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Table 1 Water balance

Soil tank E W C
Rainfall (mm) 295.0 295.0 295.0
Irrigation (mm) 75.0 75.0 75.0
Surface runoff (mm) 51.9 50.8 151.8
Groundwater runoff (mm) 724 61.6 86.5
Soil Storage (mm) -50.7 -54.3 -11.6
Evapo-transpiration, etc.  (mm) 296.4 311.9 1434
Weight of corns (kg) 8.60 8.66 -
Dry weight of corns (kg) 154 154 -
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Photo 2 Crop field
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Fig.1 Growth curves for a sample corn
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Table 2 Parameter for calculations of sap flow rate

QW) ryem) k (W/K)
Jun.1-8 0414 471 18 242 0.060

Jun. 12-22 0285  5.28 1.90 250  0.063
L =5cm, A =054 W/mK, Ais=0.055W/mK, Ax = 1.5cm

A(cm?) ry(cm)
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Table 3 Observed evapotranspiration and sap flow
(June 2-3, June 16-18, 2001)

Jn.2  Jun.3 | Jun.16 Jun.17 Jun. 18
h 09 09 16 16 16
LAI 30 30 43 43 43
61 | 0122 0101 0143 0121 0.104
E obs 680 625 779 820 610
Epobs | 544 633 623 719 606
Esobs 136  -0.08 156 101 004

h: Crop height (m), LAI : Leaf areaindex,

6 10 : Soil moisture content a 10cm deep in Soil-tank W,

E ops, - Observed evapo-transpiration at Soil-tank W (mm/day),
Epobs. Sap flow (mm/day),

Es ohs, - Evaporation from soil surface (:Eobs‘Ep obs., MM/day).

Evapo-Transpiration (Soil-tank W) Sap Flow
— —Potential Transpiration by Eq. (13) ------ Potential Evaporation
by Eq. (12)
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Fig.3 Comparison between sap flow, observed and po-
tential evapotranspiration

ubooooooooooooooaoo

3.1 000

0000000000 D0O0DO0 O Penman-Montieth [
(8)0 0O (Montieth, 1965) O

_ A R.—G  pCp(es—e)/ra
Epm_d){AJrv T 1(A+7) } ®)

OO0D00E:00000R000000A0DOOOO
oooooOoH 000000 oooooGLoogn
O0pd0000ooocCc,00b0000Db0O0es0edOn
gooooooooooOoOdr,0000000000DO¢
oo010000ooooo@oooooooo

A4y
AT (T o) ®)

r0dddbooogboobobooobbboboboood
000@®O00 (10000000
« A R,—G  pChles—e)/ra (10)

¢ =

T A4y l L(A+7)
O0U0U0p0000000(OU0DbOUObOUOLOOO
0o)oooo

Feddes et al.(1974)0 D0 00000 E*O000O0O0O
(bboooboooOooOooO)E,000000 (@O0
OoooUoooOoO)e;00O0OOUOO

E*=E; + E; (11)

00000000000 FE;0(2)0000000
(Ritchie, 1972)0

. A R,-G
A+

000O0LAMNOODOOOe]D0000000Ritchie
(1972)0 0.3980 00000000000 (10)0 (12)0
0000000 E;D (13)00000000

« A R,-G
EP_A-I-’Y ; {1 —exp(—aLAIl)}

exp (—aLAI) (12)

pC)p (es —e) /Ta
L(A+7) (13)

gooooobobobobobboboooboobbo
gobooboobooobooboobooobooooED
00000000000 E,00D000 (14015000
god

_|_

Ep = ¢p (0) E, (14)

Es = ¢, (0) ES (15)

000090, 000010000000000000O
god



3.2000000r,000 ¢, ¢,000

(1) 000000, r,
0000000000000000000r,0 (16)0

0oooooo

ro= #(z) (ln%)Q (16)

000D0.00000000004d0000000000
0000 :00000x0000000 (=04)0w0000
2000000000000000000000 d0z0
00000000000 0000000000AOO0O
0000000 (17)0(18) 0000000000 (00,

1992)0
d=0.70h (17) 20 = 0.07h (18)

(11)0(18)0 000000000000 E*0E:0ELD
0000000000000000000000000
0000 A LAIOOD 00000E* =~ EX(E; ~0)0
0000000000000000 AOLAIDDOOOO
00007000000 E;00000000E:000
00000000000

(2) ;000000000

$,0000(000C) 0000000 (B,)0(12)00
0000 E:0 (15 00000000000000000
00D0(12)000 LAIDODOD0000 00000¢,0
00 1000000000000006,00000000
0000 Fig4d 0000 0¢,0 6,00 00000000
(1900000000

—1
¢swm):[1+am{435<%ffg>—+u}] (19)
00006,06,:00000.3600.010000

1.0 -
0.8
, 06 -

ASS
04 -+

0.2 ~

OO T T 1

0.10 0.12 0.14 0.16
‘9 10

Fig.4 Relationship between ¢s and 619

(3) 000000000
$,00000000000000 (E,)D0 (13)000
0000 EX0 (1400000000000000000

Fig.30 0000000000000000000000

0000000000000000Fig10O0000O0OO
OO0 AOO00OCOOOO LAIODDOOOFig300000
oooobooboodet lebD1voboOoooOODOO
gbobooooooboobooben 18O00O00O00O 130
Ole00000000C0CDOOOOOOOOOWODOOO
gobooobobooooboboedleb180000O0OOOO
gbobooooboouobooboooobooboooboooo
booooooooocooooboooboooooo
gboboob0oooboooooooooooooen 1800
oooooooooobobooboocobboooboooon
gbooooooooocoboooboocobooooooo
000 (1B)Doo0o2000b000ooooooooo
oooo

Table 400 60 2, 3, 160 1800000000000
¢,000000000000 Ey0 Table30 00000
UbOOb0O0E, . 0000000000 OCOOOCOOO
gboobooooooooboooobgo.oobo4abonboon
gooooooooooboobooobbooboooobooo
O000O00000O0Oode,000 100000000
oogd

Table 4 Potential evapotranspiration by Egs.
(18) (June 2-3, June 16-18, 2001)

(10)-

Jun.2  Jun.3 Jun. 16 Jun. 17 Jun. 18
E 6.35 6.41 6.03 8.26 7.36
Ep* 532 535 5.27 7.04 6.28
ES 1.03 1.06 0.56 0.58 0.45
O 1.02 1.18 118 1.02 0.97

E, Ep" andEg’ : Potential evapo-transpiration, transpiration and evaporation,
respectively, ¢y : model coefficient (=E, 0bs/Ep*) .
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Fig.5 Comparison between observed evapotranspira-
tion and calculated one by Egs. (10)-(19)
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Table 5 Calculated evapotranspiration by Egs. (12),
(14), (15), (19), (26), (27), (30), (32) (June
2-3, June 16-18, 2001)

Jun.2  Jun.3 Jun. 16 Jun.17 Jun. 18
E 707 565 747 815 634
Ep 595 545 584 713 6.04
Es 128 037 138 09 026
Ep’ 596 573 584 716 628
Es' 194 210 148 155 125

EE, and Eg : Calculated evapotranspiration, transpiration and evaporation,
Ep’ and Es* : Potential transpiration and evaporation, respectively.
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Modeling of Evapotranspiration during Plant Growth Using Sap Flow
- Water and Solute Balance in Weighing Lysimeter -

Hironori HIGASHI* O Taro OKA
*Graduate School of Engineering, Kyoto University

Synopsis
This paper describes a model of evapotranspiration using field observations, including water balance in weighing
lysimeter and sap flow measured by stem heat balance method. The model of evapotranspiration was constructed
using the characteristics of plant growth, the meteorological conditions, and soil moisture content. The model
coefficients concerned in plant conditions were discussed and determined using the measured data, and the model
was used to estimate evapotranspiration during corn growth. The validity of the proposed model for the present
conditions was confirmed by comparing the calculated and observed results for evapotranspiration during plant

growth.

Keywords : sap flow, stem heat balance method, plant growth, evapotranspiration, weighing lysimeter



