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Abstract

The CO, mass transfer problem of the assimilation cell phase of the crop leaf in the gross
photosynthesis process was solved by the use of analytical procedures for net photosynthesis in the
previous investigation (Komori and Ikemoto, 1999).

The solutions were applied to evaluate the CO, gross mass transfer coefficient kzo, the gross
photosynthetic reaction rate constant ko and the CO, concentration profile C4(z¢) in the assimila-
tion cell phase with a constant respiration rate ko for the case of rice. The summary is as follows:

1) Exact solutions for C4(zt), the CO, flux Nyo, kzo and the gross photosynthetic rate R4 are
simplified to Eq. (13) through Eq. (16). These approximate solutions are available to obtain the
relation of the CO, mass transfer mechanism between the gross and the net photosynthesis in the
assimilation celll phase.

2) Equation (22) or Eq. (39) gives the correlation of the gross and the net photosynthesis with the
CO; mass transfer rate. Equation (22) suggests that ko has no influence on the gas phase CO, mass
transfer coefficient k¢ and for the over-all CO, mass transfer coefficient, Eq. (39) provides Eq. (40).
Moreover, Egs. (22) and (39) indicate that the graphical method (Komori and Ikemoto, 1999) is
appropriate for estimation of k;, and k.

3) Figure 3, generated from Eq. (22) or Eq. (39), shows the relationship between ki and the net
photosynthetic reaction rate constant ki, and is also the graphical method to estimate k1o from the net
photosynthetic rate R4r and ko. Following the analytical discussion of Eq. (21) through Eq. (29) the
kio—Rur curve in Fig. 3, shows that for assimilation of the crop leaf, the practical gross photosyn-
thesis is biophysically different from the substantial net photosynthesis.

4) In order to quantitatively evaluate the characteristics of the photosynthetic reaction, the
assimilation cell effectiveness factor Ep (Bird et al., 1960; Ohtake, 1963), defined by Eq. (50), was
introduced. The Ep curve in Fig. 9 indicates the equilibrium point, kg, =Kg;, the transition point, &z,
=Hkg for the CO, mass transfer resistance and the terminal point of R 4rmax at the maximum R,r in
the region of 0<R, 7 <R rmax. In addition, Ep suggests that the photosynthetic reaction is very fast
and can be performed near the surface of the assimilation cell phase.
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Fig. 1. Schematic representation of CO, concent-
ration profiles within the crop leaf for gross and
net photosynthesis (for the case of a symmetric
tissue leaf).
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2.00 1.263 1.357 0.075
1.50 0.947 1.042 0.100
1.00 0.631 0.726 0.150
0.50 0.316 0.410 0.300
0.20 0.126 0.221 0.750
0.10 0.063 0.158 1.500
0.05 0.032 0.126 3.000

Respiration rate: kg=0.947X 1072 [mol/(m>-s)].
Thickeness of the assimilation cell phase: /=1.0X10"*
[m].
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Fig. 2. kr and A4C, estimated by the graphical
method (for rice plant, Ryr Data: Aug. 30 and
31) [obtained by Yabuki (1992)].
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Fig. 5. CO, concentration profiles, C4(£) and
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C4(§) within the assimilation cell phase at R,/
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Cun="""2"tanh 7+Con%+CA0 (k*=0)
(44)
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Owo _ /Da 1 _ 1
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1) D
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Oro _ 1 1
48
e s M
o._1_ D
/ ’)’2 k1l?' <49>
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(46) ~(49) K7 610/l 6./1 ERMLAIIAE I3
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BWET N, S/l H 5\ oL/l FRLHIAEIc BV
T CO Lk (=BF) kH 53 2600 EA LT H 2
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ZZTT, Ny, NaZRWT 60/l 0/1%FKT s
SRR OFEFTICHEHLL (Ohtake, 1963), [ELARADE
BNEE Ep, E;RET &

(D BHEROBE

0C4
Dy—— 2

z= 1:< 0p 40
k104 Cuil kwl?/ 0&

_ ( ) tanh 7,

@ ﬂj‘ﬁéﬂz@fgé

Ep=

(50)
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D 0CA
e A 0z z:l:< _DA 0¢A :tanh7 (51)
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zoe, FE2RoAEE 1 HOSEHE, EMimiaE
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E=1-5 1 <R,,T—>0, 7—>0> (53)
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k*\ 1 k*
E =<1—— ——0 ——>1> 54
” 7’02 7o 7’02 54)
L1385,

& T, Bird et al. (1960), Ohtake (1963), Shiro-
tsuka et al. (1987) Sic & hid, RIG-IEECRYEBEIR
RiICBI BRIL, MR EEMICRMET 2EEL LT,

(D RIGHDHRD THEL, RIGOEATPRIE TR 55
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(2) RUGIIERITEL, VBB UCEE I
NEHTE Z5A, Ep, E—1
3) RIEEsThET, NRILHIERS1$ET 215
&, 0<Ep, E;<1, Ep, Ej (8180
LahTway, i3 HOEENFHEREL (46)~
(49) KofERIc B TIRE 3,
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107255 6, EffRE DTN LY, &<ITEpid Rar
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Tid Ey—>0 IR 3,
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Fig. 8. Change of the assimilation cell effectiveness
factors and thicknesses of CO, mass transfer
resistance with R47.
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Fig. 12. Illustrative representation for simulation
of the CO, concentration profile within the
assimilation cell phase as a function of the
characteristics of the photosynthetic reaction.
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Fig. 13. Correlation of the characteristics of the
photosynthetic reaction and R,z
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(Komori and Ikemoto, 1999), #{lfi# (13) K& v,
FEHLTE @D XofiEArHAV LN S,

Q) #wrakicB i 2RMLHIREN CO, BEKE
Nz (14) &, [ CO, BERE ko3 (15 K, #
HEBGEE Rypo (& (16) XTHA SN 5, £ LT, ik
ARIC BT BEIBD CO, BEIRK Ny, CO, BEIREL
ki, FOLEEGEE R & 205 OBRIE, ELEMYE
Wi (19) itck @, NA[):NA, kLoikL, RAToiRAT &3
575, Ng=N4DB%RIE (22) Kic &k 2HBHERK-HE
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B OB A AT B, 743, Ngo=N,Tdb 3 (20)
Kid, SHEAID CO, BEN T2 W TRIEE K =HMOLAERK
BRI B & & EEAMNT B,

(3) A B T 2 Rl RIRELE R L A RARTE
CO, BEIMRM Ko, SABAIEEERSEARHRTE CO, BH
BH Kg iz Th 37, 38 XTcHAo6h, 39 K
DRI T 52 LIk ->T, 205k 4O Ko
& MFEA R DS O SHLAKRTE CO, BEIREL
Ko KgEHELL 5, £, 39 iz Q2 b
ARt EEERTH b, [KHTE] Ko-
mori and Ikemoto, 1999) 12k 3 R 25 ki, ke D5y
B, ko HEE DEERRIVEAMHEEZ 5,

@ BIEER-FtakoERes LT Q2 K&
39 KovFnEHVTbL0, hoo2XiEF0
<R 47 <R 4rmax T Fig. 3 D kio, k1 —Rar BifR, k1o #EN
BRI & O MEAROERZ AR 50 RHT, Rar=0
D ko EHEEICEH S N5 ko fEARER, 22) Kb
HFT 2 QO~29) XoERIVEESEN S ks
BXRE (ko XiEER) Th 5,

(5) —fIT Ryr—>0 D & %, EMLATIBN T I3
&3 CO, FHED D I [HE CO, IBE IIFEER D
Baozhd b bE<, BEREK COLEEERRZHE
B THIAT 2 EMTER VL, LA L, Rar—>Rarmax
TRAERBRLARK, fakonwdTnTcdiHHTsC
L TE B, WA, ARoERNIBITEIC LN,
A XDBETTIA T + ¥4 7 VHER Ryram 22T 5
Bl (Noguchi, 1983; Yabuki, 1992), #T{AFICHN
AR =LA R LA 2 0 RBEICIE Ryg>052
X107 ThH 3, 58, Ryr=0D & X, k1p=0.166X10°
[1/s], 4C4x=0.0057 X 10~2 THRICERSUGEE i3 3E
FITHEL, 0<Rur <R armex 1o B O TRERFEA CO,HH2
BERRKLEE S,

(6) ARG ES LT (50) XTERSND
TR LAIIEEIREL: Epl DNEA S NI, EnfEd LS
i Ep—Rar FERIZ 0 <Ryr < Rurmax DA FRSUSEE)
LKL, EH CO, BERERE, Bz ot
I, z0 5 2B (=5 LEMERIEE® CO, FEikit
DD EVEARE bBEE OO L ERT, BB, 1%
IZ5WVTD Fig. 8 DEERIE 0<Rur < Rurma 10BVT,
Z DHEHIIGD kerke #10 &V (=kay—kes equi-
librium point), Hkekr®E# M (Hko-k. transition
point) D 2 FERE% b5, &L LT “HEARRIGHEE
I CO, B8 ThbsIEEEMNTB,

(7) BESENF BT, [4ZAIHHERE 7] i
X [Ohm DA 28 L cEpnic [BEFD Rar
] (Gaastra, 1959; Yabuki, 1992; 1995) 72 < &

SIRD & S 15RMasd 5, (a) CO, iR =Henry Dik
Aok, (1) ko, ki NEE, ky DEZRDOAIHEERD,
(©) K1, Ko DEFEDERD , 215 DR EOAREE 3[F
ROWAN S RE L 2REBT 5, £, RLHEE: b
TR LIS WHEARKIE CO, BEDELY &\ i (Brown
and Escombe, 1900; Penman and Schofield, 1951),
HAEHZE LT LOELS KRB LB,
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