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WE, RERKCANTHME EE &4 5 KRB
REMWTHEL R->TEY, KEROEDFAOEE
PR LTS, KEREEMICERT D720,
TR H 1 BKIEBR B 2 IARRIZ L, KIS & 8
BIICEET 2 2 LB ETH 5.
RRBULFIRO KN Z 2 EZH 5 2 TEHERKIHE
WOV ESTHD. BB B & D
IHEIER 2 D O & MRE N O OFERTRHRE I
TS, T SIEHHOBECET IR, [EEMH
BLOHEAKSREIZL - TRESERT D, ZhE
TICARBBMEEFRIEZHRES LTV D, Bl
BUIEARBBOEEHMPRE CHDLO, Thd
DOEZYVEDRIEN+5 TRV EIZE L O EENR
HHEZAHTHDHY.
ZOMOMBEILT T u—F T 5010, BxIIEHO
R & KTEE, MIAKEE TR, ARSI T 5
ZEEEMELT, TxA T T AV A—H (weighing
lysimeter) % F\C B RGS Ge b T CRICZBLAIZ 1T -
7=, i, HWEHOKEEBEEAHOHIZT A, stem
heat balance method (SHB ) I & DHEH OENFLE
Bl EITok. TR, EFChSEBORNER L
OZFDFERIZOVWTERT. RIZ, BB ABRELSE
LWHLDERARLTTIA AT OERBUBELEGE
EHERE D OB EICHEE L, MHORRER, XL,

13

RO ER - ABRRICBKITTREZ R 5.
JRE IS & OV B & AR R O BRI S R A N %
1%, WMHoORE, HEKSE, fEEEFEEBELE
ERBETFNERTT A, BRI, KETLE MU E
oalPEHRENRTVWATA U A—FIZEAL, €7
NDOFEBHEEFERTD.

2. BRAORABLBER
1) AT A= FRANTKIRZER
a) AT A—E

Ve LT A AR OREL LS OMER T
ZhEBEE-1, B-ULIRT. KITA T A—FILIHED A
T UL AAF— B (IF - ENEN 1.0m, FEE
1.5m) L Y7 b, % TEEOBEEL(ITMFED 0.1kg
(REMETOInm) OBEBTRELAVTERME CE
HEMAIT A>T D, ZITH, BE-LIREND
ERFHO L% Eeast), HH% C(center), H1AIB
% W(west) EFERR$ 22 8127 2.
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T ARALHIE & TR D ooz &R — R H
A FHRERYFTohTWS, AROTAREL LI E
itk m & v By B EN, TEEE 500m® OB{E 5
WEFEZBOTEHENS.

T A A= F X DB I RSB EROWER
KB, 2T, IR RICBIES kT,
F-LIRLTHIEABEREZBML T D
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Hydraulic conductivity:
K (X10° cmisec)
Pressure head 1y (cm)
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Soil moisture content: 8 (m3m3)

®-2 FH-HROWEEED

£-1 [TLEXROBPBEE - BEROMERE
Element Instrument Resolution Notes
Rainfall rate Tl‘ppmg bucket O'S.mrf] per i
rainfafl gauge | tipping
Net radiation Net radiometer 35mV kW' m?
Solar radiation Pyranometers TmV kW im?
Air temperature and Platinum resistance +0.5K 1.80, 0.90, 0.45m above
vapor pressure psychrometer - the ground surface
.85,0.95.0.
Wind velocity Cup anemometer 0~75m/s .85, 0.93. 0.50m above
the ground surface
Plati i 5, 15, 25¢m below th
Soil temperature atinum resistance | oo i cm below the
thermometer ground surface
b
Soil heat flux Heat flow sensor 20mV kW' m? 5,15, ZSC"} below the
ground surface
. Class A pan
Evaporation {Diameter | 20cm) lmm
T2 RIKBLHIE R
2001 2002
. May 3~Jul. 9 Jun, t0~Aug. 14
Soil tank E W C E
Crop density {plant /m2) 9 9 0 9
Weight of corns (kg) 8.60 8.66 - 532
Dry weight of corns (kg) 1.54 1.54 1.27
Dry weight of caryopses (kg) 0.30 031 0.20
Rainfalt (mm} 2950 2950 2950 269.0
irrigation (mm} 75.0 75.0 75.0 140.0
Surface runoff (mm}) 51.9 508 (518 47.1
Groundwater runoff {mm) 724 616 86.5 423
Soil storage {mm) <507 -543  -116 -55.1
Evapotranspiration, etc, {mm) 2964 3119 1434 3747

U TRIRZBIMEIT 7. 728, 2001453 H~7
A9 B D CIIHE D= OO EECEIZ T 7=,
TAKALIZ 2001 45 A3 B~7 A 9 BICITHRAEN HERS
1.20m ICFRE &N, 20024F6H 108 ~8A 4H®
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FEAPEK L.
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KIS A A—FZTIHEAREISL LIEEOERBRE
EEAILTWAZ EICRY (BE-1), TOREMEIZRE
Bl E— R EPREOERBE LV bRESRD L
WhhTWwg., £, MPoREEIRS, e, T
K5y, TEBIUOHEBREBERSELLOFHIIELSN
HIENHENTWAD., LB T, THELIL
FEn ol DORER L OKINEOBRBREIEDO D
LICEBAETLN, RO ENHLMNI/LD. Hith
(2001 4 C) & AR L 7= HIEAH (2001 £ E, W) DKILXK
FHERT B L, HMORERE B L DB O
2.9~3.0F%, HF L HEMOABBREITHEO 2.1~
225 TH Y, HMIZ LB LB OKIN~OLZEIT
RYKEW., i, PUERa OBRA, R-XE
FEUHEMEOLEBRERL LORRCBERLNLT
kg A PET B 7212 192~295kg, 988~1873kg DK
MARBBIZE > THEEIND.

(2) HEHOBEOER

MO E L RRBROBFE LR DT OITE,
YORE R EBNICRTTDHZERRLETHD. Wk
Wy En a L OE 2T A1, RSO
L= hwErn a2l L, BmfE, SREs, Mt
SERERT D ENRLBEONRFIETHD. L, T
AL AR RHEBEN T AW ERERLZHS, %
DHOBRNIHFE TE R 0D,

AR T, T4 & A—FHEICRBRER 2T, b
vERaLEIRERTH EELICEHIC2 - 3K
BEL, &EkoL, #E, oK LREE XX
FOMRBE ORI 2 BE Uiz, BT D EECHONT
T4 A —ZITHEBEN T DB OER, L,
HEAIEIE—RT 5 L 0@ L. Aok, RRES
Tk, hoEna g BB E ERRIC Im? Hch 9K
7B L OIEB L, MR, Im?Ho Y OEEEN
TEEOZNES LI RD LTI

H®-3(a)~(c) k22001 45 A3 H~7 A9 B, 200246
HI0HE~8R 4 HOREE hyEna v OWUBREER,
Sk L OSERR OISR E ENEIURT. ok, M
DEBRER, X, BEHEThThOFETELRE
BAMBCHRLTERT(LL, BRI W TIEM T H
0L LTHAD. £, HPIZIE1965F 1 Kimball 78
BELKE MY ER 2L OWUEREBORERRD 2R L
Thd. B-3() & R5E, 2001 & 2002 FDHIRE
BoHIHER X O Kimball 12 & i E ik < —%%
LTW5. il (b) B L ORI (c) 122V T 2001
#2002 FEDFHMEE—H L TVD.

BHOREEFR (1) oo P27 1y 7 REMBTED
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1.0 A
e
208
>
3z 06 ® Observed in 2002
oY (w=139g)
£ O Observed in 2001
5 04 (we=170 )
= Kimball (1965)
E 0.2 (w,=80 g)
—— Approximation by Ex. |
0.0 T T y
0 20 40 60 80
Time (day)
(a) Dry weight
1.0 1
£ 08
£
S 4 ® Ob d in 2002
S 08 b
~ O Observed in 2001
= 04 A (he=1.60 m)
%" —— Approximation by Eq. |
T 0.2 A
§
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(b) Height
1.0 A L] (=]
< o B
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N\E 0.8 o °
> .
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< .
o 0.4 P ® Observed in 2002
= ° (A=0.33 m?)
Py O Observed in 2001
g 02 o =0.54 m2
& v a (A=0.54 m*)
DD ~—— Approximation by Eq. |
0.0 T 1
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(c) Leaf area
B-3 FvEoadlEEORE
Eh o,
—1
M M,
— =14 —1]exp(—rt 1
M o p (—rt) (1)
TIi, M: HREE (ML, HEEH), Mo MO

KiE, tBFH (s), rmREE G, My t=080OM T
Ho, B33 () 2AVWEHEGERZHRLTSH
4. Zhicky, BBEETEr = 0.12day"!, My =
0.02M,, WL Tidr = 0.12day ™!, My = 0.08M,, #
HWHTILr = 0.12day~!, My = 0.06M, &\ 5 EHE
LAV,

DI TELRNTr, My, M EIARMFEOBBEISGET O
LOTHDEWLELEZT, KL, WL, TEKS,
THEB L UHERFEE R EE ORMICE > TELTD
TS ELONRS. £, RBREBICET DK



RHEOMBOREK & 74 v A—22BIT5E0 &L
LITRBEEDF N TR A D Z LN I E COME T
ENTWDD, ZHZOWTIEMEORE T2 RIE
LT (1) O@RMEERET 5 2 EICRETRIE, I
NI WbLDEEZ TS,

ERFRER
Stem heat balance method(SHB i)
AR L EWiEOREL, 1932 412 Huber 43
BELILe— ML RABEEREF LY, BEETIIZLO
FEAEESRTHDY, KFETIIEERREIES
Z &7 < EHADI AT RE R stem heat balance method (SHB
EY B U, SHBHEE, ¥0—iameiL, m
LB OB L W ENRBAHET D HETHS.
AL TIIHEDEIESem D —F L 6EOY— I 2
S EE-ARTEIIIREL, 15MBETERADIREY
L7,
b2 OBEE QIsT) L L& &, K (2)~(6)I
L Th DB AN LT D,

(3)
a)

Q=qr+qu+qatar )
a5 = coF (T - T0) (3)
qu = MA(Ty = To) [Az 4)
qa = M (T, — Ty) [ Az (5)
o= Z2ET) gy (o)

In(ry/r1)
I, gp ENMIC Lo THBRINDIHIEJ s,
Gu, Q2 TNENGBEIZL->TEF, THIZKDRLS
BB (] s, ¢ FAAOEER 2E L CERRIZED
NHBE(Ts™), F: ERRE (g571), cuw: KOLER
(=418 J g ' K1), T,os:B-4iZRLTHBLEa
~fORE (K), AZOBEBER (m?), A, A\ £hT

T . Sheath material

5
5N
]

-4 ZAHEFROME (SHB %)

16

nE, B oOMERE (Jm 1 s7 K7, Lie—F D
18 (m), Az, 7 ENEFNE-4IZ7 L THDERE(m),
k =2\ L/In(ryfr) THBH. X(2)~(6) xENHE
FilZonTEEDDHERX(T)2HES.

_ Q")\A(Tb—TG—I—TC—Td)/A:L‘—k(Te—Tf)

F
Cw (Tb - Tc)

()

12720, ENREN 0 ORIZII e — ¥ ETORE A
LD, Ty = T. &7 R (7) IR Ligw.
Fo, BREWNRT, ~ T, &bz, TOEER(T)
EHWD EENREITBARICES SN SEmICH D Z
EMRMBENTWS, Z 2T, Grime and Sonclair® %
BEI, Ty — T < LOK 2 |gs| < 0.2Q LT D
BRI F =0& Liz.

b) EHRER

200196 H 1~8 H, 6 H12~22 H, 200246 A 23~
30A, THI2B~8H 3R hyEuavOENKE
ERE L, ERNRBORMICAVWEERER-3ITTR
TMTEE A OREHEICB W T0.54]s  Iim~IK !
ThHDHEEDLNLTHNAEN, AL, MELEGERLY,
0.055Js7'm~ 1K~ & v iz,

#-412200146 A 2-3H, 6 16~18 H, 200246
A26~28 1, TH20~24H, 842-3H, 845~9H,
851 11~13 H 0> 7 HIRIC 3515 2 PR (Epops.) 35 L O
R w = A 9 AR L7 LHRHE (2001 4E1E W, 2002
ELE) DHEBBE (ETy,.) DBIEE RS,

INENTENRGND. EAREIABRELELVWER
Ry e, ENE L ARBHEOZIIMRE DO DR E
EEZOND. R-4 I LFEICRT HIEE 10ecm D B
YR BB (610), THRIEOERRHE L ENTRED
FL Y RDIMEBED D OKFEE (Eyops.) B LU
BT 2 BRSO DEFEBOEE (Esobs./ ETops.)
EHALTHD. WUHEANIZBOT, Esps./ETos.
KGR0, NBD TR N T/INEL B &N

B, Ihik, HEREET IO THERNS
£-3 ENRBOREICHW-ERK

Qi) Aem?) nlem)  nlem) k (/sK)
Jun. 1-8, 2001 0414 471 182 242 0.060
Jun. 12-22,2001  0.285 5.8 190 250  0.063
Jun. 23-30,2002 0221 214 143 203 0.049
Jul. 12-31,2002 0221 2.49 149 209  0.051
Aug. 1-13,2002 0.221 2.49 1.51 2.11 0.052

L=5cm, A=0.54J/smK, As=0.055J/smK, Ax=1.5cm



-4 EWRE L ERKEOLE

h LAI P 4 10 <] ET b Ep obs._Esobs Eyobs/ET gpe | ET EP Ey

2 b e ey 99 0.12 0.13 6.8 5.4 1.4 0.21 66 54 12

Sfdens | T T _dod | om0 od2 | 63 63 00 _ 000 | S6 33 03
g1 Jun. 16 100 | o014 0.15 7.8 6.2 1.6 0.20 71 57 14
Jun 17 | 160 43 97 0.12 0.14 8.2 72 1.0 0.12 79 70 09
Jun. 18 9.3 0.10 0.12 6.1 6.1 0.0 0.00 63 6.1 02
Jun, 26 8.7 0.15 0.15 3.2 1.6 1.6 0.50 26 13 13
Jun.27 | 065 1.7 93 0.14 0.15 2.6 1.4 1.2 0.46 26 16 10

[ un. 28 98 | 012 __o0l4 | 55 40 15 026 _| 48 30 17
Tui20 17T T T T T T TAs [0 o007 T 86 67 19 022 [ 92 69 23
Jul. 21 10.9 0.14 0.15 10.1 8.0 2.1 0.21 106 84 23
Jul.22 | 160 28 104 0.12 0.14 8.9 79 1.0 0.11 83 7.4 12
Jul, 23 9.9 0.11 0.13 9.2 8.0 12 0.14 7.1 63 08
Jul. 24 9.4 0.10 0.11 9.2 8.3 0.9 0.10 74 70 05

gl R 2] e ae 1 o aar | 50TTHS 7037 Ton0 35T 50 oS
Slawes | S 47 | on___on_ | 68 53 15 02 | 53 48 03
Aug. 5 4.0 0.15 0.16 10.0 6.0 4.0 0.40 101 74 27
Aug. 6 3.6 0.13 0.14 8.1 6.0 2.1 0.26 84 66 19
Aug.7 | 160 24 33 0.12 0.13 7.4 5.7 17 0.23 83 70 13
Aug. 8 3.0 0.11 0.12 5.5 4.5 1.0 0.18 58 S 07

| Avwg9 | 28 | on __on_j_ _4L__ 35 __06_ __0l6 |45 39 05
Aug. 1 23 0.13 0.13 6.9 3.8 3.1 0.45 6.1 44 17
Aug. 12 | 1.60 22 2.1 0.13 0.13 3.9 1.8 2.1 0.54 30 18 1.2
Aug. 13 1.9 0.13 0.13 6.1 2.7 3.4 0.56 55 34 2.1

h : Observed results of crop height (m), LA7 : Observed results of leaf area index (m¥m2), P : Increase in dry weight of corns per unit leaf area (g/day m?2),
4 (¢ : Soil moisture content at 10cm deep in Soil-tank W in 2001/ E in 2002 (m3/m3), & : Soil moisture content in root zone (m3/m?),

ET ops. ¢
E,

s obs.

E,and E: Caleulated transpiration and evaporation, respectively (mm/day).
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3. HEPOREEEEBL-BERETIL

(1) #EHHEER
%%%{E%*&m?" FE{E L LT Penman-Montieth
A8 (8) 13

_ A R,-G ,DCp (Cs *8) /Ta
ET_¢{A+7 .t 1(A+7) } ®
At At D RSB (m s, R, MAUHEJ s!

m~%), A: ﬁﬁfﬂﬁ\% SIEHBOEE (PaK ™), v %R
EER (PaK™Y), I AREA (ITm3), GHITREHAE
(Js7 ' m=2), e, e FRENLFIAEKIE (Pa), &
SE (Pa), p ZEOEE (gm™3), Cp HROEER
MI g K™Y, 7o ZEAFS (s m™1), ¢:K(9) T
EbENB0~1DEEZ L DEBRCERTHD
po—BSFY
A4yl +7r:/ra)
ZILEH (s m™)TH D
Montieth #II K 8 Stk 3 L UHEH O KILOBREAIC &
BHA~OEERBEINLTVDLHR, n?Lﬁﬁﬁ@iﬁtﬁﬁﬂ\
REETHHZ ENFHEE LTEIShTWD

(9)

2, re

. Penman-

Observed evapotranspiration at Soil-tank W in 2001/ E in 2002 (mm/day), E, g

: Observed transpiration (= sap flow, mm/day),

: Observed evaporation from soil surface (=ET,yy,.Ep, by, mm/day). ET: Calculated evapotranspiration (=E,+E,, mm/day),

TERFHICBoTND & &, [ILEFUIER S,
K (8) 1k (10) & 42D
" A R,~-G pC,les—e€)/rg
= 1
Bl =375 1(A+7) (10)
I, BT KRIEFISERTE ABHE (ms™!)
ThY, I CHARARBELIESZ LTS, Pen-

man 2 T3, K (10) 00 E 2 EAEEIKAF S D
B ARV TRbERS.
A R,-G ¥

ET =X AJrﬁyf(es—e) 1)
ZZi, f BREEE (mPalsTHTHD
Penman-Montelth BB X O Penman BT A RKEE S

HETDHFETHY, %ﬁi?)‘%ﬂ)ﬁﬁikﬂﬂ%ﬁﬁ‘E@
REEE VWL TEETH I LITTERY. RFET
R g?%%é’éﬁ%T/vmi, Bk HA(13)~(16) &
VMR, S OEBBE L AR NS @??%zé’ﬁﬂj
T5.

Feddes et al 1913, WREAARHR ET" & FIRe7KE
E; (RAUBHIAMEGCE DRME, m ™) & TR
BE: (+ i@l hEn B@%%E, ms~ ) Ok
LTwW5d

ET* = E; + E; (12)

7



HRE )N D DFH
T % A ESHEY OIEER OB
EEEELLKXAS) ZHWSI.
E; = K%Rnl_ Gexp(—aLAI)
I, LAL ERMES (m? m™?), o« BHEHRE(di-
mensionless) T 5. ZHUTHDBHER, — Gy #iE
I & A exp(—aLAI) %t {1 —exp (—aLAI)} THESy
ENTVDLZEEFLTND.
2 (11)~(13) & 0, THEZEHE B 3 (14) THM S
nb.

ERKEEr ORHIOE, HREIZRE
LoThaEl s

(13)

. A Rn—

P AT {1 —exp(—aLAI)}

+A—+,yf( - e)

TR D & R E ) D OER R LUERN S

DOHRBBIZB AT H 2 EB3mbNTWA, 22T, &

MR E, BXOHERNODRERE, 2 TN EH(15),
R (16) THEDT.

(14)

Ep = ¢y (0) E, (15)

E,=¢,(0)E (16)

TN, ¢y, ¢ 0~1DfEE & DERTERTHY, =
I TRENENEBRE, ARREEER LTS

(2) WEHOBRESLULIROERNRETHER, S
DEREBE~DHE

ARERELTIBANE
REVEIRET D & KD L CTEARED R
INEL Y, BAT=AF (BEBEWV)BERERD
7o, MFHmOERBIIIMBI SN B, Lizd-T, &
REHERBLEOEKBIEET IEETHDLLE
Zbhb., TITE, ADR AL TRIETE Sith

SR b ITVRS 10em 128 5 EEOK Y B L ARG
MOBMREF T, R (2001 E£HEH C) Itk iT 5%
%EE, X(13)L0EBRD E 2K (16) 1A AL T
BH U ARBERER O £ S W0em (2B D Elli"H:f’“
KGEO iz 2T Ty M5 EB-503 G LN, 7

,KU®¢®LU@@ﬁT%5tbO?%5‘mk
810 OBFRIE R R O RIHEK (17) TEEITE 5.

a)

10 — 0; !
¢4m@:{1+mp{35<a_9>441H 17)
T2, 8, 0:FNEN0.36, 0.01THD
b) BAFEKEIENDOETHE

AR o % 200146 A 16~18 B OMEE )5S DK
Rk o, & (13), (16) B L O (17) #FIVCHH S
BDERBENMELL LD EDITKk®IEZS, a=0.16
B2 R-4Ta=016FRVWTHTELILEAREE,
EOHRLThS. HRE»SORBEEOHEME E, 134

18

1.0
&
2
5 06 1
S 3
C e
g £ 041
g3
8.. 0.2 4 . .
S . Approximation by Eq. 17
0.0 T T |
0.10 0.12 0.14 0.16
Soil moisture content at 10cm deep:6;,
m3md)

H-5 ARBE LIRS 10cm D 13K BOBIR

WU o, &R~ LTHY,
TE B

QREH TH B LI

(3) HPORESLUVLBEOHBRIEREBICRIFET

-2

YL & R
R, iR, BEOHESMMSZEEAC—HTHY,
ZEAOTEEN R, BN, KIRKULELTILET D & &, A
RIS f 1 (18) TR AN 5.

e oCp K2u(z)
¥ fin{(z - d) /20}]

2R ENGOFEE (m), u(z): HRENDD
BIFHEE (ms™!), x: Karman E4% (dimen-
d:iz DIETER (m), 2o: HEE (m) THhd. d
FEAENX(19), (20)BE AW

a)

(18)

[USNI [Y

Bz
sionless),
BLO 2 0EHIC
LD,

d=mh (19)

(20)

2o = nh

Z I, ke WL (m), m, nidRERER (dimensionless)
ThHD. MHERTldm, nlZZh TR 0.7, 0.1 708K
SHOWLRDHR, L DOEEERIC L > TELT 2
ZERELR TS,

—7, Penman® (X HHOKB+535 5 EEOERME
WESWTR(21) THRO &N 2 EEEEEZRELTY
5.

f(ug) =0.14u3 +0.26  (mm day™' hPa™') (21)

I, up: HEEHEE 2m OEE (ms™) THD.
A (11), (21) % A\ 7= Penman ik HEADB 512 dH
LHABMEVEH B LB ORRERELZEELCEE
TON, KOBmWEYOEFEEIZO W TIB /N A
THIEPHLNTND., ZOMBUIIK L TEL Off
RHENEEBEOEELRATEY, X (22), (23)T



EbLINZEFEBMHEEZREL TS
f=au+b (22)
f=aub (23)

C IS, a, b BBREKTHDH. X (18) LK (22) wEH
BT s bICEEO —kEETH Y, A (18) 11 (22)
Da, bEETEREZANTCRE L LD EMEMNTLZ
ERTED (a=rCk/yA[In {(z ~ d) [2}])>,b = 0).
Bk oo X S IR B 0 R ROV TRV ETS
M IR TenWeEx b dicd, 22 CEBHER
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EVAPOTRANSPIRATION DURING CORN GROWTH
IN A WEIGHING LYSIMETER

- EFFECTS OF PLANTS ON HYDROLOGIC PROCESSES -

Hironori HIGASHI and Taro OKA

A method of estimating evapotranspiration during plant growth is proposed based on field observations.
Water balance measurements were carried out for a crop of corn using a weighing lysimeter, and sap flow
was measured using the stem heat balance method. It was clarified that evapotranspiration in planted plots
is 2.1 to 2.2 times that for a bare plot, and that the water consumed by the corns is 192 to 295 times the
weight of the dry matter. A model of evapotranspiration was constracted using the characteristics of plan’c
growth, the meteorological conditions and soil moisture content. The validity of the proposed model was
confirmed by comparing the calculated and observed results for evapotranspiration during plant growth.
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