S 152, Taiwan Agric. Res.) 54:123~134 (2005)
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IREANE ~ BRSFIEL ~ BEES - 2005 o kg2 REE A ASCEREET - LIENFIHRCEE - 518
LTS 54:123-134 ©

S S P 535 T R AR A R 43 A B B VT i B - AR A B oy e S i B Pl
BT - FRAN KR Z WA FISCR - DUE Refttolt 2 R L2 A - 3ABR T 1% BRI
SR Lo /RE B S AR - T o Sl IR F LR — R DUROE T sl
W5 iR B ROL A IR LR & - FYeRs AR - S LRRGE A0 E Fr i R A o =
FA AR - 1 — W FE AR R R R 8 1,11 28 2.32 gMT ' day™ - ZJIfER
Hy 0.95 2 1.50 gMJ ' day™" » AHFFE 4% B H it SCRRARE - SRS A R i BUE A R i 15
T AT RE IR R E LR 5 B A CRO LU B B (B EE — 2P RIERES - Lo - SRET A
keSS el ERE e

RASEER : KA EEAARCE - @R -

il

Al

REAEY S E RIS B2 RIERT R ESE 80% L1 [ (Hoogenboom 2000) » 7EEEV/ {EYIE X LATHMI 4
FR MR & B0EITR G K E ORI B R EAL T - AR AR RIR RSB EY R T
TR ER AR - CHFR L HMEERI{E A RR e i -

FIHWtCE RIEIfR Y - MEYIPTEIOLRERI H A RA B YIS IERIGR » 40 Shibles & Weber(1965)#5
HIR G AR REE A B RE P - 2 E BRI TR N 2 H R R LR - Williams et al. (1965)58 Ky T KB
FHEETRBENEETES 1.71g £HE » F 1977 4 Monteith 277 4B F 2 HEAE RS &Mz
B o B i R+ SUFRE R 1 L AL K 5 1) FH 2% (radiiation-use efficiency ; RUE) » Hif&amad by » £
BT A RBEER S BB 5] 1.4 g MI (B E ) » B EH 3E P i e & U P SR SRAS H B 1
R P AR - T L& TE AR RRALE - RUE ER BIBUR - (2 A e Fe Al RiE S R -
[ARF {55 RUE - $i41 - Gallapher & Biscoe(1978) FbiRA R @ BHAFYI AR - £ RIFAE RIS -
RZEF/INEEZ RUE HA |- 52885 HARST » RUE {f5s 3 ¢ MIT (PAR)EL 1.35 MI™'SR & 7E KM FER |2
HIFZ R T - RUE GREHE M EVE 5] > Gosse et al.(1986)F5Hi C, ZU1EY) RUE {E i » H
TOEBHEY) K RERHEY -

I ITElE R B RER iR S 2231 5% - 2 HW 1 944£9H 23 H -
2. AR T HEMARVEA - BHARHEMIES - 28 Zhik S -
3. SEHEE » BTFE Y mhyao@wufeng.tari.gov.tw ; {HE#% : (04)23331673 -
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A F P RCRAE A EPIRIRE S22 - 2B ZE(Salibury & Ross 1992) ~ /Nl (Kiniry 199414 &
FEPEH](Wall & Kanemasu 1990) » 33 & HfF 5 HI A EEHRAN [F] i BEAS B > (HL5Z BRI 5 DUHH F) h RS
(Rochette et al. 1995) - Baldocchi(1994)F2 Ry DA ] RUEE &I 56 BE T BERESIRRE » R R ANERGEF A% AR B B 2
T PR P AR 05 IR W AT+ SEAE 22 B0 i 72 5 - 1 R P S i (Flux) Y S 0 7] S 38 40 8 2 AR A
AP R FR (AR S & ~ . S5 MFE)RE I BN EH] - Bugbee & Monje(1992)78 Ky 48 E & BT AT AS
HEE 107 A EGE B R R IR - 5341 - RINR G S LiGaE BN S ER R AEE
BERAMBAIEMHRME(Ham & Knapp 1998) - H FiEH — & (LhGE 8 DU H/AE & V- ffir(Bowen ratio /
energy balance ; BREB) /714 ik HE EL#2 (I I B R HTE - MEARUD & 4 L6 55 3R A ZE 4E (Sinclair et al.
1975) > SRIM0 » §F 2 WF9REE vl B &) CO, i & (Frank 2002 ; Emmerich 2003) °

HERMFZERTIIZE Ry RUE B Ry 18 - (H3E b BZ{E 2 St S5 RE R AN [R] IR BRI 22 2 (Cheng et al.
2000) - [A]RFET 25 3k BaAE A R BRSSA H FD  EA4 SR AN [ (Albrizio &  Steduto 2003) - HRAFEAH
Wit e B A BRI RESEETE A R (Tjoelker et al. 1999 5 Cheng et al. 2000) - AHFFEF]
PPt R o /K R e R B Al A T S0 ] AEMEATRES =0T - Bl — S Ll & K KRS RS Bz
HEML » SRR R AR R EY A KB RFHRER - DERMFPE R gE & Pl L iR 3 - DU
EPITTAREEERHEE - iEE RN (E SRyt Fe i -

MFERTTE

B R R R R HE TR > EHEHER 0.5 AEH > HERES RKEH » 2Ry
Sl BB > KB SRS R 67 5% - RS EH KR 81T 7 T -

B R T A A E I E R ERT B At ge R DL =57 LR Ak e — ~ IR RS R 2K
b > FWFELEEAR S AT
1. RUEp ux : BUBEFRETERHEFAXRE

CO, 38 & 2 ] F ffy8 Fb/HE &2 S (Bowen ratio / energy balance; BREB)Z&#f(Model 023 /CO, Bowen
ratio system, Campbell Scientific, Inc., Logan, UT, USA) » fE/K TG VY B BALGHIE - & 20 S0 ici%
—HEER - EREBNVEOKEHEZ R RAE - FEATE T RER 100 m DL 2 fetch » Sl #EHR LR
##8 Dugas et al.(1999)Frilt:z J5 i - SR L2 HERE 177 0.5 F1 1 m R » 45 2 PE—RREARE R
BEEEFEETHR ¢ ] & #(sensible heat flux) k7% #(latent heat) | L # FH AR LLET RS R4y &2 N g
fiEgf 3 (Model Q7.1, REBS, Seattle, WA, USA)&=iH » 53 i — 8 + 83 A (Model HFT, REBS)&1 &2 +
BN E  (soil heat flux) 5 38305 B FI ph 2R AR AR B B AR b &l - SR B O 2L ~ KRR A
LTRSS S R AH IR > CO, & Hh v B (2 /KR8 B 7= (vapor density differences)F A5 IE(Webb et al.
1980) > T A~ PR I 55 A s TRV B 72 S AE 22 SR AL /MR SR 43 BT 8 (infrared gas dnalyzer, IRGA) 347
RE B (Angell et al. 2001) - S ALRRAIK IR A 2 T AL /MG 53 #T#(Model 6262, Licor, Inc.,
Lincoln, NE, USA)&EH| » +#E/k &= EFIH time-domain reflectometry 77 1285 % HI 28 (Model CS615,
Campbell Scientific, Inc.)E AT 5 cm » JEGHAT A H 4 B HE T (Model 03001 R.M. Young Company,
MI. USA) » A5 BE RS FHRLRE R B EE H(HMP3SC, Vaisala Inc., MA,USA) - FT 5 &R ETF IR &K
IR EE 2% (23x data logger, Campbell Scientific Inc.) °

g BTz COy & T H T =LA (A

oC P Mc(C,—C))

Fc = Kc =Kc
oz TR(Z,—Z,)
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Hrp o Fe :CO@EEE ; Ke @ COMPREHURE : Z & - AAMBRIERK P K
FEETT: Mce:CO 25y T8 T R:HEMEMEE C—C K& Z—Z, 2R & COo,
AE R -

2. RUEcgr * W EALBIMRET B ERS R AR

Bugbee & Monje(1992)F8 Fy 4= "8 & R AT L7 — ALk A H#a=R (Carbon dioxide exchang

rate ; CER)/WERHEEH - FIRFRIEFEA R M RIKE Z source ~ sink f feedback IRy (L, -

CER=5 0, 04Cd-Cu)= Pc + Rpg + Rs

e Pe BB AR § Rag  H LEIPIROR § Rs  LHOTRE .
BT R IR KR A T AR /K B + Miyata et al.(2000)F8 Ky CO, i Rl 220 » it § /s
I SR (C) By Po-Rg LI AT 3T i AR 1L 203 (Radiation use efficiency ; RUE)A fci
Cc

RUE = ——
IPAR

IPAR JFo /KTt Ak A S i - A3k

IPAR = PAR [1—exp(—KxLAI )]

PAR Jfa#k I H#ESS & 5 K crop extinction coefficient » 7K F55{E By 0.68(Campbell et al. 2001) ;
LAL : ZEIRRFRSL -
3.RUEpw : LIEZYERTREETHIRH T AUE

RIS B BELA T ~ /3 BEREIH ~ s BE ~ SURES LI ~ AR - RhARI) - FLAH - R
W R B AN AR B - 5 53 ) B R PR EAER 1 40 # fabk - KR 88 B (B ~ AR KB 73 B AR
£ B 100°C 8 FEZIEAE 1-2 /NF8: - FLL 80C IR BSe ezt » FEERZYE » W ICRE I 2 2
EE AR -

kT FE RIS A IR 6 2047 € (Licor 2000, Licor, Inc., Lincoln, NE, USA)FT&# - & /KR AHA -
] 7 130 2 P Wt ] — K - s MERE MR B R S A I N M SR AR RO R LU ORI e R 2 B
iz 7K R iAokt - 1Y 20 #RAERR - KRR LB Fr IR 2Kk > DABE AR 23 A f& (Licor 3000, Licor,
Inc., Lincoln, NE, USA)/> M0k & BE RS - FHRITHRIEE T & H 2 A& F5 ¥ (leaf area index ; LAI) - 2001
FETHAVE B 2002 5 —HIEF FI AR e 53 A 68 B SE TE AR g P A0S SR B FEBR (R ECRy 0.71 » TIAEAHFEhZE
A EHE fR R T R B A -

SEREEMIE S ¢ S H 8 & & (pyranometer) © Eppley PSP (precision spectral pyranometer) » ] #i
285-2800 nm ° Y&F-Ji et (quantum sensors) : Li-190SA - jHI5E #i[& 400-700 nm - 5 — &0 25 15 {5 F Al
DGR RS #5125 (optical radiation calibrator ; Licor 1800-02 , Licor, Inc., Lincoln, NE, USA)FZ 1F 228 -

—IAFE/KAEE 2 F 25 HHRRE 6 H 24 HRER, (136 120 2K ZH0fErR 7 H 29 HidME 11 F 16
H O By 1136 111 K - —HIfEE BRI SR R R IR =it S RN - SRR R 302 AJF > JK 7k BL
TR IR E IR SR R R B 2 KRN - A BRI R 671.7 A
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W IfE 302 NEE L o HAEKRE AR S~ &IV B 10 H 25 B 7 QRSN - HERE R
FNACER - ZKFEE B ZRG BRI E > TTHE | 2y E2REPRY - — IR ERE  BRGZE
76 g0 HIMERIE 62 g M E RS B E R A ERIE > — “HIfFEMREE R EE 45 g
FHIELHE A A AN B S A ZE50T 1000 kg » 72 FREA o /KA B TR 415 SRS R B M TS8R IO R A R B
2 Fy— ~ ZHIfF B AR B L R T E A B VIR RN A RS E - EEEEER
HEE 4.0 —HIFEGIIHERER/K L - EREERE KIS > ORI R i B s - fR% R i 5.0 -

FHRA AT R AR U5y I B GG 51 - A B BRSE R B IAG > SRS R K Ry s 3 5 P 2R B A
b RHERAEERFIRLE - BRNRE - B -~ BGEROER  (HELZEFr EpcaiEd - HsR e ik
TERR KRR LR Ry L 2N T - i 3 /KRR ALk R B & Ot 158 B (PPFD) R AHRE
P - FIE AR CREGE 0.75 > SBT-HiE (qudntum flux)le s ADE & TE DG FEFTEN < RERLL S - fiRSRE
F7-REI S (Calvin)fiF B L AR PNTR - (L BEHE Fr Atk b &Py 2B -

W EAHBAR TR D EREE H ML - — ik DU S E R BAL - E5E H DGR 2 RS B) - 55—/ N
REME — A LIRE AR - [ 4 52 DUS REH RS A ZeR . Bt - Di—BIfERfE - sEi -t H
ZERHERETE - 3 BRI R RIS HR S S0 14 MU DL WS EAR S0 - B Hh s R v A - 15 R R B
(6 BRI BRI & - M E T2 Sug CO, wmol DLE » {RELZAE LT 8 B BERAEET
H—EE - WUER UK B IR RUE - $RRTIR T A 8GR - R B A R R A A o SRy
FTEIIRTATE T & (B ] S S2 W B AR A B e 7 28 00 5 RS AR3E v i & Jlie kB & P01
ZHRRLFEH © B S B h BRI — {1 F IR B F SR L ST - kb B AE AR ks
T TE RS o = (E AR - 1T B R B > B2 bsiE b - Sk - i
BB S RE sy o B RS SA BCR I TR

K 1 RAFZEBEEEER T - AR ETFSEEA AR Z E# - RUEcrR E2HAEH
H T i — S bR BB LUK G 4 B 2 - KRR A E W s o > — e eafEk 1.93 > —
IRy 1.73 > Horh ZHIfEE IR, - KRS B > RRZHaS = - SEE fERIFERE » Kl RUEce [T
W e o AR DU BV G SN S EE AR EZ Y H » HERESF FH R (RUEpw {H) R 1 B R E
FECE 2.32 g HZIEE > HITERIMRIK - BEm S ER ZEE 8 1.50 g ERVIIER 1.03 g -

T

B _LFTRE CR R T A AN AR EL{E (Spedding et al. 1981) « ERAEVIE T - —MLUEE(E
PR ~ 52 B A B oL A B Ty iy B REE - (EL B AT 20 R R 108 - BRAE G AS B (R 1 el A B
[ZHES > (TSR EVIE RN T > EEUR DUREREREI R £ - BRI ~ S ~ BUH - Stis -~ Bk
e AR > HIE RS RSB BOREN  RENRS RS & —F R - BRJEE R
VR SR A E R AR > T e RSN REK - Sk B EYIREAS © IR
BAEPFFRHE - nEHBRAEGEY A BB KGR SR E R B IHEI TS ER - &
EKALE P BOAIZEE B (biomass) M - | 3 KFEERE < S bl kotsh < sl B AR - S
HENDEETE SRR A GHRIER R - Cooper(1970)fli AR #R N &b 4596 Z ] LR ot S 1EH
BERS > AL | g S2EAIFNREE 4,250 RICERRE - HIEF BIRGER AT HEMZY) E RN E > HENE
& > Jong et al.(1982)H[I5 Hi E gk o8 T KBk 5 v] R 5 S L R 78.5 06 EE A= 5 - FRARHIFSE4E
RIS P R 00 B A 22 5 g (1 1) H—JI/EA B IR AR A Ry 1,409
MJ - ZHAERy 1,404 MT - fEAHZE 5 MT > [AIRF J0E 2 £ H B A7 —J0I1E 10 K > X[ > 2R D
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Fig. 1. Changes in dry matter accumulation of rice during the 1* and the 2™ cropping seasons in 2004.
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Fig. 2. Changes of leaf area index of rice during the 1* and the 2™ cropping seasons in 2004.
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Fig. 3. Relationship between CO, flux and intercepted photosynthetic photon flux density in rice field during calendar days
120-133, 2004.
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e Y B AR R Y A - BE L BT EDURERIAI T —ERE > R A R
HEML(E 4)d o BIHEEA A RCRAE DGR - fE IR FHER AT 25 (E8E S A GRS
1 - EARE R A2 B E 2% > Kumar et al.(1996) WS 28 3k A RUE 2 & AR - 1M HH/ 2854 B
e S hEE Ry i 52 % RUE(Choudhury 2001)- Sands(1996)#5 Hi il 552 % RUE J5 A 2 8O & 1E H A
B ER VIR AE ST > H A R 1 F G R - mn A RDE & G T (R A o 0 S B SR T
TE) > BESEATERTEREEE - AR EAIERE - CEREA R TR -

IKTEAEBHAER: - R & (B YR i B A AT Frdi s LR 2 BHRS A TRV B > B
BB AT ~ BRI ZEA A ASCRUR T R S) » S EHASOR AR R - 41 Horie &
Sakuratani(1985)H178 Fy RUE {E/KAE B A8 4 F A — 8 > /kFEpa ek RUE IR TR > 2R R A
R BRI FE M(Salibury & Ross 1992) » 55— R )2 BATERITOEE E M < AR T R AT 2K
(Gent & Kiyomoto 1992) - 554} - NEIVIMLE RAE K > MUK EYIRMR DGR > SIATERHEYIA
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SO/ MESFE - Sinclair & Horie(1989)th58 Fy RUE fEEE U R BAR0E - B 7 ZE IR EU R
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Fig. 4. Diural change of the radiation use efficiency during the heading stage of the 1* crop.
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Fig. 5. Daily change of the radiation use efficiency during the one month periods before and after heading stage of rice in both
the first and the second crops.



K e S A B8R 2 SRR 131

R 1 HEARERFISERGTEC 225 - TR MBS Rz Y & BREB 2 #f — SR HUERGTE 2K
Table 1. Comparisons of different radiation use efficiencies calculated by using field dry matter or CO, exchange rate
obtained from field destructive sampling and BREB system.

Season LAI* RUEcgr” RUEpw
1% crop LAI<1 0.960.09 1.75+0.16
LAI 1-3 1.87+0.07 2.24+0.11
LAI 3-5 1.96+0.07 2.32+0.16
LAI'<5 1.530.11 1.11+0.19
2™ crop LAI<1 0.63+0.12 1.03+0.18
LAI 1-3 1.760.11 1.10+0.10
LAI3-5 1.70:£0.09 1.50+0.13
LAI* <5 1.79+0.14 1.410.15

* LAI=Leaf area index; * post-heading.
¥ RUE=Radiation use efficiency.
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Summary

Yao, M. H., S. H. Chen, and L. S. Lien. 2005. Studies on meteorological resources use efficiency in rice. I. Radiation
use efficiency. J. Taiwan Agric. Res. 54:123-134.

The concept of radiation-use efficiency (RUE=carbon assimilated per unit intercepted photosynthetic
photon flux density) is commonly used for analysis and modeling of crop growth. Field experiment was
conducted in 2004 to evaluate RUE as a function of growth and development in paddy field of Agricultural
Research Institute. Twenty-minute average of carbon assimilation rate was obtained from Bowen ration /
energy balance (BREB) system, and light was measured with quantum sensors or pyranometers. Results
indicated a high correlation between CO, flux and intercepted light flux during heading stage of rice, and
the RUE values of rice ranged from 1.11 to 2.32 g MI"' day™' in first crop , and 0.95 to 1.5 g MJ"' day™ in
second crop. The mechanism underlying the higher values of RUE measured in this experiment, relative to
those of other studies is not clear. However, the changes in diffuse radiation proportionality may insert a
potential influence. Despite of this, we concluded that when RUE is a rice growth model parameter, it may
be changed by varied LAI in different growth stages.
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