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PgL = Pt Ry ceererreireeiniii, (7)

7272, Po, EEOHNEHEE gCO:/cm® sec;
P, BEOMNAEHEE gCOx/cm®sec; Ry, B3
DR HE gCO2/cm? sec

REND, MEEHEGEE & LEE L ok 8) X
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¥ ] I e W | -l 1.
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Fig. 1. Effect of wind speed diffusion on water vapour transfer at the boundary layer on model narrow
and broad leaves. The size of model narrow leaf is 1.0 cm in width and 18 cm® in area and these of broad
leaf 9 cm and 63.6 cm?, respectively. The model leaves are placed horizontally in a chamber with midrib

perpendicular to wind.
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Fig. 2. Relationship between a leaf width and proportional constant of boundary layer resistance in Eq.

3.

1. model leaf of sunflower

2. N cucumber ]»from Horie (1981)
3. Vi rice

4. broad leaf

5. narrow leaf }from Fig.1
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72721, Re, {B{EH 0 BAREE S /2 0 OFRE
&, gCO/cm?® sec ; Py, [BfhH 72 h BATREREH 72 D
DRXEGEHEE, gCO:/cm?sec; T, —HHB2H D
B, sec
ZIT, ks OEERE A &3 HE, (10)° R
i,

1*2)/0 +ﬁTYGVVcP ............... (11)

L, A, BiEHL0OEERE, cm’
Lixd, i, AEPHCE T ZESI L FEREIED
REIZZIZFZELVWEEZ NSO T (KA - KH,
1978), EHH ORI EEOFERE Re D 1/2127%
3, %k, RFPOESREYEILEHED 1/3 &
AT IENTES (KEH-RH, 1978), ZhsDZ
CEERT AL, BUEERS Y BAREDS/ YO

Ry =

PaAp

PR Rk (1) R& D, (12) AnEsensd,
_ 1 R 1 We
Ri=4 79 = (- Y)Pat ZTY Ar

................................................ (12)

2L, R, BUEERES D BARES D O
WK B, gCOx/ecm?sec; Wo, EH D CO: Y&,
gCO./leaf
22T, (12 KRBT D Wa/Ar BEMERRKSZD
DCO:Y¥ETH S,
2T, MAEEREE Paid (D R (12) XL 0@

EXEROEAEEXRANT,
Pa = (4P + 62 YAEN (34 Vo) oo 13)
T5x N5, I TEsNLE Py 2BLT (8) R

BUIEB aBIUVOIIRET B IELNTEBDT,
ML HCEE P id (8) & (13) A& W BN 2 ((14)

=,
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ZIT, BEDD
_ 3+ Y, 3mo, Wer
=7 K =yp Yo g (A)
ryaEe, (14) Rz 14 RTEDLEIS,
) OO RSN .
Pu=T7.] K (14)

BT, 22T O & (1) X2, EMeEERWT
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"2t v+ ru
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............................................. (16)
TRbENh3,

22T, (16) REBF 217 A4A—-F %KD 3, a,
bix (13) ATKDIMENER LD B) ATRD B Z
EnTES, (13) ROFHE AW m, YoldKkige
REOF—% (LKH - ®KH, 1978) #&&ZL T,

m = 0.006/day, Ys = 0.75

L7z, &7, K OB CHELBEHERKSDO
CO. Y& W /A, BNEEBRDLYVOLZYESE
0.004 g(D.W)/cm?, &4 O CO. #1 8 % % 1/0.62
2C0,/g(D.W) (Watanabe, 1975) ¥ U CEtE L, 645
X107 gCOz/cm? & L7z, %8, 16)RXBT B raw
BEMERETHRERZ2HE L LBOEREREENTH
D, iz (6) RCHEENERHIEREOEE U= 100
cm) EEDEOH W ERALTKRKDENELDTH
3, ra IEHENORENES 2 oh b LEKRKKD S
3, BEXEROY Iav—variZGHEBELT
AE (E#H), GHEB LTI v A Y Y VA A
(Plainsman, E&%Z#) OFEZEK %AW (Fig.

4), TEMO (16) R8BI 2 EHE, K5} a=
547 ¢cm?® sec/cal(PhAR), 5=0.441x10"* gC0O,/
cal(PhAR) TH D, v A I VA LIk a=3338, b=
0.235x107* TH 5.

2, BEXERNDIIaL—Tary

I TREEROBEESA, EOMEME L UEOT
DEENERCRIETEEI DLW THRNS, 7, 1
TERoNEAEXEREE D THELEGREY 3 2
V— bR HEERND, WICKROEETH 5HE%E
DBRER L BEAEBROMRERN S, RYICER
BMOBESMOEOIHENGRCRIZTHEZRAN
3, RREOEMA L ERBOBHLMEAELEEED,
IheMBEASRCBLIZTRELRANS, B,
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HEOEMARZZHEOBBROHZ2DT, TOZE LR
FHCHRT 5.

(i) BBEXEROY I 2av—yavDhEk

BHENRERDY 2 2V —y a YIIUTTR~N3 [h
SWITHE] (RB, 1962) 2w, howiTbike
BERO LI FETH3, 27, B LcEESES
FF, 2OEEDCO BERED, 2% CO. DBER
LT3, 0F, il 5D CO i &, ERERD CO;
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Fig. 3. Net photosynthesis of soybean leaf
(var. Tamanishiki).
S60
3
I3}
i e Flag leaf
[o) A -1
Y40 o -2
a
20
o 1 ]
(v} 0.2 0.4 0.6

PHAR (y/min

Fig. 4. Net photosynthesis of grain sor-
ghum leaf (var. Plainsman, tall type).

WEEOHE (EE) tLTE2, BILOXEKHE
&, WIREE B & U CO. B R E B R L ¢, N
ZIER EBCE2TCO: 75y 27 A8 & U CO @A
PHELTTE, BHIC, VIDCHRELLEEREIC
B3 CO.BERFET S, DL EDMHELBYICE
ELRHERED CO. BEOHZ—EMU LD
EbdE, CORMEEFEREL THREICETS
CO BEAXBELT, BULTOHEL2ERL, &K
FICREERFECBIT2HE TR CO. BELR
TNCREL e D rBEE0@mBET e w5, UT
T, Fig.5 WO TIR®EDTCHET S, &7, K&
S ECH(=10m) ® CO: 8 & Ccu % 0.650x10°°
gCO2/ecm*(=320ppm) & LT, ZDOB% CO HE &
LCHRELL., 2¥CHEEEsEL LB, BRTRE
D CO: & COA1)(=COss) & HTH »> & D CO JAH
HE P ERERFHEL L TIRET S, 2 TRHRERTED
CO BEDHHEL LT COxs=Ce & L7z, RFED
CO #E L CO;, 77 v 7 ADBHRII,

COx(1) = COss
P1) = PioQolfs—3010 }

C
CH
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R
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7777, T

Fig. 5. Schematic illustration for the
numerical simulation of CO, concentration
and flux in the canopy.
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72721, P, 30°C B 2 i H 5 D CO. M
B, 0.8x107%gCO./cm’sec; Qus, Ps DIRERE,
3.0; &, HMEEE, °C

TERbENS,

DEW, HEOIBL i+1BTO CO. B (CO),
CO(i+1)) &£ CO: 7 7 v 7 A (PAi), P(i+1)) D BAf%
WEBOEA% dZcm & ThiE, WE-HF.L£(1970) 2 ht
2T (18) A,

COx(i+1) = CO:(i)— P(i)/D(i)-dz

P(i+1) = Pi)+ Re(i) — Puc(i)

72720, D(G), BBURE cm?/sec; R(i), FWEEE

gCO:/cm?®sec; Puci), HNERKIZLZ CO 7T v

7 A gC0Oz/cm’® sec
TERbahs, 22T, HEER DO BELShET
nid7e sz, ZHEHRICHET S,

TEREEE R(1) 38R I BT 5 585 & AR
HHT 28 a 0T, MBEEEZENRERL 1 L 7
£T3& (19 AT,

Re(i) = n@Qiop' """ DMW (1)dz + 72 Puc(i)

} -+(18)

2R, Quwe, WROBERE S f, EHERNOEE,

*C; DMW(1), #&¥o CO. 48 g/cm?
£bahd, IIT, T & rnBdEERNICKED
F—% (JhHE - RHE, 1978) R, &ZmEcts)
TAHEFREE A BB CBREL %2 (n=0.006/
(86400 % 0.62)gCO./g(D.W)sec). %7z, XEHREEIZ
BT 2 FRIRMRE 7 iBEE—BU D OXEREL
REEOBEFE,LORDLENTVEDT, ZITIREE
BIORENFE LW E LT »=025/2 L L7,

EE 1 OMLEHRE Puo(i) 3EEXEREE L 2
OBCBIIZ2EREH»S,

ch(i) = PgLLAD(l)dZ ........................... (20)

772U, Po (EZEXEREE((8)R)gCO./cm’ sec;
LADG), EEREEE, cm?/cm?®; dz, BOE X cm
LB, JIZT, iBEBITS Py 28 8) AeB
> EEROMEEE OEAERBRRED 1G) & (21) K
T,
1G) = (EXEF/(1-0.1)}05SWCH exp (— EXEF
SLAD()) wseereseserssaresssassssecnenes (21)

7272 L, EXEF, XARAMRS O HERE.
SWCH, &8ss, SLADG), HE#HE»S>ER i
¥ TORERERBIERK

Ezons. AfEEIEEILSEERETEZSN

BZEMBHENDT, I TRAESREMNREICERT
5702 0.5BL T3,

3T, (1N R (18) XEMHWT, HEORTEH»
SIER EBCHHEL TS LHEBEE TO CO BE
COn+) BEUCO 75 v 27 A Pn+l) iE5h
3, COWBEETDCO: 75 v 2 A Pnt+l)ids#
EE CH L EmOTiRE/ LR, LT,
CH r H#E OB OILEGRE DS IR E W ITHH#ER
B CH © CO. BEDOHEEM CRE & (22) R,

CRE = COxn~+1)— P{n+1)/DS -veeeeseeee (22)

7272, CRE, E¥EEIZH5F 5 CO. B gCO./
cm®; DS, f# EOWEGERE cm/sec
TE5z250%, bL, 22Tk s CRE B¥IC
BRELUEEEE CH T CO. BE Can & DENH
BHBEBLTVERE, ZOERERELTAN
L, BUHERBRL T—E0BRECINMS 3,

ZITHERE CH LEHEOMOILMEE DS
ERHDH, WE, #ELEI (ZITE4m LK)
TORE U 25 2 5. HEHE L O BES SIS
LS e hiE (Monteith, 1973), (23) R
BEEEEIE LN,

_ Ui
)

0

7212 L, Us, EEHEE cm/sec; «, A NV< VEH
0.4; Uony @& UH TORE cm/sec; d, HMEFEE
gcm; Z, HERm
HEEEE d 8L HEE Z, i3 Monteith (1973) i
EOTHEFHSNEHOB S © L OBFKRR,

d = 0.63h, Zo = 0135 eerreemreiiiainn (24)

72U, h, WEHEOBE cm
HoRD, TITH, HE4AmOBE TORE LR
EThE, 2R TEZoNZERBEEIRSTHL
TERLEZWOT, EEESE (CH cm) © CO. BEH
S REHE D CO. DIBCHE I,

KU*

()

7272, DS, #iBOEE cm/sec
Thz503,

2T, BB BT EEFE DG B

DAY = UQ)IE) La(i)-eeerrveesrovvsmmnissnnen (26)
TEbLINE, Thbb, HREEAE DG ERE UG)
FELFEE () 8 L CESER L.() OB TERD S

DS = — (25)
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ha, 22T, B#E UG) dETE (LE-RE (1987))
® Fig. 14 R U7z & 5w, LAL & ZDEEBEO#EE
WEDTHREIBERK S CXEENSE, LizsD
T, A3y Iav—1rORFRET2BET LI LAl L
# OEARBEOREMEEB L T, iR (AH - R (1987))
O Fig. 8 X D BE L 7z, FHITELIRIERE /(1) 33REF
DL, WEDE I AHEBE L OMIELH E S5H
THWDT2, 30% (Cionco, 1972 : 58S, 1970 ;
EH - [AH, 1983) 25 HKL T 0.5 OfEZ A7z,

BEER () BUTO L L TR, EFEET
X, M EOREORBESML O E»NB 20 R
(Monteith, 1973),

/m(i) = K(h—0.63h) .............................. (27)

oKD, EEAOHERETIZ Kondo & Akashi
(1976) iz & 3,

45°

Cafi
mOER®L, HEO TR TIMEORELERL /&
(29) X (Kondo and Akashi, 1976),

In(1) = £Z(1) wreeerrrerrireennminin, (29)

1L, Z(1), HE»SEiI E TOERM cm
ok, BB, (28) RcBTLWHEK Ca B &
UERREE A BEELHEEECELT, 2h7
h, Al (RHE - RE (1987)) @ Fig. 12,13 8L O°
Fig. 1~6 2> 5 E L 72,

Wi, BEOMAEHEE P 2Kk 3, Fig. 5128
WT, CODLME7 Ty 7 A%IE, TRAZ7S v

In(i) =

100

height cm
H (=] ®
(=] o o
1§ 1 L

N
o
T

LAD  cm?2/ecm3

(o} .04 .08 12 -16

AEBELTWVWEODT, PR ETCOTRIE 7
7 v 7 A Pn+1) Ol L IEI T O ERE 7 5y
JAPOfELT, (30) R,

Pre = |Pn+1)|+ P1) wreeervreemrvnennnnnns (30)

727U, P MEBEEXAREE gCO./cm? sec
moRDOENG,

FRB L UEE

| EEREEOEESHEBERSR
EHRFEEOBRBESMORL D@EEL LT, B
HERESHERICOML T LEERE, EBicgEhL
T2 AR 2BEEEEL, Fig.6 tzhzho
LEREE LEMERORESMG 2R, B
BEBEL B2 100cm & L, LAI=5, £&¥E =600
g/m? L7z,
HENXERDOY S av—v a VitV AEORKE
BB 3EIER (RH - RE (1987)) o Fig. 8 #EE&
LT, #FEBOSEBHERMOBE T 2.88, LEICE
HLUTOREEEET3.4 Ui, 7, TEER: D
BHAEK Ca 13 0.1, XOBEEREKZ 0.8, EOmi 10
cm &L, BB, 20Oy Iabv—yariZbbni{i
EHERKIE Fig. 3 WRLIAKEDOX—HEKEHET
53,
HENXEGROY I av—vaidEs 4m o EE
3 400 cm/sec & 100 cm/sec DFE I DWW TITFD 7.
YEal—vaviZEDTROLBERARE L UER
BRBEG Y Fig. 7 WR T, HEREREEERRSHE
AEamd d4 2 BBEETR EBHTEL, TR

T

4 d 4 Il

0 2 4 6 8 10
DMW  x10738 g/cm3

Fig. 6. Vertical distribution of leaf area density and dry matter weight of the foliage with different
canopy architectures such as spindle-shaped (@) and mushroom- shaped (O) profiles.
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PIONTHEA LTS, ZhiCwl T, REHD
EEEOM 2 T A3HE CREOHANIEOTET
RELSZDTWS, BRABEIIRARCERPESR
330 THAHH, BEO LB TREEBHTRER
EZixsoshin, LrLleds TRTRAREEOMEE
BHCREREBEANLAELRDOTWS, ¥, REH
OEERETIE Fig.8 WRL LS, o BT
CO. BEDRTHEL TS,

T, HEtAHKE Fig 9 Thas L, bTFhriz4 %
BOBBEHETHENLERPIKRELZDOTVS, ZhiX
TRECESET UL REHEFHE TR EBICS T 3
BREOET (Fig. 7(A)) £ 21UTES CO BEDIE

height cm

I}
0 200

1 1
400 600

D cm2,sec

THEREZDRbDEEZONS, LLENS
Fig. 9 \ZR¥T & 52, EEROBESMOBRVHEE
KHERZKIZTHEIB bTHTHD LWL 5,

? ROBEEHBIVERBDBELESRK

EOMEE »HOBEMRBBMBL T3 Z iz &<
MonTws, i, EOMES IR UAH - KH
(1987)) @ (16) RITR L7z & 5 12, BHREEHEN
ELCREOHEREE VEMRLTwS, MbRDE
REEDOBEGEEEKELLTWEDT, IOk
BEERIciReA FADERER S, —H, 2D
ERAEDOWEFEBENS LT DT, BRHOETIIE
BERERICRITIALRS, DX, BEOEER

r_'x 1/2 sec/cm?

Fig. 7. Vertical distribution of turbulent diffusion coefficient (D) and boundary layer resistance in the
foliage with different canopy architectures such as spindle-shaped (@) and mushroom-shaped (O) profiles.
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Fig. 8. Vertical distribution of CO, in the foliage with different canopy architectures such as spindle-
shaped (@) and mushroom-shaped (O) profiles.
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CO. ik & ZXOME I L THR L TERY 5.
DZoD&ME (CO B L 2N ORBELRHABDLYE
BHIB P03, BOMEEH CO R EEN L LUTHE
HHERCRIETHE L DR EN T HHEOWME
RHBTEEBNETHS. 2D, Tablel i
RUME DI, BEEREKFPERMOEEFEHICONT
KOBWEFRE L BOEINGEOVL 22D AEDLYE
BT, Thbb, ENEMNOEEECEZORR
gl LT, ROBREREE0.4, BOBRREE
0.2, TEE® lem & L7 (1-2), KFEEROEEET
12 # QBRIEgRE L LT, XOBERE % 0.8, BHIE

#¥x 0.1, FEL 10cm & L7 (11-2),

Zhbshe, 1-1iIZmRU 7T, Es B TEFREK
PN OEEREE, HEWVIIRII-1KRLEZDOHEOHEA
Z OEH DML ERIC
BHDZRVDTH B, BIREBHELERCS
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Fig. 9. The photosynthesis of the foliages with different canopy architecture such as spindle-shaped (@)
and mushroom-shaped (O) profiles.

Table 1. Combination of extinction coefficient, drag coefficient and leaf width used for simulation of

canopy photosynthesis.

Extinction coefficient, EXEF

Drag coefficient, C,
Leaf width, W

Erectophile canopy

Planophile canopy

I 1

1 2 3 1 2 3
0.4 0.4 0.4 0.8 0.8 0.8
0.1 0.2 0.2 0.1 0.1 0.2
1.0 1.0 10.0 1.0 10.0 10.0
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Fig. 10. Simulated canopy photosynthesis (P.c) of the foliages with different extiction coefficient

(EXEF) and drag coefficient (Cq).

(A) and (B) are obtained by using light curve shown in Fig. 3 and Fig. 4, respectively. Symbols @ and O
are obtained by using EXEF and Cq shown in Table 1. I-1 and II-1, respectively.
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Fig. 11. Photosynthesis of the foliages
with different canopy architectures shown
in Table 1.

Irradiance, 1.67x107? cal(SW)/cm? sec.
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Fig. 12. Effects of drag coefficient (Ca)
and leaf width (W) on canopy photosynthe-
sis.
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Summary

We studied the effects of foliage architecture on crop photosynthesis through the CO,
diffusion in the canopy by the following method.

The effect of different characteristics of foliage architecture (i.e., leaf inclination, leaf
size in respect of width, leaf area profile) on crop photosynthesis was simulated by using each
coefficient concerned with the CO, diffusion in a canopy described in our previous paper

(Hirota& Takeda 1987).

The results of the study are summarized as following ;

Photosynthetic rate of the canopy which had spindle-shaped leaf area profile was about
1% higher than that of the canopy which had a mushroom-shaped.

The leaf inclination affected both the light extinction coefficient (£) and the wind speed
attenuation coefficient (3) in the canopy. When the photosynthesis light response curve of the
Cs plant was used for simulating the crop photosynthesis, the erectophile canopy was superior
in crop photosynthesis to the planophile canopy because of the former's smdler %. When the
G-light curve was used, on the contrary, the planophile canopy was better in crop photosyn-
thesis than erectophile canopy, because leaves having G-light curve (not saturated) had
higher photosynthetic rates at a high light intensity; and the planophile canopy was also
superior to the erectophile canopy in CO, diffusion.

Photosynthetic rate of a canopy with narrow leaves (1 cm wide) was about 3% higher
than that of a canopy with broad leaves (9 cm diameter).





