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ABSTRACT: The purpose of this research was to study spectral signature reflectance of RD43 rice variety
on stress conditions from the effect of ozone gas at the concentrations which was less than 10 ppb (control),
40 ppb and 80 ppb measured by the hyperspectral remote sensing technology in each growth phases. The

results showed that the in-situ measured hyperspectral remote sensing technology was able to classify the
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RD43 rice that has received ozone compared with the control group (no ozone fumigation) at reproductive
growth phase (14 days ozone fumigated). The strong correlations of the reflectances of green band, red
band, near-infrared (NIR) and shortwave infrared (SWIR) were clearly observed between experimental group
and control group with significantly different at p<0.05. During the reproductive growth; under near infrared
wave of 740 - 1350 nm, the concentration of ozone gas 80 ppb exhibited the highest reflectivity of the
electromagnetic wave by 0.385 + 0.024, followed by the concentration of 40 ppb (0.373 + 0.019) and
control group (0.256 + 0.011), respectively. The findings of this research could benefit for using as a guideline
to monitor the effects of ozone gas on rice with hyperspectral remote sensing technology.

Keywords: spectral signature; ozone; hyperspectral; Oryza sativa L.
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Table 1 Characteristics of the ASD FieldSpec® 3 Spectroradiometer

Characteristics of the ASD FieldSpec

Spectral Range 350 — 2500 nm
Spectral Resolution 3 nm @ 700 nm
10 nm @ 1400/2100 nm
Sampling Interval 1.4 nm @ 350-1050 nm
2 nm @ 1000-2500 nm

Wavelength reproducibility 0.1 nm
Wavelength accuracy 0.5 nm

Bands 2151

Weight 5.44 kg (12 lbs)
ASD. (2010)

Figure 1 Experimental setup a) Halogen lamp b) Fully assembled pistol grip c) ASD FieldSpec d) White

reference panel e) Computer notebook
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Table 2 Statistics of spectral reflectance of rice variety RD43 on stress conditions from the effect of 7 days

ozone fumigated at the vegetative phase (n = 120)

Spectral region Spectral reflectance
Treatments
(wavelength) Min Max Mean+SD
Blue Control -0.038 0.035 0.016+0.014
(400-500 nm) O, 40 ppb -0.041 0.034 0.017+0.015
05 80 ppb -0.038 0.031 0.014+0.013
Green Control 0.036 0.089 0.070+0.015°
(501-600 nm) O, 40 ppb 0.035 0.084 0.066+0.014%°
O, 80 ppb 0.031 0.081 0.061+0.014°
Red Control 0.033 0.090 0.049+0.012°
(601-700 nm) O, 40 ppb 0.031 0.081 0.044+0.010°°
O, 80 ppb 0.027 0.075 0.039+0.009°
Near infrared Control 0.229 0.285 0.258+0.015"
(740-1350 nm) O, 40 ppb 0.250 0.309 0.284+0.014°°
O, 80 ppb 0.265 0.323 0.298+0.014°
Short wavelength infrared 1 Control 0.121 0.207 0.183+0.025"

(SWIR1) (1461-1789 nm) 05 40 ppb 0.127 0.224 0.197+0.028°
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O, 80 ppb 0.122 0.227 0.197+0.030°
Short wavelength infrared 2 Control 0.116 0.136 0.130+0.005
(SWIR2) (2101-2250 nm) O 40 ppb 0.122 0.145 0.138+0.006
0, 80 ppb 0.120 0.143 0.136+0.006

Different letters indicate significant differences among treatments at p < 0.05
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Figure 2 Spectral signature reflectance of RD43 rice variety on stress conditions from the effect of ozone

gas at the vegetative phase (n = 120)
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[wuTuesitgloleu 80 ppb ﬁmmiazﬁammwamﬁmmLMﬁﬂlﬂ/\lﬁﬂLaﬁaqﬂﬁqmﬁﬁu 0.385+0.024 5998941 A
anududuresinelelou 40 ppb (0.373+0.019) uay gAAIUAY (0.256+0.011) d@aunsaziouuassinfian wu
Tugasadufinueaiiu (400-700 nm) Taslameaasedudiinbu (400-500 nm) Fsgaauau SAnsasieuuasmes
pauLimanlwiiedesiifian Wiy 0.009+0.016 sesaun Ao eunduduvesfinalelsu 40 ppb (0.0130.018)
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Table 3 Statistics of spectral reflectance of RD43 rice variety on stress conditions from the effect of 14 days

ozone fumigated at the reproductive phase (n = 120)

Spectral region Spectral reflectance
Treatments

(wavelength) Min Max Mean+SD

Blue Control -0.052 0.870 0.009+0.016
(400-500 nm) 0, 40 ppb -0.054 1.286 0.013+0.018
O, 80 ppb -0.051 1.626 0.016+0.017

Green Control 0.028 0.073 0.056+0.013"
(501-600 nm) 0, 40 ppb 0.035 0.097 0.073+0.018°
O, 80 ppb 0.037 0.098 0.074+0.018°

Red Control 0.024 0.067 0.036+0.009°
(601-700 nm) O, 40 ppb 0.029 0.088 0.044+0.012°
05 80 ppb 0.031 0.090 0.046+0.012°

Near infrared Control 0.227 0.272 0.256+0.011°
(740-1350 nm) O, 40 ppb 0.322 0.407 0.373+0.019*°
05 80 ppb 0.328 0.427 0.385+0.024°

Short wavelength infrared 1 Control 0.110 0.195 0.171+0.024°
(SWIR1) (1461-1789 nm) 05 40 ppb 0.173 0.304 0.267+0.037°
05 80 ppb 0.181 0.315 0.278+0.038°

Short wavelength infrared 2 Control 0.095 0.113 0.108+0.005°
(SWIR2) (2101-2250 nm) 05 40 ppb 0.168 0.196 0.188+0.007°
O, 80 ppb 0.176 0.206 0.197+0.007°

Different letters indicate significant differences among treatments at p < 0.05

Reproductive phase of rice variety RD43

(14 days ozone fumigated)
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Figure 3 Spectral signature reflectance of rice variety RD43 on stress conditions from the effect of ozone

gas at the reproductive phase (n = 120)
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3. fnwararedudniu P29n156935y4ulan19kudn (Ripening phase)
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wanssfuegsiaaulugasedudunsnsalng (740 - 1350 nm) Tneseiuaududuvesingleleu 80 ppb fidnis
agviouuawaInauimanliiiadegefigaviidy 0.174£0.009 sesasn Ae Tagszduanuituduvesinaleley 40
ppb (0.171+0.007) wag yanuAu (0.151+0.006) dauﬁ’lﬂ’ﬁazﬁaul,mw?wﬁqm wuluasedudinueadiu (400-
700 nm) Tnglanzdrsndudnniu (400-500nm) Fegnmugu dansasieunasosnduusivanlniinindesiian
WU 0.003+0.010 F898911AD ANULTNTUTRIR19loleu 40 ppb (0.007+£0.010) wazANuLiNTUveRIglolyu

80 ppb (0.008+0.008) 1azLdenass Table 4 uag Figure 4

Table 4 Statistics of spectral reflectance of rice variety RD43 on stress conditions from the effect of 21 days

ozone fumigated at the ripening phase (n = 120)

Spectral region Spectral reflectance
Treatments
(wavelength) Min Max Mean+SD
Blue Control -0.036 0.016 0.003+0.010°
(400-500 nm) O, 40 ppb -0.029 0.021 0.007+0.010°
05 80 ppb -0.025 0.020 0.008+0.008°
Green Control 0.016 0.043 0.033+0.007"
(501-600 nm) 05 40 ppb 0.020 0.051 0.040+0.008°
05 80 ppb 0.020 0.050 0.039+0.008°
Red Control 0.014 0.042 0.022+0.006"
(601-700 nm) 05 40 ppb 0.021 0.052 0.029+0.006°
05 80 ppb 0.020 0.055 0.029+0.007°
Near infrared Control 0.132 0.160 0.151+0.006"
(740-1350 nm) 05 40 ppb 0.153 0.184 0.171+0.007°
O, 80 ppb 0.153 0.190 0.174+0.009°
Short wavelength infrared 1 Control 0.059 0.111 0.095+0.015°
(SWIR1) (1461-1789 nm) O, 40 ppb 0.078 0.134 0.118+0.016°
05 80 ppb 0.079 0.139 0.123+0.017°
Short wavelength infrared 2 Control 0.055 0.067 0.063+0.003 °
(SWIR2) (2101-2250 nm) O, 40 ppb 0.074 0.086 0.083+0.003 *°
05 80 ppb 0.077 0.090 0.086+0.003 °

Different letters indicate significant differences among treatments at p < 0.05



winuns 49 atudl 1: 64-75 (2564)./doi:10.14456/kaj.2021.xx 72

Ripening phase of rice variety RD43
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Figure 4 Spectral signature reflectances of rice variety RD43 on stress conditions from the effect of ozone
gas at the ripening phase (n = 120)
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visenavuauasioanziAien uaziilefinnsanmsazvioundsnulutasnisieigiulamansduiug wagdisnis
Wwigivlnveudn wuln miazﬁauwé’mﬂmﬁaaﬂ?{uﬁmmamﬁumawwmamﬁLLu'ﬂﬁuLﬁuqqﬁuﬂdmmmuam

1AELRNILANAAUELAY 11IB9971N USUaUAaDlsTladwarNIsauAI1EMLaEIuasdnianad (Thenkabali et al,, 2013)
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2. 919PAUBUNTIIAING (Near-infrared: 740-1350 nm) Y09t UG NY43 119 3 YANITNARDY AeiAT

nsagvisunasugeigaluraiuil lnglamzdnanissgiulanansduiug uavanmaduyaanisasyiule

I3 =

Maudn Fadenadesiun1sfnuives Mosleh et al. (2015) fidnundndnuaivesnisugninn nuin tszezesn
non (Flowering stage) azta3qyiulmanniian SovirlianunsaiiudnunsUsssiuduosinusiasiusld denaviili
Ppdudunsusalndazvioundsnuldinniian wazAnsazviouszanatluraendy Infrared slope (1350-1450
nm) Lﬁaqmﬂﬂaa‘li?\laéﬁﬁaﬁﬂu anwaglassaanigluvesly (Cell structure) Wagdnuyairvaamsny (Canopy)
arunsndsioundsaui unnnnsenulugaend ud ldd (Shwetank et al, 2010; Leinenkugel et al, 2013;
Thenkabali et al., 2013; Guan et al,, 2016) ﬁqmmialﬂﬁﬂmﬂ?{uﬁammEmﬂﬂaﬂuaq%’nlﬁ Tnglufidaidenaylven
mia:ﬁammwﬁ"wﬂdﬂuﬁﬂjﬁhjﬁiﬁﬂ%q%azﬁau Uensen, , 2007) fsazidiulgaindndilasunansenuaniielelay
Ansagioundsnuazgeninesiiniuay wasilodniouniy Ymarhlulufezanas dawavinlians
avvioulutenauiavanasmalluae (Leinenkugel et al., 2013; Guan et al., 2016) fAsagiiulaanA1nsaziou
wastamsiesaAulanensauiug igsnindieniseiapivlmadn

3. f9nAuBuTNIARAUAY (Shortwave Infrared: 1350-2500 nm) vasd1audniug nua3 fia 3 ganas
yages AnsazoundsruazsuUaniufuuBinadvimualluin Sdvinavenirluluinazgandundsny
w1l3lutaeadn 1400 nm, 1900 nm uay 2400 nm ANNEIAAUTINESENTT Water absorption bands Tuvauyil
23R8 1600 nm wag 2200 nm T1azazfieundsnugsiian Insasandutuuiinasiluly vdneguiniu

Ysinahluluazanas dawavillirinisagyisundsanugeliy gniiu 91ansiasgiaulanieadunagnisduiug 1d

]

=

Amsazvieuiinluaniingn mszluranisifiudoya Snwens winvosindslivnaauiind dsaenadastu
1ATuved Boschetti et al. (2014) fifnwiFeuiisudvdinnuuanssesaunasauuuuesuealad (Normalised
difference spectral index: NDSIs) 3In%@ya MODIS Tunsnseiaituiniesssuuinaundiithideseduseg
WU Fisziuideund 10 wuiwes Wainsasteundwiluraenduy SWIR (1450-1700 nm way 2000-2200

nm) 11NNINTE SEAULN 5 wuiung wagliiunda

ayUuazdalauauue

MnHansAnwEnYuraedudandu (spectral signature curve) vestadiug nua3 AldSunanseny
nfeleleu Tunsazdaenisaigiaula wuan LmiuiaﬁmﬁuimmwslﬂaLLUUlaLﬂai‘aLUﬂm%’amﬂﬁuau
annsauendnildsuuaglilasuinglelou Ielurramsisqiulamemsiviug fuduriidnissyiulagsga
wazfimnuseulwefalolsu dimsagioulursnduiisueudiu 9aandudunsuselng wastndudunise
Aady uinsigllanmsasuunanuuanmasEreldsufeleleunududy 40 ppb uar 80 ppb 1¢ 3¢
Fuduiigdomnislunisdadentsndulasdviionssaimngan Tnslanedydfonssaifanulsionis
MRUAUBIAUTUTUTDIAALSHAE Lﬁﬂﬁmmiaﬁugmamiﬁﬂwﬂuﬂ%ﬁmsﬁmimmaaﬂwm&Jszqua
wzlgn wagveneranisAnwluSudanneasns sauamsinsinuiutuiadensiutaueiivesinaugly
#e 1y Usinaeaelsfiad msduanesiuamois wagUsinashluly Wudy Tasdoyadldanmsdnuluadsd
ansolfifugudoyaaunatadneds (Endmemben) lumsdszgndlidududoyanmeanifieuieioyauuuiia
Aaunasauazlaosaiunada wielddunwimslumsiauiweundindudmiunmsussiianassnnaieninea
(Digital image processing) lunsAamuuazidseismansgnuaniielolyunad1n demalulagnissuiain

svoglnanall
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AUBUAN

Y0UBUAN WNINedETvguATaNTIA AliudmiumsAnuluadel] veveunn Auyinemaniuay
wielulad Alvldaouilunisiidunuide quiitetmdsumilinuomesziudaiugin uasdninnuiam
waluladoinauazgiarsauina (esdnsumv) flvianueyiaszsiiad ssinai nsasvisunauulaes
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