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A4 A2 U B I B LU B IR e S il 2 AHBHBEE 43 M (correlation intensity analysis)
it R AR B SO L B T A < RHRATE AN — - SR AHHBRAGRELE
FEAETERA B DR HERAE 1436 nm{i7E (r=0.982%*) » {E/RYLEEFIEDEEE IV
42327 nmi K (r=0.946%*) o TEEHHEEEA A /7 1f » #PIRED/GREEN
ratio(AL G B 25 JEC S S EL Bk O 8% B R e S Shf EE o EEAIE) ~ NIR GEALAROE
P BRI ST EE) ~ RED ~ RLOCHER SR 2S (red edge slope) S AL I S Al i
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¥ F(red edge mid point)3F 117H » 22 Bl SERR B R 4 T e o T 2 B SR A
B 5 T ASEHE 72 # FE B (normalized difference vegetation index, NDVI) ~
RED/NIR ratio . RED/GREEN ratio < =I5 ~ HIJ il fe7 e Yy S5 FH B R
= o N ATHEPEEE = BT € 22 I B GREEN ~ RED X NIRAHA % 8 5 (1)
#R VLB B 4> M (multiple linear regression (MLR) analysis) * {EI3EREEHE 57 5%
BT 2 = TR Y=-9.391+6.265RED+ 0.340NIR-3.38GREEN &
R 0.929 Z 1 7E (%8 (determining factor or coefficient of determination,
R?)(P<0.01) ° {EERGLREEFIE 2 3L » ARG =% e 22 B Z MLR 7047 - HI|
Bl ot nlfais e Y=-3.742-3.742RED +8.616GREEN (R>=0.963, P<0.01)E
REMRTE B2 96% LA 88 L » S fITNTR S8 B0 SERH SRR AN o 45 H Ol i [2] %8
002 ([ 78 I B AT 2 s B (Or) AR PRI B 0 At - 1R SE R 20 S L HE 3
A7 I B < A =TT MIBR i R Y=-21.401+ 1.162R ) . +4.855R .,
w3 914R, o (R?=0.980, P<0.001) » HIB YR EPIE A B IV 6 10672 e B 2 I
B Y=-8.749-2.336R , , +5.099R,, . (R?>=0.989, P<0.002) °

Y R > R HIESAE  nm AR 2 SOGTEL -

BREEEA © JKEE ~ TBENE (Pyricularia oryzae Cav.) ~ JEFIE (Cnaphalocrosis
medinalis) ~ JEGEE I EL ~ ERETFRR ~ OCAEFHE IR -

BOU)ERR AT o

il

il

—\Eﬁ

B R B AR S RS R L 2 B
TIREE > (R IRAEY) I a5 30 Ak B B
FRABER —IR » fERHEREFDH TR iy
HE A o IR REA ERMT E ST
RS BIUA M IR B TR Y
g B o AEF—HB - WHEER
TTIEHE T HYERE AT Tk » A RERSHE
HI(ER R R o 2R RIEIRI A RIR
g o SE AT (remote sensing techniques)E
BPE ~ R ~ K& R K TG E (1) ]
AR ) B E R R R G > BES A 4%
AR R R R EY A B WIRGE - [KIIt
H AT BV R B R S A s R i

PRIRET 2 728 3¢ H oL 2 o - B SR E
T2 FE HE B S 1 8 2 B I FH & (Bauer, 1975;
Bausch et al., 1994; Shibayama and
Akiyama, 1991; Walburg et al., 1982; Yang
and Cheng, 2001) o HUE & M2 F 21 F
P& » AT AR e ] R sty B G e
T Bita R M RBEY) 2 AR
(biophysical attritures)ZZ % 23 » $2
G ATl SR e SR R RE
I () B S FE AL o PRI L 9 o S
FE o SEMEE B REE B AE YRR AR R
LT EM ~ EIE ~ EE >~ EEREM 0
Fl[sg SASKEUEE A H A (BR) -

ANIEE - B30 B FH AR 0 bt [ () B AR
(RE) fitt 1 7€ i P Y B2 S A A B 7 vk B
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AR - HIAE R k5 HE 2 2E (Precision
Agriculture, PA) > BCFEFS%E 2 (Precision
Farming, PF) ~ & /7 ZUE#f (Prescription
Farming) ~ FF & Hi B #8724 B R #(Site-
specific Management System) 558t 55 24 [fEE F
Bl (Variable-rate Application Technology)
F R EAG > 2000) - FEHEELSE 2 e kb
B FTT I A B R E M (7)) 1%
A D IR 15 Y A RERIEE - S
F& e A e e Bl i 2 (Rl e

Al - TEER R IR EFIE

RS K AE < R aC R - AR ATH
A A EIEE F - AEPE T 1637 F-H HE
B EE(Ou, 1985)HH"IKFEZEFE (rice fever
disease )"MUfcEk » HAINRPEIT1704 51
11T Hp 8 B0 28 DU 245 HY B B (Goto,
1955) o HHAA L E I T ke w oy i » FaEh
TR R R R B/ E 2 — » EFK
FEK TR ES /KA A = S th [t 15 w8 B H
BN - FBUR IR IR W 2: 44 B Pyricularia
oryzae Cavara > A& AAPREE f ~ SCH K
ANTRIERAL 2 R B s oy 5% £E A1 BT B (spots) &2
1815 (lesions)ZFH1E(Ou, 1985) 5 HLAVFTIH
BINEER EHBRAE G K R, o 77 EE
AR RRE B ORI - Rk B R T ] EEL
It BABFKITE 2K » [ERESE
FH NI REE & o SOt L
ST > AT e R BE TR B B AR 2R Y
TV » RS BOKFEREE JUZE (Goto, 1965;
1965; Katsube and
Koshimizu, 1970; Awoderu and Esuruoso,
1974; Tien and Huang, 1975; Rodas and
Rosero, 1975).

8 BY W& (Cnaphalocrosis medinalis

Padmanabhan,

Guenee (Lep., Pyralidae)) * SR /K FafiE#6
= Rh(rice leaffolder or rice leafroller) (Zf »
1987; Miyahara, 1981; Hiro, 1982) » J}& &
il FER KRR E 2 — (A KA &
EIEETEM - 1985) 0 Wi R MK
FEAREE I (Hirao, 1982) o & &Yt — &R
IKF > WA SE 1A R o Rt 2 s
BER IR A SR o B EDUR ERE - 7]
R KNIEREEMEEREITL
BLR736 LUEE TR ©
It 7 e FH o2 o e 7 308 A6 0 £ B 5 55
> 77 BEPE LAFR 1T 0 B 2 IR JE 45 i Bl 3R
W& > s IRE VR HERR K BORE S a2 B
K o B ERBME RIS < B H - H s
BEIRFE(E ST - SRMAR ST H &K VR
il > MERE Rt T RE R FRHAY > B DI IR
ffE sl o (R o FIFH DRG0 S0 a5
Z A () H R S A JCHAE &M
Bt FHBRARRERE H 8 H 29 Rigdk
HEM L FER T J7 ~ 22 [ AT B B o3 AR
e o (5 ot I B S B e T 8 A B 5K A
MR RAT o THEHR&E SN RIEY)
MRS O A ~ SMERS RSl - 2F
PEA L BRI GRS » 15 & SOBRE ROCRE »
REOCEE ML B A A PH RHEL B > S
73 IR BRI RE S REE(R -

2 JELEA|

SR ALK » KR R 1 bt A T e
RENRRIEY) - AN EEERAL
IR RE R B AR - (R ZEBUR EAG
HBREE - BEE G MR EE - A
FHIATE ~ LUK EEEEBRR B 5 35
B HAT 2GR I & 2 TEIF B HIEE
AEIFE - HEELIRSHE » AN W e
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L B I AL KT R RV = JEREE T
SERLIRE » AR5 | E A 1 EE B A F
REE - B EFEMABIEETR
L o AEIRER T IURSE I L o RIRHEfE
e E R REHFEEZLAREAN - 5
REAHGESEAN - BUR R E ALEE
(NZICE

O3 & W ] 5 AN [F] 22 [l k(7 ) 15 13
B » feTihim ~ 22rh ~ EEIREATE »
LT 22 RIS ) 75 SRR 2R 52 50 T ) F S
B BT AT B LA oy (@) A T LA
RIGT KB & ER G L AT Y
I~ RS~ [ E BT B A
%o PERUERIEGEIR ~ EAE - [HEH
R > m RE SRR - K22
b~ RZERRSE » S AN S A sk 4]
FRRIY) = 8 F S A [R5 1 el & 2 3%
At~ WAL B AR VESRAA I > S A= 53 HY
Tt ~ ek ke HALERIGA) - Bk
HRLEA RS - bR Tt ERA S 1L
AR 1.2 9% A B2 AR ~ K
ST~ HUPH R (T LE B KRS A AN [R]
R > SEREVESERM o HURAE » FHE
LT S P T M i ) T TR 2 AT
R eRE o R B - AT LUK
Y52 fi 4t 7 s i ] B IR PR B B AT L
DRES 1 e ] BEL PR v e (o P B ) SR A
1R{E -

AT T A E I 52 B E S TR A
TH) TR - IR ILRES I B AR " E
BRL - I LUBRGE R e E H A 22 [ 8 1 1S
ZIEE I - Pl B R YL 2 e RE R
2 W VRS AL 22 R 5 & T AL
LR AIR > DU R M 155
RERUTESERR S < ST REHFFZ B EH HK
FI P EH ] w8 2 v A AT B B O3 o AT R A E

B b R 9% > IR €Y
BRI R E gL - S
B35 FEH 2 2% TR 38 (Leamer et al.,
1973; Su and Yang, 1999; Yang and Su,
2000; Yang, 2001; Yang and Cheng, 2001) °
BB B U R BOtRE e E
1) EE & S (Blackburn 1998; Curran ef al.,
1990; Elvidge et al., 1993; Ferns et al., 1984;
Shibayama and Akiyama, 1991; Thenkabail
et al., 2000) » FFEE N A & fi b ) B TH
WAV IR R 2 Rl e g - thafihs
HE R R B BIE H A R 0T o R
XHRAL - f7E1EEF N GE TR
F o BILA e AT e 3 70 A e CE I st
WS L KRR A e 3 LA b e FH 2 £k
IKFEBERA B B I B < Rl (RO RS R iU
JeREFRE > RN - DIR
vy it YR o T 12 2 it L METHE T

B2~ oA

KRB RRR TR R (R E G
B BRPTEABR E2 155 (24°45'N, 120°54'E, i
R 60 m) AT KA FH Rk RS - L E
RN 2 K AR A E R 1R 172 2001 4E—HAFR
Vel - JREG PR BPIE > R 3 HIA 2000
2 ZIATETEINEE - IR SUR N2 4
IKFE e AR TEM » 1985"5A] - —#%
B 2 [ ) SR R BRI R S R e A
BB F K2 — » —WIfa/ERAM 2 RRIR
B AAENME - A VE BAR RIS B
WEL > 5o AR AE AN R B VA K e A
ML

AW FR 2 K FEAR AR 7220,000 hill
ha't > A£G WA AN b A R 58 DUR (b i
b 7 HEERIR © 722001 F—HE 2 e
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77 BEHA R S SR B0 o REL A S B O 3
I > FH3% H il 2 S 28 75% » 1M
11220005 —HA1E 2 B0k e )4 S ik
FEEPUR < REAROCRE I > FH 38 E 2 e 7
AT 100% © #E L SOLahy - 5%
BURER 77 E 3 # R 2 S EEAN S T8 o R
Qere i 2 S F 15 E B o ELLLR MIRE

JEHE T 7 ELIE 0% (TEERFEIR) 22 25% 1N 55 (3%
1A) » FHE /\f s H e B iE 2 BE
WH Z H W SEAE B - B SRR o RS
PRZBEER9 » FHAE S o RS2
BRME DR - B SR 2 P Rt
{THEET M

RIA. TTHBR R G R BRATEABR 2555 2001 5 —Ja (F e = o0 BE U]
TRE L TG TERE B O 1 B R B HLE S 43 L o (Ff EH Yang and

Chang, 2002)

Table 1. The percentages of blast infected areas recognized visually in the

identified spots in the experimental plot at Taiwan Agricultural
Research Institute on April 19, April 23, and Aril 24, 2001. (Adapted

from Yang and Chang, 2000)

Percent infection (%)

No. of identified spots

0 (healthy check)
3
5
7
10
15
20
25

15

6
24
30
10
11

K1B. 1T Hbe R d R SE s B il B 22 5 12 2000 4F — B EE R 7 B 1) 3]
TR LTSS EPIE R 030 o (Fi H Yang ez al., 2002)
Table 1B. Classification of levels of rice canopy infested by leaf folder.(Adapted

from Yang et al., 2002)

Level Percentage of leaves infested (%)
0 (healthy check) 0
1 1-10
3 11-25
5 26-35
7 36-50
9 >50
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A SO FH 2 FH TR A =X o e A i
B¢ FE 5> M # (model GER-2600,
Geophysical & Environmental Research
Corp., Millbrook, NY, USA) B 10 i 4
(FOV)fmfiiBi e - i#ie e B AR {E(GER
2600 User Manual, 1996) o Jt.a i i i [
f12350-2500 nm > Z1H 6401 %= I B (H
WA R BT 5371 > bRAE R X BE
Bl > Horp 512 kY & R &5 5 H1330-1050
nm&FEZIE 1.5 nm) » 1281 PbS /&I 25H
H1050-2500 nm &G E (AT 11.5 nm) © £
FER] EJTME - AR B 2 O R AP 4
FAHZE BB (411550.22 nm F%F% 550 nm) »
A HE S (radiance) LA E HIEEE M E 2 12
#E 91 ('Spectralon', Labsphere, Inc., North
Sutton, NH, USA)& 8L S 5 ELEEE

TRV HEL A G 3 B T AR SF O 3 e B B
EE P RE 775 1.8 mig » EEEKK
0.3 mZ BN HE S8l S G e limaht - f ]
(EHEAE T4 R > BUFE - F— R
ORI 1 &SR BRI E R A E
FAH o HHIFRG S 2 AN E 3 5
PTIE > BELFRTIIEEE - DLZErT
et b o FHER I M S 2% %5 (T EAR ]
it 77 T (multiple linear regression (MLR)
analysis) & R H SAS A AL H#E (Statistical
Analysis System (SAS) version 8.1)(SAS
Institute, 1998) ° MLR 734743 A& H f {2
—JC ~ 7T K =T HE #R 8 1] A
Y =ata, R, Y,=ata R +a,R,,
Y,=a+a R +a,R,+a,R > A A8 B
(dependent variable)Yifs /&Y H 77 L (GERA
PN ) BIORE Y R (R BRI o B AR
(independent variable)Ri 2 & i 47 7€ 42K
BRZIGHEE o X EHEWOLEE HgE I =221
B R B GREEN (% ' IR B 2 IEE fiED) ~

and

RED(FL IR ER Z & E) ~ BNIRGEALYFE
W OBz g E ) o i B B O FE R B
NDVI(NDVI=(NIR-RED)/(NIR+RED) » &
#E 7= 4l 4 45 0) ~ RED/GREEN ratio ~
RED/NIR ratio ~ GREEN/NIR ratio > {5 %
RLERR SR E 22 B% (red edge mid point)
FAL SRR R (red edge slope) © RLYEHER
AR R E /N FARLE IR A BOERLI L
&2 f o

{h ~ BRI RIS E R B
FFIERIEHRZEE

IKFEE R 67 5 e MR ATTREL A S ST B 3
(350-2500 nm) Bz /B[R] 55K HE AR 2 B
S8 B 2 KA ST O REAE AR 1 o FHOE
i 2SR ARIZE R SO LR
A— FEIZEMEREEOE - KDa &
Kt 28 TR — Mk i) < AE
W2 (15 Befif > 1997 5 Meyers, 1983; Su
and Yang, 1999; Yang and Ko, 1997) ° —fi%
BRI BonT RO B 2 S5 B
1K > AL EIR B 2 SO B 5y o HoFm]
ROCIR B 2 SO ELAE Bl R 32 B RR O & Rk
tt1 % (photosynthetically active pigments).Z
5.2 (Fourty et al., 1996; Gausman, 1982;
Maas and Dunlao, 1989; Salisbury and Ross,
1969; Water-Shea and Norman, 1991) » ¥T#L
AR ER (the near infrared) < EE1R 52 ZI| i i
3G B AR AR ATt £ 2 1221l (Asner, 1998;
Gates et al., 1965; Water-Shea and Norman,
1991; Woolley, 1971) » FLHALIFHEEL AT
ot B 2 LRI K 0 & & KA RS S S
Ffr{f %€ (Barrett and Curtis, 1992; Woolley,
1971; Fourty et al., 1996) ° Hil&] 1 /x>
T B T PR R T R o HE O B it R A
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Fig. 1. Mean reflectance spectra (350-2500 nm) of hyperspectral resolution from rice (Oryza

sativa L. cv. Tainung 67) canopies infested with various percentages of leaf blast

(Pyricularia oryzae Cav.) (upper) and different levels of leaffolder (Craphalocrosis
medinalis Guenee) (lower). (Adapted from Yang and Chang, 2002; Yang et al., 2002)

1. 7KF(Oryza sativa L. cv. Tainung 67)FEH YA R ZEREEMH (Pyricularia oryzae Cav.) (L
I ) £ 53 B S R RPHE (Cnaphalocrosis medinalis Guenee)( T [&]) 345 e iR B 22 (I
#(350-2500 nm) ° (fi# H Yang and Chang, 2002; Yang et al., 2002)



1 R RS SR KR8 2 R B AE B RS 2 16 ?

FEVREL R O3 o2 I BT B B BE R 2R J e T
RS (EAHRR - Bl B U L R T 2 F 1E
FHRH o BERSERAR ST - HAHBRTEE SR
P E%(350-400 nm) K ALYF IR ER(740-2500
nm) =3 AT RS B (400-740 nm) o i AHH
B R (correlation coefficient, r)i/ /31436

11

nmZE P EE 0 1=0.982%* » HATH BLAZ I B
I G Bt B IR T e o AR AR B R TR E (R
% (coefficient of determination * R2)[5)3E
0.964 © JEERPIEER ) » e AAHRA FREURE &
A RO R 2 691 nm %2 R (r=0.952%%) »
SETAL IR B 2 BEk 2 afie KIS A (A5

10

09 r

0.8 f

r=0.982**, }"1436 nm

i

Percent infection

1.0

05+

Correlation coefficient

r=0.946™ A7 nm

0 600

1200

1800 2400 3000

Wavelength (nm)

Fig. 2. The correlation intensity analysis between the single narrow band reflectance (350-2500

nm) and percent infection of blast disease (upper) and levels of infestation of leaffolder

(lower) for rice reflectance spectrum. (Adapted from Yang and Chang, 2002; Yang et al.,

2002)

[ 2. KRR % e AT 2P A I 3K (350-2500 nm) 2 5 5 Lb Bil R 5 e s () B Jed B i
(1B S5 2 FHERSRE M #5 R o (i H Yang and Chang, 2002; Yang ef al., 2002)
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iR %664 nm)IE o A [ERYLEERTL 691
nm ZE 3 B 2 I B Eb 43 {17 36 FH S TR B B
HRE REUEE0.906 (P<0.01) » —KEKEL
I AR PARER R R2 o atBafd AR » KIGHHE
W 2 #2522 I B SO B B — i
Z BN > $FH L e B —%2
W B 2 5T ECAHBR T 2 RT 73 Al e g 1t — 9
T 90% LA A B AR > SRR IR 5% R Al
SMlEt 2% -
TEKTERAOCER AR b o (LR RROEI
EXIEE(GREEN) ~ #L IS {E(RED) ¢
WAL AL e BRIE (I (NTR ) 2 % 1% % % = {8
F- E TR - A ALY
W% - HrP GREEN K RED % I E% 43l
B E A% R B/ N BB KR SCRe BT 1

NIR 382 s HIJ 25 B (3R A 2 S B B 238 1 2
MTRLIN W B 2 I KBTI © b= {42
W B EE KA RER T 22 - 62 B9 SR
Z B - LR BN REAEE o ST
B > RED K NIRZ = (BT HERS 205 5 e 2
HREZE TEAERR - (ER R 22 e B 2 SO EL
N1 A B JeR B iR JER L S R S AR B RER A
) o B/ Wanjura and Hatfield (1987)48
o IR 2 (A2 e B BT L o A R A
2 BE S B U I I AR A= W) ) B
Filk 284t - Rift5eit BRI 2 8 & (r)
E AR B Rr bT 773 o B DAER A 26 (28
EAH AL 2 B B o) E AR R » AR S
ek W5 ok 5 Sl Z MERE S o FR DA A SR JE
15 S R B o A 1 =TT EL AR (BT B A =X

12 0.4 °
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— e S
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Fig. 3. Correlations of spectral indices NDVI, RED/GREED ratio, red edge slope, and red edge

mid point calculated from rice reflectance spectra to percent infection of blast disease.

(Adapted from Yang and Chang, 2002)

&3, JEREFEHINDVI ~ RED/GREED ratio ~ LM SRS (red edge slope) Sl yEHR 5 A
[El{E (red edge mid point) B BERS 2R LY 15 77 L Z FHRR © (F@ H Yang and Chang,

2002)



1 RIS P st KA 2 BT R BIR & f 11

Y=-9.391+6.265RED+0.340NIR-3.381
GREEN (R?=0.929, P<0.01) » LA {1l
B 2 me(E —or E AR B R Y =-3.742-
3.742RED+ 8.616GREEN (R?=0.963,
P<0.01) = ZIrEAREEREAIR A T HIF %
&' RE R A E Y < A P P BRI IR
LAl PTRERIE » FEASLZITE L -
#7% 7 GREEN ~ RED J NIR 5 = {[f| %2 i B
Z =T IEAR BB 2GR HE S B R
TR L fE I HERE AL - (H 2 BhHTE ST 2
FARPIE fo FE REE 2 A o

Thenkabail et al., (2000)Zf7etEH -
AL ICUR B o B R MRSV 1 A S 1) FH 7
RS AR B TR ERGE RS AR PRS2 fd A
Vs P 2 RHRATE - BAE SCRR ERIRSE
EHIARGEBL - Elvidge (1990)F1Idso et al.
(1980) AR Ry bt — %2 W ER T A HRET ) 2
PEARSE LR G N EEZCat (v E S
O ETE MR » AT LIRS 4 =Rk
W KO E R W34 © Penuelas et al.
(1993)F1 Thenkabail et al. (2000)fF 72
RIS » Tl B L I BT AL I
I B o T2 I B T 5 T RE R 588 3l
{8 HCHT RO 3R T RS R S Y
1t &2 BB T o A SURFeER o] i
TR Z OB L - T B R e ek T
IKFETE O RS R B B A - R BER B
5 el B WL SE S B ek ' IR M B AT OGRS o2 X
STELFEE - TEALYFCI Brid (e B A 4 Bh
figekt 2 LA o SORR BB R 2 oTiE
AR 1B 3 AT ERAE V) AR VP BRI S
WF 524 % (Lawrence and Ripple, 1998;
Shibayama and Akiyama, 1991; Thenkabail
et al., 2000; Yang and Chang, 2002; Yang et
al., 2002) » % Refi LU A RS IR R
JES - NIRRT R -

A SO TE S MR TR AT T ok i .2 7K
TEtE R R Tt T el Ei R 2 %
T IELARAE [BIER AT » SRR T 118 Bl 5
BR 1R % U] 2 W ER o £ 8 So 4l Blackburn
(1998)F1Thenkabail et al. (2000)f7t.Z
"over fitting (collinear)" AR » RS RAEE
FAER < KO R P A R E 2\
(A7 B » T TR B I 2 K A E O
Al pgE S E AN R A2 B FEETT 2 T ERR
AR RIET AT o B BERE BN e B (]
Z b = T E R A B AR 0T B Y =-
21.401+1.162R,,  +4.855R, ., . -3.914R, .
W (R?=0.980, P<0.001)°> Y=-9.295-
3.063R,,, , +6.167R, +0.108R ..,
(R2=0.995, P<0.007) > §HIRHY » A LI AFE
FR) 5 B & 2Rt I 7K e < B A Bk B Jed
FER BTG - BRSAER E A ERTTHY
fERHE - thl R o 4 IR IR P gt 138 e MERE T
KRR e Bl ERAR 2 - #EH 82 LY
FHRGE - HE b BT BB RS
el o2 e {2 e TR [ i A 2 o R R 1R B
B S 0.989 (P<0.002) > HERX B Y=-
8.749-2.336R,, . +5.099R,, . ° Thenkabail
et al., (2000) 8 N7 % 3 VUE AR B & .
Pit 38 DY JT B £ %2 I BRI 4 EE A R (4 -
variable optimum multiple narrow band
reflectance (OMNBR) models)2K {4 %
FRVEY) 2 A PP BV IREE L - BESRAE R B
W G AH a0 [ g A [ B - il SR ATD 7 A

H BATE#FE # (vegetation index, B(IH
HEEFEHL - spectral index)fE4 R ~ AEEE
FAb A= PP BR VIR A RAE S S RS
Yk(Bauer, 1975; Su and Yang, 1999;
Tucker, 1979; Wiegand et al., 1979, 1986;
Yang and Ko, 1997; Yang and Su, 2000;
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Yang, 2001; Yang and Cheng, 2001) * A
5% ThERET 2 {8 35 +8 B B /K R o 75 55
2 BT o ANE 3R 0 bR TNDVLZY}
RED/GREED ratio ~ #L#4 i A B8 (red
edge slope) ALCHR 5 FHfEl{E (red edge mid
point)¥5 BLERG B A B 47 L 2 1EAHBH
(R2>0.7) » 38 FH 15 i A ek 85 2 s i 24 ek
b o XAk 4Fr 7 > SCEEfE#RED/GREEN
ratio ~ RED/NIR ratio Jx NDV I &4 &
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Identifying Plant Injury by Leaf Blast
and Leaffolder from Spectral
Characteristics of Rice Canopy
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ABSTRACT

Reflectance spectra (350-2500 nm) of hyperspectral resolution from rice
(Oryza sativa L. cv. Tainung 67) canopy infected with various percentages of
leaf blast (Pyricularia oryzae Cav.) and different levels of leaffolder
(Cnaphalocrosis medinalis) were collected and analyzed using a field portable
spectroradiometer. Percent infection from 0% (healthy plants) up to 25% was
based on blast disease affected leaf area. Infestation levels by the leaf folder
were classified into six levels, i.e., 0 (healthy check), 1, 3, 5, 7, and 9, based on
the numbers of damaged leaves. By the correlation intensity analysis between
reflectance and percent infection or levels of infestation, it showed that the
maximum value of correlation coefficient was located at 1436 nm (r=0.982) for
leaf blast and at 2327 nm (r=0.946**) for leaffolder. The spectral indices of
RED/GREEN ratio (reflectance ratio of red light minimum to green light peak),
NIR (reflectance at near-infrared maximum), RED, red edge slope, and red edge

mid point were all positively correlated with percent infection of leaf blast. The
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normalized difference vegetation index (NDVI), the RED/NIR ratio, and the
RED/GREEN ratio were curvilinearly correlated with infestation levels of
leaffolder. By the multiple linear regression analysis with GREEN, RED and
NIR as variables, the model was Y=-9.391+6.265RED+ 0.340NIR-
3.381GREEN, with R?=0.929 (P<0.01) for disease estimation, and the best 2-
variable MLR model for pest evaluation was Y=-3.742-3.742RED
+8.616GREEN (R?=0.963, P<0.01). When 8 optimal narrow bands selected from
reflectance spectrum of disease-infected canopy were analyzed, the best 3-
variable model was Y=-21.401+ 1.162R +4.855R -3.914R
(R?=0.980, P<0.001). In pest-infested canopy with six selected narrow bands for
analysis, the best 2-variable model was Y=-8.749-2.336R,,, +5.099R
(R?=0.989, P<0.002).

620 nm 1436 nm 2198 nm

691 nm

Key words: Rice, Rice blast (Pyricularia oryzae Cav.), Rice leaffolder
(Cnaphalocrosis medinalis), Percent infection, Infestation level,
Spectral characteristics, Spectral index, Multiple linear regression

analysis.
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Preliminary Study on Using Spaceborne
and Ground-based Remotely Sensed Data
for Rice Growth and Yield Monitoring

and Chi-Chnung Lau
Remote Sensing Lab., Energy & Resources Laboratories,
Industrial Technology Research Institute, Chutung, Hsinchu 310, Taiwan ROC
E-mail:690398@itri.org.tw

ABSTRACT

SPOT and Duncan MS3100/CIR imagery were adopted for the study of rice
growth status and yield monitoring. The full-growth-period spectral responses of
rice were characterized by NDVI distribution derived by using SPOT bands, and
the NDVI responses of normal and leaf blast infected rice plants were compared.
The NDVI, RVI and TVI indices derived from SPOT imagery during two
cropping seasons in 2000 were used to correlate with the yields of the parcels by
means of stepwise regression technique. Meanwhile, data from ground-based
Duncan MS3100 imagery (G, R, NIR) were taken from the normal and varied
nitrogen fertilized parcels to study their spectral response in the two cropping
seasons of 2001. The results show that both NIR and NDVI indices rearched the
maximum in panicle formation to grain filling stage, while their values were
lower in the leat blast infected rice compared to the normal plants. When single
or multiple SPOT images were employed to correlate with the yield of the first
crop, the maximum regression coefficient (MRC) was 0.66. The MRC was
increased to 0.71, 0.84 and 0.90 when the images from the maximum tillering
stage, panicle formation stages, and grain-filling stage were incorporated into the
analysis of the second crop, respectively. For the latter case, the standard
deviation of the yield was 0.39 ton/ha. On the other hand, the images acquired by
Duncan were gain adjusted and the NDVIs caculated from the data of the two
cropping seasons in 2001 were analyzed. It was found that the maximum of
NDVI was also located at the panicle formation to grain filling stage, and the
NDVIs of varied nitrogen fertilized paddies were lower before grain filling stage,

but higher than the normal paddy after heading stage. The preliminary results
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suggest that the ground-based imagery can be used to distinguish the growth

variation by the different rates of nitrogen fertilization.

Key words: Rice yield, Regression analysis, Growth monitoring.
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1. PIAEEERIEAVE K e = B AR HANTR/R B NTR/G R Bk EUAE AR T BR AR -

NIR/R NIR/G
Year/Season Intercept Slop R’ Intercept Slop R’
2001/1 1.89 0.23 0.95 0.71 0.53 0.99
2000/1 0.32 032 0.97 -0.44 0.66 0.96
19991 -4.45 0.93 0.89 -5.90 1.64 0.96
2000711 1.00 037 0.96 -0.02 0.69 0.97
1999/11 1.15 0.21 0.98 0.07 047 0.98

2. A[RIFEERIHAVE KA 2 BRI NIR/R FINIR /G5 X LU T2 LAY

o 5 LU

N Treatment Yield NIR/R NIR/G
kg N ha'! Ton ha”

1% crop, 2001
0 3.85 89 6.0
45 4.69 118 76
90 462 113 73
180 475 13.1 7.7

1% crop, 2000
0 488 154 8.8
30 538 158 89
60 641 17.8 99
90 738 204 112
180 8.58 263 14.1

1% crop, 1999
0 3.96 9.6 62
90 6.40 10.7 72
180 7.19 12.7 82

2" crop, 2000
0 3.88 8.1 59
45 4.59 102 7.1
90 578 114 77
180 6.94 16.3 10.4

2" crop, 1999
0 3.58 11.0 72
90 449 17.0 10.0

180 5.89 21.8 12.1
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3 Preliminary Study of Rice Yield Estimation
by Remote Sensing Techniques

Yuan Shen'*, Kuo-Wei Chang?, Yuh-Jyuan Lee?, Chwen-Ming Yang?

and Jeng-Chung Lo*
! Department of Soil and Environmental Sciences, National Chung Hsing University,
Taichung 402, Taiwan, ROC
2Department of Botany, National Chung Hsing University, Taichung 402,
Taiwan, ROC
3 Department of Agronomy, Taiwan Agricultural Research Institute, Wufeng,
Taichung Hsien 413, Taiwan, ROC
4 Department of Agronomy, Chiayi Branch Station, Taiwan Agricultural
Research Institute, Wufeng, Chiayi 600, Taiwan, ROC
E-mail:yshen@nchu.edu.tw

ABSTRACT

Abilities to estimate rice yields within fields from remote sensing images
are not only fundamental to applications of precision agriculture (PA) but also
useful to the governmental administrators for food management. Major
objectives of this study were to identify spectral characteristics associated with
rice yield and to establish their quantitative relationships. Field experiments were
conducted at Shi-Ko experimental farm of TARI’s Chiayi Branch Station, during
1999-2001. Rice cultivar Tainung 67 (Oryza sativa L.), the major cultivar grown
in Taiwan, was used in the study. Varied rice yields were obtained via nitrogen
application treatments. Canopy reflectance spectra were measured during rice
growth and dynamic changes of characteristic spectrum were analyzed. Relations
among rice yields and characteristic spectrum were studied to establish yield
estimation models suitable for remote sensing purposes. Preliminary results
indicated that the dynamic changes of canopy reflectance spectrum were least
during booting stages. Therefore, the canopy reflectance spectrum during this
period were selected for model development. A multiple regression model,
constituting of band ratio (NIR/R, NIR/G) calculated from green (G), red (R)

and near infrared (NIR) portions of canopy reflectance spectrum, was able to
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estimate rice yields from different years. Validation tests, using data of 1st crop,
2001 collected at PA experimental fields of TARI, indicated positive correlation
(R>=0.84) between model prediction and actual measurements. However, an
intercept of approximately 2 T ha!, may be caused by differences in planting
density or yield sampling techniques, indicated that the model was suitable only
for estimating relative yield distribution within the field instead of actual yield.
More data collected at different locations are required to further improve the

model.

Key words: Rice, Characteristic spectrum, Yield estimation, Remote sensing

model.
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BT E PR BRI o S A AT
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i AR ABERE B R AHEE(STS, 1995) °

Filter Number  Central Wavelength(nm) Band-Width(nm)
1 414 17.0
2 490 19.4
3 557 18.2
4 766 47.1
5 445 18.0
6 511 21.7
7 669 17.0
8 886 43.0
Bifat « R — EETREHA(E AE(E A —AHUE B (1~435~8)

752, DMSV-1 = 5 Bt i AT B Z BHAR(STS, 1995) e

12 mm focal length lens

Distance to target

Resolution (pixel size)(cm)

Total frame size(meters)

Metres Feet Width Height Width Heith
500 1640 35.8 34.6 257 200
1000 3280 70.8 69.2 533 400
2000 6360 141.7 138.3 1067 800
3000 9840 212.5 207.5 1596 1200
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5. DMSVE2.3,47587%(490,557,766 nm) K& E 2 KEHEFHR
IEfREL o (B rhgEi R A K faaba I » 2001/04/24)

TG 58 (m W /sr/em**2) = JKFEE x Gain + Offset
JE55 (nm) Gain Offset
1(414)
2(490) 0.00179 0.0086
3(557) 0.00639 -0.0295
4(766) 0.00553 0.11163
[ 5128 = JKF&ME x Gain + Offset
JE 55 (nm) Gain Offset
1(414)
2(490) 0.00237 0.02
3(557) 0.00708 0.1063
4(766) 0.02105 0.0526

b~ KIEEERLZER

REH ) B B 2 S D 3 R ) 38 15 1
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I FHRE R 38 W {8 D' 3 A E Y SO R 1
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W8 DA b JE SR M A% E T o HoE 2 Al
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ZNDVHEHIE I DMSV & 31853(557 nm;
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4 Construction and Application of Airborne
Multi-spectral Remote Sensing System

Gin-Rong Liu, Tang-Huang Lin, Tsung-Hua Kuo, Chih-Kang Liang
and Long-Shin Liang
Center for Space and Remote Sensing Research,
National Central University, Chung-Li 320 Taiwan, ROC

E-mail:grliu@csrsr.ncu.edu.tw
ABSTRACT

This paper has currently completed installment of an airborne multi-spectral
observation system that is highly mobile and capable of providing high-
resolution images. We have also carried out the regular procedures required for
atmospheric corrections of the data, which in effect reduces the appearance of
mixed ratio pixels, and allows us to correctly retrieve the spectral information
from the rice fields. This project utilizes the airborne multi-spectral observation
system to observe the test areas to analyze the different growth periods of the
rice fields. We hope to provide a swift and accurate assessment of relevant
information regarding the rice yield, growth stages, and provide data to pertinent
sub projects such as the effects caused by insects or variations in the nitrogen
amount that can be detected through the tools of remote sensing. With the data
already acquired, initial analysis indicates that the possibility seems rather high.
In the future, if we can apply this technique to a much larger area, we can save
tremendous amount of resources. In addition, we could also overall increase the
agricultural output. All of this could be of great help to the economical benefits
and efficiency of a country's agriculture. We may even be able to apply the
system on performing real-time observations in the aftermath of disasters, which
could help the authorities be better informed on how to react or conduct rescue

efforts.

Key words : Airborne, Multi-spectral system, Mix-pixel, Rice yield.
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A study on the use of satellite image to estimate
evapotranspiration over crop fields

Yi- Ching Chung, !, Yuei-An Liou', Tim Hau Lee?, Long-Shiu Liang',
Chwen-Ming Yang?, Yuan Shen*, Gin-Rong Liu' and Tang-Huang Lin
! Center for Space and Remote Sensing Research, National Central University,
Chung-Li 320, Taiwan, ROC
2 Department of Civil Engineering, National Taiwan University, Taipei 106,
Taiwan, ROC
3 Department of Agronomy, Taiwan Agricultural Research Institute, Wufeng,
Taichung Hsien 413, Taiwan, ROC
4 Department of Soil and Environmental Sciences, National Chung Hsing University,
Taichung 402, Taiwan,ROC

E-mail:yueian@cstsr.ncu.edu.tw
ABSTRACT

This work intends to implement the Simplified Surface Energy Balance
Index (S-SEBI) model by Roerink et al.(2000) to estimate the heat fluxes during
The Southern Great Plain (SGP'97 in short) Hydrological Experiment in 1997.
Two additional features are added to the S-SEBI model in the work, performing
atmospheric correction by radiative transfer model and land-use classification.
Results show that partitioning of heat fluxes is in accordance with the
measurement. Main cause of discrepancy is due to inaccurate surface parameter
estimates. To estimate evapo-transpiration in rice paddy, surface temperature
retrieval is compulsory. Since SPOT image is lack of thermal channel, this work
uses the Landsat data to construct the regression function between NDVI and
surface temperature. However, it is found that the derived surface temperature is
collinear with the SPOT retrieved reflectivity. Also, it is realized that all
reflectivity-temperature data of rice paddy should fall in the evaporation-
controlled region. Application of satellite data for evaporation estimation in rice

paddy requires further research.

Key words : Rice, Evapotranspiration, S-SEBI, SPOT, Landsat, Remote

Sensing, Soil heat flux.
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ﬁﬁ'é?aijjéjzﬂaﬁcft{@kia}iﬁf*zRMSEEBEAZEEJIJZO.089%JEM‘%}0.O4 ’
IR 7 AT REARE H 2 AOD . i i Bl [ 22 S8 L o

FASEET - RIBICENL ~ KSR ~
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55 T s LIGE IR B Bh b K AR
ZHERGREE > KRR Z A RSN RN
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B DK R ERE | R 2 KA SUE R
B TR R EH -

NN Sl e e
(aerosol) » KEER B > _Fof#E 2k
WSOB RS G  F I BEA I o o8& W
selE 2 RIS FREs RSO, ~ O,
CO,LH,0 » $H AT L BORAT S0l
Mg » FTETZERREMNKR » HEAE
Haa > QN — g g ERS 1 nl KL
HOE 2 B (optical depth)fr H 2 i 2
(Kneizys et al., 1988;Tanre et al., 1990) ° 43
T RRSE ARy Bt A AR ) AHRR > R
FF 5 S {50 /5 R (RTE) BRI SR EY » FFA R
B RERFE e 22 s b 2 Btk » DR st 7
AR R 2 BRI - DUR s
JRJE - R MEHERRARE R SRUE © AL
KRBEUE ZBASAE T R IBE /R AOD
(aerosol optical depth):Z3KHY o HESAFI] F
T I SRUIE T 208 H BTRSR R LE Z SR A e
733 0 B2 % & H 22 5 5 ROl 5 R B R
GREREIEREC S - HATHILIZGA S
KR EEG o 5 1 SRIBOCE B KRS
FEHR 1 2 B AU 58 2 R 13 S B Rt
figg -

RRBEUNELZTTERS » (B BENIRE
BRBUNE ZFEHERE FENFRH = ¢ (a)f
M 2% 2 @ % §iE & 2 1E (sensor absolute
radiometric calibration) ; (b) HEHH{EE 712
(RTE)K i ZHE L 5 (o) RIBICIE B 2 i
A - (@) > RO ECRE TR fr
e I R B A BRI 2 R IE A R - B
S8 Wl K| FH P 38 TRAT AL IE (inflight
calibration) » {H HFHE—KHE HI195) <
W - WL ERE RS - HRTKZ(E
RE (5 B A (E AR > FH LUK A8 R (E

PRI RS RS SCRE o 5L(b)IMT S > RTE.ZKE
L% B RURER IS B REGERE - % H
B SR g S LT 22 fi# (exact solution) 12
hETE o BIAE R EER 1% SOSA(Successive
Order of Scattering Algorithm) (Vermote et
al. 1997){&/2Sobolev approximation » T
EREREREENE - #i(o)m g » FEE
FIRFE G b 2R K AR 2] 2 SR IB
JZEE(AOD) » LU/ K fi# 3R 7 (Ouaidrari
and Vermote 1999);/1H | H IR 5% [&
fd B > SUEIRE) 2SR (Lin e al.,
2001) © Ahern ez al. (1977)F G HOKBEVE
B ISR K AOD © FNE/KHEZE 2215
Yemmc s H 5128 o Kaufman and Sendra
(1988) & 7t FIl H i 2 fH #% (DDV) K fi#
AOD © Liu and Vermote (2000) | DDV
A% JE IR Z) R SEE » G T Liu er al.
(1995) 2 Z) KA SIERE © Vermote et
al. (1997)55E6S - BLEFGTHENRIBUGE T 5S
Hy—SLik B - B0 FH SOSA KR 2 Bk
B o nfdig 2 S RtV 2 - JETR
PR LA REAT RIS SRS 0 ©

SPOTHI E A REGE C A HE %+
FE 12 2 VR W) 2 W 0008 B ok T 1 5%
1989 : BIEEE > 1988 : EEF - 1993 : Bfi
TR > 1995 5 JEAMRL » 1997 5 HIZES: »
1998 ;5 ZIHRZEE > 2000 5 R E
2000) © H*H B A KA ~ RiHifE ~ %
JCRh Ho SRS B 2 (R BT
% R CE A RV EY) < A2 6 A S A A T A
A o St EL RS K 2 B o

AWF5e £ BB SPOT iy 2 #2145 X i
AOD KIS 2R 2 ¥ > IR K AR
FHRRERRER T » G804 R A e & 2 A 11
Fevafh ~ SRS
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A\~ MRIETTE

— REBAEBEEERERI

(—) SPOTHIERBRERBHEEEREL
A JEA5E FH (] R SR R 1 Bt 3% S S 2R

S (Liu et al., 1996) » FILIESPOT T2

AR SERIBICEE AOD o HALER S A

T

1 M B A & e S E W - 3 A
LOWTRAN 7 (Kneizys et al., 1988), 5S
(Tanre et al., 1990) or 6S (Vermote °
1997) » IREFH KHU ~ 0, ~ H,0 %
8 2 SEJEE (optical depth) ;

2. RERRB 22 w5 R oA
(Junge size distribution), #7558
(refractive index) (1§ & % 1.5322-
0.01174i » BIKFEH continental model)
o Hi ]G Junge 2 v = KED
3.0 Frf B e m1.5322-
0.01174i » BIKFEARY (continental model)
m R s # (size range)iX
[001,10.0](m (Lenoble, 1985) ;

3. KRR (Mie theor)TAE B RIS
[ HE 7R (single scattering albedo) ~ HiUG
7] K 8 (scattering phase function) sz JE#E
K (asymmetry factor)

4. FNLERSIZR L EREHE DDV (dense
dark vegetation) B 1# & 257 Z TR 5o
(radiance) L=L(AOD) ° Hf1DDV?
XS1 5 XS2 I B A 28 3% E £5.0.03 K
0.02 (Kaufman and Sendra, 1988) :

5. HISPOTRGIRE XS1 K XS2 I B £
DDV JK & {E » # Fl /25 B 4 K 15
AOD ;

6. {8 Angstrom X (Angstrom, 1964) » 3K

1R BRI

B =
7. MBS K AOD(XS1) 7 FE @ 75/ VA H—
I E 2 #H 2 AT B ER6it &
AOD(XS3) » %5 * st BE#riJunge 28
v o FEPITOEEL - BRIEME.Z 4% - I
A] 3% E fx KA AR B o LU R ik
HIf -
FEMR AR AIE 1 o 3%3EHITE Landsat
TM FAG I 35 B T B =2 N IR T 5% AOD
FE R £50.15(Liu and Vermote, 2000) ©
(Z)SPOTHIEERE
FEBL A LR SPOTHT R 2% » A LL
[ AOD (28 1) o B9 I3k A7 72 Bk R i
¥Eri » AERONETHING 2 — 2B 7 gk
BT AR Z I o 52 G e T o B
1998/06 %2000/09 » G .2 K5 K THA
BB R T A #6187 51 £520.6~42.5° ~
3.6~30.4° o tHE TLA/NA90° HFRR
% MBI - R—RBUR A IR R
YA B 4% e SO
(=) AODERIEHR
FEIL15 FH AERONET (AErosol RObotic
NETwork) (Holben et al., 1998)
NCU_Taiwan¥h.Z AODERHIE Bl o H (i
F KI5 YEEEE T (sunphotometer) Z &5 I A
WE 7 A 440nm ~ 500nm > 670nm
870nm ~ 1020nm ° {HHRHELZ 500nm .2
AOD » J¢ffif#:.0.2 SPOT HRV XS1 K XS2
W ER » T ICAE(# F 440nm ~ 52670nm AOD
Bl fh7 B2 T S ELE o TE LS A Angstrom
formula NG KI5 X 440nm ~
670nm AOD ° LUIK{FSPOTHHEXS1 K
XS2H il K 2 AOD » i LUB& 2 SPOT i
BT AODZFEE o

— -+ SPOTRERBREKERER
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REXSTHIXS2
DDV . ZJK
i

l

RIBIEER 2R
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2. B A L
3SR

 J

A XS1HIXS2 % B » fEDDV § 28
I » B B L1 (a0d)

l

1%)315] Angstromiﬁ?)%ﬁ]unge Vv é}%{

EHR XS 1 B i
RZ[Elaod 7= H

1

| EXS3EEE Zaod |

{5 5s, 6s8¢lowtran?
i 2 ECAH ~ KGR
MRZAEE

| B # Junge v |

1. SPOTH#E MG ERBIEEEN - Hiraod, Junge v, DDV ZEFELA o

K1, SPOTHE G L farith H K BB &4 -

E/ﬁﬂ 6 g* G ik P FH*E
1998/06/27 20.64 30.35 13.79
1998/11/08 42.49 13.09 119.83
1999/10/13 36.24 25.46 46.46
1999/10/21 37.04 3.57 124.74
2000/09/20 28.98 17.19 52.81

* 1 KB RIEA
o s AR TE A =K RS 75 (A BRI 75 (7 A 2 ZEANAE i -
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(—) SPOTHEFBEARMEERET

i L SPOT 1 22 52 15 At I i SR B
JEEAOD » (i Liu et al.(1996)% .2 [F]
IRF IS 7 SR B RO Ak I > AT SPOT #
BB .2 RAUIE » KI5 28 5
1§ o BB RITERKER AR EE R > A {S i [
B ARKE EERIFS0.02 (Liu et al.,1996) » 5@
K2 L2 ERIER -
(D) KR FREAFE

AEE IR G R TP R ESR
By R Ry > 74 ~ 75~ 76
77VY1E 4% 100 m X 50 mHFE 2 HE HE ALK
feadBaH o
(=) GER ¥ FLEREHREASPOTRI 2 HRV X

Blgg 2 B ER A

% T RESBE 2 SPOT 1 B AR A SR K
TR 2 K » AL A GER A5 &
{# (spectroradiometer) [A] il & SPOT fi
Ao JMIKFEERE R B2 (spectral
reflectance) © 5 | H 22285 » %id
BRM - 2 EE12~15K » LUREFHE -
FEHENE 0 HPGER ZERFRE » 7EIL
(R E T -

GER AEHREE » n] Sl RE R
331 nm~2588 nm * HOCIEMEMTEEH 1.3
nm~1.6 nm{EH £ 1047 nmBEHIE 11
nm~16 nm "% o £ [ SPOTH A I
HRV 25 FHER B B 2 528 » GER GRS
T Pl K AR SO 23S - HIILIHRYV
%Y 25 AH BRI B 2 I FE X B (response
function) M B2 o #8 LL_b R B S B 2
s SPOTHTE f G A R AUER S -

£ I IS GER [RI D L2 JUBR
SPOT AR FE B » HIF[E 519994 2
04/01 ~ 06/09 ~ 06/24 ~ 09/16 ~ 10/28
11/05 5220005F2.04/11 ~ 10/26 ~ 11/16 ©

1R BIRSE

PO sSPOTEHEZGAEBHKEBET 2k
FH A2 i THT GER &0 B 5 2 i ) ]
1T AR B8 FH 5 100m X 50m AifE - A 22 [ g
MR F%20m 2 SPOTHI R 15 » B
REGIT - (HEeEPEAER M 2 TRIGIT -
KGR FR G T < Bk B GER =il 3G 2
AN[E - ARG AR ER S 2 AN E
T o
£ - fGRE

RE:

=[]
anl

5 7 EHIKAE 2 M B2 > SPOT
2R ENERB R - HIE2 -
5 19k SPOT 71 22 52 Pt I .2 XS 1% Bx
(BRIE)RIBOEIE B BL R 5 AT 2 LL i o
Hix K~ /DX RMSE 7 BIE50.14
0.02 ~ 0.12 (F2) o BEARMAE R NWE »
HIhFEE S EEERE - @2 » HIEXS 29
ERGRLYE) 2 At 2R o oK ~ /N RMSER
72451 AE50.13 ~ 0.01 ~ 0.08 °

FIR LA AOD » XA KB IERE
I o E AR EKFRZ M S SR - [EPURS
SPOT & 2 G KRG T Z MR B 25 (K
SRCHIE BT Bt i S S B 2R 2 HEH o P ]
ATTH] » EAR M SPOTHE R .2 KR
WIE » HOKF K Y2 (apparent
reflectance) ¥ GER JEE R BT A = VKA
W ER G2 » RMSER3#0.089 © [ 4t
N H T 2 R R AR B R % 550,450
F0.124 > ) ERL 7 KRSAER 2 > IR
BEfSREYIRasE s ~ e Ra g - %
TR T B AR (R2=0.87) o 45 HLIRH ARk
TE AR Z KT I S 25 (J] 5) Z A SR+ 3l
B EUREHI 1,190 - #EEERS-0.030(FEAH
EERIER ~ #EESTBIES 1 520) » RMSE HIlK
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2. SPOTHE AR BTk RALYE I B 2 AODFRZ (L & o i AODE{H
F AERONETHINCU_Taiwan¥iZ &} o {# ] Angstrom formulai$ K5
3t 2 Wi £ (440nm ~ 670nm)NIEZESPOT XS1 ~ XS2 MR EX
XS1 XS2
Max Min RMSE Max Min RMSE
0.14 0.02 0.12 0.13 0.01 0.08
051
02 SPOT XS1 Band ¢ SPOT XS 2 Band
¢ 0.4 t .
04 r
a | o) 03 r
% 0.3 'S 9:
o =l
202 . : 02
ke y = 1.0583x + 0.0654 3 ®  y=LAIT2K-0.0455
0.1 R2 = (.6933 0.1 . R*=0.8114
0 0
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Measured AOD Measured AOD
2. SPOTHIE G RIE ZABIE 4. SPOTH A G /KIBBITZHX
JE(XS 1B EL K IG R 2 bt ERF 2R (K SR SR I R B 3t 1 90 e
g o R L o
for nearly nadir view SPOT images for nearly nadir view SPOT images
05 r
© 05 r
5 04t
2 111 04
3 .
= ) ¢ 203}
g 0.2 f * . *
< . y = 0.4495x +0.1243 % 0.2 1 y = 1.1895x - 0.0302
§ . R”=0.8687 R?=0.9558
@ 0.1 - mse=0.089 01 F mse=0.040
0 0 ‘ ‘ ‘ ‘
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 03 0.4 05
Measured Rice Reflectance Measured
3. A= HRSXS 23R - 5. SPOTHIR G KIEGTT.2 4t

AR (R SREUE ) B b 1 838 S B 28
LW
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6 Accuracies Assessment of the Atmospheric
Correction Model and Retrieved Rice
Reflectance for Spot Satellite Images
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ABSTRACT

Remote sensing satellite images play an important role for the precision
agriculture, since they have economical, fast and wide viewing abilities. To
better utilize the remotely sensed images for precision farming, it is necessary to
correct their atmospheric effect. In this paper, the concurrent retrieval algorithm
of aerosol characteristics and surface reflectances are utilized to estimate the
aerosol optical depth (AOD) and the rice reflectance. With the help of
AERONET sunphotometer measurements, the estimated AOD RMSEs are 0.12
and 0.08 in XS! and XS? bands, respectively. The results are quite satisfactory.
Furthermore, the accuracy of retrieved rice reflectance is also evaluated by GER
spectroradiometer. Before atmospheric correction, the RMSE of rice reflectance
is 0.089, and it is reduced to 0.04 after correction. The errors may be due to

over-estimation of AOD or spatial variation of the rice field.

Key words: Aerosol optical depth, Atmospheric correction, Rice reflectance.
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7 The Setup of Information System of Spectral
Reflectance Database for Rice Paddy

Chien-Hui Liu!, Tsung-Jen Yang?, Sin-Ji Chen®, Chwen-Ming Yang*
and Yuan Shen®
' Department of Information Management, Transworld Institute of Technology, Douliou
640, Taiwan, ROC
2 Department of Commercial Technology, Transworld Institute of Technology,
Douliou 640, Taiwan, ROC
3 Department of Electronic and Information Engineering, National Yunlin
University of Science & Technology, Douliou 640, Taiwan, ROC
4Department of Agronomy, Taiwan Agricultural Research Institute, Wufeng,
Taichung Hsien 413, Taiwan, ROC
> Department of Soil & Environmental Sciences, National Chung Hsing University,
Taichung 402, Taiwan, ROC
E-mail:chliu@tit.edu.tw

ABSTRACT

Success of the precision agriculture project depends on the integration of different
data. Database management information system is a tool combined with the
management and analysis. The setup of database management system of spectral
reflectance for near-surface rice paddy is introduced in this paper. The system structure
is based on client-server of 2-Tier or 3-Tier, which can be run with web environment.
The steps of system development include: 1. demand analysis, 2. database design, 3.
programming, 4. interface design, 5. test and setup. HTML and ASP plus are used to
develop the system and MS SQL 2000 is used to develop the backend database. The
functions of the system include : 1. system management, 2. data insert/delete, 3. data
query. By the development of such spectral reflectance database system, related

researches of rice growth, resistance and production will be improved.

Key words: Spectral database, Precision agriculture, Client-server.
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AWSE 2 EAELER 38 LUE I ke I fa ik 2 2RI 7538 - allba sy
BHEITEb R EZR B g R ERBITESE RS IME L RESHET > DGR
675%(Oryza sativa L.)fEiAEgmME o 19999 — ~ “HAEET 2 BAEHRZ i
B > i P EE A S A o S A s 1 AT o GBS SRR o A EEH R EE A
BRI RE S B4 E EREFEIEH RS - B— -~ ZHERk
TR IR R & B IR (r, =0.744,1r, =0.837) » & ~ AHHAER
PEARES LA A FH T e 1 3 AR & 72 - Seas R R gt » LL735
nm AT E AT R K E R AC R 22 EE > LU AC I A 650 43 (B 1 6 TG A
[E A o 20004 —HAVEE 52 28 53 P NS5 IR A BRI AS SREE > 735 nm YT
SHESLKAE SRR BEAR %55 & 2 R (EAHRH (1=0.927) © 20014 —HA(E
15 3% 28 7 P AT 09 AN [R) 5 S8 A it A A& (0 ~ 45 ~ 90 ~ 180 kg N ha!) 11y
RN > LL735 nm Yo il 0T R R AN SE RAR R EE LL % » HEFE90 ke fll
180 kgHIHfE LA 73 o 2001 F—HAVEAE LA A I EEA T KA AN [R5 IE
(0 ~ 60 ~ 120 ~ 180 kg N ha")irh# » LISIFERZ B HAROFEIE 5 & &1 7350m
W o A JE3E TEFHRA (r=0.737) » T BEREBART /M fEk R E a & o Hi
il 73 5nm A o0 (B AH B PR o

REIEED : /KIA(Oryza sativa L) ~ RHFEUIE ~ IERRRIRE ~ % ~ BRI -
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fE—EMRIEBHET > ARERRERE
B A =38 hnmmsg i > B S IE EH  E B
RN E - ki 8 giF 1k - EEULK
B 2L E KRR (€ » 1988) » S R Z
T ETRARRE KR AR ~ FOKERS R e B A
EHEAERLCR » 1980) - —fRI S » KHKI
SMELE A TR R R [ — 8 > K
BV > RIEHEH &) f (B
1987) » ZAEHEH & (—HATE140 kg N ha-
1 THAE90 kg N ha! LLR)EEKE KR
EHI B GEEE - 1997) o KK FSHERE
HrREERE T ER A 28 » NMEREREE
ERHYRESRAMERE&EOR
1988) © IKFETEE £ AL R EARISH AR B R
{E BRI > HARPRAE RS B R L e i
HE > I RGRE A o BEERIRE A
W% HEREMEES - NHEREN
B KB EREEEBCEEOEA
B ERIE A B - R AE o

ENRIEREREEH L EAER
(BT > METIFAE SR LR AGIA R BRSO
Al I Ol £ FE RS M A I 75 > e
IRF SR TR AR () TIEY) - BE 3 & R
R EE A 1T H B LA R R B 5 A K &
AR o JLARE WA A E Ly EH R
J& o QR R 2 K AT S R IR 1R K
lidt ~ RRIREAVRZE ~ (FYRURIfSE -
T AEER || oy B T AR R S MR BRI

SUFTE o TERIRCGTOCEE F S TR R K
Wiy ss e - R HAE S BRL O R B GA 1T (E
ok Bl o34 > HAS R R SHERE
KRB0 TR o Thomas and
Oerther(1972)\ LAFHHUEE Fr SO 28 I 2
RE o BB EHA Kjeldahl 3% (i {2
0.7% 7= %% 5 Blackmer er al.,(1994)f8 H £k
EREARREEEAH R - HERTE
550nm MY S S B SR A e A =Rk R B
IE I F B A 550nm AY S5 5 i #8 LU 3
HH i R KRR & R 2 S o & Rz
I > BE 5 75 n] RO e 0 s B e R3Sk R R
FERRAK TG AN - AEEALY S E I R il R
HH A e BV M R X (Thomas and Oerther,
1972; Blackmer et al., 1996) ° RACE £ K
(Walburg et al., 1982)F1//\#(Stanhill et al.,
1972) KA B S O 3 1 88 b 1) 5 288 4 1 42
o RIS EY R EEE ~ 529
bR ERRRE - MHEREERE
(Inoue and Iwasaki, 1991; Price and Bausch,
1995; #5Eif% > 1997;Yang and Su, 1998a
1998b) K] 35 [T A 8 A i ) S St O3 - m]
T FHAE 8 S B DI B Y 22 i s 2L R T E ) A/
BENZE M o

TR H S ERR R A BN AR
o mE 22U IEMHBERA R - 45 AR
&1 (Minolta SPAD-502 chlorophyll meter)iHl
FREETHEGRR SR - REAREER
UIEAHRE o KRER T VEIE IR - H3Ekk
o BRIk BB P - AR e BT HE
WIS R RV Z. o BERR MG PR IRKIB(E
YIEE R 1£650 nmi 5B 28 IR R IR [H]
) B AF S ERAFRER AT AL - HEXHEYI &8
EHMEZER LR MEIE A S 8B
(Schepers et al., 1992; Blackmer et al.,
1994) °
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K R 15 18 ot I SR 5% 1 R A ) 1B
Py > FEREIR MG HERDICES B H - @R
e AIE - Bk T B AR ElEE &M
BRI R R ot » 58 AT LA D UIE B FH
LS - R RS L REERIG I SR
% o

8~ MRIETTE

{19994 — ~ —HAE » 5 KFE(Oryza
sativa L.)E 67 5% A AR 1 LARS At m B
TB RREZ B g R AR RS Z T
BRFZIEAL) » TIREIE L o SABRE
I 55 56 2 AN AL - S 5 RS 1 B AE
alBm PRt 2 EMERET(CRD) » 4FH7E -

A= AR I A A HE 1 LA 82 200 kg
ha B EAE » B —ZJCEIELAZ 395k &
HEEL200 kg ha AR % 28 R ETfifi » 25—
TGBAELUR 100 kg ha ' (£ R 1-2 B/ i
o LI8% T R & FHAII30 kg ha ' {E ik
b LARGBRAE AL » 53 AR 28 KR I
NERTA TERE—R - B ERETREMH K
FEE RN o DL =K RE$5 15-20 kg ha ' WEHE
(F5 > 2002) °

12001 % —HE » 5KIE(Oryza
sativa L.)5 67 9 MG T b R 2
Zag AR - R R E R
P50 ~ 60 ~ 120 ~ 180 kg N ha!'PUfdE »
bR ot & EREH(CRD) » 4H 7 o

FIE2000F—HIEE R AR R 2
Sy PR RS G R675% » ZAEKEHE L
WigZ sy F50 ~ 90 ~ 180 kg N ha! =F& ° 2001
TR AR R MR L RS
FEfE S R 6757 - RALKEHE LWL EL 57 550 ~
45~ 90 ~ 180 kg N ha'PUFE &R AEE M
AR ERZER - oy AR ~ JEAE ~ FEAE =R

il fEIES

i » BREBARIEHELZ=772— >
MR 50 m? - SR = HE o

Z A H WK RatE R S R 2
TR 1-2 38 LLn] #8 2O EE R (L1-1800 »
LICOR)IHIRE HE e s S el » I 1 e i
£5350-1100 nm » SEEEEEHTELF52 nm(FEIE
AP0 nmGEFE 7 MR L R5) - HIE
I5F » HIE A B EIER AL > R o 422 I
#5(LI-1800-02 remote cosine receptor > LI-
COR)fHH#) 1.5 mi i /K FAHETE /7571 m
Ji& o Sl AH ) G VT DUES Sl E N B A B
FEAR T8 - RS 7 B A S K SO
A =R o SR - AS 2 HE
BAVA eTREA U RS - DRI R
TS < ASTEUR ORI - $BR LU
AT ROEROHI RS (LI-190 quantum sensor *
LI-COR)EIFZAAG A HOt & » FH =
KNG G E 2 AR ¥ G T R Y X
SCRE o FTA RS R Rk Sl T
A A E T R LR 5ERR - LURD
S CEE S KB A 58 8 < 5% -

TE R 2 TRk 8 & (total chlorophyll)
AR & et B E HHEER 73 4T (1999
FHIE— ~ ZHAME) - LUBHEA: B IR
o BExkFACE M VLR EH Arnon
(1949){E1E7%(Lee and Yang, 1999) » & T4
AU BREMR A B —#
B/ NECETE B 45 - A48T 5/ D
KfH - L4 EE/ NI EETT AT o
e o Fr AT BT AR A o A B8 1 B8 k3R © B
AR (£0.1 o) B AT NMIUKREE (K2
ml) AFFEERE » I 80% AN ERZEHY » B LA
2500 rpm(825 g)#fE.L10 min » HY L J& A
LIDEE L 15T (Beckman model DU-68)a&HY
WRMZSHIME - FLLT 9 A G E Rk R A

=}

5 .
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Total chlorophyll (mg)= (D652xV)/34.5xW

He s DA BTE L L (mm) 2RI
WIE > Vs EIGHEIR 2 5 E(ml) 0 W EE
PR B R AR 2 H(g)

IKTEERE R E - IR R )
TR 2 farkiR o - HERIE b= 60 C
BERZIZ R LIZKEIRE AT iERS N 2 R
}Eo

2 fGREET

7
B

an

19994 /KIG— ~ ZHHELAR R 6797
ARERA R > RAEZ i B 75 8 A d K AR
REAE RS RS 2 72 52 o [@ 1 B 5 R 675k
— ~ A B P P [ S T [ A E SR A
R A2 R S B a2 22 B > TE R RO
B o RUIERY b B 0 22 B R0 N o (R AS
5y LISk B S R R 2 I B AR Se ik > I
IR DL E A K R AR ZUE AR ©
KR REL A E 3T R T 9+ R S B 1 7 i A
[ (S5 R T I o P D o v » L e A
I (R A A A e - R R BE IR AL ZE v
T P IS (3R 5F 0 2002) 0 KT HE
S e pRARA S i 0) 8 oL D)8
fal 22 S — HAE R » IR HAERBRIEAE R
PR A o AR R R - RAEHE
JEZERE 2 » R 3 I e R A S TR e
e s AT LUE ALY R BRI - 4Ok
SERHERE R TS 0 #5$350-1100 nm
W R RS EREE— R 57 (82) > 735 nm
A — R85 (i ] R L e R o P 7 B 2
B DA AT H IR A 7o e A A F
G

AHEAEH I EE A R MR R & B
24 H IR AR H SR - 72K

ARV - R ERR G ERS - BEER
Wz » EfkR e 82 MR R A
R e RMUERR U - ZHIEEEAH
[E]) > 55 1< A 2 (SORHRHRA 0% HIR & p e R
IEAHBA(IE 3, 1, =0.744,r, =0.837) o FERHE
Tk R IRE AL  JCARRE RS o R
FrRFEE BN 2N - —#% S SRR
BRI % JCRE » FFIREDCIREREE &
REME A ¢ & 1F I BUETT (Hesketh, 1963;
Sestak, 1966) ° B — T HITHIE EikFR & &
(BRI %L & > N EL R EE %R
BEEURE)IRRE - HIfAR S 'S
1 28 2 2 U RE R T P e S v B ek 38
a BRI G B HIEE (Johnkutty and
Palaniappan, 1996; Masoni et al., 1996;
Ladha et al., 1998; Peng et al., 1995) ° {£/K
T gE b kR S BB R R &
M Z % % 2 81 M B (Johnkutty and
Palaniappan, 1996; Ladha et al., 1998; Peng
et al., 1995) » H Bl 2B {£% ) (Johnkutty
and Palaniappan, 1996) °

2000 — FAVEE 5% 2008 1 R HERY
B E679% » AL LIRREZ 77 550 ~ 90
180 kg N ha' =F& 5 2001 F —HIEfF 55
RO RSN G R 6757 » RNERE I LA
$EES0 ~ 45 ~ 90 ~ 180 kg N ha'! PUFH LU
RAE B AR ERIAERI o ARSI AR i
e SRR (B 4 A) Z AL I S HERE
FIL GBS M » B F R A
NE AT AL I B Pl 7y H - HESE R
FEpRAT/ N ~ AR AR o A S E ) o
90 kg N ha ' RN & CESEFE 0 ik o
90 1180 kg N ha-'#ili 4 Re AR I 22 F 7R
/N o BEIRTEIRAE AN Bk Z IV G TE & IR
BEOCER ~ RLDCER B AL O B SO E Y =
& (BRHFEFAAR AT » — iz
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AHTHSEERE R » KR REE LI
I B I BB A B E T 881 > DA R L
{E7E 7 LIseAk(Lillesand and Kiefer, 1994) °
ST B R I GHER LU E > FHESR AR
SR o b RET R B R 22
15 KR B R A AR ER - 2172
20004 5 2 — HFE AR A A4 & IR ARIAL Y
E&(R, 610-680 nm) ~ JTALIFEEE(IR, 790-
890 nm)FINDVI(KE#E = EHFE ) » 1£0
kg N ha' 190 ~ 180 kg N ha'' Wi & ] LA 7>
H 2R > WEALI B/ RL B (IR/R,
SRVI)TE90 ~ 180 kg N ha-! .2 [ HIJ i 5} ¥t
Al o #2001 FE R HAE R R 6T AE
a0 M 5 B ) I R i 90 2 B S SEE AT 7 o ([
4B) » TEIR K735 nmBY— K557 166 BHEE
FH > JRAlH K 9082180 kg N ha' Z 2R

-

Refactance (%]
i
1

[

Wegvalsngth {rmmy

5. BE6THE2001 F —HAE VU FE BAE
Jo LA = {18 P i ) K s S R ol 1A
M B A

(321) o K] ZURE o P o 1SR T E ER RIS AL
BRI GHE A RS A > ST 2 AL
ER BT ALt Bt i A R AL - Bt
=R I EE ER RS R T2
F(Steven et al., 1990) » [RIH3E & 1F £ 88 Al
TR RS BRI Z R EUE -

2001 FE—HAVELE B Ig A ATy 3B 51
FUR(E5) » TESREIZ AR AL S G B
BE Z LG A = 2 g hnmde s o HIRRAIE
B OEYE » 1F —{EA RIRYa5s HH &y
T N B B A BB R AL o BT BRI LA
LR & (SRVI) B 47 EL(F2) » 1
W FEEI(ND VI E 47 L » B A
HHERE R E— R B5y - FHEAE R AE
FHEP 735 nm 7 B E 7 > G/R K
NDVIHY 43 FEAE YA Z A8 it FH o2 72 5

MErogen (%)

AR |,

& 6. 5 67HRSNFE ARG [ B EE
{£735 nm P o EEREIR KR 5 =
ZHERBARBATR (A:2000FE 5% %% —HA
E » B:2001 -7 IE—HATE)
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F1. AER6THR2001E— IR % B AT ) S P ) A 1.2 SRV ~
NDVIE:735 nm— K 5 H oL

Date 3/29 4/14 4/25

kg ha™ 0 45 90 180 0 45 90 180 0 45 90 180
Indices

SRVI 372 434 551 918 869 991 1036 1254 887 11.75 1131 13.05

NDVI 058 063 069 08 079 082 08 08 08 084 084 086
dRAA | s 221 350 326 468 518 525 576 670 482 570 581 6.02
Distribution

SRVI 4047 4722 60.03 100.00 6931 79.03 82.64 100.00 67.98 90.09 86.72 100.00

NDVI 7167 7781 8623 100.00 93.12 95.82 96.68 100.00 92.97 9832 97.66 100.00
dR/A A | 7 4729 74770 69.67 100.00 7740 7842 86.06 100.00 80.00 94.65 96.42 100.00

«:dRA A | 5sx1E3

222, BRE6THE2001 F— W B 235 BR Al FR I A T R S5 A A A [R] S NE B B TE SRR R 2
SRVI ~ NDVI K 735 nm— R/l e HE 57 L
Field No. 81 83 87
kg ha™! 0 60 120 180 0 60 120 180 0 60 120 180
Indices
SRVI 948 798 1604 16778 1053 1679 17.71 2192 1137 16.17 1829 2094
NDVI 081 078 088 089 083 089 08 091 084 08 090 091
dRid 2 | s 550 475 750 950 575 850 875 1000 700 950 800 975
Distribution
SRVI 56.48 4755 9559 10000 4801 76.60 80.77 100.00 5429 7725 87.34 100.00
NDVI 91.16 87.58 9945 100.00 90.55 9724 97.85 100.00 9224 9722 98.62 100.00
dR/d A |735 57.89 50.00 7895 10000 5750 85.00 87.50 100.00 70.78 96.40 83.38 100.00

+dR/A A | 5sx1E3
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RN > MSRVI #1735 nm B H 53 L
Bl 71 dan N kAT e S N i N
Z MBS GEARAG ERY BT H SR 52 »
AM0F160 kg N ha! ~ 60£[1120 kg N ha'! . Z[&

5 -

B 17— IR AR N BRI B
SLIRMEZ B o 52000 —HATFTE R £
RO RGN & 67k — MR NCER -
E S RE TE B S S0 155 g e ok 8 19 0 0 B
735 nm o E 792 HHERRE (R AR EAH
BB 6A) » R7EREIR 15 0.862(FHRR (R HLr
£50.927) M KUE 5 552001 F—HAELE
FRIEAR P B B B 679 MU AR T R B
TR RIS BL 735 nm 20 E > ’iE i
FREA (R FEL20004F 57 2% — HAF BB & OFHE
& (&l 6B) » P EREAR£50.679 £ 50 1FAH
e o W TR AR B 0 &R AT A ORI RE
SR AN R a3 B SRR - BT OK AR
TE % S CEEAE 735 nm BT E 2 B »
REAEEREANRIRE - (FBRIEEH =
PR » A N3 (EZSIE M 21
RN [EEG ~ AN [F AR R A
AR RIR SR E R » A REE— 2 3T PR
TSN RS EZAR DU e B s = - A
1 HE PR TR 2 B U IR S B

= 112237 )
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HZ5% - Bl EEN RStk
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2. BHIH ~ A ~ iREFHE - 2002 o fi
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3. {EMET 0 1988 o JERPEIE K E 2%
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8 Techniques to Detect Nitrogen Content
of Rice Plants

Yuh-Jyuan Lee! , Ay-Hwa Chang?, Yuan Shen*, Kuo-Wei Chang?,
Chwen-MingYang' and Jeng-Chung Lo’
! Department of Agronomy, Taiwan Agricultural Research Institute, Wufeng,
Taichung Hsien 413, Taiwan, ROC
2 Department of Agricultural Chemistry, Taiwan Agricultural Research Institute,
Waufeng, Taichung Hsien 413, Taiwan, ROC
3 Department of Soil & Environmental Sciences, National Chung Hsing University,
Taichung 402, Taiwan, ROC
4 Department of Botany, National Chung Hsing University, Taichung 402,
Taiwan, ROC
5 Chiayi Agricultural Station, Taiwan Agricultural Research Institute,
Chiayi 600, Taiwan, ROC

E-mail:yjlee@wufeng.tari.gov.tw
ABSTRACT

This study was intended to develop remote sensing technique and to
identify spectral characteristics associated with nitrogen content of rice plants
and to establish their quantitative relationships. Field experiments were
conducted in the experimental farms in Taiwan Agricultural Research Institute
and Chia-Yi Agricultural Research Branch Station, TARI., using Tainung 67
(Oryza sativa L.) cultiva. Nitrogen deficiency experiment conducted in the 1%
and the 2" crops of 1999 at TARI indicated that chlorophyll concentration and
nitrogen content of non-nitrogen applied plants were lower than those applied
with adequate nitrogen fertilizer. The vegetative and reproductive growth at non-
nitrogen field was less than those at normal nitrogen field. Canopy reflectance
spectral difference among nitrogen treatments could be easily identified by
spectral differential techniques. Nitrogen field experiments conducted at
experimental farm at Chia-Yi in the 1t crop of 2000 indicated that the
relationship between the nitrogen content plants in the of panicle formation stage
and first derivative value at 735nm was positive linearly correlated (r=0.937).
Nitrogen field experiments, 0,45,90, and 180 kg ha! , conducted at experimental
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farm at Chia-Yi in the 1% crop 2001 indicated that differences among treatments
could be amplified by first derivative differential of canopy spectral at 735nm,
but the differences between 90 and 180 kg ha'! treatments were small. Nitrogen
experiments were also conducted at farm of Taiwan Agricultural Research
Institute, in the 1%t crops of 2001 with 0,60,120,180 kg ha! nitrogen treatment.
The relationship between the nitrogen content plants in the of panicle formation
stage and first derivative value at 735nm was positive linearly correlated
(r=0.737). However, the correlation was not as good as at the maximum tillering

number stage.

Key words: Rice (Oryza sativa L.), Reflectance, Chlorophyll concentration,
Nitrogen content, Growth stage.
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B =

KRWFFEEITRENE & RN R 2 B 5T - LUnT 8 ot e 3 %
(GER-2600)7E A 11 A8 AN ] 26 AT B 3 H 78 B o HH [t e 1 T /K A A o2 SO
A o N5 FH 2 S R GG IE TR AN R R AR R RS > DAL KA
BOCRE R G 2 FERBE MR o 55— 77 I BB fa Pk & A &R
LA BTRRE B 0 FH R K AR 2R B A2 R BRI - LUEBNRTE RS A % 3 M i
EF RE e R SR RS o GBS SRS I » — KRBT G479 ~ 623 ~ 632 ~
715811611 nm FEFHEI FAHL & Z Stepwise MLR IS i (F(r = 0.89 »
SEC = 0.29 » SEP = 0.46) ° 55— /71 > JNEH— R il st 2 B
—FHERIS 5479 nm Bl & 2B 5 2 IEFHRH > H Stepwise MLR . Z B —
W AR 2 F5 5 B = 0.79 » SEC = 0.40 » SEP = 0.42 ° {EMPLSR
JiTH > HIILIEEHEESPOT 4 VU 25 5 B I B ek g A BRI & BRI —
K RS R fE(r = 0.91 » SEC =0.26 * SEP =0.39) ° {EPLS-BPN#%z{
J5 T Al L — R 80 B2 R R4S SR B fF > r = 0.96 » SEC = 0.18 » SEP =
0.52 o FEETZ HELHARTTIE » CF FHRGB = {# XN ENE R R (E
HINEAR R H & B 2R (r = 0.83 » SEC = 0.20) ; i 660 ~ 680 ~ 945 £
960nm VU B8 85 2 2 AL R U@ IIFAR B3R - HMLR T Z i (EAS SR
F5r=0.88 » SEC =0.27 » ARHF5elii5 LBk & R &R o

FABEET - &M - ZOCANT G KA~ R KRS -
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ik

I
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KGR B R EENEY) et T
NERBLHEAE 2R - K E R e H
MEAE R 22 > Horh g B i K 2 RUIERY it
F > R St FH i = R AT LU KA 2
BRARKERMHNESR  RAHEES
(Arai and Kono, 1979 5 Wada et al., 1991 ;
Jongkaewwattana et al., 1993) ° 5%(1988)#ll
FHZE A (2000) £ B /K A 1L $ k1% 22 el fE A
MR B R A FHENLIE » H 2B R
A FHARO SRR A A 2 e {E B BN B - 4
REPR ML AC 77 2 R R L HE BNV AT 15 2147 1 AF
PRAVE SRy E R - KRR 70 —
i A2 1K 1% At R A -2 AR B A P B it i P
Bt LATE S AE RS 5 RS [T A A [R]HY frAE
2 AKENREO A —ERTEEY
M - ££(1982) 42 fti F AL EE REYE KoK
mAEBVIIHZETDRLRESYE S ER
{H it KR e R Bk KA b & I T B AR AS
B2 o FH—J71H » =R ZNE KA IR Al RE
ErE R K ~ N OK ~ HEE R R KA
3% > R aneT e & i it A AR R i BT H
Wi EE LG 1994) » T HALE H AR
PR P T e i) 1 L R 2 — - H AT FAE
BT S E RS E KR A R A5 Bl hn
FERE ~ 2~3 REEREAIREAE - (HLUE A Z
FEERTAE fAC A IRERI B & o 1E1E A RE i
FERIAREEA 2 B ER BRI A TG HE
ZEM - EREBCREBANEE > 1%
REES Y E R o RIBL » #RE IR &
WIFe oty » LLUAGE B FERIE r el 77 =Y
HH KRR AIR L2 ZE B & » 15H
Bl A K F6 ¥ S PR B B (15 B K
2000 5 & » 2000 5 Lu et al., 2000) °

LIRS R R A R bl o 75 S

BEVE A RERF L 2 ] - SR R 34
THE G D' R 8 B 25 S RE G 2 3& IR i Fll
A LIS HEHEMITEA R 2 & B2 2 B
G B IERE SR B AR o (EY ] #E & 1
(Remote sensing).Z Foili 2K 7% H AL PR AR
(Nilsson, 1995) » &l /& —FE B EY)1E IE#2
filtg ELIER BRI IE 0L T - SEEGH 2347 VEYI A
BAE AR » SEBHIR i a & as
RS R~ Wil ~ BOEE - AL
G ~ 2 AL AR IR AR - HE5
RS R I R R ST 0 R R
B B I BB A 1R B e LA e il
TR BE AR AE o Tucker(1979)f5 HifHEE
TR o A FH 5 SR R BE R R (R B R B
RL R IR A P BEAE ) R 3 AT BRI &
[EHERE B o FE I AT DAHE(S 2N BE A
8 (LA Z 16 4 % 8 - Blackmer et
al.(1994)F5 HiHE 5 I B 550nm Y3 IS SR
Al LU HEE R A R R R R - Hokat
W W BB R 2 FR A A 3 m 2 FH B
PE o SEAEAR H A AT RO BOR AL MRS

o BER R PR B AR A T 77 3 E R HE R TR 2
FE fit R B R 1 IR 2 A R 5 b (R
1998) » FII_L e B b BR A At B s (5 Frdi
A TOEE R - RISOERE 2 P B
G 73 T E R I 3@ E g PR B 2
W35 ((SRERH, 2000 ) K R T R IR
ez PIREEES M ( 5255 > 2001 ) © Tida et
al.,(2000) {5 F — il CCD 1 4 52 #8 n _L-
535nm(#% ) FI1670nm (L YE )8 Hids 2%
IR GENKBHEKRAREEE &
(2001) 77 LA H3E 52 G 53 B Bl F 2R Rl
BKAR - QIS ML s AT & 7 T IE
)EH o

FERALTT I » TR RSB R
FEH B LR E AR I EE
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Slfz JEE P2 S8 0 A B (AR U Rl e Y
HEHEWTSE L o Chang et al., (1998 ) 7747 R
HESCRER: - FIFTRLIM B 2 it
2240 nmWRIH) R0 B ST AT TZ
Rt (5 S 2 K R R rTvA PR T
B FE (Brix)Z MLR(Multiple Linear
Regression) @il o (738 LEf AT AR
T BEE B TR CEE FER I - TR
% HEE P A G Y 2 S ER R o Sth B I e
b BRELRE 5 2000 5 SZEA 5 2001 ) o $E
PG MY ( Artificial Neural Network, ANN
) FORENL R EE 8 i A AR PERRE T < BER 75
% FEERBEMER B HEE RS
J7 > BEIEARRE N F25 R AT B B3 8 2E ik T LA
FEHA 0 FRAR M BR (R Al st = - 4H
AR e g 2 fo v St R D ] 2 sk e
BTG A8 ~ Frigpast ~ ERR s B E
BRI o 53— T IR ] AR
HE RS RS A ERLE o Bl
Chen (1992) FEF] ANNIE R R FESPER &
A E 1) 2 FER AL © Dowell (1994) [
ANNEZCETT 248 ~ JEZBILA TR
$fi ° Chen et al., (1995) i F{E{E R MY
% (Back propagation Neural Network, BPN)
SINTEALM RS Loy A K BB K AN A 2=
FiPERY/ NS © Chen et al., (1999) FEF ANN
TRAERES AR TG CRE ~ — Ko otas
B R AR BR A ALY MR OEEE (1000-
2500nm) ¥HERVTHE A IR 22 - 15 230
R A FERRIIRS SR o M ANNTE 7 HIE (RO 3
AT HER - @D L

i DAL 2 FRH 5 E 75 2RI R - AT
O ST O A 1 R 8 A S 0 3 B il g PR
JEE o P B O A R R P B
IR RHAE R FE B U T - ERESEL
B AG I E (ground truth) & S {E (3 3%

)

KEIE wWEUR B\

HIRH ARG e R R E R 3 | — &
e AT EEHBERETIAR S &
EENRAT BRI TE » DIn] i zCER SO
At 1% (GER-2600) & 1> FURE AN A B IE b A
SR H B T KA RE 2 SR Rl &
0 S0 {58 P 25 S RE R AR T AN [ U5 B
WIfERAG » DK IR OGS 2
A - BRETRAIR 2 Cal SO T HE ]
PRI RR B R UREE 2 FIAT I » St AT 48 LA
[ SRR IR B 70 3 TR ST A 46 RV B0 FH
KEAA T AR R RAGIRD - B UKAE TR
P58 1T B S HE B S B AR

8\~ MRIETTE

AR e KB 89 F- 2 HAFEE £ 904 1
HARAERES HAR] » {88 AN [R5 45 1 )
BIEAT BB T TRAPR & B & MR M 2
BEWTSE o 1 o LAnT R ZUHE B LA R E B
Bl K2 R R T KA g 2 RHHE
infatk e R &N - AR E AR
ZFHBE KRB WIS o H R 2 g3 77 CHI
Sl - (HAEBE > MmERERE - (2)ME
HE > AERER] o 3)MEAT » MFREF - (4)
HEIE - AFREH o (5)FREIE o AT
A fEE T A B AR e A=
FELEH R 2885 o T — 7 H A A IR
Filbupr BRI - LI KRl G E
SE AR BRI ST K AR
AL G FEMIE AR IR S - TR 5
Falk & R &R 2 e » LIt AR B
IR KRR & SR R AR » FEEUR
TR B8 A %60 355 1T e O ) g 4 2 2 7 P A
ﬁ o

—  IENEEENEHEaE
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At geiE 2 AR L R Y 5.25 0
UEF FH A A 5 B 145K - e o) BE
BT ~ SHRETE RO ~ 2288 ~ BATET ~ #

T AN [R] 2B A B At = R 7 77 X2 K & &
& o #S AL A K FEREA - HIFERATEL
AR M T3 - HEHZ IR P 1) K A )
KHEL0.2g810.5¢ 2 ffE{LHI(KaSO, :
CuSO, - 5(H,0) : Se = 100 : 10 : DFp
BE » MA—EF - R1&LL375°ChnE
A/ N EATIRCIER  fRraVE Al
FIIFH R 25 B T 2% 8 - ik At R
EERGAREGELANL -
2. R SR BB IRBIE

AR T IR GR 168 PR AT 488 X A O 3
{#(GER 2600) 5 H K} BB EC {1 10 & #7 F4 $5 58
IEKFEARFRIAERHR > 73 BIAEREE A [F 2
FHLAY P [ et = W 9 6 5 KRR A BB O

&R 2 % 117

i o flE 1R o ASHFEZERS B s A e
G A B R R R A A | T SmE
SR R A IR 1 400 %2 2500nm 1438048 S5 B
JeEE > W SHERS-232CEHE R IG H N E
SRR o FEROEEE R — KA
OB HLIE » B RNE R K &l
FLgE G ST o DUK S RO EER (
Reflectance, % ) * & LA /KA A4 R HANY
[CHICEEE R o AR IE i S iR e at S
HCF EE( Reflectance, R % ) ~ HUCEH BGEE
(log,,(1/R)) ke 1 (L B 2R a2 » JRF I AE E
2 1 /KRR 1 1) D 3 S B O 38 (Original
Reflectance Spectrum) °
3. BYDKIES S B EMER R 5T e < Z R
=1

AP PR G 3k % S5 1 1458 7K
TR A BRI RSk - E— %
ANRIKAGEAE R HARR R A R & R B[R]
R Z M S RO CEE A T A E T AH R T 7>

@l 1. SRS H BRIt &SR KA R R E R E -
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AT o EUE R B (AR R AP S S 3
Z FHBRTE B > DU 5 Y & B
LAy i i AT AR A AR =X o AR SR Al
R Z T K TR AR AN LB A R
WERRHREN 2R E » EF L L8
AR E A ERE R (Stepwise Multiple Linear
Regression, Stepwise MLR) ~ f&1ERYE 77 f%
/NE T BB 20 (Modified Partial Least
Square Regression, MPLSR) K& 17) i/ N
7 PSR KR 4 e B A 2C(PLS Back-
propagation Neural Network, PLS-BPN)¥{7K
R R EEN 2 s R

- IEREEENERSEE
AE <A SRR B R eTHK -

HEE WBE B/

HBSE G TR RSB T 5 RaAT 2 = (EE
BaH R AR 7 =X (R —HE
F&LLO ~ 60 ~ 12082180 kg N / haVUfE &AL
S > DLE R — YR A U ZUIE R DL
FRER s T ABEE —E AR R
S B2 FH [ DA R 77 SN DU MROK AR R A
AL 1285 » =R R 6k
HUSE Rk A% AIETT 2 RS o B 2 Ak - A
&l 2 pfr o alle 75 15 N B CCD i
PE(CV-MS50IR, JAT)EE{# i Kodak DC4800
OB PR REIGE G o B CCDoo b
IRF AR K S E 5 BE AT #62E E oW AN [R] R =
ISR - M AEREE R OEIR N S IR AN ]
JCEE Z R o PRI T BB S A e i
FE0(ZE 0 2001) AT BT S oAt

[E2. %5t

AR BRI ©



9 Tarka REE IR 2 % 119

S5 - AR IR 1 ERAEZ LA B
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spectrum ) ©

RAE S TR AR — R s
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ABSTRACT

This study was aimed to develop a remote sensing system for the
determination of nitrogen concentration in rice. Both portable spectroradiometer
and multi-spectral imager were used to measure the reflectance characteristics of
rice crops with different treatments of fertilization. The calibration models were
developed and evaluated; and the remote sensing system was designed with the
goal of nondestructive measurement of the nitrogen content in rice stalk. The
results showed that the best model of stepwise multiple linear regression (MLR)
was the first derivative of spectra with 5 wavelengths of 479, 623, 632, 715 and
1611 nm (r=0.89, SEC =0.29, SEP = 0.46 ). The wavelength at 479 nm in blue
band was found in best MLR correlation with nitrogen concentration ( r = 0.79,
SEC = 0.40, SEP = 0.42 ). The analysis by MPLSR ( modified partial least
square regression ) with the second derivative spectra provided the best results in
simulating the SPOT 4 satellite spectra data (r=0.91, SEC = 0.26, SEP = 0.39 ).
The PLS-BPN ( PLS back-propagation neural network ) model with the first
derivative spectra yielded the results of r = 0.96, SEC = 0.18, SEP = 0.52. In
evaluating the multi-spectral images of rice stalk, the calibration model
established with RGB bands gave the results with r = 0.83 and SEC = 0.20,
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while the calibration model with multi-spectra at 660, 680, 945 and 960 nm
yielded the results with r = 0.88 and SEC = 0.27. A remote sensing system for
determining the nitrogen concentration in rice stalk was developed by using the

reflectance properties of rice canopy obtained in this study.

Key words: Remote sensing, Multi-spectral image, Rice, Nitrogen, Precision

agriculture.
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10 Development and Application of a Simplified
Hyperspectral Imaging System

Yuan Shen'* and Yuh-Jyuan Lee?
' Department of Soil & Environmental Sciences, National Chung Hsing University,
Taichung 402, Taiwan, ROC
2 Department of Agronomy, Taiwan Agricultural Research Institute, Wufeng,
Taichung Hsien 413, Taiwan, ROC
E-mail:yshen@nchu.edu.tw

ABSTRACT

Hyperspectral images can provide much more information about crops than
multispectral images and are thus more suitable to identify the kind and extent of
stress imposed on crops. However, available hyperspectral imaging systems were
mainly designed for airborne purposes. Many local precision agriculture research
requiring hyperspectral images were hindered due to unavailability of any
hyperspectral imaging systems. The purpose of this study was to build a
simplified hyperspectral imaging system which could be mounted on ground
carriers to acquire needed hyperspectral images for precision agriculture related
studies. The developed system was composed of an Electrim EDC-1000L
Monochrome CCD, a Canon PHF6 1.4 Lens, a set of Andover Bandpass Filters,
and an Advantech PCA6145L Single board computer. Lvesa, a driver bundled
with the Electrim CCD, controlled the image taking process. Imaging processing
afterwards were mainly handled by self-written programs. Currently, the system
was mounted on a mobile life allowing images taken at 15m above ground. With
differential equivalent image processing, field images taken at 730 and 740nm
depicted the nitrogen effect applied. This is just one illustration of the usage of

the developed system.

Key words: Hyperspectral image, Remote sensing, Bandpass filter, Precision

agriculture.
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Table 1. The grain yields of the plots measured from the 1st crop of 2000. (Unit : kg/ha)

Field No. 43 78 84 85 81 86
Average Yield* 5941 6659 6760 6425 6564 6727
(8 sample sites)  (4640-6720) (6130-7078) (6050-7549) (5947-6801) (5910-6892) (6159-7353)
Minimum Yield 5091 5222 5852 4967 5289 5939

(24m? sample unit)
Maximum Yield 9984 10528 11425 10758 10790 10363
(24m? sample unit)
Average Yield 7198 7768 7961 7851 8164 8347
(24m? sample unit)
STD 1043 805 1218 943 910 950
C.V. 20.13 10.36 15.30 12.01 11.15 11.38

*Farm operation unit's data
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(a) Soil depth map (b) Potassium contents map

1. atBEH U — AR £ T3 OR I (a) S HiTE £ HIEH T & B (b)
Fig 1. The (a) soil depth and (b) potassium contents map of the fields at the beginning of the 1+
crop of 2000.
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Table 2. Soil fertility status of the surface soils at the beginning of the 1% crop of 2000.

Field No.  pH OM CEC Ca

Mg K Na P K Zn

%  cmol(+)k

NH4OAc extractable

Mehlich's 3 extractable

g soils (cmol(+)/kg soils) (ppm)
38 531 2.13 7.80  4.56 135 0.1 0.10 16.5 338 397
39 432 222 7.53 421 1.28 0.20 0.17 31.0 74.3 5.29
42 495 221 7.82 3.76 1.11 0.10 0.08 19.2 36.1 4.76
43 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
74 5.74 2.15 9.00 5.52 1.73 0.13 0.09 304 579 3.37
75 535 1.96 773 440 133 009 010 222 436 478
76 5.55 1.86 7.71 4.57 1.37 0.19 0.10 38.0 643 3.23
77 5.64 1.76 6.88 3.98 1.21 0.13 0.09 354 474 3.70
78 5.69 1.85 764 471 1.51 0.16 010 483 559 296
79 5.38 1.64 6.21 3.87 1.17 0.13 0.08 68.5 49.5 3.08
80 551 1.68 631 3.93 127 020 008  74.1 664 281
81 5.61 1.61 662 422 126 016 008  38.1 55.1 2.90
82 5.64 1.58 6.25 4.03 1.02 0.20 0.12 54.0 79.8 447
83 541 1.54 6.18 3.56 1.06 0.21 0.11 623 81.7 3.86
84 542 1.05 4.78 2.98 0.86 0.11 0.08 613 39.1 3.86
85 5.67 1.49 6.63 4.08 1.07 0.15 0.09 62.0 55.5 421
86 524 0.99 4.95 271 0.85 0.14 0.07 60.0 54.8 4.10
87 494 1.65 6.87 3.69 1.06 0.36 0.12 669 1362 3.80
88 542 1.37 4.89 332 0.99 0.11 0.07 484 41.0 3.75
89 5.49 1.50 6.85 3.81 1.14 0.18 0.08 359 643 3.65

N.D. : not detectable (lower than method detection limit, MDL)
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Table 3a. Surface soil total nitrogen contents of the fields at the beginning of the 1% crop of 2000.
Unit : %

Field No. 38 39 42 43 74 75 76 77 78 79

Min 0.10 0.12 0.10 N.A. 0.09 0.05 0.08 0.08 0.06 0.09
Max 0.16 0.18 0.16 N.A. 0.15 0.16 0.12 0.13 0.14 0.18
Ave 0.13 0.14 0.13 N.A. 0.12 0.12 0.10 0.11 0.11 0.11
Std 0.01 0.01 0.01 N.A. 0.02 0.02 0.01 0.01 0.01 0.01
C.V. 9 10 9 N.A. 13 15 8 9 13 12
Field No. 80 81 82 83 84 85 86 87 88 89
Min 0.10 0.10 0.08 0.07 0.08 0.09 0.05 0.07 0.02 0.10
Max 0.12 0.18 0.12 0.12 0.11 0.13 0.09 0.15 0.11 0.13
Ave 0.11 0.11 0.10 0.10 0.09 0.11 0.08 0.11 0.10 0.11
Std 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
C.V. 7 12 11 10 7 9 11 14 14 7

N.A.: not available

#3b.  aBEHE/ V- REENEE L e R aE -
Table 3b. Subsurface soil total nitrogen contents of the fields at the beginning of 1%t crop of 2000
Unit © %

Field No. 38 39 42 43 74 75 76 77 78 79

Min 0.08 0.08 007 N.A. 0.06 0.08 0.05 0.08 0.07 0.07
Max 0.13 0.16 0.14 N.A. 0.3 0.14 0.12 0.13 0.12 0.12
Ave 0.11 0.13 0.11 N.A. 0.10 0.11 0.09 0.10 0.10 0.09
Std 0.01 0.02 001 N.A. 002 0.01 0.01 0.01 0.01 0.01
C.V. 0.11 0.13 013 N.A. 0.6 0.13 0.16 0.09 0.11 0.12
Field No. 80 81 82 83 84 85 86 87 88 89

Min 0.06 0.07 0.07 0.07 0.06 0.07 0.06 0.08 0.08 0.10
Max 0.12 0.13 0.13 0.11 0.09 0.11 0.09 0.13 0.11 0.13
Ave 0.09 0.10 0.09 0.09 0.08 0.09 0.08 0.11 0.09 0.11
Std 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
C.V. 0.18 0.14 0.15 0.10 0.09 0.12 0.11 0.09 0.07 0.08

N.A.: not available
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Fig 2. Rice yield map of the first crop overlay with soil nitrogen map in 2000 year.
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(a) The random sampling sites meet the grid (12.5M*12.5M) sampling sites level.(0.01%
difference)

2558570

’ 5 T
218160 218170 2181802181890 218200 218210 218220 218230218240 218250

(b) The random sampling sites not meet the grid (12.5M*12.5M) sampling sites level.(0.0025%
difference)

3. AR [ S PRAR S8 Bl 1 SRV 22 ] 0 M Z AHRR T

Fig 3. The relationship of sampling site density and the soil properties spatial distribution.
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] ] Study the Distributions of Soil
Fertilizer of Rice Precision
Agriculture by the Soil Databases

Horng-Yuh Guo, Jen-Chyi Liu, Tseng-Wei Tan, Chien-Liang Chu,
Tsang-Sen Liu, and Ming-Chi Yeh
Department of Agricultural Chemistry, Taiwan Agricultural Research Institute,
Wufeng, Taichung Hsien, Taiwan 413, ROC
E-mail:hyguo@wufeng.tari.gov.tw

ABSTRACT

A rice production system of the pilot project of precision agriculture was
conducted in TARI farm since the first crop of 2000. Accurate methods for
assessing the spatial variability of soil, and relating it to yield quantity and
quality components, must be developed and implemented. This paper describes
the spatial variability of soil in the farm. Works to establish the links between the
spatial variability of soil and the spatial variability of crop yield components are
discussed. Soil database is combined with decision-making system in this
project, if the machinery system of variable-fertilizer application will be
operated, the system of nutrient management in this pilot project can be worked.
Further studies of the estimation of fertilizer application rates based on soil
database and plant uptake are needed. The system shall be completed before
2002.

Key words: Precision agriculture, Soil databases, Information of fertilizer

application, Soil spatial variability.
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Fig 1. The grain yield map of field no. 78, 84, 85 and 86 of the 2" crop of 1999.

K1, BB HEEAH U R AR s B o
Table 1. Grain yields of experimental plots harvested from of the 1% and 2" crop of 2000.

@1" crop of 2000 Unit * kg/ha

Field No. 43 78 86 &5 &4 81
Avg. IR 7168 8347 7851 7961 8164
Max. o84 10528 10790 11425 10758 10363
Min. 5001 5222 5289 5852 4967 5939

(b) 2™ crop of 2000 Unit * kg/ha
Field No. 43 78 86 &5 &4 &l
Avg. 6440 6337 7372 6613 7152 6327
Max. 7327 8482 8377 7475 8059 7536

Min. 5851 4217 6086 5797 5047 4876
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Fig. 2.The grain yield map of field no. 43, 78, 81, 85 and 86 of the 1%t crop of 2000.

o HE/A VR AR ERFAEE
FEEREE43 ~ 78 ~ 81 ~ 84 ~ 85 ~ 86HFE N
BRH & - R SUCES — A& m A~ —
DUR R A B I 2 77 (P > LA & Rk
el R 2 ik BB R Z A
A — 1.2 R X204 R » #EEFIL840%
A IEE R o Hb s B IRAN KRR SE
HIHERAR o BB ARE > IR IR
FERMTE o MR LUNTIER Az
WEI RS AR E & - HITBERDE A
A ENTCH R E R R B -

IRIE ERIGRE MHER it 2 B RIS
SN TUE— IARETE 2 a2 M E 5
67,822 8T » PRI 6,262 T/

EH > Horh o DI425RH %2 7,088 2 T /A H
Bfrm 5 MLA39GRH 24,471 37 /A H
BIK - LUVNRERNS » HikEER
BT HB1Z 8,142 0T /A 5 B E &
A% 39588 D1.23,431 A T/A8 - /AL
AR E R A 2 M RS 59,515
NI BYEERIES,A95 D T/AE » K
HAFATE LLSABR .2 6,421 28 T /N E 35 B
& s LA 75 SR 5 2 4,424 00 T /A LA S B
5 o LU NE E RN LALLE » HIl e =
T 845EHI A2.27,005 8 T /AHE 5 B 1K
A% 7598 HB2.23,537 AT /A 5
FRFFEHEGT AT 530 - 1E — - BRKGHE B2 FH
Mgt » —HIRER L 2P R a8

F
- e b



158

{£0.08~0.14% 2 s [ K- 2P 2RE
FEHIKITE0.08~0.11% A (RRH) - H
o D3OSR ~ KL 2 2R & 'R
PH550.13~0.14% /24 > 39598 H 216
HERREE  TREMEHE R
(HHAREEASRIEE > H—1EF 6
R H A RE e A A & R4 H 3O 8 Ay
2 o

22 HaA B AR A o A 2 Fa Rt
EEAMHE R ZEE  JIZRHEDEF
% LR GIA FIERe s B fma e & o AT
e FH 15 B R fi > 5 ] R HH [ A oz
My R E - IR EEE TR
B e LU e S K R - (RIAF
e st ERIRK o A0S AT -

RERE BlAE FEEH REIR

HE LR E BT R Al B RIS %%
A BRI o 2 DL B HBh e L
LIS K i Az FE AR A < AS[RI TN s 2 - 5
1Mk R VBV W HE 2 58 52 8 (Earl et al.,
1996) > &t i 7 A B 2 R[N » Al i
TOIRMNRNFE « ARNF ~ LKy
b~ LEYHE{LEEANE ~ HEH
3~ VBV a2 B S ~ VEP S0 B
T LR T~ F TP HH RIS
JE 50 R HH I PR U B B ol B Ok 3R 5
(Macbratney, 1997) o A5iff 5232 5w H 5 A
BUE R B HEEZ R PR
FIE Rk » ELE 2 HH k2 B PEE A AE ~ i]
SO P [ 008 P AN (] ([ 3 i) T ol
LB ES A~ ALRAEAEZ L

89 88
Ko TG it 4
87 86
FHE~ kK K ta
85 84 43 42
K FG K fa RS S K FG
83 82 39 38
KA KRG ~ B RS S KA
81 80
LT 1IN
79 78
LTI K ta
77 76
KA KA
75 74
KA KA

(&3, /N JUEE—BAVE RS WA et iy S E R ) {f ]

Fig 3. Crops cultivated in the field of precision farming experiments prior to the 1% rice

cropping season of 2000.
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K2, J\TIVFE—WIRElE D BEm itk o BBt Ra & -
Table 2. The nutrition contents of rice plants measured at the maximum tillering stage of the 1
crop of 2000.

FeldNo. N P K Ca Mg Fe Mn Cu /n B Yield

% ppm ton/ha
38 188 032 214 025 017 g7 721 673 338 332 572

9% 365 043 309 02 019 30 338 740 326 365 447
42 211 032 209 025 018 91 679 558 326 332 709
43 232039 265 027 021 9 84 733 340 354 594
4 182 036 237 024 017 101 756 666 350 345 659
75 203 038 232 028 018 117 667 543 369 354 587
76 174 038 264 023 017 101 708 439 317 344 625
77 174 036 230 023 017 g7 705 532 330 407 674
8 L79 037 239 023 018 82 91 683 354 36/ 666
9 182 039 239 025 021 71 620 671 3710 354 597
80 159 034 219 021 017 75 54 564 348 336 6.14
81 166 038 240 023 018 76 736 547 350 347 656
82 220 041 271 023 017 123 662 668 349 367 631
83 16l 039 238 025 019 81 612 550 347 354 655
84 167 037 219 02 017 77 580 439 330 35 676
85 165 039 228 025 018 g2 1140 593 383 388 643
86 166 037 218 02 017 75 725 393 329 336 673
87 203 043 293 026 023 97 o4 681 410 346 568
88 155 036 226 02 018 80 617 467 354 312 625
Y 164 038 242 027 020 9 1219 601 421 365 637
Mean 191 038 242 025 018 100 725 587 352 353 625

ok 250 020 1823 020 0.5 70-300 20-2500 630 27 3.4-10
Critical

* The transplanting time was delayed, about 2 weeks for the experimental plot No. 39.
** Tanaka and Yoshida, 1970.
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Table 3. The nutrition contents of rice plants measured at the maximum tillering

stage of the2" crop of 2000.

FeldNo. N P K Ca Mg

Fe Mn Cu 7n B Yield

Yo
43 301 033 273 0.27 0.19
78 2.87 032 271 027 021
81 2.84 032 299 027 020
&4 270 0.32 313 025 0.19
85 258 032 326 024 0.19
86 275 0.34 339 022 0.18

ppm ton/ha
335 366 340 386 490 593
290 320 423 345 5.39 548
315 393 413 397 5.18 5.74
281 318 420 338 482 642
224 386 500 331 419 634
245 369 423 369 502 6.40

Mean 279 0.32 305 0.26 0.19

282 359 42 36.1 5.02 6.05

*Critical -~ 2.50 020 1823 020 0.15

Conc.

70-300  20-2500 6-30 27

3.4-10

* Tanaka and Yoshida, 1970.



162 REE Bl FEH RER

— s NTNETHAREIE

J\AJUEE —BARALE 2 Fa g e s Bl /) B8
EHKFERERR 2 5~ 85 ~ 88 ~ SHLUR RS
EEILFELZEMM > HiE p<0.01.280%
IKHE 5 oL > FAEE B BFA KT & B RUE
FHRE » H3E p<0.01.ZBEEKUE 5 ifazk
e e BLEE ~ B~ B~ B - B FI A BA R AR
BH - EL¥9AE BEE KHE » BTSN o
otE B R CHIRREZ R~ 85 R EERE
Bt e E > RECEE - mIFERE
T 2 22 o

gt B U T HAERE R R
TCA IR B 2 BT RS » R W i B
fh ~ 8% - SF EBARAIEFARA - B E & FE
BA > 7 B K R RE A 2 R
> BB ~ B8 e B 2 W TR 2 3

I Mg 2 IR » &8 F TR
il Z AHBRTE IR - $PELES ~ SR ARG
FHEH - BRSNS Iy > $HER SR 2 IR
A 5 5591 - S5R0ELEE ~ 5 2 HARHIEAH
[5A °

Lt - bt R 24 mI A > 2B\
JUE—HIREIFE R R RIE BILRRR
P~ 8 s mE B R R s AT AT B\
U ZIIRE R E B i KAV BT R AR
A~ P~ BE ~ BILLRGRSE o AEAE R T
JNHTUE IR i R R R RS
15+ f KD A PR £ S 1% 106 1 R IBUER )
ZANE] > BUSEREIRAE B R ELAE - BIE
TUHR LI - (1A VR s e
K> MeEREDRY - /A LUE
Sk e SRS — IRE P -

R4, J\HIVE— IR BRI TR G BiaRrE B ZAHBATE -

Table 4. The correlation coefficient matrix of nutrition contents and rice yields at the

maximum tillering stage of the 1%t crop of 2000.

P K Ca Mg Fe Mn Cu Zn B Na Yield
N 03 064 004 033 087 03 051 006 027 041 047
P 060 017 06 038 009 035 054 035 008 -024%
K 006 055 061 000 051 027 025 004 0d0%
Ca 047 011 019 003 024 004 046 0.0
Mg 014 019 053 06 029 020 02
Fe 040 034 008 016 034 S
Mn 016 04 024 013 026
@ 037 027 006 029
Zn 021 006 00
B 013 0
Na 023

* Significant at 5 % level * ** Significant at 1 % level .



12 Kiare s e & B 2 163

b=~ 45 5B

H A\ U — faE E = o file] > 3
A #% WE KA H 2 R # i E E 5
67,822N T » FYIEERIFE6,262 2T/
EH s U AR 2 iR alR 2 AR E
FIE59,5158 7 » FYIFE RIS S,4950 T
VNEE » — &S o 1E R — YR 2 2
R EARKE12% 4G  Ehl\ e
HIRAE 2 7 E s — IAfa T B Rz 2R
K JERRIREE 2 A F > BffEikEE
RG> B E TR ZWI G o (i
1B TER R - ST SR & R
b R T o (g A AT L3 e g 2 7
T > BREASRELL TR 2RI > LT 1 lR]
TERTFE » A LTTHEAgERTER 2
HAGR o TAEMEE AR ~ Aif A [ st R

ZAEE S NTHEIEA 2] ~ kAT IR
b~ BRI ~ REE MR EF IS
PR B2 8RR o R AR IS AP S B
KRG Z IRF R B 22 (R8T - LIRS E B L
H ~ EAHRL KRBT - 2Tt i
TR & Bt FH 28 73 B 2 ARHE > LURe e Bl
Al FEARRBE T 2 FEE - DA E R ERET S
HERREY B RS R TR HEB R 22
6

28 ~ SRR

1 FREsH ~ RELR ~ VLG ~ BRAEE
B o 1999 o EEEI I B H £33 )
B A 2 ST LA - R OR
#ER) -

2. Earl, D. C. R., P. N. White, B. S.

K5, JUHIUERAIEBERINE B oU 3R & B SliagE & ZAHRIVE -
Table 5. The correlation coefficient matrix of nutrition contents and rice yields at the

maximum tillering stage of the 2" crop of 2000.

P K Ca Mg Fe Mn Cu Zn B Na  Yield
N 062 035 039 058 037 -002 023 052 031 040  -0.51%*
P 042 028 032 003 00 024 027 000 025 -016
K 077 038 045 014 046 017 024 08 049
Ca 066 046 001 027 029 036 074 037
Mg 014 007 017 023 058 053 053
Fe 018 036 035 018 047 -027
Mn 022 032 012 020 008
Cu 035 005 038 005
Zn 038 019 -025
B 038 048
Na 0.57#*

* Significant at 5 % level ; ** Significant at 1 % level.
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[ D The Relationships between Rice Yield
Variability with crop Nutrients on
Precision Agriculture

Ay-Hwa Chang, Jen-Chyi Liu, Yahn-Chir Lee and Chien-Liang Chu
Department of Agricultural Chemistry, Taiwan Agricultural Research Institute,
Wufeng, Taichung Hsien 413, Taiwan ROC

E-mail:ahchang@wufeng.tari.gov.tw
ABSTRACT

Paddy rice is the main crop for the study. The experiment field of precision
agriculture is located at Taiwan Agricultural Research Institute Experimental
Farm. We have analyzed and evaluated the rice nutrient spatial distribution and
the soil variation of the experiment farm. Geo-statistic software and GIS were
applied to map detailed plant nutrient distribution map of experiment fields. The
rice yields and plant nutrition data were analyzed by co-kringing method to find
the best relationship of rice nutrient and crop yields. For precision agriculture,
efficient and accurate methods for assessing the spatial variability of rice
nutrient, and relating it to yield quantity and quality component, must be
developed and utilized in order to build the relationships between plant nutrient

and growth variability.

Key words: Precision agriculture, Plant nutrition, Fertility management.
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] 3 Fertilization Recommendation System
for Rice in Taiwan

Chi-Ling Chen, Yu-Wen Lin, Chong-Ho Wang, Jui-Min Chang and
Tsang-Sen Liu
Department of Agricultural Chemistry, Taiwan Agricultural Research Institute,
Waufeng, Taichung Hsien 413, Taiwan, ROC
E-mail:ychiling@wufeng.tari.gov.tw

ABSTRACT

Three major essential elements ( N, P, K ) are involved in current
fertilization recommendation system. The fertilization recommendation for
nitrogen is based on the results of experiments conducted in Taiwan, and
adjusted with the crop productivity, organic material application, and soil
properties. The crop productivity rankings are divided into four levels, modified
from the ten levels of productivity rating of paddy in Taiwan. The higher the
productivity the higher rate of fertilization is recommended. The rate should be
deducted for the nitrogen released from the residue of the previous crop. The rate
is deducted by the 90% recommended rate for the production of high prized rice.
The rate was adjusted by 70% rate as long as the fertilizer was applied in deep-
depth and was split into several dressings during rice growth. The rate for
panicle initiation stage was dependent on the leaf chlorophyll value or remote
sensing information. The amount of the individual three or four splits was
decided by soil texture provided broadcast application is adopted. After nitrogen
rate was decided, the actual fertilizer rate can be calculated with different kind of
fertilizers. The recommendation rates for phosphorus and potassium were
dependent on the levels of available P and K in the soil. The varieties of rice
included in the system were Tainung 67, Taiken 8 and Taichung Sen 10. The
fertilization recommendation system yielded from this project will be

programmed and be completed by the end of 2002.

Key words: Rice, Fertilization, Recommendation system.
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) 4 The Rice Yield Mapping System
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! Department of Bio-Industrial Mechatronics Engineering, National Taiwan University,
Taipei 106, Taiwan, ROC
2 Department of Agricultural Engineering, Taiwan Agricultural Research Institute,
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3 National Kang-San Vocational School, Kaohsiung 820, Taiwan, ROC
4 Department of Bio-Mechatronics, National I-Lan Institute of Technology,
I-Lan 260, Taiwan, ROC
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ABSTRACT

The objective of this paper was to study the application of rice yield
mapping system for local rice production in line with precision agriculture.
Although there are several grain mapping systems in use in other countries, the
mapping system for oriental rice combine is still under developing stage. This
paper reviewed development of mapping system in foreign countries and
reported the up-to-date research activities on local rice mapping system in past
years. In order to monitor the yield spatial variations, the local rice combine
available in Taiwan has to be equipped at least with data acquisition system for
locating and measuring grain flow and grain moisture. A Kubota R9101G 5-row
combine (cutting width 1.6 m) has been equipped with the following instruments
such as grain flow sensor, moisture sensor, data acquisition system, display
monitor, speed sensor, run/hold sensor and GPS to study rice yield mapping
system suitable in Taiwan. Based on the information collected from these
sensors, rice yield map can be produced by an application software and served as
a criterion in farm management decision making. The GPS offset in locating the
harvester is within 1 meter. Nineteen field harvesting tests had been completed
between May and November, 2001. Five field tests were conducted at precision

farm of Taiwan Agricultural Research Institute. Other tests were conducted at
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Tainan, Kaohsiung and Pingtung counties. Although yield and moisture content
of harvested rice can be monitored by the yield monitor at 80-90% accuracy,
further calibration works are required to upgrade the accuracy of the yield

monitoring system.

Key words: Precision agriculture, Yield map, GPS, Sensor, Rice combine.
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i fi (variable rate technology)% (15 »
2000) ° FEEZ o ECAIRE{E FH S #HE /7
XERE—L > R - il EsEE
o NG R H E AT e - A
B B Rl R IR R 2 5 o BRI A
() AR} A R B ] A s g 8 A S JE 17 T o
Fre Bk > i s HH s AR S Y A =

I A2 78 25 K5 ME J2 3¢ (Lachapelle et al.,
1996) ° (EAGHEELZENHIE T » MR RUFHE
I a5 7 A 7 SRR/ > BIAR AR )
Bl K& ~ VEPIAE RARDL ~ 83 B 3 1
B MRS FELEEENA
(7 ft B A <5 i 2 OB ~ % 4 B S
¥ o IE MR UERZERIRG R - R IERIFYEL
A ERVEW) A A R A R RN B W B SE
e o (A ARG R ~ A REHERE SIREE IR
i = 115 IR £ B (Auernhammer and
Muhr, 1991) ©

A YE 56 M) 32 — 1 AR ERLACRT38:
Pt s 98 R FE BRI RVE A BEORAT » HoRAs
HERES RN & o HEH AR ER
PE FRAAE S - a2 B A H [ i — s
E S P RSy B T e vt e
B SR AR IS B A HH [0 A [R5
MO Bk AR A LG - B~ R~ R
B~ FROR A R E 2R
J&(Clark and McGuckin, 1996)  #f %t 22
R DI E S BRI R » (5L
PREGERYT » il & HH I e ] S R kA )
F) i USRI B E 753 - B9 © FH &
HETHIBARR ~ EE ~ ¥ TR A = DL
FaAEHHE ~ TEPIlmESE » LU El4e & F1R
it HL D R BRI 15 Y (Johnson et al.,
1997) » KEHEELSE 2 R e B i PR IR
IRF ~ 3 i B B 1Y 4 - DU @ B
SRR R
in the right way, at the right place and at the
right time.” FSEERL_dtH Hl - K5 HEERZERY
HEVEFR G — Rl - bt - &
BRAE AL AM(GPS) ~ BhREH B RIS S
[& (on-the-fly data collection devices) ~ i3
BN AHE(GIS) Bl ] 38 2535 fifi (variable rate
implements)%F » JEA FAGYE R ZERETERR

“Doing the right thing,
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©

i

FER] 53 £ 4P B (Berry, 1998) © #EAE i 2
QUL 1Rz
1. BERIRYUNEE (data logging)

TEVESERE R F 25 AH R 2 25 AR
TEZERE 2/ NESREYIRMHBRE R 5 FEdS
GPSE R LA B A i Fif HH b AH BR & K o3 A1
i 2 B
2. B EUR (point sampling)

TEHIRETT TR > 257 HIEB

BLZ2 R BR % o
' g DATA

SOIL MAF

& A LOGGING

|
|

[
ol - -
L -
wly ¥
[ ]

i

MR g

3. B2 (data analysis)

155 EE e s 2 L] B+ 3 [ g 1 GIS ik
NAE M B AR - DLk € FLfR Y FH ALRA
e
4. ZEEHET\ 1B (spatial modeling)

18 22 [ 7> M7 B8 45 288 57 HH Rl B VR HE
» (EH B fif T If (Condition) Then
(Action) ) WIBRLR » G40 : (RIRVEIIR 58
ATEDUEER - ACGHETT 3% H s ENESE ~ fiE
A AIEEE RS -

: DATA
ANALYSIS

..-.-_'f“f"‘f- ;,1_@' NDEFENDENT

DEFENTYENT

A

,ﬁ"'ﬁm

i Derive Relationships
i I
! Balizite Reladonships

=

I (Condltlon) Then (Acton}

| PRESCRIPTION MAP
POINT . SPATIAL
SAMPLING | MODELING

[l 1. FEHERRZEREIEMAE (Berry, 1998) -

R SR SR B PR RS & = )T 1
FEE T (Shibusawa, 1998) :

1. EEEEEREE (describing
variability)

B i B RS AR LR A 2 Y D A8 S
HHEE » ARG B 252 > %5
T LERIFELE

S LT O T 1 = 5 20

(1) Z2[H]1ERY 52 5 (spatial variability) ©
(2) FRFFEIVERY %8 ¥ (temporal variability) ©
(3) THHIEREE S (predictive variability)

B S JHE S 2 T [ 2 ) A8 B A i
o RE & E B2 A I )
TEPIA R EBLAE & ~ MEEBRR A &
Py L FH [ 88 B ] | o 1 HH [50FF e Sth B
AN ENMLE > Ml HGPS 5
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DGPS(Differential GPS)7E {11 A] F&{H1R KK
Bhda o I der 58 S HI n] 75 B5& Ml (remote
sensing) K RY » HAAN AR IGE ~ (F
Py R BACE ~ 17 BORBE AT ER Y
1R IRE 5 11 28 e Y ot it S ] P BV R IR
HEDR -

55 0 R A TR R R s S - R
> 22 [T A S B PR A IR ] ) 88 Lot mT ]
GISHIBMIAGERY © B & & (F— LR TH
WIS 5 > AN - AR PRSI A R
T o FEINE S R b DR R B B
i ] FIAE 2 5 b Y el e 4 P g 1 R
e
2. O] R (variable rate control)

RS T B & HH It 7 72 St R i 1 2K
AN - DR b ] 38 R it A 2 A ZEL (o
[ o

AR PE ARt
(1) fFHACE H It E AR A7
(2) HIEIE BB E A -

(3) HH I I ffE B ] SR i

HH [ (E 1 (7 1 AT GPS € (1 15 » H
VA L [l TRy JR T 5 ] 4@ (4L L e it LY
A > APPSR BN R AS & BRI HE
AAHE A it E e L » (s ol m] S i
P o
3. O REBRVRFRZE R#fi(decision

support system for managing variability)

DRI ST A T e Bt R AR R E LR
VR R B ER R B R 2 TR > RIS H
I P SRS L ) (B 28 Pl i — s T AT Y T
] » SRR (L

— BERMEERR

AR NE R AR R A D
5 DY {lEl % % #% (Schueller and Wang »

1994) :

1. {7 #fi(location)

2. H & i F 4577 & (setpoint map)

3. ¥E1ill#3 (controller)

4. E#) 75 (actuator)

e 7 R A T RE 2 1 B IRE B 7
B o H & e E 2 Re s it 7E H [ ki B
7 R A AN (] P A AT HE O M 2R > eIl 38 0
JHRETRE A HINERE 2R R B B 28 > 2
TR AT AT ER Bl 3 FE RE RIIRE 72 A2 21
BE » LA AN nTBiRiY o &2 55—
B (%) e 5 e 2 A8 AR U SR #E (Clark and
McGuckin, 1996) » K517 Bl & & E £ 5
SN A o 1 BV (IR M B 2R > O
i B (RIS BE A 2 1T AR I IR A &
BN IEF 7 43 GPS(Real Time Differential
GPS,RT-DGPS)E {if 2 # afl ik LAk H Ve 4
BHIIENIE > WA GIS B .2t s
I o I EE FUEET H AR I R 2R
I O M AR (e e ~ BV LU T H
[ 7 Bl S S o AN SR AR
{EMEEERE T E R & HrER) /72X (R E
WA E S RISER » & R 20 A ELK E &)
RAEWRE » — U ER S e SER T B[R]
IRFTERK

TE R E T3 A5 R IR 1S TR T 2 e 1
PR TEIRE > WA« 42 = R MRS I L
(o LA B LB e i LIS TR R
FEURY (B0 gt/ PR S /T ) ~ MR SR AR 1)
FH (i AT 32 e LA AR BER 1) ~ MERVRR S %
BE R A A €S UR el
W) o EHSAIELERETT S - HIISE 2 figEs
HA SRR 5 ) - K B RER S
FER EEL o HHAVE BERLI B R M 1 12
5 HAE IR et BL A Ha N B & - 5 — i
e Al Fc HH 2 BN S Y B RE s 1 S1E
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Computer &
roller

HEESS, Frug Laround ﬁnch;IHI
e ey

=

Comt

-

. Chemiieal

: Inpece
. I'?l nk
Frising

Euly

-

- -~| Water Tank

> &) 15
i l--- .H'i |
|l'~F ump l—| Injector |_

| RO TTRE R
[ I'I|1'.'|IL'I.I|I ol
‘al

| alve

\_.,—— _ .
4 Fluid Flow -,
xﬁz_m buriu._:uL

{ Boom Valve

| | ]

[E2. S#ZEGEE A4 (Clark and McGuckin, 1996) ©

Aij B 728 il 4l 18 2 # (Schueller and Wang,
1994) o 7£ T~ HITEDL N 75 AT EHE kI
{EIRFR]

(1)EFEERRA T B A R o

() % Wi m A 38 BRI (] o O

(3)H [ M SE R g ok -

BEAt o MEEERLA TS 1S 6] R B IR FF 2
SRAT It L 2 T T 2 M R Y B R
% R R R AR ERE o

2 - BN RERTS A

ZN A DI > 35 R DR oy Ng 573 i
Bl
1. 2 ERE 7 B (GPS) H RS F R o
2 JHNE R A ©

—  ERENCRAAVEEE R ERREER

1. Trimble GPS Pathfinder Pro XRS
SE8] Trimble 23 Al 3% AT #5E R GPSHH

fF > BEAEEL > FEELEE - BRI ~ RERAN

IR E RIS -

(1) Uk - BA 12{@4H3E (Channel) ~ #
IS BLAB(LL » 1573.42MHz) C/A-code
1 Hz & FHEHTHZR (update rate) ©

() K#g : B2 thFHR L LT
BRI B GPS T A AR -

(3) BRHILEE/FEHI 2% (Trimble TSC1) @ A%
B E 2 BEYE - H2MBERIECE
& A[FFHPCMCIA FHEFE -

(4) EIF : EFRHESDCI2VA] EELE
APRE M2 E » IEHF TE Al {EA /I
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(P EMETHE) -

2. BRESER D

(1) TSC1## {E ¥k #8 — Asset Surveyor
version 5.0 : f%Trimble /> A]flf Hi & 2
Pathfinder 2 BKE (1AM HHI RS o H
R — it < BRAFICHE > (0 ATFR e
SEE A 0 RS 2 B ORH I B /PR 2
(TSC1) | » HITSC1 b 2% B E R4
HEE o

(2) BRHLE P #CHE — Pathfinder Office
version 2.51 : TrimbleZ: A] At /& 2
Pathfinder 2= ER 7€ (i R AR HKHE » & — 14
BB - BHERIEE
f(‘ o

(3) GISHHBJHHE — ArcView version 3.1 :
ARCView g H [ ESRI(Environmental
System Research Institute » Inc.)Z) &P
Wy —& 5 E R B AR - BE
STl BRI B R o

(4) GISHHBIH#H#E — PC ARC/INFO version
3.4.2b : PC ARC/INFO71 % 3EB ESRI
INFIFTHE R » BMS-DOSTEHER#
HL R B 2 e g A A O 50 38 A i 5
{iH -

— - FEIERHR

1. FAEEE - AR R EAE R EE K
i % 5 W I 9 2 1% B B 5% 57 BECAY R
ZTSL500 > A5 #EHONDA GX390
GCAARIPYTEFZYIHG & -

2. WEEEREE - KRS R TS-80 B B i
TENE LA ) B A > LB R R
S| 8 L) Rz A ) o

3. 1R S BE NS BRI AR A« ME BE R hE K
il 1.2m/m X35 ~ IR/ 314em
315em ~ F1140cnfEE 8 2m °

= BESA

HhE o RS BT - A PEE R A
BRENLAM 2 EHIEZE 55 _REEE AR
WE 4 B BT M fiNE
(—) ERENRRBEAESR
LERERE: 5B GPSIMH

Trimble ProXRSHJFH{E B Ad FH /712 o
2. GPSEMIES :

B REFSARENL © B HEAProXRS . ZH)
RETENIFHIE o EHE—5RAT A IR AR GPS
AR P R A 1] 7 A H L o

SRR AR ~ BREGEL A 740N
it :

(1) B&AR : B RERRZ -EBERG—HFE
A= —/MIRFR — BB AR K8 — 7 4 e
— X & — Ak L& — FE T AR B — MR
K38 — FF ISP — A TR R = — &
B g% — K i AL E e (L JHI) — ZE RS —
ZREY — BN — K & 4RE
(T — FEPE & — At g — At LS HIFT
—HillE — oA E - BEEER &
KAWSR

(2) BREE « ERAR A REE Y 2 E Y e A A
% H XA = 288 Ey 0 i

HMBREAE -

(3) EWEEH : 1% GPS K KR Al B[]
{E—HBMARCH B Hi[HZ 2 fmfrpuly - $2
Yo b LR v [ R T LA 0 1 S iR
SIf7 fi AH B 42 U AR E (ARt BRI -
manual 3D » EN[EFE2F : TBHEEL
TEREZEE) » REEYR BRI TR

@ FERaHN - A A GIS H & ik 88
ARCView E 8 5 K Bl 2 [t 215 8 1=
BT AT o Sl A AT AT RS AR EE AR
LUT fpghReiis -
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(O) BN EEE T E S
1. PR\ AR 2 R PR A S
P I 2 B A R B I

2. J4ECHE A GRS IR -

3. BB EER | ST 2 B
(A R 28 -

4. TR A S 2 A [T

=
an ©

B2 - FESREAEUH

—  BPREISIRE I BAIRR

15 B W B R LAY e 3% ta k) )7 =N
ik Z = HEBE ARG L K F- PDOP(Position
DOP){HANE 3 A7 » & Hh el AT 5 R
AR BB B B ~ B E RGBS P B2 FR IR
Sral i B [ GPS Kk 32 B =B # » 2
{42 MACHA, mT R P 20 fofe B0 o ) e 22 B Ok
DI PDOP{EA 8 RHITE I HE »

S L] N RO AT

MR g

1T R RIS S 2E0E T IR GPS KR 5t 2 2
AR B E E AL o DU T EH B AR E —
it > FLrPIERZ AR R iR BOE AR I o

BAREMR -EERG -8 E -
/BB RR — AR R — T 2B i — 5 X —
Fit L1 — SR A — B AGE — At (LS 0
[ — NS = — BB B — KI5 = A
(B AR — AR — L RS — RN —
A R AR I (T 1) — BRI — Jik 1L —
FiF LLESHIFT — Bl —# S 20 —BE S
Bt — 5 KL

A E IR AR AR 5 K B2 Rl e
qnlE 4 ~ B S A+ B T A Bl e e
REMEW G » (BB SAUE T A5
A= PDOP{IH 3¢ 3 #iE72 0E (L W 16 2 HH AR »
I L GPS F R ME — RS T BAE LB
IR fak o

S F A FLAT A o 'F R[] 3% R L B
(PDOP <3)#IF - Gl 4 Hr ARG LB
B - BT ERFERERE (LA 22 0 iy

T A BE A B T
Pdopii_snp
2115
M :.-5-4

' a = Bl
« BA-T.8

3. HR—ZHRESZ EHIRHR -
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GPS 5 A T EEEE G

GPS 4 [ R AR T T B

SRR S S i

1
J f
ey

[ 4
i Ay AR el B P
" = AR d ]
T - - d

i f
= el
] [

+ -

4. 5 OKEE SR E SR - [E]5. 2 HE S I i A e R o

e 6 Frrs

RIHEEEE = 0.0025° X 109kmn=272.5m
1. BEEREAE=0.0025° E

2. AR =0.00002° N

ST
R E G
M EA
250916 -
2501914 /
jl
250912 l
I
1
g 20M o i S i‘i -
E] = B ERE
Z 250198 / >
: i @ ER(AH)
= 2501906 ! !
Il ] 1
1 I 1
1 I 1
2501904 \ !
t
1l
2501902 ﬂ’
|
25019 !
1215265 121527 1215275 12158 121585 121.5% 121,55 1215 1215305 121531
Longitude(degree)

f&l6 . MEFAAGE A [l S B A o

BTHIEEAE=0.00002° X 110km = 2.2 74 » HERREAEE KRESEAERE D
m > B TERERIRE REEE o BIMERER R ] L B R E

Bga = AR AR A o &G R ZBRIEI L -
fr o LB G R - R B R A A R FE L ER Y AR RS BB RS (3R

ArcView U & B HEAEFE > PDOP(<8) 1% » wb Al BIEE AR EHI & (130 3 28 R 3R
TERHEZ BIE T T R R E B & A - 7o o BN SE I AR S ER 8 A KT

B T A RARY SRS AT 5 0 CReimSEHEE ST D6 > i
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Trimble Pro XRSE[IF 270 E N & CRERT &

VES 4% LSRR e SR AFE Y FIR A2 {2 2K

— RNIEEE B HIEE
BT Al P DA S SR A

W

i

B

(N LA

ySURI-AISE

MR g

PR A S A B LRl T S 8 A A2 o2 FH [
5 - W ERAIBRPA (8] 7) 5 —Bﬂiéf;%’f%é@)&
M PR R AT RS RE o FH IR - W BE RN EIGA
% “’iﬁBEIF'EJEm"EVF%(IS) PR
Bl - FRMESERE b 5N E — B SRR

[l 7. AR AR SR R A GSE I o

[ 8. MR SEA e A RR R FH It R B R Y58 T
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SEECTB) SRR - BRI R A T 3%0E
Z Il

= 5@

S E b i) & e T LASRITF A Trimble
Pro XRS MJHIREE M IEEIHIER Z 3 AR
A 0 38 R E A8 2R e S A A AR =
SERE AR € (85 [ 2 PT1THY  fEGPSTE
i BB R 20 By 2[Rl 1 ER 72 CAS HH 22 0
ERIFTIARE - H A B RTAE AT ARE £ 25 2
i E A ALRFE] 200055 H 2 H B _E /UK
SAKUIERAPH » FE2 IR0 & &R RE S G HE
{6 FH GPS "E AL R A7

B

At5E L EEE R R TR RS
S T HINE S B MR R AT W) D aRET - RS
T B GPSRE N B GIS AN A U B G
FEE SRR /1 T > PG S N 48 E
WESRAHI R - (MR AT B A 12
TEEAVPER o HGPSE i B Bt SR EET »
E BTG MR (S ) B0 5 i LA B )
REFAE3 A RLIA -

RARAESBARHANE R FER] L & U
183 GIS 7317 o ik ik fes 5 L . [l gt ) 155
SEH it < shPHERR > FE PRI SE e b 2R
GPSEULE S E 2 fE HHUH [ > BV
G5 B E A S ek R AN [R] Y H A e - )
H1 GPS HITHRF A2 (o7 PR AT (5 72 B 3 2 RO Lt
GIS [ Fegf P a3 H 2 A (] o B PR AR DA
WES 465 Ff1 Fft iR < FHI [k > 317 7 308 6 ) e B
W DLz B A e o ~ @ s R H
fy o

b= - SIRSCER
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15 CDevelopment of a GPS-operated sprayer
- Spraying at a destined field and by a
fixed flow rate

Ying-Tar Liao!, Chung-Kee Yeh! and Lien-Sheng Liang?
! Department of Bio-Industrial Mechatronics Engineering,
National Taiwan University, Taipei 106, Taiwan, ROC
2Department of Agricultural Engineering, Taiwan Agricultural Research Institute,
Waufeng, Taichung Hsien 413, Taiwan, ROC

E-mail:ckyeh@ccms.ntu.edu.tw
ABSTRACT

The purpose of this study is to establish a precision spraying system of the
boom sprayer that can be controlled by a GPS. The sprayer can be operated at a
destined field by a fixed flow rate. The necessary apparatus and instruments
include:1) Trimble GPS Pathfinder Pro XR: includes a receiver, an antenna and a
data collector/controller. 2) Control and analysis software: includes Asset Surveyor,
Pathfinder Office, ArcView and ARC/INFO. 3) Boom sprayer: manufactured by
Zetor Co., Model: ZTSL500. 4) Sprayer control kit: produced by Spraying System
Co., Model: 744A. 5) GPS controller: made by a domestic Company. The methods
are: 1) Actual measurements by GPS: Positioning by an actual dynamic path. 2)
Actual operation of the boom sprayer in field: a) Coordinates saved in a CF card by
means of a computer. b) CF card inserted into the GPS controller. ¢) Boom sprayer
operated in field, observed whether the spraying valves are actuated. d) A signal
lamp mounted for the purpose of monitoring in a long distance. Results and
Discussion: 1) The positioning experiments of GPS show that all the errors can be
kept within three meters, either the error from the static positioning point or the
error from an actual measurement by various dynamic paths. 2) When the boom
sprayer is operated in a destined field, a lamp will flash and rotate. The control
valves will be actuated simultaneous for spraying. If the sprayer leaves the preset
field, the lamp will not flash, the valves will also be closed and the pesticide

solution will not be sprayed any more.

Key words: GPS, Boom sprayer, Spraying control.
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AT R LKA R B AZEY) - R R R oK A S fe i ik 88 2= i A .2 =
e o [FIRFER GG HERAE 2 77 5K« B At i A\ T hahe n] B AERHH &
#140% > JAHEIE2 — 3K » RREE R o FRFRTEBELE IR A gk
AIYRD R R 2 375 G B R B S R T AL 2 B T » R 9E B 1E
o 25— 2% i it A 255 1 B E PR T SPA 6 e A8 T RILARE | - [RIIRE {0k 1A
A hEAl - {5 H R Rl B A [F] 0 AT o ATEAERIRA G IESIRE &
AERE > a2 AR A F R P HE & 2 60% » 375 — 675kg/ha © R
B AT (E W R P R T E R AR - H B EE 2 8.8¢ 2 2.6¢ » UL & 47
JNAH o EFHEACELEAT 8.8g » 7.8g » 6.8g * 5.8g * 4.8g % 3.8g ° fiti A6
— 8l 1 o MERHEC HH FH i A VB - AERHER A BEAE T > R AT
AR (PLC) P2l R Ak S s 3 e TUZ 188 LIGE 7S R HEAE 2 > AR iR
{'F e B 2 < BN F - (5 AR o P i [T o e A SR A B IE e H
B A R EAlEs 2 B ) 2K B R T > BRE B TR 20
BHE o BHSCRRISA0 > BERIERVE 62 DL E » Hi sl - NEAt
A o WAEEHE 2 A EET 62 » HERE &R T2l 42em X 30em X
40cm > FEFAILEIA BEHI20kg o AN TR E AL RGPS M AR S E A I 5
L o

REIEED : /KFA(Oryza sativa L) ~ MR ~ SRIGHEAE -

Z =R o VEVIRE LR Rt A 4l 75+
E I AR BRI AC 5 A e

MREE 2 B8 18 ~ iR - . < EoBRIREE R ey L E s E
A2 BRI A e R Rk iy 2B REIRFIR B HIRER (T

Tl

= Al
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BHEEY ~ 5y 2 TIE (L EEE) ~ BT
T 2 AT B (AL R AR 75 )
TEVIABE b2 By T R(EYE 2 F A
kR A AR IR 2 Bl o 38 (1997)F5 H
T DR (T EP RS RE R
Bl ~ ST =R MAEACES - 1EI 4 R 268
it RS 8 ez S48 T s R Y R R k 2 ) © FH R
BRI EHERS IR E BUR > BR—EZ%
LEBARRRRIAEEL o« M A T 26k /T
HZ bk BREKMERER - F Rt
FERE - HEAE 7T X - fERRZ
HEBI A /AR A L AR 2 H 19564 2.25.7%
BEE1976~19854FE.28.4% ° .2 » H T
B A LR AT E 19565 2 41%H3 %8 1981 ~
198542 57% o KB R[2] 85 H H 18 =
7E A AT A o (S RILUOKTEEST
MEESVEZERF A 56— ~ —HAVE MG 3 A6
EALE A RE S INAE 1 > B REE F & 0t
755,696 7C ° HEEAEEERNT.0% 0 K
15 R 904 8 H 2 18 2 e W) (E Bl il AR H
o KRS — ~ AN E
BTE RIS IR AR - HIRERLE RN H
651170  ASEEAEEEHRT.7% » 55
MINERI B 1 14% » S8 ERFE T 20
B T &I RN « FRRREEK
e E > MR Z R R
YRR o T BN RS BC A AR $ B H AL
R HEB) SN S E B i (WTO) » Ik
7 2 R 91 FEHGAIEEHAREBOR » I &
BRI R A Rl AR 7R M
TERGHE B SEN BINE A > B 1 18 BT
JIWFGHERE B o Pierce and Nowak (1999)%}
A LI AE T RS e BB S R AN ¢ 22
IR 8B 5 (spatial variability) T7/E 2 H & A
ZASEE ST > Bt SR e IR IEER L
[FIRF o b —8 R H SR - thil

g BRI EYER - WE A RER
o R TEIEIEM s A
R~ W~ $EICE o se I HERY BiE S H
il o

IR e EH [ T IR s 5 > TR
R EEDER 2 — » MR (2000)F5 H TR
ok TR M 73 s [ 47 1R & HUER (traditional
composite sampling) ~ F& £ 1 3 HU £
(benchmark soil sampling) ~ F7#%i% T3 HY
Bk (grid sampling) ~ 0 5 38 [m] 1 3% AR
(landscape directed soil sampling)>% o FHHY
B T RS EIRAS R - KOEGPSHY
7 B AEBEARITIRC & VF2E > A thmT DUt
17 H s 2= Al -

— R FEE K AN ) 5 PR A AR B
% > Radite et al., (2000) 558 fEEIELE R
IEHER) » [RIfS Lee ef al., (1999)FYanai er
al., (2000)f&tft T =FEEEIRER - KH
WY TR R SRS LHRR
F(s0il-N) ° [K[ltRadite et al., (2000)F7ER
R SIAE A A EE AW b JE i BE (top
dressing) » 5 7K A3 HH A A 1 18 SO 2 A
1K o EEE S R AL BMER K 2 E
RFEIRFAGEEREE - 100 B &
&y SRV ER2EME R T K
{5 o EBRARIRIN T7 1502 LAEE 0 B B o
FRIREAE » ZTI At 1 v 7  AE R] P F) e
FEEA S

IKFE S 2R J R T BB A 2 K
I Z NE T HIRGCASE BRGNS & > P AN LAGE &
HERE(8-10ecm) » MZKFEGEE HEAEAE H 4%
B R C Bz geAa AR o (£ LG E TR
HEH A MR RS R EEE - B
FAO AL R O R ESBFZ T
P B8 HaNE 25 7 B ek D i A & DARee (A= 7
RS ~ R0 R AR T ER 15 B K
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B Gs ~ RAEAER > BIRKFEEE K&
BRI AR nIATHY Tk -

£ HAH — B R g e AL R IR AR
PR ERE R » FTER LV 57K A A At Y
FEFIH% > 3%P% 5 Hatsuta Industrial Company
(model GS-MPV 8)Z i o LAY B [ £ 58,
Tl U Y > RIS € 32 2] B 2R 7E /K Fh
HE > {HEAERH L2 R DI fE St AR EE - i
NEZsa] LIS $a SRS » 1T HENE 2
AT LLF B 225 > 7 N BT HEAC(E
2 o RHEE—{E 130W [ 1 i (7] AR FS 2 B
g BEWEES7.5m HEG oI &
HOSEIE f 121 o fE—(Efastat R E
FH—{IE 30W HY I3 F 2 Bl - AN ik BV e B8
JEEHIRERE 1.25m VAT BAEE I HERERS -

t—GS-MPV 8EEHE LA =R BlEE (£ —
% & & R R RS o & R S
A VUMEE B - ()E T EE s

Controlier Fertitizer bin

} i

hitch stud

% = ¥ . Maoter
T
Lt} | |

Hilgs) > QBEEHE > A ES12087F 0 (3)
FAHFES AT AL E o FlI(4) 121ENERE o
fEHAEH ARH A Fl(Kubota) ~ =
Z£/\F(MITSUBISHI) % 7 5 B i ik X &y
FL(YANMAR)AE £ X Z RIg H e e
PR re I f S O R 5 T B F A (T
25N 0 1985 5 1990 » 1991)FHF BR A 148
B Y P-650 D THAFR B o
FRER B (1997)F8 H /K e b bk 2 & it T
ZBEGE
1. H AR 3 2 ik B e A 1 3
WA T A [R] R 52 FH A i i b 2 8 g
FEAEES — R 5ERE » Al LU TR H e
FEID AN R 2~3 2K o
2. PRI g HEAT mT AR A 2 I
TGRS 3~4 877 » PEIERE 8~10 277
40 b AT HE E AR SCR kD e BE
& B LA -

Pesticide bin

Blower

11C 2% PTO
(for blower)

1C 1* rTO
(for spted sensor)

11C : Implement Input Connection

Pressured Ill'J

1. FIACHEACEE GS-MPV 8 (from Radite et al., 2000) °
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3. [RIEEHEAN nTEEEAR R R > BERIRE
N {2 AR RARRRHE R > Sl AT Y
T SRR B R (e (s 2 RT B » S DB oy
[HIfEE & o

il FELEE(1997) & FEHI 83 5 2
WAz E B DG AT e P R 1 7 &
48607 T /NEE » FL N THEAEME E 8.6
% > LD 40 % HEAE & AT E10.3
% o LU HERAC BEBE 25 S 4790 N T
JONEE o B N THEAESE 7.1 % o 35 LAYk
D40 % MR E T E12.1 % o

Ai 5 AR RAE R & IR R Z S

EFRH g A 2 Bty - HARRIBRAUTE

EEE EAEHH 2 » AR IR R 2 6

H o FTUAGT SR L EITHRE TR RREE

AT A AR Ry TEE A -

8~ MRESEA

TG T 2 R A~ 1
PERPRAS L ~ SURAE - R - PLC

KBTS HREATEL -
M RACEHEY) 2 B K - LD

RACEER EZICRIETE - KIBATRHESE
FHEFEZHERE » — KA RIEHE
& 150kg © LU HI(20m X 50m) > HRiR
f521cm * 1TEEFS30cm » WA i 5 i
HEBL B
(1) 1R IOHERS & 150k g #1E R 2 0 FLHRAD
FHE S 150+ 0.16 = 937.5(kg/ha)
20 AHRINELZ R E 16 %
() B EE AR
937.5 X 0.6 = 570(kg/ha)= 57(kg/0.1ha)
(3) FTEEALERE ¢ (—2H120m X 50m)
T HEAE R 2000/30/2 = 33(Spot)
YR : 57/33 = 1.727(kg/row)

T Bl i E &
7.25(g/Spot)
(4) BRI EAE & - R 1Al &S

TEAET G < A &

FAT R S 1 R e 22 B A AR A I
FH IS . B a7 > Ao BEEE 2 I
T EERMEREE - FRREE o HE
BBk - DR R e MR L TR R
AN BB EME o AR & A L
YT LIRS B AR AT A Eh F o
— ~ HERIE -

DIA Gl L - RST R K 42em X
T30cm X F40cm > FREERI A EELY
20kg » ATHERIITKFENEAE .2 T o FEAERHE
B E —1FREmAE > IRMEEREE
A2 o B0 < THbm A< e
FHGA BRI > LU 15 2 /\ AT 48 7R i A
IR > AM{EERRE 1 — 25 2 IERHEC Y - ml
GoAE A — (L & F A fAE o AR A =
% o
=~ iRCE

LA Z BB » /o 25 A~ il 0 LA 1
Bl > {Em < B -8 (E AR ETER -
BB - s F L EES) - A0 2
BUE » & e TR — PR Al i 45
J& o [R]IR5 A A AT RE A3l 8 (PLC) P22
il Al 5 s AR A TUZ 62 RS - LU 2
PN ERAE R G = o
= EEMRERETEE

EANES AT S — Y AR - (AR R
TREFIERR - [RlIRF SEACAE B AN Sl L e Y
AN b B8 ER E R R mT (s HEURE R R AN B B A
EORE LG AP ZE o W IEE KRS
Amm o WERHEREBE - £85I
WSREEIE DI ALRLE e fH 22 -

- FEBE

1.727/(5000/21)=

il

okt

B & 8 m
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K1 NMEREFRRARREE R NER ) U A5 - ERTRR A
[FIAEAE - (AL 2250)

awilze| 12(cm) 14(cm) 16(cm) 18(cm) 21(cm)
35 2.55 2.97 3.39 3.82 4.45
36 2.62 3.05 3.49 3.93 4.58
37 2.69 3.14 3.59 4.04 4.71
38 2.76 3.22 3.68 4.15 4.84
39 2.84 3.31 3.78 4.25 4.96
40 2.91 3.39 3.88 4.36 5.09
41 2.98 3.48 3.98 4.47 5.22
42 3.05 3.56 4.07 4.58 5.35
43 3.13 3.65 4.17 4.69 5.47
44 3.20 3.73 4.27 4.80 5.60
45 3.27 3.82 4.36 4.91 5.73
46 3.35 3.90 4.46 5.02 5.85
47 3.42 3.99 4.56 5.13 5.98
48 3.49 4.07 4.65 5.24 6.11
49 3.56 4.16 4.75 5.35 6.24
50 3.64 4.24 4.85 5.45 6.36
51 3.71 4.33 4.95 5.56 6.49
52 3.78 4.41 5.04 5.67 6.62
53 3.85 4.50 5.14 5.78 6.75
54 3.93 4.58 5.24 5.89 6.87
55 4.00 4.67 5.33 6.00 7.00
56 4.07 4.75 5.43 6.11 7.13
57 4.15 4.84 5.53 6.22 7.25
58 4.22 4.92 5.62 6.33 7.38
59 4.29 5.01 5.72 6.44 7.51
60 4.36 5.09 5.82 6.55 7.64
61 4.44 5.18 5.92 6.65 7.76
62 4.51 5.26 6.01 6.76 7.89
63 4.58 5.35 6.11 6.87 8.02
64 4.65 5.43 6.21 6.98 8.15
65 4.73 5.52 6.30 7.09 8.27
66 4.80 5.60 6.40 7.20 8.40
67 4.87 5.68 6.50 7.31 8.53
68 4.95 5.77 6.59 7.42 8.65
69 5.02 5.85 6.69 7.53 8.78
70 5.09 5.94 6.79 7.64 8.91
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R LR RETER 11.0em X &
4.0cm X 15 11.0cm ° TfjF £ 4 2% 410 B o
W DUEAFIEERE BN > eSS E A E
R AN SET AN TURE > RGeS BRI AR AR v
AT LA SR o R A RS 2 A7

FAEMI R IE R > B AR aE R A&
T o
1 - HACER{EED

LAFee i phiAs ~ 2 S ) > &
PR S AL ZE R A0 AT o
7\~ EXELBE -

FIF w JE % 2 3 ) BE IR A 1 1
o Sl AT b A A P ZE ~ MR AR R
To

420

A geik et AR MR dE 20 A 2 e
B o B a AT hEAE AR A it AE v 1 2 AR K
/N FESEHIERERHIEFE (V) B 5 (M) Z
% > FIFGIE sHRACRE RS R15

M = 0.843 V (1)

Tt A ARG 2 A [l [l 2 > i P i =
yrex ool Uy Sv lanhe N Ty R L HIER Y
AE%f58.8g ~ 7.8 ~ 6.8g ~ 5.8 ~ 4.8g ~ X
3.8g/NBEZ KL E o MiftALIRIE 231 & -
FIA 2R ARG T B ALl < fa i -

1:&2/_—':{(3(9351 2/\/\

A 1.2X1.2X 7 +2=2.26cm?

AEVLE FE £5.0.84 g/em?

RS
it
oo

320

- O

&2, AUEHE.ZGE o
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0 2.53 3.06

3.59 4.12 4.65

[]3. i R B i AHRR L ] o

FEAt = 8.8g ~ 7.8g ~ 6.8g ~ 5.8g °
4.8g ~ 3.8z » LI3.8git HALHEE

3.8g/ (0 .84g/cm®)=4.52cm’
A LAGEAE 5 3.8 gfRia i 2 RS -
4.52cm* / 2.26cm? = 2cm
M1 g Z VBT R AL TR

lg / (0.84g/cm?®) = 1.19 cm® —1.19cm? /
(2.26cm?) =0.53cm

ATHEAE R R 4.8gF > 1SR RIEENR

2+0.53=2.53cm

[ B ] 5 i A B v AH R (1
anlE 3 o teAh > iR RRE E RS
AR REL ST RV ROAC R T g fisl 22— - JE
F P12 S BB (1993) U a4 X e A e
) 77 B Bl E A YE RIS e TUZ U 75
R B B E A - HOKR
73 R TR T AR R

Xp = r,cos(f, + /3’)—rpcos(€2 — 1=
B)—r cos(0 — B)—vt

@)
r t HIER
r o SEERHE -
e TR -
R

© [EEAR AN 2 P
, ¢ EUEAR B EAR A
[ E MR B X A A A o
L BEAR S A T A
IR @
TR B et ok FEE R o sl 2 B

PRER = FEEEE / dhehiEsE X 60 (3)

AR5 (5 F o Fl I A 12 H A A PR H
SPARS Ffe Ak U HHi P % » H il i =
1.35m/sec * #EFEH 12cm ~ 14cm ~ 16cm >
18cm K 21em Tifd o | FOfET A » wEE
B — R 2 FERF A R 2 Fs -

MAEEHE SR IR > RI5A-1E 2 58
BE

jov}

(PSR e SN

V = Vo + at 4)

S = Vot + 0.5at? ®))

s

v, W

Vo RH

S : IhEk

IR

© IRF[H] o
AERL% T R A% £ 80cm » [FIIRF LR

R I AEI | HORHEE (V)0 S -

-+ o
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K2, HEPREE.Z SEAEIERH] o

PRI (cm) i (rpm) fHTEFE(sec)
21 385.7 0.156
18 450.0 0.133
16 506.3 0.119
14 578.6 0.104
12 675.0 0.089

V, = 9.8t

0.8 = 9.82—4.9¢
FTLL t = 0.404(sec)

V, = 3.959 (m/sec)

SRR ) AR R E SR % NIRRT 22 BE K
Ko SEIEIERE T - Bl & e b i
AEL B D 1T 0028 5 B - () WG BRI A T PR
i WICEEHE DR R - B R
LU > TS RN — S S ES LIS ol
3 = S A Tvoe JF =

A iGN > 75 R A48 2 EH ) E
3> AEREEIEEHIE R N 2 VR > P
PS5 2 58 )7 A2 =Xk A] oK H 3 G
& MER S 2 Z e T T &
B 2 B R
1.8 72

Q =100AV (6)
Hrp s Q @ i & (cm*/min)
A : [HfE(cm?)

V 1 B (m/min)
2. B AHAE
Q,/Q,=(D/D,*(N/N,) (7
ol RR A E
L/L,=(7 /7 )D/DN/NY 7 (8)

Hrbos Lo il /(kw)
D : BEE(m)

r ¢ HEEE(kgf/m?)

N : ## (rpm)
AHEITEMT -
TR < FEAEE = 1.35m/sec
PRI = fREEEE / i X 60
V=V + at
S = V.t + 0.5at
EV=0, S=80cm, t=0.156sec
(S = Nk E g At dm T /7 2 TR

HIlo = V_+0.156a )
0.8 = 0.156V, +0.012168a (10)
FH(9) (10)215

V,=10.29m/sec

a =65.75m/sec2
Q=AV

AN ERE = 4 cm

HfE A=2X2X3.14159
=12.57 cm?
Q =12.57 X 10.29 X 60/10000

=(0.7761m*/min

[ B A5 S5 AN R R Ffr 1 o AFRRELHRE ),

)35 e S VB B - HCAGERANERS o

+ o
é;e\,fﬁn aff
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3. RIFIRERFTS 2 SR ~ V)3 bt i o

#ri (em) [ L% (rpm) friifHE (R (sec) BIHVo(m/s) Jit i Q(m3/min)
21 385.7 0.156 10.29 0.776
18 450.0 0.133 12.00 0.905
16 506.3 0.119 13.50 1.018
14 578.6 0.104 15.43 1.164
12 675.0 0.089 18.00 1.358

AT S E A G5 E & B N KRS R
{5 FH R AT S8R AR - FH S SR T AT Y
ERETE I EAEE2E 77 20 o IR ~ AT
fiw ~ ORI RAS ~ SEATA R ATk HY
PV R AR DL G TEL A ~ FHE (8
4 K[ 5) o FI R BLA RO FEIREE - o5 B 1 1%
(& 6)FT 3 HizK

KI5 IR s B A AR > T
FA It I oz e S 0 s R X P P e 2
60% > 375— 675kg/ha ° FRFFI TTERIRR A

fElE Ehfl » KRBt EFEs.8gE
2.6g » HUHUGEAE &3 /5 A - B R HERE R e
fE8.8g » 7.8g » 6.8g » 5.8 » 4.8g/%3.8g °
TEAEZRE R 6 — 8 A0 i 78 1 o AERHEC HiFH
W AC s EEh - ARG B HERET > FA AT
2 ZCHRE I &8 (PLC) P22 i1l fR] Al 75 522 3 8 i AEE
JNZ RS LIGE 7S B HaEF22 ] o i F
R B A o (F B - SRR A e ]
filirh vz A SEREAE B M gy A8 T A 1
s i R < Bl 72K B SRR 2 A AT

il rWMmiE— — —7
——RER AR
T el o
— BEBRARE —
B - — il
f B SV
iE
1 —HRE — |-
B b
3
B

® as— 1

&4, GEREHEARGICHEEEE




16 sRasEi A ZiT5e 215

______ FE IR
____iL_;f//- ————— ELEL
s F—H————F+—HH — o=
] \L____ T HiE
i = s

file. RISEARGE I AT i < B bt
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BNRE B4 AE TR AL EIE o BTk S50
AERHERE 2B LLE » Hin @it >
FELESUA o MAERIRE 2 A R R AT 62 1
HEHGR T 405 42cm X 30cm X
40cm > FFFEACRIS A 20kg

HIREF 2 Bkl JE RS AL Z i - B
BRI R - DIReMERY G ZH
2 WA BR 2 1% 77 e AR e B st 2 P R o
)EH °

£2 - 5IF3ER

1. =ZEMPR 85H ffl & H i AE R - =
IR ER o RS R SERR I T -

2. EHAE ~ ZRHAHE ~ FEHH - 1985 © ffi
PR R g M A A R BLR - &
+ DY A R AR APT o 5 R B U o HE SR
167-170 ©

3. FHAK ~ TS SC ~ iESR S 0 1990 © B
) FEE R B B 5 S AT B 2 AP SR R -
T U R APE 5% 358 e B U o HE e e
221-227 o

4. FHAE ~ BRFESC ~ Wi B 2 1991 < #)
TIE SR EAN 2R 2 R o /U
FEPRIT e 3 R BRI HEE e (T) 275-
280 °

5. FHHE ~ BERE © 1997 - B ) fRf b
B AT 2S Z IS R(Z) © ml 2
S RAHTEEEER9(1) & 60-71 ©

6. FRZZHL ~ REN » 1997 o HHMHE K
FRAEES S - BRIEEFEN RS

7. FRAGH > ZRUBH o EMELE o aREANE o
2000 o TIEEER ZFEHEE I o pp. 54-
64 © IKFEHE HE R SE (WIS R ZIH5T 17
Bb R e R PT HAR » & AR
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8. PRSCHE © 1993 o fRBRIE GRS < fx
Fbaxat o fEtam S o B VL H BUR AR
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16 Study of The Variable Rate
Fertilizing System

L. C. Hsieh!, J. M. Luan!, C. W. Hsieh! and L. D. Hwang?

' Department of Agricultural Machinery Engineering, National Chung Hsing University,

Taichung 402, Taiwan, ROC
2Department of Agricultural Engineering, Taiwan Agricultural Research Institute,
Waufeng, Taichung Hsien 413, Taiwan, ROC
E-mail:Ichsiech@nchu.edu.tw

ABSTRACT

Rice is the object plant for the research and a rice transplanter was used to
develop a variable rate machine to carry and apply variable amount of fertilizer
in the field. A machine driven underground applying skill was used and it could
reduce 40% chemical application comparing with manual application. The
applying times could be down 2 to 3 times as well, yet increasing the yield.
Since the chemical was buried in the soil, it would not be washed out. In
addition, it would reduce the pollution on the land as well as avoid acidulating
the soil. Therefore, a device for applying chemicals underground was developed
attaching to a Kubota SPA6 rice transplanter. A local compound chemical, #5,
was used in the research. The applying amount was about 60% of the
recommending amount from Taiwan Agricultural Research Institute, 375 - 675
kg/ha. In the rice field, applying in alternate line and applying certain amount of
chemical between two lines of rice plants were considered. The quantity of
chemical to be applied on each spot was ranged from 8.8 to 2.6 grams. There
were six scales used for different demands, 8.8g, 7.8¢g, 6.8g, 5.8g, 4.8g and 3.8g.
The applying depth was about 6 to 8 cm. There was a delivering wheel designed
to rotate to transfer chemical associated with an adjustable block, which is driven
by a Programmable Logic Controller (PLC) based servomotor for 6 chemical
rates. The wheel moves back and forth to deliver chemicals. This wheel is
concaved and is able to hold chemical and let the chemical drop into a collecting
cup then through an output hose into soil. The power to drive the wheel comes
from the transplanting finger of the transplanter so that the chemical application
is able to work simultaneously with the transplanting. Based on literatures, the

217
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best chemical flowing angle in a tank is no less than 62 degrees and the tank slop
used in the research was set at this value. The dimension of each chemical tank
was set to 40 cm x 30 cm x 62 cm for width, depth and height, respectively. The
capacity of each tank is about 31 kg. The Global Position System (GPS) has not
been installed in the system for this year.

Key words: Rice(Oryza sativa L.), Rice transplanter, Underground chemical
application.
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