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DTHEBTHELTVS. Ubd, ThobBARAay 4+ Iy 7 RELLTW 3O
B AHRORBTESD.
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BHCHMEL, ChRHESVTHARRBERBETAC L 2B8XRTEY Y YT (Multi-
Dimensional Sensing) XWHATWVS22 ., HEOCBERTATTIX, LEO K372 (Y-
BER] DoORBHMEEMELEUCEBRT LYY VS F—ILESOT, FPEKOR L
LARIGRNEME - BEBELEENICHER (E25V ) ¥ 5D LERERNARL,
WP 2B THRVOMNARTSS. COL3REY ) MR, YRR
TldslpEky 27 L0 EERT D SMET 3 RDOFRIERI G TR, &
BREEE- S URNSHABOZ YV a— Y O/ REEREOREEER L VBTSN,
REOEFBMHES LV ERREORRCBU Y AFIF v IROVOANEEBHATES
(B1.1) .

ZOLINFRORADUVEDE UTHIE, FWORBEELKA P L AREOHFIIES
SETERANT AV HOERBELDLIV L OORERTE VY, BH#IEEHI WL
E-TEEEEBKA L AOKBRLTARALRINATVE®. LhL, —BRKERTR
iR, ¥, BE, BEFE<OEANEWCMEU 2N ST L T 3 DI BB ORI X
ZHMYFHUIER2ESNSY (F1.2) . —F, ALIBERFRLINFOVE—+ &
JVZTRRTE, ERRERSTCERLREEET IV IRy I AL U, RilEEE
REPREERRUVTHORRHRMEEOBMEROAZEFENM YR U TV @M S - 219,
ETUT, EOTEPHERBEOHMLEBEROETRILEBI TERLIULHAS.

ULDESRERIEL ST, FRHELS L TCUEPORREBLEBHRYRERLICEL T,
TOBMIEE AR EWEERMOIBH T I LD LELREWNAE LB -2 BHERUR.
TibE, BRA LIV IV LT (EY-RIER] D OEXBF - 2HBL, TOEE
ERFHRAZITO CEORBRHT IV IV FREDVTORRGRE 2T ok AH%R
BT 3REMVMRASEL, XEBCLTOIREM SRS (H1.3) .
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ERFU, YV UTF- S b ERNRIEEOBERERR OV TORBMRE 2GR,

(3) LEOHREETEDD, FHOLBERSREREY 7L Y 4 LHDERMITHEE
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HRHOEREVT, BAXBTUBT IBBER E NEAREEOH T L ERNBTUR.
th, TRENVEENEOFVES I UL T  LEEERABREZORRERFTUR. &5
K, TOEAIOOT + LREERERBEHET 3 2H0ERELT, E8ETUEOANK
HEECEE I OOT7 A VBEOMELRE V. Iz, ANEHREEEROEREE LD
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OREL - BROMBEEE, O RAENE-RARD >, BESHEET - EELE, 5
R ORBAINER L UDNE, HE, XEANTHARTFERE (PPFD) , HH
®, BEELARSUT I RDORETEY Y YT Y AF L(Multi-Sensing System),
@ BHOREEES LURNARY M LOEBNAEEBIT 3 ed AV BERRTY T
L, ¥3l, @ BHCBY3POBRKER, REBEE, /007 LRESOLBRRE
ORMFiER > VR LRI REOHBEFLC OV THI I T—EL THENS.

2. 1 EBEEBIUVHEESEMTORDOFARBNERL Y

EEE U hoR COREY - EPHER OHERRIZL>THREZHh, ¥4 F1vik
EBUTWS (B1.288) . 12, FEIERD S OB & RERMEICERMEL T
WAREFTRE, EEMHEOTLEN U TEBRERCERL, ¥ CRNER - RERE0E
EEZHBRLEZHODTERCIMEL TS, LRB->TUTORETIRET 3451, EER
FOOEENEER R LARKEBET 3 RHOKERNIATLRVBS.

X, RBHPCY— I XYL STEMENLLLITOATERY, LY RIFTOER,
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RIBMEEHCHET 3 e EHBTHIREVWL OPORAES > TR, ~F, BHEE
VY RAERBUENTES LD LROL I REABAD R, SRBERZLBEVOSITEO
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Barnes, PRT-5 8&U Everest, Model 120 O 2HWSOKMIEEHBAVE. KBK
BWiegt 4oftERR2. 1RV, RrAUEETRMNEREOT(LTHHEEES
EZVRBEXECERTI0T, TEAHUVARETCRABRAKOLWLONLETHS. I
OHEHT CTRLEIEEEN 10T 2BAZZENES 00, ARROHNLSH THTIER
B —20~100C BEX L.
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R 2.1 FARKHIDEEYORA, ST EHE@OMIR

YYD Y BBOWS .
FOV  o%s 10" 20°  30° 40" 50" 6 70" 80" 90
h=la a 0.585 0.150 0.070 0.042 0.030 0.023 0.020 0.018 0.017
b 0.101 0.051 0.035 0.02T 0.023 0.020 0.019 0.018 0.017
d 0058 0.007 0.002 0.000 - - - - -
S 0.18 0.024 0.008 0.004 0.002 0.001 0.001 0.001 0.001
h=2 a 1.169 0.299 0.140 0.085 0.060 0.047 0.040 0.036 0.035
b 0.202 0.102 0.070 0.034 0.046 0.040 0.037 0.035 0.035
d 0.116 0.014 0.004 0.002 0.001 . - - - -
S 0.782 0.095 0.031 0.014 0.009 0.006 0.005 0.004 0.004
2° h=3m a 1.754 0.449 0.210 0.127 0.089 0.070 0.059 0.054 0.052
b 0.303 0.153 0.105 0.081 0.068 0.080 0.056 0.053 0.052
d  0.74 0.02 0.006 0.003 0.001 0.000 - - -
S 1.670 0.206 0.069 0.032 0.013 0.013 0.010 0.009 0.009
h=4= a  2.338 0.598 0.280 0.169 0.119 0.093 0.079 0.072 0.070
b 0.604 0.204 0.180 0.109 0.091 0.081 0.074 0.07L 0.070
d  0.231 0.02 0.008 0.004 0.002 0.001 0.001 - -
S 2.98 0.380 0.123 0.058 0.034 0.02¢ 0.018 0.016 0.0i5
h=5n a 2.923 0.748 0.349 0.211 9.143 0.1i16 0.039 0.090 0.087
b 0.505 0.255 0.175 0.136 0.114 0.101 0.093 0.089 0.087
d  0.289 0.036 0.011 0.004 0.002 0.001 0.001 - -
S 4.638 0.600 0.192 0.090 0.053 0.037 0.023 0.025 0.024
h=lm a 1.205 0.301 0.140 0.085 0.080 0.047 0.040 0.036 0.035
b 0.205 0.103 0.070 0.054 0.046 0.040 0.037 0.035 0.035
d  0.239 0.029 0.008 C.004 0.002 0.001 0.001 - -
S 0.777 0.097 0.031 0.014 0.009 0.006 0.005 0.004 0.004
h=2a a 2.411 0.603 0.280 0.169 0.119 0.093 0.079 0.072 0.070
b 0.410 0.205 0.140 0.109 0.091 0.081 0.074 0.071 0.070
d 0.477 0.058 ©.017 0.007 0.003 0.002 0.001 - -
i S 3.108 0.38 0.123 0.058 0.034 0.024 0.018 0.0i6 0.0I5
4 h=3s a 3.616 0.904 0.421 0.25¢ 0.179 0.130 0.119 0.108 0.105
b 0.615 0.308 0.210 0.163 0.137 0.121 0.1if 0.108 0.105
d  0.716 0.087 0.025 0.011 0.005 0.003 0.002 0.001 -
S 6.992 0.874 0.277 0.130 0.077 0.053 0.042 0.036 0.034
h=iw a  4.821 1.205 0.5 0.339 0.238 0.135 -0.158 0.141 0,140
b 0.821 C.410 0.280 0.217 0.182 0.181 0.148 0.142 0.140
d  0.955 0.116 0.03¢ 0.014 0.007 0.004 0.002 0.001 -
S 12.431 1.553 0.483 0.231 0.137 0.084 0.074 0.064 0.061
h=Su a  6.027 1.506 0.701 0.423 0.298 0.233 0.138 0.130 0.175
b 1.026 0.513 0.3 0.272 0.228 0.202 0.186 0.177 0.175
d 1.184 0.145 0.042 0.018 0.009 0.005 0.003 0.001 -
S 18.423 2.027 0.770 0.362 0.213 0.148 0.115 0.100 0.096

i) .FOVI"G"J"}‘UJ?ﬂﬁﬁ Cl, 6: WM (C),n EEEEDLSOEYE (1)
2 R¥EE @, bIEER ), d P HFARLEBEPOLE DR (1) , S Zﬂ?ﬂﬁl‘ﬁ (w?)



10 B2E WUTFEOFEELUNTERE OB

Y ZrNERAEORYERa, H¥EED, HAOPLEXMPLEOHEMI, BLUHHRS

BEALFhXATROLES.
a=h/2+ {cot (—FOV./2) — cot (§+FOV./2)} (2.2)
b=a hcosecftan (FOV.72) / (a2—d® 7= (2.3)
d=a—h {cot8— cot (8 +FOV./2)} 2.9
S=nab (2.5)

22T, h I HBEAEWLEOLIFOBEM, 6 LYY OUTHOME(). T TAVRLE
BOBRBBIITFhFh2°L4°TH->OT, FOV=2, FOV=4Xr L TEEERHLS
FAMTRERERE U A E®E U THARTFo> 2 (X2, 2) . 2B, 6=F0V/2
DEALLNTHEOEBIRYIEERYD, 0<O<FOV/2 OBARUNER-T, #
CHEERLERA L Y, WTERERES LRV, FREY, KOTERS &> RERT
~FREARETURS, 20T (HEE3ET) ONEH 553 —oOREILHESH
ROk, BESZVIEEOLOEBRENEL TV 3P B TESRKA Y b RS,
B EAREYPECB VTS, TORKE HRIER HERART 3 2 & piEHlF— 5 OfF
BHEREOS ATFARTS 5. AARCHV R LY HEOHTS, BRI ERIEE LY
FUEBERGRER-THEY, POTOEENRF ¢+ TL—Y 3V FHREDVTENL GO
NEYRSRVOT, T THREFIERMHEEL YO+ Y TL—y a Y RAVRAE
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EHAEREEOHERFELERNT I L AN LTA—ORA R DLW THRREESh S 18
OF—FEy PRRVEUVNEL, MRCBAVWE. Th, ZOEBHORDF T Y NHOFEX
RHEERETRIRTRELT3RDE, MARREUVTEREREG TRLIEZE AR
ZRLHHYTHVE. 28, AROBEEXZAVIFERLE, BF x VN RNOKETEE
UERORDIAROFh LV DHLRY, PIFVARRHERREL>TL BT UERER
ERATERGLERTHS. B, COBGLREDUHEEANRVWT S IORET
HANKOKBRBELZRD, B2 ANLBEAOEETS VI OEDER L > TRBEORKE
BEHRUE. ARRTEA L REF 2 YN TREERY 6.25007, ENERAPEORRGH
LRHRT IARAOLOT, BHEE, LOHERL SEOFHEICOLWTOAHENRShS.
Th, ML 30~ TRETADT, SHRMCBRVELE ORENTE 3.

b. MARNO/MEERARERENTEE

ARRCAVES S —HEORSERNSRERPMTERE (Li-Cor,L 1-6200) @72 UM
OEFxINECO: ARBER Y TBIURBHB—F L AR 2DDI2y P HSHREX
hTo3 (B2.12) . FFz /AW~ C O, AHBORIMART, Frry A NCES%
RAERDRAD CO. MEOHLEE D SHAREENRDONZ. —F, AR LTHR
HOREORMER D > WA B RDON 3. KYTh IO, RADC O, ME, EFx
YRHOEMER, Wi, Tl (WEN) T, EEN, TNEE, ANE, HEEER, 25
RERBEEX ST LR &> T, KAER, 30T ORSHEEE, BREE, NATOCO0,
BEREOHEEH S,

BEFELEFHL & TRRRKUOBE L ARTS S, FRETUEEF o1
PRZANTOBSRAOC 02 MENIILREHET ZOR+HRET (B ppn) TIET 3 & B
DEEHRIHILSWR->TWS. UkBo>T, | BOMELET 3HMINTROKRE R
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B2. 12 SRECHWLAAOHRT A SREREITEREOEMOREEN

B k> THB~BTBEERSN, OTHhRELTS, a.0BR8EEAR, RILORSHIE
ZAMEAELIATLILOEEDN S, CORBTUMKUOERLERY, HEERE
EORTROED, WERAMOEE, REREAROMINSHE HESEVREIERNS.
COMREBED—DOHATS 3. EF 2 Y NOBTHR 16cn2T, EHERNEOERK
BECERT 3R 2. OBBLARTEOBHR LDV TOXEREROMEHE>N 3. W
EEABAE VLD, EOBEL LIZORBULRVEEDR DY, EOBHREL L >T
KEORUTERACEZLEURT V. 8, BE 32 BOF-YOHERIATVWIDT,
¥ I0EDEENENTETS > k. WEF—FORIFC ST a . OBRECES LEH,
HAREE, Fxv/ ANEE, R, FEORIEOHEAVE.

2. 6. 3 FEHLESKEOMNTLA TR

HEOKSRBR EFMCWET ST 2, —REEHOTERETS 3. B HIRIRMER
Ko THEEEN KD RELIEET I W, BHTH3ETTRERLKICHT 2 RE
HYREVEFEASN D, —F, FIYYAA—FHERUEBEH pF 0.1~2.7 £ SXF MR
ShTHY, WEEKOKTOHABENML. Ch3DOZEhS, HIROKAREOWES
DL TIIREYRZAEE UT, SRIEHE, TDREMO ZEOBANRAED, BT
EREPMRATATVS. AR TUELY, RHHITOTERIETFEEBL L. ARR



2% H2E MEFZOFEE LXUVHTREOHK

THRWRPHETFIEKDH (Troxler, Model-3330) OBELXF2.1 JWRLE. PEFT
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OEFHILHRL T2 LERRMEERET (BT, 2.7 knsec™) 23, 707
FRORBBUEICORENEFOADOEEE NI PTE L5 R-TEY, FIOLEMERL
TOHBRESITEEESES, B> TVIRITAFLENERE. Thbd, XEZUCORE
PHETFOEESEILIEOGKBERWAMBMRCS S E2HALT, LIB0& kB Mz
HREHMET 30O THS. BETH S LIBMAKWL, REFPOET ZHE 15~20cn OBE
TH5. FRETRABXFORIERI, ARG D7V IZIANSTEEXH2nE T
MAATRER7 7 EAFa—-TEUR. LRkt T, A—&AD 0~180 cnOREDELET
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TR kBEFEOHMBRTERNHCUNETZIEHNTETS -, 28, LIBOERIC K
S THEHENRRIED, 2+ VTL—varyPRETHS. ARRITKL > THEAREL
BLTRIBELETE+ YT L—varB{Thhk'®.

2. 6.4 EAOO7 4 ARMEOMTE N R EZEH

2007 ¢ LBEORMITIIERR (Minolta, SPAD-501) 20k, COHREULR
EHROESFERED Q07 NVBEEEREMELVTOWAIERHALT, 2007400
MELZHETSHOTHS. 7007 ¢ LRFHEHRICRROE—-I ¥ b, —F, FARKILE
EAZBRIDRVT. —RUEREHEUVTEDh TV IEEE, COXk528Riilst
Z2EHEUVEZBOTHY, WALWAREHRZOVT, LFEARLS>TROEIOOT 4 LBRE
EGRNEOHEMSEX N R, SEH 6T0mE FAROBRREDEL IO T + LBED
M r=0.815""~0.984"" OGVHEBEN2MROS I EHPERINATNZI1%2, XPET
i1, COKBRLL-THBRRBUANT 2EEOI OO T+ LBELHTET IRD, U220
BRSO W+ ~BERAERENEL, TOFHLEHELRDE.
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3. 1 BAEHTREG3EWERORTEEONH

FMTU, EERVUEEEELEANEBE UTHAY 32H0XRE LT, BRICST
ZEMREBEOEEAFLOVWTRE U L. HENEENRL LU TRERERE L MU,
NASA CREMZFEHR) L L3MTEMP>OIY ORBAMV S5 50, BERERE
OB/ FEL OV TORBIIRThTORL. FPBEORBUE3XTOULEEET, UhdE
i, 5, T, ERCORAEPIR->TVS. ULed->T, BFERHORELES (IR
RABUTWAEER SN S, APRTI, BEDSOESWEE L3 —20HikE UTHN
AR ERAT SN, Chiti-oTHSNIMEEL Hil, REFAOKHIILY—
DEHECHIET 3—2DEXDAT, TOABOFNL SV S RECREGUI SMHETNT
WADRDWTOWNEIIZ<BOhRYL. Uhdt-T, ITHERREOREOAH G OERELY
KOVWTORNYLETHIEETL, 2RAOMERT —IB/OINZIY-ET T+ K2
ALTZhdRBRELE®. 1k, RMEENE2AVWTRHET 3154, Stefan-Boltizmann
ORMHACESCHMEREL VEBORMNERMIZ L BLETH 3, BECh R 3 Ak
Bibh. 220, ChiTEL L0 U THERSORHELHN, EROKRHEEHELL.

3. 1.1 #ErAH%

WERBEUT, AALE, 24F, PUEOaY BLUFAXO WEEFELBAVWE. &
BB L ORI AF—VURBERTH~ LT, EFCETUVERR L <REL TV .
RERUY—TSS5T7 1 HR (HERTFHRJI TG3200) RL->THRBUE. HE - BIFV AT
LAOBRIE2EE2MICHAR. FIEO2VOLSRESHERFORELNEVIEARIE,
HAASGBBE=ZWT LI +— )T P ROETHREBUE. 74-2Y T L OERALCL->TEL
X160 OBIITHRTACEYUETE 2. MESFUIIER~EE, KAl 8~45° O
HilE-R. HERBALUTHR 25° XK 23" BLUFO2BESHEOLX—ALAT v THERL
L. BROFFEZT—IAT)EEEUT 240 Tinex 512 pixel X 256 BREABEERH>T
VW3S, SHERERT YR ITXT—HEFFF—7 (7Hay5F—9) CBU, &7
FYILREBY S HERL -, HERTXTHKKEOBHZIT 2R,

FHORHBOMTW, YH->LESOUMKHREL 0.96 DEERH (7HEAVE

BHU 0unATL—) 2RHLLOORY—ESS57 + THEL, BEOLED S HHEE
HMT IMEEILL>TRDE.

3. 1. 2 WREX
a. MEEBORKES L URRESH
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Y=Y 57T+ BREWLLHER
RHBOWEERELD, ALFT 3. 1 FRIK 8~I3umi B 3 EEOFEIRHE

0.% LLE, PyEOYT 0.93

Crops €
e 0.96LLE, ¥4 X T 0.85, Wheat 0.96 ¢
EXT7)T 0.92 EWVWSHEMNES Maize 0.93~0.96 ¢
Sunflower 0.92
hlz (F3-1) . ZZT0.960 ‘ Soybean 0. 95
LERFUT S0, LBICE Takiuchi et al. {(1977). (9 —~12#m)
STV BERHOKAE?0.96 | Lobacco 0.9
( Strawberry 0.98
TH-ohOT, ThE LHT Sweet potato 0.95

Ehdhoh itk —H, &

P15 140 QEFRIHITE, BIEHFIERRRS Y /N2T0.99, A aT 0.95 4 FIT 0.98
rwSAVENEShTVS. Iz, FLOMYTHEEOKRYBII0.BLETH 5 & hillE
ThTHY, TO3BFEAEORME 0.97~0.80RHBLFED LI N TN E8:21.25.40
ZhaDZ s, —fE0unfHiEOHERC ST S PEOHKHEN 0.95~0.98RETH S
EHIED.

SEIEEREP SORGFOEEL ONFEIZO2WTRET 5. —RIIE, 29 Migd 35k
HIXLFERUE,

R=ego0 t4+(1-¢)B (3.1)
EFXbEh3. T, £ I HHE, t AEWKOEE, B RHERREI»SOREIILY.
Ultt->T, bLED e 1 THhIRICHT Z3BORBRBBLURZITEVL. UbL, U
BEOed 1 LD EVOUBRERTIEWROEBERBAFEEL, #le=1L{RET3
COROEBEILRNMNEGIN ST LIRS, Perrier'®® itk 3E, e=1{REUVTHEX
NZRDLTOEEEDMFEODEOEEEOZELHT ARNBOBBRERTROENS.

(L= )/ t=1-{e+(I—£)B/0og t4] 14 3.2)
CCT, b+ PEROBEOENEE (K, t 1 e=1 {EEVT R=0t* BLoTHEX
hWAWEDREMITORIMEE (' . TORKLBENWT, BAOEEZERREEN B=0:B0T
te—t=1 (-9 (3.3)
TEoh 3. Lt =0T, 30C, 60T KBFIRABRELRETRHBLOMKRE 3. 11WRL
L. LBHU, BMRLRIBUYATRRVOT, HRERFCHLVO/IXRD, —F, &b
BOLEHED S, WEHROBHIRRIFEBRZPDAE(RBTENREATNE T,
Uled>T, BOhfigtey FORBIKE 8~10un EEHTROAYD, FEOBEL S S
Wh&E 3. 3, ERRAVCANZERERLTWAZ DD, BHEREOKNEILE
EOENLD LRIV ER LD LIETEEN S,
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BLEDEEL D W TOKHE P
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TR, BEREOERDE l N
EAWORHE SO THRAYS. 0.90 0.92 0.9 0.96 0.98 1.0
E3.2waLE (EHEIE) O e
BUBHMORELOVT, ¥ g3 1 mggr G ERORKEEOKNERELE
AOHS—5E, ThEHET | ) t BOBE, t:BEDOGORE, © KR
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P ILERUR. SREQEERESE 22 RECATTIS—RRLLLOTH 5. HEI
HZATWAOUAY Y Y~ OREM TS 3. RBUUERPEID S A THRD — BT
EHAR, HOLS3LEVWES TRERERS Y, EHNCHRVOLI BS ST L hihh
3. ZITA, B, C, D3WHLOWTHAR LA ST LR E-THSE, RKELTY
HITOMIBXE>TVELOD, A, B, CRERTAIDOIEINTL AT EH0H
5. COX3C—HOMBENTORESHREXASDIT, ZOENEPDE S L5 BER
BT TV AP ERFL TV Z E NS HROUHFOBLERS, 3.3l AU
LEBBOA—RTO—BELAVTRRL OO TS S, Bk 1o OBBENS->THY
(PREBH/O 1ERERNTFC—0H 204 Y) , WL OHOESENN L VRICHE LB
EUTRATWS. BERPROH—TEA T ShbEThOREGHEOAHE #-> .
TLT ZhEHIABHOSTUDL2RAILEE, HHORO & S ITHMERT 0.999 &3
TRICBHLVE., ADSEAFATEAOHEE21.69%, FHE 18.59C, E#{EE 0.655T
HaBh3., Ik, BREO—EXBLSIEANKOSR->TVIELSQEENDIELE LT,
BOBARFIFIAXTVELURLE T 3HHEVH, £kE LTI 3 COBERETH
YABBEE > TV B EDbh 3. E3.4% b L0 BRORERERLE. BN
BnDRENE>THEY (1 ERIZ—056m) , FHIOESIHDETELTWIOME,
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1%, ChUEREBNIH UCESEOHCE->LDDTH Y, BRHSBLERRERR
0.223°C, BIEREN 1 CENEH—RAIARHEL TV RZ ENDN S, DELYLAX
PO TOEEEE 3. SIRLE. K198 BEORY (1 W@EE—08 15m) THH
B RKO—BHE> T 5. BERTHARBIEE DLV BUEREN 0.246°C, HE
FENHIT ey, PYEaayeARRAGEEER>Tw3ehh k. LLEOD
ZEPOAERROS NTE T EMNFOERHER, BURET 0.2CH S 0.8T, BILH
HAT1THd>3TREEEBDH TH—RAIABANRESZEDNY D LR 2.

SFRMFOEVHRDVTHI DI, BRREAL LT, BT RAFLE (HUX
L¥) OMELHX R T RAmP s/ (HM3.6) . HBF LB RKOM RN 3
CRATVE. BN 60cn TAMOPRYIMREFVEIZETE>TVS. BRADL
SEANE LI (1 ERE—DY2m) , RHOBVWHSAE IR0 EERELH3T
TH5H, BOKIREDVFETZLEROBVL AL S LD &S BEBBTL 1.5C,
BUEET 0.31CEH—RAIARAERS. Uhit>T, HTELRYY—2ELHS 2
Fy bR ENIATNOEEIF OV TOMBES VRV EZIdhh.

HRCHD LS RPPRAAMOODP I U>TVWEREBEOESEF S DI FULEE LA
Au¥ (WX1%) OHBEORBERE H3.70RVE (1ERE—D854 m ) . B3
AEUTRAZONEHEEHOETSES. HHEH3EEhVRTIABEISULLTIRT
B9, $1 20T LEOBVECA0TEHHOEENSVI LS. OFREKGERTE
CEBWEEDBE O ORFOESMHP2TC AP L& TIHEFD 2RI 300TH 3.
BEZVUMEATHEHOBA N O o BRI LZOBABE ST BATATONY — i
TUTLAb0eEEENS. KBEETIAE, ¥, FOREEORABHNRZENTE 520,
St BOERESTVI L OEENEROBITE LIRS S.

DE, HEANNT S 2 OMANBEREICRETHEER3.2WRLE. WANKA
EVEEHEORVWEIANRAPT CRIOT, YARERE RGO ZMEENH >N 3N,
WA 30 DBETHIEEOAEEY 3.5CRETHZIENSAT, WAL 100H> 20°EBE
Y, BRORMES SR
VWESEThIIEREEOESES & 3. 2 VY- S5T 4R AZEHOWA DS

UATEAE CHRBES FRLLOL WTREOERBI R S IR
HEL . Angle Zoom

EE, tﬁﬁﬁﬁmﬁgﬁ’mllbh‘c (degree) X1 X2 X5
BREUVRERERETSE, 10an 4 5 125 L7 125
D N ' ‘ 16 2.25 3.00 2.50
EORERFIR ST 3 EROKY R 30 3.50 3.75 3.50

W1 a3y, ERoBE
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OAFBEHELRERELEOELRECERTFEAMNE L, RLTL2CHEELE TN
UFTH3T &, - RBEFOEEANORBELMBUHN I ARHBTCLOENTERERE
LERBDELIE, B, WARCATOMY AL L 3 BERMEEOLL LS T VA
WURCTEVTEBEIRRZ-R. LEDLS KIFPHEORERE O HBRIENH S »
WY, FPEROEENRBOELLIEBT ZLOOWME LT, RPREEIFILIH
HREEE (£RUER) 2HATIRDOERARNEONL.

3. 2 FTREGHAEF O EBREORENN
FETREURLSIT, BETEAR LYY SHIVEIRMEELY It L>T, EED S
WEEEFEOVTONERMNES 2 EWTHETSS. UL, EEHZ3VWIETED S HIE
WEETSEYEGFosONEeBET s, BRTUEBHTHRETSS. i, T%2
LHBEOBESCWE, HEAROPCFC RSV, HHEREPOMEBICL > TKEL
EExh3. ChizBILT, Jacksond®? r Heilmand 313, BisOEEE (BS5EBE)
PREBBEOREEHT ZEFLERHBULTVS. UHL, ThOOEFILIIRBBEDE
EOH, *3BES<OMEF—YOWERLBEET I RECEEANKIATYL 3. Hill
EhRBESRENS, (FUEROHQIEELHET 3 HIERRBSEOTETHS.
FHTR, COMBEEXIRDOEREUT, TRERMELFEFC ST 2/ EMiRE
BLURARORSEEOREBELCDVWTEOERERXE. T, BREEELRET ZHNMAS
TH5, BHERG LN, SAUHROLBOThFhomREBLE DV THARI L L
Hil, ETOERENA 2.

3. 2.1 HRrAE

FERUT YV T REREEE (Phoenix, USA) O YEBETITOhR. IENSOTY
AR TERIEXh, REAF—VIIREERDPY, HEH 40cn, HEBBILE 5% TH- .
MECUHWARSERE Y (Everest, Mode!-100, 2 EE 1 ficlR) 2F—y0H
WORVWTRAV:. B3.8WRUVELISIRIEFET, REOHEEN 30 vOoBE» S FhF
hiR&iRE%R 1008 X2A =200, YEOA% S0EIX2ZA =100 R{EMELR. 5, EHE
BAEZED LIS, BELRTAST&LORUT I0KEHELE. UELOMNELR 24T,
T 1 RRBIT- 2.

—77, e, HHERG LR, B4UVBBROLBOEREEFROMEIC WL, WEH3n ©
RIRKELEAAST, GEAMDP SBEURFEEXAV:. REBUI—AILo%Y 10>
Ule. EREEBE, SHEAYYakdy, SHIOLEERDEHET L1,
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" Looking east Looking west

10 nadir obs.
f°ﬁ°°°l°"w lzo nodir obs. across 2 rows l

LW

Repeaoted
5 times

3. 8 FOMMEE LYV IRFRMORESBOMESE

3. 2.2 HREER
FRERUHEEFOMSORMELOHER e, B3.9WRUE. FHRE, BEEEK
EOHNEOTILEARON S - TEILL . (FEROXREENHTHS MU RER
EAH, WOEFVE—s2RUE. —F, FWEEERAEEOER 11~2TT, ROE
ODRELHPE 2ToH k. FHEHEHRRVRLRCFYEECER Bhd 33
TRHELR. UrULZOMN, FPEER—RUTREBL Y K, WEOAPRIBLD D
3.9~6.5C E<HEB UL, TOZ LIXBLIRLEIYT 1000 Vo 2 HEHTEHL, »OIER
BEEN 0T bB>LIEPOHT, THHTEPARRBIITOA TV RRDEHEE
3.
REBEWRMPHTRCE 2 WHOMEIRZY, ThEAFWEEEBHESG L HIEDE
BEHEUT28MLL L. TUT, ThS OB, BOLIERBHTMAY T 5 hERs
FELEL. ThaDTend, BEAGED >EHLNNT 3184011, BSEELRRT 3/
HEUTHEYD, BHERULLE, BROLBOIBRMHTMTILVEZIONS.
TLT, DERIAS IHFONENEIL 2 BET— ¥y THALERE E3. 1 0RR Lk,
BHERG LIRERGRVLEOEENI DLV TOERRIL, FYOTELAREARTE
TAPSEBPNLK Y=aian®{15 (X-b) }, Y ISO@H, X 8%, atbd @ TH,
RATUDTHROOE,  RVOERK 15 RKEHSBY Y 3AEETH0, 12.5512.63FH
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80 — ) )
QO ! Sunlit soil
® : Shaded soi |
A ¢ Plant
60} Y =-27.7tan?{15(X-12.6)}+76.0
s r2 = 0.93%% °
5]
a
Y]
[}
o 407
[
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a
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. R rz = 0.95%
[ N ._,/. N : P
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Time of day (hr)

H3. 10 FReriE#xF o HR0&Ms0ERSEROBEL{ILO—H

EFh@Er e 5RAEEET 3. COBREDS, BhRTHS 12:30 fMHEICIEPSRS &
HERGLLIEOBAOHERY, BEATBOMBERRURL. Uk >T, ZORSNRIG
MFLBEVTH, BERRLIFNEEOMRIRATROEI D,

toiant = tmesn/ 8p— taoil (l—ap) /a5
ZZT, torant: PEWIRE (C) ), tnean: RAIEE (C), ap: HE®B, t.o : LIRE
E (T . DY 2p=0.2, tnean=56.2T, 12011 =65C EUTHHETIL torem=32
T &Ry, RPEISEWEICR2S. DU, HEEBHBV 1 (Vegetation Index) DL SITHN
BIF—yheETh, LIBEELBEREX UTEEP S UET AL, BEOESEEY
SRV OBERHETESTMHEENS 3. REL, COLIRBOALEETS, KB
REOZEMIIEL, BMEELZOIIFIATEINE S HOREDALEH T, MRy - BB
HEFLORMBRERGDSHEOMANL[2EI I NFL.
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Hr 4 BE iﬁ?#ﬂiﬁkﬂﬂﬂ%gi4zl/ifczch55§E¥¥
ﬂ%ﬂﬂODﬂMﬁﬁégcktfiécD*ﬁﬁEGDﬁﬁﬁi

WMEE@Mﬁamznifmﬁﬁﬂg<mu6nrgn.uw@,%num%%ﬁmmé
hTﬁU,ﬁ%m%ﬁ@ﬁ&@%:ﬂUyﬁthvhmm&ﬁ%ﬂ%ﬁfumhéhaltﬂ
ﬁbvk.—ﬁ,ﬁ%ﬁ&ﬂﬂﬁﬁ)#ﬁﬁ%ﬂﬁ%#ﬁﬁﬁ@ﬁﬂ,#DHMMEMﬁTQ
5tb,%&%:?UDV@&&@%&&bfﬂm?iéﬂﬁﬁﬁkﬁh.

XET&,ﬁ%#ﬁ#é@&ﬁﬁg(ﬂgﬂg)®§?ﬁEE%§ME§ﬁT6EwK,ﬁ
Eﬁm&%ﬂiﬂt@&&,ﬁﬁﬁgtﬁﬁHthﬁﬁ.kﬁﬁﬁ,PPFD(%%ﬁﬁﬂ
ﬁﬂ?ﬁg)t@ﬁﬁwﬁ%mﬁhfoiﬁ%mﬁﬂ&ﬁvt.ih.ﬁﬁ@ﬁﬁﬁﬁ&%i
T%tﬁ@ﬁﬂ@ﬁﬂmahfﬁﬁ¥®ﬁﬁEﬁvtm%

4.1 HRERHE

WEHRE UTIR3H 7S 6 ARS TRELR b TNV RSHORENE (RRAR
by Y —RBEE, - IH) BLULBIEES AR A¥OEEEE (USDARRRS,
Phoenix, USA) £ . BEME &ERDREEHECLVERIET L, BEE KL
SRLTWE. BREZUAMEEYHIcL>T, KB, ME, PPFDHLABLERTY
YUY FYAFA (BERSHCHELR) ko THET AR, 28, £+ ORERN
A1 10~20°, JEMG~8m QBB TIT- .

£h, ARBTR BV AF AL ZWE AR, BTN (CA, 0.1 an) EHWTE
BERCAHTARSEREWTL . BEUKAGEE LY YO BHRCHEY 3 108,
RERNIEN 0AERKES | AP ORBEF— T TRELTHUELR. BTHF -y Lt
YUYTYAFLDF—FOAEANER, HOBEET — 5 LABIREE AR,

F4. ] FHAEKHEEEIVYL LI YT OavRBEORMIBEOE

te sd. cv. n Dip of PPFD Variety
o o (%) Jew » (WEmosT) of corn
21.19 0.02 0.1 2 9 680 J X167
20.01 0.14 0.6 5 9 678 JX167
gggg 0.30 1.4 4 8 625 P3424
18.63 Q.18 0.9 3 7 630 Mutsumidori
. 0.1{ 0.6 3 g 1351 I1X167
18.69 0.25 1.3 4 B 1478 P3424
igg; ggé 1.1 4 3 1392 P3424
. . 0.5 3 7 1287 Mutsumidori

E D) L SPFRERE, s.d. L OFBOEHEE, c.v. TFENEE,
n:R{EE, Dip of viewi Yy OHA.

2) BF=FLy OV T, REMERT~TIHLUAZTFDA, B
‘ , d . FOH
ORBEOTEEH 1 CTLA, PPFDOIEEILI0 pE a2 sTILIRTE o .



41

4. 2 HRLEE

a. HFARKMHEE L VY LA RERAEE BN LS EBEEOLE

Y, RUEEDGOHR M OROIVHEREREOY—E2ANRERE £4. 1R
2. CHhREHBMACUEDORBERHC >V TR X TEHORETF YLD, O
3BEROEDIRB2ORHE, THHBUETOHMT RN 1 ALK, RidOER 0.1°CTUA,
PPFDOERY 04E n 2 sT'LALVWIERURERRFF =y EFE20T, BEOUES]
EREHRDBOTHS. REAUERT 2{THOF—FWEOWTHB L, LE3RMHEHLT
SEAORMIEEOEREND 0.6%TH oL ERRUTVS. thOES LRBICIERRH
HuFPhd | $PIAOERIUNEIVWETH A b, SO EEREFEIE—RIREEIC
BRTOMY ALK AEFRREOERNBDTIEWIERFRLUTEY, REURE—RIE
WOLWTHHPBRE L ABERPEVEEIORS,

DER, BEHLI->TUEVLABERBOEMEE t | (OIERHEELYYICL->TH
FICRE L R RFREEE L, (OOL#ERA. 1 IRLE. HBEFOMOEARNIRKDLS

35[ /
o oo
L:30_ %/g
. L P
St Ve
@ =
s T /
o 251 &
5T A
2L .
5 B /‘?
o | o
S 20 ﬁ{
5 B () t|=—0.86+1.08t:
3t r =0.999** (n=60)
15
i ] 1 1 J 1 il I 1 \ 1 | 1 1 [ 1 1 1 1 1 ] J
15 20 25 30 35

Canopy temperature t, {"C)

Ba. 1 FASKWEERYYEBERCL-THESOL
FIEOaVvEREEOLE
B LI RBHIC R IEREE, t. BEOKRMEE.
B BLNLTHE.
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THo1z,
t,=-0.86+1.081, r =0.999"" (n =60) (4.1}

EHEE L, BEOLHICtL, 2hHpRELY, ERACL DS ICEEHIED TR VHENMNIER
K50, RIUEEL > THBHL L SEHEEEAET AT ENUETHIEELLNS.
B, 4 EUTERAENC I 3 BEORKRTEOLWEEOFH@E B V. COFIEOER
R ESNOH 2 SR & 2ITIX1.3~2.59%, EHXANZAL>TWVWALETH 2.5~6.5 &
FEBHAOTBHULERTHEVDT, BERBICUE T 3EHOEITRINREEERRLT
WakanRts. CORRUNSEORERMITOERE, M2@E@»sRITTSHDTHS.
=7, BEHIL>THELV-EEOERMESKEXOA RV AIcL->TEB LY, B
KT 0~0.3C, BEHAVHEL->TWARET 0.1~1.2TE, FURALYORHEDA I
WaiRBT b7 (B4.2) . REEEL YL ->THElTh 5 EO XKML R
TROBEABAESHRETHI3C XL, COEEMSIE, FH4. 10HRERIHL
BMUMEEL, OAPEREE L, VLB RB3LS3CEPLRS. ULh L, BB FE4. 1
DEILBPBREOAPEHFEEL VLD UEL RIBENE L, TORBRRFON FNE
DRDICHVEE LI LB HFEAR, BFOROEBAVBRBFACL TN I D EMHTIA

C)

tupper=—0.35+1.021 1 ower

= 35r r =0.998%* (n =61) WS
: ~

L . K

s =Y

LT o

|5 L ?}

=2

@ 30 &

| Y | °

[+

o o,

-

=2 | 3

“6 b

o 25} B

5 b

i

2

E

2

‘s

(1]

-ad

wf &

| A i) 1 i 1 Ad 1 1

20 25 30 35
Leaf temperature of lower surface tiower (TC)

Hq. 2 mﬁﬁm&aTMEtnﬁbvﬁu:y i
: a VEEOXRNEEEORMIW
i) BRIREESORMOEE. * 1%L RALTEHE. RO
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3. COZEWEIBLSVTRHVABKEEMITOFERIZHL—HL, BERAOKGEED
WERERChOTEROHBREINLLOTHIEEISNS.

=%, tUE02VERORHEREEAREREEERHMUEIBLE SO T —F 20T
LITIAROERMEShiz. T7bs, Kax—% (Li-Cor,L 1-1600) Lk 3 BEORMA
BEL, (O) ERBREHCLAEEEIE L. (O)OMRRXADLITE- L.

1,=—2.5+1.16 %, 4.2
r=0.932"" (n=287), 18.55t, 535.8C

REROX—TORBHLLIIFRBUERES ALk, CofENRIE, 4.1 TRUE
R & 15~25CORMETIHEY 0.3TLIALAE L, 35 CRBWITHEWIHVICTH 1.
RO =P LS ERUENBLEHRRERGLRETITOh R &, EORFADOHDIET
HACEERBTHUEFTFREILL—HUTWR AT, £, LEBY 2 20R%E W
KBEZDVTOWEMS 192 b k—HUk. R2EL, RUEELHC L SEREER
KEBAMPRES U LIRELAT S0, LYVHECURBHILAAED > OFEYEEH
VWAESHEFLW EEZIH5h 3.

b. BUFOKMEEERIL, BESLUPPF DO

—f, BHLEOERRBSLUIEDPLETHEBEEhTEY, BHONEGN - ARIEAL
ELEXALLRUEREY. TUT, TOBRUEHHEE LYV L->THHTOIHEFLED
EREREOBRLBHCIMINTOLIIENHERENS.

FOT, EREELARUETHRBRALEH L OMRKEDWTRE L. R4.3 Rl
KN 2ERBEOCILERNERT. Chid, REUAOERERSILBRNYEESCELL RS0
REFT, EHEEHIRIELV O 2~5CEVRERR LT F, EhHTHEUZEYN Y —

(o]
w

[
(=]

0O Air temperature
® Cnnopy temperature

Canopy, air temperature ("C)
=

10r  © =0.989°* (n=238)
VP Damean 1.7kPa {c.v. 6.3%)
June 18, 1985
5 1 . 1 1 I b L J
i3 - 14 15 16 17 18 19
Time (hr)

4.3 PYEOaVEREESIUREQOLETMED—H



44 EAE FABRKMEEL NI LS ERERORE

URESTWAZESDDE. FRE—FNCEGIEEOEOHEMERD 0.9808 /LI &
Do, EOBEANEEURZVEAKHTTW, EHEEOTEMNREBLNT 3 TLOHERILR
AMEREZOTHATRLEANTEL, FEACPRICSET SEHEESME.

UEREEE L REOERBFOKRBOEBECT IRA G EREHEPLIEDIRY LT
THEYIOY, I ORMFCRE-REZLEEFIALV LYY, B3 LIRENMICTER
BAOEBET>-TVILEDE-REZL2HRBIIVTKRAN LV ADEERER{LLE
CWS 1(Crop Water Stiress [ ndex)*2 0V SRHINERESTI TS, XERT
BN MVEOVEBYIEFIE-REELAZEOMNIRE B4 .40L5TH-R.
AREEILY 0.8T, MEVSKE(RILOhTIREENRRRY, BERHEEOERTEEN
KEL A ENOHOHD. Thil, BEVBRMCERECHHLTHERL, BRICL 55
BREL>TREBECDIREEMKELRILDEELIGNS. Uk >T, kRZNAFLIEA
LEGURVWESRURMGT TR, COLI2MESE SWCHBICALT SMEENS Y, BE
DB L CILKEWIWHF TIL Stress-Degree-Day ® CWS 1 D& S RIFfiEer -9
OERERDSS, UL, B-REZUHTTARRE, BHEEREEBESVLEI ALY
DEOBRDOUVEDWTERWLDMOBRIC LA3EHENAEC, L LHXDLSICER
THEOERBY/NE LT, FULBKOLRDITUMOERLEDLEXRETLEE
BYILENSEZEEbh 3.

8._
r=0.805* (n=451)
7 160 =PPFD =2620uEm s
6L 17.0==34.7°C .
9 .
:'§ 22 242 -
4k . _.3.',4.?325?% 2
8 3- . ce =125 JJ-t:?-«lz::: - 2
b y 2 e
2_ -; .;3; 2:2- ! ‘.2:?..
"_:a . LI ZSSEgZB; z
O
e - 346
2223333 2 22-2:2 ..
ol t222-2 20 2. ...y
EEENS PR
;. ..?. -2 2.
—1k g
—92L
_3 1 1 1 ]

L 1
0 5 10 15 20 25 30
VPDa (X101t kPa)

4. 4 PURDaVEER BT 2R i
) _ R EREE KA BEORIE
E)ﬂ¢®§ﬁ$ﬁﬁﬂﬁ®ﬁﬁ&ﬁf.":l%leﬁﬁE@W



F4. 2 FPUEQIYHECEYZRRBEERE, KARMES LU PPFDORONKOERS

Experiment No.

I (June 1985)

I1 (July 1985)

i {August 1985}

{*Q) 17.08 t, 3231 278 4, sUH.5 3035 t, SM.7
Range (X10™' kPa) 4.7 VPD, s14.0 10.15 VPD, £26.5 11.63 VPD, £25.2

{uEm-5-1} 2635 PP F D <£2615 211s PPFDS1932 158 PPF D 21945
Data No. n=180 n=135 n=165

te ty VPD, PPFD te t, VPD, PPFD te Ly VPD, PPFD
te 1 1 1
Single corr.  ty 0.68°° 1 0.70°* 1 0.65°° 1
coef. VPD, 0.34*  0.62** i —0.08 0.52** 1 0.1 0.61°* 1
PPFD 0.57°* 0.25*° Q.65 1 0.54'*  0.21° 0.11 Q.77°*  0.34** 0.12 1
Multiple
regression
A} Equation t,=4.05+0.858t¢-—0.447VPD. t.=0.24+0,990t,—0.223VPD, Le=5.20+0.772t — 0.150VPD,

B) Corr. coef.

C) Partial te

corr. VPD,
coef. PPFD

D) Standard t4

partial VPD,
PPFD

reg. coef.

+2.45X10PPFD

r=0.907""

0.870**
—0.742*"
0.817*°

0.97%
—0.818
0.860

+1.28X10*PPFD

r=0.959""*

0.940*"
—0.876*"
0.811°*

0.935
=0.607
0.403

+1.31x10*PPFD

r=0.923*"

0.795*°
—=0.609"*
0.817**

0.681
—0.378
0.585

1) VPDalAREEE, L, MiE, thorisiaxa.
) A):EEAR, B):EANEE, C):EERFEK, D) EIERERRE.
3) BRERICMUEUL2EHIE, ThEHR 1) XI67T, H:T X4, M. T X41.

1ZAU.

Sb
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SFR, FREORMIERHREERTT S LTECUBREEEASN BT, PPFD, &
SUKTRHENEREEIRIZTERFCOVTRIE L. EROEYFHRERFEE LT,
FETS 20BN E—FL LU THEOMRERITT 5 HENE S0 5D, FRLHER
BELPEELEY, HERREABATIRELERCMENS S Y, ARBR TS T THS
REBTIEBEFXTHINCL>TEOIEMIFT I /e L -, R4 .2REMIEER
MEIEETR2OBRE, ME, PPFDEORERBEMTICLI>TRHYVLBDTHS.

FYTHEANTAZE, WIhOREAULGEREE L, WRIELy, PPFDEOMENELK
FREVPD, $REFEAZHELTOYWRLWEASEAXS. UL, HEBEHE S UOMHMH
FVOTEENTRZTAEAOMERETAERT AL RBELYL. Th3>OMEEERES T
OFREMENTAZ L, COERIBV Tty WPPFDEDOMIEHHTHVWEDOMFEE
%5, VPD, YORICIIHRVADMERL>TWAIEWHEIHTHS. FLT, ENE
BEil, OREHIHT IEEROFSEELEHRRERREHTH I L, RiB 14 BFEHT0.86
ERLMEWU, PPFDEREVP D, WENENEY 0.60, 0.62 & IFIXERE ¥
SWEATSCENbD S, th, HANKRSISEOFEYN 0.35 C0BELBHTEHL
OFT, EFREOEBUCHSOIERCTIHATh I ENbHZ. ERICL IHTIES
RUEORRO—F (RRIH) 2FH4A.6LRLE. ERASLEAOTHIEILIIEORET

351

30

251

Measured canopy temperature ("C)

: 1 ] 1 i 1 L

1 1 ! 1 3

L
25 30 35
Calculated canopy temperature t. {*C)

E4. 5 PURETavREE 8 s
y - THUSRMBE L RE, & ;
&);mmu.ia.2@;§H®ﬁﬂmﬂmbkgiéﬁaxvaRmmm
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2B 17.0~34.7 C, BEEV P D, 4.7~26.5 mb, XE&REDABMFEEPPFD 158~2615
pE a2 sTIEILVOT, JZTCHEshREmME—RNCRLTSbOEFIONS.
ZhoOREMRBRAILOBHELIUVETCS T SANTBRERKLEZLDOTES. TRD
BAREENRKELARICELL>TRBIIMARLZIBE, BHLFILEBGEIRIIL
RES>TRAMENAKE RI AR I IAFRBRI ML TRBIE LA SEE,
REOLAR L > TEENENVBENKE(RVBHMNEINARLLERE, BRI L-TE
MEHXWTEENTHVRELET T SBEREOED, EROKRBILEU TRILFES
AT h ZJMEMESBCMELTVWS. ZCTRCHhSOBRIEODH 3 —2OEMEGIR
BEUTOEBREROEHII VLT, RESER L OMRE—SERMCFELL. LD L,
FEIEHEBIURRBINTHELMELV THNTEY, UhbBEARBHTTU—D0EH
FOdBLILELT A B EAERVEYD, KEBELUTRCRERY 3 &30, ANGHAREYH
AZEBEEPLE ULBEWSTEECF AL IREEE, XOMERE LY OBERNEEN
HEBLIVIFILOLEELBN S,

8, FRRTCUARREABTFL /YL ELSPPFD (uEw2s™t) & BB
L5B5E (Vo2 © 200AETIEL LY, BEFEOMICIIXAO & 5 WCERLB{FHRHE

1500 ——————— - ——————————
r=0.997%* .
sty q
> 1000 | . i}
- » .
o oﬁ.
- L 1
’I
5 2
s o o
- F SP
5 s00f J,;f 1
Q
& L ﬁfﬁ”
.ed"’
0 /- " PRI | 1 2 . " | N
0 | 1000 2000

PPFD (photon flux pE m-2s-1)

Fla. 6 FEBIUBT5%BEFLIHICLEPPFDL
BHELt VYR IZHHEEOBHS I UEEORE
i) H4t%& : 300~ 3000nm, PPFD: 400~ 700nm.
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BEar (@4.6) .
Ra=—146.2+0.535PPFD r =0.997""(n =571} (4.3)

200sPPFD=2600uE n~% 577
ZOPPFDOHBEIIZ - B0 AOED SRIFOBOBRRIEIETHESL, LORETL
ROLSRMENEILE. UdoT, —HhSMAREETE, TR AXRICEST—
YHPPFDEMAVWTHETLESIEZAShE.

c. FABBRMEEEYYORAAEHSEFEENTHCRI TR

BERBLEANT IERONKRI, KBOAULL>TEYTS. 2k, FLAIAPEX
T RECIEOTUEBHHUET ZEHASNS. Nielsens 'OV A T DWTORK
WRMS, MR L3 MINEL Y OB G & KRA L L DHEAMEEN{RC
HELUT, §9 20370 BEORBETEH T3 LE2WMELTVWS, FUT, RERLW 1AM
hEUMF—FRERRVIEHEVLYD, BECKRLIEVETHHhI45mH» S>DEHEE
BINED I HHUDSPEFEOELABE L VYOS UAOEDHBE LTROERIIEHT
B33 HBATVWS. RiR, HEZEONER, $50RUERINORFEERTRVWRE DT

40t @ 1jime=lD:30
30t
e
20}
10 |
1H'C=IRT.,IRT«=S38C
0 . 4 1 A L I I "
0 10 20 30 40

[RTe  (C)

4: 7 _ﬂil!jime:ildﬁzﬁaubt:L#‘ﬂﬁ@&ﬂﬁﬁﬁﬂdiﬁﬁt:&titkw

H) RTe i ME»>OHME, IRTw : BE{M 5 & O ¥ 4.

@ time=10:30 IRT.=0.664+0.994(RT.

_ r =0.986 (n =360)
@ time=13:30 iRTe=—0.512+1.004|RTs

r =0.982 (n =3860)
Q tine=15:30 IRT¢=—0.496+0.986(RTs

r =0.986 (n =360)
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BT, VE2OBBARHLU T—20t Y TAAEMISOF—F L L Z0UEHETSHS.
FIT, AMTRIALFBEFCOLT, BAHUIPEECS L TTEEEHBII S LD
I, BB S LV WIMEEEBILDOFFLOVWTETOEREMA L, B4 .7 IMER
HANOEETH @D > ORSHEERTEERL 2. 2B, 2 LAXBFLEIETS . i,
CZTRAVETF— Y3 aLAXo2EFEME SV TEFIRBLMEIh R RHIBENEETS
3. XBREPRCEY 13:30CUES D & ORMEEGEII - UE. —F, FHPO 10:30
RIS OBPYENHFEUNSO LD L V2 THETH 0.5CTHL, FRFHEO 15:30TI
BREOLSOBMENERLSOEFR LV DEU 20CHHETH 0.7C ELR>TWH I &
b3, TROS, KHNEEONTEIETNFhORAOKEAGIEFLTH £0.5CEE
EHUTEY, KBAMNCEAANOENSMEVWIEIEHEERIEHEL b EHLRY, Ao
BEEPAERLRILOATER>TVWS. COEHIIEHAER G L ER L ROETOHE
HORLERELEKEFELTEY, ~-BEABR2WCUTHET ZREALRLAVERL ST L
ERUVTVE. RO DS, XBOARIRE R BEEEEROE@EITIEVER TS
LB, 4S5 50EHES 2AED s OUTEEOEEXHET20oNELEIS U
LWEEXAhD., T2, 1AMPOBHUMLTERWERLE, KEAREERALNS
BEU2ENHEREEEOFHECSLEVWEHTEINS. 2B, B3FTREULRLD
REBREOEN LT —HE2EE T LI, BIFOEHZL->TRChSOERRERBEICA
DTWVWHEARES, ik, BELRETIEORDLTH, RRORRIESIEEHNIEH
HCH R > REDSBORBOONRTES L5 RBATIE, XBEHEZUTHES 300580
ThiIEVWEREX300LHTEXhS.



M5 W VEPORMEBIEES IS XU NFLEDTD
IMEEAEYE =& VU 2 E B Y SR RERIERET

HEmEORASEBRIE, RBEDBIEICES &S 2EMRERABERGIBDTEELT
BY, KASERZOLORIEPOAARBOBEL IR I L. —F, BBRERFHE
KOXDNBEB LUEIRRNIBLTELHTEEREDRES>TWS.

R, BREOSOMRABRTROSERHENES 3 VDA 4T AORRILED TERL
HERMESED >hTW 32720110 2, T, EXETRIIKFIHADE (Water Use
Efficiency) RF 3TN < HAER S h Tl 528 120134, 141, 142.188) |

BT ROEEHICE G S5 REMORE « THBEWY, EEUVTRIARALTITHhh 3D,
REFEREAHIERAORBMER L TELT S, 2EL, BBEEINILEHZ T
REhTWIOTHRS, BERECLHMIA TV, Tbs, KAOKERBRET2DLS
RAFRME (Evaporative Demand of Atimosphere) 3% Tl L THBIERWETILT 5.
AHEREFPERORBHOV EDRTERVLY, ERECKOHREERET Z20OHERE
ETOLDTHS. COLIRBBELEIRIIEMRHOREE T TR, FETh 2B OEE
CRABRRC S > TRR STV 3 - REAROWREET 51 3 REE WO RE % &
DTHHCRAL TV 3DOEFA NS, UeB->T, bUEREENY LY 1 LTl
#EEThAE, KRBIERREG TR, EWOLENREEPEERORERE b ED
HTHARERE RS,

=7, RAEAIEPEROBRKSRBE Lo THHWIhTVWEEEIBNTEY,
BERART VY + LEOMTMEHITOOTER 15 . XEMITE, BEOKPKSRER,
TE- - KRR ZKOBHENTOHBEE UTRESLOTHS. UbL, —HT
mﬁﬂﬂkﬁﬁxuﬁﬁﬂmﬁmt%Hﬁﬁ%ﬁ$nfh%&”ﬁ”.sémﬁﬁ.ﬁﬂﬂi
BORARBIEBREGAV THREN S ECTOTUR VD ERTT I RREE ML T
WEE 118, 2T El, FAOEHBEIKAOKIRERKKFY Y+ LLBEX
hrh%mfmm<,ﬁﬂéﬁhé»mﬁﬂ(ﬂﬁﬁﬁ)Eﬁﬁm%ctm&otﬁﬁﬁnf
WARILRFHUTLS.

LIFRRE L, RABALLR, RARESUECOBROUELRURHORHL TV 3
ﬁ%iﬁﬂ@,bmt.&EEEKE<M$T%HHE®Uth5%.bmwor,ﬁﬂﬁ
5597»94AT%:5U37$hnu,ﬁﬁﬁﬁtﬂﬁmﬁm&ﬂﬁﬁw%ﬁ%#tbt.
Et,ﬁ%mﬁm&ﬂbkﬁﬁxbbZ@ﬁ&tﬁﬁ@hmmﬁﬁﬁtbtﬂﬁfé%.36

t.Eﬁ%ﬁTEﬁﬂ%ﬁﬂ@ﬂ&tﬁﬁ&ﬁ%ﬁﬁT%k&@i&tﬂ%ﬂﬁﬁ%ﬁvTh
5.
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ABEUXBLTW, MEI TOEXMOBRELLIXT, Bl (HE BESLUAREHOS
KV T T L EBEORBEE, TILEAOMEREERMIEFL 2. T8I,
ChoOF— Y ePEEORFENRHAUVREEFLILL > TREEES SURILEAEY 7
B4 LTERBHCHET 2 SDWTRIEL 251-54:68)

5. 1 HHEAE

LEEMOLEDIL, TITIRIMIEO2VERAREUVERER] (BEBRLEY Y —, oKW
M) BEAUZYENREUEERI (USDA, Pheenix) OZ20EREIT- L. BRRE
HEEMNL, HEEEC L SR, WE, HEK, H4E, PPFD CtEmHEMNET
EE) FLRABEESIVTILERPMARWEX LTV 3. EXROREULTOESVTS
3.

XRI . #MENREUT, BEHREY Y —KRERE (OUH) EBEVWT3AMS6H
WHYTHERTh, ERNREEAETEETShR P YRV BRBORELH V.
ERROFROV E2E LT, BECST e OERERNREL EYHE -REROPIR
DO—BELTERR, REBFIEOHEL LS TRELSHBEhIT— YO SEBCH TS
RBLEBRBHTSHERE->TVS. TOLDI, E2EESHRIFRURLSREI VY
TYRFLEERL, BB I -RERPOIEZIY ISR ERSEEL IV VY
F—yE2HBLE. TR (EREE) QCOVAFLRE-T, BEPSERHREREEOh
3. EHLEEYYRFABKSEE LY (Barnes, Model PRT-5) Té-k. 238,
EEOMUTWR, LV OWA 10~20° , BRERS~8 nOBEETIT- 2.

Tofilr, BELICBY 3RRIEE, B¥EE, HNE, PPFD, AENERHEXH,
FoyoHRRGEhe. FYAFLATREEORMMRTT — Y2 ABRBTE 34, XX
BRTRENELVT 10MRELE. BEES~8ARIFITHL, EHTHR B IWTH
WAFH TR~FEOBFOBEN TS > k. BRCRZOSBFH8HOISFROBEITOR
HOF—¥ 2Bk, 28, MERHCSI S IOV ORFTAF~V IR, REEETH
~RBPTH R,

ARBRTH, RDEOLI>RREASERBIVERIEOHPLEARL, ERRKOX—%
(Li-Cor, L 1-1600) 2BV THEBEES IURIERE2RBULE. Kox—vics3zl
FE1~2BRE2CT-k. FHERORTLES > T, KRREEIHHI LTV IHY
HOBBERBOEHHREEL DVWTORLHEREULOBERIT-> 1. 2, REMD
BHEZEUARZRP>ROTEFASOHEC I FYEE B V.

RN : #iEH&EUT, US-Water Conservation Lab. (Phoenix, USA) 0%
RESo7yREEAVE. 7Y R4BCREYh, BHNRBRRAETEEIhE. 2,
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rOEETE, LIREREE (B ORESIUIKEAR (%) ORENITOATEDY,
TR RERETATEHREUTIThhR. 79 -RARD SOBERELI VY VITF
—SOMEREYAFAE LT, B2BEREHRERLRLSREI VYT VAT LLEERE
OOOEAVE. BEECOYAFLARLL-T, BEOSEFRANHCERE W, EHLEE
Y FARBSHEE LY (Everest, Model 100) TH ok, 25, ERBI ST SEER
WEWE, LY L E@MOMEE 70~90" , JERE 20~50cm OEETIT- %,

FOEML, BELITEY SERIEE, SREK, OME, EXKY, BESARHTNE
h, F—YoHcRE@GEhk. AV ATLTRERORMBMR T — Y LBMRKEETE 527,
SEORETTIFEMELT 30 BRRE Uk, BRICEAROX—Y TOHERFBLET T
DA+ YF—I BV R, RBRUE7~98THITITL, FMEHLBY 3 MERLLFN
SROSFREFTTORWEANT, 2~3RMS2LREHM L. CORMOTIYOETR
FoVRIRBERBRM~EMERPHTE - 2.

RRI CEH, DEOHHEARYITHCEFR RO —F (Li-Cor, L [- 1600) AL
THEEEES SURAHEAERBL L. BEEEOHNEL S > T, BEXEOEYLIRE
FEIOLTORCESSRELUEEL, AU DV THRABKIBE £ THEZERY
V. 28, KoX—yliEEH, BFEEOREMOBERREINE D 2DT, EFLFOH
HRRESEEAVWICELE L.

5. 2 BRIEX

5. 2. 1 HEHEESLIURAEH L RRSKEEORFOKH LR
FEHTHE, PUEOaVEDOVWTORR I OEEAVT, HIHENRMELE 2 Y CHE
TEEDEIDREIRCLTORBMTORE. $7, 86.1 CRREETr, AR o
EWERE Lo, AMMEVPDa, PPFDEQTHhENERNOHEBBEERL 2. Bk
AERBEREEREE, 2, PPFDrOMIRTheEh ) BLEOHMNA5h 5.
UL, ROZHLELIXYONRIKEL, HETRVEALS 3. Ch 03 EHEIER
BEEUNUTEOMRER >TWAT L RBHLD TSI, 2HTH3 L 0.6BEQEVHER
U DE ST,

—7, BIEHr o DESidte, PPFDEOMIZEPRDENT A FAOHMHS 3.
UbL, MELOHENEEEBENI S SHPS. CThoOERD S, METBRER T 2%
CERWTIHhED, RAERCHT SEWRHBOIAT VL LA S, £UT, RIERCH
LT, REERLDGPPFDH RS R4+ ARMAT 52 Lathn 3. & OB,
SABHY PP F D EBEMNRBIRCS 5L\ S RERGTERST 50 OB 5L T
ha.%br,co:tmﬁﬁgwﬁﬂmmmwﬂbr,§ﬁ®£m&t8broﬁ¥u%m.
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£5. 1 FOEOaVEBYIRNEES LURLERY
HiE, KEE, PPFDEoORBROEMBI I

Tr Ty

No. Date Var. n
te VPD PPFD te VPD PPFD
1 Jul. 16 TX41 19 0.90 0.91 0.94 —0.83 —0.63 —-0.77
2 Jul. 18 TX4 27 0.95 0.40ns. 0.8 ~0.86 —-0.19ns. —0.93
3 Jul. 19 TX41 20 0.88 0.61 0.92 -D.85 —0.64 -0.92
4 Aug. 5 TX120 7 0.33ns. 0.89 0.50 n.s. —0.57ns.  —0.77 -0.67
5 Aug. 6 TX120 14 0.86 0.08ns. 0.83 —0.82 0.12ns. —0,74
6 Aug. 13 TX4 19 0.90 0.40ns. 0.95 —0.82 —0.26ns. —0.83
7 Aug. 14 TX41 21 0.67 0.72 0.60 -0.73 -0.16ns. ~—0.89
8 Aug. 15 TX41 18 0.79 0.80 0.56 —0.63 —0.38ns. —0.78
Total — 146 0.56 0.57 0.69 —-0.39 -0.20 -0.74

i D on.s. OFLRVERERI 1B RVUERTHEE.
2) TrifdBUEE, r.oRIUEM, tCFHEE, VPD I KRKRE,
PPFD AEGREMEETERE.

RASHOEBYREBEUTWAZERTRULTYLS. UbL, RIBROBELLEHKT
ORI 0.6~0.7T BET, TOFETEF ) UV LEXZL5RBETIRVESLS
hs.

WBRHTESARLULOFRIL, PPFDHARE (LB RILDML TRILERINE
ROBEEEDBKEC23AE, RREEUBROCIRECEFHTSENWSIBR, BLUE
EH E L RILER DN E R TREBB I DARLRI E VS BEEEHD TR KL
TWaZ ENbh3E.

FOTIRI, REEETr ERFLERre b, EREE L., KRBEVPD. PPFD
PROAXHETIEORAT, POBREZTROUESHEAL. T, BEEETr L2WT
WK ESN L. .

Tr=—26.0+0.695t o+5.3VP D,+3.23X10*PPFD r =0.843"" (5.1)
ZOEAEXOEMREEAFEKI, ThEh t,:0.275, VPD,:0.486, PPF D : 0.403 T,
BEE PPFDHERECMET 32 hh . —F, RIUEMRr o DV TIRIKK 518
Shi.

I ew=10.20—0.173 1 o—2.33X10 3P PF D r =0.734"" (5.2)
ThRbH5, RAKAOE S ITBEN (X5.1) CETOMEBRLOATWEESW, BMEHF
S5TEHIEEY: PPFDO2O0EROIABRATRDbOTh:. BHEESFEEII L,
—0.124, PPFD:—0.642T, ¥ PPFDMEL R4 TARHAL TV Z & B EREX
hiz.

UL, REGD, DS 3EABBRREATL 0.8 LU 0.3L 5T/
VARV, ThihoEROBRIL L 3TEHHHZ I &P, EEMOMENBRE TRV &I
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(BLMRENS. Lhd->T, LIEOLD REERIFC & > TEAMOBMKRE TIEHIE
Wz RTETH RS, TEHE-FY I VLAVICEPPEENSZ Ebh .
YEfIC R T S A AEORVIEEORBREN I &R, WALWBRRIFPLROVLTHSIHIZ
ThTWw34-80, 2|, T, fepBEOARELMECHET 3004 LT, B-5RiR
BEANMELFHAL LK b L RSB T O A0 T80 @il b iz RABLL
RRATVLS. UL, ThoORRUHNESREFOERELHICHEMT T EHNTERL,
EH, ME-FEXUSETAPER, BEMELLRLETVRIINVXEHOHROUVED
¥y, RChoOFBERLHTRE(LTIZERRY. LedoT, RRBXD LK
SRTRECERE/EVERE T, FRPEHOLDEIBORRAGEDEEEETTIL
WWk>T, BEEE, XEMEEREOEFNMELEARETT S ABLVAANTHZER

bhi.

6. 2. 2 MANEFAIELINAELERENIRTROUVRIERFEL L 2B, X
AESOFEETIL
a. FEEFLORRE TORRREBENHRE
ECTO¥WR, BEEHALU TL 3 REOMBI & RERFEO—FHEES3794.101.138) |r 5
WREFLR L > TRBREER SURRIEREHET 35 ECDVTRELE. UTREF
LROWTREY 3.
Y, BALBY SMAHUEAROLSCRbE S,
2ATr=R,—H (5.3
CTT, A KOWEMM( wg™?), Tr: BHEEHEEELA, ng 92 sec™?) , H : B
O©T7397ANW 12). R, BHEHT SEHOKNT IV 2T, éﬁﬁs&vﬁ&ﬁu
FAIAH  RE - BEERAELON v 2), TH3. +2bS,
Rn=aRa—R, (5.9
LTT, o  EEOSHRNE, R, 2E50KHE(HE 0.3~3umDT 597 AW u2),
Ri:REBRME 3us LE)DTS w5 AW 0-2). BB, EBACUESHOIFBEOE
ukvthmh.iﬁmﬁmﬁmiu,Eﬁﬁkmxax$»¥®£wﬁxvﬁéﬁﬂﬁmﬁ
bn6ﬁ1$»¥oﬁf55.bvb,aneutﬁaﬁﬁlﬂaﬁﬁwl%ﬁgtsbmt
PEVRDE, EREETE 500,
7, RERRECEY SREEOBEDSS HIRO LS LRhE S,
H=2pCo(t 1= t)/ ran (5.5)
SET, o I BADERKE N, Col BROTELMA K T, ¢, 2 FEC), 1.
P RB(T), ran: RESVTORTRFEER (sec 171). RG5O 55, MOKRMER
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Fen EBRABEEROT C W, BERNEHTIE METERV. Thil, EROELSWTE
ERTOREORERAS, AEAOER, RECHT IEOAE, EOlIbE R BEEY
ZRHTHZE3. LHL, 0L RESOETBERBEREREL LR VAT NEIL
RBLEATHEY, RUBARAT CRRAEKROEBISZVRKE(RWIEHhH->T
WEDT, RUEBAMERCHOEFEELVT, CCTUMBEORDED L S RBRALAL

¥

ren=3.00X102 (L /u)= (5.6)
ZZT, L EEORBE®Mm), u: BEM sec™?). 28, ChidmEAmMcELTHAHO
LVWEHD, UHhoEBEHRABI ST SBHEIEHOBRRATS 5.
X3, REHH TS 7 AOHER, & StefanOBHMH S EFMHITIRXATHRDLETH
2.
Ri=20{e (1 ,+213)%- (1 o, +273)4 .D
CZT, o Stefan-BoltzmanniER, t,:FEE(CC), t.:WE(C), €, I FEOBHE,
co: FHRBOKHBTSS. 28, RGN, FLAHT IRH L2 LXI T~ THABE
ErEHU PP SOBRHIILEFIEVVWERELTHRO O EDOTHS. UL, XF
REHBLEUTWABRLEOELC DWW, LAOHEERRRILETSULTEYD, tHOEHED
SORBIINELERITHION, BEEANREITHOREOATHS. 2O 2ERT S
T, REHESCHT 3 XROERAS 1122 HALE.
Ri=0{2e,(1,+213)%— £ ,( 1 p+273)*— £ o( L o +273)4} (5.8)

£o =1.28{e /(L g+ 2T (5.9)
ZCT, R EEBEMEE Sun HE)DT735 952 AW 272, ¢ : Stefan-BoltzmannEH,
bl BERCT), te:RB(CT), &, EOHRMHE, £, KTPRHE, e, KXOKERE
(kPa).

PDEOESREERMORMEEMMAT IR LT, BHERE L FAKNORRAR LT
REEEZERTICENTES. IANFOEIIMTILLEORG.D~G.9) &Y, EEE
BEUE-TEEZEBIUVMOERICL>TROLSEEDEN S,

Tr= {Ra—6.67X102p Co (u/L) *2 (t,—ta) } /2A (5.10)
CORXDBSPHEMRE ST, HUEENRBLFIEE, ¥2b5 t 1 —t,=0 BRI 2
s, BRI

Tr=Rn/2A =aRs/2A (5.11)
ERY, HOERBEOVHALRIDIDHST, BERE->TRETARZEHTIALER, BIRTH
BOLDORILME UTEDN S, TRHSBREELBRR I AFCHCEMT It R
5. 28, ARG BFELEESWE, EkE bt OENEThTHIN, t,=t, 2
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SUEHKNONE Ri>= 0 5. &k, FEOSERNEa URCERREREARYE
20T, REOLS CEESNECELVESREET LY, RHERUIEHIILF L&
T—BHIXREhEZ b 5.

—%, bUERKHR, BA¥u P—EORE2SE, ERXIE k., ke 2EOEHELT,

Tr=—k; (t~ta) +keo (5.12)

DEScEhEh, BHERETr *E-—REE (t,—t) BAOHHABRKCSES. Uk
T, SUNKBOBFD & > CARHNERN—EOBELF IOV TEAIRSE, E-XK
ERRENEE - AOKENRICSY, E-REXUSBD CTHBIIEAREROERIILDES.
FZAT, REFEUEFCESG 3 XBROBREBEL LV TROLIIRTHHRDO T ENTE
5.

Tr=K,(es"—ea) / (ravtrav) =K, VPD/ (ravtre.) (5.13)
2T, Ko KERED S KBENBEADOTEBFEH (kg 272 kPa™!), e RILADEEFIK
BAEKP), e, KMOKBXE(KP), rov: KBRIZDOVWTORAEN(s 07, rav:
ABERZ OV TORFABEK (s n1), VPD, : EmpE(kPa). Lhd->T, 2201 S

—K1(ti—te) +ka=Tr=K.VPD/ (ravt Fa) (5.19)
PESNDE. B, XDBHUBH—FOXBET TOO>+ARIBBERTWR R,
FOOREIN (ravtro) BREBLENXLIDO—ETHS. ThRRANLBORREICH
Y5, COLE,

ti—ta=—Kki'VPD +ky' (5.15)

ERY, BE-REZUETMEL BOEMBRIESES. FUTKAPLABOD-TL S E,
HE ORI NAERAOLLLHE > TIORPEVT I T 5. TOVT P OEAVEKRA L
ADEBRIZ VLD Jacksond4180D CWS I TH5. %ol DEWIIOVTKR b
LADBPH>TOROVEHT T, KEMEOTLIINT 3E - EZ O L RRONTKY,
Ih% Base Line EMAT CWS [ 2HHT 2 R0ORMILTHWBA-2_ |, T
ZTHEHI&EEﬂH&ﬁiE%M%hTURU.bmb,ﬁfﬁﬁ§<w?ﬁ£®§kﬁ
WEWEREHTIE, CWS | ORATHERREVODOEEI 503, KB, TDLS it
TIERAMLABBR, tRZONEESRANREEERSOTS5. 2k, HELD
ﬁtéh%ﬂﬁiﬁ@ﬁ&#?(mhitd,ﬁﬁﬂmﬁﬂﬁéﬁﬁbfkéﬁﬁﬁﬁé%-
Z@Ctﬁ,ﬁﬁﬂﬁ&ﬁékwmﬁﬁﬁi$¥-9a’thvk?—5&ﬁ®ﬁﬁ#6%'
SROMRE BV TERENINELTHE S,

bwb,immu§<®ﬁﬁkﬁhf,ﬁﬁﬁ#T?HEM!R,tmﬁuﬂ—imﬁht
WIORNREHFERGZZEURLV. LhdoT, ¥4I IRET IHNEERELS
WRAREFANLOABBTSY, Tk, & DEBHRERE O OEREE D NILEROE
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BORETOAVHARENZLLOLZEIS>N .

FCC, LROZFLEFNHMRRESORBEREEOERYHEE QT >V TRE U
B, 27, RE.D~GA0OTFHO> S, FEt, BEREE L, LUTEREEEN S
ERDOVTIIEIE, BAETYTURE LR, IR, EREEt,, 2EFRHTIVIA
Rey BAUREU B2y I/F—F L UTHBMEHAMI NS, o0, REMHR, &
ARG AN L > THORMED SHE S h, AHRNEaIEH (0.5) P UTEAINS.
ih, BABORMBERLIVEORHRE e, W0.98X U, £, ROVLTHEEAPEFEENEX
CEHRBISHEBEUTIEEREEVR.

E, EEMNRIIANENSHT RGBT IHNERRIBLCREHE TSIV I X
Ron EBBICLZHBBE 2ATr KEXRIhTVLAIEBHN o THHI00 4 |, fahs
2T, REDPRRAG.NUHFIRZORBR LE2ERHOThIC LR THERIIIEVDDE
Ziohd., th, EEOREEL REEPEL>TEEF - —BRE->TED, KEL
UELETEOREEO/NEVRY, EEPROVWTOREERRWEZLNTES. —FK, £
OELORBIIERS I VIAEMUEL U TRUDHSE5EX 5T ENTES.

PEDZ &, EROEFLFNOEBREEEERUCSRTEI VYT F—I AN
FELEWL LT, EEMHLEUIOY T LTREREELHEYT 5 & NBRMICIEY
HEET2 3.

TS, LRTRELVEETFVEERESY 3 KRROREARCE SO TEORILIE L
BETSZEFLEZOWTHRNS,

RUEERERC BT 3KOBZETTADS

Tr=Ky(eo—ea) / (Taytaw) (5.13")
ERED, LR TERORIER ro i
r5v=Kv(es-—ea) /Tr—r“— (5-16)

RE=-TEHFABND. €T, Ko KBERED SKERBEANOEHMFE (e w= ppa~1),
es” I RILPOBAKRAE (kPa), eq KEDKBEIREKP2), ra.: KEROHEREHKH
(sec w1), o BMHORILES(sec v D TH3. 22T, TTRERERILERNLFEE
THEELDZENRETH, Tk, FEHEE (e"—e.) OEHUIERIEE L, ERIEL L.,
Flt, DoRIZOT, BB rov EELMUEBRBORIEN r o EIRBZ LIRS,
AT, EERREBEBI SKBEREHBOBEBRRBUTSE A Lh S, KERORREE
Hirew CROKABEN ran S WR>2FOLSCTMESTF SRS,
Fav= (k/D.) 2731 4n=0.921 1 on .17
CIT, Do KRAOAFHBMRE, « @ BOHWREH. U¥-T, RG.1TD% R(G.16)
HAThUEKBRORREIG r v PREY, KERZDVTONRAEH r o RO N
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3, COEFAYVRIBCEATETSAT, BRTEY YIS F— Lo TRRELLETT
REKIEHEOBBHRE I TEII LIRS,

b. BEEES JURAEROFTEF N ORKNHRN

T TUNHTEP AR EFLEREF - CBAL, EFLOEMEERET 3L EbE
Hitl LoRmHaic>LTIRET 5.

¥, FRITIIEQAYEO2VTHLF—Y2AVT, EREFAC I SHERE T
EEHEREUE. ERE2HE. 1 WWRLE. remote-Tr BEXT LIV I IF—I2LIBE
FALRERAUVTRDEBEEOHTMEERL, porometry-Tr RERKOA—FYEHVWTH
FICRBUEEBEELRY, BEEL D 1HSIIDPDVOEIATH SN, FFEORIZIE 0.957
EVSHVHENE 2L OEROESEINTEY, AR TEBAULRLIREFALZHALT,
FHEELCMTA3WEHE ) 709 1 LT RET 5T ¢TSI X Nk, &
B, IZCTRUVEMERHETXARDWTOMRT, fiHE HEYBAEY 1.6a s~ THok
P, HORHTRGIFCOEELIEHBL L.

200 o Jul.16,1985 TX41 i=1.6m sec™!
® Augl3,1985 TX4l  i=1.6m sec”!
Y=—-53.94+1.73 X
r=0.95]1""

o
g 150+ Ly,
¥ o o
= o] O
= o 4
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o [ ] Q
&= 100} @
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—pad
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50} 7?°

® O
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5¢ 100 150
resote-Tr (mg m~2 sec™!)

EE5. 1 TRL¥NXEFLZES

RBERZOH
ROA-FR L IBRAED TGO o

E-tornavoigs -
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DX, RKEIZEVWTHRSMLEIYOF-IR2VTHEROBREEIT- 2. 7, R
0BT 3MERABLIVTOEXOERAZEROEDHEMI >V THS. 2RV, ¥
SEBFZNE 8FF SO HE~LTH 3008 F TOZIBM TS > . SERKH T IALFILH 150
~1000¥ =2 OFFT, 150V 02 FR/XFHOED, 1000W v 2 GREFOBHOET, KX
O F WL 300~500W m 2 BEOEA S>>, RECTEHEILY 0.3~3.6s s TH-oh. I
ORRTHVE:RAZEHUIRAKEOLOTHETRIEL 0.5 s TH->RLbbhhbod, H
ETRUTOEERATVIOREPOANRT A —FIC L 3TN (93 ~54M) OF
WETH2EHDTHS. UHL, COREHOEFREIOr s OISR LEBICURAND
Z2r®, BEOEHEYFLT IEKRTY, FHH 0.3 s BEOBEICCOT—¥
DFRATESLOENMEIL L, RiBW 30~12C OBETH-L. —H, AKABREZEOEDHER
L2 ~TkPa EIEh .

PED&IREFTTHUEI ORIV IV F- I 2EREEOHTEFTILICANLT, &
DEOZWEBI RSV TIYORMEELRBLUR. £7, EEHICHY I RBARE, RILE
HUNAOHRBRIOBORESTH5HB, BEERHIIALXER, BIUBRERA%
H5.3WRLE. BBRUE-REZERAFECEKELVT, ¥ 50~ —400V v2 OEBETEEU
THEY, BLALOBELHS YA, TROBATD CESORERSEZ>TWV3. U
HRERBPHIILEYPEY 600 Vo2 BETHSIEDSHT, O 20~50%ITHYET S
EBHAZVEBRESTOh TWAZ Ethh 3 (5.3 a) . BRRABRFUKIRR, BE
WRTFLU T 60~160 s o' OWEATEHL 2. HRBEKRBFIBHRICEATHfihX0E
TNTHY®, KO —F 2L 3RIBFIOFBREAD 50~1500s 37! THEIEDHSAT
FERHREACH»IEEX>0hS. UhL, THEKIHhEABSEMCECRETR, ’A
BN AARMLIIAREOF —¥ —R2->TH0, ZRRARKHOXEASHNMEAS
Ch-TW3 (H5.3b) . EHAMIIAXNIEES, RESLUSREELL->TX
EEXhTEY, TOEEL 60~250 V n2TH-rkz. COEBETHITEWTRHOBESD
SHEBALZAEXMREUTVWAZEREHRULTEYD, XXRTRELAZOFS, BBOE
hEFFRTEOREXRIHESBETS o2, TRO5, 2ENRIALERTIHT IE
i, EROTILOBERT, POAMBHTHEAT 300, GRARGRIILXEXLE
HBECEMUTHLADORLIEHAHE L ALX LEROEMTHEI L b3S (B5.3¢).

DX, EFNMLSRKEEOREEL, ROX— Y LIVETHEOEKERS .4 B
S.5RARLE. M5.4FRLESS—H GEH, D0Y=212) OFRIE W TIIAMFHE b
0.717*, —%#, BI5 .BRRLVE2MAWHRS RAROLF—Y TR 0.77°"TH-0. I
RMEHIVThLSTOELRLY, RRIOIIEDaYR DOV TEShREREFAH—F
OEEMAESEDehE. £, ZIZEALEZIHOD] D 1L5RHPROANTEY, BL
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C Oz MBI (sec »71), rao: RIADC 0, HEIEH(sec " )TH 5. 2F, 22 TR
COz HADLZHFEHNRAMAEEARABRAFIL TV T, EHRHREORRRIEHRIC
REEIh TORVLRERFRELTNWAS24:38:68) FEIMRS3S, COz RDOVWTOHRE
I L wo EMIEH £ oo WABRE DOV TORES oy & Tevw DO ETRTFhROLS> R
h¥ 3,
Fec= (Dv/ Do) 23re=1.40Ta .2
Fao= (Duv/ Do) rav=1.65r4 (7.3)
CT, Dy: kBEROATFHBRE, Do: CO2 OFFHEEE.
ECAT, HRAMEHRIZAEDY 0.5m sec™! PETREFRNI I DO—FIWEL Y, £
ERCUDIRAD/NILRBZTEROD->TWE., Ik, BAOHRAZXUT T
ERBERED 1/2~1/3 REYTIESATVE339, LhioT, REOEHORAEE
HUTABRC LS TRV ATVEZXShSOT, RAEEROREERILEHO G



84 B7E EPORBREEOERHE=TY v

LW EREVTRRDL S EER LR,
I aot Feo=1.40T avt1.65T oy
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EmESSSCESbLS. 2, COXBRITRLERULAERE, Wik, PPFD, KXXE
Z, 7007« LVREDIED, REAF—Y, LRk, €, HERNOSERRLEREIC

-
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FLXETHERITOOhE., LBKAIRF VA A—SOMET pF1.3 o, BB AHE

(¥ 3.0) 2B TR2LEYN, PROBALVERBEITEGATOR. Ud-T, @E
OEFRILAREGE, BRREHL G TR GPAKIRBPES S 00T LBEERT, B
TEVRBACSVWTRITAboLEEE M. 28, REC 20 TUHHMEROARBEER
T 1w sec! BETH-LZEPHEINATEY, SOREF+ I NHTRRERZ—EOZE
AAESHREA TV, EEBRTHVWBEH B TIIIEAEMETS D, 0.5 0 sec?
UTORFLRAELHRAOTES. —RICAFHOREH IREHHE S (WETR0.58 sec™?
BE) , »pOoRERAULHARVEDERARUBAEH TERLEATVEBETS, RIED
BERIRSVTHAFEAMEADRLEY, BLERADEINMEC >TWEDEHREIL
.

HEBREE L BRHER /MENSTTELSLEIEARRCEZ L WS I LT, HEBEED
MRaAYFy I I AL EFRFBEIIEIEVD WongS 1 ORIFBIFTORBRRERE—HT 3.
ZOZEREEOHFERTRHOER(T.5)D k [Ca—Ci] B—FTHIZLEEHL, T
(RCEBARC O, BE—FEORXHT T, XEHEEULRAANDC O, BEZEERL
RUSEITIEOIRLHXS. EZAHT, KRCO: BEZ LESYREMIZROERD
S, XEREERANCO, BEOLRLCHRERTIZEDHRERIATVS®, Lk
#$oT, [CamCi]REBER—FETERL, Co REFLUTELETIZEUEBEIDLTHS. —
7, RAEESANCO, MEQ AL LHRBMT 3 EHMBINTE Y13 K3
BAPRASDDIRERT [Co—Ci] 2 ET—TRERTIABMCEST 3O HESH
3.

(Ca=Ci] OHBMBMET RHSC, OBHHR/MIOVTE, ADT 1 —FAYIREST
TPRANC O, MEL—FREDLSWRET 5LVS Raschked P O{ER, BIU
FAAADC O, WMELC (/ CadS—FE WS Wongd 180 DIERRE W OHDEFIL SR
RERTOVS. AER I IIANC O WED 330~310 ppn CHET—-EOBTARBH T ¢iFhh
RODTHY, CZTH/SALREI LREROTACREULRL. WFAR LTS, =B
®ﬁ$ﬂ$hfﬁ,t%ﬁfﬁéhhﬂﬁﬁﬁif%%mtgbn%.ms,C:?th@
RAOEE 24.1UR(T.5D k [Ca—-C,] KHENTIOT, ZO@PSRILRAD CO.,
BEZEREULER, 159 ppr ELSEIES .

RRIZBVT, LREAROMELY 4 LoV TEALEREE7. 2R LR, BE
ORRAL P IEQAVEOVTRDShEBREART, XAREEREVEELS Y TER
R/ MECERBBRIS S ESWES LR, COMEEET. 2LER L. LEED
ME%%RBH%4%ﬁt«f®ﬁ§&:&waﬂﬁbkk&.%%M%O%ﬂ&%ﬁ,H
Hmﬁéﬁaﬁa@ﬁaﬂﬁenm.ms,&&mmwmrv%u:vmowrw@ﬁggg



RUT:. WEOERFEE 2.1 7.190OB W, PoEaay ey L ORI BT X
BRMEROELRBELTVWEHOEEI NS, MYEOaVORSEERK, BRFERD»S
RPN DC O, MEELHBELUTHZE, 5| pprE S @MEshE. ChiitoEOay

7.2 FAAUBYASNSHBFEERUEE, BNEE / BEOMFORMATT

N vs. vs, ta PPFD VPD, Chi
No. Tr Tr/VPD, n o] (uEm™3s-") (x107'kPa)  (ugem™)
1 0.540 0.720 58 35.3~37.7 1258~1880 15.0~33.2  21.3~36.0
2 0.749 0.817 108 30.1~34.8 311~1455 65.9~38.9 21.0~47.0
3 0,918 0.945 10 29.7~35.3 313~1641 22.9~33.5 25.7~43.3
4 0.978 0.963 79 31.3~36.3 517~2001  21.0~51.0  21.0~45.3
3 0.960 0.974 48 28.5~33.1 155~-1980 19,3~40.8 33.3~43.7

# 1) EREEELYLL, FAFFHN, YIRIL, JOEYIITEY P REBEYRE.
2) BBURT7. 1LAL.

Pn=0.1+24.1(Tr/VPDa]
r=0.936""(n=141)

1.6 ¢ (for Corn)
1.4}
1.2} '
T 2 - /
9 22+ 22,27
w 1.0F 22. 22+ - :
f.r - e Q.2 .
& 32235 37 -
= « 2 o283 -
g 0.8F e Hize -
— . . » ./42 + 2. 2.
o PEEr B
0.6 « D e
7. e
0.4 "2t "2 Pn=0.12+7.74[Tr/VPDa]
r=0.888"" (n=238)
28.55t.537.7°C _
0.2 v 155=PPFD £2001 tEm~25ec™!
1.5=VPD,=5.1kPa
// 21.0= Chl=43. 6gem™2
W | | A VU R I | 1 i 1 L 1 ! )
0 2 4 6 8 10 12

Tr/VPDa (X102gm™2sec™' kPa™!)
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LoOWTOE 159 ppad#IIHD 1 IR ->TWS., —BIT, KRHEVPD, WERMREVP

D, *EMCREAETRY. Ukdt>T, CZTHEULRRARADC 0, MEER K(7.5)
OBBREZTOLOTIINRE, BEEMELALLANPPAZVEERAZ I EPEN. CORE
EZEThIL, CCTREURKILFADC 0, MEE Jonesd "V HY A AHHELDVLTO
WELSKEHU LY 75 ppr, BLY Wongd 88 bty EEIZ DLW THEL ¥
195 ppull FhERORDIEVETS S EARES. LVIThRULTH, Ca EFWTES Y
ERAVECs tFHTHEY A XOAARELOZY, RIRADC 0 EEE, TROHBXN
FNC O, BEORVE UTHHEILHEDLh TVWA200EEX SN D, 25, G LENY
{RBWDONT, ERERSPPNI L NRIMERED, K, COKRE, BLUThHSE
HIXNZXAANDOC O, MEZOHOEENZEHRLWLDVWTO, TSLFERBREIL
ET5%.

DER, ERTIOTIDF—FROVTRHETh EREAREZ L DLW TORE 2T . K
MCO M, DEXRWLALBLIULHAIREEELTELBEED, 7IOKEGHEED
EFELRSHBEET7.3a) ~d) WRLE. IXTDHBELBLTARCO, BEHR
BOXSREELIHT SERUEDTHRT, HOABI»bbh s T IETLETHMIh 2
THEKBREW 350 pppE L VD 650 ppaXit B THD o2, EXBRTUHHMTEMOELE
ZREY, HBRLLLSCERATOEYPOERBERRIIULUL. UHL, WTFhOoAHEK
EEVTOEHNEL s RMIE LG TASREZERIBRACKT T 2MrnEDsh3. UhL,
TOMMEIE 350 ppX TRRH T M TH SO U T 650 pooX CULHEBBHAZI V., ARRT—
FURBROEBEH TS 3WTETS 2 L0, REPHNERYOEEOED, ELMO
ELMRLTLI. LRY->THRERSRITERLY, BREULTOXAV YT ERERR
DERPSZLOEHREN S . KRBATORFESRIL, WC 0. MEX - biH (Day of
the year 1 DOY) 240 BHEETRIZLALPERUTEST, TORBMIE A2 RIMEDS
ofz. Fh, WILEHUE 350 pppE & Vb 650 ppuEDIE S TRVOKEVHEL—R UL TED
shiz. ZhoOTedd, EFC LB RINABMEFEOBETRAR L LEHOREELD
ECBRETRRILEAORANPR L ERBU TV A LRI AR, —F, EBR LRSS RS
B OET MM 650 ppaEX TAE VO, HC 0. MERRCHT 2BULHRERICL 3
tﬁﬁih%-TRbB*ﬁ@?J-FNwﬁM%ﬂMDT,@k&%@iﬁ?ﬁﬁﬁ%ﬁﬁ
TEEREBVAAMNC O, MEC, CRSLALDEZESNE. 2R, 650 ppn KB
TimméﬁﬂmﬁﬂBwpmﬂ&ﬂﬁ%%ﬁ(ﬁ%bhmm,ﬂﬂm&%ﬁﬂWCoaﬂg
ORWMEYC, 2T EIHMEERLLEDEBRINE,

mﬁ,ﬁ%ﬁﬁﬁmﬁf6iﬁmﬁﬂ&®%#mohtm—ﬁwﬂmﬁﬂﬁénm#ok.

TORBEOUE DL UTERASHR OV TR, REREOEREBNIE D> ENFL S
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a) @: 650ppm, Wet, N+
L O: 350ppm, Wet, Nt

Day of Year
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n%. L, @7. 30c) &d) TRHBEEFEEOEB20EHACHS> NS LSITEL
TIBEAROERELRG LIS, 350 ppoE L B 650 ppmE T BV T REMEEDIKT
BELUWHRBEDIhD. —F, NEFEOABLE DLW THH s hRMEmEIIAPo k. EB
OHED S, ARBEBLTURELABIAKOXE S PERMERICHY 2REIAE L,
BEC/OT7 + LREREEMS 2 VENIHT AEEOA LBV E Do kD EHERE
Tha.

ARBROITIVIEOTIFL 20 THUELETF—FEAVT, RRITIYyEQaVEFy4X
WOWTHT - RO EREORITERAZ . 75020 TOXEHERE & R BESL / faZ O MR
2E7.4WRLE. SEOMREINT I LIBAFEREO2ABOETIED b1z
DT, ThosDABRIECO, BEORBLE UTERLE. 28, 198707 — ¥R IZZiHE
190~2308 DRI IE Eh . ZOEP S, HEMEE L EBEE /MEOME, 350ppn

310 1 ] T T T L T T
®: 650ppm  Y=0.026+7.313x10-3X
r=0.98%¢
Q. 350ppm Y=0.020+14.502x10-3X
F r=0.96%% .
7~
T 2.0 S
o
wn
E
o R
£
[ =4
o,
1.0
- S °° 3.085VPDas7.03kPa -
31.65 t1.243.2°C
o 331 = PPFD 52240 21FEm-2s"1
17.652 RH =49.6%
0 L 1 1 1 1 A L 1
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E 650 pprnDFhFhORAEII S L THRZESMESED hE. FLT, BEKL LI
By, EROMEL, 350pmE L YD 650 pppE TAREWI EDh o,

ORI, RRITREURBRE—HT S, Tbs, AARERrBHER/HMED
SR, ARCO, MELATARBELLHUT I Dbk, TORROZHE
BoME, PPFDHBENTL 3.1~T.0 kPa, 331~2200uE w2 s LIRL, BRI OHER
EHhETHIL, DRYVLVEFBETCOMESHRITSIESbMS.
ERIOHRTI, PREHAMT L, AREROHEBNENTFHh—ETHY, 2ODIE
—FEDONNC O MET T, XFILHADC O, BEE [C,—C] BRLPIE-FTH3
TERRULTVA. UkP-T, XAMEELERAC O, BERHFLBNT, £ [Ca—C,]
RRAELVTVWELOLHAS. TOEKTIR, REEE/HEN—FO L X TRHBRIER
—FEOFEEREETNIL, ARCO, MEC, ORNMEEHUEXERMEE LN T 2 L HIRY
ha. kREU, ChoaZo0RBOOHITRTERAHNDC O, BEC, —EL¥ 5K
RiZFEhRL. 0 I, HEAEREBHAE /HMEOMFBOERMERMREL LT, —ED
BHEE/RETROE—EORIENORKHT T, HRC O MEOTLLELIINT 3%
BHEEOTILL>VWTHERUTHAL. A XC 0, WMED 350 ppad S 650 ppmicFsHoh ik
EXOXEREEOELUL, X(T.1) PORKXDLIRETEHINS.

Pr.eso/ Pn-aso= (650— C.es0) / (350— C;.3s50)
- =T7.31/4.50=1.62 (7.6)

ZZT, Pneso & Pn.zso WHRC O MEN Th¥h 350 ppa, 650 ppm D& XONE
BER, Ci.es0o & Ci.350 WAUCMIHDC O, MEXEKTZ. ZUT, 220KE
1318 4503 FNhEThOREL S IORAROMETH L. TRbS, ERILSVWTR
ARC O MEER 350 ppmdd > 650 ppmici 1.86 BRTILX LML T, EMALE (F
7.4) OMZOTIRT ROBASHEXOLEUY 1.62 BICR>TV 3. KAKDC 0o
BEVEARNBERHT TLHLE DL UEX ShRV I EREMT AL, LR2o0k%
HENEVWETSZEaRES. oL, RANC O MEN—FLREh3ET 3
Raschke 5 '? ORB & FEIH, ARC 0o MEH 350 ppuh > 650 ppnic HHHh T, NIl
PCO- MEC, UBTVKRELENMUTVWRVIEEFRBULTVS. T2b5, Hdtd
FRBOBENT, HEUEERSOCRABERCKXREATEY, Uhd, AKCO. &
EOEILERANC 0. MEC, RNTZADT +—F NI EUTR, & EEENORE
TUBIOKRECHFALRVWI L PHRTN S,

TCT, RIZSAMC O MEEC, 25 350 poutr & 650 ppelcZFEALL T, RILKC O, WE
HESLLRB R, $ROBA(OEBEVT Cr.000=C,.200 LEELT C: ERELT
AR, 13 pEVSEBBINR. REOTED S, FRRTUAKC 02 WEC,
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350 ppmd 650 ppm@EFIIH VT, AILAC O, WMEWLY 131 ppn BETH T VK E (EIL
Lizh-skhiBRERS. L, ZORWEORNHE, & ERILKIRADC O MEN
EHFEAZILVIEROBHEHIIE, ARCO, BEOUEEMEEEZE ULRBRSLEEEX S
hi.

DEOREEED SHSIMRELIW, XOREE EREEE /HELr oML VERCD
RoT, EhHTEERMENSS. COT L, HEBRERLRBREEL MENSHRTE
ZERRTHOTHS. —H, TTLESELSVTEREE LIERKERMBO LA ETIE
RENCHEE TR ZOMEMEBREN TS, LN T, ChoOZ b oXEMEEIL2WT
DHBEDBVTALY A LATERBCHETES WS,

c. XEREELHTZIRAI DO T s L BEOEE

DEW, XEMERCERET IEROUESELT, E500 T  LBEOREEERE L
. ABEHCEL TR, FYOMERELZE L S3RELHOHANE—-ORIFEERNT
50, ABHIZHBULLTVERE UTRER LKL 2 TRBRESREL > L LEE
TH%. TUT, EBI7O00T7+ LBER, chollik->TETHHATEESAEZEX NS, F
T, SITRIRLESEI/OOT  LBEOKREREELCN T 3LBOTEIRFELRS .
AFHOBHILAWETF SR IRTERIOERTSH 3.

FUEDaVEEORESRERELLNT S, ERI/OO0T L EESLYU PPFD OERE,
FhThE7.5a) £b) BGRLAE. ThaOETI, tOoRASEELEEHICELL
BEETNRTEATVLAEODT, AOEIHD2RELHTREL. UL, B7.5a) o/
07 4 VEERDOLTE, XEREELrORIIH Y TLECHRANBD o, &L LB
BAPLAOODD S TVRVWARTRE O SHENEETHS. —5, BI7.6b) © PPF
DEDVWTHARE DLW TEAHOMEN I ORI S, LRERA L ASDH>TVEBE
TREELAE—FOHREYRY. TLE, APFRHEBTRULE LK, ROAHOKRBELT
KEOEEEOZPPFDEBY 3 LEMSHRBRCRETINS. BhOSEOARLEBEORKKT
TEHBRTVWIZEDRS, COHBI—EOPPFDABS T THRTA IR ARELEDESIE
KEWEERUTVLZ2HOEHETh S, RIE, BEOHRO LS WRASHOFREUTT
W, AOHEENCOBOTHITYE>TL500&FLSh 3. AROBAFRE, ¥4 Xic>
VWTHEHShk.

BEODF— SR IXIRNBRREUTOWUET — YL RATVERD, KhEeREELESY
007+ LREORRE &L VHEBREY 325K, ¥H5I 1107 4 LEE, PPFD, 8203
EREBRETKRE T IHEMMIET 2. R7.SLFOHREFRLE. 242U T, BHD
S L UREEN : S ETEAROMRBEBD ohk. $hbs, LBERIAML Ashd
STORVESIREE (AR) T, 7007 4 LBEEXEREE L ORICPPFD AR
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7.3 FPIEOAVUBIINERAERLEERAIDOT + LREOMFOHDAIT

N S.C.C. PCC. S.PRC. M.C.C.
[+ n
VPD, PPFD Chl VPD, PPFD Chl VPD., PPFD Chl- R
Al 0.108 0.705 0.654 —0.099  0.829 0.807 —  0.648 0.592 0.919 47
A2 -0.210 0.441 0.631 =—0.15¢ 0.419 0.595 —0.111  0.331 0.541 0.714 9]
A3 —0.471 0.196 0.646 ~0.375 0.366 0.671 = —0.276 0.263 0.620 0.763 80
A4 —0.543 0.539 0.624 -—0.110 0.549 0.881 — 0.321 0.608 0.812 97
A5 -—0.190 0.551 ©0.697 -0.143 0.646 0.742 —0.080 0,465 0.619 0.838 310
Bl -—0.850 0.158 0.243 —0.876 —0.398 0.257 —0.923 —0.260 — 0.881 27
B2 —0.443 0.080 0.263 —0.433 0.052 0.240 —0.420 - 0.220 0.494 82
B3 -0.493 0.054 0.271 —0.479 0.086 0.233  —0.463 —  0.204 0.333 109

T 1) ARR+S#kEhE:, BREEERRBRESPhEOEANALGNE.
2) GBI 7RI L, TX4l, P3160C, MIES LUKy  THRIEII .
3) S.C.C. BMGEXN, P.C.C BHMFEE, S.P.R.C..ERREERRE,
M.C.C. . HEM{#EY. froBUERT. 1AL,

&, FHBERT 0.6~0.8 OHVERMESED s hie. AR ST 5 EMABERIL 0.7~
0.9 £%<, ARR [ ORETURLHAEEOEBOABAN LEIERTHREEATHY,
7007 4 LRESIAEF TR S 3 RAMEECPPFD EAREOK E REEEL>T
WA EMEEShE. —F, BETRLESERRRCES LR F LARSA Lo,
HOEMMEREOE. COLSRERTTEI Q0T ABES XUP PF D & XA mMEE
& OHBEBEAET U, RIS s OME I OCHE 3MMcS»%. UkdoT,
WAL ZARNE > TWAEEIE, 7007 « LREDPKRZIHTIRRL, ERKkS
RESHAREAEL TS L SHREN S, 25, ZOBAILERMEEN 0.50%Y
EVCCEhd, MESERERBLTVIOTUER S, BEOTILMERET 3 LR EHKK
FIVYILEAUVTOREEEZREBRUTLSLOEEhOh 3.

PEOBRETRENRESE, EHIO07 4 VBEENAREEC D& <HELTWS.
%5, BREESAVEAIERE L OR, AOREEIERNC TSN SAUMEORE A
2. Uhit>T, ChoDEBRBOTEHEEY ) LY S, ARCERAI OOTI 4 L
RESBETENA, TORBEITRAREOLDOBICLHATE S EDNE. B
POOT < LRER, BREHF—F 5o ERHCHTT 3 RHOERERITE LT, &
£ (E8E) LBV TRESS.
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e W SDYC/EHSIRSE kK STEESS S T 10
I ST, R E O PR FE R 35 kU BEh R B OO X B
By =& U 27 icpad 5 BEBRavERES

P O RSN, (B HOXENMSE TOFEROBHEEL L > TELIRESH
TW3E. £k, BEOREERTS 3 BECEOTMMRELER AT -V, HE2EOS
RRMHBEIC PR T AL LAY TVE® ™, X512, 2045 RIENRORIEUN
2, KEBEDRBREONERA/ LA XWTEICEEY 51433109 (pYHEOKRFIR
MEUREANESIOOT A MBETS Y, GERRERREYR, XOFEIRZEHET 3.
~%, TEHREESIIETE - KFEREOEPERI OO IURTSS. HXOTIUR
WEYE— bV UV TR, ThOoBTROEBERNRENT I v IRy 7 AL U THDO
TEk. FUT, TUHVEDOFERER-T, Y H o HEREOM LRZRANS >0
EZiohd, RoORABh, ~MEEPOAENBETROEBOMT ERER (EHE)
ORIHROBVHEMNSE S b, HEVFSML THOhRD > RFEEOUEDTHS5.
TOEIRTENS, VE— LYV TORRABIEVTHIHAE, FEX (Pixel) Of
B, tROSLETIvINY I ANOMBRIAL TOEF AL SHOLDEE > TW S5,

—7, ERENEHBHEUTVLSL58, ERHOBHPRIFEE~OBA L ER U R F&1,
CUAEWE oL ENB L UERHARIIAT INELRBCRST 2 L NBRAL RS,
TRoOs, BEEROI7O07  VRAECMT 3WESRE - ECHE AT, EHABL
EHHTHATSS. Tol, ChoDERE, NEITIREURBREE, RFERPLK
SREESOWHEFRICEMMETEICEHEELL.

RT7ETREURLSE, BAZOO T ABES S VEEARRMEUNANFERE TR
ERT 32PN TH 55259139 gp, EHRAOEURE, ARROBIL L BEEER
BO#BEL V- kBab s it, EEMEREEROBCERT A LOoXEREBV. e,
KRBT, EEB HBERMOECONTIROEETH Y%, SN2 T, NHALH
PRBTHEETHLY, —BRUELSTEBRENHHNIAZIZENZN. Lbd, EENEY
o7 ¢ LRKE, COLRFRBETERCHEL TS, SERCORKETETHRNE
WUPTLERTSS. ChIMELTRZHETR, FEERBCHAT I RDOFEEL
T, REBWES DRREHBRAIATVSI®D, —F, Y=} IV IXORABTY
ﬂ*@ﬁﬂﬂj{kag”m,ﬁﬁ@ﬁﬁg%ﬁ{XqZHA&EJWAQAMAﬁJm“i
WERS2 07007 LE'S 150 2P SRFHBERL & > TY I QRETT 3 AT
DUTHEY—EOMREFES TS, UL, EERERPES I OO T 4 LMEDEREYE
SYVITRRY SARUCHEITHEDThATORY. K, EERIEKIIEENCEE



BRAGAFTHEN, BRTRY Y TLHABCEIEDLRL, $D, RERCEAEALBVE
®, ¥RBlTEOEMEIRKEVEEDR S,

2%, FPONRANOKNBIII W TH#SE, BAEAT—VRENKSSHEEREPDH Y
FREEHZIHFAPEL. REXU, BHAMYTO2Y TREB, APRASY] BHOE X
BYAL—VEREUTORBHEHEEOTLE., L L, SEORERITRT L SEERRE
PHEABSREVERMIRBEATREIS LS L, FRPONTEE LRI T L THL.
Lhd->T, FHRRTHRE LTV LS W05 RHEEY, BREREORELCHATX
nid, TEODOMELEHSOIHEILRS. 30T o, SR BT 3ERNR
BEOWTOLRBEHE UTHATE 3TThEIE D S 5.

BElocips, XETH, BELSG {90007 « VEELERBICHES S -D
OEREUVT, BRI DLW ITHEREEEFOANRHBOEHAHE 7 00T « N RE
DEABODVTREUE. ThELTAT, ANARHIBHECESVREF OO  LVRE
OHEEETF LR E ZOMBMC DOV TRULSS® . X5, 4ARBSTEERERTIEY,
BAUSHBEEORFEI DLW TERBRE 2T R,

8.1 BHEFGHE

ERI: HEANREULTBBRIIYBOAVET LR, AFLXOEEHELHVE. F
DEPRAFIVTIYIAY S, £ITY, AV aOREEEC OV THABOEERT >
o, BRBIANTRBERTH~EMERMINCS Y, ERELEELTLE.
AHEHBOEHISFORITCUBEFONI—FEEEHL, FILAX+ TV AT L (FRB
Ef, 26058)) BLUBEURA—YFAZYE 2 —-YERBIFVY AT L LT, JEHR
k¥ (RGB) IHRRRI B IWMBEO/TRAEIToR (VAT LOFHEUE2ERAIHL
k) .
BHBROLNEHBOMEZZKRK-FTA T+ b X—F (BRI, 2703MMA) /AL, #
ERBAR2 UL REOABRHERE UTHETEECKEmA2H VR, BEREMELT
BROHDEADOITS R (AARNERTOLDOREBLABEE DV TIHE2EE IR
BUR) . BHRUZANY PALF—=FRIRXTMNIOF-YOHIABREXhE. EHLE
R=FTAhT b A—F 1 EOXHEFROERLH 50 BLELE. $h, ThEERR,
REEF— I HEXRHPY AF LI &> THUMEGTh 2. 28, HEEFLEULTEAE
BENMEVIEHBZEUL, TRNERHERCRTT 3T ORBUERTS 30T, &
KRBT RRIZEeBIRUA, BERFITESEYLEBRCE SR,
EA/7O007 4 LBEOEBENHITCLEARROEREH (Minolta, SPAD- 501) %
RV, H4OREIE 1000 REEE, TOME 50 RELLMELTREEREVE (BE
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SWEHFELSOWTIE, B2EESHIBNR) .

x@0:

PIEHEERAE D FTHREUT RARAREEE N2 6 ABOFRILF (Triticun
aestivug L. 'Ciano79’, *Genaro8l’, 'Pavon7’, 'Seri82’, "SieteCerros66’,
'Yecora0') RV, RBEYE (US—Water Conservation Lab., Phoenix, USA)
OEEEEEERE 120 X 50 T, 6 GE3HAREOSH BENRT S, 6REDT
LB, RS 0.18 nTRThR. 1 4ABRARAKL, TORMEKEW

rOMMIOKESMER D1, D2iBdshk. WRIIHUTREO®2ATH, 3A$E,
4H L%, SHLECEKL, DIERHULTHAAPEI1H, D2RENUT2ALE
YABFAO2EAKU . HAkRIEETHEN 80~100 anTH 2. ZORDPBRFOE
WHETH 5D, EEOLBKSREIZPEF BRI HIT & > TREFMRCh 2 » TER
MllET 2 L TS h:. NHEELE6B LATSE o, 28, 6HEDI 5’ Ciano
MWUBRLETESY A TOEETHY, 'YecoraT0' AEDKFEI A TORETH DT,
FeYRFCER->T FHOBRLRERSZIhS 2G8MOT— Y2 BdILAVE (B6EOD

THBl & k) OHER) .

BROANEHEEOH NS X UEWERONE | HHEOAARHBOBTIC L 8 BHEDN
YFEGoRANEHMMR (Barnes, Modular Multiband Radiometer, E@&@ILDWT
RE2REIBREELE) 2HVE. O HRIFAVEOREREy &, BEER
EROWERRLE T > CRAEARCBBTh LROBEEBH L NS, FARHKEERE
MEUR. 24 ORMAMIIHELET, MESTRBFFLAN 1~1.5sTH>k. 2O
WEIEHDU LBV TET 1 ~2BMRATIThhal. IXTOERIEUEDHLSOILLER
FMIZH 203 TH -2k, FTETOHRI 10:30 &% &5 CHERMBRDEBAYE. K
1 10:308 I h D, ATRELandsat-Iv %kt 2 8E BT SRAICIIITHES TSR
»TH%. 2B, Landsat-IV I MMR: IFIZRABOLKEYTH3TM (Thematic
Mapper) 2HRULTWL 3.

EENEOANRHEL, FARSAROIARHEHEINT 2B 0MTEOL L LT
HEETh: SEFHAKIIREN) DA (BaS0,) 2B% Lk 0.6 1 X 0.6 ndN A
T, ChEXTFRREL, 2MFOMBEN, PRARAS LVHTHTEROIEMEL 2.
BAOERNT3ERIEL, Cho3AOEP SRNTHBT 3L E>TROONR. &
ke, REBROFERIOME™ 12V B LU MMRNAY K 6~ 7 DIBEMESS HiThhi.

EOY > T) Y Vi ER2EOHEETIThh, Bkl > T LBEWER, KkAREED
WEETH, FERHEAC TREERSME IR, ChOOF— I H > REERISKGLA
[EPREThE. 2k, TH, FLOBIAHAE, RAERREOMTHTHNITHA
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Iz.

Fh, SEEFNMMCOE> TERBELEGEE, OURSLURERERAKLERDN 15
METHESh, LIEKARESPHEFEIRkS 2RV TIEERAKEEEN L (Thol
SNWTONBUINEE (Bl ikl 22018) .

8. 2 HREER

a. PHRBLBY3HNRELOTENIN ORI

FETHENZEREREL, TRTRBITHESALF—ILBITVWTL L.

BRAFIBV T, EENZHUTONQERIOUMELBIATT 3ETHS. TCT
Y, BELBIART 3RO /007 1 LREORB R HEHENE. BREHS. 1K
FUh. Thi, BENOAFLE (FYLLE) ORFL20T, RBEMHT ZEBHPL
EorOou7 4 LREE 1000 BRAHEVALOOHEANTHS. CORPS, 70127 4
LOBEAIEFERDHGEOAHRES>TOEIEDNELHTHS. ChrFAROBR
i3, to{EicovTaiedh .

UhttoT, AEERFCBYIES/ 007+ AREORREL LT, ZCTHSIES
HORENEHEORHELBOATENRYTEIEZAONS. BRORRELFES DI
RAEBRKTUEULLLORLTELORBERLEL TS, —A, SRBEBV LT, BEOE
BORTIOVT, ENEE U TOXIAFHNES—RICLTHSRS. UL, UTREREH
TELOWE, TORAFERD ORBEOEORJECAEVESHETESDE >0 DMBETSH 3.

f(x) =31exp{— (x—100)%331}
r=0.902**

i

50

40 _
[' :

30 j tL L] J l

I
T,
—

20

10

Relative frequency (%)

0 h ] {h dls mnm J
50 : 100 150

Relative chlorophyll concentration

(%, Average=100%=45.4ug cm™2)
R8. 1 AALEBBUBTIEFIQOT AL REOEBIRFEN T




100 WBE ANRHBEEEAIOOT  LREED

ﬁ$MME®$emumﬂm®$m~ﬂmvbmﬂmwmammwmamr.xw.wﬁ—
531-7—7t:J,&’JL\Tﬂﬁi’ili’.‘Za’é@j‘t?*nf)iﬂiﬁ@ﬁﬁm&}#ﬁ(:OL\TEJ!I'\'fa. TR ZES .
2a) ~c), BLUMB.3a) ~d) WiRY. H8.2uthEmiot A LXEHE, H8.3
B hUEOaVBRECOLVTORRTSS. [8.2a) tEB.3a) WEREOAALYS
UL EOaYOEABEON T —ERT, ¥O RGBEROTMMHYESFHHNES.2b) &

FUBB.3b) WREATWVWS. ZhoOEDPSHSHREDIL, HITI—FEORFHIRR

4\"\\“ \a

a) FAALYBHEOEREER c) GAYFEBGINXFHINHRKE
LALASAAUTHRBERLEZDD

100

rdle,
» 80
g ‘ \ - R GB
$ 60 . \ Mode : 28 32 45
4 Mea 0 €
£ L
_': 40 [ W .,-_ Blu
z W,
< [ Vi e b Red
20 [ v
¢ 10 pixel
e aTee
e - ———t
0 20 40 60 80 100 ]"U 140

Relative density

b) FILAX+ ML EZRGBE
N FIEG S I8 I O M4 A5

B8. 2 AALXWHWBETSRGBOXAFHEEOMT
a) BRREHE, b)) BAF—yboE>h R GBXFN
BEOHIEHA, B&Uc) GAY FIWH T Sy MRy,
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»SHRRFRBEFOSIEREBIE, HFOMY AR L>TR2ILEORMERS. 34D
5, HHOFHNRANRHBINEFRE ST 2 ESERORESB, 50k 8.1 TH
BURLOIRERIBOER/IOOT « LREOMIFEE RKELThEI EPhp L. T,
RGB3BEVRAKDNY -V ERIIEHIORDSHRBEhT.

a) MIEOIVRHEOHRABEER c) GAYFWIHYANFMHEHRLR

LALASAAVTERERLRLD

100
00 I RGB 100
Mode : 28 32 32
Mean : 58 68 66
80 4 . -
Vo 4. - A . ~ 80 }
: | " ol G
g 60 Ay i s | Mode © 28
g ‘ oy S 60, Mean : 38
? 40} K = ‘ A,
= \ o 40}
z M = |
& 20 \Green _p ", < |
[ 2% 10 pixel Ml 3\ = 20t
i, | 1.8x1 1
0 i il S ——cep A s
0 20 40 60 80 100 120 140 ) L N N
0 20 40 60 80 100 120 140
Relative density
Relative density
b) FSAZAX+THMHIWCLSRGBE d) KERGREFLEODVWTOGAYF
N2 FILB Y 30 RIE O WKHEYANFHREOMES} A

H8. 3 }UEOIVHEEILSITSRGCBODXFENEEDORET
a) B#BEEHE, b)) EEF—I¥hs{Esh R GBXFRIE
EOHIEST, c) GAYFIBITAmBMALSA, SLU
d) BOASRVWEBAIL DLV TOGNY FHENREOHE .



102 BeFE SNRUNEEESEIOOT < LI,

DEIL, SER RIS RH & hh SEMREE S DD, TP LD LSRTAHRHELT
WEPESR. G () LOVLTHENRE WHEEPOELAXLITAAVTEILLZ LD
N.XXA¥tb0%n:9mamr,%n%nﬂa.zc)tﬂa.ac)mﬁsnrh%.
ChEDEDS, &< CEMOEESREIRAECHEEL, EOL—HORDOFTOAK
mmumxotbﬂgmﬁmmﬁwréctwhwé.t:%v,~ﬁmﬂ5—5ﬁ®@vé
WL, RH®T < A LOMKEHE, BEHROAY I AP RERL > TRELELETS.
Thbb, #I-SHONENRELLT ULARRUBEDETURL. UML, ZORER
EZERLTHRE, HRABDOHS —FENTRORFNREANG L2 LR EIRICHARALTNS D
U OHTHY, BORRERDS, RBOANRRHBOmMIATOMMEEYT 52U
AETHIEEA >0 3. 2, HAGLETIIRG, L VENIRLEROLDIBRERE
ELRAUREOHFENEALGLS.

H8.3c) 2EHEULAAMNS, FOBAETEIRGRBIZ LIV TRTLERY, £ONR
BHOEEI DV TRFREOHEEANTEALDOERS.3d) WRY. DLW, £
OHRVESEBEC L L > TREABOFEHBLE—FOZRRETHZY, BERTDT
PEAR—KOEL AR U THETZICW'Y, 28 EUIFRAORREEFCILICEXS
hhte.

b. XKML LIERIIOT 4 L REDIEE

R THEASFREARE, FHEERTSTERI THIALTF-IRESVTNS.

BIH a. TOREREEULRNS, DXRIYEUIVEY A ZOESI 0T ¢ LREE
BEFREBOMFBL 2O TRV, HENRE UL PRV ELIUT f XORFDER
i, M@E (YOO 7 LBETH 60ug cn @) HSRKE (E4 10ug on ™) £ TOLE
BTH-olk. ThoWlBENRLY Y —RREE (0 QW) WHT3FORERED 5B
hhdOT, FROBHIGETORBTHEC3REEHEE 2SI/ —-LTWS. ERBOLOIR
HEHROFEOER, REBOEHRE IS MOBERIIBI IRHRE, EHEMBERD
BERUBIIRHBOBLVIEZERLLCADLhZESZ L, FOCLLEHRIEBY I RHBOE
BEREEHANL. TOERE, 550 m (7F) 1135 T/KA, 750~1050 nm GEFA) THRDOLEE

®8. 1 MIEQaAVEYAZRBTINXREBE peso” 0 xE
‘§§5UD74NEEOMOWMﬁﬁ

V.L.(na) 800 425 450 475 500 525 550 575 600 G25 650 G675 700 750 850 950 1050

r (2 0.49 0.48 0.47 0.47 0.64 0.86 0.83 0.85 0.86 0.82 0.79 0.67 0.82 0.42 - -0.16 -0.12
(b) -0.53 -0.53 -0.49 -0.42 -0.08 0.40 0.67 0.63 0.49 -0.10 0.03 -0.03 0.63 8.5} - -0.01 -C.10
(c) -0.23 -0.25 -0.25 -0.16 -0.02 0.35 0.47 0.38 0.33 0.10 0.08 0.08 0.57 0.49 - -0.08 -0.13

) V.LOEE x, rIBERER, Q) FYEOay, 0):F 4K, () akbkiAB LB,
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FEEbEshE. TROBARRONTERE T, EEO/7007 + LREOELLHT SH
ER ORI 550 it ETHELE <, Wi 750~1050 O RBEEAD IO T « LBE
UBbLEKEL Do, '

FZT, 850mDRHL peso PHBICULEHE (O OINRHBIE peso/ 0x EEH
Bo o7« LEBEOCHRERMLUE (X8.1) . | nada*® BPEFELZDWTREEREMA
RO 550 ne{FiEDIEH, 700 nmiz HEBMEFEVEMBED . UL, WFhEULTDH
HBEHBEECOVWTEETATVLS 0.95 EWSHERERTHORVEVDOIIR 2. £
OFRAELUTELShZOW, WdL2EEO LS RENRTH—EE, CORRTURKEZR
HEUTBEDMBRIREITOLAIVIRBARGATVS, L3 22080 KE0WEEbh 3.
B, BEELNBLTIHARIL, SARUBIREONFRMEE T TR, HFENOM
R EREE N A AT AL o TARELLERETI S, LED-T, SARBEBEDRLE
HbNAAIAERARMEO2EFOMBLE U TEAZLENSSD. GAOHEYRRAALLULE
BACUHEBMEREISETL, E54/un7 s AREQOHEEVIED S, S<OEY
WHEOHFER LA T 3TMEEREVWEEbh 3. UTERET 3 L3, LE2EAN
FCRNFPLEFRERSOARMBFECRE LTS LB HREN S,

BE/OO7 + LEEEHMEEORD IO > LA NKHEL peso/ Psso ODBIRE, 1F
WTERHEB. 4Rl COBRDS, HAREBL peso/ psso ERHBLLES I OO
tIVBEORRIIFFYC L > TREI RRLZIE SO S, BOEHOHERLLT, HEDS
LA (KEEH) 2RBUEHOFLRLVE. PYERIYOSLARTY 212 cn® 27, ¥4
ATIEHEY 406 cw® g1 T, FAX& b IEQAVDOSLAOKIEN2, $kbb b yE0a
VORDEIIT A ADEhDAW/THEEbhD. —F, EFP 2L TOORER
OMZE P IEOIVT B.39, F4XT 3.1588 2.6FICR->TW3. LEN-T, Gl
KHFs7007 s VEErAARHELORBROZON Y BL (MEHHTH7RD W,
BEOEOERADBVWIRLZBDEHTEINS.

PEOIS CEEOARAOZERSHREOEAOEELEX>h Y, EEORFBIIL,
TOEPEOHBEEY, EOHEREEPERARERLERT I EBHINTELTYL
2. TROBIAVTRRECERER, EECHBREEIIHL TV T, HEONBRE
BHhRYRR->TEY, —7A, FITOavTREERSMELTES T, REEORHED
BW/DE N0 & RORALSIEOTEDPOIRPRYS I hRVOREOEE
SERITERVEVHh TN S104189 | Lo T, FRRE¥EERE LRI OOT ¢
LBEOHERAW, COLIREGHEHORELERURNSERT ILENSIEEbh 3.
HEREWL P ORIV T 0.67°°, ¥1XT 0.83°" &, MM IEETS 3 BHEMEL
BTy, AUIFBCEY TOREOES P AR PRIER B Lo TR T BT L REEE
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Corn:Chi=0.53+8.39[ o450/ 0550]
r=0.67*(n=25)

]

o
%
o
o U&
- [ J

Chlorophyll concentration:Chl (rg cm-2)

20 |- y é"- .
Soybean: Ch1=10.75+3.15[ p 50~ p 550]
B L r=0.83"*(n=23)
0 I | I i ! | t { 1 | |
0 2 4 6 8 10
p 850/ P 550

B8. 4 tox0aavEy 4833 EEoese/ ps50k
ERB/un 7 4+ LEECHNOMI%
it D) BEGHR(SLAYE FoEOay : 2tlem?gt, ¥ 4 X . 106emlg !,
2 HIEF—- Y IBE~PHEOREBEUTTESI .
D EPHOFEFUER () 2EHT .

WT3E, COFITTRHTVMTREUSHORWERDR . 28, BEEILLIBEH®Y
LBVWTS, RALTIRATRARGEBREFRT, E57007 + VRELEROMRKL
HIZEOREIOLRGERMT ILENS S,

AU &S, AETRIERNXEVTHNT 2E4CR, RUBUBRER2K0D
TETERRMLL->TERE TR S, TROSE, BHOSARHBUEL - LLBRUEXITY,
ERAOAFVRE L BEHNOMFAPIIMES SUNA I I AOEBEIREShEDOELT
RHdhz. KB, B—© LAT2LSMFAREORRLZ 202 LAY FHOGEL, &
ROREHBELOIEBNEEINATVIESS ., LhhoT, BRUTHERS - YOREL L
THES 00 L D BEIRBITH 0132150 | 200 k S RRIFHHEREREN T LAY P RRYE
LHELTLI b UhRL. UbL, ARSIV EBHEOREORDIIE, TUAEAID
BT A VBEENAARZABIVIBETRIERGCLAL LR, VIORRLFET SREDS
ETHMUTEARIRETEZCLNZE LY. RO HERS -V ORBONTIED, /N4
ARASZIVRGLAITRIREOWERTZT LR &-T, EHI 007 4 LEEDOEN
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EPEFAREOL L EWOEBE R BBRORTRHU G A ENTEIERRSN S,
PIE, BB OO 4 LBEESHRRHHEC & > THEMTHEET 3 FEL DV TETFO
BEBITok. COL3RHER, SRLIFEEFLLLST, FPRBCETIESDY
no7 ¢« AOFENEELREMMCHEE T3 VSFARB-TVL Y, HECOVWTORE
CRERY, EREOEHRTH—HORMBEPEOFESOMENS S ENAS IR,
U U, SHOTHENE LT, EOEADBEHRMELERULNT XY EEFEPIOVT
BHET L, BEOARREBLERTINSAATASIVEEERERLA 1 L EEONED
BEOTERENMT I L, BLIUEFLL k> TRERCOHBEHOBEEHNET 31
PORNBITE-T, HEBEL LFICENTESHDOEEDNE.

c. AAEHHEEOETF A IFL, BIURERRIEH L ORIk

FHTHENZHEREBEL, TNTERITHIALF—IRBEIWTITHO 3.

AL¥OFIFLEFRMCh-THETh XYY MMR O&#KE (8/X2F) @
ReiLid, gFICE3RH>THE8. 50k > KERELRFRLUE. BB8.5a3) WRUVLEMM
R1, 2, 3RTHEKOSYFT, THELE, &, RORBCHENTS. ThO3/VFD
REBIEFDHCREVY, EHEOLREEHRETTS. TOR, BENRELTLS
MoORERIELHEB L, TEEL RSNV, FRIFORECRFU LR M@ S
3. CO&HRFELEMS, RERORHBIETPHCIIERE LROLEBICKXRE O, &F
BB B ERERELASCEBEhECENbIE. 2UT, BRSNS IBENULEES
REE, BHERBORLIENY FRHBLESTIRREDZVEERENS.

—77, E8.5b) KRLAZ MMR 4 & 5WEFRAEE, MMR 6 & 7 PRI HAT 5.
ENYFORBSEOEREFOILLPNBRIIERA/NT 0, TO®R, £ENELCOLT, F
WEiBOLE, TRAFRECEFINTAEZLENTS. UbL, BEELS SBELIE
HBE, BRREHIR CHBORTLTL 3, REBOENY FRZE2HHTHEK
W3, ZOBMZIGERAN Y FORMENE CRECHBL, PHRANY FRGTENSYF
ERECHBYT 5. 2k, EHSPLSY S MMR4 EMMRS~7 O LHMmMcs 3
ZEBEFEENG. ThoOERTLOFME, N FETREROLEEE ZREQOUES
TAE, TORBBEATARY, RATEWRITESRLOEENLIETH 3.

DL, CORRTHBEI MR ILYORENKIEH GLA | OBEXES.BLRLR.
GLATIIELEEbiEE(Day of the year : OV)=0BHE TR HHT/hT W, TORS
MU, 8H =80 fikiCEAERE->h%, BN EIABEOETTHROLTNL.
LA ARE (RAWEORBILECEOEE. 2 TREhR) OLBIW, HRELOEA—0
MERBnshiz. Tabs, EEOMELERAIL AN 22D 1ET GLA I O
MEEPROHEL, BACGLA I OEOEHEP o 2. FRAECKERA L ANED 52D
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Refleciance
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0‘3
MMR3 &’

(630—690)
f

0.2}

MMR 2
(520—800)

0.1} i ' g
MMR 1 )
(450—520) ‘I

| LS
O n 3 ) . i . | I N . . s L
20 40 60 80 100 120 140
Day of year
0.5 . . : . - . ; — :
b N\ A
.MMRA4 (760—900) ¢
0.4} 2 Sy
‘ y
0.3} & \/\.’* ;' ..'u,'. ~
r /\ MMR 5 (1150—~1300\>“‘-"H..M"‘"
0.2} \
/\ \\MMRB (1550~ 1750) £
- . L
o1l m“-&%&-ﬁ e
MMR 7 (2080--2350) ra
Py it o e nitit
O 2 I 4 -y . v N n n n . . i
20 40 60 80 100 120 140

Day of year

B8. 8 4£HREOLRIBHARAYFRBTIRHEOT(L

FDHERLEAORILEREE 'Clano?d’ WEOMTE.
2) BhoREEHE () 2B%YT 3. LISEL.
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a) 'Ciano78’

A

20 40 60 80 100 120 140
Day of year

.

b) 'Yecora70’'

20 40 860 80 100 120 ll:O_

Day of year

B8. 6 Z2ALAFXUBUIEEEMIEBGLAIDETICHESHB
F) EFOBOGLAIL 28 HEMNRRAE (Sliding Polynominal
Fitting Method) W ko TREUBEB»SHEULR.




108 E8E SARHKHELEAIOOT ¢ LREED

o7, GLA | OBMEES A2, BLRVHIICEAGLATILEL, TOEG—&FSR
Dok, WRIECASODEELEBE L ok, GLALRZHO2RO &> BaMZLY
¢, GLA I OBVIRIBLERHBECHRINARCENEROTEH L. 18, BIRUVLEE
{bihge iz @A EIERx ¢ YT LORER» S, HEHBRFE (Sliding polynominal
curve fitting method ) 2k =T, GHOMEHEL2LDTHS. BEOADGLAILH,
AFXWoL D EULBBHELEETII LS, WERBEOKEVHEAOECELDD, EH
BEALN - B BB RHETHOE S MERENEVLO LRI S.

SEFW, LTREWARMMO2EBEOF —¥, TROEAARABEGLA I OMIZRA
SHOMRERBT RDEUTOLS 2B ET - . £, EXVFBLUNYFROLE
GLA | OB e k. TOER, RRUHENICLOEN >R 2EHORKERY
V 1 (Vegetation Index), ¥ 2bbBiEFA(NIRIEF(RED)DE (NI RARED) ,
BIUBRHEOZLHOK®(Normalized Difference) : ND=(NIR-RED)/(NIR+
REDM Vb, AN FMMREBEFNAYFMMR 3 O, BLXUBNYFMMR2&
FAZFMMR3OH O200FBRPEVEMEEERLE. WE, CThs 2HMEOLE
EThEThXD LI C&L.

p1eso” Peso=MMR B /MMR 3, psso” Peso=MMR2./MMR3
CCT, pBEEBEBTINARHEBEERL, BFOREWRZONY FORHER (mm)
ETY. Tho 2REOLOERRHSHBEES.7a) , b) WRULE. @HELLEOXE
fLonNy—2it, B8.5XRURE—NYFORHEOHBAY -2 T o Rtk
HOWRY, -4, B8.6RRUE GLAIOENY - EEb)THEULTEY, K
MEASGRIZGLAI DZLEBBLISRBUTWEZ ESh® S,

EZT, pieso’ Peso BLY peeo/ Peso EGLA I DBIRE, BERORLERZ2H
W2ABEXL DV T, EhFhE8.8LBB8.9WELE. £, pDieso’/ Osso & GLAI
ORI, ENOABEXIT SV T EHHTEVEMRE (0.97~0.99) »E>h, [EZ L
OHMFE/S 0.95~0.96 tHH -2 (H8.8) . —F, 2HEAHOHRERL 0.939
PETUR. vi2hs, BHOAREN > LA RLIR, VED>—20RRBF 3 0 1es0
/Peso & GLATDOBRRE, £H%2E>TEHHTHIDPLE L VBERELEL. ULHL,
EROOMERITIVUTOALBEY, TOSERELRABMEBLTREL. ThbhS,
BYRY AT THS Cianc?® Tll, A~OGLA I 2&DOKFEY 1 TOLR ’ Yecora?ld’
L0, FHARHEL 01660/ Poco PHBKXVHEBSS. FUT, Thi2EE LT
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LR ZENDUGLAI OFLREFEAERKTERL . 24 L TUEKEEHRERA
EHTWHOL, BRORERKRUIROFLRIEEDNSD, GLAIWILLOEET
SFVICHmMENENCEYEEE LS. '

WHhw3E— YV I TORB TR, —RHITHBRS R 2 L D UHERHFELNE
OHREOHERFRERBULTVS., FUTIOEE, ELOHEREBY 34NRHEF—F
BORADHOEN, TRHOBSNDREDV ] (Vegetation Indices) NHHETH 3. KK,
TLAXOREERMIIOVWT, XRBTHVREAROEYY (TREONZF) RE-Tie
ShhF—Fhd 1120 BECKEIESh EMLS5'. LhL, FRBTHRELELS
I, BEBOLLA ] LOMEBEKT RHBHERENOZII RN/ E (, HENRORYR
TIERPERH R EROERC L > T SFEE TSI HBL. Ukd->T, T2REER
RET 3 & H>RisHIRLERL, MROFITL 1120 BEORLH BT LU TREE
BEFVERVAEARY (BLOEYHEEICDWTr =0.88~0.92) . FRBROBRIIOVTH,
ARB TRV ENELUERHOBELBVWTRIT 300 TH>T, HONEPRHEADE
ALRBRCEMAENS 3 & HREETNS. ULhL, ~RCREGERSECST 20BN ER R
RPUTHNWILL, TOEIRFRLEG IHER, Fiigtzm, R, KRR e of)
REDNIVARERURPOREIhIRETHASS.

BEoTehs, SBREETSURAOZH{PEIONFIIONVT, ThoOERET—-F &
UTHEFULADS, 2ARARBEENSEREOWRENERAENIEDLETHSS.

B, MENSOEMESHREA 2L B2 OHRKORABHEL DV TO, BERREE
HoHRUT, ThEHAETF I REI->THEORBRRLBAT L LA ETHIEED
hB8 . REid, PHEABRTERITFRLIBNUNERBIEL, TOLDREORNE
HIOHEBKXTIRREHEB (I, 0L, X, BEARSRREPHEORRIEA
ONBHHDOERRIANRN - R - BBRERASHEUTOLIENRAETSS. €
UT, —AT, BHEOREERLE, ¥, BS5LUTRLIERSY, TORMHEELED
TEHE, NREERCOEELRFEOS IKBET LU THET I L LEMRAET
$%. TUT, ThaZ2RFUD3 3 TEhL, EHOMARUBEENROEEN
SGAFTERRS RO ETLCRRT A TR 3.

d. AXREBEL EBEEORRK

FHTENZHERERML, TNTERITHEOIORF—IRESWTITHAh 3.

—REEHORBPOHTRNBEEREOTLLHERL LY, BROKAIRRMT IS L
Wh2TIThhTWS. REXW, XBTUEEOKS I BN THEEITETULE, 2
AXTUNOY 80 ¥ PURBIEHYVE R LBINHERE ATV, $h, Y%
OQavPH A L—VREREUTHAThZRE, APV L~VARLERE(EBT S
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End, GRS 75 %EEORTROBEBHRENE UTRRETATVNS. &5
2, PYIRBERRETE, RENKAOHRRIIRA->TWS. JOLDE, ek —EB
523V HOROTILN, RASHPOETHBROHUINEORA TSI EYEL. ZOIL
12, EHORARENDERIFHEL UTRETE 3TEHOS 3 E2RRLU TN S.

T, ERITIALXRDVTHESWAF—YEAVT, ALX¥ORMREL AR
BEOAFRI >V THITERA R, b, FEORALSY ZBHKOEITRREHBLRDLT
EMLR LR, AFTCUEESRRELFYEOKSSHRTRREEIILCUVE.

I, ILEXORLEFNMMCBY ZHRAKDSEEOMRB LS. 1 1IWRLE. KIEH
BB AEGIEHICET S GEE=70~80) FTEELAY—ET, BELL ZELED
Shizl. UL, ZORFARAKTL, HEY GEE =100 i) 2B&3 & BEIIKSD
SEEHETLTOLIENDPS. FUT, FBRMCIARMEMLRGBECRDLN, &
AL AOMHSR2D 1, D2ETREPKSGSHEELEWMEH S S.

#IE, D1, D2ETRELEBENSEL, WRILE~NTEBBRERER L. ULOT L
WS, DRCEDBBUMT SO TUAISERHNEREITRAEOEEE L THEA S SHERL
o

¥, EMNOHPKSSHEEIARNFEHEOMEET~, 8.2 OLIRBFEREE
7. BEHEOFKARHBLL 0sso” Pesor Pe30” Pasos BEU Pesos Psso RAFEHER
ORI IERIF VMBS Y, BT 0sco” Peeo T 2RMRSHT 0.7 &, &b
VARMIBI GRS IR hi. ULH L, COEVENMNELZAERIUIEHORE (8H =90 fiik)

RB. 2 JLXRBYIKASHBLEEMNRGFIEL ORI ORGRRE

Spectral reflectance ratio

Cultivar Plot 0 seo’”” 0 sso P e30” D avo P s30”” Dseo
Total DOY = S0 Total DOY=90 Total D0Y=90
'Cizno79’ W 0.36 0.96° 0.35 0.96"" 0.33 0.95""
D1 0.61 0.93°" 0.53 0.91°~ 0.52 0.92°"
D2 0.51 0.99°" 0.50 0.98"" 0.47 0.98""
Conmb. 0.53 0.95°* 0.48 0.93°" 0.47 0.93°"
'Yecora70' W 0.58 0.98°" 0.48 0.96" 0.50 0.95°"
D1 0.66 0.95°" 0.59 0.97-~ 0.57 0.97""
D2 0.49 0.97"" 0.37 0.97°" 0.35 0.93°°
Conmb. 0.59 0.94"" 0.50 0.93*" 0.50 0.91""
Combined - 0.56 0.84°" 0.47 0.89"" 0.45 0.88°"

1) psso” Deso: B/, Doso” Daso: BTN /B, Do bseo HFI/BRT
BB FhFhEA Y FOTER (nm) 2RY.
2) Total ! £EFIAM, DOYZ90 : HILUANYICTIAY, W #KEX, D1 HIEEBKRE 1,
D2 : iR 2, Conbined® % it Comb. : FilgRAHK I LAES.
3) L 1%k THE,
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Mo B TOMMICE->R2LDTHY, FRRHREL LS, 2EFHM>LWTO
M E» 2. FCIT, psso’ Peso EXDSHROMEERFMMIEBLTHS L,
8.120&53TH-k. TbDB, peso/ Peso DIBITEFHIAD &HB =90H OHLIAIIC
BRASERCARREBHDT—ETH S5, TORBMEEELTEXTHEALEH>TH L.
Ukdt>T, psso/ Peso %2 U LIEDHXRYFUEE, WThd FROTEMKS
SEREPEIRL, BRERPCR->TAASEERBLAMOTWRA S DOEH L EWME
EHOHOLERIND. Lobdhihil, BEORGVOLI REBOADY, Th s 0NN
REELRESFVDOLEIONS. LW T, RECREFYPOBOTEILIHBIRMICX
haZeeEmMahld, FROBREBELUVUTICTHVEAKASEERLVD, BULESER
HEHBO AP HMECERZERBEEEA 3T LWRRE. BRETARTIZDOWT, EM
GO pseo/ Peso ERFESHEOHMREAD L, HHET & OHMERLE 0.9~0.97, 24
sefidA (n=1769) T 0.93 &R VIENEROR—EOERBED s h. LEkH-T,
COBRZRNIKISHROKT S IBEMTTEZY, RENDCUIETTLTH 5.
S#®iE, BRAREERLVDBLULS, RBBELBY IRBFORT— Y PEROKLF—4
REEBHED, FARHBELOBRERFTT 3L BLBETH 3.
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9. 1 {eoRKSENEESHEOREHERC >LVTORRNRE

a. BEAKD D3 EBNEHOREBLCRY 3%¥R

FOE~HOBREBVTH, FPOLEERBEY 7LY A LTERBEEZII I TT IR
HOMADEBIREEIT oL, COKIRPELL->T, BARKBTCEHRT PO E
ERRBEERH BRI s salfEiciz-he %, ThoOER2ERIAT I LEV
SETHRL, TORBATOFMREALFU G TOSZENLETSHSS. kBT,
BALBGIEPOLEENEEL, BHEECESVTHET 2AER>WT, BRANRE 2
Hark.

REELECHEORERD D, BUBUIXER CO AATRERAKADAEL TV 3
FOSHMASRLYT 3EARCE, AABREEYERORBEENRBOBNIERE U TEE
THH3LBhh3. B, E7EOHER» U, EVEHELOR>TIONERET S &S
AEEThR, ULhkd->T, KAERGEDEERECREEL UT, 7Y - aERIOENZE,
THRERZEREAA L ALHT IRIGFEOLE - BFERECHBETEZUEENELHLT
. ERARTRHULISRAKIL LT, FILERLC SV TORESRAEBEICE SN
W, tROISIRELOBETHHATXATEENSZEEbN 3.

Uh L, SRS SWREENEDORRE VT, RREEPHEMEEREODAE
THEENIVBERNTSAS. KB, BREERSUCKOREEL, AROSGLIKE
UDDEMT 5. RE&Ad, RUAABRANA T, RANOKBEREZSZ0IEC0- &
BEP2ELAT, BHREEPXSRERLZThILHHL TRNT EHETES. Lkt
WL, KPOREBFERL S IJAIE, kNRBRARMEOMEBEHEMIE , #i
KPFRUTL L, MABHADNEERBCHMU, Ukd-T, KiREs KEHOBF
PERUERZ->TLZDOEFEAONS. FUT, H<OBEPBRBERH TSI ZHEMED
KB, ChoBEROMEAHLUTHWEEHRES.

Ik, BFPREOERAISG L BEEE, XOMEEERNNEMIY L THELTE
hid, —RROT- I TR TOEERELRBTEIRTTHS. 8, AHRETREL
RRE - AR T 3RFMEAL, &b FER (leaf resistance) LDV S XEHOT,
TFISHALEURIPYORIEHNTH 3269889 2L T, ChoOBRRTIL, BXE
B REHERDE AR EE R R EACAETh TV AT LR LT E R,
VRRAN, RAMOKBREINIOREICS Y%, £, EEEAR S ORBERILE
RAE <, ARMC 0. BEERIADC 0, MEDEVD T & ERESRLLTVS.
UDU, BREHC & > TRANERSBREE DR S BER OPIRER AR > 2T, R
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RSN T O ANRET 2BEPS I L BRI TN E20-72,

AT, BOBUHRLLLOW, BARERITIKREBREZOMBE U TROEIOLSELE
GTRE, EBUBTIROTHBRELBV TR T AL X LXRERITL>THRbELS.
ZhaDzedd, TALFNIMhORODONIBBERLBEEIRELTENY, EHEML
EHROMBEEE/NMRILT, (FOLEEREOFRBREUV DG 5CLHNTES. Lk, EXKE
OEZHICEHSHRESIZ, KERENEORMIIIEFLMEDIS 02D, kFIHBEOFH
WHMESTH BT ENTES.

REEDOHB T, BRE, BEBELVOIHESY—RIAVSH, ThTh, T4E8-
HEVWAKED» S OEHRERSUVELHEREOR N > ORBREEETREINA T 3199,
FULT, ThoeBARXMTCHET I 01, RESRELORMCE Y OBRAPREH R
BE¥hTWh3105.148:.050  Un |, LWIhd BERFORBNSEOEEDHIKITED
RHOIIORFEEENELTEY, HEAML I V-2, 1A, S<THI1HLLT
53%, i, BELOORRELRRELETHIERLA ] OB U TROTRERAD
BEZTHATWRZ D, UhL, EREMSZIVRIEETOWRRESZ S HRL.

T, REEZERERAOEHE, Wi, ME, RERCOMRERH, RSVICRFLESL
KRR IBARBCEFEUOORAMAEHLTHLS. Led->T, FEORRERZHT
EEUIEOHNGESELTERCT I EHEE, ThoodMNEROERERET ILHOA
BEULETHS. CCTREORDOEEEUT, ELA—ORRBRXUTLHT 385 HKE
HPOOBRREEE. 2FX 3. LITWREAED SOBRREE L RHEXREORFRIZOWT
MRT 3.

ESETREULLIE, EHLBGA TR ALYNNH S RBEELRD 3RS, WILKH
PEARMRERBOA D L LRMFERL, 2F L U TORKNEENEBRRD OIS, —F,
EREBTIKEROHREETADS, REEERDXOLOICERLTITENTER.

Tr=KJea"—ea)” (rat+ra) (5.13)
CCT, Ko: kKBERED SKERBEANDOEREY, e RILWORIKERT, e, K
ROKBETE, ro  KBEROBREEN, rov: kBRORIUUEHTSS. 28, EEHE

(es"—eo) HEREE 1., @FEEL,, T, Dok 3.

2T, BALEA—~OERed-RRHEOBdAKEE2EX, LT NELFILKE] B8R,
RA—DO%FE, BERH TS I3ESLA—OBEEF>EETLKED > ORFREELL, X
(50T rav=0 EBVT, '

Eo=KuW(ea —€a) Iav (9.1)
CEEENS. ZOT, Eo ! ¥5 LA BEDEFLEN SOBRBFE (ng 02 sec™1). 7
B, KEXORAEEN r.. BRAFEu CEEORTEL Ci-T, RG.OEG.IDOSH
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»woh3. 28, KELEESETEAL LD, BRELINT IRABKRKOEROMLT
HANTS 5. BAOL S RMILY SOBROEE, MOBOAHERNE—2 S HALOEY
IEWESEREEDKENWC EHHASHIEIATVNE® . FULT, BEEBEAOEVWHE
OERTHIETHTVSIOV, LbhL, LEOLIREREFHTOOROBEDO—DL
A B R, STTRYFIIBROREG EARCEERO—BEHRLE.

AO.DEE-T, S3MABBHATCSTSIWESLA—DREERKS, B—ORRE
BHA G ORTTFAAKACE T S BABE, 2EHIIENTES. COERBEREI YL
> THETRELRPENRABRT — S L>T—BNERIZIOT, SIRAFMHCBT S8R
EERAUEHTTOE, EHBYIZLE->T, ERORREZH TORMEE LHENHOK
BiEid 3 MaEic e s, BHFOLUERARDOE SRS,

Tr/Eo=rfav/(Favt [av) 9.2
CORXDSPESIRESR, CORBABROETRFEIEAL RALBRAOLORBTHY,
ERYRIVIEINI60THES. LU, COLEERORAOEROERIERHLETS
HHEEORBEUVTHLIOURY TR, Thil, EKBHR,. EEEFLKEOER
2, REOREBT S Th o LART—HIEHLUTERVPSTES. dU, EKI R
A, i, RE, FESE—THhIL, IROLSCEHMBLEL L, TOHR, BREED
DRI EL B,

H=pCo(i1—ta)/ ran=pCo(tio—te)/ ran (9.3)
CZT, b HRCO), ta: WBCO), tio! WEFAKEEECC). VWb EHT, LI
DR, AXOLSUERAD I IERI I LFHERETEEHBEILTWAZ RS,

2ATr=Rn,—H=2AVPD |/ (re+tra) (9.9)

2AEo=Rny —H=2AVPD,o/ Fav (9.5
HEOREDPSHI PRI, HELL{FB—OREAZZUTTOEEFAKEDEE L 0
W, RBEOFEE L, XVBEVIYTES. LhdoT, kR

thhi#tio (9.6)
EWNREUVT, ROLSCHEOHERDIOBRNTS S,
2ATr=R.—H H =pCol(t, —ts)/ran (8.1
2 Eo=Rn=H’ H'=pCp(tio—te)/ Tun (9.8)
ERY, BEEETI 2RO EHTES.

TI =TI‘/E0
=(Rn—H)/(Rn—H")
_ Rn_DCD(t|—t.)/I‘,h

Rn_DCp(tlo"to)/rah (9‘9)




121

YZBT, TALFPEORG.I)~G.DEXABRORIXBEOARG.IDEHEGHESSC
kST, ESSORBERERXOLSLRbLES.
AR,—."' CDVPDBI av
20 Tr= ? d (9.10)
A+7Q+Tro/Tay)

TTT, AERE-XBRNIHREOAGR, r=K,'. BHKEATHIEETTAKELZEG
ZBHAEEE 2, CORT ra=0 :BLIEWELT, BRADLOEHRDES.

AR+ 0 CoVPDW/Ia
2A Eo= A4TT : (9.11)

EiE, BEYRERTIORBIEHVESTEIEUTE Y, fAEOBHEILF L BT
V. FORd), BE-ARIEHEOORA WREBt. TOAOEERAVTHEHE®ZI L
BTES. ZORICBY AMOTH r oy, Ry VPDa, te WEHESZVRETADSRE
AHHELLTRONZ0T, &/, RO IDEL>TEETILKADR>ORAFEEE, 2
BHEIENTES. Y, EHEHR, bRO&LSEERL > TEEEL 3.
Ra=aRas—20 {,(1,+27T3)%— (1t . +274} (9.12)

Uii->T, 2BHEHR, QUELG TRETEEDTIUHEEY D 5D, EERHH DT
FHEAVEBELL-T, SV ERCERBH I RLER, SHETEIHOLHFIONS.

2FL, HHARETHSEETNAKEORERL OV TERT 5. E-REXELABROR
BRBEOR LR LXRFORXEHADE I LR LT, KOLSEFDE 3.

ravRn 7+ ra/ra VPD,
i~ ta= . - (8.13)
pCs A+ 71+ ra/Tav) A+ r(l+re/rav)

ZCT, Al @E-KEREHBOOE, r=K,'. HHKETS3EEFLKEE KRB
EZUW, TOAT rov=0 &T3TEREST,

ravRn T VPD,
t 10— t.= . b (9-14)
pCp A+r At+7r

&%, BEEREBOAWEIERNITVOT, R(.13) LT, BE-kEERTHEOTR
AlRREt,e TOA OHEHEBVTHNXEZZENTEE. AU, BOEH rov, R
VPD. to RERBMESIZIVEELIOIRIIHHELULUTHOINSDT, FEEFIKEOD
BE Lo BRETACENTES. TUT, ZOEEFAKADEE L o 153 RALEH
TRBGFTERREOELLEHKLTWS.

BEDESIZ, BEEETr 2RI rov=0 OEEFTNKED S OEEER & Kt}
UTHEBIEUZRTI (0~1) 2AVWTEETZCERE-T, DR, SHM, 24ANOR




122 IR BEETK

HELEHETREE 23, Lh->T, £ENEROBKOED, AEEEOXY ) -2 7,
BREDRL CORMRE, NEFHALEOHATEZTMNEISS. i, FRURARR
UL BHEEOTLLE T ZBENRDTE VLD, B—OFEL LHAKEHT T, ¥
BOBREBT IR Lo THEORI Y -2V RECISHATE SEREENT L.

b. XKHABDEOFMIHT SHK

R AFUEA G TRATMBERKE(CKBRENTVWS. —7, AROC O BE
OEWILNE VLD, ERIERPECEHREADSKEREZOMBER 2> TORVRRT
W, FAREEENIER CGEREH) K> THRBEIATVS. LEd>T, B7TETR
HURiSW, XEBEEDSHREEIRRERELRETRUEREMNTS. 705,
F(7.5) » > EER O LTI L NI BT 3 KF HRE NS REE L BBEREDILE LT
RKDE>CWRLES.

Pn/Tr=k [Ca—C:i] /VPD, (9.1%)

CTZT, Pa: REREE, TriBEEK, k 1 EH, Ca &C,; ! TR ERARFIANDCO2
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Summary

The objective of this dissertation was to obiain basic information necessary
{0 develop remote monitoring methods for evaluating the physiological and ecological
status of crops under field conditions. Remotely sensed multi-spectral data were
obtained for field crops concurrently with micrometecrological data, physiological
and ecological parameters such as transpiration rate, stomatal resisiance or leaf
area index, eic. By analyzing statistical and theoretical interrelationships,
some fundamental findings were obtained, and several wodels for remote estimation of
physiological and ecological parameters were developed.

The results and conclusions for each chapter are summarized in the following

sections.

Chapter 1. Introduction

The obkjectives and the academic and practical background for this study are
described. The major objective of this study was te develop methods to monitor the
physiological and ecological status of crops, that is, to estimate transpiration
rate, stomatal resistance, photosynthetic rate, chlorophyll content, leaf area,
plant water contents, and envireonmental stresses using remotely sensed data ranging
from the visible to the thermal infrared wavelengths. These methods are useful not
only as techniques for agricultural management but also as tools for measurements in
plant physiology and ecology. To accomplish the objective, fundamental analyses and

modeling, with special emphasis on micromeieorological crop physiclogy, were used.

Chapter . Instrumentation and measurement techniques

The principles and types of instrumenis used for the measurements are
discussed, with special regard for practical applications.

1) Instruments for the measurement of visible and infrared spectral informa-
tion from crops: infrared thermometers, thermal imagery system, spectral radiometers,
drum scanner system for the analysis of color photographs, personal computer image
analysis systenm.

2) Multi-dimensional sensing system devised for simultaneous, automatic,
measurement of electromagnetic and micrometeorological data in the field. Measured

factors were, infrared canopy temperature, spectral reflectance data, air tempera-
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ture, vapor pressure deficit (VPD), photosynthetic photon fiux density (PPFD), solar
radiation and windspeed.

3) Instruments for the direct measurement of environmental and physiologi-
cal status: steady state porometer, portable devices for photosynthesis measurements,

neutron probe for soil water content, chiorophyli meter.

Chapter TI. Thermal image analysis of crop canopies in the field

The temperature distribution in a crop canopy under field conditions was
investigated using an infrared imaging device. Emissivity of canopies and the
measurement error involved with infrared imagery were discussed both from the
theoretical and experimental point of view. The distribution of surface tempera-
tures in a canopy with incomplete plant cover was also investigated.

1) The emissivity of a single leaf was 0.96< for wheat, 0.93-0.96 for corn,
0.95 for soybean, 0.92 for sunflower. The emissivity of crop canopies was estimated
to be 0.98-1.0.

2) Surface temperatures in a canopy vere normally distributed with a range
of 1-3°C with the standard deviation ranging from 0.2 to 0.8°C for wheat, barley,
soybean and corn. A uniform canopy had a very uniform surface temperature.

The temperature of panicles was higher than that of leaves, and a canopy with heads
had relatively higher mean temperature than a canopy without heads. The infrared
canopy temperature was a good estimate of the mean surface temperature when pointed
only at leaves at angles between 10 and 20°, with the soil surface excluded.

3) The surface temperature of plants in an incomplete cotton canopy had a
narrow peak distribution with a range of 1°. The temperature difference between the
crop and soil surfaces was as high as 33°C near midday, remaining 3.9 to 6.6°C below
air temperature. The crop temperature could, in particular cases, be estimated from
composite canopy and bare soil temperature by use of data relating to the proportion-

al area of plants, sunlit and shaded soil.

Chapter IV. Measurement a.nd'analysis of infrared canopy temperatures
Remotely sensed leaf and canopy infrared temperatures were examined and
compared with leaf temperatures measured with thermocouples. Relationships between

MﬂuwcmwyhmuﬁwaaMnkmm%mMummfmhmsmhuantmmmwm,
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VPD and PPFD vere anaiyzed. The effect of view azimuth on infrared canopy tempera-
fure was also examined experimentally.

1) The infrared canopy temperature was closely correlated with the mean
leaf temperature as measured with thermocouples, indicating that infrared canopy
temperature is a good estimate of mean leaf temperature. The upper leaf surface
temperatures were consistently higher than those of the lower surface by 0-0.3°C
under cloudy conditions, and by 0.1-0.2°C under clear sky conditions. The iime
constant in the response of leaf temperature to solar radiation or ambient tempera-
ture changes was estimated to range from a few seconds to a few minutes.

2) A regression analysis showed thai canopy temperatures were ciosely
related fo air temperature, PPFD, and VPD, with the slope of the temperature-VPD
relation being negative. The correlation coefficients for all relationships were
high.

3) The infrared canopy temperature changed by £0.5°C depending upon view
and sun azimuth. The most reliable estimate of a mean canopy temperature may be the
average of values from two opposite directions or the four cardinal directions.
However, a measurement from the direction of the sun will give the hest estimate of

the mean temperature of sunlit leaves.

Chapter V. Remote estimation of transpiration rate and stomatal resistance of
crops in the field.

Values of simultaneous|y measured infrared canopy temperature, micromeieoro-
logical factors, transpiration rate, and stomatal resistance were analyzed both
statistically and mechanistically. On the basis of the analyses, a model for
estimating the transpiration rate and stomatal resistance from remote measurements
was constructed.

1) Although the transpiration rate for corn plants was closely correlated
with canopy temperature, VPD and PPFD, it fluctuated in response to other factors.
The stowatal resistance was closely correlated (negatively) with canopy temperature
and PPFD, but had little correlation with VPD. Apparently, VPD exerted a strong
influence on the transpiration rate, but only a slight influence on stomatal resist-
ance. The regression eguation for the prediction of transpiration rate from air

temperature, VPD, and PPFD, had a correlation coefficient of 0.84. The stomatal
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resistance could be predicted from air temperature and PPFD with an equation whose
coefficient was 0.74%".

2) A mode! to estimate transpiration rate using remotely sensed canopy
temperature and micrometeorological data was developed hased on the energy budget of
a leaf and heat transfer through the leaf boundary layer. The calculated transpira-
tion rates for corn were closely correlated with the mean transpiration rate meas-
ured by steady state porometery (r=0.85"").

3} By combining equations for the moisture exchange processes with the
above model, the mean stomatal resistance of leaves and the transpiration rates were
estimated simultanecusly, using remotely sensed data. Calculated stomatal resist-
ance and transpiration rates for cotton were closely correlated with mean values
measured with a steady state porometer(r=0.77"" and 0.88~" respectively).

The correspondence between the calculated and measured values was especially good
for the stomalal resistance. The results imply that transpiration rates and stoma-

tal resistance can be monitored remotely and instantaneously under field conditions.

Chapter VI. Influence of drought stress and atmospheric vapor pressure deficit
on the transpiration rate and stomatal resistance of wheat

Relationships between stress caused by soil water deficiency and the vapor
pressure deficit of air, and the physiological status of wheat plants as exeamplified
by the transpiration rate and stonatal resistance were investigated as a basis for a
remote estimation of drought stress.

1) Soil vater status was well evaluated as the extractable soil water
fraction(ESWF) remaining in the soil, as derived from volumetric water contents
measured using a neutron probe method (0 to 170 cm, 8 depths).

2) Transpiration rates were closely correlated with ESWF in water-stressed
plots, but were poorly correlated in the weil-watered plots. On the other hand,
there was little correlation between stomatal resistance and ESWF in water-stressed
plots, but a high correlation obtained in the well-watered plots. When the ESWF was
less than 40%, it appeared to control the transpiration rate. When the ESWF was
greater than 40%, the transpiration rate appeared to be controlled by the vapor
pressure deficit.

3) Siomatal resistance remained low and appeared independent of ESWF when
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the ESWF was greater than 40%, but decreased proportionally with ESWF when the
latter was less than 40¥. The good relationship between stomatal resistance and
ESWF (for ESWF < 40%) indicates that this parameter may be useful for monitoring
soil-water induced stress.

4) The temperature difference toamopy - bair increased with decreasing
ESWF, especially for low vatues of ESWF.  Although the ESWF changed dramatically
with irrigation, ihe temperature difference exhibited a time delay of three to five
days.

5) The ratio of transpiration rate to vapor pressure deficit correlated
better with ESWF than did the transpiraiion rate alone. Ratios of tranmspiration
rates in water-stressed plots to well-watered plots was ciosely correlated to the
ratio of ESWF for the plots. The ESWF was well estimated by regression eguations

with siomatal conductance and vapor pressure deficit as the input variables.

Chapter VI. Basic analysis for the remote estimation of photosyntbetic
activity of crops

A relation between photosynthetic and transpiration raies was examined
quantitatively on the basis of gas and moisiure exchange processes in the stomata
and the boundary layer. Photosynthetic and transpiration rates were measured simul-
taneously with micromeieorological data under field conditions and compared with a
theoretical model. The influence of leaf chlorophyl! content on photosynihetic rate
was also experimentally examined.

1) Using a theoretical model, the photosynthetic rate (Pn) was found to be
proportional ly related to the ratio of transpiration rate to vapor pressure deficit
(Tr/VPD), and to the difference between ambieni and substomatal COz concentration
(Ca - Ci).

2) Experimentally, a proportional relationship was found between photosyn-
thetic rate and the ratio Tr/VPD for corn under a wide range of micrometeorological
and plant conditions. The difference Ca - Ci was calculated as 159 ppm for corn,
using a regression eguation.

3) A similar linear relationship between Pn and Tr/VPD was obtained for
soybean as for corn. The difference between slopes of the regression equations for

corn (24.1) and for soybean (7.74) resulted from a difference in photosynthetic
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efficiency between ihe two crop species. Using the regression equation for soybean,
a value of 51 ppa for Ca - Ci was obtained.

1) Photosynthetic rates in cotton were higher under high (650 ppm) COz
conditions than under normat (350 ppm) CO» conditions over the entire growing season.
The same type of relationship between Pn and Tr/VPD as shown above for coern and
soybean was obtained for cotton under each CO> level. The slope of the regression
line was higher for 650 ppm than for 350 ppm COp. Apparentiy Ca -Ci remained con-
stant for each (0> concentration. The ratio of ihe iwo regression coefficients(7.3l
for 650 ppm and 4.50 for 350 ppm) was 1.62, a value relatively close to the ratio of
the two C0z concentrations (650/350 =1.86). From the regression equations, the sub-
siomatal CO- concentration for cotion vas calculated as 134 ppm.

5) The relationship between Pn and Tr/VPD, developed for three crops, at
two different CO> concentrations and for a wide range of micrometeorclogical condi-
tions, should be useful for estimating photosynthetic activity using remotely sensed
data.

6) Leaf chlorophyll (Chl) contents and PPFD had a considerable effect on
photosynthetic rate under non-water-stressed conditions. However, under water-
stressed conditions, Chl and PPFD had considerably less effect on Pn than did the
VPD.

Chapier W. Remote estimation of leaf chlorophyll content, green leaf area
index, and crop maturity, using multi-spectral data

The pattern of reflectance within a canopy was investigated using color
photographs and a drum scanner. The reflectance was compared to the actual distribu-
tion of leaf chlorophyil concentration of the canopy. The model for estimating leaf
chlorophyll concentration from spectral measurements was also examined for corn and
soybean. Relationships of spectral reflectance with green leaf area index (GLAI)
and maturity were also examined for wheat.

1> The actual leaf chlorophyl| concentration within a canopy had a symmetri-
cal distribution, approximately the same as a normal distribution. On the other
hand, the distribution of optical density in a photograph of a canopy usually had a
two-peak distribution pattern which did not correspond with the actual distribution

of chlorophyll concentration of the leaves. The average optical density was strong-
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ty affected by shade, while ihe optical density for each pixel even changed with
leaf angle. The difference between the mode and the average of a distribuiion was
reduced by selecting a field of view that avoided shaded parts of the canopy.

2) Analysis of the relationship between leaf chlorophyll concentration and
spectral reflectance in corn and soybean showed that the coefficient of variance for
reflectance vas highest at 550 nm wavelength and lowest in the waveband from 750 to
1050 nm. The variance in the two bands could be an indication of spectral sensitivi-
ty of reflectance to leaf chiorophyil concentration. The highest correlation was
found for the relationship beiween the reflectance ratio 850nm/550nm and chlorophyll
concentration. Although the correlation coefficient was 0.68™ for corn and 0.83°°
for soybean, there was a considerable difference between the two regression lines,
vhich were strongly affected by leaf thickness (SLA).

3) An instantaneous remote estimation of the average chlorophyll concentra-
tion of leaves in a canopy would be of considerable advantage. However, before this
can be accompl ished, problems such as the errors caused by shade and leaf thickness
mst be sofved. |4 is also important to separate the influence of biomass (or LAI)
on spéctral reflectance from that of leaf chlorophyll concentration. 1% will be
necessary to develop numerical models to reduce the effects of these different leaf
features and measurement conditions by parameterization of these factors.

4> Tvo ratios, MMR3/MMR6 (660nm/1650nm) and MMR3/M4R2 (660nm/560nm) had
higher correlations with GLAl of wheat than either NIR/RED (850nm/560nm) or
ND [(850nm - 560nm)/(850na + 560nm)]. Coefficients for these two ratios were high
enough (0.93°=-0.96") to determine changes in GLAl, at least for a particular plot.

5) There was a close correlation between plant water content during the
raturity period of wheat and spectral reflectance ratios such as MMR2/MMR3(56Gnm/660
nn), MMR4/MMRL (B50nm/490nm), and MMR4/MMR2 (850nm/560nm). The highest coefficient
(0.947) was obtained for the relationship between the visible reflectance ratio

MMR2/MMR3 (560nm/660rm) and water content for six wheat cultivars.

Chapter . General discussion
Relations between micrometeorological factors and physiological functions

vere examined theoretically as a basis for developing remote sensing techniques for

wonitoring the physiological activity of crop plants.



Potential advantages and some perspectives of using a remote method io monitor
physiological and ecological status of crop planis were discussed.

1) An index (T1) was defined as the ratio of the transpiration rate of a
ieaf to the evaporation rate from an imagimary free wafer surface having the same
shape as the leaf and exposed to the same environmental conditions. The index should
be useful for estimating the physiological activity for any crop species under a
vide range of environmenial conditions. infrared leaf temperature proved to be very
sensitive to changes not only in solar radiation, air temperaiure and windspeed, but
also to transpiration rate. This implies that the infrared leaf temperature, by
itself, could be a useful parameier for screening in plant breeding.

2) The water use efficiency at a physiological level was expressed as a
ratio of the photosynthetic to the transpiration raie, which showed that the water
use efficiency was subject to change depending upon leaf vapor pressure deficit(VPD,)
and the difference between ambient and substomatal CO> concentration (Ca - Ci).
Because (a2 - Ci was very consistent for each crop, the water use efficiency was
shown 1o be |imited by VPD,, which could be detected by infrared leaf temperature.

3) The poiential advantages of using a remote method are: (1) not destruc-
tive nor disturbing to crop plants, (2) ability to follow the same plants over a
full growing season, (3) gquantitative estimation of physiological and ecological
parameters, (4) real-time estimation, and (5) labor saving.

4) Future perspectives: (1) to develop fundamental basis for relationships
between optical or electromagnetic information and physiological and ecological
parameters of crop plants, (2) to combine ground-based monitoring wethods with air-
craft and satellite observations, (3) to combine monitoring methods with computer
simtlation models, (4) to develop remote sensing and monitoring methods as intefli-

gent systems.



