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Applicability of Vegetation Index and SPAD Reading to Nondestructive
Diagnosis of Rice Growth and Nitrogen Nutrition Status
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ABSTRACT : Precise application of topdressing nitrogen
{(N) fertilizer is indispensible for securing high yield and
good quality of rice and minimizing N losses to the envi-
ronment as well. For precise N management, growth and
nitrogen nutrition status (NNS) should be diagnosed rap-
idly and accurately. The objective of the study was to eval-
uate the applicability of vegetation index (V1) calculated
from hyperspectral canopy reflectance measurement and
SPAD reading to nondestructive in situ diagnosis of
growth and NNS of rice. Canopy reflectance, SPAD read-
ing, growth parameters, and NNS characteristics were
measured from various N treatments to evaluate the rela-
tionships among them for two cropping seasons from 2001
to 2002. The correlation coefficient of VIs with variables of
growth and NNS increased positively as rice canopy
became more closed. Regardless of growth stages, VIs had
significantly high correlations with LAI, shoot dry weight
(DW), shoot N content and nitrogen nutrition index
(NNI). Those correlation coefficients increased steadily
before heading stage as rice grew up. However, tiller num-
ber and leaf N concentration showed significantly high
correlations with VIs only at and after panicle initiation
stage (PIS). Among the VIs, RVIgreen had significantly
higher correlation with the measured parameters than the
other VIs: it showed correlation coefficients greater than
0.8 with leaf and shoot N concentratin and DW, and much
higher coefficients greater than 0.9 with LAI, shoot N con-
tent, and NNI. At LAI of below 2.5, VIs had non-signifi-
cant or low correlations with the growth and NNS
indicators due to the background effects. SPAD reading
had significantly high correlation with leaf N concentra-
tion and NNI at each growth stage. In addition, it had sig-
nificant correlations with variables of growth and NNS at
PIS and booting stage, particularly, at booting stage.

Corresponding author: (Phone) +82-2-880-4544 (E-mail) leebw@
snu.ac.kr <Received September 13, 2005>
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Though SPAD reading had a significantly high correlation
value at a given growth stage in each year, it showed very
weak relationship with variables of growth and NNS when
pooled across growth stages and years. In conclusion,
RVIgreen was found to be the most reliable VI to estimate
the growth and NNS of rice around at PIS, but SPAD
reading had much limitations.

Keywords: rice, growth, nitrogen nutrition, spectral reflec-
tance, vegetation index, SPAD
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=020 (Norman ef al., 1992).
gt A3 SHsHAY EXeke
AZba w8, ZAAA B1go] 49y
Al 04 ARE FA|
& SHAl7E mErh wmEpA 22l 8l
AAZYe g2 o] 7H53 SPAD metertt &
WAL R ZHE] ST 2 HAFPIHE F43,
ApRigte] mrg Egalarat she A s 713
AT} (Piekielek & Fox, 1992; 3419, 1999; Flowers er
al., 2003).

SPAD meter= 650 nm(Z A )3} 940 nm(A 21H)e] Fx}
EHOE FAEALTRFS AR 243 7IAIE, SPADG:
S AR AAYPIHE Holsle] Fu) A4S &3
= A%=7F H(Tumer & Jund, 1991), =-%=~(Pickiclek &
Fox, 1992), H(Fox et al., 1994) SolA o] gob et
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SPADZHE o] BT JE5ATHTHS BT Wt o}
e}, 253 ASA7 02} |5 %
gepA L, E3E 2 Ee] AgHs F )
7] diol ©A AaggEge] AHEN o] &-xojof gt
I At Pickielek er al., 1995). Ttk Hol 2lelX= SPAD
S U FoE HAGeRM o AAYEHE H|H
Hog AgsiA A 5 Yol sl (Peng e al.,
1995; Ladha er al, 1998), SPAD =4 o]2]o| x&o=g
HgHAE 58 Z4siord Byt o), TR Zhe) I3
TEY HolE geks] YeiMe Ee S43tel Fasit
= #A-e] ck(Diker & Bausch, 2003).

ZHEe] BAREE A7) 98 = e Yo HI gol
ATHIL e Fo] 2 vrESA e 2 A} 7E
olth(Ladha er al., 1998). A Fo] WRAIEA| Aozl &
BUA 8218 ZEd M2 ¢ i) AExdd | 2

7 AR B R B4 % SERF Sol

©3

15 (Gausman ef al, 1969), 222 gllo s o ¢
ARt WAzt gl 27t Fol St FEke] WARE B3 o

dFe WMAEAS A FY3 wHA(Yoder & Pettigrew-
Crosby, 1995), ¥+&-138] EAd) 7lsks o8 29E, <
£ ¥ ¥, d9A, 99 A ol nhgt, B, 4
A171, AA el FOV(field of view)l W& 23z B &
5ol 218k vl & (background effect) 52 M2 ZHsfor
SHH(Rondeaux ef al., 1996).

HE FEAE B3 S5 she A AAYEE
271 Sl TS o] 8-ske AerF Bovt v wlut
ol FEFshe e AP E(EF, LAL 54 S0 (YAHE
o] ®3}, background effect Tl Ug A 2 A==
ol utoll §l7] wiiEol(Daughtry et al, 2000) Zefjolli=
Vh o] e 2T 8 ABATEC] JidEe 2
2] A )thRondeaux ef al, 1996). FEHIALZ A 1 2]
B, A2YPRE, FFE AZHLA T Aol 2ol
o= Ax PAEolot e s Y ¢ Ul e 7
Ex7b W3 A9 S4E i EAL e RnE EYE B
F9 5wl wRAF 549 THdel 7] wEoltk(Diker &
Bausch, 2003).

TENREE AR, 71V, 2487
7] wiiol 2t UepE R vhekst AR Fol NEEHSIS
, TY AR EA
=2 Aok AF7EA] Bl A o R v ASPRE
32 ke A7 ok ALY tiHEo] BEAHIER]
L G AH|pEelA e A7) wiiel] AR vheket

=
S R ZaIEdE oM s HEAIE = Aol el

O

B
3
1o
N
i
9
o
[
)
>

»

A 2 A felueke] B A el JFEd
7) BABEE o187 0] Ha NEF Aol seiaret

SPAD 2439 o] P54 WESP] A% A WA,
7] g Ak AR Gesel JeRr) A% 2
AEGPYAE Dhspl AT ©)F ZehAeh SPAD-
meter Z3GOE 4T 4 YeAE AESA,

20012 2002 2ol AA Mgtidhan FAAE At
F&sidos] sMIHE FAlske] AEeint dEEEe &
71 &8t go] 20~2.1%% BlwA 3 CEC7F 123~13.1
cmol®/kg, pH7} 5.5~5.79) AFAA Y E (sandy clay loam)3{tt.
49 24400 234 02)0l Z1A|e| At HobrlZl FAb
£ 9%, &0, =31 ¥ v EHFRA A SR
T, 59 29000 21902 AAEE 15x3 0cmE 153
B Eo|Ysisin

N-P,05-K,0=12-8-8kg/10aZ 7|&AB|FO 2 A AJu)A g
278 Table 13} 7l AiE 7|8 5G] 1]=40:30:302
2R, AR AF@7m], siele 7H1F]=70:300% #4]
3ot 971 F 8 BF 89 1203t

AGFARE oY F 7149 P oR N %S o3}
o B9, QUA, SPAD, UEF 52 2RI, F8A
T 2 FPFH QAT AT AS2A L e}
¢} SPADE Z3AT. AFHT AEA= FUHEE Yol
72°C A7 A1 AR & ARSE AT 5, vl
712 E5kd KjeldahlH (Auto-Kjeltec 1035 System, Tecator
jit, Swiss)2 2 AALE EAM3h " A %A NN
nitrogen nutrition index)= Cui e al(2002)0] W] A 2ks}
Sk '

SPAD 74 49 288 F(Y-lealoX S48} &
YHAK= GER-1500(GERiit) E33AHIE A3, 573
A= 350~1050 nm, 787+4L 1.55nm(512channel), FOV
(field of view)= 15°23 1m Fo|oM FHZ0] 24 emSALh.
GERAFIA A FH Lambertian-panel(15X 15cm)e- § A3l
BaSO8& ST ¥3% Lambertian-panels A2Fsled ARSI E=0],
GER A3 oF 2% Wje] WA QA7) wAsloic), e
HIAL 2792 dARke] W3l A9 gle o) e dolut
de 2 NAIFE &5 2] Alelol] SA e, S
g SR dAREo] U ofg A9 ulgde] AlshA Re
2 Alefsiaith. FEHAE oF 2m EolollA] AA7t AshE
o] & 3l =AU, WHAEE Lambertian-
panel(reference panel)2] WEARSCl tigh ZE2ghe] WHALS-9]
Bl (bidirectional reflectance factor, BRF)YE ©|&3I3ich &
o] WAEAlY] AMEE #49& Landsat TM (Thermatic
Mappen)?} 7708 ol A 44(450~520 nm, B), 4%
(520~600 nm, G), 21*83H(630~690 nm, R), =2 2]4(760~900
nm, NIR) & 47} 3gdojglon, o5 gaor Hojzl

T ok
roew fob
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Table 1. Summary of nitrogen application treatments in 2001 and 2002.

Tillering N. ) Total
2001 Basal N. Panicle N.
10DAT  20DAT 30 DAT Total (kgN/10a)
Tl ON ON ON ON, 0.5N, IN, 1.5N, 2N 0,1.8,3.6,54,7.2
T2 0.25N 0.25N 0.25N " 2.1,39,5.7,7.5,9.3
T3 0.5N 0.5N 0.5N " 42,6,7.8,9.6,114
T4 0.75N 0.75N 0.75N " 6.3,8.1,9.9,11.7,13.5
T5 IN IN IN " 8.4,10.2,12,13.8,15.6
T6 1.25N IN 025N 1.25N " 10.5,12.3,14.1,159,17.7
T7 1.5N IN 0.5N 1.5N " 126,144,162, 18,19.8
T8 2N IN 0.5N 0.5N 2N " 16.8, 18.6,20.4,22.2,24
T9 2.5N IN IN 0.5N 2.5N " 21,22.8,24.6,26.4,28.2
2002 Basal N Tillering N Panicle N Total (kgN/10a)
Tl ON ON 0N, 0.5N, IN, 1.5N, 2N, 3N 0,18,3.6,54,7.2,10.8
T2 IN ON " 4.8,66,84,102,12,15.6
T3 IN 0.5N " 6.6,84,102,12,13.8,17.4
T4 IN IN " 84,102, 12,13.8,15.6,19.2
T5 IN 1.5N " 10.2,12,13.8,15.6,174,21
T6 IN 2N " 12,13.8,15.6,174,19.2,22.8

* IN in basal, tillering, and panicle N fertilizer amount at 4.8, 3.6, and 3.6 kgN/10a respectively.

BRF(p)®] HaA|E o-&si3ict. zzhe] sgeor] Ldojzl wt
&2 235t NDVl(normalized difference  vegetation
index)?} RVI(ratio vegetation index) 59 A= th=}
o] ALksIsiT

PNIR PNIR PNIR
RVIblue = RVlgreen I RVIred =
Ps G Pr
PNIR™PB PNIR PG
NDVle = 5 4o, NDV]green = 5 fon
PNIR T PB PNIR T PG
NDVI_, - PR PR
PNIR T PR
Zd3 o

MSA7| W MR ME DALl HEt

AE271FH GRS S4T SEikee] HekE
A EHEFig. 1, 2), 200083 2002 25 AKo] Hxgel
oA Z2ej i AlHlpe] STl web 7Alg o] nhaks
L oA ZALY e wakee HA A= AT Bils
dl, olA¥ 79 e] whikgo] Fol=s AL TGS F
Bl P80 FZHUEr} 27 wlEo]i NIR Whalgo] &7
sH= 21 9A] NIRS F3 - ¥R o] 227t AAXH
WAlg-o] #A]7] wjFo|th(Yoder & Pettigrew-Crosby, 1995;
7, 2001).

-

APAA7IZE 52 THIde] uAkEe S B 10% o]
SZCEE

A 299 B2 20-60% HHAT
WARE-S- Az} 2l oRZE Alelg ®ed 2001d%ClE f

S71A7EA 20~50%, fFrrastrlels 40~60% ¥ ARAT,
2002950l FFEIIIHATEA 25~55%, sl
40~60% HAATE H2001S Aa AlHAE (12~48kgN/10a)
of waE 7N Ge] dalkge FaAE|FE A7) gl
o] 20% WAL, ZH AL ALAN|pFo] FolHSE
ol A 80%el| o=k it}

) Hz FEAREa JuAx] oo FAE Ve

Ro] Fig. 30t} FUHR|FI} S7HEE P =g
T3 A 5 A Y] HRAEE HAL Fojme Ao
2, ZAL ] WA HA} AXe Aot 7Y &
o) FAsgst HAge) WA GUAASTE 2 AER 4
W 7kx] FASA Aslen, GHAA S 2 o)M=
agol thh ZojERth H239] S-S JHAR|FIE A
ol el Foi=e eIy o] Jrjxom A
WAL P AR ol BAIG0] 3~10% WIATH FUA
17150t HAFe 5%, HAEL 0%, ZAsE-E 8% o]5ke)]
TALE-S BYom, FHARSG 2-2.5 ol eliME gzl 3
o) walgo] ZHzk 3%, 5% viTe|Sitt.
A oA ] HhARE TS YUFA S 2 AE oltlM =
AHgo] FA3] ST 1 o deliM e AA8] Frkehe
e Bk GHAR|FIE 259 A AARAEES 1Y
ha WeIEdl, o] AZPE o] daiEe 7|2 BdE
o}, s wabg-e FUAX R wEhA] ZA HEAIRE |
ARG 2 oM WA gL AM e WAER &
AN S lotalr] ojHthy dtk(Daughtry et al., 2000; 7,
2001). :
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Fig. 1. Seasonal changes in spectral reflectance of rice canopy in 2001.
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Fig. 2. Seasonal changes in spectral reflectance of rice canopy in 2002.
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Fig. 3. Canopy reflectance of visible and near infrared (NIR) light in relation to leaf area index (LAI).
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Table 2. Correlation of vegetation indices with parameters of growth and nitrogen nutrition parameters at each growth stage in 2001 and

2002.

Tiller Leaf va‘voe‘;;ﬁtry Leaf N ShootN  SPOOLR Nirogen

(No./m") area index (ke/10a) (%) (%) (keN/10a) nutrition index

Range 2444~563.7 038~1.06  22.1~1049  3.46~4.58 255373  0.63~3.63  0.62~0.92

RVI blue 0.890%* 0.742%% 0.803%* 0.538* 0.616* 0.868** 0.616*

RVIgreen 0.864** 0.841** 0.773%* 0.458 0.721%* 0.849%* 0.721%*

30DAT  RVIred 0.812%* 0.838** 0.695%* 0.364 0.758** 0.789** 0.758%*
NDVIblue 0.838%* 0.811%* 0.764** 0.463 0.653%* 0.819%* 0.653%*
NDVIgreen 0.823%* 0.861%* 0.741%* 0412 0.722%* 0.808** 0.722%+
NDVlred 0.762%* 0.897%* 0.653%* 0.277 0.787%* 0.735%+ 0.787**

Range 286.3~6852  1.01~3.52  69.6~250.7  2.55~4.04  198-3.12  138-7.01  0.49-0.76
RVIblue 0.556* 0.737%* 0.719%* 0.010 0.849%* 0.839%* 0.849*
RVIgreen 0.477 0.691** 0.671%* -0.085 0.920%* 0.823%* 0.920%*
A2DAT  RVIred 0.422 0.635* 0.617* -0.145 0.919%+* 0.773%+* 0.919%*
NDVIblue 0.557* 0.741+* 0.711%* 0.029 0.828%* 0.804%* 0.828%*
NDVIgreen 0.507 0.723%* 0.695%* -0.099 0.917%* 0.825%* 0.917%*
NDVIred 0.467 0.667** 0.634* -0.146 0.858%* 0.746%* 0.858%*

Range 306.7~567.9  1.73~4.53  1353~349.9  235~325  1.66~2.32  225~748  0.41-0.74
RVIblue 0.513% 0.860%** 0.718%* 0.693%* 0.675%* 0.792%% 0.805%*

PIS  RVigreen 0.714%* 0.931%+* 0.810%* 0.818%¢ 0.801%* 0.909** 0.932%*
(26~32  RVIred 0.606** 0.893%* 0.748%* 0.771%* 0.752%* 0.842%% 0.866%*
DBH)  NDVIblue 0.502%* 0.814%* 0.684%* 0.682%* 0.653%* 0.749%* 0.768**
NDVIgreen 0.721%* 0.908** 0.788%* 0.818** 0.799%* 0.881%* 0.912%*
NDVIred 0.623%* 0.832%* 0.687%* 0.784** 0.758** 0.780%* 0.825%*

Range 293.3~504.4  1.91~549 19444945 2.00-2.76  139~1.95  2.76~8.13  0.36~0.69

RVIblue 0.956%* 0.975%* 0.976** 0.936** 0.833* 0.980** 0.977**
Booting  RVIgreen 0.958** 0.959%* 0.959%* 0.924%*x 0.811 0.958%* 0.964**
stage  RVlIred 0.952%* 0.970%* 0.973** 0.937%* 0.828* 0.977%* 0.973%*
(19DBH)  NDVIblue 0.985%* 0.978%* 0.970%* 0.902* 0.803 0.964%* 0.973%*
NDVIgreen 0.955%* 0.946%* 0.947+* 0.889* 0.762 0.939%* 0.943%*
NDVired 0.974%* 0.969%* 0.967** 0.899* 0.781 0.959** 0.963%*

Range 293.3~567.9  1.73~549  1353~494.5 2.00~325  1.39~232  2.25-8.13  0.36~0.74
RVIblue 0.573%* 0.865%* 0.739%* 0.507%* 0.468%* 0.830%* 0.797%*
RVIgreen 0.725%* 0.935%+* 0.842%* 0.444* 0.402* 0.896** 0.819%*

13}531‘42 RVIred 0.651%* 0.8927%+ 0.764%* 0.547%* 0.506%* 0.868** 0.840%*
NDVIblue 0.567** 0.834%* 0.718%* 0489%* (.442% 0.792+ 0.763**
NDVlgreen 0.727%* 0.909* 0.812%+ 0.447* 0.404* 0.864** 0.798**
NDVIred 0.665%* 0.845%* 0.719%* 0.539%* 0.493%* 0.809* 0.793%*

DAT=days after transplanting, DBH = days before heading

* and ** are significant at 5 and 1 % probability levels, respectively.
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o] 1o &Hsk= E3H8 M (saturation)e] A3 WHgo] glo
B (Danson & Plummer, 1995), Hansen3} Schjoerring(2003)
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Table 3. Correlation of vegetation indices with growth and nitrogen nutrition parameters by group of leaf area index.

Shoot dry Shoot N

Tiller2 Le?af weight LeatN Shoot N content Ni'trog.en
(No./m~) area index (ke/10a) (%) (%) (keN/10a) nutrition index
Range 286.3~6852  1.00~549  46.7~4945  2.00~4.58 1.39~3.73 1.38~8.13 0.36~0.92
RVIblue 0.423%* 0.886** 0.820** -0.227 -0.297 0.865** 0.083
RVigreen 0.533** 0.849%* 0.773%* -0.047 -0.115 0.892** 0.256
LAI>1 RVIred 0.478** 0.810%* 0.718** -0.014 -0.085 0.861** 0.267
NDVIblue 0.428** 0.807** 0.770** -0.291 -0.377 0.804** -0.088
NDVligreen 0.545%* 0.826%* 0.756%* -0.060 -0.137 0.871** 0.201
NDVIred 0.501** 0.752** 0.677** -0.037 -0.120 0.802** 0.170
Range 293.2~6852  1.52~549 - 103.3~494.5  2.00~4.04 1.30~3.12 2.25~8.13 0.36~0.76
RVIblue 0.366* 0.841** 0.741%* -0.016 -0.062 0.813%* 0.427**
RVIgreen 0.497%* 0.798** 0.687** 0.193 0.156 0.854** 0.614**
LAI>1.5 RVIred 0.430%* 0.738%* 0.605** 0.259 0.220 0.808** 0.649**
NDVIblue 0.380* 0.793** 0.702%* 0.014 -0.032 0.781** 0.419**
NDVlgreen 0.507** 0.769%* 0.653%* 0.221 0.184 0.828** 0.621**
NDVlred 0.458** 0.670** 0.533%* 0.312* 0.272 0.745%* 0.653**
Range 311.1~6852  2.02~549  140.8~4945  2.06~4.04 1.42~3.12 2.76~8.13 0.36~0.76
RVIblue 0.199 0.802%* 0.680%* 0.044 0.002 0.769%* 0.482%*
RVIgreen 0.356* 0.751** 0.629%* 0.240 0212 0.817** 0.653**
LAI>2 RVIred 0.292 0.702%* 0.552%* 0.300 0.267 0.783** 0.680**
NDVIblue 0.185 0.731%* 0.628** 0.073 0.033 0.721** 0461**
NDVlgreen 0.357* 0.722%* 0.604** 0.237 0.210 0.787%* 0.627**
NDVIred 0.320 0.648%* 0.508** 0.298 0.264 0.728** 0.628**
Range 333.3~6852  2.50~549 173.9~4945 2.11-4.04 1.42~3.12 3.71~8.13 0.44~0.76
RVIblue 0.573 0.865%* 0.739** 0.507 0.468 0.830%* 0.797**
RVlIgreen 0.725 0.935%* 0.842%* 0.444 0.402 0.896** 0.819**
LAI>2.5 RVIred 0.651 0.892%* 0.764** 0.547 0.506 0.868%* 0.840**
NDVIblue 0.567 0.834** 0.718%* 0.489 0.442 0.792%* 0.763%*
NDVlIgreen 0.727 0.909** 0.812%* 0.447 0.404 0.864** 0.798%*
NDVIred 0.665 0.845%* 0.719%* 0.539 0.493 0.809** 0.793%*

* and ** : significant at 5 and 1% probability levels, respectively.

Table 4. Correlation of SPAD reading with growth and nitrogen nutrition parameters at each growth stage in 2001 and 2002.
Shoot N

Tiller LAI DW Leaf N Shoot N content Nitrogen
2 0, 0 .. .
(No./m*) (kg/10a) (%) (%) (keN/10a) nutrition index

30DAT Range 244.4~563.7  0.38~1.06 22.1~104.9 3.46~4.58 2.55~3.73 0.63~3.63 0.62~0.92
SPAD 0.392* 0.951%* 0.440 0.893** 0.912%* 0.559% 0.912*%*

ADAT Range 286.3~685.2  1.01~3.52 69.6~250.7 2.55~4.04 1.98~3.12 1.38~7.01 0.49~0.76
SPAD -0.162 0.099 0.059 0.757** 0.821** 0.286 0.821%*

PIS Range 306.7~567.9  1.73~4.53 135.3~349.9 2.35~3.25 1.66~2.32 2.25~7.48 0.41~0.74
(26~32DBH) SPAD 0.481* 0.870%* 0.731%* 0.642%* 0.616%* 0.783%* 0.780%*

Booting stage Range 293.3~5044 1.91~549 194.4~4945 2.00~2.76 1.39~1.95 2.76~8.13 0.36~0.69
(19DBH) SPAD 0.983** 0.996%* 0.994** 0.920** 0.809* 0.991** 0.985%*

19~32 Range 293.3~567.9  1.73~549  135.3~494.5  2.00~3.25 1.39~2.32 2.25~8.13 0.36~0.74
DBH SPAD 0.472%* 0.676%* 0.497*%* 0.691%* 0.662%* 0.711%* 0.797**

DAT=days after transplanting, DBH = days before heading
* and ** . significant at 5 and 1 % probability levels, respectively.
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Fig. 4. Relationship of SPAD reading with growth and nitrogen nutrition parameters around panicle initiation stage.

Table 5. Correlation of SPAD reading with parameters of growth and nitrogen nutrition status by group of leaf area index.

Shoot N Shoot N

Tiller2 LAI Leaf N content Ni_trogf:n
(No./m”) (kg/10a) (%) (%) (keN/10a) nutrition index

LAI>1 Range 286.3~6852  1.00~549  46.7-4945  2.00~4.58 1.39~3.73 f.§8~8.1 3 0.36~0.92
SPAD 0.140ns -0.081ns -0.207ns 0.799** 0.788%** 0.131ns 0.857*

LAI>15 Range 293.2~6852  1.52~549  103.3~494.5 2.00~4.04 1.30~3.12 2.25~8.l3 0.36~0.76
SPAD 0.130ns 0.087ns -0.085ns 0.754** 0.748%** 0.318* 0.837**

LA2 Range 311.1~685.2  2.02~549  140.8~494.5  2.06~4.04 1.42~3.12 2.76~8.13 0.36~0.76
SPAD 0.141ns 0.166ns -0.015ns 0.702%* 0.696** 0.430%* 0.809**

LAB2.S Range 3333~6852  250~549 173.9-4945 2.11-4.04 1.42~3.12 3.71~8.13 0.44~0.76
SPAD 0.472ns 0.676ns 0.497ns 0.691%* 0.662%* 0.711%** 0.797**

* and ** : significant at 5 and [ % probability levels, respectively.
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