAI of rice canopy. Vegetation index derived from
wide band ratio, NIR(720~1,100nm) /Blue(400~500nm), showed the highest correlation coef-
ficient with LAI. Vegetation index derived from narrow band(10nm interval) ratio, R910 /R460,
from transplanting to heading stage corresponded well to measured values (Y=0.16799X—0.

79776 1 R?=0.94*).

But another vegetation index, NIR(720~1,100nm) /Red (600~700nm),

showed higher correlation with LAI than NIR /Blue did from heading stage to maturity.

Key words : Rice, Spectral reflectance, Leaf area index, Vegetation index.
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Table . 1. Wavelength of satellite ; Landsat
(USA)
Sensor Spectral Resolution Wavelength(nm)
Channel
MSS 4 80X 80m 500~ 600
5 600~ 700
6 700~ 800
7. 800~1,100
T™ 1 30x30m 450~ 520
2 520~ 600
3 630~ 690
4 760~ 900
5 1,550~1,750
6 10,400~12,500
7 2,080—2,350

MSS : Multispectral scanner
TM ; Thematic mapper
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Fig. 1. Changes in LAI for three rice varie-
ties.
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Fig. 2. Reflectance profile on LAI changes in
three rice varieties.

F gAe) vl 2 3¥FE 25 LAV 92 A
Fz7)o= wAbg ol 0.2 Zq‘ii wko, LAI
7} F7VEFE A wRALEE Fhshe A ol dth
<4 9% oA whAkge] 7MY & Ty
£ 910nm AF2} 1,070nmA 7, 960nm 5o
Me T AR} 2ofr) F5EE O
W A5 v dEw R §UXF 128 71
g A)71ol wARE ] FUtEe] Hlaw, 7AR
g el S el Fgvie] AARD & S 3
= 700~730nmof| A= T2 g o) vl s)od
AEA71E whabg o] FrhEo] wi¢ 2ok}, Wb
APEA 9] o]g gt At EF701d A LAIZL
ZVeFE Ml o] 9] WhARS-E wolx] Al
oA 2% dgd o] §HALE2 EolFltke Yama-
moto 529 Ad@A} A AT, EFH
A e %94 ‘ﬂ“}%@% °)-§-3k] 400~1,100
YhALS-S 50nm EFH2
LAIQ}P/] #AE g

m

Hﬂdaq# # 29

- 175 -



Table 2. Relationships between LAI and spectral reflectance ratio measured from transplanting
to heading stage for three rice varieties

Correlation Coef. Std. Error of Coef.
Reflectance ratio Daechung Ilpum Jinbu Daechung Ilpum Jinbu
R500 /R400 0.577 0.363 0.674 1.260 1.780 0.480
R600 /R400 0.737™ 0.577 0.708 0.360 0.610 0.180
R700 /R400 0.758* 0.635 0.721 0.210 0.320 0.110
R500 /R450 0.665* 0.572 0.280 4.750 7.850 7.400
R600 /R450 0.858** 0.783* 0.805* 0.760 1.040 1.330
A R700/R450 0.872* 0.834* 0.857™ 0.400 0.480 0.570
R600 /R500 0.562 0.557 0.447 1.980 2.250 1.560
R700 /R500 0.394 0.467 0.658 1.210 1.330 2.100
R600 /R550 0.562 0.421 0.532 0.360 0.410 0.230
R700 /R550 0.394 0.563 0.721 0.470 0.540 0.320
R700 /R600 0.394 0.436 0.462 0.440 0.560 0.700
R700 /R650 0.665" 0.810" 0752 0920 0.630 0.950
R800 /R750 0.804** 0.844* 0.825* 17.360 10.200 16.730
R900 /R750 0.809* 0.934* 0.723 10.460 3.900 9.760
R1000 /R750 0.892** 0.899* 0.898* 4.380 2.810 3.760
R1100 /R750 0.804* 0.900™ 0.852* 6.550 3.210 3.890
R900 /R800 0.532 0.909™ 0.535 27.830 10.140 20.710
B R1000 /R800 0.835* 0.813** 0.880™ 7.630 5.250 5.770
R1100 /R800 0.709** 0.800* 0.815* 11.990 6.730 5.840
R1000 /R900 0.759* 0.712* 0.918* 10.820 8.480 6.470
R1100 /R900 0.575 0.589 0.901* 17.990 12.830 6.140
R1100 /R1000 0.644* 0.528 0.830™ 19.340 14.690 24.170
R400 /R750 0.756** 0.757* 0.793* 17.450 13.280 14.750
R500 /R750 0.790™ 0.769™ 0.745 11.880 10.330 13.240
R600 /R750 0.775™. 0.755* 0.758* 7.560 6.720 8.910
R650 /R750 0.748" 0.742** 0.736 8.020 7.110 9.790
R400 /R850 0.768** 0.766™ 0.802* 18.950 13.770 15.650
C R500/R850 0.806™ 0.777 0.761* 12.640 10.610 13.890
R600 /R850 0.797* 0.769™ 0.780* 7.920 6.760 9.150
R650 /R850 0.764** 0.750* 0.750 8.650 7.360 10.320
R400 /R950 0.742** 0.736** 0.819* 14.950 9.440 11.370
R500 /R950 0.775™ 0.739* 0.792* 10.070 7.210 9.650
R600 /R950 0.763** 0.737* 0.821* 6.180 4.430 6.000
R650 /R950 0.736"* 0.785** 0.780* 6.770 4.970 7.250
R800 /R400 0.892** 0.836** 0.802* 0.013 0.020 0.010
‘R850 /R400 0.899** 0.840™ 0.806* 0.012 0.019 0.010
R900 /R400 0.909* 0.849* 0.814* 0.012 0.019 0.010
R950 /R400 0.965™ 0.868* 0.827* 0.013 0.018 0.011
R1000 /R400 0.910* 0.847* 0.820™ 0.012 0.019 0.011
R910 /R460 0.960™ 0.979* 0.962* 0.017 0.011 0.022
R800 /R500 0.932** 0.973* 0.919* 0.031 0.018 0.041
R850 /R500 0.940™ 0.975* 0.924* 0.028 0.017 0.039
R900 /R500 0.939* 0.978* 0.932* 0.029 0.016 0.037
R950 /R500 0.936** 0.976™ 0.942* 0.031 0.017 0.035
R1000 /R500 0.942* 0.976™ 0.945* 0.029 0.017 0.034
R800 /R550 0.901* 0.900™ 0.891* 0.214 0.177 0.270
R850 /R550 0.916* 0.908** 0.897* 0.193 0.165 0.259
D R900 /R550 0.913= 0.916 0.909™ 0.195 0.154 0.240
R950 /R550 0.907 0.918* 0.916" 0.208 0.145 0.210
R1000 /R550 0.924* 0.919* 0.929* 0.178 0.148 0.206
R800 /R600 0.896** 0.898™ 0.897* 0.099 0.083 0.117
R850 /R600 0.907 0.904* 0.903* 0.091 0.079 0.113
R900 /R600 0.904** 0.912* 0.924* 0.926 0.075 0.105
R950 /R600 0.902** 0.918** 0.927+ 0.100 0.073 0.096
R1000 /R600 0.864™ 0.902** 0.970™ 3.540 2.548 2.347
R800 /R650 0.904™ 0.938™ 0.917= 0.043 0.031 0.050
R850 /R650 0.912* 0.941* 0.920** 0.041 0.029 0.048
R900 /R650 0.909* 0.947 0.927* 0.041 0.028 0.046
R950 /R650 0.911* 0.948** 0.937* 0.045 0.028 0.043
R1000 /R650 0.915™ 0.949* 0.940™ 0.041 0.028 0.043

*# : 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 LLAI and vegetation index from transplanting to heading stage

Correlation Coef,

Std. Error of Coef.

Reflectance ratio

Daechung Ilpum . Jinbu Daechung Npum Jinbu
NIR /Blue 0.935" 0.977™ 0.978~ 0.02 0.01 0.01
NIR /Green 0.914* 0.911** 0.916* 0.13 0.11 0.16
NIR /Red 0.908" 0.936™ 0.920™ 0.05 0.04 0.07
R850 /R650 0.912* 0.942* 0.920* 0.04 0.03 0.05
R800 /R550 0.902* 0.900™* 0.891* 0.21 0.18 0.27
R910 /R460 0.960* 0.979™ 0.962** 0.02 0.01 0.02
R950—R550 0.899™ 0.932 0.974~ 3.30 2.57 2.03
R1050—R550 0.898* 0.931™ 0.979™ 2.94 2.14 1.80
ND7 0.768** 0.757* 0.788* 11.30 9.41 12.66
NVI 0.760" 0.758* 0.750™ 10.10 8.75 12.06
MSS7 /4 0.917* 0.918™ 0.920™ 0.02 0.02 0.02
MSS7/5 0.909* 0.933* 0.921** 0.04 0.03 0.05
T™M4 /1 0.941* 0.965" 0.931™ 0.02 0.01 0.02
T™M4 /3 0.977 0.892* 0.915= 0.02 0.02 0.02

* : Significant at P
ND7 :
Blue :

=05, .01 respectively
(MSS7—MSS5) /(MSS7+MSS5),, NVI :

(TM4—TM3) /(TM4+TM3)
400~500nm, Green : 500~600nm, Red : 600~ 700nm, NIR : 720~1,100nm
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A=Y o LAI= 1 A2 HA3, A8AF7}
454 =Y w LAV} 6.58% =0kl AoZ A4
A 474 1 F748l w2} LAI= 0.163 = &4
= Ao A

AP G2 25 LAIS}L 22 LAISHS] #A)
= ¥ 49} pon, X e} HEXE 1:1 34
o] =3 ®B¥ R910/R460 2] A== LAV} 4
olgtd wf <zt HUFAEHRL, 1 o] M e
=29} A 2|71 Hlzsdh A4 TM4
/TM1 o2 43 LAIE 48 AFe +3
2ot AEA)7F & A st Aol e, LAI
golglef = Aol FHHUL, 403 FHa
FAERon, LAl 58 AFsAe Bako] v+
A, A=x9} FAAzLe] A ATE R0/
R460°] R?=0.94*= TM4/TM19] R?*=(.83*
off Bla] EokTh.

o

il
e

— 178 —



8
7] R®=0.94*
-
6' -
3. :
f -
.
uy
H 3
o’
2. ]
-
1.
(1 R910 /R460
0
7 R?=0.83"
6'. -
2 e
- 54 -
E -
& 31 - -
2 -
1-
2 TM4 /TM1
0 . . T v r
0 1 2 3 4 5 6 7
Measured LAI

Fig. 4. Relationships between ILAI estimated
by vegetation index and LAI mea-
sured from rice canopy.

5710150l A%t LAISke] 4aai)

¥ 49} e, R910 /R460°11 R850 /R650
apgzrel Y 2H g g o vAbE
7113 ﬁ}%EHPJ Aol vt A ahate] whAlE:
the Rl AE R850 /R6503 o] &g
22 3 y|go] PRt Auo] ] 4t
TM bandol| A= 2 A3k (TM3) o] REARS:
WE vl go] thg el vAE R w2 4
UeRda, FAATY BEA JA A2
e,
g% s3] WAES 7MY shel uAl
e v go] 2o F4Fol = LA 3
8 A SAR, FHAG HEFANE
o] %= &4 9] zJAuJ],x},] B]—A],_g__
e ks g A5l WAk
Ao Budt

F-lli £

NOURNA= AT —Q to ki s Lo rlr
_iN il

2 ftorg o dp

|y
}-o
_{

O Mo v oX to
X
%}ML‘_

o
2
oifi
rlo

N o
- A

B ZHEYS ol g3te] v Fete] gHl
@1*Ew4qaLu 3
9 A7

AL EH’@‘ﬂfl, LFHE FASH ¥

Table 4. Relationships between LLAI and vegetation index from heading to maturing stage.

Correlation Coef,

Std. Error of Coef.

Reflectance ratio

Daechung Ilpum Jinbu Daechung Ilpum Jinbu
NIR /Blue 0.525 0.680* 0.995* 0.06 0.07 0.01
NIR /Green 0.752** 0.806** 0.960** 0.21 0.22 0.04
NIR /Red 0.939™ 0.910~ 0.988* 0.04 0.07 0.03
R850 /R650 0.957** 0.923* 0.982* 0.02 0.04 0.03
R800 /R550 0.939** 0.857* 0.793* 0.13 0.24 0.07
R910 /R460 0.740™ 0.738* 0.987** 0.05 0.07 0.02
R950—R550 0.463 0.050 0.887% 3.98 13.19 8.11
R1050—R550 0.492 0.177 0.864* 3.40 11.76 7.22
ND7 0.734* 0.950™ 0.921 10.20 11.52 17.86
NVI 0.974* 0.963* 0.898= 5.14 8.52 17.12
MSS7/4 0.692* 0.791™ 0.997 0.02 0.03 0.01
MSS7/5 0.912* 0.897* 0.992* 0.07 0.07 0.01
™4 /1 0.827* 0.800™ 0.997* 0.03 0.04 0.01
T™4/3 0.968™ 0.920* 0.988= 0.01 0.02 0.01

* #: 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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