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FETEHTZERA 1% » FHE H'E (crude protein » CP)BAFAM TF% » MR LEASHE(acid detergent fiber » ADF)
FREAEAE (neutral detergent fiber * NDF)RIBAFARY $E & o 3l BHACAT Z ML B B 8-13% » FEBEHHERD
35-38% » FUEREHERT 67-70% 3 BA{LI% - MR EEREE 2-7% > BEVEIHES K1 42% » it B
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2. KPR REHHBIBIFTE S ~ F9ER - EilE  EPIR IR -
3THIRREG S AESBREFHEMRRER - BIFFEE - ZE ZWl HiE-
4. BAEE - BT I : cmyang@wufeng.tari.gov.tw 5 {HIEHE 1 (04)23396057 °



2 FREEEEEASE 518 FH3H 2002

ZEIMIEREN F R EEE DA > DR SR E R 2R S » BRI RS 8] 5 4 3 MR 2
HERME -

G EAA L R A EN R E B EERERN IE » RN —T7 MR AT ~ R H e
K] b o Bt % T B B 22 07 vk 7 LA B > (BT 7R AB Ve BR i B T 1 - 20RTt » EM Y Z RS
KEREE SRR ME—HNEETRACERETERE > EEFERENHANAES -
HA s BERR Y S B EEE > I EEF AR REGEEREEFEHEFEIRE® -
A ] B Y = E IR LB e i e - (BERRNE S MEEM B REKR > LRGN S 2 E
BEBMMPZERK - ALl 8RS RHEY 7R R e vt & SRS B E M TENG - 7548
EEZWERIA L+ EE - AIES HEF 2 KE® -

SR ER I 5T SE 3 43 Y 35 (near infrared reflectance spectroscopy, ffi f NIRS) & T 52K & F 2 73t
B2 FERERR . HRE R FTALIMRE B2 RS R TEYE b W E R R ES)
R)VE BEFE NGB R e 2 EBE » TR FE A [FAY RGOS « FRAC A& A% FEE & EGHRE » R
AL ERY)E AL B T BRI R - SRR oY & BB R Gl 2 R T 2 K BIATER e B AR) o M EARE ST
L% - IRA S & 2 2B MEA NIRS @EasH > KHR S AL AN IE RSz S ER S &
® o — ik RT R E EREWEZFIA - FREEREERNSE ST TE » HERAZR: ()RR
S E - HL AT R R E 2 R A s AR SR BEHE S B SRR E AN T L AR Q)BTRS A RUE N
B EAEEACY » B R ENETE H T KRR IEROE il -

IR 5 6 3 J@ ()BT HL 1l (spectroradiometry) JY B A AL M B4 B2 9iF 2 — o 7R FI AR Z M0 B8 I 5
2 SR S 2 B s L R R A B 2 SRR R PR OLAL R U SR A R AR A A o o Bt
B2 5 5 W (o P 2 5% R (remote  sensing) % I (2 ) BB /L 3R 2 L B2 M > H8 .2 5 O35 & M (spectral
remote sensing) * LAERME () BB 2 BUR B & s Z ik BE - E—BF .2 > EIERT{ENIYI0) R IKY)
PSR R AL ER AR R O HR S 2 IR ~ BB B BRI 0 RIS ) BRI R ot 2 BRI »
T AR 21) L o B o i 2 MR RE B S S » TE B ME 2 o LU B (reflection) B 2 {6 I B 43 AT 862 725 i
ByAIAT > AR R 8 v Bh kg B (A G B A = - 35 mT R 5 Y FI) A SRR T 4 (R B S S I K (wavelength)
Fe HCHE ST 35 B (radiative intensity) Z BR{% » FEIFFTAEAY [ RCG CEERF IR 1 o P e HEERLL — iR 2 el
R BRI ) O R 5 S B B B0IR 2 B 1% B AE RS EE - MR I O #8 Z SM B Sk - 310 o E IR
B ERER 2 2 - MRV BN EREURER T RIE R R 2t > RN SZ 2 H RS YRR
BIEIT 2 WL R HEFR A2 4G » LA RE IR 7 TBRE S R 2o 8 B U - Wi 2 WAV BLEIT 2
VLI FE » RTRECB ALY BE Z SV - RIRRETE ~ HFE - BAG - OBE - MM - RIEEFEE - S
AR B SR 22 BT R B R © o TR LB R AE /T b o W] DU — Rl i B R e (L 22
1% B2 3 A ST SE BR B AR - BNEZ AL B A AR 43 B HORRE R 2 B B K (regression model) » {F RS
FIFH S 2 5 1 I B2 L B2 R ) 2 W B » B8 BA R MR A MR BARR - A SREN W] HE A It
Bk B Tl A T 3 R 2 W M B R S P AR I B A o 5 B e — L ER R R B -
SEEEE W B R ~ BB JERUE Y - KM RKEENMED > WEEFEENT G - #AHE
Y3t [ TR 7R o

A SCRAFZEAE S I FF T bt T ' 2 2 S50 e 3000 A (6] S o SO O3 » D & B R AL ORI B LK 70 0E
{2 BB - BEETHR [ ERE WG R B &R FVE ~ PR ~ RUERBAHE R Z BRGR - BTG HE
i X o TR HL A AR B B O S AR T AT
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MRIERTSE

HHRE R EE

ATEHERRER N ERE LR TR REGEERRN (23°04N, 120°26E, W HE
31 m)Z ENER R HETT - BHE 1999 £ EF - KERK 2000 £HFE - BF - UFEFLEALRT - 2HVEHE
BEEREBEITE S A254  FHLZBE SR E M EREHF > DIEERWEE L - SR LIRS
E#) pH 4.8 » JBRAFETE 132 - ARG RERIUEEERRE - FEHHER 12ha-

A8 AR 2 B AT 77 1 (R 0k R st R A 2 VRV > (EEAT AR B8 2 BT A2 AT A N A% B FH ZAE —
A8 A ADRHN:P,05:K,0=20%:5%:10% » ZIAEEAF] » @) 200 kg ha ' EEE » LR EE—XE
EZFE N5 R % EEIOEAF » BiE)200 kg ha' - B KA RFEIEIN 5 BEIC(P,05) 50
kg ha! K EFAE(K,0) 75 kg ha! o B T KIAREKS: - FABE AR BOR A R 00 R B i A LWL - BT 2
5 o TEEINT 2 MR RAIHA > 55 e S R 2 0BG > BIVFA 7 BB LAURC /D o o S A o] 5 2 R R RO
SR T4
=L by 1A B

T 1 T A ] A 8 T ' BB R TSR B2 > RORTRE B — 2K > E R BIEINEAR
1k B — A B HIEIR o (EHIK > B R C RS RGBS EEOLE 2 T8 » W EF HIRETF—iF
SR IS BA IO S I B B AT - I HE 148 7 =03 MR R A LA J@ AT 1% (spectroradiometer, model
GER-2600, Geophysical & Environmental Research Crop., New York, USA ) i A 82 [5 S AE % _E 77 K F 4T
1.5 m BEETIRREEE 350-2500 nm Z REHLERRH D IR EA 10 EHRAFOV)* 1E 300-1050 nm
i B SEFEHIFE 1.5 nm > 1050-2500 nm #ESAFER) 11.5 nm o & — BEREEDEW 12 B > —HIE
HGEAE 7 R = R 2 P2 > B A HIBE 2 s (B 38 dh AR S Sl I A 3R 18 - ORI R B A G Z RS -
DU [] BRI S R S A #E (98 ('Spectralon', Labsphere, Inc., North Sutton, NH, USA)X &1 Y #E &t
ATESTEL - SIS E R 2 RO LR -

TR e A R S P % R R ST B % R R L R AR R 4 R EE 1 ~ R R A ~ ERVEAEAE)
AT i) BR [ 45 FH BH 98 & 23 BT (correlation intensity analysis) * LA 1% 5 I 5t bE B0 B2 4H 3 0 2 BRAR »
St i A A BR L = 2 R B R o R % U B R 1800 IR B AL B2 A B 43 AT 2 B (0T ) B MR AL R 4 AT
(multiple linear regression analysis) » LAGfiA# B2 4L 2240 5% 43 18 A B 2 32 B3R > ot 43 57 A B =€ o
Hat AT RFI A SAS HEETHCES > 15 BE G AR A R A B ¢ JHER 3 AT (t-test) ©
AT R 2 53 Y638 3 YR (NIRS)HIE

B ERFACE M E BRSO 2 6 > PRI B A% B SRR S B RIS 95 C Lz 1R - %
JERY 2 mm 7c45 Z$EKL > FELL Cyclon mill Bt 1 mm Z ERfEEMHE—ZK » DUES/NA 1 mm FRZ KA
/NG—3 iR © TEFIF NIRS (Technicon Infra Analyzer model 450, BRAN and RUBE Corp., USA)#
Bl > SELL 80°C MEEZ 12 /NE o DURER AR 29— » AR ALl NIRS SEITHRHE - NIRS R EILL
HFrM MR E T E E ~ PR R R S R -

TSR EAEY 5R

BRI FR AL A8 L R SR 0 (] 3t b AR R (IO ) 2 AL SR AR AR > e S B R R R R
I EE SRR R 5Y Z BR £ > R B ER AR R 5 WH R 2 FR B R > AT SR 77 3 17 A ] 20 A A S B e
WHWEME A = E BB HE EE ~ Bt At - Fpoeilit) 2 SHRRRE 4T o AR5 7
e SR 1) o RS O R R B o 75 R (AR ) S P B L B B o3 2 AR S GRS — B HAH
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FARBEESRE - FHEME » A EEEB(LEMERL ST LI yb it (NDF) 2 FH R 5 B (K - vk
T HE(ADF) LR 8 (CPYB R - AR LIRS 740 nm ZALIMHRECE) IR R Z HBRRE ik - H s
ADF BFHM R GIEFEZ 1224 nm R RS HEE KR AEEHR =0.661%%) » CP BLAE# X 4¢3

1837 nm & R G L BB & KR (1=0.461%*) » T NDF HI|BZAE#% K $1HEE% 2~ 2385 nm I & St EE
BA R ARRIEHBA(1=0.305%*) o & LI R EHARETT /047 - R EHEM AR RS 2K EMBEMNE

W o B RIRE FRBU(RY Z I RAE ADF ~ CP & NDF 43 355 1038 ~ 1193 & 2385 nm([# 2) °

0.9

0.6 |

0.3

Crude protein (CP)

od
ow

Correlation coefficient (r)

oo
ow

06

03

0.0

-0.3

0.6 r

03}

Acid detergent fiber (ADF)

Neutral detergent fiber (NDF)

600 1200 1800 2400

Wavelength (nm)

3000

1. BT BORE M R G Y 2 % A8 U B SO b B RS E B B AR oy R 1 ~ ERVEREAE ~ rhvtAEAE) 2 AHBR R L 7

#r o

Fig.1. The correlation intensity analyses of spectral reflectance to chemical components in forage of pangolagrass grown

in the experimental field at Hsinhua headquarters of Taiwan Livestock Research Inastitute in the growing seasons

of 1999 and 2000.
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Fig. 2. The relationships between chemical components of pangolagrass and spectral reflectance of the selected
wavelengths from canopy reflectance spectra. CP: crude protein, ADF: acid detergent fiber, and NDF: neutral
detergent fiber. :

SURRABREE 1+ 2573 B G AR AT ORI B 8 60 AS (3 1) » LUKEHERE R 37 (1998) LUT AT 6 I 51 3¢
ol O3 YEBT I 2 AGOEAT ORI R B B LS ) A B AR A 5 2 R o PR 0 e 22 o = B SR HE T Ak
YL (740-2500 nm)i @ AHRR (R B 8 THFEAS RS » 103 10 LUE(TS S BE 8L ER 0 » Hp o
CP J« ADF FIf2 [E EAE S SR 1000-1850 nm 36 B 8452 I 41 5L A 8K i #5ME FH RRS% 7S » NDF
SRNC B YEEERY 1450~2400 nm 357 BR (B8 2 S 5 LU A B0 K O I REL BB » 46020 S8 B T o M AEL B 0 A
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1’%%&[@% 20 H#E 2 CP Z R LT E L ERE RS 1893 ~ 1332~ 1731 K 1837 nm FUZEHEL » H
% 2 IS EEAE R 2 DY T E AR R AR 202 TR E (R BL R? £ 0.293 (P<0.0001): ADF FJH 1038 & 1663 nm %5 —
2P ER & I LA R 2 B T E AR IR R AU B - H R B3 0.484 (P< 0.0001) ; 1fii NDF AJH{ 1450
K 2385 nm % A2 R 2 KB R R 2 R T E AR EER R G 0 H R 0.173 (P<0.0001) © Fl]
% 2 2% UEAEERERE oD R (A0 B 2 IO 7 38 0l i A X1t 0 A (] B i e 2 (L B
#HFL 5> CP ~ ADF K NDF » BGBHMUERRL Y 2B 5 - $R{E2F o BRI B » (Bi5 REUR A REA
FEIE IR E FRER(E BRI ) -

B R E B R 2y 2 G I B I E 2 Bk > P DA AR B R = 2 it i B L 22 oy iy oz B R i
SEATRRUE R L (8 3) - FaE 3 B AR 10 1 FUBREE RS R - AR E T (I B B RE 2 o T 5.
R > HERANFE 3A ~ 3B R 3C o ¢ G HTHT/R - il 5 fiE B2 2 0 if 2 [T A 1R 722 3 o TRIE - #E e
T A S B 20 B B A Y e B (R R AT A AL BB T 15 B2 A 2B AH R 70 I M -

ARTFZE LA T 38 16 A (] B AR S BT Y 3 P i A 2 R MR I R R R B RSRET iR IS B2 L2
#R% 5> (CP ~ ADF J& NDF) B 5 8 E it 20 2 1R 58 (R B4 AU RS 0.293 ~ 0.484 K 0.173) » B/NAE RIS

55 1. (AR B MR SR EE o IR IR > DUEITRERS £ B LB R 0 2 S BB OT) B HLEER O 1
Table 1. The selected characteristic wavelengths from the reflectance spectrum of pangolagrass for multiple linear

regression analysis with the chemical components of the plant

CP* r ADF r NDF r

1038 nm 0.343 1038 nm 0.583 1450 nm 0.178
1193 nm 0.442 1113 nm 0.563 1876 nm 0.188
1286 nm 0.342 1224 nm 0.661 1940 nm 0.211
1332 nm 0.345 1316 nm 0.617 1965 nm 0.180
1607 nm 0.299 1607 nm 0.533 2003 nm 0.281
1663 nm 0.309 1663 nm 0.532 2101 nm 0.179
1731 nm 0.346 1704 nm 0.510 2138 nm 0.178
1837 nm 0.461 1744 nm 0.504 2385 nm 0.305

2 CP: crude protein ; ADF: acid detergent fiber ; NDF: neutral detergent fiber.

55 2. A[E A R AV 2 e B I R LAY AR 1 ~ R VRARAE PSRl 2 & B IOD) E AR

B o A e R
Table 2. Summary of multiple linear regression analysis for relationships between forage chemical components (Y: crude
protein, acid detergent fiber and neutral detergent fiber) of the plant and spectral reflectance of pangolagrass in

the near infrared region

Y=aXM+bX)\2+CX)\3+dXM+C

Component” N R? P

a b [ d e
CP 0.250 -2.348 0.050 0.628 4.011 80 0.293 <0.0001
ADF 0.255 2.975 27.654 80 0.484 <0.0001
NDF 0.195 -0.200 70.240 80 0.173 <0.001

2CP: crude protein, A 1=1893 nm, A2=1332nm, A 3=1731 nm, and A 4=1837 nm ; ADF: acid detergent fiber,
1 1=1038 nm and A 2=1663 nm ; NDF: neutral detergent fiber, A 1=2385nmand A 2=1450 nm.
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Fig. 3. Correlation between the measured and the estimated values of chemical components (CP: crude protein; ADF:
acid detergent fiber; NDF: neutral detergent fiber) of pangolagrass grown in the experimental field at Hsinhua
headquarters of Taiwan Livestock Research Institute in the growing seasons of 1999 and 2000.
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]| 3A. MEFEHEEMEE Q2 SRE R EHIEZ HE TS

Table 3A. The results of t-test for comparing the measured and the estimated values of crude protein (CP) contents in the

plant of pangolagrass

Item Measured value Estimated value
Mean 7.0681 7.0625
Variance 5.8047 0.0120
N 80 80
df 79

| t-test | 0.0811
P(T<=t) one tailed 0.4678
t0.05.80 1.6644
P(T<=t) two tailed 0.9356
10.05/2,80 1.990

;| 3B. ARG AT BSER VAR 2 B (E B (A2 AR RE D HTHE SR

Table 3B. The results of t-test for comparing the measure and the estimated values of acid detergent fiber (ADF) content

in the plant of pangolagrass

Item Measured value Estimated value
Mean 40.7782 40.7782
Variance 20.4757 9.9078
N 80 80
Df 79

| t-test | 0.000012
P(T<=t) one tailed 0.49995
t0.05.80 1.6644
P(T<=t) two tailed 0.99999
£0.05/2,80 1.99045

% 3C. A% [E| R RS AP R A 2 BRI E B A E 2 ARE 2 BT R

Table 3C. The results of t-test for comparing the measured and the estimated values of neutral detergent fiber (NDF)

content in the plant of pangolagrass

Item Measured value Estimated value
Mean 70.1755 70.1748
Variance 8.6917 1.5556
N 80 80
df 79

| t-test | 0.002563
P(T<=t) one tailed 0.49898
t0.05,80 1.6644
P(T<=t) two tailed 0.99796
£0.05/2,80 1.99045
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Estimation of Chemical Components of
Pangolagrass Forage from Canopy Spectral
Characteristics’

Fang-Ming Chang’, Chwen-Ming Yang%~’4', Fu-Hsing Hsu’ and
Kuo-Yuan Hong3

Summary

Ground-based remotely sensed canopy spectral data of hyperspectral resolution were acquired at the
experimental field of Taiwan Livestock Research Institute, Hsinhua, to study the spectral characteristics of
pangolagrass (Digitaria decumbens Stent) in associated with chemical components (crude protein, acid
detergent fiber and neutral detergent fiber). From the results of correlation intensity analyses, there were
varied correlation coefficients between spectral reflectance and content of chemical components along the
measured wavelength domain (350-2500 nm). In general, reflectance of wavelengths greater than 740 nm in
the infrared region had higher correlation with chemical components. Eight wavebands in the infrared were
selected for each component to run the multiple linear regression analyses. It indicated that contents of crude
protein (CP) may be expressed as a function of reflectance at 1893,1332,1731 and 1837 nm with coefficient
of determination (R?) of 0.293 (P<0.0001). The contents of acid detergent fiber (ADF) and neutral detergent
fiber (NDF) may be expressed as functions of reflectance at 1038 and 1663 nm and at 1450 and 2385 nm,
with R? of 0.484 (P<0.0001) and 0.173 (P<0.0001), respectively. It is suggested that the changes of chemical

components of pangolagrass may be estimated and monitored by these regression models.

Key words: Canopy reflectance spectrum, Spectral characteristics, Pangolagrass, Multiple linear

regression analysis, Chemical component.
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