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Recommendqgaqtion of Application rate of N Fertilizer for

Crop by Ground-Based Remote Sensing
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SUMMARY

To compare the efficiency of ground-based remote sensors for evaluation of
crop biomass pot experiments using sand culture were conducted in 2004 and 2005
under greenhouse conditions to evaluate the effect of nitrogen (N) deficiency on
red pepper and tobacco growth, respectively. Also field experiments were
conducted in 2005 and 2006 to investigate difference of sensitivity of measurement
between crop canopy 1n field condition and single plant of pot condition. Nitrogen
stress was 1mposed by implementing 6 levels (40% to 140%) of N in Hoagland’s
nutrient solution for the both crops, red pepper and tobacco. Canopy reflectance
T™

measurements were made with hand held spectral sensors including GreenSeeker

red and green version(Ntech Industries) Crop Circle’” passive sensor(Holland

Scientific), Crop CircleTM ACS-210 red and amber version and Field Scout™
Chlorophyll meter (CM1000, Spectrum), and spectroradiometers (LI-1800 of LICOR
Inc. and Ocean Optics models SD2000) as well as Minolta SPAD-502 chlorophyll
meter. Reflectance i1ndexes of both active and passive remote sensors were
significantly correlated With biomass of both crops at each growth stage showing
no difference between crop canopy i1n field and single plant in pot condition.
However the reflectance indexes of rNDVI and alNDVI by the active sensor such
as Crop Circle™ ACS-210 were the best tool for assessing differences in bhiomass
of crops at every growth stages estimated because reflectance index by passive
sensor was affected by light condition such as cloud and so on. Consequently
active sensor using light source of LED such as Crop Circle'” ACS-210 was
selected for best reflectance index for recommendation model of application rate of
nitrogen fertilizer by remote sensor test in growing season of the both crops. This
result means that this reflectance i1ndex could be wused for i1n-season N
management as a real-time crop sensor. And the aNDVI at about 70" day after

planting as critical seasons were closely correlated with dry weight, vield, and



nitrogen uptake of red pepper at the 120th day after planting. Also the cntical
season was about 30% day after planting resulting from significant correlation
between the aNDVI and tobacco vyield. The reflectance index by Crop Circle™
ACS-210 selected for recommendation model of application rate of nitrogen
fertilizer and critical season estimated from correlation between crop vield and
effective reflectance index showed the same tendency in field experiment of the
both crops. Conseguently recommendation model for application rate of nitrogen
fertilizer were made by regression equations such as Y (sufficiency index by the
aNDVD) = -0.2577x° + 0.6517x + 05466 (x=application percent to that of soil test,
%) for red pepper and Y (sufficiency index by the aNDVI) = -0.2917x" + 0.6687x
+ 0.5595 (x= application percent to that of soil test, %) for tobacco. Field
experiments including more than ten fields of red pepper and tobacco respectively
were conducted in 2005 and 2006 to prove the recommendation model by above
regression equation by the best reflectance index of remote sensor. The application
percent of nitrogen fertilizer for red pepper at the condition of {fertilizer use
efficiency 70% and 60% in 2005 and 2006, respectively by the reflectance test at
the 60" and 584 day after planting to that by soil test were estimated by 0%
10096 1n 2005 and by 0% = 64426 in 2006 based on sufficiency index by the
aNDVI of 071 7 098 in 2005 and 0.85 ~ 1.01 in 2006. From the above results
yvield of red pepper recommended by reflectance test was similar to that of soil
test plot. Also the application percent of nitrogen fertilizer for tobacco at the
condition of fertilizer use efficiency 70% by the reflectance test at the 35" and 28"
day after planting to that by recommended application rate were estimated by 139
T 83% 1 2005 and by 4% T 129% in 2006 based on sufficiency index by the
aNDVI of 042 ~ 091 1mn 2005 and 0.62 ~ 093 in 2006. And vield of red pepper
recommended by reflectance test was a lttle less than that of the plot of
recommended application rate resulting in vields of seven filed showed more than

377 yield to that recommended plot. Consequently ground remote sensing as a



non-destructive real-time assessment of plant nifrogen status was thought to be a
useful tool for in season crop nitrogen management providing both spatial and

temporal mformation.
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al., 1994). SAVI= AZPLAd=AH ARE o]gslo] 7ws X3Eo]X 7 Huete and

Warrick (1990)2 1A Al5e AL W EYY wiBads 302 HAG)

ANATE B 183 Gitelson et al(1996a) Green Normalized Difference
Vegetation Index(GNDVI)e] ©|&& Agtslion, oA =4 A2 A o] A
HolE #Hrist=d NDVIEY f&stttal ®Ruxil  JUH(Gitelson et al, 2001;
Schepers, 2001; Shanahan et al., 2001). Gitelson(2004)2 #7355 A A ko) Wolglof whz
NDVIZ} 323te] 7179 A NDVI® 717 &3k ttal sk Wide Dynamic Range
Vegetation Index(WDRVI=(a*pnir-Dred)/(a*pnirtDrea) B 7HESFAT. 1= W A A =(LAI)

Zyabd A A ate] "hARg o] AL wWElrh gle vhEE Hols v ZH A

Z,
w
<
=2,
=)
Py
i
o2
o
5
X,
o
=2
~
=
g
=,
Z,
-
=
2,
N
>,
>,
=2
R
Z
=
1o
sy
Z
D~
ad
e
S
7
z
=

o 8dtE £Be Amse A%l k. olHd AXSBL IRIAS

(LAD, A& & (biomass), 54 &L, 4= WA Tt

o,
il

ox
o
ol
e
M
g
AW
o2,

3l AAWHo|E YAHS UL Bl B iE QrtH(Wiegand et al, 1991; Huete,

1988b:; Gilabert et al., 2002; Osbome et al., 2002a).
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T717to] 4~5d AHE=E Fr] wiieo] Ryd A3yt gl BA vk Bell et al,

=

(2002a)-> active AA & AFFrol] §HAISte] Fr)a el HIALS X2 Fr]e] A&

O

IpHoE AT 5 e £ A Asada nusy

7-7
th e HE AEFHA AA dARE S 2 2Y e lojMel HAZ FAHE
T35 WHEkA g2 B9l Foko
H)-8-S Aofgt 4 it 3} tH(2002b). Mullen et al.,(2003)3} Hodgen et al.,(2005)2
Al ef NDVIE o] 83 §h8-A 9 (response index: RI)¥= BAS Alv] o] ubE Fukg-

2 FHY F Qv WE QAT AW TS AA] 4T & ATHAL U Raun ef

gk FHAe] A7)k 39tk E3F Raun et al.(2005b)2 FeAAE 7122 3 g2
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A3 & adRAusd e 2 2o

Al A AdFAEA AME E8F A EAGAE AL

_

il

1.4 A

=AAE oo Ml fPE A HAALE H(xanthophyll), 7FEH ko]

J
|t
o~
)
oo
L1
-
!—F
D
-
C.
o,
o
p —
O
-

E Alo}d(anthocyanins)2  7FA] 34 41(400~700nm) & € d-e & A FF43817] &
AEdHom 15% o]ste] 22 WhAtES uebdly g a2 385 el
(Chappelle et al,, 1992). ol JALE Blo] 7PA[FA F Folx HA HAModode
LEHE A9 oF 65%E AAsE G54 ash bol s A FFEE v B
&2 Holm 550nm FZe mAGAA THE wE vAbE S YERIY. Tea
A2 FHG(700~1300nm)el Al & MEH £ gAY AMAEY 93 F5UF ¢

& 10% olBE g 9w G5z AL PN 4

off o3 Z7}
2001). o= gk 7HA3A Fd3) ZHe)A g Alolo HAI xo]E RolE whALS

i,

Th(Gausman et al., 1970; Gausman, 1974, 1977; Grant, 1987; Slaton et al.,

SAL ZAE 9 RS BYsty RUEHEH] Y3t 9AEA) HHe £ g o] =
2 7]z 0] “HKnipling, 1970; Bauer, 1975).

AE LEH A9 ST ue] w2 3H(senescence)E A9 HE A FE UEy glm
®(carotenes)?} ZAtEH(xanthophylls) Z-> ¢ BHEALE @A FITE oA L
550nm+r A o] =AM utAdel wiAbg W AE Ao Zog yolx A s A
Al G JHALE S F7FAI It (Adams et al., 1999). =
9 TR g dgdolre s oMo walg e FAasith ARAEYA
7F S7tsel mEk 54 A A(green vegetation)9] o] WE HIALE W EZ A A I}
Al 4o AR 289 53 Aloldl vElhdE whAlS 9] 71277 H vt
5= 3 (abrupt transition T red edge)> T3 £ 07 o]lFo] AFYM 233l

oki
o

2! (senescent vegetation)2] 749 o] AL A3 AlgbA A H i}

__29_..



Bk ~dEd o] F742]4  (middle-infrared)® T3 2] (shortwave- infrared:

SWIR, 1300~2500nm)e} <ol wigh Fer4 EAAL AEA 2o 8o 9sf vehd

9 AT AR 39 AR i B v (Bowman, 1989; Carter, 1991).

A ool Barm Sxo] AEel A AR el AA QA HAHAY B}
woAlwse $ReH SA4e Egw Ao vg Ne A WA T2E o
Fo FALAY WS wmep €dd 4 9lti(Penuelas and Filella, 1998). €whA o &2
N AASEA FHABH 992 Bel §4EEE A3 A Rl Ha A

Abgr2 JAR FAsHAT, TA A G vhAbER A5

9

| AAs

.
WA Egel 9% F5E Avsn HEA @ wabzo] Fbey] wwe] A
AP

71 W&o (Jackson and Huete, 1991). welA] o9 A AFA L7 AL S =A]

of® AAMZF AREEUA=A], 2efar FAAS @AY dirlE2dE oldist= Zlo]l Bs

s Eo)l FEZEE7|] ujEo|t};. Photochemical Reflectance Index (PRI), Water Band Index
(WBI), “2¥] 37 Normalized Pigment Chlorophyll Ratio Index (NPCIH¢} o] ¢ F2 99
o] AXEL AW HYA AE et Aol Ao whAbe Age HRIV[EoH
TR UGRAEYAE AGEE 4 e Ao=Z HILYE Y (Penuelas et al, 1994;

Gamon et al., 1997).
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20043 20000l qE 2AAEe] AFZAH]= A4 30cm =°] 30cme PVC

TEM AHY RS 890 40x60x30cme] PVC AaF ujio] TEES A
slo] dofelo] Wom¥E 20 IEE AT AR 2AHL E 213 Lol

Hoagland’s 2] AA TEE 7|22 40%NA 140%714] 20% ZHA S 2 67 -

S
Toz Sttt FEAY FEE AHF 17T 2 F 3SU/EEE XE GRI UL

Table 2-1. Application amount of nutrients m the plot of 100% N treatment

Nutrient Concentration Salts
mg L
N 199.9 KNO3; & Ca(NO3),*4H,0
P 29.2 KH>POq4
K 254 .4 KNO3; & KH;PO4
Ca 174.5 Ca(NO3)2*4H,0O
Mg 25.0 MgSO4 * 7TH,O
Fe 6.5 FeNa EDTA
Mn 0.25 MHSO4 * HZO
B 0.26 H;BO4
Cl 7.1 NaCl
/n 0.05 ZnSO4*7TH-0
Cu 0.01 CuSO4*5H,0
Mo 0.01 (NH4)6M07024*4H20
S 33.1 M-S0O4
Na 7.7 NaCl
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Table 2-2. Physico-chemical properties of experimental soils for tobacco(2004)

Soil Series Texture pH E.C. O.M. T-N NO3-N
(5)  @Sm") (&) (A (mg/kg)
Hwadong silt loam 4.87 0.42 1.89 1.06 19.4
Yesan sandy loam 6.653 0.32 1.31 0.63 11.8
Soil Series NHs-N  Ava.-P20s Exch.-Cation (cm01+/kg) CEC
(mg/kg) (mg/kg) K Ca Mg (cmol+/kg)
Hwadong 30.1 78.0 0.47 2.40 0.60 6.38
Yesan L7 3595 0.86 4.51 0.77 8.66

Table 2-3. Physico-chemical properties of experimental soils for red pepper(2004)

Site Soil Series pH E.C. O.M. T-N

(1:5) (dSm) (%) (%)
Eumseong Galgok 7.4 1.07 1.87 0.12
Goesan Suam 6.3 0.18 1.43 0.09
Boeun Dasan 5.3 0.54 2.31 0.15
Site Ava.-P20:s Exch.-Cation (cmol /kg) CEC

(mg/kg) K Ca Mg (cmol+/kg)

Fumseong 872.7 0.67 3.84 1.23 7.87
Goesan 1028.0 0.57 2.87 1.00 5.98
Boeun 716.9 1.62 3.99 2.52 8.2

oA Ht] 580 mg kg'o Ao

gl
g
2
|
Jo
1:01;
" O
g
]
7
]
LN
N
=
(rg
rou
GQ 1
e
o,
I
u: i

0.06~0.60cmol” kg' 2] I 2 theksl H| ST EAS BT
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Table 24, Physico-chemcal properties of experinental soils for red pepper cultivation i 2005

Feld site pH OM NE-N - NO-N  Aval-POs  Beh-K Beh-Ga  Beh-Mg (EC
(ISHO) (gkeg) —— (npkg ) —— (cnol kg )
Cheongwon-1 72 9 26 237 160 0.06 6.5 09 99
Cheongwon-2 48 13 2.3 5.2 435 0.19 2.5 03 77
Cheongwon-3 6.7 25 1.7 12,6 52 0.31 6.8 1.3 124
Cheongwon-4 6.9 3 1.8 22 7 0.08 5.8 1.2 7.1
Cheongwon-5 5.6 13 3.5 4.5 48 045 3.1 1.5 9.6
Hirseong-1 6.3 16 4.5 305 440 0.18 2.8 14 84
Hinrseong-2 71 15 24 332 238 0.15 29 1.7 8
Binseong-3 6.5 23 24 4.3 756 0.38 2.8 1.6 9.2
Hirseong4 5.5 9 24 24 435 021 2.3 0.6 8.3
Hirrseong-5 52 15 4.7 315 618 0.60 28 1.6 8.5
Funseong-6 6.7 13 32 58.0 356 0.16 3.8 22 &.1
¥ 25E YA AHE AzAMTY 104480 Bt S e Ao
th, E9Fe] pH¥ 527 ~ 770082 Y&siA EXHYI, F718 32 0.88% ~ 1.78%
2A AR Y2 Aot EYY dAvdeEy Ay dAted L e F
2 9 mg kg'ol A A 23 mg kg'o® uFAuIEAe] A$Hr} o Feks Ry
&2 AAHE 268~1166 mg kg, AT ZF 0.16~3.46 cmol” kg 0.8 TF A w LA A
$RT BH Be FEe mgch
Table 2-5.Chemical properties of experimental soils for tobacco cultivation in 2005
Fli]d pH EC.  T-N NO3-N NHs-N P20s  Exch. Cation (cmolc/kg) OM CEC
site
(1:5) (dS/m) %  ppm mg/kg mg/ke K Ca Mg % cmols/kg)
Feld-1 770 094 0.07 11 0.1 339 0.16 5.68 2.19  0.88 6.7
Field-2 6.58 046 0.10 23 10.7 443 044 5.84 340 117 123
Field-3 636 051 009 22 14.8 427  0.73 3.03 1.50 1.78 3.9
Feld-4 584 025 0.12 11 10.4 268 (.31 3.16 1.47 0.99 7.2
Feld-5 527 034 0.09 9 8.0 810  0.54 2.38 093 0.97 7.2
Field-6 546 032 0.12 10 5.3 458  0.31 3.81 0.90 0.90 7.7
Field-7 688 031 0.07 10 3.8 1038 0.65 2.94 0.95 1.11 5.5
Feld-8 7.23 047 0.07 22 4.2 48  0.73 3.13 1.35  1.06 7.5
Field9 728 037 0.07 19 4.5 1042 0.60 3.16 1.26 1.19 6.0
Field-10 7.25 230 0.05 16 3.2 1166  3.46 7.55 397 1.01 4.5
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7}) Chlorophyll meter (Minolta, SPAD502)

A= A7F 5437400 ~500nm) 4 A A 7600 ~700nm) AN M = FE=7F w5 =
7 2A e Ash gl 4t Brhgo] ¢ e 9T o] §F FA7 ol wPrhelex
(light emitting diode: LED)#9 2 7FA 3 glor SAHWA 2 2x3mmeol . 9o =4

2o% Aestel 4, 8 FAS AEshe] PFol ANt Aoy JuE SHIT
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F(940 nm) FH-&S HAA FH9650 nm) FIHEI B S
T3

1}) FIELDSCOUT™ Chlorophyll meter (Spectrumm, CM1000)
Htoll vj=re] NASA ATE 2 A5 54 s
840nme] WHALEZ o] &elE FulE HAM(radiometer)E VEste] SIS A oH

AFEY AlE o] EF WL o) Wol CMI000 §E4 SAH7E J)dste] 20014 o

o
hN
—r—J
ok
N
L
ok
L
<
S
-
-

=

)

Al 7l 7HAZ Ao FAFE W SH7Y deolA W dERFEH A
1.10cm~18.8cm&] #Z< A(field of view, FOV)2 YEehl o] HEFRA %= 29cm
oA 183cm ¢ FEAYE 2zt SPADE 54 F9l9 <

ol M2 24 A8E ol &5AY.

C
[
e
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2
X
N
-
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i
o

2) A A A S A Al 4 (Ground-based remote sensors)
A F4e EAES AAT Oﬂlﬂ;‘]%‘ W=ty whARSEA Ha AAM = ofE gk A
A7) AR E FA A "ok HA] A yA Y FadeE A Ao Ejcke]H
AFa ol AAdACE old I HAA] dUH|A FgE AlLELE “passive” Al

glojt ghul olef dlZH o2 LEDY wlojth Al=¥lat o] A& A o xAMeY]
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ZHAAT o8 o] &3 o7 71X HEAFHALZ Brtect

(3) Crop Circle™ (Holland Scientific, Lincoln, Nebraska)

Spectroradiometer® ©| -8k 2}& 9] WhAls At =2 (550nm), = (600nm),
A4 (680nm), A2 (820nm) G| WHALEE o T AFAREC] HEAY HE
g 2HE AAE gevE 9 ol AAMolth(E 2-1). F

2 ahaolu Al
SEE TR DI

oi}d
il
s
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1,
i
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>
e,
T,
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X,

= M=y PAbsS 2AYsuA SA3ZE 5 JEE R IdHAY. SAE =4
(550nm), =24 (600nm), 4 (680nm), <2l (820nm) F7F] YA TF (irradiance)
S Zb7he) WRALREF (radiance) O Z UpFo] WHANES FEbal, o] wRARE o] &8le] RV,
RNDVI, GNDVI 5 &g 7% AAAFEE Aiste] oj&ad 4 goh. AA e FAL
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| «—— Up—looking Sensor

| +—— Down-looking Sensor

\ | «—— FOV (Field of View) Hood

2.3

X === -h

where ¥ = ths dimmeler of the area measured in feeat, /Measurement Area
d iz i benath of the FOY hood 0 inches, and |

a2 e faaaiy of the sensor above the field in feet,

Fig. 2-1. Schematic diagram and measuring area of Crop Circle-passive sensor.

L}) Active sensors

(1) GreenSeeker-Red version and Green version (Ntech industries, Inc.,)

o] FA7]= ¥ 2-29F o] MM o] wjAFEF o w Raoli
(modulation)® LED%S WZ3dls Alxoltd, Red HA AAs= 2A4LgM Ao =n
770+15nme} A A 3O = 660+£15nm, 12|31 Green WA AA = 4] Hd gdoR
770+15nme} A s o2 530+15nme] EE ol A% WA (radiance) S &3O
Z+7} RNDVI®} Red/NIR, GNDVI®} Green/NIR A& A&ty 18]l AAe] SHE

o] 2 60cmel A 120em7b#] WEein #H5F AL 1x60em=2 LA FAHS SAE
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Correlation coefiicient (r}

Reflectance (%)
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Fig. 2-1. Reflectance of red pepper at the 50th day after planting.
; —_DW o S
| —— N-uptake
| 550 820
Al
i
i 680
400 500 600 700 300 9500 1000

Wavciength (nm)

Fig. 2-2. Correlation coefficient between DW, N-uptake and reflectance of the
whole wavelength at the 37th day after planting. Wavelength were
selected at 550nm for green, 680nm for red edge, and 820nm for NIR.
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Fig. 2-3. Canopy reflectance of tobacco at the 50th day after
planting.
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Fig. 2-4. Correlation coefficient (r) between canopy reflectance and dry weight of
tobacco at the 50th day after planting. Wavelength were selected at 560nm
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Dry weight of red pepper

=

Table 2-5. Variation of dry weight and anount of N-uptake by red pepper affected by nitrogen stress in 2004

3 2.

Median
Average
STDEV
CV(%)

Statistic

Min.
Max.
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Yield of green pepper
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Fig. 2-5. Relations hip between dry weight of above ground part of
plant and green pepper yield harvested until the 78th day
after planting in 2004.

¢ | :
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Dry weight of above ground part (g plant”)

Fig. 2-6. Relations hip between dry weight of above ground part of
pepper plant and green pepper yield harvested until the
120th day after planting in 2004.
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Table 2-6. Correlation coeflicient between dry weight of red pepper and reflectance indexes
at the 37th day afier planting in 2004(n=36)

Sensor Index Fresh weight Dry weight N-uptake by leaves
Armon method Chlorophylia+b  0.20 0.20 0.27
Chlorophyll meter SPAD reading 0.30 0.26 0.36*
Field Scout ™ CM1000 reading  0.64** 0.62%* 0.64%*
GreenSeeker INDVI 0.67%* 0.71%%  0.65%*
Crop Circle rNDVI 0.83*%* 0.81*%* 0.80%*
Crop Circle " gNDVI 0.38* 0.33* 0.35*
Crop Circle aNDVI 0.73%* 0.69** 0.70%*
Spectroradiometer (LI1800) rfNDVI 0.55%* 0.57** (0.53%*
Spectroradiometer (L11800) gNDVI 0.42* 0.37* 0.41%*
Spectroradiometer (LI1801) aNDVI (0.58%* 0.56%* 0.57%%*

*Significant at the 0.05 level
**Significant at the 0.01 level
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Table 2-7. Correlation coefficient between dry weight of red pepper and reflectance mdexes
at the 78th day after planting m 2004(n=12)

Sensor Index Fresh weight Dry weight  Yield of pepper N-uptake by leaves
Chlorophyll meter SPADreading  0.49 0.52 0.36 067
GreenSeeker,  ™INDVI 0.61* 0.64* 0.32 0.70%

Crop Circle rNDVI 0.86%* 0.84%* 0.66* 0.83%*

Crop Circle gNDVI 0.86%* 0.84% 0.66* 0.88*

Crop Circle' aNDVI 0.85% 0.78% 0.58* 0.79%*
Spectroradiometer rNDVI 0.61* 0.70* 0.48 0.827*+*
Spectroradiometer  aNDVI (.38 0.52 0.34 0.66*

*Significant at the 0.05 level
**Significant at the 0.01 level

Table 2-8. Correlation coefficient between reflectance index and biomass attributes of red pepper at the 74th day

after planting mn 2005
Sensor Index Dry weight Ncontent Nuptake Pcontent Puptake Kcontent Kuptake
Crop Circle(ACS210) aNDVI 0.847 0.828 0.810 -0.828 -0.184 0.551 0.793
Crop Circle(ACS210) NIR/Amber 0.846 0.881 0.857 ().784 -0.141 0.611 0.834
Crop Circle(ACS210)  tNDVI 0.837 0.826 0.809 -0.739 0.122 0.627 0.801
Crop Circle(ACS210) NIR/Red 0.798 0.822 0.7%4 -0.698 -0.144 0.585 0.770
GreenSecker gNDVI 0.512 0.656 0.559 0.532 -0.276 0.535 0.548
(reenSecker Green/NIR -0.518 -0.655 -0.559 0.530 0.259 -0.536 -0.548
GreenSecker INDVI 0.672 0.693 0.668 .712 -0.252 0.399 0.635
GreenSecker Red/NIR 0.703 0.718 0.698 0.734 -0.249 0.400 0.661
Crop Gircle(passive) gNDVI 0.468 0.3H4 0.459 0.375 0.105 0.201 0431
Crop Circle(passive) aNDVI 0.614 0.536 0.611 -0.456 -0.030 0.401 0.610
Crop Gircle(passive) ™NDVI 0.700 0.636 0.69%4 0.572 -0.098 0.449 0.634
Crop Circle(passive)  (xeen index 0.466 0.391 0.462 -0.372 0.116 0.230 0.445
Spectroradioneter  gNDVI 0.841 0.828 0.862 -0.728 0.025 0.627 0.860
Spectroradioneter  aNDVI 0.796 0.776 0.819 -0.632 0.047 0.597 0.819
Spectroradioneter  tNDVI 0.704 0.668 0.723 -0.593 0.060 0.531 0.729
n=42
¥ 288 2004359} HAS AL AN WO Z AAGFEE 40%9 A 140%7FA] A

ol 2005k Alge] 5 ofAF T4UA HET B FuFrE ALdAEA §
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Table 2-9. Variation of dry weight and amount of N-uptake by tobacco affected by
nitrogen stress m 2004

Statistic  Dry weight of tobacco Amount of N-uptake by leaves
30th DAP 40th DAP Harvesting 30th DAP 40th DAP Harvesting
--------- (g plant_l) e —-m- (mg N plant”l) e
Min. 1.6 16.8 99.6 62.2 3385.1 728.9
M ax. 5.8 38.6 230.5 240.3 1393.1 2919.6
Median 4.3 28.4 190.2 199.9 927.7 1885.3
Average 4.1 27.8 182.2 182.0 015.2 1836.5
STDEV 1.2 6.2 36.7 55.8 322.0 624.8
CV 30.3 22.3 20.2 30.7 35.2 34.0

AL BEIAL A E S WALE R E Atolo] A@AATE 22 3 2-10, 2-11 2 2-129]
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Table 2-10. Correlation coefficient between reflectance index and biomass
and N-uptake by tobacco at the 30th DAP m 2004(n=19)

Factor Fresh weight Dry weight N-uptake
SPAD reading 0.47* 0.46* 0.54*

CM 1000 reading 0.48* 0.51* 0.43
rNDVI 0.70%** (.70 * 0.76**
gNDVI 0.66** 0.73%* 0.71%*

*Significant at the 0.05 level
**Significant at the 0.01 level

A2AE 40U 7= Green Seeker®] WHAEX|Z 7} 7pd w2 AdE EAXRE OB
o] HIAME R REL 3094 22 FEgoes 1R 7oA e FY S Ei}iq
(3 2-11). AlAE == passive sensor?] Crop CircleZ} spectroradiometer®] HHAF& X3 &
o] =& AHAFTE HIALoH B HE 5L SH7|¢d CM-1000% F=stA H 7S

WEA 547 SPADZE 7H

Table 2-11. Relationship between fresh and dry weight and N-uptake by tobacco and reflectance
indexes at the 40th day after plantmg m 2004 (n=18)

Sensor Index Fresh weight Dry weight N-uptake by leaves
Amon method Chlorophyll a-+b 0.73%* 0.75%* 0.71%*
Chlorophyll meter SPAD reading 0.87%* 0.84** 0.86%*
Field Scout CM 1000 reading 0.92%* 0.93%* 0.91%*
GreenSeekerTM INDVI 0.54* 0.56* 0.6]**
Crop Circle rNDVI 0.82% 0.78%* 0.83%%
Crop Circle ™ gNDVI 0.83%* 0.81%* (0.847%*
Crop Circle" ™ aNDVI 0.94%* 0.91%* 0.96%*
Spectroradiometer (LI1800) rNDVI 0.91** 0.89%* 0.91**
Spectroradiometer (LI11800) gNDVI 0.93** 0.92%* 0.92%*

*Significant at the 0.05 level
**Significant at the 0.01 level
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Table 2-12. Relationship between dry weight and N-uptake by tobacco and reflectance indexes
at the harvesting in 2004(n=24)

Sensor Index Fresh weight Dry weight Yield N-uptake by leaves
Chlorophyllmeter SPAD reading 0.85%* 0.86%* 0.83%* 0.83%
GreenSeeker fNDVI 0.44%* 0.46% 0.43% 0.50*

Crop Circle™ ~ tNDVI 0.16 0.14 0.15 0.19

Crop Circle gNDVI 0.38 0.36 034 0.35

Crop Circle aNDVI 0.31 0.27 023 0.25

*Significant at the 0.05 level
**Significant at the 0.01 level
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Fig. 2-12. Relationship between amount of N-uptake by tobacco and
reflectance index at the 40th day after planting in 2004.
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Table 2-13. Correlation coefficient between yield attributes oftobacco and reflectance indexat the 35th day after

planting i 2005

Sensor Index  FW-leaves DW-leaves Ncontent Nuptake Pcontent Puptake Kcontent Kuptake
Crop Circle(passive) gNDVI 0.567 0.451 0530 (0494 0441 0051 0392 042
Crop Circle(passive) aNDVI 0.618 0427 0635 0570 0405  0.060 0519 049
Crop Circle(passive) tNDVI 0.489 0.317 0537 0472 0323 -0.033 0459 0421
Crop Circle(passive) g mdex 0.557 0435 0520 0432 0442 0030 0387 0411
Crop Gircle(ACS210) tNDVI 0.582 0.516 0592 0575 0395 0150 0400 0470
Crop Gircle(ACS210) NIR/Red 0.676 0.613 0663 0671 0.537 004 0504  0.385
(reenSecker NDVI 0.317 0.292 0381 0373 0074 0300 0418 0398
(GreenSecker gNDVI 0.771 0.571 0.828 0818 0448 0114 0776 0765
n=24

E2-132 20043 =0f FAR ARG AN WRlos ALFEs 40%M 140%7HA]
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Table 2-14. Relationship between biomass of red pepper and reflectance indexes at
the 40th day after planting for Eumseong field in 2004(n=12).

Sensor Index Fresh weight Dry weight  N-uptake
Chlorophylmeter  SPAD reading 0.450 0.494 0.479
Field Scout ™ CM 1000 reading 0.450 0.504 0.464
GreenSeeker NDVI 0.623 0.587 0.581
Crop Circle rNDVI 0.813 0.813 0.821
gNDVI 0.685 0.672 0.710
aNDVI 0.424 0.446 0.514
Spectroradiometer  gNDVI 0.324 0.476 0.454
gNDVI2 0.342 0.536 0.533
NDVI 0.363 0.535 0.528
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Sensor Index Fresh weight Dry weight N-uptake
GreenSeeker INDVI 0.419 0.559 0.569
Crop Circle ' tNDVI 0.624 0.729 0.724
gNDVI 0.528 0.702 0.705
aNDVI 0.501 0.644 0.638
b Al A AP ASA A HALE R K, B3] passive sensor$! Crop Circle®] RHALE
AxE 239 MAELEAY) @ Ta8=d&EZAE) dAAgle]l 5o A
ArEFay 714 Fod JHs Ho AEd AM FSoA 7 v A g A
7FE A

Table 2-15. Relationship between biomass of red pepper and reflectance mmdexes
at the 84th day after planting for Goesan field in 2004 (n=14).

Sensor Index Fresh weight Dry weight N-uptake
Chlorophyl meter SPAD reading 0.601 0.598 10.653
GreenSeeker . NDVI 0.380 0.435 0.461
Crop Circle fNDVI 0.679 0.734 0.707
oNDVI 0.781 0.859 0.890
aNDVI 0.784 0.837 0.866

Table 2-16. Relationship between biomass ofred pepper and reflectance indexes

at the 60th day after planting for Boeun ficld in 2004(n=14).

Sensor Index Fresh weight Dry weight  N-uptake
Chlorophylmeter SPAD reading 0.665 0.624 0.627
GreenSeeker rNDVI 0.470 0.556 0.576
Crop Circle NDVI 0.806 0.782 0.773
oeNDVI 0.875 0.899 0.899
aNDVI 0.790 0.828 0.803

Table 2-17. Relationship between biomass of red pepper and reflectance
indexes at the 84th DAP for Boeun field in 2004(n=14).
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Table 2-18. Correlation coefhicient between reflectance mdexand dry weight of red pepper and nutrients uptake by
leaves at the 60th day after planting in 2005

Sensor Index Fresh  Dry  Nuptake Ncontent P:Os uptake P2Os contentKeOuptake KoOcontent

veight weight byleaves ofleaves byleaves  ofleaves byleaves ofleaves
Gop Circle(ACS210) aNDM 052 054 0.539 0.0/ 0.686 0009 0.556 0.352
Gop Grele(ACS210) NIRanber 0472 049 0.8 0042 0600 0.003 0.534 034
Grop Circle(ACS210) tNDM 0531 0533 0535 0026 0.668 0059 0.5% 0459
Crop Urele(ACS210) NiR/red 0492 034 049 0073 0.661 0032 0.554 0.366
Gop Circle(passive) gNDM 0315 03% 0307 0165 0278 0,128 0311 0.028
Grop Urcle(passive) aNDM 0387 0413 04 0066 0376 0.166 0408 0.068
Grop Gircle(passive) tINDM 0382  03% 0387 0036 0.327 0233 0.3%4 0.022
Gop Circle(passive) greenIndex 0327 0341 0330  -00HA 0.262 0203 0.327 0.013
GreenSecker ™NDMVI 0667 0675 0682 025 0671 -0.301 0.721 0.516
(reenSecker Red/NIR 0668 0676 0643 0238 0.670 0303 0.72 0.517
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Table 2-19. Correlation coefficient between dry weight of tobacco and reflectance mdexes

at the 40th DAP for field experiment m 2004(Yesan series, n=21)

Sensor Index Fresh weight Dry weight
Field Scout " CM 1000 reading 0.721 0.744
Chlorophyll content 0.719 0.680
GreenSecker rNDVI 0.729 0.719
Crop Circle rNDVI 0.688 0.699
gNDVI 0.761 0.759
aNDVI 0.710 0.718
Spectroradiometer rNDVI 0.783 (0.768
gNDVI 0.791 0.785
aNDVI 0.790 0.778

Table 2-20. Correlation cocefficient between dry weight of tobacco and reflectance
mndexes at the 50th DAP for field experiment in 2004(Yesan senes, n=21)

Sensor Index FWL DWL FW DW
Field Scout'™  CM1000 reading  0.898 0.907 0.912 0.908
GreenSeeker " NDVI 0.905 0.894 0.911 0.890
Crop Circle . tNDVI 0.863 0.839 0.874 0.838
oNDVI 0.923 0.904 0.931 0.902
aNDVI 0.910 0.884 0.911 0.877

FW : fresh weight ofabove ground part of tobacco
DW : Dry weight of above ground part of tobacco
FWL : Fresh weight of tobacco leaves

Table 2-21. Relationship between dry weight of tobacco and reflectance indexes
at the 45th DAP for field experiment n 2004(Hwadong series, n=21)

Sensor Index DW
Chlorophyll meter SPAD reading 0.748 0.652
Field Scout CM 1000 reading 0.853 0.785
Chlorophyll content 0.452 0412
GreenSecker rNDVI 0.712 0.670
Crop Circle INDVI 0.729 0.629
| gNDVI 0.717 0.600
aNDVI 0.723 0.616
Spectroradiometer rNDVI 0.799 0.724
gNDVI 0.699 0.618
aNDVI 0.763 0.685
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Table 2-22. Relationship between dry weight of tobacco and reflectance indexes

at the 52nd for field e>q:>er1me1:1t n 2004(Hwad0ng series, n=21)

Sensor Index FWL DWL FW. DW

Chlorophyllmeter SPAD reading 0.811 0.812 0.799 0.803

Field ScoutTM CM 1000 reading 0.832 0.816 0.824 0.810

GreenSeckerTM rNDVI ' 0.785 0.805 0.776 0.795

Crop CircleTM rNDVI 0.682 0.710 0.668 0.695
o NDVI 0.743 0.742 0.730 0.731
aNDVI 0.737 0.737 0.724 0.726

FW : fresh weight of above ground part of tobacco
DW : Dry weight ofabove ground part of tobacco
FWL : Fresh weight of tobacco leaves

DWL : Dry weight of tobacco leaves
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Table 2-23. Conrelation coefficient between yield and nutrition uptake by tobacco at the harvesting and reflectance
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mndexes at the 60th day after planting n 2005

T Crop Circle ACS-2102] NDVI
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gl

j S

YeldEW) YeeldDW) Ncontent Nuptake POsuptake KoOuptake

Sensor Index

GreenSeeker NDM 0.726 0.743 0.192 0.598 0.669 0.651
GreenSecker Red/NIR 0.684 0.715 0.200 0.571 0.630 0.64
Crop Gircle(ACS210)  aNDMI 0.679 0.696 0.182 0.576 0.565 0.664
(rop Gircle(ACS210) - NIR/Anber 0.679 0.677 0.204 0.604 0.574 06H4
Crop Grele(ACS210)  fNDM 0.546 0.548 10301 0.522 0492 0.536
Grop Girele(ACS210)  NIR/Red 0.262 0318 0.195 0.329 0.125 0.239
N=36
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60th day after planting m 2005.
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37th day after planting in 2005.
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Table 3-1. Correlation coefhicient between yield and amount of N-uptake by leaves of red pepper
and reflectance indexes at the different growth stage in 2004.

Day after planting Index at the 120th day after planting

(DAP) Yield Dry weight  N-uptake by leaves
37th DAP SPAD 0.49* 0.63%* 0.64 *
CM(40) 0.40 0.58%* 0.62°%*
NDVI by GreenSeeker 0.50%* 0.59%%* 0.64%*
tNDVI by Crop Circle 0.67%* 0, 73%%* (. 73%%*
aNDVI by Crop Curcle 0.73%* 0.71%* 0.75%%
tNDVI by Spectroradiometer  0.77%* 0.82% 0.86*
50th DAP SPAD 0.32 0.49%* 0.62%*
CM1000 0.60* * 0.69%* 0.80**
rtNDVI by GreenSeeker 0.22 0.36 0.39
tNDVI by Crop Circle 0.61%* 0.70%* 0.73%*
aNDVI by Crop Circle 0.66** 0.74%* 0.78%*
rNDVI by Spectroradiometer  0.55 0.68* 0.70*
aNDVI by Spectroradiometer  0.61% (.78%* 0.81**
78th DAP SPAD 0.50* 0.68** 0.81%*
NDVI by GreenSecker 0.57%* 0.70%* 0.68%*
NDVI by Crop Circle 0.77%% 0.85%* 0.87%*
aNDVI by Crop Curcle 0.80%* (.89 * 0.91**
INDVI by Spectroradiometer  0.55%* 0.59%* 0.72%*
aNDVI by Spectroradiometer  0.57** 0.63%* (0. 74%*
120th DAP INDVI by GreenSecker 0.27 0.48% 0.47%
rNDVI by Crop Circle 0.44% 0.61** 0.55%*
gNDVI by Crop Circle 0.45% 0.72%* 0.71%*
aNDVI by Crop Circle 0.48* 0.70%* 0.69%*

*Significant at the 0.05 Jevel
**Significant at the 0.01 level
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Table 3-2. Correlation coefficient between reflectance indexat the 54th day after planting(DAP) and biomass
attributes of red pepper at the 123rd day after planting n 2005

Sensor Index Dry weight Yield Nuptake P uptake Kuptake
Crop Circle(ACS210) aNDVI 0413 0.530 0410 -0.204 0.405
Crop Circle(ACS210)  NIR/Amber 0.488 0.634 0.531 -0.227 0.529
Crop Circle(ACS210)  1NDVI 0.655 0.818 0.748 -0.064 0.742
Crop Circle(ACS210)  NIR/Red 0.578 0.801 0.759 -0.075 0.751
GreenSeeker rNDVI 0.384 0.326 0.326 -0.070 0.312
GreenSecker Red/NIR 0.385 0.297 0.296 -0.064 0.284
Crop Circle(passive)  gNDVI 0.561 0.596 0.556 -0.012 0.530
Crop Curcle(passive)  aNDVI 0.497 0.539 0.516 0.059 0.487
Crop Circle(passive)  tNDVI 0.507 0.563 0.513 -0.001 0.496
Crop Circle{passive)  Green index 0.557 0.597 0.558 -0.035 0.528
Spectroradiometer gNDVI 0.552 0.697 0.662 0.050 0.663
Spectroradiometer aNDVI 0.548 0.658 0.634 0.112 0.638
Spectroradiometer rINDVI 0.550 0.612 0.597 0.151 0.604
n=42

Table 3-3. Correlation coefficient between reflectance index at the 74th day afier planting(DAP) and biomass attribute;
of red pepper at the 123ed DAP 1n 2005

Sensor Index Dry weight  Yield Nuptake Pcontent  Puptake K uptake

Crop Crcle(ACS210)  aNDVI .716 0.876 0.388 0.712 -0.128 0.365
Crop Circle(ACS210) NIR/Anber 0.703 0.875 0.352 -0.723 -0.201 0.324
Crop Circle(ACS210) TNDVI 0.708 0.846 0.376 -0.704 0.195 0.337
Crop Circle(ACS210) NIR/Red 0.665 0.777 0.336 -0.650 -0.179 0.294
GreenSecker gNDVI 0.566 0.649 0.271 -0.549 -0.111 0.238
GreenSecker Green/NIR -1.594 -0.659 -0.299 0.553 0.090 <.261
GreenSecker rNDVI 0.556 0.722 0.250 -0.510 -0.102 0.253
GreenSeeker Red/NIR 0.562 0.739 0.241 -0.525 -0.120 0.248
Crop Circle(passive) gNDVI 0.400 0.266 0.235 -0.259 -0.007 0.222
Crop Circle(passive) aNDVI 0431 0.480 0.218 -0.347 -0.170 0.165
Crop Circle(passive) INDVI 0.538 0.595 0.281 -0.435 0.163 0.233
Crop Circle(passive) (Green index 0.373 0.262 0.186 -0.228 -0.018 0.171
Spectroradiormeter  gNDVI 0.748 0.776 0.465 0.797 -0.203 0.441
Spectroradioneter ~ aNDVI 0.709 0.744 0.440 -0.782 -0.231 0410
Spectroradioneter  tINDVI 0.644 0.663 0411 0.722 -0.231 0.376
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Table 3-4. Correlation coefficient between yield and amount of N-uptake by tobacco leaves
and reflectance indexes at the different growth stage in 2004,

Day after planting Index at the harvesting of tobacco

(DAP) Yield N-uptake by leaves
35th DAP SPAD 0.40 0.35
INDVI by GreenSecker 0.61** 0.63%%*
fNDVI by Crop Circle 0.56* 0.44*
gNDVI by Crop Circle 0.54* 0.48*
INDVI by Spectroradiometer 0.66** 0.64%*
gNDVI by Spectroradiometer 0.70%* 0.65%*
40th DAP SPAD 0.47* 0.49%*
CM 1000 0.76%* 0.71%%*
rNDVI by GreenSeeker 0.65%* 0.62%*
INDVI by Crop Circle 0.59%* (0.53%*
gNDVI by Crop Circle 0.72%* 0.66%*
INDVI by Spectroradiometer 0.83%* 0.80%*
gNDVI by Spectroradiometer (0.85%* 0.81%*
50th DAP SPAD 0.65%* 0.65%*
CM 1000 0.76%** 0.79%*
INDVI by GreenSecker 0.41 0.33
tNDVI by Crop Circle 0.66** 0.68**
gNDVI by Crop Circle (0.75%% 0.76%*
rNDVI by Spectroradiometer 0.86%* 0.89%**
gNDVI by Spectroradiometer 0.84%* 0.86%*
Harvesting SPAD 0.83%% 0.83*
INDVI by GreenSecker 0.43* 0.50*
INDVI by Crop Circle 0.15 0.19
gNDVI by Crop Circle 0.34 0.35

*Significant at the 0.05 level
**Significant at the 0.01 level
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Table 3-5. Conrelation coeflicient between yield attributes of tobacco and reflectance indexes at the different growth

M ES

FHATE HAH

_74_

stages m 2005
Day after Sensor Index YieldFW) YieldDW) Ncontent Nuptake P2Os uptake KoOuptake
Planting
3thday GreenSecker gNDVI 0.340 0.197 0.316 0.320 0455 0.255
GreenSeeker Green/NIR -.249 0.173 -0.350 -0.319 -0.261 -0.161
Crop Gircle(ACS210)  aNDM 0.716 0.652 0457 0.679 0.706 0.648
Crop Circle(ACS210)  NIR/Arrber 0.437 0464 0.275 0452 0.339 0.343
Crop Gircle(ACS210)  tNDVE 0.721 0.725 0.435 0.718 0.647 0.667
Crop Circle(ACS210)  NIR/Red 0427 0.508 0.248 0472 0.284 0.357
47thday  GreenSeeker gNDVI 0.258 0.210 -0.241 -0.020 0.385 0.237
GreenSeeker Green/NIR -0.131 -0.158 0.193 0.042 -0.143 0.066
(reenSeeker rNDVI 0.710 0.724 0.095 0.535 0.725 0.626
GreenSeeker Red/NIR 0.703 0.724 0.149 0.561 0.708 0.616
Crop Circle(ACS210)  aNDVI 0.687 0.800 0.031 0.569 0.546 0.644
Crop Circle(ACS210)  NIR/Anber 0.390 0.548 -0.007 0.359 0.178 0.317
Crop Circle(ACS210)  T™NDM 0.607 0.685 0.045 0.503 0.572 0.556
Crop Circle(ACS210)  NIR/Red 0.345 0490 .45 0.302 0.234 0.259
60th day (GeenSeeker NDM 0.679 0.696 0.182 0.576 0.565 0.664
GreenSeeker Red/NIR 0.679 0.677 0.204 0.604 0.574 0.6%4
Crop Gircle(ACS210)  aNDVI 0.546 0.548 0.301 0.522 0.492 0.536
Crop Circle(ACS210)  NIR/Anber 0.262 0.318 0.195 0.329 0.125 0.239
Crop Circle(ACS210)  tNDVI 0.726 0.743 0.192 0.598 0.669 0.631
Crop Circle(ACS210)  NIR/Red 0.64 0.715 0.200 0.571 0.630 0.604
n=27 for the 37th day
n=36 for the 47th and 60th day
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Table 3-6. Correlation coefficient between yield of red pepper and reflectance mdexes at the
different growth stage for Goesan field m 2004(n=14).

Day after planting Sensor Index Yield
Fresh weight Dry weight
40th day Chlorophylmeter SPAD reading 0.661 0.498
Field Scout CM 1000 reading 0.584 0.540
GreenSeeker = INDVI 0.576 0.627
Spectroradiometer gNDVI 0.738 0.641
~ rNDVI 0.677 0.567
60th day Chlorophyl meter SPAD reading 0.782 0.668
GreenSeeke rTM rNDVI 0.809 0.838
Crop Circle' ™ tNDVI 0.836 0.829
gNDVI 0.902 0.858
aNDVI 0.747 0.778
84th day Chlorophylmeter SPAD reading 0.602 0.539
GreenSeeker ©  INDVI 0.285 0.241
Crop Circle' tNDVI 0.652 0.637
gNDVI - 0.838 0.774
aNDVI 0.832 0.769
0.70 - S
.
0.65
é 0.60 . y =0.0542x "%
%0 R’ =0.83
%
®
0.55
0.50 =~ e —— - — S : T ]
1000 1200 1400 1600 1800 2000 2200 2400

Green pepper vield (kg 102

Fig. 3-8. Relations hip between green pepper yield and gNDVI by
Crop Circle at the 60th DAP for Goesan fieldin 2004.
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Table 3-7. . Correlation coef

icient between dry weight and N-uptake by red pepper at the 84th DAP
and reflectance indexes at the different growth stage for Boeun field n 2004 (n=14).

Day after planting Sensor Index Fresh weight Dry weight N-uptake
40th day Chlorophylmeter  SPAD reading 0.414 0.498 0.542
Field Scout ™ CM 1000 reading 0.197 0.341 0.365
GreenSeeker fNDVI 0.342 0.472 0.405
Crop Circle INDVI 0.210 0.261 0.153
o NDVI 0.298 0.343 0.258
aNDVI 0.227 0.237 0.174
Spectroradiometer rNDVI 0.732 0.756 0.706
oNDVI 0.476 0.451 0.376
60th day Chlorophylmeter  SPAD reading 0.258 0.440 0.468
GreenSecker tNDVI 0.481 0.642 0.631
Crop Circle fNDVI 0.351 0.509 0.498
g NDVI 0.498 0.663 0.643
aNDVI 0.494 0.629 0.635

Table 3-8. Correlation coefticient between yield of red pepper and reflectance
index at the 80th day after planting in 2005

Sensor Retlectance Yield of red pepper

index ) DW
Crop Circle(ACS210) aNDVI 0.614 0.603
Crop Circle(ACS210) NIR/amber 0.607 0.606
Crop Circle(ACS210) tNDVI 0.721 0.716
Crop Circle(ACS210) NIR/red 0.698 0.703
GreenSecker gNDVI 0.354 0.322
GreenSeeker NDVI 0.741 0.720
Crop Circle (passive) gNDVI 0.512 0.496
Crop Circle (passive) aNDVI 0.548 0.537
Crop Circle (passive) INDVI 0.557 0.536
Crop Circle (passive) green Index 0.501 0.489
n=>55
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Fig. 3-10. Relationship between red pepper yield and reflectance indexat the 80th
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Fig. 3-11. Relationship between yield ofred pepper(DW) and reflectance index at the
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Table 3-9. Correlation coefficient between tobacco yield and reflectance mdexe
at the different growth stage for field experiment in 2004(Hwadong)

Day after planting  Sensor Index Yield
45th day GreenSeeker rNDVI 0.379
Crop Circle rNDVI 0.753
g NDVI 0.775
aNDVI 0.773
Spectroradiometer  tNDVI 0.704
gNDVI 0.703
aNDVI 0.723
52nd day Chlorophyll meter SPAD reading 0.673
Field Scout ™ CM 1000 reading 0.757
GreenSeeker rNDVI 0.723
Crop Circle " INDVI 0.751
gNDVI 0.792
aNDVI 0.758
70th day GreenSeeker 'NDVI 0.675
Crop Circle " INDVI 0.451
gNDVI 0.202
aNDVI 0.477
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Table 3-10. Correlation coefficient between tobacco yield and reflectance
indexes at the different growth stage for field experiment in 2004 (Yesan)

Day after planting  Sensor Index Yield
35th day GreenSeeker' ™M NDVI 0.733
Crop Circle fNDVI 0.747
gNDVI 0.756
aNDVI 0.734
40th day Chlorophyl meter SPAD reading 0.830
GreenSeeker NDVI 0.902
Crop Circle ™ fNDVI 0.818
gNDVI 0.870
aNDVI 0.854
Spectroradiometer  rNDVI 0.916
gNDVI 0.923
aNDVI 0.918
50th day Field Scout ™ CM 1000 reading 0.945
GreenSeeker INDVI 0.912
Crop Circle' " NDVI 0.821
sNDVI 0.917
aNDVI 0.895
70th day Field Scout ™ CM 1000 reading 0.867
GreenSeeker rNDVI 0.771
Crop Circle' rNDVI 0.831
aNDVI 0.916
aNDVI 0.897

Table 3-11. Conrelation coetlicient between dry weight of tobacco and reflectance indexes at the 37th day after

planting m 2005
Sensor Index Fresh weight Dry weight Ncontent Nuptake — P2Osuptake  K2Ouptake
GreenSeeker sNDVI 0.348 0.330 0.292 0.350 0.357 0.325
Green/NIR -0.386 0.381 0.1%4 -0.359 H0.340 -0.347
Crop Gircle(ACS210) aNDM 0.603 0.619 0.550 0.619 0.583 0.617
NIR/Anber 0.623 0.653 0.366 0.598 0.556 0.603
™NDVI 0,705 0.715 0.656 0.732 0.652 0.721
NIR/Red 0.718 0.740 0455 0.700 0.625 0.699

n—=—27/
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Fig. 3-12. Relationship between dry weight of tobacco and NIR/red ratio by Crop Circle
(ACS210) at the 37th day after planting 1n 2005.

Table 3-12. Correlation coefficient between dry weight of tobacco and reflectance indexes at the 47th day

after planting n 2005
Sensor Index Fresh weight Dry weight N content. N uptake P20s uptake K2O uptake
‘GreenSeeker gNDVI 0.169 0.178 0.436 0.275 0.350 0.199
GreenSecker Green/NIR -0.198 -0.182 -0.400 -0.280 -0.327 -0.239
GreenSeeker NDVI 0.638 0.624 0.490 0.610 0.665 0.610
GreenSeeker Red/NIR 0.601 0.586 0.442 0.556 0.610 0.574
Crop Circle(ACS210) aNDVI 0.805 0.826 0.558 0.807 0.768 0.805
Crop Circle(ACS210) NIR/Amber 0.643 0.639 0.475 0.662 0.595 0.666
Crop Circle(ACS210) rNDVI 0.719 0.712 0.519 0.687 0.706 0.702
Crop Circle(ACS210) NIR/Red 0.606 0.582 0.491 0.600 (.588 0.612
N=36
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Fig. 3-16. Relationship between dry weight of above ground part of
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Fig. 3-17. Relations hip between amount of N-uptake by leaves of

pepper at the 120th day after planting (DAP) and
reflectance indexes at the 37th DAP in 2004.

T 3-182 FEV] g dEFe Hu U I A HIegd o4 % 789

passive® AA Crop Circleol]l 23 aNDVI®HS| Ao #AE UEFRTTH o] 2% 7844 o

SALE A Fol olgh 8] BEF ABFL 9%AA ART S 9 WP AABA

g gtk Mk o] WAL AEE ol&ite FZAFE BT FIF 1F

25 4ERAE 19 3-199) YEdh $5A50 AgeE ogE 59 AR
7_511 A

_85_



0.70 - -
0.65 y = -2B-06X" + 0.0013x + 0.4412
v R*=0.79
O ¢
. 5 _
© 060
2
5
>
WO
> 055
z
050 r
0.45 | ‘
0 - 30 100 150 200 23
Dry weight (g plant"l)
Fig. 3-18. Relations hip between dry weight of red pepper at the 120th
day after planing and aNDVI by Crop Circle at the 78th day
after planting in 2004.
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Fig. 3-19. Relationship between dry weight of red pepper at the 120th
| day after planting and sufficiency index by aNDVI at the
78th day after planting in 2004.

_86_



250

200 _ .
*
= .
o —s -
= I |
= 150 ¢
2 L
=3
20
L
= 100 ©
y =-0.0123x +3.051x - 27.003
50 r ¢ 9 |
R =0.7331
0 i ‘
20 40 | 60 80 100 120 140 16
Application level of N (%)
Fig. 3-20. Relations hip between dry weight of pepper at the 120th
| "DAP and application level (% ) of N in 2004 experiment.
1.05
100 © ' . *
¢
é 0.95 )¢
S ’
? \ 2
> 0.90 -
RS |
k=
o
% 0.85
.§ ‘
&
2 080 - §
y = -2B-05% + 0.0047x + 0.6795
R® =0.7922
075 +
0.70 - t |
20 40 60 80 100 120 140 16

Application level of N (%)

Fig. 3-21. Relations hip between application level of N (% ) and
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Fig. 3-22, Relationship between application level of N(%) and sufficiency
indexby aNDVI at the 74th DAP in 2005
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2 AxF5FFS 24 ALTAN 552 AAL FFL om’e] WA A ZATGT,

117 272G B a2 E 4-1a89t 2o E49 pHE 4.8904 7.274A v}
FatA EEEAL, F71E FHFE 325 g kg BA AR Fe FIgo)Art. BEY

Table 4-1a. Physico-chemical properties of experiental soils for red pepper cultivation in 2005

2polE B3, FEA 78~756 mg kg, A
Q.

e A 45mg kgl Hd 58.0 mg kg

G4 ZE 0.06~0.60cmol” kg'e B A

—

NOs-N  Avail-»>Os  Bch-K  Beh-Ca  Bch-Mg — CEC

Feld site pH OM NHz-N
(ISERO) @gkg) — ——(eke) (cmol kg

Cheongwon-1 7.2 9 26 23.7 160 0.06 6.5 09 9.9
Cheongwon-2 4.8 13 2.3 5.2 435 0.19 2.5 0.3 7.7
Cheongwon-3 6.7 25 1.7 12.6 522 031 6.8 1.3 124
Cheongwon4 6.9 3 1.8 22 78 0.08 5.8 1.2 7.1
Cheongwon-5 5.6 13 3.5 4.5 343 045 3.1 1.5 9.6
Funseong-1 6.3 16 4.5 305 440 0.18 2.8 14 84
Fumrseong-2 71 15 24 33.2 238 0.15 29 1.7 8
Funseong-3 6.5 23 24 423 756 0.38 2.8 1.6 9.2
BEunseong4 5.5 9 24 24 435 0.21 2.3 0.6 8.3
Funseong-5 5.2 15 4.7 31.5 618 0.60 28 1.6 8.5
Fumseong-6 6.7 13 32 580 356 0.16 3.8 22 8.1

2) 20064

107 S7HEAS] £ HEH L E 4108 2o EFe] pHE 48914 72744 o

AN REHAL, §712 FLE 325 g kg'2A AR Be AFo|Ar. B

ArFdsds AQe Aag2s FFE A 45mg kgl A 58.0 mg kg o
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o) 2 WP, FAQlAt 78~756 mg ke, AFALEH 0.06~0.60cmol " kg‘l—‘:ﬂ © X2 A

g NS E S4S Ry

Table 4-1b. Physico-chemical properties of experimental soils for red pepper cultivation in 2006

Fieldsite ™ pH =~ OM  NHs-N NO3-N \vail-P20 Exch.-K Exch.-Ca Exch.-Mg CEC
(1:5 H20) (g kg'l) --------- - (mg kg"l) -------------------------- ((:Iml+ kgql) 4--——f ----- —
Boeun-1 b3 32 2] 0.6 287 0.3 1.5 0.8  10.6
‘Boeun-2 6.9 23 18.9 28.7 261 1.02 37 1.8 8.9
Boeun-3 6.2 18 8.7 6.9 - 4] 0.22 1.7 0.8 8.3
Boeun-4 5.7 29 4.2 14.4 359 0.59 4 1.9 12.8
Eumseong-1 5.2 184 4.8 23.8 779 0.4 3.1 1.4 11.5
Fumseong-2 7.6 17.9 8.8 5.0 495 04 5 2.5 11.8
‘Bumseong-3 6.9  11.6 2.8 2.7 275 0.18 4.1 1.8 13.2
Eumseong-4 6.9 20.4 8.3 22.9 614 0.61 3.4 1.9 11.8
Eumseong-5 0.8 18.6 1.5 52 360 0.39 2.7 0.8 10.9
Fumseong-6 6.7 13 4.9 8.5 356 0.16 3.8 22 101

o Ax AiAE
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$)9l 3 FEoz APTY WAL 247 1sm’ 4 BATE ), A

HERd Aolth. Eke] pHE 527 ~ 7.700.%
0.88% ~ 1.78%=A WAZ ¥ AFgodty. B 23T 2T 2084
A FEE Ha 9 mg kgl A 23 mg kel 0.2 AFAN LG FoRrh e F

Fe B, FEUTLS 268-1166 mg kg', N T LF 0.16-3.46 cmol” kg 0.2 T3
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Al Ede] Agur A 2& FHL nvh

Table 4-2a.Chemical properties of expermrental soils for tobacco cultivation m 2005

Feld site pH EC TN NOB-N NN PG Exch. Cation (cnolk/kg) OM (HC
(15  (dSm) Yo ppm ne/kg  mgks K Ca Mg Yo (cool/kg)
Field-1 770 0.%4 0.07 11 01 339 016 5.68 2.19 (.88 6.7
" Feld2 658 046 0.10 23 107 443 044 5.8 340 117 123
Feld-3 6.36 0.51 0.09 22 14.8 427 0.73 33 10 LR 89
" Field4 5.84 0.25 0.12 11 104 2068 0.31 3.16 1.47 0.99 7.2
Feld-5 527 034 0.09 9 8.0 810 0.54 2.38 0.93 0.97 7.2
Field-6 546 032 0.12 10 5.3 458 0.31 3.81 0.90 090 1N
Feld-7 6.88 031 0.07 10 3.8 1038 0.65 2 0.95 .11 55
Feld-& 7.23 047 0.07 2 4.2 443 0.73 3.13 1.35 1.06 7.5
Feld9 728 037 007 19 4.5 1042 0.60 3.16 1.26 1.19 6.0
Feld-10 725 - 230 0.05 16 3.2 1166 346 7.55 3.97 1.01 4.5
2) 20063

QAR AT FEAG} A2 AuEEe HANOmRH FHH Ay

o}, E% pHE 527 ~ 77002
izﬂ tﬂzﬂi Lo ﬁﬁk@]ﬁﬂ- =R

01-1-' au
©
Oli
-—1—1
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A%
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o
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o0
X

S E QA 268~1166 mg kg, XV LH

euT 84 = FEFL B
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Table 4-2b. Chemical properties of experimental soils for tobacco cultivation m 2006

Feldste  pH EC OM NOoN NN PO Bxh Ction (cool/kg) aC

(1:5) @m gk ppm  nghke - npke K G Mz  (coolskg)
Fieldl 62 058 1523 397 01 600 060 546 133 69
Feld2 69 034 2124 98 10.7 386 066 013 20 111
Feld-3 6.5 052 1131 85 148 212 02 753 12 78
Field4 60 089 1560 213 104 46 148 632 245 107
 Feld5 5.1 030 1195 119 80 469 0 223 074 71
Field-6 62 02 437 186 53 105 0.19 B9 = 266 79
Field-7 79 061 963 154 38 276 08 - 94 133 71
Feld-8 73 058 1096 42 42 ) 081 787 18 78
Feld-9 64 02 708 129 45 138 033 53 13 62

Feld-10 64 0.19 700 66 32 3B 0.73 4.55 0.51 54

& Z=A3te] e Zolth 117] E£49 wALEXE aNDVIo] 93 2ZX 4= 071
HE 098744 BEEoH HFAonnE FE A& s A&F %ol
A 70%7h7) BREFQom o] MGz AluE DA} 100% o GH T sl A
Aol WA AgE el AEREE 0% YT I AS da X))

w2e WER Fragon o A RAW Auvee suel 0%l 100%7H4
72 = A T

Table 4-3. Reconmrendation of N fertilizer based on sufficiency ndex by reflectance index of red pepper at the 60th DAP in 2005

Factor Cheongwonarea | Burseong area

Fieldl Feld? Feld3 Feld4 Feld5 Feldl Feld? Feld3 Feld4 Feld5 Felds
Suffiencyindexby 098 08 09 08 071 085 077 092 087 090 088
aNDM of Gop Circle - |

Reflectance-1” 0 8 4 5 0 4o %0 B 6 8 45
Reflectance-17 o & 5 W® W0 5 N 4 B B o

Reflectance-1" ; application level of fertilizer reconmended by reflectance test based on 100%0f N fertilizer e iciency
Reflectance-17 ; application level of fertilizer reconmrended by reflectance test based on 70% of N fertilizer ef iciency
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Table 44. Application level of fertilizer recommended by reflectance test for field experiment in 2003

Reconm N(kg 1027 P2Os (kg 1047) KO (kg 102 ~ Conpost

Feldste  Method Basal  Additional(45%) Total Basal Basal  Additional40%)  Total (kg i0a')

55%  1st(40%) 2nd(30%%) 3d(30%) 100% 60%  1st(50%) 2nd(50%)

Cheongwon-1 Soil test"” 13 4l 3.1 31 230 203 199 66 66 3l
Reflectance-12 0 0 0 0 0 203 199 66 66 3.1
Reflectance2” 0 0 0 0 0 203 199 66 66 33.1
Fanmer 13 10 206 102 102 13 232 2,000

Cheongwon-2 Soil test 11 34 26 2.6 19.1 0.8 16.7 56 5.6 279
Reflectance-l 0 0 305 3 609 9.8 16.7 56 5.6 27.9
Reflectance2 0 0 4.36 436 872 08 16.7 56 5.6 27.9
Fanrer 17 | 12 288 13.6 13.6 12 25.6 3000

Cheongwon-3 Soiltest 9 2.8 2.1 2.1 155 6.4 16.7 5.6 5.6 2719
Reflectance-1 0 0 1.7 1.7 34 6.4 16.7 56 56 279
Reflectance2 0 0 243 242 485 64 16.7 56 5.6 279
Farner 13 10 N6 102 102 13 232 2000

(Cheongwon-4  Soil test 11 34 2.6 26 19.1 23.5 196 6.5 6.5 32.6
Reflectance-1 0 0 2.89 280 578 235 196 6.5 6.5 06
Reflectance2 0 0 4] 409 819 23.5 196 6.5 6.5 026
Farmrer 13 10 N6 102 102 10 202 1,500

Cheongwon-5 Soil test 11 34 2.6 2.6 19.1 13.1 12.1 34 34 189
Reflectance-1 0 0 3.68 367 735 13.1 12.1 34 34 189
Reflectance-2 0 0 53 5.2 10.5 131 121 34 34 18.9
Farmrer 15 10 24.7 119 11.9 9 199 1,000

Bunseong-1  Soil test 11 34 2.6 2.6 19.1 0.5 17.3 5.8 58 289
Reflectance-1 0 0 3.05 34 609 95 173 5.8 58 289
Reflectance-2 0 0 4.36 436 872 - 95 17.3 5.8 5.8 289
Farmer 16 96 256 8 7 4.2 11.2

Funseong-2  Soil test 11 34 26 26 19.1 172 18 6.0 6.0 300
Reflectance-1 0 0 342 341 683 172 18 6.0 6.0 30,0
Reflectance2 0 0 489 488 977 17.2 8 6.0 6.0 300
Fanrer 16 o 9.6 256 112 7 42 112

Burrseong-3  Soil test 3 2.7 2.0 2.0 15.1 3 140 47 47 234
Reflectance-1 0 0 1.34 133 277 3 140 47 47 234
Reflectance2 0 0 12 R 34 3 140 47 47 234
Farmer 10 2.8 N4 48 42 56 0.8 4,000

Funseong<4  Soil test 13 4.1 3] 3.1 0.8 0.7 16.1 54 54 26,9
Reflectance-1 0 0 3.13 312 625 9.7 16.1 54 54 269
Reflectance2 0 0 444 444 888 9.7 161 54 54 26,9
Famer 6 64 12.8 32 28 2.8 54

Burseong-5  Soil test 11 34 26 2.6 19.1 3.0 102 34 34 170
Reflectance-1 0 0 2.1 2.1 472 3.0 102 34 34 170
Reflectance2 0 0 3 299 59 3.0 102 34 34 17.0
Famer 10 64 17.0 48 42 2.8 70 6,000

Ruseong-6  Soil test 11 34 26 26 191 12.7 16.7 56 5.6 279
Reflectance-1 0 0 237 236 473 127 167 56 5.6 279
Reflectance2 0 0 3.36 33 672 12.7 167 56 56 279
Farmer 21 86 296 254 334 11.6 45 3,000

Soil tes_tm; application level of fertilizer by soil test |
Reflectance-17 ; application level of fertilizer reconmmended by reflectance test based on 100% of N fertilizer efficiency
Reﬂectance—Zm . application level of fertilizer recormrended by reflectance test based on 70% of N fertilizer efficiency
Famer ; application level of fertiizer by famer
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Table 4-5. Yield of red pepper affected by application rate of N fertilizer recommended by reflectance test in 2005 experiment
Application method Yield of red pepper (kg 103'1) Percent of yield to

Field site

N rate

Percent of N rate to

W DW the plot of soiltest (Nkg 10a™) the plot of soil test

Cheongwon-1 No-fertilizer 1914 373 99.7 0.0 0.0
Soil test™’ 1921 375 100.0 23.0 100.0

Reflectance-1""’ 1914 373 99.7 0.0 0.0

Reflectance-2"" 1914 373 99.7 0.0 0.0

Farmer™’ 2027 385 102.8 22.6 98.3

Cheongwon-2 No-fertilizer 1454 273 73.9 0.0 0.0
Soil test 1969 370 100.0 19.1 100.0

Reflectance-1 1860 350 94.5 6.1 31.9

Reflectance-2 1944 365 08.8 8.7 45,7

Farmer | 2063 388 104.8 28.8 150.8

Cheongwon-3 No-fertilizer 1461 278 69.0 0.0 0.0
Soil test 2119 403 100.0 15.5 100.0

Reflectance-1i 1863 354 87.9 34 21.9

Reflectance-2 1965 373 92.7 4.9 31.3

Farmer 2168 412 102.3 22.6 145.8

Cheongwon-4 No-fertilizer 873 175 56.2 0.0 0.0
Soil test 1554 311 100.0 19.1 100.0

Reflectance-1 1143 229 73.5 5.8 30.3

Reflectance-2 1290 253 83.0 8.2 42.9

Farmer 1541 308 99.2 22.6 118.3

Cheongwon-5 No-fertilizer 1306 259 81.2 0.0 0.0
Soil test 1607 318 100.0 19.1 100.0

Reflectance-1 1526 302 95.0 7.4 38.5

Reflectance-2 1632 323 101.5 10.5 55.0

Farmer 1696 336 105.5 24.7 129.3

Fumseong-1 No-fertilizer 1293 259 78.5 0.0 0.0
Soil test 1733 329 100.0 19.1 100.0

Retlectance-1 1605 - 305 92.6 6.1 319

Reflectance-2 1664 316 - 96.0 8.7 45.7

Farmer - 1864 354 107.6 25.6 134.0

Fumseong-2 No-fertilizer 1259 252 80.2 0.0 0.0
Soil test 1569 314 100.0 19.1 100.0

Reflectance-1 1484 297 94.6 6.8 35.8

Reflectance-2 1505 301 95.9 0.8 51.2

Farmer 1541 308 08.2 25.6 134.0

EFumseong-3 No-fertilizer 1409 282 75.3 0.0 0.0
Soil test 1968 374 100.0 15.1 100.0

Reflectance-1 1735 330 88.2 2.8 18.3

Reflectance-2 1812 344 92.1 34 22.8

Farmer 2032 386 103.2 224 148.3

EFumseong-4 No-fertilizer 1334 267 69.2 0.0 0.0
Soil test 1978 386 100.0 22.8 100.0

Reflectance-1 1688 329 85.3 6.3 27.4

Reflectance-2 1913 373 96.7 8.9 38.9

Fanmer 1874 365 94.7 12.8 56.1

Eumseong-5 No-fertilizer 1288 251 68.8 0.0 0.0
Soil test 1923 365 100.0 19.1 100.0

Reflectance-1 1855 358 98.0 4.2 22.0

Reflectance-2 1927 366 100.2 6.0 314

Farmer 2032 382 104.6 17.0 89.0

Fumseong-6 No-fertilizer 1396 265 73.6 0.0 0.0
Soil test 1801 360 100.0 19.1 100.0

Reflectance-1 1829 338 9395 47} 248

Reflectance-2 1806 334 92.8 6.7 35.2

Farmer 1832 344 05.6 29.6 155.0

No-fertilizer -~ ; application with no fertilizer

Soil test™’; application level of fertilizer by soil test
Reflectance-1""; application level of fertilizer recommended by reflectance test based on 100% of N fertilizer efficiency
Reflectance-2'"; application level of fertilizer recommended by reflectance test based on 70% of N fertilizer efficiency

Farmer ™’ ; application level of fertilizer by farmer
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Table 46 Recormendation of Nfertilizer based on sufficiency indexby reflectance indexof tobacoo at the 35th day after planting in 2006
Factor | Feldl FHeld2 Hed3 Heldd HBHedsS Fddé Fdd7 FddS Fdd9 Fedl0
Sfficencyindexby 0 Q8 0% 091 0st 087 0 08t L 0
aNM of Gop Gircle | |

Reflectance-1 % 8 37 13 & 8 sl 27 3 g
Reflectance- 1" ; application level of fetilzer reconmmended by reflectance test based on A0eof Nfetilierefficiency

Table 4-7. AEE]ication level of fertilizer recomménded bz reflectance test for field eliperiment m 2005

Field  Method Nkgl0a) P,0s (kg 10a”) K20 (kg 10a)
| ‘Basal Additional Total Basal Additional Total Basal Additional Total
Field-1 Recommended 10.0 10.0 5.0 5.0 30.0 30.0
Reflectance-1" 0.0 37 37 00 1.9 1.9 0.0 1.1 111
Field-2 Recommended 10.0 10.0 5.0 | 3.0 30.0 30.0
Reflectance-1 0.0 2.6 2.6 0.0 1.3 1.3 0.0 7.7 7.7
Field-3 Recommended 10.0 10.0 5.0 50 30.0 - 30.0
Reflectance-1 0.0 5.3 53 0.0 2.6 2.6 0.0 159 159
Feld-4 Recommended 10.0 10.0 5.0 | 5.0 30.0 30.0
Reflectance-1 0.0 1.9 1.9 0.0 0.9 0.9 0.0 5.6 5.6
Field-5 Recommended 10.0 10.0 50 50 300 300
| Reflectance-~1 - 0.0 9.9 9.9 0.0 4.9 4.9 0.0 29.6  29.6
Feld-6 Recommended 10.0 10.0 5.0 5.0 30.0 30.0
Reflectance-1 0.0 2.6 2.6 0.0 1.3 1.3 0.0 77 7.7
Field-7 Recommended 10.0 10.0 50 5.0 30.0 - 30.0
- Reflectance-1 0.0 73 7.3 0.0 3.6 3.6 0.0 219 219
Field8 Recommended  10.0 10.0 5.0 | 5.0 30.0 30.0
Reflectance-1 0.0 3.9 3.9 0.0 19 1.9 0.0 11,6  11.6
Field-9 Recommended 10.0 10.0 5.0 | 5.0 30.0 30.0
Reflectance-1 0.0 11.9 119 0.0 59 5.9 0.0 356  35.6
Feld-10 Recommended 10.0 10.0 5.0 | 5.0 30.0 30.0
Reflectance-1 0.0 4.0 4.0 00 20 20 0.0 12.0  12.0

Reflectance-1"" ; application level of fertilizer recommended by reflectance test based on 70% of N fertilizer efficiency
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Table 4-8. Yield of tobaccor affected by application rate of N fertilizer reccommended by reflectance test in

2005 experiment

Ficld site  Application Yield Percent of yield to N rate Percent of N rate to

method (kg 103'1) the plot of recomm. (N kg 1()3'1) the plot of soil test
Field-1 No-fertilizer' 285.7 93 0 0.0
Reflectance™ 242.8 79 3.7 37.0
Reconlmended(B) 308.0 100 10.0 100.0
Field-2 No-fertilizer 260.8 91 0 0.0
Reflectance 206.4 72 2.6 26.0
Recommended 286.5 100 10.0 100.0
Field-3 No-fertilizer 115.2 52 0 0.0
Reflectance 212.6 95 53 53.0
- Recommended 223.2 100 10.0 100.0
Field-4 No-fertilizer 151.8 64 0 0.0
Reflectance 2433 103 1.9 19.0
Recommended 236.1 100 10.0 100.0
Field-5 No-fertilizer 196.2 94 0 0.0
Reflectance 183.0 87 9.9 99.0
Recommended 209.6 100 10.0 100.0
Field-6 No-fertilizer 189.5 91 0 0.0
Reflectance 186.7 90 2.6 26.0
Recommended 208.6 100 10.0 100.0
Field-7 No-fertilizer 217.0 66 0 0.0
Reflectance 339.6 104 7.3 73.0
Recommended 326.5 100 10.0 100.0
Field-8 No-fertilizer 243.2 91 0 0.0
Reflectance 238.6 89 3.9 39.0
Recommended 267.8 100 10.0 100.0
Field-9 No-fertilizer 90.7 33 0 0.0
Reflectance 205.5 74 11.9 119.0
Recommended 276.9 100 10.0 100.0
Field-10 No-fertilizer 122.4 55 0 0.0
Reflectance 201.8 90 4.0 40.0
Recommended 224.0 100 10.0 100.0

No-fertilizer'" ; application with no fertilizer

Reflectance-1' ; application level of fertilizer recommended by reflectance test based on 70% of N fertilizer

efficiency

Recommended"” . application level of fertilizer by recommendation
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Table 4-9. Reconmandatlon of N fertilizer based on Suf‘ﬁCIency index by reflectance index of red pepper at the 58th DAP in 2006

Factor Boeun Cheongwon

Ficld-1 Field2 Field3 Ficld4 Field-l Field2 Field3 Field4 Field-5 Field-6
Sufficiency index by 0.92 1.01 1.00 0.89 0.99 0.98 0.97 0.96 0.96 0.85
aNDVI of Crop Cicle
Reflectance-1"" 13 00 00 224 0.0 0.0 0.0 0.0 00 387
Reflectance-1% 189 0.0 0.0 373 0.0 0.0 0.0 0.0 0.0 64.4

Recommendation level of N fertilizer-1 ; Percent of basal application rate of N fertilizer reflected by 100% of N fertilizer efficiency
Recommendation level of N fertilizer-2 ; Percent of basal application rate of N fertilizer reflected by 60% of N fertilizer efficiency

F 495 20053 AFA Aol A o)A 74U Crop Circle ACS-210 Al A] 9]

aNDVI®| FHA 7ok A Ay IFARA4N(2HE 323 Fx)s &3t o4 F
584 A Crop Circle ACS-21001] )3l SAE aNDVIS] =ZX| 2R E A LA B FF
= F8%S HWERd slolth 107 Zge| RMAEAE aNDVICl & SFA 5= 0.85

FE LOIZHA £xHgler 3AAC2RE FHE AMEELE 70 Al &FH] 0%
A 38 T% A EEH e o] MM AHE AATF 100% o] & HTE Mo &
o 7|Zolth. upeb Al gE Aol AMERS 60%2 A FAG AL Az A
Hrss BER Frhefion o A% F3d AHH &L 71v o] 0%1A 64.4%7)

A FAHEJT 29 13 FHE AEE olF 23 FuFL AAEY] Y5t o)A
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Table 4-10. Recommendation of N fertilizer based on sufficiency indexby refiectance index of red pepper at the 86th DAP m 2006

Factor Boeun Cheongwon

Field-l Field2 Feld-3 Field4 TFeld-l Field2 Field3 Field4 Field-5 Field-6
Sufficiency indexby 1.00 (.98 0.96 0.95 0.97 0.98 0.97 0.96 1.03 0.97
aNDVI of Grop Circle |
Reflectance-1" 0 0 0 0 0 0 0 0 0 0
Reflectance-1% 0 0 0 0 0 0 0 0 0 0
Reflectance-1"" ; application level of fertilizer recommended by reflectance test based on 100% of N fertilizer efficiency

1(2)

Reflectance-

; application level of fertilizer recommended by reflectance test based on 60 of N fertilizer efficiency

A L6 Bg 2

QA 19.2 kg 10a'e] H]sle]l oF 78%] B3l 2006139 AW Fo] 2005 #

Hlaete] 8 HAEe SAAY A s 6HS Al BEE Aol EHIZL

2000kg ~ 4000kg 10a’'# A]-&¥ Holt} ol 20002 ¢ 1x Fu|gF A T

LAGA A A 23 FH AMH|Eo] 2005 BT A AUEE 2ot 862 A 24}
o] 0%= H7tdE A3 dgstA FEEAH.

ARl F30 A HH]
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Table 4-11. Apphcatlon level of fertilizer reconmended by reflectance test for red pepper ﬁeld emennﬁnt m 2006 |
Feld site.  Recomm o ~ Nikg 102 ) P2Os (kg 10a’ ) K20 (kg 108 ) Compost

Method -Basal  Additional(45%) Total Basal Basal Additional(40%)  Tota]l (kg IOa'l)

55%  1st(40%) 2nd(30%) 100% 60%  1st(50%) 2nd(50%) |
Boeun-1  Soil test'" 73 31 26 131 14.1 9.5 3.5 3.5 16.5 2000
Reflectance-1) 12 12 14.1 9.5 35 35 16.5 2000
Reflectance-2" 19 1.9 14.1 9.5 35 35 16.5 2000
Farmer' 14.4 72 216 56 72 7.2 144 2000
Boeun-2  Soil test 76 33 2.7 13.6 15 24 09 0.9 42 3000
-~ Reflectance-1 | 0.0 15 24 0.9 0.9 42 3000
Reflectance-2 - 0.0 15 24 0.9 09 42 3000
Farmer 10 72 17.2 11 9 72 16.2 3000
Boeun-3  Soil test 10.5 4.5 3.8 18.8 24.7 11.7 4.3 43 203 2000
| Reflectance-1 0.0 24.7 11.7 43 43 203 2000
Reflectance-2 | 0.0 247 11.7 43 43 203 2000
Farmer 18 7.2 252 7 9 72 16.2 2000
Boeun-4  Soil test 7.6 33 27 13.6 114 79 29 29 13.7 2000
Reflectance-1 2.5 2.5 114 79 29 29 13.7 2000
Reflectance-2 5.1 - 5.1 114 79 29 29 13.7 2000
Farmer 14.4 8.1 225 5.6 7.2 8.1 153 2000
Funseong-1 Soil test 10.5 35 26 192 0 13.7 46 46 29 4000
Reflectance-1 0.0 0 137 46 46 229 4000
Reflectance-2 00 0 137 46 46 229 4000
Farmer 12 9.6 21.6 48 42 56 98 4000
Funseong-2 Soil test 10.5 3.5 2.6 19.2 7.4 15.2 5.1 5.1 254 3000
Reflectance-1 0.0 74 15.2 5.1 5.1 - 254 3000
Reflectance-2 0.0 74 15.2 5.1 5.1 254 3000
Farmer 16 9.6 25.6 11.2 7 4.2 112 3000
BEunrseong-3 Soil test 10.5 35 2.6 19.2 15.8 178 6 6 29.8 4000
Reflectance-1 00 158 17.8 6 6 20.8 4000
Reflectance-2 0.0 15.8 17.8 6 6 - 298 4000
| Farmer 154 12.8 28.2 10.8 4.2 56 - 9.8 4000
Funseong4 Soil test 10.5 35 2.6 19.2 3 10.9 3.7 3.7 18.3 4000
Reflectance-1 0.0 3 10.9 3.7 37 . 183 4000
Reflectance-2 0.0 3 10.9 3.7 37 183 4000
Farmer 9.6 6.4 16.0 3.2 2.8 2.8 54 400%)
Funseong-5 Soil test 10.5 3.5 2.6 19.2 12.3 13 44 4.4 21.8 0
Reflectance-1 0.0 123 13 4.4 4.4 21.8 0
-~ Reflectance-2 0.0 12.3 13 44 4.4 21.8 0
Farmer 64 6.4 12.8 4.3 4.2 28 70 4000
Furseong-6 Soil test 105 35 26 19.2 10.2 152 5.1 5.1 254 0
Reflectance-1 - 12.0 12.0 10.2 152 51 5.1 25.4 0
Reflectance-2 15.0 15.0 102 15.2 5.1 5.1 254 0
Farmer 21 86 29.6 254 334 11.6 45 3000

Soil test'" ; application level of fertilizer by soil test

Reflectance-1; ; application level of fertilizer recommended by reflectance test based on 100% of N fertilizer efﬁaency

Rﬁﬂectance-Z( ), ; application level of fertilizer recommended by reflectance test based on 60% of N fertilizer efficiency
Farmer” , application level of fertilizer by farmer

109 -



Table 4-12. Yield of red pepper affected by application rate of N fertilizer recommended by reflectance test in 2000 experiment
Field site App]ic_ation method Yield(kg IOa'l) Percent of yield to N rate Percent of N rate to

| | FW DW the plot of soiltest (Nkg 1()3'1) the plot of soil test

Boeun-1  No-fertilizer 905 181 94 00 0.0
Reflectance-1" 1393 279 91.4 1.2 9.2

" Reflectance-2" 1429 286 93.3 1.9 14.5

~ Soil test"” 1524 305 100.0 13.1 100.0

Boeun-2 No-fertilizer 1364 273 60.8 0.0 0.0
Reflectance-1 2273 455 1014 0.0 0.0

Reflectance-2 2167 433 06.7 0.0 0.0

So1l test 2242 44 100.0 13.6 100.0

Boeun-3 No-fertilizer 1000 200 61.1 0.0 0.0
Reflectance-1 1515 303 92.6 0.0 0.0

Reflectarice-2 1515 303 92.6 0.0 0.0

Soil test - 1636 327 100.0 18.8 100.0

Boecun-4 No-fertilizer 750 150 51.0 0.0 0.0
Reflectance-1 1194 239 81.1 2.5 18.4

Reflectance-2 1306 261 88.7 5.1 37.5

Soil test - 1472 294 100.0 13.6 100.0

Bumseong-1  No-fertilizer 1653 331 78.2 0.0 0.0
Reflectarice-1 1905 381 90.1 0.0 0.0

Reflectance-2 2049 410 096.9 0.0 0.0

| Soil test « 2115 423 100.0 19.2 100.0
‘Bumseong-2 No-fertilizer e - - e —--
Reflectance-1 - - —-- - —
Reflectance-2 e e -— —eem e

Soil test - — —-- — ——- -

Bumseong-3 ~ No-fertihzer 2108 422 90.1 0.0 0.0
Reflectance-1 2363 473 101.0 0.0 0.0

Reflectarnce-2 2352 470 100.6 0.0 0.0

Soil test+" 2339 468 100.0 192 100.0

Fumseong-4 No-fertilizer 1946 389 83.3 0.0 0.0
Reflectarice-1 2412 482 103.3 0.0 0.0

Reflectance-2 2445 489 104.7 0.0 0.0

Soil test - 2335 467 100.0 19.2 100.0

Fumseong-5 No-fertilizer 1127 225 89.3 0.0 0.0
Reflectance-1 1313 263 104.1 0.0 0.0

Reflectarice-2 1343 269 106.4 0.0 0.0

Soil test -. 1262 252 100.0 19.2 100.0

Funseong-6  No-fertilizer 1122 224 71.7 0.0 0.0
- Reflectance-1 1271 254 87.9 12.0 62.5
Reflectance-2 1418 284 98.1 15.0 78.1

Soil test 1445 289 100.0 19.2 100.0

No-fertitizer ; application with no fertilizer

Reflectance-17 . application level of fertilizer recommended by reflectance test based on 100% of N fertilizer efficiency
Reflectance-2" . application level of fertilizer recommended by reflectance test based on 60% of N fertilizer efficiency
Soil test™ . application level of fertilizer by soil test
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ACS-210 at the 58th day after planting in 2006.
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Table 4-13, Recormendation of N fertilizer based on sufficiency indexby reflectance indexof tobacco at the 28th day affer planting in 2006
Factor Feld-l Feld2 Feld3 Field4d FeldS Feldé Feld7 Feld8 Feld9 Feld10
ficiency indexby 087 098 090 08 05 08 00 & 0% 07
aNDM of Grop Circle | |

Reflectance-1" 50 4 3% R % 43 35 129 91 106
Reflectance- 2 71 5 50 Q 133 &0 50 181 128 149

Reflectance-1"" ; application level of fertilizer recormended by reflectance test based on 0% of Nfextilizer f lCiﬁI'.lCY.
Reflectance-2” ; application level of fertr izer reconmended by reflectance test based on S0%6of Nfertilizer efficiency
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Table 4-14. Application leve] of fertilizer recommended by reflectance test for tobacco field experiment in 2006

Field  Method N (kg 10a”) P20s (kg 10a") K20 (kg 102)
Basal Additional Total Basal Additional Total Basal Additional Total
Field-1 Recommended 10.0 10.0 5.0 5.0 30.0 30.0
Reflectance-1"" 0.0 50 5.0 0.0 25 25 0.0 151 151
Reflectance-2 0.0 71 7.1 0.0 35 35 0.0 212 212
Field-2 Recommended 16.0 10.0 5.0 5.0 30.0 30.0
Reflectance-1 0.0 04 04 0.0 0.2 0.2 0.0 1.2 1.2
| Reflectance-2 0.0 05 05 0.0 0.3 0.3 0.0 1.6 1.6
Field-3 Recommended 100 10.0 5.0 5.0 30.0 30.0
Reflectance-1 0.0 3.6 3.6 0.0 1.8 18 0.0 10.7 107
Reflectance-2 0.0 50 50 0.0 2.5 2.5 0.0 150 150
Field-4 Recommended 10.0 10.0 5.0 5.0 30.0 - 30.0
Reflectance-1 0.0 5.8 5.8 0.0 2.9 2.9 0.0 17.5 175
Reflectance-2 0.0 82 82 0.0 41 41 0.0 245 245
Field-5 Recommended 10.0 10.0 5.0 5.0 30.0 30.0
Reflectance-1i 0.0 9.5 9.5 0.0 4.8 4.8 0.0 285 285
Reftlectance-2 0.0 133 133 0.0 6.7 6.7 0.0 399 399
Field-6 Recommended 10.0 10.0 5.0 5.0 30.0 30.0
Reflectance-l 0.0 43 43 0.0 2.1 2.1 0.0 128 128
Reflectance-2 0.0 6.0 60 0.0 30 30 0.0 18.0 130
Field-7 Recommended 10.0 10.0 5.0 5.0 30.0 30.0
Reflectance-1 0.0 3.5 3.5 0.0 1.8 1.8 0.0 10,6 106
Reflectance-2 0.0 50 50 0.0 2.5 2.5 0.0 149 149
Field-8 Recommended 10.0 10.0 5.0 5.0 300 30.0
Reflectance-1 0.0 129 129 0.0 6.5 6.5 0.0 38.8 388
Reflectance-2 0.0 18.1 18.1 0.0 9.1 0.1 0.0 543 543
Field-9 Recommended 10.0 10.0 5.0 5.0 30.0 | 30.0
Reflectance-1 0.0 9.1 9.1 0.0 4.6 4.6 0.0 274 274
Reflectance-2 - 0.0 128  12.8 0.0 6.4 6.4 0.0 384 38.4
Field-10 Recommended 10.0 10.0 5.0 5.0 30.0 30.0
Reflectance-1 0.0 106 106 0.0 5.3 53 0.0 318 318
Reflectance-2 0.0 149 149 0.0 75 7.5 0.0 4477 447

Reflectance-1"" - Percent of basal application rate of N fertilizer reflected by 50% of N fertilizer efliciency
Reflectance-2 ; Percent of basal application rate of N fertilizer reflected by 70% of N fertilizer efficiency

Table 4-15. Correlation coefficient between reflectance index at the 28th day after plantimg(DAP)
and biomass at the 56th DAP and yield(n=27)

Sensor Index 56th day after planting Yield
DW of leaver N-uptake P-uptake  K-uptake

GreenSeeker INDVI 0.737 0.609 0.616 0.660 0.595
GreenSeeker gNDVI 0.707 0.635 0.597 0.691 0.423
Crop Circle (ACS210) rNDVI 0.754 0.606 0.654 0.696 0.599
Crop Circle (ACS210) aNDVI 0.800 - 0.643 0.682 0.751 0.705
Crop Circle (ACS210) NIR/red 0.785 0.642 0.702 0.708 1 0.632
Crop Circle (ACS210) NIR/amber 0.778 0.644 0.649 0.699 0.648
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Fig. 4-3. Relationship between dry weight of tobacco leaves at the 56th day after
planting and reflectance mdex at the 28th day after planting m 2006.
* R® = 0.4966
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Fig. 4-4. Relationship between tobacco yield and reflectance indexby
Crop Circle ACS210 at the 28th day after planting in 2006.
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Table 4-16. Yield of tobacco affected by application rate of N fertilizer recommended by reflectance test m 2006 experiment

Field site  Application method Yield(ke 103'1) Percent of N rate to

Percent of yield to Nrate

the plot of recomm (N kg 103']) the plot of so1l test

Field-1  No-fertilizer 285.7 93 0 0.0
Reflectance-1*’ 242.8 79 5.0 50.4
Reflectance-2" 2954 96 7.1 70.5

| Recommended'” 308.0 100 10.0 100.0
Field-2 No-fertilizer 260.8 91 0 0.0
Reflectance-1 206.4 72 04 3.8
Reflectance-2 215.6 75 0.5 54
Recommended 286.5 100 10.0 100.0

Field-3 No-fertilizer 115.2 52 0 0.0
Reflectance-1 212.6 95 3.6 35.7
Reflectance-2 198.8 89 5.0 50.0
Recommended 223.2 100 10.0 100.0

Field4 No-fertilizer 151.8 64 0 0.0
Reflectance-1 243.3 103 5.8 384
Reflectance-2 207.9 88 8.2 81.8
Recommended 236.1 100 10.0 100.0

Field-5 No-fertilizer 196.2 94 0 0.0
Reflectance-1 183.0 87 9.5 95.0
Reflectance-2 204.1 97 13.3 133.0
Recommended 209.6 160 10.0 100.0

Field-6 No-fertiiizer 189.5 01 0 0.0
Reflectance-! 186.7 AN 43 428
Reflectance-2 185.6 89 6.0 59.9
Recommended 208.6 100 10.0 - 100.0

Field-7 No-fertilizer 217.0 66 0 0.0
Reflectance-1 339.6 104 35 35.5
Reflectance-2 317.6 97 5.0 49.6
Recommended 326.5 100 10.0 100.0

Field-8 No-fertilizer 243.2 91 0 0.0
Reflectance-1 238.6 89 12.9 129.3
Reflectance-2 304.7 114 18.1 181.0
Recommended 267.8 100 10.0 100.0

Field-9 No-fertilizer: .7 33 0 0.0
Reflectance-1 205.5 74 9.1 91.4
Reflectance-2 172.4 62 12.8 128.0
Recommended 276.9 100 10.0 100.0

Field-10 No-fertilizer . 122.4 55 0 0.0
Reflectance-1 201.8 90 10.6 106.0
Reflectance-2 202.9 91 14.9 149.0
Recommended 224.0 100 10.0 100.0

W

No-fertilizer' ; application with no fertihzer
Reflectance-1"7 - Percent of basal application rate of N fertilizer reflected by 70% of N fertihizer efficiency
Reflectance-2 ©’; Percent of basal application rate of N fertilizer reflected by 50% of N fertilizer efficiency

Recommended'” : application level of fertilizer by recommendation
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