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ABSTRACT

This study was to develop the program for determining topdressing rate at panicle
initiation stage by the digital image taken from the plant canopy at the rice field and
evaluate the effect of recommended topdressing rate on rice growth and rice quality. To
develop the program for determining topdressing rate, N fertilizer were treated at the rate
of 0-0%, 50—20%, and 70—0% for the basal application and topdressing at tillering stage,
and topdressing at panicle initiation stages was applied at the rate of 0, 15, 30, and 45%
corresponding to the recommended N amount by the result of soil testing. The field treated
with recommended rate was top dressed at panicle initiation stage based on the result of
digital image analysis. Rice growth, dry weight, and amount of N uptake at 50—20% and
70—0% treatment field were not different between the N fertilizer treatments, but plant
height and the number of tillers at 50—20% and 70—0% were higher than those of 0—0%
treatment field. Head rice yield, immature grain ratio of brown rice, and protein content of
brown rice were increased by the increment of N topdressing rate at panicle initiation stage.
Correlation coefficient were high between plant characteristics such as plant height, dry
weight, and amount of N uptake and index of digital image such as canopy cover(CC) and
canopy volume(CV). Correlation coefficient between normalized R(r) and SPAD and between
normalized G(g) and plant height, dry weight, and amount of N uptake was relatively high.
Nitrogen topdressing rate determination program consisted with multiple regression
equations were based on the analysis of digital image of rice growth at panicle initiation
stage to meet the target of rice yield and rice protein content. Nitrogen rates applied as
topdressing by the developed program were 21% for 0—0 % treatment plot and 19% for
50—20% and 70—0% treatment plots. Nitrogen topdressing rates at panicle initiation stage by
the program were lower compared to the amount of recommended rate, but the rice growth
and rice quality were same to those of the plots top—dressed with 30% of Nitrogen.

Key words : Rice, Digital image, Topdressing rate, Rice growth, Rice quality
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S ks SRl FE A, £ $ A, A S e B
2 8910] glou} AA A SHel A= i A #E7 7PE 2A el S-evete] ¥ A
llkgolonl, & aEE A AS 98}
AT A2ANES kg/10a02 oFF AL FaHE BAMEE 7|H]—EGH] -0 -An &
50—-20—20—109] H]&E A== 200213704 Agatol ot An|(YAE)= &Y o5 e 5
TZY] Tl o] HARE Ao TS o] AnE A7) 8%le] HBE(F, 2004;
A 25 1974 Nishzawa et al, 1977; A<t A, 2002) A)(LAS)S AFst 7|H]-ELB]—F=4]
5 50-20—302% WAJstEE Adeta vk 2y o AR e B AAl FWIEC] AREdhE
AREEE 7)EA MR AAIE 15l B 26l o]2& 5 nE dgo] o3 ulE U} F
AR, T o2 AR o] E AU Wk o 4 eA 92 29lo] Ha Qi) ]9}
2o ] EARES st EFAA ek AR S sha ot o] A 9 1
A o) ks YsiMe AR T W AS FEHE JAdste FHE S 248 stofof stk
ady A7 wREY] wulsed st AT AN} o] Foi 1 9l AAoR kst A
Skl ARG el ok A7) /Y BEE A Rkl gl
o] A7 T QY% AH 5] da 4 dHE Jdste] FHATIE gt ol
Ul M thefsbAl o] FoA gtou AgAos o] §uAE Ralal itk LCCH SPADE ©]8-3}
H o] 9JoF At o] gslEE ATEE U 9o H(Yang et al, 2003; & %, 2003; ©] &, 2004;
7 % 2002; 7, 2004) A F(leaf color chart, LCC)E o] gdh= 74 EA &2 A, A]7] el
Me 9 AxgEEn LCCTlE Aol =ou(Yang et al, 2003, Singh et al, 2002), AJH]ZS 3t
A LCC e E% A 9 A™o| we} v2nz 274 we)l 2zt 44 ook sl EAHo] 9l
31(Singh et al, 2002), %3k LCCFES HIGF(SLW) o2 HASA o] & FAHS thh ajid
T Ao K (Yang et al, 2003) HIHTS Ao SAs|oF b= ofH%o] Atk &EFF SPAD9} mizt
TR 9l T4 B 54 3§ dlo] LR EAS o] &ate] 9o AATES v oR &
Aat7] Jsto] OAEALZA7)| (S, 2004)S ALEQ o 2R oR 1CC e EAHS 7}
A ek
fJolA Awg LCC, SPAD 52 2ol G4 ) = vse] AlH] e offe] figh ARk A
o AlFe B dupt vlRE Folof EXd Oigt Fre AlFetA] xeke @ide] Slrh Al 4
o B|RE Fojof dh The 9% AHl S HE4 T A4 S ol A= AES) o)
S AR7E dojoksitt. 1Eu o] AY e WS FAskE die ke AH(GER1500:
300~1500nm, 1.5nm3AE)E o]dstojof sz wAldol Stk Ty SElugelM s FEhirE
o] 85t G 2 A Fey] /RS {13 7|xAT = o]FoiXA] ¢ k.
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25 AR 715, 2006)00A4 AN et B ks {718 25~30g/kg, St
80~120mg/kgel &l 20.4g/kg, 42mg/kglE e AE Yeh)Q)

E LA B sy B4
pH OM. Av.P205 Ex. Cat.(cmol+/kg) CEC Si02
(1) (ghe)  (mghkg) K Ca Mg (cmol+/kg)  (mgke)
7.1 20.4 42 0.4 7.6 2.0 134 188

MAAAME © N-10.7, P205 — 5.8, K20 — 3.0kg/10a

v
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. 2004; Nguyen 5, 2005; Nguyen, 2006). °]& <Jaf FH Fo23}7] *ﬂrf”% L {%%ﬁ
FE AN A 12, B304 e o] Tulet FUHIE FAEE A div] AlEg A
5‘%*62 ~7.4cm, A9 5.4~5.67] BT 709} BARE AlLe Ao EA wE s
g3kt frits] W AP AEFE FAET oin] AlETellA 123~138.6kg/10a BokiL
ATTHE 1.2kg/10a BWokor), 7|v]e} FAHE Al&a Aglte] EAYe w2 AETy di
T ASds) e Ago 2 gl

IO

of
4>

ooy ¥ o X oy L 2

X 2. FEs) s
%) #i Hem) _ 7 FONF) SPAD
A o CV(%) o CV(%)
0-0-0 55.9£2.2 4.0 17.1£3.2 18.9 30.3£1.5
50—20-0 63.3%1.6 2.6 22.5%3.8 16.7 30.0£1.5
70—0-0 62.1£1.8 1.8 22.7+4.0 17.7 29.4+1.2

3T O/\Hﬂ_7] Z])\LH 741:12 ul oz A ]_%]:

n T T U = =2
42 AEZON.g5) T-N(%) AE5(kg/10a) T4 (kg/10a)
AF 9T AT 9 = 9T AT AR g =] AR

0-0-0 203 38 6.1 22 08 80.4 129.6 210.0 1.8 1.0 2.8
50-20-0 258 59 9.8 21 07 1251 207.9 333.0 2.6 1.5 4.1
70-0-0 26.2 6.0 105 20 0.7 1268 221.7 348.6 2.5 1.5 4.0

# Factor:1.009N, Blank:0.0274ml
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oY 18 §5Re] W AR
WS} BH] FALg oA Ao

a3 1 7], L] AR mE W eeEl] oAE 9

ZlHlsh Boln] BAG D A GHeTHE o ARS 0, 15, 30, 45%% AEF F A%7]e) A%y
Gu} ABF D ALFSEE F 4, ¥59h L) slulel Bolus TAs Ao Audow 11,

A
T, T AL H] AlgEe] SRS AR STHERIT EAMIEe] o A5

282 7]
H|-RAH|E 50-20%% Al&3 AgoA tha dadt 4as el A47) A 18 2
AAELTE WA 2+ A4S YehQlal 50-20-0, 15, 30, 45% AHg|o|4] o]Akie] A%
= 2 ArEFo] i B3

- 7P cem) 27 TTONF) -
uE Cvw) (o) it C.V(%)

0—0—0 69.5 39 17.3 12.4 15.6 2.7
0-0-15 754 2.1 19.0 12.8 165 29.9
0-0-30 75.9 2.4 19.7 15.1 17.3 32.1
0-0—45 79.1 27 19.8 20.0 19.4 323
50—20~0 748 29 185 15.1 22.8 2.2

50-20—15 79.2 30 195 16.1 20.6 28.2
50-20-30 81.9 40 20.3 17.1 143 32.1
50-20—45 82.2 31 20.4 177 16.8 335

70-0—0 75.2 2.2 177 15.9 186 23.1
70-0-15 755 30 188 16.1 12.6 26.7
70-0-30 79.0 30 20.1 167 19.9 28.4
70-0-45 79.1 30 20.6 171 17.7 315
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F 5. A7) A e R ALTR

A&z(kg/10a) A5 (%) A2 5T (kg/10a)

2l 2 o FF 2] A o ] I ol A

0-0-0 526.3 168.9 531.3 12265 0.3 0.7 09 1.5 11 50 7.6
0-0-15 5479 199.8 6244 13721 03 0.8 1.0 1.7 16 6.2 9.5
0-0-30 579.8 2124 7171 1509.2 04 0.8 1.0 21 17 7.0 10.8
0-0—-45 580.6 218.1 7647 15634 04 1.0 1.0 22 21 77 12.0

50-20-0  604.2 207.2 602.3 14138 03 0.7 0.9 20 14 57 9.1
50—-20-15 638.0 228.1 710.8 15769 04 0.8 1.0 22 18 69 10.9
50—20-30 6654 2474 823.8 17366 04 0.8 1.0 25 20 82 12.7
00—20—45 65655 235.0 813.7 17043 05 0.9 1.0 3.0 22 85 13.6

70-0-0 615.0 214.4 579.5 14090 03 0.6 09 1.8 1.3 52 8.3
70—-0-15  648.3 2289 655.0 16322 03 0.7 1.0 20 16 64 10.0
70-0-30  732.2 2339 74561 17112 04 0.8 1.0 26 1.8 73 11.7
70-0—45  756.5 240.3 841.8 18386 04 0.8 1.0 3.2 20 87 13.9

v}, ST s 9 ZmEk

AAFS 0, 15, 30, 46%% Al&T § o8 B e 1 63 2k HIE Sl wet
mdrpeh Y7t SR Ao TSl E FHI30%9t 45%A 017 A kAL SsEt
AR B AgTelA tissigith 102 4n] FHE oA F A87d uiet S7hEE B
ojglont sH|F 30%0lFoli= T71Ee] WA #3it.

90—-20-15  353.5 78.6 27,356 96.0 22.6 83.7 518 010 3.8
50—-20-30  396.0 85.2 33,690  96.8 23.0 84.1 570 062 1.4
50—20—-45 398.9 85.8 34,839  96.7 23.0 844 581 571 3.0
70-0-0 367.7 70.9 25,819 95.2 21.8 83.1 409 398 1.5
70-0-15  381.8 71.7 27,153 95.7 22.4 83.0 464 447 0.3
70-0-30  396.0 82.9 32,814 96.5 22.9 84.0 530 021 4.9
70—-0—45  397.7 83.0 33,020 97.0 22.5 842 941 032 3.2
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A gl whe Avish wnle] FA 54 2AN Ashs w7, Hssh 2k Avle) 4% g
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A
i A =8z )23 8% A
0-0-0 90.0 0.6 4.7 4.4 0.3
0-0-15 89.8 0.1 5.0 4.2 0.9
0-0-30 86.4 0.1 74 4.8 1.3
0-0—45 86.6 0.2 10.1 2.9 0.2
50—-20-0 90.7 0.5 6.4 2.1 0.3
50—-20-15 90.1 0.4 6.8 2.7 0.0
50—20-30 90.8 0.2 6.8 2.0 0.2
50—20—45 89.0 0.0 9.0 1.8 0.2
70—-0-0 89.7 0.8 6.6 2.7 1.0
70—-0-15 88.4 1.2 7.8 2.7 0.9
70—-0-30 91.3 0.6 6.3 1.3 0.5
70—0—-45 89.4 0.2 7.7 2.4 0.2
¥ 8. Wuo) FAEA
A u)E21(%) opmlg 2
o} %] e L (%) (%)
0-0-0 97.1 0.5 2.2 0.2 18.2 5.5
0-0-15 96.8 0.8 2.2 0.2 18.7 5.8
0-0-30 95.8 0.8 3.2 0.2 18.6 5.9
0-0—45 97.5 1.3 1.1 0.1 19.0 6.3
50—20-0 974 0.7 1.5 0.4 18.4 5.7
50—-20-15 98.4 0.3 1.2 0.1 19.0 6.0
50—-20-30 98.5 0.3 1.2 0.0 19.0 6.2
50—20—45 98.4 0.4 1.0 0.2 19.0 6.6
70—-0-0 97.1 0.5 2.4 0.0 18.9 5.5
70—-0-15 96.3 0.5 2.9 0.3 18.4 5.7
70—-0-30 98.2 0.4 14 0.0 18.6 6.0
70—-0—45 98.7 0.4 0.7 0.2 18.9 6.4
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v}, Digital 97 w45 9t A9} FI|ARA 2A

Digital camera Z9A] 71dx7e] W& RGB # W& wAAS dldsh] S8 onA25y
=3 RGB 3= ] L3lod tpoke indexE WE A= o} Index 1.3 73 Digital camera 34
AA 3% Calculation= Index 29} 7t}

Index 1. The evaluated indices

non—normalized red (R)
non—normalized green (G)
non—normalized blue (B)
normalized red (r) = R/R+G+B
normalized green (g) = G/R+G+B
normalized blue (b) = B/R+G+B
difference between non—normalized green and non—normalized blue (G—B)
difference between normalized green and normalized blue (g—b)
excessive green index (EGI) = 2g—r—b or EGI=3g—1
modified excessive green index (MEGI)
= MEGI=0 If g is lower than r or b, and otherwise MEGI=EGI
hue = W if B<G or Hue=2n—W if B>G
( W=cos—1[ {2R—(G+B) }/2 {(R-G) 2+(R-B) (G-B) } 1/2] )
saturation (SAT) = 1-3min(r, g, b)

Index 2. Calculation of colour index

oA REEoRl indexs & ol8dte] £ Aol Aozl A

r = RR+G+B ————— (1)
g= G/R+G+B ————— (2)
b= BR+G+B ————— (3)
EGI (Equation 4) : EGI=2g—r—b or EGI=3g—1 ————— (4)

MEGI (Equation 5) : MEGI=0 If g is lower than r or b, and
otherwise MEGI=EGI —— (5)

W=cos—1[ {2R—(G+B) }/2 {(R-G) 2+(R-B) (G-B) } 1/2]
Hue =W if B<G or Hue=2n—W if B>G————- (6)
SAT=1-3min(r, g, b) ————— (7)

EE} vl
camera 9’ MAESE A2A 53] Fds B A3 & 99k 2k W e °§ g AR
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¥ 9. ¥ T Digital camera 97 MA|ES} A=A EA ] d3

o =% AEF SPAD  YAx FE AR NFE  FAh FFE
cc 0.729 0.770 0.252 0.019 —0.096 0.713
cv 0.918 0.833 0.421 0.103 —0.001 0.819
R -0.688  —0.440  —0.389 -0.162 —0.150 —0.504
B -0.398  —0.473  0.027 0.156 0.214 —0.346
r 0492  -0.149  —0.519 —0.365 —0.379 —(0.342
g 0.668 0.627 0.196 —0.046 -0.111 0.544
b -0.297  —0.471 0.177 0.302 0.365 —0.260

NDI -0.761  —0.506  —0.487 -0.215 —0.182 —0.581

Hue 0094  —023 0275 0.297 0.338 0.025
Sat 0.296 0480  —0.190 -0.318 —0.380 0.259

Intensity ~ —0.627  —0.486  —0.225 —0.004 0.021 —0.457

CC: canopy cover, CV: canopy volume (=CC * &), R, G, B: red, green, blue value
r, g b: normalized R, G, B. NDI : normalized difference index, Hue: A, Sat: A=,
Intensity: M%

H o] TAY G AS2HE W 2] AEF(SDT) I 4S5 F(Nup) S F4E 4 9
mds Aot i 1 109 2ok A A5 e 243e] A 9
R#H(NorR) S| #AA o 2R e 2Pdeielal, A AAFTae Heet 24 4
GH(NorG)ZHe] AA o2 4 mEle] o] 7F53IGith AV AETT FagTrdd o +
weo] ARAGE 2 A 0.867 2 0.8230.% A ek
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0.923
0.859
0.804

R2

(1)
(2)
(3)

FrE(g/m2)

Equation for yield, protein and PHNup

3~4=7] da

0.79 + 0.978Npi + 2.673PNup — 0.408PNup2
[l =]
Yield : ¥ %(kg/10a)

LT

D A2 H) A8 (kg N/10a)

PHNup :

Yield = 88.6 + 6.97PNup2 + 84.7PHNup — 2.60PHNup2
Npi

Protein = 6.05 + 0.016PNup2 + 0.0013PHNups2

PHNup

& (gm2)

ToH
.yl
R

T+

]

PNup: f<753}7] ¥ A4k

AT 742 0.916, 0.86 2 0.804% =4 e}

e

O
o
il

s
7AO
vzl

A

3

il
E

900

200
AT . 41

I

70
=51 %)
[. 2=

6.00

(274, N, SPAD, 2

1

&

o
o
0 =k
=] =
Eln = =
T n "
BT .o
= = = =
= =2 = 2
%) lx==

5.00

800 1000

600

=57 (kg/108)

400

CEDEEEEE TR E

bt}

=
o s &

=
<k oW
E=y > &
= = = = =
= 2 2 =2 =
g = =] =] =

(EOT/B) Ix ==

4

12
10

]

B A

Ik}

384 (g/m?)

B xR




ONE S4Ea0 9B 0 68 #3 J28

?’g@

oo Frte Revommendation Ssim
{Bered on [mege Aralpis)

i
i

g, ﬂﬂ%"é*&% Ol% B A e 220

A OAE GRS 22 g o Ak FujE A & W] ASAE
ek 2] o) & oA §5F 6.0%

o 2t AL Rl elg Al

T 31 AL 1
S ooll-peuE AR AeiTel 4dh A8WE 21 kefl0a® W 245 SPADGHS 27t
(3]

92.1cme} 29.8% wAHE 0-0-15427 W 53 fARE 435 Yepdlt 7R —2dR &
50—20%%k 70-0%= AF APTFE frrwshle] RS SR ddh FHEAES 1.9
kg/l0ao® Al ofgh AMFFE 22 Foldth @A o Fujdae] BAHES
19%2 FF=A 71 30%°l vl W& FEo® AiEo] Aol Bagh RS Zafste] A dh
ghgo] Hwg TFR ek FH| Adhe glg AR JUiESieh Gl Q% FHEA A
7] B S-S 24 96.4cm, SPAD 30.7% 50—-20—15 2 50—20-30 Ae]7-2] ¥ 453} n)
Fo 7 Uehth L3 7HE 70%52 Algeti BUHIS AR AT £57] B S
4 99cm, SPAD 30.4% 70—0-30 A9 ¥ AFH Hl=e FEoR YeRtth 7HAEA 70%
5 A E A 499 A FANEE 19% ToE ASAEE FHAA 30%9 Ul
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Seulapa A cE A A

HAME(%)  2Hem) CV(%)  SPAD TAHE(%)  Z2(em)  CV(%)  SPAD

0-0-0 82.04£2.8 3.4 27.441.2
0-0-15  92.9+2.2 2.3 30.0£1.5 0-0-21

92.142.2 2.3 29.8+1.6
0-0-30 101.0+2.2 14 317413 (N 2.1kg /10a)

0-0—-45  106.2+3.5 3.3 33.9£1.7

50-20-0  89.8£2.6 2.9 27.741.6
50—-20-15  97.3%£2.5 2.5 29.8%1.7 50-20-19

96.442.0 20  30.7£1.3
50-20—30 99.842.4 2.4 31.3+1.7 (N 19%g /10a)

50—20—45 105.0£2.2 2.1 33.2x2.1

70-0—-0  90.3%£3.4 3.7 27.6£1.5
70-0-15  92.242.7 2.9 29.2%1.7 70-0-19

99.0+2.0 2.0  30.4%1.4
70-0-30  98.2+2.9 3.0 302413 (N 19%g /10a)

70-0—45 104.1£3.2 3.0 30.9£1.7

#AAANEE 1 N=-9.8, P205-6.0, K20—2.8kg/10a. =7] : 8¥ 18~194,

Agdsre w139 2} g
G el ofgt ARIAF Yol A AFer F57] AR 2 Aol dukow gl
T9] 15~309% el A 242 A} TAo ofgh FH|ALET oA Tha
Ztokont %, 4, SPAD: HIAERF 15% KT BAY =31 30%KThs AU Ho] txdgAt
Aol og A AR 21%9} 19%% FHRE AHlTRe) Hlas)] B Adek Aeos A7l
ay 7eje} BAHE FAES AP TelME (P FoellA A ARE YERIT
A7) B AP AESIT AASTEE X 149 2o] AT 22 TS Uehilo] R
2 At A9 15~30%Hel 3L FHIAEF 15%E = Wil 30%H = A3tk FHF
W AT ol F7, o ARSI HARRS FHIAEES S wiet Qo] AAgE ta St HE
Aol ot TAE Aol ogk AluFelA= ztel7h gidith 1elu AEsi Aag Tl
= 7H)g EGHE FAES A TelA tAE A o3t AHIE SSlolE A2 ATE UE}

fru
Y
0
ot
>
ofo
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& 13, A57] ) A2t S

o A7) 4(cm) (ﬁ“—% T5(NF) ——
47 (e (o) qAF CV(%)

0-0-0  67.6£3.6 5.3 181408  13.141.1 8.2 23.1£2.6

0-0-15 712420 29 18.340.8  13.6%1.4 106 27.3%1.2

0-0-30 732419 26 19.640.8  14.142.3 166 28.4%2.0

0-0-45  77.1430 39 210411  16.5%l6 9.9 29.3£1.8

50—20-0  68.3+2.3 34 171407  14.142.2 15.8  23.842.0

THFE  50-20-15  76.142.5 3.3 18.341.3  14.9+1.3 8.7 25.5+2.1
AJH] 50—-20-30 77.8416 2.1 19.341.0  15.242.0 129 274416
50—-20—-45 77.7425 3.3 19.6£1.0  15.742.0 129  285+14

70-0-0  68.3+21 3.1 17.64£0.8  13.5%1.6 1.7 22.9+23

70-0-15  70.842.2 3.1 18.740.8  14.241.7 122 24.7+15

70-0-30  73.841.7 2.3 18.640.9  15.042.7 180  28.0£L9

70-0-45 757418 24 204407  17.242.8 161 28.242.1

gAdg  0-0-D(21) 70.241.9 2.7 19.3+£0.8  13.9%1.5 109  26.7+1.3
GAEA 50-20-D(19) 72.1%16 2.2 19.041.0  14.9%16 105  26.3+15
A 70-0-D(19) 73.8+£17 2.2 19.240.7  14.7414 9.7 25.9+1.4

¥ 14, A%7) 2d AET 4 Arge

- 2 AE5(kg/10a) A2 %) AAEd(ke/10a)
) 2 9 o 7 9 % ] 4 okt Ay
0-0-0 3758 132.7 448.0 0.2 04 07 08 06 32 46
0-0-15 450.9 1625 602.0 12154 0.2 06 07 09 1.0 42 62
0—-0-30 453.2 167.4 628.6 12493 0.2 06 07 11 10 45 66
0-0—45 534.3 2160 739.9 14902 0.3 07 07 17 16 55 87
50—20—-0 357.7 162.9 438.0 0.2 05 07 07 08 30 45
THFE 50-20-15 401.8 1795 4941 10754 02 05 07 10 09 34 53
AW 50-20-30 539.4 1929 6208 13530 0.3 0.6 07 14 12 44 69
50—-20-45 541.4 196.1 674.6 14121 03 08 08 16 15 54 86
70-0-0 4254 1425 4424 10103 0.2 05 07 09 07 31 47
70-0-15 436.3 1431 527.0 11064 0.2 05 07 09 08 36 5.3
70-0-30 5024 1754 650.5 13283 0.3 06 07 13 11 44 68
70-0-45 609.8 2156 717.0 15424 03 08 08 19 16 55 9.0

X" 0-0-D 467.9 161.1 5884 12172 02 06 07 11 1.0 41 6.2
AAEA 50-20-D 4844 1875 594.3 12663 0.2 06 07 12 11 42 65
AWl 70-0-D 4777 1614 5761 12152 0.2 0.6 07 11 1.0 41 6.2
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of. AU Ze el o Ak FulF AT FF 2 FA
FHlFE AgHon 2astel AGH AT 3 /M|, LouE T

e R  EECE et

M R R e WA A
A A7 B, ARG maoe) o Aa e A F @ﬂm A 7)H), 2
FASTANA 1G9 ol i vighort G

Qe Zulst RS G F Tz age] o) IS 19% A 50-20-DS} 70-0-D

AelTe] ] R 460, 467kgS® H| 30%A2|SF theStATHEELS). Mu]e] FHEA —8— ®
16?Jr Zro] FH|E T Fo A FoAe 33 Wn)EY £ Au|go] ‘;}1 W7 go] o A
B ol 27] S4d wel £ 717o] Dol Ao m o2 7=, o}m;

].

-é, el el Ao A HlEE 15~30% WlellA 30%0 JS
chlASleEe. 5 7~58%% AgekraS Yehlo] Ak ?Hl?ﬂ%ol 01—'?‘—01;;1@1 %% Ak
A ARAELS WFARS 9 ekl Qi Aol AR I EAAH R3] e AA

o WEAFES B Badra 4zkan,

T 15 5L B 5

cw omg TEET FUEE nREs e A9 ga Tk
@ @D @ @ @ wm e

0-0-0 262 85 22022 956 219 825 327 297

0-0-15 325 82 26676 934 224 828 424 392

0-0-30 346 84 29232 925 218 837 470 450

0-0-45 403 87 35160 916 219 833 529 509
50-20—-0 311 74 23073 948 222 824 389 341
FHFE 50-20-15 389 78 30043 962 226 831 498 451
AH] - 50-20-30 389 79 30439 947 225 832 527 485
50-20—45 396 76 29695 939 227 832 555 528
70-0-0 276 77 21284 931 221 821 374 343
70-0-15 325 84 27284 911 218 830 430 401
70-0-30 396 83 32665 944 221 831 497 465
70-0-45 382 83 31600 928 223 832 533 506

Oxe 0-0-D 313 8 26958 938 219 826 466 439
AAHRA 50-20-D 338 85 28650 938 224 831 493 460
AR 70-0-D 373 85 31759 935 221 830 499 467
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A 9 Sk Rl oPaRs W e A
- Hag AW 23 sy ded B (9 T T

0-0-0  91.0 6.2 2.5 0.3 0.0 18.1 5.6 382 788
0-0-15 92,5 4.7 2.9 0.2 0.1 18.8 5.8 376 799
0-0-30 95.7 2.3 1.6 0.4 0.0 18.8 5.9 389 797
0-0—-45 96.2 2.2 14 0.2 0.0 19.1 6.0 39.1 799

50—-20-0 87.7 9.3 2.9 0.5 0.0 18.0 5.9 380 789

o= 50-20-15 90.6 8.3 0.9 0.2 0.0 18.9 5.8 394 776
A 90—20-30 92.0 0.6 1.9 0.4 0.1 18.4 6.0 376 778
50-20—45 95.1 2.9 1.6 0.3 0.0 18.7 6.1 385 773

70-0-0 91.8 5.3 2.1 0.7 0.1 18.1 0.6 376 80.5
70-0-15 93.3 5.2 1.3 0.2 0.0 18.6 2.6 386 825
70—-0-30 93.5 0.1 1.1 0.3 0.0 18.6 0.7 380  80.8
70—-0—45 951 3.1 1.3 0.5 0.0 18.6 6.1 376 799
tjxg  0-0- 94.2 3.0 2.2 0.6 0.1 18.5 5.7 374 799

A 50-20-D  91.2 7.1 1.5 0.3 0.0 18.5 5.8 384 789

Al 70-0-D 938 4.6 1.3 0.3 0.0 18.6 0.7 385 819

%S|
H A= friarlol B ko] ASAEIE Digital camera® Fddto] Ak BXof 93l oA E
AEHS AAels 20 s} L2 gEle)| o sk AHIAY $ W AlS E Ao sk Avjolr),

7h AR Bk 3 718 20.4g/ke, Ot 42mgfkg, 2 0.4cmol+/kg, CEC 13.4cmol+/kg, TF
AF 188mg/kg 02 f71ET} QA ekl

U gAEGAEA S 98 20 §528)9 2%, A ek BUnE FA183 A o)
Ag8 Aol 24 6.2~7.4cm, A 5.4~5.671 ok, 7H|e} Bodu] EAPH| w2 &)
F2 i5sion AEFY AAagTEds ASds e Aot

th oAAES 0, 15, 30, 45%% Al8St § SRS B S 7u|e} 2GH] HAETA
mFrret Aol Aoy FEEn AdHE AETEE AgTelA] tiEsialth 10a%
Sdn] 7 o|AAE A& 7 w F7EE I

gt #2540 oAl Avle] A FHlRe] TS vigHe] thah TR AEe e
U BEelellAe Azt 2 A7t §i9a, whdglERe uage] S E4E S

vl ¥ g Digital camera G MA|ES} A1EA] EAF] e FA%E Ay gy =(CC)}

..;iL 2 o

[e}Ne}
A (CV)ol 2%, A=s 3 AagFTate] AWAS7E #9431 RGB g e #53}
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A7) gk diF o2 SPADRRSe] e wston ggte 24, A8F % dased

)
A GARGRE ol §F B A AE T2

of. W $H] Xk e os) & i e 6,095 7IFoR ARE dd FHEE 50-20-D
9 70-0-D Al A s BAIE] 19%((N 1.9kg) % FEAM 2A1E 30%] vl vhe
FEowR AwHdod, ekdn FEL 460~467kg/10a0% rﬂ 3} 3, ddgE
5.7~5.8%% MUt Twm HER HARE] HiRide] o Fofintal fhdk ik,

5. w3

A9, a9 A7, AAlE 24%, 2002, B o] G54 9 Asxste) Q5% A9 £54
2o, gk 21=3818] 2] 47(3):263—267.

ARG, 2004, ¥ fF5E3b7] AAadd 2 AS e vmkad gl oet A4 Fu|EF Al ¥
sL ? 1 EH% Bl tﬂ—/\].ﬁkﬂ }L_Er‘

AT, B35, oHS 2006, F537] 2JAAG=9F SPADF] 93k v A4 FuF AA Szt
£3}3]7) 51, pp.386—395

%%ﬁ_’_g‘_o 2000. Eo]: o }\] Zﬂ ‘ﬂ/ﬂtﬂ
s, 2004, TS 44247108, vhs) Aol 9|8 A Alulete] A2ReT, )R

HTATEIA,

ol AR, AR, AYF, v, AT, 2004 ] AL Aa FE 2k SAY AA A
AEA A AT =2 A5 221-226.

TR, A9Y, At AW, $29, A8x, AT, 2003 W JASERS FEE Aojsh A%

713 A st d=EE Wl 48(6):479-483.

Ku, HH SH. Kim, K.S. Choi, HY. Eom, SE. Lee, S.G. Yun, and T.W. Kim, 2004,
Nondestuctive and rapid estimation of chlorophyll content in rye leaf using digital
camera. Korean J. Crop Science 44(1): 41-45.

Lee, KJ. and Lee, BW., 2007a. Evaluating color indices for rice plant segmentation from
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variable background in digital camera images in rice field, Asian Crop Science
Association, The 2nd International conference on rice for the future, pp 174, Thailand.

Lee, K.J. and Lee, BW., 2007b. Greenness (SPAD Value) of Rice Leaves can be Evaluated
by Hue Value of Digital Camera Image under Variable Irradiance Condition, 3F=r2t&Esh
3] FAIS=E3ES], pp 204, 2007.

Nguyen T. Hung, 2006. Development of a non—destructive method for assessing N—nutrition
status of rice plant and prescribing N—fertilizer rate at panicle initiation stage for
the target yield and protein content of rice. Ph.D. dessertation, Seoul National
University.

Nguyen, T. Hung, Thanh D. Nguyen, Lan T. Nguyen, Anh T. Nguyen, and Byun—Woo Lee,
2005. Prescription of nitrogen top dressing rate at panicle initiation stage based on
fresh weight and SPAD value. “He H373 471 2L AT=39 25
In International Symposium for Environment—Friendly Agricultural Technology and
Crop Production. pp 124-125.

Singh, B., Y. Singh, J.K. Latha, K.F. Bronson, V. Balasubramanian, and J. Singh, 2002.
Chlorophyll meter— and leaf color chart—based nitrogen management for rice and
wheat in northwestern India. Agronomy J. 94(4):821-829.

Yang, W.H., S. Peng, J. Huang, AL, Sanico, RL. Buresh, and C. Witt. 2003. Using leaf

color charts to estimate leaf nitrogen status of rice. Agronomy J. 95:212—217.
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