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AR5 &l 2001-2002 F = R EIVEERILES B 28 (Amaranthus mangostanus)iB
e RS SR R AR IEAR - LIRS R A A R R UL I R SR A R R AR KRR
TTATME = H ) e 3 45 B (350-2400 nm)#% 72 i B X G b B 38 2 1 1R < i B8 T A AT
BEAN TR ERERS R AEERZAREES— t LI ER -
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il

Il

TERME T BB RO RS AKR 0 1999 AR ME I REHEE 40,000 ALE 0 B EEE 1,000,000
INWELL b (B2 A R 1999) ° K Z5(Amaranthus mangostanus L3 A. tricolor L)fe £ EERERE R )
L BBREE - FFRBEETE > BREF4 C, MY » Bl R EF SR o BT R RS
SRR B ENEEAERMA A RBIERESE - ERE T12i0%al ~ 2 3F
R+ AR 2 A5 PR A 2 5 T  » RD BL 8/ f  308 2 S o {0 S M W 2 oK »
E ST BRI FE -

PRIRHTHAREE RN > REIEATESS - FAZTHBL WY > TEHERRERGZ I RIE
AURE ~ i B KRN R ADEHERE IR %)% /2 (15 19955 Boon et al. 1990; Cantliffe 1972a, 1972b;
Hata & Ogata 1976) ° £ E FACHI A EZEC AR ~ LR ~ HIEKD &8 T HE MBS BIEIEHER
BEE - FEREARA T BRI E AT ER SRS R HGE » B8 A 7N B 3 R A 1 s i
B REFE(ES 1994b 5 2% 1995 ; Boon ef al. 1990; Cantliffe 1972b; Marschner 1995; Maynard et al. 1976;
Sui er al. 1983) » EEZEH ABSHE R & HZ B MIRAERE MY - — AP SR HFREF(NH,—N).Z TR
BEST IR R E MR I » FEERE R (NO, — )T Bl BAE R R R A 7 RE R T T FIL A - A% i
FSFERE(Williams & Haynes 1995) © KM » T RERITAFERE R IDE(RIB SO RSB T » B FEILEE
TIEAR S 3B RH SRR BB AERE > (115 7] £ A R (L (A0 %6 ~ 382 TR IS B f% (R & T 1995 : Boon
et al. 1990; Cantliffe 1972a, 1972b, 1972c; Martignon et al. 1994) » B B2 ARSI EEE A A B41% » 1]
ﬁ?,@iﬁ%%EZEEﬁﬁH’ﬁ(nitrosamine)ﬁEEﬁﬁ@Hﬁ(nitrosamide)(Addiscott et al. 1991 ; Forman et al.
1985) » HE{EXALIMERE R 78S S) (Boldget t & Clark, 1986)i& 5% I W K& - Fr7 LS s i S A5 0 R 8
DIAMUAE » ERER R SRR EI A SIS SR AT EE -

WEHIR BN RS 2 8 > REEGR A EREEFEENEENEESE LB Rhg
SR PRI - MAKERIEEAN AR SR - SLESHLRICHMER » 1 E SR S ReEL
182 Tt A 2t R R o 38 I T (spectral remote sensing technique)ff LAFE e =0 B9 38 &I 75 1518
BIPEYIRE N 2 OB SERE - #ETHIE Z S R 5 X BV 328 8 S0 Ao 0 6 B AT B A R R B R T BB RE R
S ERIFERRE M DR TR B AR E R o AT > S T 10 R R P A % B 1 A (R A
RR AR R AERER] - S R T D T T S 1 B A o

AABLURERSEER—RERM - BEAEOGE RN A BRI R SRS - HLERE
BAOCRERF B - RS AR LR R LU M R A R () R M £ S I B AR B » B R
RARE ZEEEHEAR -

MRS X

ERFAEEE

AWF 2001-2002 SRR TR ESBITEIR B 5 G BE BT RS ET = AR LE
W B AR 2 S Bt R+ Sl AR B A3 T R ZR A R 2 A R R Rk 2 R L B AL > &k HE AR R
AR THBURIR AL IR BUR « S3EAT LASRZR BRI 2025 S M S5 DU I FETZ0 B8 » 0 R A 8 40 't 23 16 28
AR BRI - 1% PEE A LA = 3Ry 2 B2 - Hoe {0 i 6 2 I ARG B i 27
ARV EAE -

IR B A RS & 1 B RH MRk AT TS ETIRE 2 EHE—R - B RRE
PUR RG> B RaERAE B EEN S B E PE BB M - ERHIENELEH 32 BfE
(@ 1.5 m)EEERE - 58— R H SRS - 5= KRB A A - EHEIE G ORI
D RRAE: it g mnte
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TREERIGIR B 1BHER 7 HIERE 35%0E % TR R Bl (metalaxyl, methy-D,L-N- (2,6-
dimethylphenyl)-N-(2'-methoxyacetyl)-alanine methyl ester)—ZX > & 7.50 kg a. i. ha™ » ZRF/7 1k R
(Pythium spp)Z 84 o BHE%K 2 HEEHE 90%4A H 15 AT K | (methomyl, S-Methyl-N- [(methyl-
carbamoyl)-oxy] thioacetimidate)—2X » HI& 0.5 kg a.i. ha™ > FEEH 3000X - HFHIER L - AILIAT
W=t EREH IR 1 - HERH AR EE T2 EEHRFTRCBD) ) —HE » HRHMEGR L
BHE ~ B~ SPIEHEF 8 R /7 158 3 - FZEME THBTE R 10 kg ha'' (6 g subplot™) » Tyl B aiz I pE
+HMREBRE M - BN EEE 1.5m X5.0m (7.5m) > HEE 0.3m -

1. WIERE PSR T R RS BRI B R 2 B 2 (Amaranthus mangostanus L. cv. TNG 1)#5& 1
fi

Table 1. Field practices for planting Amaranthus mangostanus L., cultivar TNG 1, at Taiwan Agricultural Research

Institute Experimental Farm, Wufeng, Taiwan

Experiment Date Field practice
1* experiment 03/08/2001 Field plowing; soil analysis
03/11/2001 Fertilization with basal dose (Table 2); furrow irrigation
03/13/2001 Sowing
03/13-26/2001 Sprinkling irrigation daily
03/23/2001 Hand weeding
03/27-04/09/2001 Furrow irrigation every other day
04/10/2001 Sampling; harvest
2" experiment 08/17/2001 First field plowing; covered the ground with PE plastics
09/14/2001 Second field plowing; soil analysis; fertilization with basal dose (Table 2);
furrow irrigation
09/17/2001 Sowing
09/17-30/2001 Sprinkling irrigation daily
10/01/2001 Hand weeding; fertilization additional dose (Table 2)
10/01-23/2001 Furrow irrigation every other day
10/23/2001 Sampling; harvest
3" experiment 02/12/2002 Application of CaSiO; (30,000 kg ha') to neutralize pH of surface layer
(0.3 m); first field plowing
03/05/2002 Soil analysis; application of organic fertilizer (Table 4), 5,000 kg ha'l; field
plowing; fertilization with basal dose (Table 2)
03/09/2002 Furrow irrigation
03/12/2002 Sowing
03/12-25/2002 Sprinkling irrigation daily
03/26/2002 Hand weeding; fertilization additional dose (Table 2)
03/26-04/09/2002 Furrow irrigation every other day
04/10/2002 Sampling; harvest
4™ experiment 08/03/2002 First field plowing; covered the ground with PE plastics
08/28/2002 Second field plowing; fertilization basal dose (Table 2)
09/02/2002 Furrow irrigation
09/03/2002 Sowing
09/03-14/2002 Sprinkling irrigation daily
09/15/2002 Hand weeding; fertilization additional dose (Table 2)
09/15-10/01/2002 Furrow irrigation every other day
10/02/2002 Sampling; harvest
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+ 2. RBHES RIEE R (Amaranthus mangostanus L. cv. TNG DATEUE Z HIE S TSR
Table 2. Soil properties measured before planting of Amaranthus mangostanus L., cultivar TNG 1

Date & Electrical Ammonium Nitrate nitrogen
Treatment pH conductivity Organic matter  nitrogen (NH," - N, (NO; - N,
(N-P,05-K,0) (uS cm™) (%) mg kg™ mg kg™
03/08/2001
0-60-60 5.17 70.91 1.27 7.50 5.40
30-60-60 5.24 71.31 1.28 8.90 8.90
60-60-60 5.17 70.25 1.18 8.10 5.90
120-60-60 5.23 62.29 1.14 7.90 6.60
09/14/2001
0-60-60 5.35 29.58 1.16 5.58 7.89
60-60-60 5.36 34.25 1.20 3.90 8.34
120-60-60 5.37 30.00 1.17 3.00 11.35
180-60-60 5.36 33.31 1.16 3.06 9.73
240-60-60 5.31 32.36 1.19 4.05 10.57
03/05/2002
0-60-60 6.34 61.57 2.24 2.95 10.69
60-60-60 6.33 61.22 2.08 2.54 10.39
120-60-60 6.23 57.40 2.06 2.69 9.98
180-60-60 6.30 58.32 2.11 2.69 8.81
240-60-60 6.33 53.80 2.00 1.89 8.70
360-60-60 6.32 55.67 2.33 2.76 7.83
08/28/2002
0-60-60 6.59 117.70 2.07 1.05 50.01
60-60-60 6.48 101.90 221 0.68 32.62
120-60-60 6.35 138.00 2.03 1.59 79.39
180-60-60 6.54 104.10 2.16 1.93 49.26
240-60-60 6.54 106.80 2.04 0.77 49.62
360-60-60 6.43 136.10 2.09 0.81 64.63

& 3. TIFIHE B MA 20 R AL EE TR - iR - RS- R (L)
Table 3. Fertilizer application methods and nitrogen treatments for the experiments (Fertilizers: Ammonium nitrate-
Ordinary superphosphate-Potassium chloride)

Treatment Basal dose Additional dose

(N-P,05-K,0) Experiment (g subplot’l) (g subplot‘l)
0-60-30 1 0-250-37.5 0-0-0
30-60-30 1 67-250-37.5 0-0-0
60-60-30 1 134-250-37.5 0-0-0
120-60-30 1 269-250-37.5 0-0-0
0-60-60 2,34 0-250-37.5 0-0-37.5
60-60-60 2,34 67-250-37.5 67-0-37.5
120-60-60 2,34 134-250-37.5 134-0-37.5
180-60-60 2,34 201-250-37.5 201-0-37.5
240-60-60 2,34 269-250-37.5 268-0-37.5

360-60-60 34 402-250-37.5 402-0-37.5




272 hIEEENE E528 F4H 2003

BEERERE{L S S

B EHEMERERBRICE - BT 2RSSR » FRFAE I 7 E 28 - 5RHEeE
CHER(kgm?) EYMEBE (%)~ HWEBE% HE) 2R(% > CE)REFEEFEEEmg g
BEE) -

ERCEKRERE > FESAERE/NEZ S EHEIECE IR RS 6 ¥k » R LT LA
REEVES 0.7 cm ZEIEF Y 0.1 g » A7 &4k Z Bk FE#8 & (leaf total chlorophyll)  FHFREEEHE/NE 2
Flep kAR ARES - 8 70-80°CHETZ 72 h BEFEEHIE(0.1 mm) > UG ARG 43 fr i EEHEHE 2 &
(aboveground NY& & BRI/ NEZE D ZEEER SN BFEIEE/ NRARE - XEB/NNEFEEL 0.5
m X0.5m (0.25 m* ) EZSHENR » TREUELEE & (fresh yield) & RZ7E 2 (80°C HLHZAY 48 h) o B HEHZ 3 f
T » 3838 20 mesh Fifd © BUGHREEHS 53 7 AR 28 (nitrate) ©

HEH ZEGEEBEEST A EFRRE Amon(1949)Z181E » W1 (2002) ~ $5(2003) ~ Lee &
Yang (1999)% Yang & Lee (2001) ° f§EHRIF4 G 0.1 ¢ B Fv > IIAKY 0.1 g WBIP &4 2 ml WRER »
LA PREERE A 80% A ER 10 ml ZEHY H 3E#%3R » B IRLL 2,500 rpm (825 g) B0 10 min » B FJGHEHR
LIE I 3t (model DU-68, Beckman Inc., USA)EIURMZREIE » ATV AXGH HESRRHER: Leaf
total chiorophyll (mg)= (D652xV) /34.5X W » HF1 D652 BTE 652 nm K ZIRIKERE - v 5 LIEHR
ZHRMml) > WEBERBEAZEH@Q) -

S FIREME R R A BT  RLUUBIEZ Kjeldahl HFESHERSE - EH(2002a) K i5%
(2003) © 15 %% R P/ N IR A RE AR R AR 2 #3 R AT B RERY 0.05-0.1 g B A » /1N E 3-6 B > SERABA
50 ml ZMHEHE - A 0.2 g 18 {LFI(K,S04:CuS0,-5H,0: Se= 50:10:1, w/w) X 36 N IBFREE 4 ml> [ 360-410
CEIE_LME 2 h BERERERE - LS A ZE ZEREBIMA LB F7K(NANOpure, Ultrapure Water
System, Barnstead/ Thermolyne Inc., Towa, USA)ZE 50 ml #f8.Z « 2R &% > B 5 ml FR BRI IS 24 84
5 M 10 N NaOH ¥ 5 ml > LUZRER A s EUS BE 2 2R B PR NINRENEE 2 4% MBS 1K (4 ml) - EEAE
HHLEE AR » DL 0.01 N HC BRI E » (FEACHmEERERAE L > ERHEER - REZREE
(%) T HIARKEE: N (%)=(0.01xWxx Vx50 ml/5 mlx1/W )x100% > EH V £ HCl ZTHEE R (ml)» W 5
HAEEmg)  WYHIBERERFEQ4g) °

Hi b EHE B R 2 L B2 SR AN 25 (1994a, 1994b)774: » FREENETE 0.25 m® B EEMERE S B 2
IR 0.1g B 20 ml FE - 7K 10 ml BIRFSRES) » B 80°C/AEESE LU 180 rpm BHE R
30 min ° FUHEAED » H1—/ DRGSR 6 - IBIE SR A ) LU S L 53 08 B 3T (U-2000, Hitachi,
Ltd., Japan) Bl » K% 210 nm o HRIEHIEA M IEEHRER - QERMNAMKEE > FIEN
Pl - FERERh A EE - (RERELEHE 01234 K 5 mg L FHIREENTIZ AW - RESN s
2H(210 nm) » G ELE AT BRI INER A EER AR - TRERBIRH KL 0.995 « AR IR E G RME - F
e FIRIB(EELAN 0.1 g MIVK 10 ml £ 100 £55) » (7T & 1R HE i R0 B 2 B A o A lE » DA H Rz
K2l B MR AR S E -

R 4. EZRORMRBIER 28 #4 2 AR 7 R bk B L (pH 8.7, Electrical conductivity: 13.9 dS m?)
Table 4. Chemical compositions and c/n ratio of the organic compost (pH 8.7, electrical conductivity: 13.9 dS m™)
applied in the third experiment

Item Percentage (%)
Organic matter 53.90
Total nitrogen 1.79
P,0;s 1.93
K,O 3.39
CaO 3.40
MgO 1.62
Na 0.58

C/N ratio (%) 16.40
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B 5 B SRAE IR Y S A R SR AL (B M AR 2 e A BRI

B ZERE A B O B 3T M T I 4R LA EE R 4 X R AT 8 5 K 3G 43 (J8 ) T 128 (spectroradiometer,
model GER-2600, Geophysical & Environmental Research Corp., Millbrook, NY, U.S.A.)& 2 » EHITE R
BB A 2 2 % R B N R A S B G B 5 (radiance) » &I ER &G IEI /72 350-2400 nm s E A 350-1050 nm
P ER & B 2 3% B (bandwidth)$J 1.5 nm » 1050-2400 nm ¥ EX#E 2 I EE 11.5 nm o JEEE A H7 2 MR
HHEHRHIZEA 10 EHRAFOV) » [EE P EBEREL 1.5 m Z&E22(F#H (mobile lift) |- > LIEEE T
FAEE (nadir viewing) i < R E AL > FHIEHIBER 0.26 m ZEHERE - F—RE/NNEERE
B 6 (B F BB E S - 58— HERETHRES 4 XIFH2 T - B 6 BEEAEZ9EE
YRE/NEZAFE o E (%) R E B AR R &2 S OCE N R DU R R 2 E ¥ g iR
('Spectralon', Labsphere, Inc., USA)X 5 YE5RST (BN 2 % )RG5 » S22k B B HL S 2 SO O B Hffg
RSt o YIS EHIRERIRTE LR 10:00 2 11:30 2 » SEIR&TIE BAEERFEREE - LUK
DPRGAHAPGEENTE -

N EL R B AR AR S G R YEEE (350-2400 nm), L 7% 42 U Bt S 5T bt BE B 2 M AR A T 1 B TE AR A B
SEEE AT > ERiR S E AR R AR E AR (R B R IR ER AT - WidE BB IR ER AT LB R E R L
RRIRANAR o M 2T BT BIAE 4 OV 2% +5 Bl (canopy spectral index) » MBS R LEL{EBEE TR AR 2 HEEE - 3k H
TERAREE 2 R B YE A TR B - LA B » F BT DCEE AR 2 R T B AR Ak O IR B 2 SOt EL I B (GREEN) ~
KLU B 2 I 5 EL 25 B (RED) BOR AL A4 LI ER 2 5T ELTEBE(NIR) B Gl Hh AR Fr B 78 I B » B =2 IR B
BB B2 B 5 B A B L B 85T GREEN ~ RED ~ NIR ~ RED/NIR ratio ~ GREEN/NIR ratio ~ RED/GREEN
ratio ~ NDVI FHLCEG R RIZ(RES, red edge slope)E MR iE BRI EMEMR 2Btk - Hd > NDVI &
(NIR-RED)/(NIR+RED)Z LL{# » RES £ (NIR-RED)/2 /% & bt FT 7E 22 3% EX 7 i ((NIR-RED)/2):Z #I 258 » M
AGREEN ~ ARED ~ J ANIR HI%3 315 & &4 tt. GREEN ~ RED K& NIR Z %53 B L ALE o
fREt DR

% JUE R HEF 7 (multiple linear regression analysis){RHIAETEKES SAS 8.1 T HERIEDIT
(collinearity diagnostics) 5 3% 43 7 (step-wise regression analysis)® 317 Bl — 2% FHE A & A& AR
ZREFEARR 0.5 NS TEAERER » AIBEERD ERERBCT 0.5 22 TEANEEL - F/]
=X HFERBEE R SAS 8.1 #E1TERM M EEHF B(dummy variable)is € » BIR(FEHE B R IER
ZK#E > KR = REMABER &S » DIERSEXEARETZEAME -

m R

HE T = 2 1 P 2t e S R A Ty 2 T % R U R T o L 0 S 5 3 48 81 (350-2400 ) Z %% A2 R ER
G+ P BB R A PEARE 1T R B B AR AR RR A > TS Z AHRR T B B ARG O 1 o AHBE TR AR B A I
B RS R A MR Z MR E A — > M L S R - R KRR - G2 E H 5 H(percent dry
matter) ~ BEEIFE (leaf area) ~ Hh_FERIH A HIEEE & B Kot L ERHERE 2 R & &S AR Z AR (R EBUR HE &
KZIEWERGIE » 4 BIEEE R 767 nm (r=-0.741%%) ~ 574 nm (r=-0.492*) ~ 779 nm (r=-0.645**) ~ 574 nm
(r=-0.628**) ~ 1975 nm (r=0.697**) K 577 nm (r=-0.506*) ° 38 LLHF 7 AL RG22 ST bb B 35 2 P K &
il 2 3B 7 3 A s SRR 2 » BRI #R 0 SRR =X v] DUR G35 B B R 2 B AR -

48753 — (B AR WY R ) P T 8 A Y 308 o2 4% S B0 1802 A L AL St 2 T 5 5 X SR o)
6 > DAEREE VYR EE 2 E BT » WA B B U 2B A (E] 3) - IRIBILEEE R - LIEER
TR R HE 8 (R?=0.228, P=0.045) K3t L EAEAS 2 F & B (R?=0.492, P=0.001)3 — AR & i il i B & I i
FHRRREE -
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Correlation coeffcient (r)
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1. 2001-2002 AR FHIFE R BB EEIT BT RE G B 2RI 2 H 28 (Amaranthus mangostanus L.,

cv. TNG DFEH S HEE (350-2400 nm)#% 485 B 5 G L 8175 T8 A [RIAB AR MR 2 AERSEE AT A o (B iR
HH B KA SHEAH R (R B 7E 28 R L EE -

Fig. 1. Correlation intensity analyses of canopy spectral reflectance in the range of 350-2400 nm to six different plant
characters for Amaranthus mangostanus L., cultivar TNG 1, grown at the experimental farm of Taiwan
Agricultural Research Institute (Wufeng, Taiwan) in the growing seasons of 2001-2002. The narrow wavebands
at the maximum absolute value of correlation coefficient were marked.



~ 28
£
o 21¢t
X
©
E’ 14
>
-
(/7]
o
L 9
g 16
g 12
£
8
P
©
= 4
@
o
® 0
O 060
< 045}
Q
= 030}
=
< 015}
0.00

TR RS T R R E R AR

4
=-14.774+0.503X 767 nm | | Y=2.340-0.075X o974 nm
R?=0.550 (P<0.0001) | R2=0.242 (P<0.001) 3
. ;.0./6' o. ... . 2
"4 \.o ° P ¢
f‘ . \: '. : .
. /o % 3 . "“.""‘?‘}3 1
{... ® L[]
P 0
0.08
Y=16.288-0.165X 779 nm!| | Y=0.056-0.002X 574 nm
R2=0.417 (P<0.0001) R2=0.395 (P<0.0001) 0.06
e * s R )
7Y %
\:so::. X 1Y 1 004
« WY LY
o - . s.\. * R
ST RN 0.02
DR
0.00
6.0
1975nm 577 nm
oo © h 45
L] ‘. L[] *
<\, .
. /’ «® -::.}}?'.\. 30
/ ‘e
'4/. Y=0.019+0.011X Y=5.1363-0.144x 115
i: ' R?=0.477 (P<0.0001) R?=0.302 (P=0.0004)
e : : : 0.0
0 20 40 600 7 14 21 28

Reflectance (%)

275

p|'1) Leaf total chl (mg g-1)

N
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2. 2001-2002 ﬂ‘:iﬁéﬁﬁﬁ%‘ﬁ@%EP%?%@%Eﬁﬂﬁ%%@%%ﬁ%ﬁﬁﬁ%f%Z%i(Amammhus mangostanus L.,
cv. TNG 1)AERE < H8 7[R HE AR T R B NE S U A 40 S B Y 308 v e K B 3B M A B PR BT TE 8 B BR L B A HE 2 T
R E R AEER -

Fig. 2. The linear relationships between different plant characters and corresponding canopy spectral reflectance at the

maximum value of correlation coefficient for Amaranthus mangostanus L., cultivar TNG 1, grown at the

experimental farm of Taiwan Agricultural Research Institute (Wufeng, Taiwan) in the growing seasons of
2001-2002.
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3. HMABERERE 2001-2002 FEARFHBERETRBERBTHLEZOBREABFTRE 255
(Amaranthus mangostanus L., cv. TNG DAEMRFTR I R EHEFHE KM - SEMN 2 54 2SS R R
5 S T B K S B A B (R BT E 28 B B (1T 1B IR B L 2 L IR A =,

Fig. 3. Validation of linear regression models in leaf total chlorophyll and aboveground nitrogen with corresponding
canopy spectral reflectance at the maximum value of correlation coefficient using data collected from another
experiment for plants of Amaranthus mangostanus L., cultivar TNG 1, grown at the experimental farm of Taiwan
Agricultural Research Institute (Wufeng, Taiwan) in the growing seasons of 2001-2002.
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Eotr  EREOCE RS S ERA AR Z B 0 Bt F A E = 8 GREEN/NIR ratio ~
RED/NIR ratio & NDVI % = A EBH EHBP L ERAH(E 4 MERERYDFBE
0.745(P<0.0001) ~ 0.750(P<0.0001) 5 0.753(P<0.0001) » Hii_I- ZRAE#E 2 % & = ¥ GREEN ~ RED/NIR ratio ~
GREEN/RED ratio Jz NDVI % JU¢ 31 #5 B 2 Bl b 4R AE B (8 6) » R FRERRD 4 A 0.287(P=0.0032)
0.632(P<0.0001) ~ 0.418(P=0.0001) & 0.635(P<0.0001) » T& Fr ZELLFE MM Z HI|EE GREEN K GREEN/RED
ratio % YA B 2 B AR HEBA (R 8) > TRZE fRE /7 HIE 0.215(P=0.0063) & 0.260(P=0.0018) °

NG R 2R H Rt 2 At B A SE S R o b B i R S R i 1% o S R i o £
MHRREEE (8 5 ~ B 7 K8 9) -

% JUE AR O ATE RS o EFTFAE R = R HE MR SEER R it FEEEER 2R A
B L B ERER R - RS RED PIE 0.852 K 0.761 s BRI L= TEH MR IR
HREREL 0.545 s R ERRER ~ M LSS Y E 55t Bt R AR TR B & & I AT LAY STE
REEHE RN - RERBAEIS 0.697 ~ 0.693 K 0.822(3 5) °

R 58 DU 2K T P A 5 oz ] S Y B A 1330 A 32 6 A [R] 1) 26 7 1 6 S B A =X e s £k 1 0 B WM
% BEBRTEEEZM - HEHEER 2 A IESR R ERRREEEE (E 10) -

#* 5. HZ(Amaranthus mangostanus L. cv. ING DIEMMEIRZ Z TEMERKEN - FMERZH&EE 2T 3T 4T
EHEREHERX (R>0.5) 771 FRF
Table 5. Summary of multiple linear regression analyses for relationships between spectral reflectance of the selected
narrow bands and plant characters of Amaranthus mangostanus L., cultivar TNG 1. The best 2-, 3-, and
4-variable models (R*>0.5) for the specific characters are listed

Y4=a+ a R)L 1+ 32R12+ a3R;L3+ a4R>,4y

Plant character a a; a a3 ay N R’ P

Fresh yield(kg m™)* 0.155 -1.733 0.568 45  0.852 <0.0001
Leaf total chl(mg g'l) 1.027 0.281 -0.119 0.085 -0.089 45 0.697 <0.0001
Percent dry matter(%) 14.899 -0.933 0.605 -0.225 0.147 45  0.693 <0.0001
Leaf area(m? pl'l) 0.045 -0.003 -0.003 0.003 45  0.545 <0.0001
Nitrate(mg kg™) -0.035 0.051 -0.028 0.006 0.007 45  0.822 <0.0001
Aboveground N(%) 2.602 0.472 -0.238 38 0.761 <0.0001

* Fresh yield: A1=609 nm, A2=767 nm; leaf total chl: A1=354 nm, A2=574 nm, A3=1022 nm, A4=1038 nm; percent dry
matter: A1=352 nm, A2=693 nm, A3=779 nm, A4=1604 nm; leaf area: A1=574 nm, A2=965 nm, A3=1025 nm; nitrate:
A1=398 nm, A2=514 nm, A3=1392 nm; A4=1975 nm; aboveground N: A1=350 nm, A2=577 nm.

Y Yo=a+a; Ry +a:Ry, Yi=a+a;Ry+aRup+a3Ry;, and Yse=a+aRy+aRi+a3R3+a4R, respectively, are the best 2-, 3-, and
4-variable models for the specific characters; where Y; is the estimated value of character, a; is the parameter of Ai, and
Ry is spectral reflectance of the selected narrow band Ai.
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Fig. 4. The linear relationships between fresh yield and different canopy spectral indices for Amaranthus mangostanus L.,
cultivar TNG 1, grown at the experimental farm of Taiwan Agricultural Research Institute (Wufeng, Taiwan) in

the growing seasons of 2001-2002. (NDVI=Normalized Difference Vegetation Index.)
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Fig. 5. Validation of linear regression models in fresh yield with various canopy spectral indices using data collected
from another experiment for plants of Amaranthus mangostanus L., cultivar TNG 1, grown at the experimental
farm of Taiwan Agricultural Research Institute (Wufeng, Taiwan) in the growing seasons of 2001-2002.* *%,
Significant at 5% and 1% levels, respectively.
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Fig. 6. The curvilinear relationships between aboveground nitrogen and different canopy spectral indices for Amaranthus

mangostanus L., cultivar TNG 1, grown at the experimental farm of Taiwan Agricultural Research Institute
(Wufeng, Taiwan) in the growing seasons of 2001-2002. (NDVI=Normalized Difference Vegetation Index.)
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Fig. 7. Validation of curvilinear regression models in aboveground nitrogen with various canopy spectral indices using
data collected from another experiment for plants of Amaranthus mangostanus L., cultivar TNG 1, grown at the
experimental farm of Taiwan Agricultural Research Institute (Wufeng, Taiwan) in the growing seasons of
2001-2002. (NDVI=Normalized Difference Vegetation Index.)
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Fig. 8. The curvilinear relationships between leaf total chlorophyll and different canopy spectral indices for Amaranthus

mangostanus L., cultivar TNG 1, grown at the experimental farm of Taiwan Agricultural Research Institute
(Wufeng, Taiwan) in the growing seasons of 2001-2002.
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Fig. 9. Validation of curvilinear regression models in leaf total chlorophyll with various canopy spectral indices using

data collected from another experiment for plants of Amaranthus mangostanus L., cultivar TNG 1, grown at the

experimental farm of Taiwan Agricultural Research Institute (Wufeng, Taiwan) in the growing seasons of
2001-2002.
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Fig. 10. Validation of multiple linear regression models in six different plant characters with corresponding spectral

characteristics using data collected from another experiment for plants of Amaranthus mangostanus L., cultivar

TNG 1, grown at the experimental farm of Taiwan Agricultural Research Institute (Wufeng, Taiwan) in the

growing seasons of 2001-2002.
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Estimating Growth and Nitrogen Status in Plants
of Amaranthus mangostanus with Canopy
Spectral Characteristics

Chwen-Ming Yang™®, Jeng-Tzung Wu’, Bor-Kwei Shen’, Jih-Zu Yu’,

Chaur-Tsuen Lo’ and Yuan Shen’

Summary

Yang, C. M, J. T. Wu, B. K. Shen, J. Z. Yu, C. T. Lo and Y. Shen. 2003. Estimating growth and nitrogen
status in plants of Amaranthus mangostanus with canopy spectral characteristics. J. Agric. Res. China
52:268-290.

Field experiments were conducted at the experimental farm of Taiwan Agricultural Research Institute
(Wufeng, Taiwan) to measure canopy reflectance spectra and plant characters of Amaranthus mangostanus L.
(cultivar TNG 1) grown in the growing seasons of 2001-2002. From the simple linear correlation analysis
between plant characters and canopy spectral reflectances in the range of 350-2400 nm, it showed that
various correlation coefficients existed along the measured spectral wavebands. The narrow wavebands with
the maximum absolute value of coefficients were located at 767 nm (r=-0.741%%), 574 nm (r=-0.492%), 779
nm (r=-0.645%%), 574 nm (r=-0.628**), 1975 nm (r=0.697**) and 577 nm (r=-0.506*) for aboveground fresh
yield, leaf total chlorophyll, percent dry matter, leaf area, nitrate content and nitrogen content, respectively.
Regression models validation by using data from another experiment showed a significant correlation
between the estimated and the measured values in leaf total chlorophyll and aboveground nitrogen. By
analyzing of the relationships between plant characters and canopy spectral indices, it indicated that
aboveground fresh yield was linearly correlated with GREEN/NIR ratio, RED/NIR ratio and NDVI,
aboveground nitrogen was curvilinearly correlated with GREEN, RED/NIR ratio, GREEN/RED ratio and
NDVI, and leaf total chlorophyll was also curvilinearly correlated with GREEN and GREEN/RED ratio.
These regression models were validated effective with another set of experimental data. By the multiple
linear regression analyses, fresh yield and aboveground nitrogen were fitted to 2-variable regression models
with the determining factors of 0.852 and 0.761, respectively. Leaf area can be estimated with a best
3-variable regression model (R*=0.545), while leaf total chlorophyll, percent dry matter and nitrogen content
can be assessed with the best 4-variable regression models, with R? of 0.697, 0.693 and 0.822, re.spectively.
However, regression model for leaf area was found not feasible to the data from another experiment. Results
suggest that plant growth and nitrogen status of vegetable amaranth may be estimated reasonably by the
regression models from canopy spectral characteristics.
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