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Spectral Reflectance Characteristics and Vegetation
Indices of Field Crops

A A, w F g wow e

Shin, Yong—-Hee, Park, Jong-Hwa, Park, Min—Seo

Abstract
This study investigated the spectral reflectance and leaf area index (ILAI) of field crops and deter-
mined vegetation indices when intermixed with field crops and soil. Ground-level spectral reflectance
and leaf area index (LAI) were collected for eight crops including soybean. This study evaluated a
number of spectral indices for estimating chlorophyll concentrations at the leaf scale difference, using
samples from field crops at various stages of senescence.

The first and second derivative of reflectance spectra showed several peaks that were dependent in
different degrees on leaf age and chlorophyll concentration in the crop leaves. Five vegetation indices
were evaluated which had advantages over existing techniques. Experimental data recorded on field
crops during the growing season were in good agreement with existing theoretical results. LAI
according to the field crops growing properties increased until the maturity stage and then that was
decreased until harvest. The spectral reflectance according to the most field crops growing properties
were characterized by its hysteresis loop showing a graph of 650nm versus 850nm wavelength as "L

loop".
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AFEZFO) 2ol ojste] Uehte] mlHaEs Table 1. Growing and measurement period
- Sl mmeed for the field crops
HAHeR maohm Agots 4E7E Field Growing Measuring .
gk 2HE7HA| toFstA EEskL Qo T3 crops period period Picture
29| ejok AT sio o] Tk Y42 B
E"ﬂ AEE g} Zo] We B AEsx ) Soybean | May~Qct. | May 20~Aug. 10

E}Oko}c}

B Ao e LB B3t EAAEA T} g
A2 9 QAR SE nhorsty] 93 871K Tobacco | Apr.~Sep. |May 2~July 10 Eae.r
Latge| e BAART 4 A48 Ad
A EFHAEA S A EA 6, ES T

ao . N Watermelon | Apr.~Aug. | June 6~July 10
AE0| AN mtotof= 5717 AR gof T
sto] AEsII Ao Ag AAstazt gt

Green onion | Mar.~Nov. | May 29~Aug. 20
I. Mz 3 g
Taro Apr.~Sep. | May 29~Aug. 20 @“

1. s ¥ H¥= 2A

WAE O] BiAbe] £ 25 A 5 Radish | May~July |June 26~July 10
T AT 5ol AT 20x43me] & Ao Ay
g 2ol diste] Aajstatt & B¢ 2
73%, AE 19% HE 8% AF¥E (sandy Melon | April~Aug. | May 20~July 10 i ;
loam)olm], 27| gHl= 14.6%00H, =74 2 , . ik
E2 Table 13+ Zo] F, o, 4}, o, Egh . 55
D’ _—_]_7_—’—’ XLQ]_,] 87]’Z1 ‘E]'_ HE}_Z_}'%.—] /\3_&_716_ Red pepper AprIINSep. May ZNJUne 27
2 o)g- go} Aol uet 1~570Y HEolnE
of7]of] whazo] 47|72 20024 5% 24UFE

89 2007HA ZABIT, Bt 2Ae & 2B 2% Bol4q o 50em Foizl iAo

Qs Agel w7

EHARE S8k,

274 AER

A

& BHRAALI-
1800, Li Cor Inc; S4%Y: 300~1100m, &
427 2m)2 olgstel 8ol g ¢ 23
HARE ©F 24) Aole] LS BaEo
e SV 74 2B ool As

= o
AEE AN, S0 (453t 5 2002)
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Table 2. Various Vegetation Index

Vegetation Index

Method of transformation

Reference

Simple Ratio(SR), _ NR _ )

RVI(Ratio Vegetation Index) SR = RED kvi Birth and Mcvey, 1968
Normalized Difference wpvi= NIR-RED Rouse et al., 1974; Deering et al,,
Vegetation Index (NDVI) NIR + RED 1975
Atmospherically Resistant ARVI = % Kaufman and Tanre, 1992; Huete
Vegetation Index(ARVI) and Lin, 1994

rb=RED - gamma (BLUE - RED)

Soil Adjusted Vegetation

(I+L)(NIR - RED)

Huete,1988;Huete and Liu,1994;

Index (SAVI) andModified SAVIMSAVI) SAVI= NIR +RED +L Running et al.,1994
The Second Modified Soil Adjusted MSAVI 2= —— x (2(NIR+1) Qi et al,1994
Vegetation Index 2 ratio-based

(MSAVI2)

-2 XNIR+1)" - 8(NIR-RED)

where NIR is a near infrared wavelength, RED is a red wavelength, BLUE is a blue wavelength, rb with a value of 1.0 for gamma, L is a correction
factor which ranges from 0 for very high, and "2 signifies the squaring of the value and sart() is the square~root operator

AbeFat Aol Qitkal Bl o] whababA}
E& o] &3t 2322 RVI(Ratio Vegetation
Index)E AAISFTH T2 2]4=(SR)2F RVI
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Fig. 1. Spectral reflectance of eight field crops
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Table 3. Comparison of the five vegetation indices and LAl with the seven field crops at

June 26, 2002

Vegetation LAI NDVI RVI SAVI ARVI © MSAVI2
Tobacco 1.02 0.55 3.42 0.82 0.77 1.21
Watermelon 1.18 0.74 6.65 1.10 0.82 1.35
Green onion 1.3 0.76 7.36 112 0.79 1.36
Taro 1.68 0.83 11.00 1.24 0.85 1.41
Radish 1.97 0.88 15.60 1.31 0.89 1.44
Melon 2.3 0.90 18.86 1.33 0.91 1.45
Red pepper 2.94 0.91 20.76 1.35 0.92 1.45
dutd o2 AAugel whe) thefstA| #stel & 4= QiTd oj Z+ Al7|E AE9 A
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Fig. 10. Relationship between LAl and NDVI of
the seven field crops at June 26, 2002
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Time (days)] NDVI | RVI | ARVI | SAVI |MSAVI2
May 20 | 0.38 | 2.22 | 0.59 | 0.56 | 1.04
May 27 | 0.47 | 276 | 0.68 | 0.69 | 113
May 29 | 0.71 | 586 | 0.82 | 1.05 | 1.33
June 07| 0,91 | 20.71 | 0.93 | 1.35 | 1.45
June 07| 0.93 | 28,06 0.94 | 1.38 | 1.46
Aug. 20| 0.56 | 3.54 | 0.81 | 0.83 | 1.21

%ol A FAEA

228

bl
BLUE GREEN RED

t‘_ Growth

NEAR-IR
U

4

Bt

Reflectance (%)

0}

10}

i

300 600 700 8OC SO0 1000 110

Wavelength (nm)
Fig. 12. Pattern of spectral reflectance for the
growing green crops

400 500

Soil line

q%l‘rans}:)‘lanﬁng

Near infrared reflectance, Res (%)

0 10 20 30 40 50 60
Red reflectance, Reso (%)

Fig. 13. Hysteresis loop of reflectance of the
field crops

7He 7HM e AR | AE F5t
&2 goldrh, Y E 24 FY
o] FANAHA FHF2Zo] W
I ¥AE L Z 73tk (Peterson and
Running, 1989), 1 A3} &2tzo] 473t
et 7RAGA G o] WhAbE-2 WolR| 3 23
Yo g g BhabES ot = =
ok, E3] E22Y g3 YA WAE #
A (700nm £1)Y HMAAH(red edge)
S AR 4% dAE W dREe 54
< 2otk & AMAAH(red edge) °o|HL
E g%t uhel BAFRAIEA S Wot
A} 0] 3.0] EFubAbE2 Eolx]= EA o] o}
obefqict

WA o] AASHRA Ll HEuLEY

o)
;g__



53

o] ol (hysteresis)& ¥oHd7] ko] 7HA|
FAGANA 650mE Aty ZAAHGY
o A 850mE AA3ste] 2 ZE GeEfUH
Fig, 137+ 22 ojg 24 o g #gH L& E
o EAL &Y 7 SEe dAs] s ¥
g B9 Y] ggko] tpeh ofFR Aol SlofA

= Hol= o7t o FHE Yehdoh(rEst
F:2003). 2L AR g olHFA

(hysteresis loop)< E%A(soil line)& A&
Mo g st= LAEE J4%tth YRty es 7t
ABAGGol e AR 2 B &
23} olo] TAH %9 chlorophyll &< ¢
o I AN g F S Tt} 24t
Edo] o3t ZN YA F F2E 5ol 98
HhAFE o] Wotx|H A o|2lo] ®iglslA i}
GG Me €717 Whrtgo] ¥
of HIEE Zolx|A Hu F ¥ 4%
£of 93 o]H 242 HstetA Hit, A
2 SAAZO] 3 A= AAEA R Yo
Y wjo]lB g v 5o AEoA Kol= EoF
7hrtol7kA] oA THEA ¢k EY
o] H AHoAA 8L sHA Hol oA
HaA Aok, gor A el 8

F0d o|gH4E o URY

o}

o &= & dr Jo B 4 rl

ok

n

RS7|H 0|43t
PUANEY, A
2

Alsted thg3t 22

sk

IE Ao

o] wkAR&o] 10% vigto|n Z-go] A&
Chlorophyll®] Z7F=2 ¥HAREE M4 Ropxith
SHAMG NN HNAE 7he Bhet ol
&o| H|1L ZxZAo] OFgh AE 9] WhAbgo] W

S B3t o] 9lof 2x|o] ddkslal EHo]

229

£ o]n] /iE= o} e 57HA AR A
zr

ol gst A3} 7} AR e WAHE P&
ASAHE 24 28] F9o0m APz
o LAI*= Auld] ¥4 E¥ot

EHHAREA o] e 1

0w mii g
T —L|~
i

TAE o) s

340 03 B3R S o) AT
AE E4o] 44 AU AAAA(C, red
edge )l HE7E A vets 429

r Ho
-
2
i

tlo o ™ ox

flo i

o

1%, o
1o,
o M
o
rE
>~
o
Al
ox
=2
do
S
)
il
1o
%
[
J?-J

oftt
ox
_O'l',
pats
12 0

T
U}

A7)oll A @i AFEL TUY A
A2o] TR YL AL 7+ AR
of wet g2 2=
woh=d olgd = %
2o} g oAt H=4¢ 289l Aol RS
o AL Aozt Ael7] feild YRR H
SAHO] Bo] ARBAS 3 XHS AF
to] AAAEES HE BAH 7= wwor &

Q& Aol webA gre= 945719
BIIEA T AT RARE Rt A A
o TR 4 ARgstH
o AEet NDVISH LAIS AHge] 758

H
et
HS.
o
it

£

i XE‘ ob ofr

Sb AN it
2 gy

=
=]

%_9.
oz



54

|'0I

2HE H102 25

L]

it

1 MEst - ol4s - 4183 - A7), 2002, H
AHgel o 390 A g 24, B
4= 9(1), pp. 29-37.

2. 8%} - A48 - uulA 2003, ¥ g
A BN 54, s=dAe, 100D,

pp. 53-61.

3. AAIR - Aol - 7] - &Y, 2000, &
EZYYoHEE ol§3 B A7 Z3ut
AHEA W3 B = A=A, 3(3),
pp. 12-19,

4. 4G - ol - QA - YR - 2UA,

1998, WSS o8 v AT 4,

= A YA} A, 14(1), pp. 83-94.

5 Asrar, G., E. T. Kanemasu, and M,
Yoshida, 1985. Estimates of leaf area index
from spectral reflectance of wheat under
different cultural practices and solar
angle, Remote Sens. Environ,, 17, pp. 1-11,

6. Attridge, T. H., 1990. Light and Plant
Responses. London! Edward Arnold,

7. Baret, ¥., I. Champion, G. Guyot, and A.
Podaire, 1987, Monitoring wheat canopies
with a high spectral resolution radiometer,
Remote Sens. Environ., 22, pp. 367-378.

8. Broge, N.H. and Mortensen, J. V., 2002,
Deriving green crop area index and canopy
chlorophyll density of winter wheat from
spectral reflectance data, Remote Sens,
Environ,, 81, p. 48,

9. Carter, G.A., and B.A. Spiering, 2002.

Optical properties of intact leave for esti-

mating chlorophyll concentration, J.

Environ. Qual., 31, pp. 1424-1432,

Daughtry, C.S.T., K.P. Gallo, S.N.

Goward, S.D. Prince, and W.P. Kustas,

1992. Spectral estimates of absorbed radi-

ation and phytomass production in corn

and soybean canopies, Remote Sens,

Environ., 39, pp. 141 -152,

11, Huete, A.R., R.D. Jackson, and D.F. Post,
1985. Spectral response of a plant canopy
with different soil backgrounds, Remote
Sens. Environ,, 17, pp. 37-53.

10.

230

12.

13.

14,

15.

16.

17,

18,

19,

20.

21.

Huete, A.R. 1988. A soil-adjusted vegeta—
tion index (SAVI), Remote Sens. Environ,,
25, pp. 295-309,

Kaufman, Y.J. and D. Tnare., 1992.
Atmospherically Resistant Vegetation
Index (ARVI) for EOS-MODIS, IEEE
Transactions on Geoscience and Remote
Sensing, 30(2), pp. 261-270.

Martinez v. Remisowsky A., McClendon
J.H., Fukshansky L. (1992). Estimation of
the optical parameters and light gradients
in leaves: multi—flux versus two—flux
treatment, Photochem. Photobiol., 55, pp.
857-865.

Miller, J.B., 1967. A Formula for Average
Foliage Density, Aust. J. Bot, 15, pp. 141-
144,

Nilsson, Hans—Eric. 1995. Remote sensing
and image analysis in plant pathology,
Canadian Journal of plant pathology, 17,
pp. 154-166.

Nilsson, H.E. 1995, Remote sensing and
image analysis in plant pathology, Annu.
Rev. Phytopathol., 33, p. 4.

Pearson R.L, Miller L.D and Tucker C.J.,
1972, Handheld Spectral Radiation to
Estimate Gramineous Biomass, Appl.
Optics, 15, pp. 416-418.

Peterson, D.L. and S.W. Running., 1989,
Application in Forest Science and
Management, Theory and Applications of
Optical Remote Sensing, Doghouses Asrar,
New Youk, John Wiley and Sons, pp. 421—
473,

Rouse, J,W., R.H. Haas, J.A. Schell and
D.W. Deering., 1974. Monitoring
Vegetation Systems in the Great Plains
with ERTS, Proceedings, Third Earth
Resources Technology Satellite—1
Symposium, Greenbelt, NASASP-351, pp.
301-317.

Welles, J. M. and Norman, J. M., 1991,
Instrument for Indirect Measurement of
Canopy Architecture. Agronomy Journal,
83(5), pp. 818-825.



