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Comparison of Water Use Efficiency of Paddy Rice (Oryza sativa L.) among Locations and Interannual
Variation in Humid Areas 1. Reliability of estimated canopy transpiration rate from meteorological and
physiological data of the crop : Fumihiko ADACHI, Tohru KOBATA, Masayuki ARIMOTO and Tadashi IMAKI
(Faculty of Agriculture, Shimane University, Matsue 690, Japan)

Abstract : The transpiration rate is affected not only by meteorological but also by physiological and structural
factors of the crop. Our objectives were to develop a method of estimating the transpiration rate (T) of paddy
rice (Oryza Sativa L.) using meteorological and physical data of the crop without continuous direct measurement
of T in the field. We measured following parameters at the Experimantal Farm of Shimane University, Matsue :
net radiation, relative humidity, air temperature and wind speed during the whole growing season, diurnal
changes of stomatal conductance (gs) of fully expanded leaves near the canopy surface on several dominant
growth stages, and plant height, leaf area index (LAI) of paddy field rice at 2-week intervals. Evapotranspiration
(E;) and the evaporation rate from soil surface (E) were measured with a microlysimeter during the rice planting
season. When three methods to calculate estimated evapotranspiration rate (E.) (the Penman, Van Bavel and
Penman-Monteith methods) were applied, the fitness of regression between E. from the Penman-Monteith
method and E; was highest. The fitness was improved further when canopy resistance was corrected by the ratio
of irradiated to total leaf area calculated empirically from LAI T was good assumed from the product of E; and
T/E; which is calculated from the empirical equation!* as a function of LAI. We concluded that the transpiration
rate of paddy rice can be more strictly estimated from E. by the Penman-Monteith method with minor
modification that canopy resistance is corrected by illuminated leaf area and soil evaporation is assumed by LAIL
This method is available for comparison of transpiration rate where continuous measurements of transpiration
rate for long intervals is very difficult.

Key words : Canopy resistance, Evapotranspiration, Leaf area index, Penman-Monteith method, Rice, Stomatal
conductance, Transpiration.
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Fig. 1. Seasonal changes of evapotranspiration
(E;, ®), soil surface evaporation(E, B) and
transpiration (T, O) with a microlysimeter in
the Experimental Farm of Shimane Univer-
sity at 1992 rice(cv. Nipponbare) growing
season. Solar radiation(S, [), plant height
(H, ») and leaf area index (LAI, Black bar)
during the season are also indicated.
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Fig. 2. Relationship between E/E; or T/E; and
LAI during the whole rice growing season
under the paddy field condition.
®: E/Er=exp(—045LAI) r?=0.972***

O T/Er=1—exp(—0.45LAI) r?=0.972***
The regression curves were fitted by the
Simplex method.

***Statistically significant at 0.1% level.
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Fig. 3. Relationships between measured E; with
a microlysimeter and (1) E. calculated from
the Penman, (2) the Van Bavel or (3) the
Penman-Monteith method. Solid line and
broken line indicate approximation and 1:1
line, respectively.
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Fig. 4. Relationship between stomatal con-

ductance and accumulated LAI on each
depth of a rice canopy at the mid-grain fill-
ing stage of rice cv. Nipponbare in 1990.
*Significant at 5% level of probability.
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Fig. 5. Relationships between (1) measured E;
and estimated E; from the Penman-Monteith
method by using canopy resistance corrected
by illuminated leaf area, (2) measured T and
estimated T. The corrected canopy resis-
tance was that leaf resistance at the top of
the canopy is expanded to whole leaves by
using a factor of ratio of irradiated whole
LAIL T was assumed to multiply E; by T/E;
which is assumed from the empirical equa-
tion!® calculated from LAI in Fig. 2. See text
for detail of the equations.
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Fig. 6. Relationship between E;/E. calculated
from the Penman or the Van Bavel method
and leaf layer conductance during 1992 rice
growing season.
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Fig. 7. Relationship between canopy resistance
(ro) and LAI during whole rice growing
season. Open circles show the canopy resis-
tance calculated from the measurements of
stomatal conductance of rice leaves near the
canopy surface, and closed circles show cor-
rected canopy resistance as which leaf resis-
tance near the canopy surface is expanded to
whole leaves by using a factor of ratio of
irradiated to whole LAIL

L OEBET TIIERKIER ST A — 5 —DFEIELS L
ErxzbDeEzoN5,

—7%, Penman-Monteith %% Van Bavel & 218
O [FLIEIIO & & ek U T EBOBRH 2 HE
LTwa, Burztud, X W) OocEEns
HEREGT & EEER BRSO (ro/r) D re 30D
BRI i3, ZO#EEMIZ Van Bavel fHi2Z L v, # 1L
T, EBEOEFESZ Van Bavel L D b HI2/h&
<, TOBETOBEEIELL Tr. & ra DML
RKESWZE>TREEIND, ro IKILEE LKL
DO EESWICL D XEL I 5 [FLIESTE, BOWE
EICHE L 2{E%2 LAITR T2 I THETE 3
E&N5, Szeiczetal'® |, &R LAl D/NES %
VYNVTLIBWT, HBBERT A= —DRE/D
5% LAl CHIET 5 &, Penman-Monteith #£7%>
5RO IR BEFEEIIE L (—E Lo L FREL
Tw3, FFETY, EXBERa X -5 —DRIEE
% LAl T L T r. K%, Penman-Monteith £ T
E, #HE L7, 2 U CEHE BT 2 &, Kigic
BT OHEE B2~ T Penman-Monteith i
WE 2O B HEELTWE LRz aNK (B3
X)), 7P LAl B—ELAhick&E{ 2t 3b g
D3 GE TR, HEFECREZTEEIT/NE»
-7z,

& 2 AT, Monteith!® O —@% 7 L T3, fEHE
BRORERELAZLTEZ TS, b LES

EWHE—ORFAER 2 %5 E, FOEFEYHE
BLAICE|2 2 L TH#EHEDOr. 2HELS 2T
HHI., Lorl, EBOFYMEE CREFTAT -2
Who THEBEIRZD, EEHECESDOZILE
HRECSILRICHEELT 2 L FHRIEN S, 208
B, 4R, BEEBCI->TRIBRVERZTHA
IV, T A XTIIEZLEBD gs BEETHE LD
iz D REBIOIL, —EHOEORIEME %\ 7 HE
WEEEOHEICITEENH L I EEREIATY
59 e T, MEEED ro #HET 21011, EEE
Ogs & LAIOBIESLEE 2L, Lrl, gs DB
HEARNTOEGER 2 ER B CTREETH S, 22T
KEFFR T, BEEEGIC L 2 ZRREOEL 2 EE
T2 EVEEOFHN L . B 2R~
LAI»oBEOR, ZH LD, ThiZgs #FUIHE
RO 28U G Q0), 25 LTk
r. % > 72 Penman-Monteith {2 & % E; #IE &
AEABELHELIE IS, 1o 2Ra X — 5 —EH
Ere0F F5HEL TR EHIEELD G,
COMIEHEMIL D EWHEE2 L 5, EflER &
CHIELTWR(ESK), 202 o, Ry AN
PPREREEE r EEDO BN TR S, ZOFEL
Penman-Monteith & & O AEHLEIC L D, KH
FHETTOA A OEFHENSEHEER 2 Ik L T
BTxsL0LEZL517:,

B &ET CORBEBEORAIE IZR#E -0, &R
HEEPAEHREORHE T2 0850, L L, fE
W R 4 8 O LRI AR EOREBCLY, Z0
RESZOE EABCEATE 20 38MRsNT
Wh, FDO2e, WL ORI F I HEM
TOHB L T BEAROSBEFMc A > Tw
A0 FEBIC L O ZEMOBIE ITAHFETL (8)
RTL<RaLY, ZOBFREHOTERELHE
ELUEEE B LU L 24, BIEMEITENELE
BL{HEEL T (BSK), 202 Emns, (8)
KA WHIEHEH TES A A OBFEHEICHD
L2EMBEMETCE LB HETH D 2 L HER
=y AW/

—7, Ham et al.® i, 7 M TOMEH & +2EH
OBIGE #EHL, LAl 2 L EOBETT &, #H)
LWRICIIERERBED S OYIIHERR L LA
BBz, (8) KDL > B HEOSED & TER
B o R e TIBHEAR S THT 5 2 & 3TREYIT
HDEFERL TS, 2120, ZOWEIIMEETT
HITHEY, KHED LS ICEICEIAD HIBEm» EHE

NII-Electronic Library Service



JEIL O

IKFBAKH DR DU E R I LE (38 1 #) 515

T, BROBENDR N RHEI3RL S, /2, K
FE TR 50 HF2E T LALIZ 5~6 W# L, ik
HEZECES., Zhoho, R (8) dKMEEEED
I CILVEBETEN RSN S L5 %, TEK
SOBEZVEYIES CIERIER BAT 5 2 LAYR]
BETH DD, Mt &0 LB HE—122 DR
TOERETTORHEE I, LAI IS 138K 2%
BLIF7ETFT LV EHARAL R EORESLELE &
rEEZOND,

Db s, BESBRETOARBORESARBES,
Penman-Monteith 3% % F\2 2 2 & TIRIZIEREICH
ETEBZ L, 8517, 1. DEFEICIT gs # Ry 12 &
STHIET S ETHEEEVNESIKEES I LD
otz i, EEBOKE L B8) XOFH»Z
YTHh B ERMEE N, Penman-Monteith ¥512 & 3
AABBHEEE L OAGDLEICL D, KEHED
KEBOEELXEBCHERATELZIDLEEZLN
5. KT NIEBET A v A8 —thix EORIE,
BIENTE R WL D 2—BIRERG TICB 1T 5K
FROAFIHZBHSPIZT 20D BENEVEDDF
B LTHIBETE LakEl, VEDTE, KE
Tk O TOKIRRE, RS, #isln Lo ER
DAFEDO KRB EICE 2 2HEEZHS I LT
W,

B BREZFERRFEOBEAZ K
BODHTRODIDODVLTHBIE 2 Wi wiz, T#K
HEZHMOBRE —FIRICERMLELDE LD DI
HzVHBE cEREEBE - 7:. 2o ilE, #AE
Z4 7o CTERRRERFHEMFMREDES AL
HAOWIELTWIE W, B2 o BE#d
%,

51 B X ®

1. de Wit, C.T. 1958. Transpiration and crop yields.
Institute of Biological and Chemical Research on
Field Crops and Herbage. Wageningen, The
Netherlands. 1—88.

2. Doorenbos, J. and W.0. Pruitt 1977. Guidelines
for predicting crop water requirements. FAO
Irrigation and Drainage Paper. FAO, Rome. 24 : 1
—179.

3. Ham, J.M,, J.L. Heilman and R.J. Lascano 1991.
Soil and canopy energy balances of a row crop at
partial cover. Agron. J. 83:744—752.

4. Inoue, K., T. Sakuratani and Z. Uchijima 1984.
Stomatal resistance of rice leaves as influenced
by radiation intensity and air humidity. J. Agr.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Met. 40 :235—242.

C FEEE - AROKEST ¢ ZILERR 1993, TR AH)

T8 2 EYEEEOKMBOBE L # DIER
BEHHL B2 AL, oLy v ADBERS
X OOKFIBZhER I DT HIER 62 (B)1) :194--
195.

. Isobe, S. 1969. Theory of the light distribution

and photosynthesis in canopies of randomly
dispersed foliage area. Bull. Nat. Inst. Agr. Sci.,
Ser. A. No. 16:1—25.

AR v — 7 1967, KEDOBEFE. BEIR
22:13--20.

. Kanemasu, E.T., L.R. Stone and W.L. Powers

1976. Evapotranspiration model tested for soy-
bean and sorghum. Agron. J. 68:569—572.

. Monsi, M. und T. Saeki 1953. Uber den Licht-

factor in den Pflanzengesellschaften und seine
Bedeutung fur die Stoffproduction. Jpn. J. Bot.
15:22--52.

Monteith, J.L. 1965. Evaporation and Environ-
ment. Symp. Soc. Expt. Biol. 19:205—234.
KIBFIEE 1988. B ANIC BT A9 Y < A THOARHE
O BEIR 44:91-99.

Penman, H.L. 1948. Natural evaporation from
open water, bare soil and grass. Proc. Roy. Soc.
London, A, 193:120—146.

Sakuratani, T. 1981. A heat balance method for
measuring water flux in the stem of intact plants.
J. Agr. Met. 37:9 ~17.

- 1987. Studies on evapotranspiration
from crops (2) Separate estimation on transpira-
tion and evaporation from a soybean field with-
out water shortage. J. Agr. Met. 42 : 309—317.
MOEHR 1987, OB KR L EEN. BRE 62:
1127—1132.

Szeicz, G.,, CH.M. Van Bavel and S. Takami
1973. Stomatal factor in the water use and dry
matter production by sorghum. Agric. Meteorol.
12:361-—-389.

B RE-- 1977, Y —kBFROBEHAIE. SPAC
DOAROFNIZHTT 2HEE T VT 7o —F. 138
Y 3627 33.

- 1992. HHEEHNZ HIKSA b LA LHEY)
ARE. HIERRREL L WA E. R 3 EERRER
B s, BREW 6474,

Tannar, C.B. and E.A. Jury 1976. Estimating
evaporation and transpiration from a row crop
during incomplete cover. Agron. J. 68 :230—243.
Uchijima, Z. 1976. Microclimate of the rice crop.
Climate and Rice. IRRI. 115—140.

Uchijima, Z. and H. Seino 1985. Agronomic eval-
uation of net primary productivity of natural
vegetations. J. Agr. Met. 40 : 343—352.

Van Bavel, C.H.M. 1966. Potential evaporation:
The combination concept and its experiment.
Water Resour. Res. 2:455-—467.

NII-Electronic Library Service





