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Read data file

ZCDST, ZODST, ZSDST,
ZRDST, ZOGP, ZOF, Z0S

l Read data files

WF, WB, WS, WR,
EDAY, PM, ADAT,

BA, BB, CA, CB, DA, DB,
RLIS, UP

Seasonaly loop Decide the
coefficients

PMAX, TOPT, A, B,
C, D, F, RD, RF

9 times

Hourly loop

Read data files

[T

Transform

SL, TT

Calculate

FNET, FGRO, FRES,
BRES, SRES, RRES,
WNET, WGRO, WRES

®

H—1 CORZ®Frd7u—Fr—1L
Fig. 1 Flow chart of the CO,-balance model

A
Yes
HRLI<12.0
No EDAY= Yes
Jul. 10
Jul. 20 °F
No
Calculate
Translocation
Calculate
Distribution
Print out

FNET, FGRO, FRES, BRES,
SRES, RRES, WNET, WGRO,
WRES, WFUD, WBUD, WSUD,
WRUD, DELTAF, DELTAB,
DELTAS, DELTAR

Italic letters show the variables of the CO,-balance model in Table 1.

wiz, WNET %8 E3IE 5t (ZCDST, ZODST, ZSDST, ZRDST), &x 7 ¥ a ¥ D2
B (ZOGP, ZOF, Z0S) 2#RAWwT&HL 7y av\BALLbOBFLOERENEL %5,
BERoEHE, A—LERETR—ETH 325, LB L cdS5n UOED N DR

HORKXBEIZBEES,

B, CO, 7 ARBEIZ, ZHEEO—MIEEN,SRD-EHES. 14

BEEEICHELT,

X10-* %2 v, g BiIoD



F—1 COMNZETINVOEH
Table 1 Variables in the CO,-balance model

HIETTRER K

Controllable variables

HRLI Relative light intensity in the habitat (Index of light condition, See
MaTtsumoTo, Y., 1984a, table 1.)
AMPL Value multiplying the observed light intensity
PULAST Value adding to the observed temperature
" JT
Dimension
ATE Branch
Input variables Plot class Age Season
WF Shoot dry weight O O
WB Branch dry weight O O
WS Stem dry weight O O
WR Root dry weight (Non dimension)
EDAY Last date of each job O
PM Photosynthetic capacity O O @]
oT Optimum temperature O O
FM Coefficient of the temperature-dark O O O
respiration relation
ADAT Coefficient A in the P-L-T relation* under O O
the plots S, I, and O
BA, BB Coefficients in HRLI and coefficient B in O
the P-L-T relation*
CA, CB Coefficients in HRLI and coefficient C in O
the P-L-T relation*
DA, DB Coefficients in HRLI and coefficient D in O
the P-L-T relation*
SSRLI Relative light intensity in the layers of O O @)
crown in percentage of above the top
(100%)
L Hourly mean light intensity in the plot 0 O
T Hourly mean temperature in the plots S, I, O
and O
RLIS Seasonal values of the relative light O
intensity in the plot S
UP Effective/measured horizontal light O
intensity ratio
b/ JT
Dimension Output
NEZEE Branch
Variables class Age
WFUD Calculated shoot dry weight O O O
WBUD Calculated branch dry weight O O O
WSUD Calculated stem dry weight O O O
WRUD Calculated root dry weight (Non dimension) O
DELTAF Shoot net production O O O
DELTAB Branch net production O O O
DELTAS Stem net production O O O
DELTAR Root net production (Non dimension) O
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FNET Net assimuration O O O
FGRO Gross production O @) @)
(FNET + FRES)
FRES Shoot respiration @) O @)
BRES Branch respiration @] @) O
SRES Stem respiration O O O
RRES Root respiration (Non dimension) O
WNET Net production O O O
(FGRO— WRES)
WGRO Gross production O O @]
_ ; (=FGRO)
WRES Total respiration O O O
(FRES+ BRES + SRES + RRES)
PMAX Photosynthetic capacity** @)
TOPT Optimum temperature O
A Coefficient A in the P-L-T relation* O
B Coefficient B in the P-L-T relation* O
C Coefficient C in the P-L-T relation* O
D Coefficient D in the P-L-T relation* O
F Coefficient F in the P-L-T relation*** O
RD,RF Coefficients of the temperature-bark- O
respiration relation***
SL Hourly mean light intensity just on each O O
shoot in the crown
T Hourly mean temperature in the habitat (Non dimension)
w JT
Dimension
INFA—=F Branch
Paramaters Plot class Age Season
ZCDST Distribution ratio in the current-year shoot O @) O
ZODST Dfistribution ratio in the shoots over 1-.year O O O O
of age
ZSDST Distribution ratio in the stem O O O
ZRDST Distribution ratio in the root @) O
ZOGP Weighted distribution ratio for the shoot O
of each age
ZOF Weighted distribution ratio for the shoot O
over 1-year of age
ZOS Weighted distribution ratio for the stem of O
each age

* . Photosynthesis-light-temperature relation. See equation (1)-(5).
* %k o Seasonalychange.
% % % . See Fig. 5.

B EHiz-ounT

FEFROEANREROHAS L VHEFIER2ERS X212, BB DVWTIITOER?
FHELTHEL, “BHE W, ZOEPTTEILICL>TEFVOHEBRCHELRIZTD
DFRTEE, AEEE, NEEBB LUV T X521 %,
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NELEBIL, HOLUHEL>TWBEANET, NEEBCIERT 2 B8WAEEED 5 OER
BRI RV, 2035, AJMEZEETE 3 O 2HIHRREER, TERVLHDEANERE
IR LT B,
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MTE 3,

R, MEEED> b, AFETHELNTVE DR TRTEIES 23 Z0BKEXEZ0
3 SRV AN

C CO,NZEHENFME
WF, WB, WS, WR 1%, # 1% (1A%, 1984a) KBOTRDILEBFTHHIOO 7 v 3> T
LOEBETHD, B2 (BAAK, 1984b) OXERBEORVFZL LT, EEL/IKER
Eb¥TWF L, EXRffutuinwEowrsyaross WB &Lz, WFUD, WBUD,
WSUD, WRUD &, X7 ¥ av Z L DBMET, XEREE S & > TR L & & IiEmas
1) T3,
EDAY i, A—A#EAMORKH T, 1979 6 A31H, 7 HA10H, 7 H20H, 7 H31H, 8
A10H, 8 H20H, 8 H31H, 9 A30E B X 10H318 & L7:, YEEREDNKERKEEN
(PMAX) DRAETLEZ, 0BZRNBIECAET I LS TEDR,
HEREEEDHE I, F2HTCHF LIV LBE-JB—XERHEER2H W, H
RERCOMNXETNVOEHATUTICRT, ‘
PG= (BT+RT) (1—-CT —exp (—AT+SL))
AT =A-PMAX /BT
BT =PMAX (1—B (TT—TOPT)?)
CT =C+ (TT—-TOPT)
RT =F+expy, (D*TT)
7272l
PG I #BXEREE (ng CO,rgdw. '+hr?)
SL :ERPHEERE (klx)
TT : BEPHRE (C)

1)
2)
3)
4)
5)

L
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PMAX : #»FOXEE#ES] (ng COpegdw. '<hr 1)

TOPT : B&EE (°C)

A, B C D, F:ER

RT . BEE (mg CO, » gdw.™! « hr?)
1R2@~ERERAL T PG XKD,

FG =0.000614 X WFUD X PG —

FR =0.000614 X WFUD X RT —0

FN =FG—FR —®
E

FGRO =3 FG —09
E

FRES =3 FR —
E

FNET = FN —

ferEL

FG : #XER#EE (gd.w.shr™!)

FR : BiFEQOWEFEE (gdw.-hr )

FN : #iX&mEE (gdw.shr?)

FGRO :[A—{EHRNEAERE (gdw.)
FRES : [FA—ABHHENKETERE (gdw.)

FNET :E—EHEAMEEHRE (gdw.)
WFUD %73y arOEEE (gdw.)

S R—ALE OB IR
E I FA—REOKRT HER

PG, FG, FR, FN, FGRO, FRES, FNET i3, ¥ RTx2yv 3 Z L ZE#HEL, BEHLD
DREER(WGR0)IZ, X7 a>Zr® FGRO DM LTRD 2, 28, BAESHREE
(PG)ix, VRDEBD LT DOHEREENCHEIFREE 2 MR TRD, HPFREEIZDOWT
BEEREL T,
#£— 112832 PM, OT, FM, ADAT, BA, BB, CA, CB, DA, DB &, &% 7 a> ki
()~(5) D PMAX, TOPT, F, A, B, C, D ¥ E® 510D ANERTH 5,
ZD>H ADAT i3, H 2% (FAZ, 1984b) OE—17A/RL 7218, BA~DB ¥, F#&X
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PMAX, TOPT, F i3, £EMOXBEOHEEE (HRLI) L ERNEGZSRHEIATLZ
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OT, FM £ UTAfIL#z, HRLI %, S, 1, OR (2hZh2.6%, 22%, 100%) DfEL R
% BBEIE, YV 2EOMEY HRLI OEIEC THAIERS L, PMAX, TOPT, F £ix% &5
2Ll 7z,

PMAX B U F 3FEHELL, BERBIO 2RIT< MY v 7 R, TOPT i3, HZERHID A
DIRTE IV 27 ATH3, ZHENTFH\ONL TRV IFEAD EOKER T,

180
PMAX(JAG)=PMAX(JAG-1)
— X PRATE
! é‘ PRATE : Decreasing rate of
—_ , PMAX
3 Mo g
Q
< A\ 130 '
3; 0\‘\:\ Plot ® Q . i F(JAG)=F(JAG-1)X0.93
'v . \\% i
¢ 3 4:5 ~ e Plot
& 100F . o:1 _§|oo-0‘-\ o:l
R A\ °:0 —,; N 0:0
X 80 NG S 8 ~.
=< R o ~
= ° \(?'57‘;, ;I.. ~
LY : \é\* 2 ~.
2 60 \ 05 N 60 ~.
° 2\\7 \\ B \‘\_\
= K 0 Fx ®
2 40 \\o\“’\ S 2 40 R
O = =~ ° ‘RF
o e\ \\ Z RF=F(3)X0.46
E 20 \\ ~. e 20¢ F(3) . F at 2-year
~ ~ hoot i tion(5
\\\\\\ e shoot in equation(5)
0 e s [*]

(Yr)0 1 2 3 4 5 6 7 8 9 10 11 12 {ye)O ¥ 2 3 4 5 6 7 8 9 10 11 12
(JAG)1 2 3 4 5 6 7 8 9 1011 1213 (JAG)Y 2 3 4 5 6 7 8 9 1011 1213
Age of shoot (Yr) Age of shoot (Yr)

Subscription of array (JAG) Subscription of array (JAG)
M2 HEE L PMAX® (3440 EiEA) M—3 HEmr Fe (3@£LEIER)

* See Table 1. * See Table 1.

PMAX* applied to the shoots over 3-year of age Fig. 3 F* applied to the shoots over 3-year of age
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L, B L OXizBWT PhAR 5HCEEIL - BE HHE2IEURE L - BERTFYRE
(klx) TH 2,
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A COMNMEEFNTR, £BERELBRET 720, LIZX7A—% AMPLI2&->T, TT &
85 A—% PULAST 2k > TELE €2 2 B8 TE S, AMPL 3ELMERT, £BRELE
AfEDOE & 321, PULAST 38BET, AL 0TH 2,

KDOAEAE, 1D BbTHEHLYHTKREL %2, Lo, F2#H (BF, 1984b) T
BoMrzLizE s, ¥ I HHMOBETIE, XOAFAPKE S THAARERR SFLE
TLiw, 22T, LEA»5DABHL TRONEE-SKEB—XEREEROEERE £ D
FEAVILDIZ, ARASUTKTPEHBED & EHREAZEET 2 0 21772 > Tw i,

M— 4, B2 (IBA, 1984b) OH— 4 TRLIEAHA—KEREEOEFKER L, K



107

o

e}
O 0O by

o —nd

£ S

O,

\\°§°\

A e R

~N
>

—_

Effective/measured light intensity ratio
w
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Time of day

M—4 EHEE/AFHEBELDOBZEL

Fig. 4 Diurnal fluctuations in the ratio of the
light intensity affecting photosynthesis
rate to the measured horizontal light
intensity

BEEOHEM:*ZERL CHE L (HLEVRE KFERELTHZ, XBRENHLIVIELE,
ThbbORXMNRLERRE,AFERBELIREL, $BOHEBL HOARORMIZE L
BRELSRD, IR~ TIZIEIR LIGEL 250D T, MIEE 6~ 96FB Xk V15~ 18RO K
B0 TITh>Twa,

ZDE3TLT, EFEROXBECEET 2 Y 7 HBOXEGREECET 2 k2 RERE
HRLI 2B E» oh, BE—KB—HEHHARCRAINT, RAREEES L ULAR

BEOHRENEHINS,
B EEREE IR, ERL T nly, REORB HEFEREEORFEEFAL T,
BR=0.46+F+expy, (0.8-D+TT) —1)
727ZL

BR : WHPEEE (ng CO,-gdw. " +hr™")
ELTKRDB LI LT,
M— 5 126)R £ OROHEAWEFEER LD TH S, QRO F BIU D Zr» 5 /K
0.46, 0.81%, Kurorwa (1960) 2325°C TR 728 DR EIFFIREE &, ZHEICE CRHICOR
< 2 EEREORE—FTREEOER F L D (ZATN0.1, 0.0425) OMEEBEIE
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RT=Fx10>T"
BR=RFX10"T"
@ :From Kuroiwa (1960)

Respiration rate (mgCO, *g d.w:! +hr™')

0.01 L
0 5 10 15 20 25

Temperature (TT) (T)

HM—5 JEAERBE L XERBET OB
W3R

Fig. 5 Temperature-bark-respiration curve and
temperature-dark-respiration curve

7z,

BAREREZD, MRELLY IRBEBTIRESRICHD 3IEAERBGTOEEG /NS VO TH
HERENSVREERTH>TH CONITCRIE VRS BELZVWEEZO RS, LD
L, REPERLTV IO, BRYREEIKBLIV L A2HBEEL CICHIBESL

(Necist, 1981), F/:fAR T CONEX LR TE VLR (1RE, 1970) THH 20T, 5k
BAGK ERRICERT 2 LENDH S I,

B, 8, HOBETREIZWOR 2 HCHER L FAKOFIEE SA T, hZh BRES, SRES,
RRES X LTK% Y, MEDQWKE FRES L 5L THRWRE (WRES) K3,

TZIEBWT, MEER(WNET) WGRO 5% WRES 2% LE|W TR % 2, ki WNET
EEOBBOEDL 7Y aviZEDEICERAT 2025,

¥ TRERE S X ZCDST, ZODST, ZSDST, ZRDST 2 & »T WNET D&RBE~DES
Bi25ET2, XERBEOESR2UELE Y 7 Ya vy DZCDST L 1 EE v 7 vay
ZODST =3 - BiBX, MECTREANCERPKE R0 TH B, B, HESL
ERMFu-IEE 28 (B, 1984b) OBRWICE U THERBELLTWS) 2L Tk
ZODST DfERRAWIz, KEZT DX 7 v a BB LIV ZOEENKE /NSO THEFED
st ELLS VW TH B,

ZCDST, ZODST, ZSDST, ZRDST 13, 3 RTEHMCELL, S, I, ORZELIcEE 3
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Distribution ratio
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n 1 I L L

Season

o A
Jun. Jul. Aug. Sep. Oct. Jun. Jul. Aug. Sep. Oct. Jun. Jul. Aug. Sep. Oct.

H—6 Z3EHIESE (ZCDST*, ZODST*, ZSDST*, ZRDST*) OE#Hiz1t,
Fig. 6 Seasonal changes in the distribution ratio of the organic matter (ZCDST, ZODST,

ZSDST, ZRDST)*
* See Table 1.

1.4
1.2
1.0 -
1ol * . 1 ZOF
Top of shoot 08 x: Z0S
S, g 0.6 N
06 . N .
AN . LQL: 0.4 . . ]
0.4 . S <
0.2 e
02 o ox o
0
° (Ye)O 1 2 3 456 7 8 9101 1213
(Vrlu_345°::9al%l_21 (JaG)1 2 3 4 5 6 7 8 9 1011 1213 14
(UAGI) 2 3 4 5 6 7 101 1213 14
Age of shoot (Yr)
Ag? o.f shoot. (Yr) Subscription of array (JAG)
Subscription of array (JAG)
B—7 #kEER e RESES (ZOGP*) B—8 HE#L 1 A EOHERRRSE
* > N I
Fig. 7 ZOGP* applied to the shoot of each age B (Z(ZF ) B L UREREIEIES
* See Table 1. (20S*)
Fig. 8 ZOF* and ZOS* applied to the shoot and

the stem of each age
% See Table 1.
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fEx M7z, HRLI %, S, 1, OROMEUACHET 2 & 518, ¥ TrRARE, HRL
D3E 2 DOROE% Kz HRLI QBN U7z GBS & > T, ZCDST, ZODST, ZSDST,
ZRDST %K% % £ 512 Lz,

B—6 ZEBIzHWS, I, ORDEHREFNEILETHL, thEPNOR TREERES
R PRL22, 2R L TFEORHBYETH 2 T A YEEREADESEIKE L,
EARDE ST 6 A6 L CEERBETHS 98, 108 RADOESESK XL,
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Fig. 9 Seasonal changes of the current shoot weight calculated by the CO,-balance model
Star . Estimated weight based on the measured values (MaTsumoto, Y., 1984a, in
Japanese with English summary).
Solid line: Tree used for making the CO,-balance model.
Broken line: Other trees.
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K—10 # EZMEER Y COUNE® F N OHEE

Fig. 10 Net production in the top calculated by the CO,-
balance model in relationship to that estimated by the
measured values
Black dot: Tree used for making the CO,-balance
model.
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R—2 MEEBOHHEME(LE) t FAEE b &z L HEE(F

B

Table 2 Calculated (Upper) and measured* (lower) net productions

(g dw.)
HERARNo LEEREE HRELK B HEEH  E %3
Sample Current- Whole Stem Top Individual

tree year

No shoot shoot Top+Root
S—1* 1.33 1.77 0.49 2.27 2.37
1.31 1.73 0.72 2.45 2.7
S—2 1.28 1.71 0.45 2.16 2.34
1.43 1.87 0.53 2.40 2.72

I—1** 11.5 18.9 3.25 22.2 25.4
1.7 17.8 2.36 20.2 22.9

I—2 5.41 8.89 1.53 10.4 11.9
5.60 7.65 2.36 10.0 11.4

I1—3 11.4 18.7 3.24 21.9 25.1
10.7 15.5 4.97 20.5 23.2

O—1* 103.6 141.8 30.6 172.7 200.5
101.8 135.5 29.0 169.6 192.0

0—2 55.6 78.1 19.2 97.4 112.7
55.9 77.4 31.7 109.7 124.3

0—3 119.3 166.5 37.6 204.2 236.6
103.8 154.0 35.0 189.7 215.0

* Estimation based on the measured values (MaTsumoro, Y.,
1984a, in Japanese with English summary).
* % Tree used for making the CO,-balance model.
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BIS U BErHERRCEDLTIENTELDT, CONXOEHWEIE b BT
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Fig. 11 Seasonal courses of the weight growth in Abies veitchii on the plots S, 1, and O

Black parts within the arrows in the S-1 and S-2 figures show the period of
translocation of reserves from root to top and the white ones from top to root until
the recovery of original root weight.
0-yr: Current-year shoot, 1: 1-year shoot, 2: 2-year shoot, 3: 3-year shoot, 4: 4-year
shoot, 4-, 5-: Over 4- or 5-year shoot
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#£—3 L24FHMcBT 3 COUEK

Table 3 CO.-balances in each sample tree during a
growing season

(tree )

HEEANo WEER IR R MiLER"
Sample Gross Respi- Net

tree production ration* production*
No (gd w) (%) (%)
S—1 7.86 52.8 47.2
S—2 7.40 50.8 49.2
I—-1 78.70 41.5 58.5
I1—2 34.38 36.7 63.3
I1—3 73.35 - 374 62.6
0—1 606.31 43.6 56.4
0—2 331.84 40.3 59.7
0—3 679.44 39.0 61.0

* ! Ratio to gross production in percentage.

BWT, ARRRICEZ Z L300, FREEEZMOBIICED WS, MEES
BRIEEETLTwRY,

Net production and distribution

1 1 L

e 0
Jun, Jul. Aug. Sep. Oct. Jun. Jul. Aug. Sep. Oct.
Season

M—13 #EEESL L UCRE~OESEDOEHWEL

Fig. 13 Seasonal changes of the net production and its distribution among organs
TR: Amount of translocation of reserves from root to top
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Fig. 15 Effect of light intensity on the CQ,-balance during growing season
AMPL is a value multiplying the observed light intensity.
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Fig. 17 Forecast of CO,-balance in relation to the relative light intensity in habitat (HRLI)
Stars show the net production in Fig. 15.
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Summary

Differences in photosynthetic production and respiratory consumption of Abies veitchii
advance growths growing under the deep forest canopy (plot S), near the forest edge (plot
1), and in the open land (plot O) were estimated by the computer simulation method. Their
adaptation to different light conditions was studied from the view point of CO,-balance. By

applying the relative light intensity in each habitat and the dry weight of each section to
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newly developed CO, balance model for simulation, the CO, blance was able to calculate
- in any individual under various light environmental conditions arbitrarily chosen.

Net production was higher in June, late July and October in the plot S, and from
August to October in the plot I. But it showed a small fluctuation in the plot O. Dry matter
consumption mainly caused by the respiration of photosynthetic organs increased from
July to September in each plot when the temperature was higher. Ratio of the net
production to the gross production decreased from July to September in each plot. Degree
and duration of this decrease were larger and longer with increase of shading. The average
ratio during the growing season was approximately 50 % in the plot S, 60 % in the plots
I and O. To discuss the estimated higher distribution ratio of photosynthate to the root in
the fall, more studies of photosynthesis rate and distribution of products may be necessary
under the conditions of intact i situ.

In the plot O, NAR maintained at 0.20-0.28 g dw-g dw~'+month™! throughout the
growing season. Also the level of NAR in the plot I was nearly the same as in the plot O,
except lower rate, 0.13 g dw+g dw~!*month~!, during early and mid July when vigorous
flashing took place. In the plot S, NAR ranged 40.04-0.19 g dweg dw~'emonth~! and was less
than 0.10 g dw+g dw '*month™* even from July to September.

In each plot, gross and net productions were calculated to reach their maximum when
the relative light intensity was 60-70 %. Net production greatly decreased with decreasing
relative light intensity below 4 % and became negative below 0.4 %. To double the net
production in the plot S, 12 % of relative light intensisy was calculated to be necessary.

The applying of 50 % higher light intensity than actual condition to the CO, balance
model resulted in an increase of 80-85 % in the net production. But the increase was only
30-40 9% if the adaptation in photosynthetic response to light intensity of each growth
growing under different light conditions was taken into consideration. For making
effective play of the photosynthetic capacity in production process, the light condition was
sufficient in the plot O, while insufficient in the plots S and I. Because the photosynthesis
of growths in the plot I was almost twice in rate of those in the plot O under lower light
intensities, there was no remarkable difference between them in annual growth rates in
weight.

The adaptation in photosynthetic response to light intensity partly resulted from the
arrangement of photosynthetic organs under shading to make the light penetrate inside the

crown. In addition, an adaptation to shading was found in less consumption of
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photosynthate, since the needles and the twigs in the plot S were thin and maintained for

a longer duration.



