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Table 1 Number of seedlings for measuring height growth continuously and dry weight

Ay P HE HEMNBHE G SO~ (F: 3]
= X Number of  Relative o Number of seedlings

shading net radiation LEAEE #igE R Dry weight

Year Plot screen intensity Species Height :
% growth May** Jun. Jul. Aug. Sep.***

15 30 31 31 30

XFEEX P 15 10 9 6 7 15
Open 0 100 Cr 11 10 6 6 11
0] Ch 8 10 — — — 8
#EEX P 14 — 10 6 5 11
Shaded 1 77 Cr 7 — 6 5 6 9
1962 1 Ch 9 — — — — 9
kX P 13 - 8 6 6 13
Shaded 2 55 Cr 9 — 7 4 6 11
il Ch 10 — — — — 10
HRax P 13 — 9 6 5 12
Shaded 3 40 Cr 11 — 8 6 6 14
m Ch 9 — — — — 10
FHRX P 35 10 8 9 8 11
Open 0 100 Cr 26 10 6 7 8 12
o’ Ch 26 10 7 7 8 11
1178 P 13 — 6 6 6 12
1963 Shaded 4 26 Cr 20 — 6 6 7 14
v Ch 16 — 7 6 5 11
kX P 7 — 5 6 — 7
Shaded 6 13 Cr 13 — 5 6 — 12
\% Ch 9 - 4 6 — 11

*P: Pinus densiflora, Cr: Cryptomeria japonica, Ch: Chamaecyparis obtusa.
**Before the shading.
***Mainly seedlings for measuring height growth continuously.

19624E1c13, THAFWIO, I, II, MIRO7HY L AFIZDE, ALEHT TREREE
2LOR, KERENEL LD, 8 ARCBORLIMRDT <Y L AFZOWT, ATLHK
BT CRIPREE A AT L2, 27108 UDICIR, ORLMRDT 2=y £AFIZ DL TE
NEGTT, BELAAREZEORMRE L 2,

M EORE R, HOMEMEIM LY D2AKCDTME, TobbIRIci>TH
i otr, NAREE, WRkEEIX IRGA (Beckmanl5A) 2 L AN T HIEEEBER b B
vy, open system OBERIETH LY,

196341213, IRGA DHED 2, KEAK, FWRBFRORER, o7 TEah ol
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Fig. 1 Horizontal light flux densities in the shaded
plots in relationship to the open plot
Circles are the light flux densities in the
shaded plot I, triangles in II, squares in
Ill, inverted triangles in IV, and inclined
squares in V. White symbols are the values
under clear weather, and black symbols
under cloudy weather. Dot-dashed line shows
the relationship in the open plot.
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19634 6 A29H, 10A 4 Hic 27z, EXTOMIXI, 1I, MXDOAT, 196248 A31H, 9A
4H, 9H6H, 9A8HIA ",
EREBRTHEHNBEEC, 52D LABERZVEIICAHZE, BRTTLENBEDF
PHMEERR—212LO T,

®—2 HRXONEMH
Table 2 Light intensities in the shaded plots

oo B E Hox B # B ERERORE L B

X Relative light Relative radiation intensity Coefficients and constants for

P inte;sity" the regression equation****
ot
? B T i HEEO b a
Daily mean** Cumulative***
% %

1 71.8 77.0 78.3 0.021 68.9
11 50.7 54.7 55.4 0.012 49.9
Il 31.6 39.3 39.6 0.007 36.5
v 26.8 25.8 26.5 0.011 21.5
\% 13.5 13.4 13.7 0.007 10.2

*Mean value under the clear weather. ‘
**Mean of daily relative radiation intensity throughout the shaded period.
***Ratio of horizontal radiation flux density cumulated for the shaded period in each shaded plot to
that in the open plot.
****Rs=b Ro+a, where Ro is horizontal radiation flux density in g cal- cm ~2- day ~! and Rs is relative
radiation intensity in percent.

oty FAHHFTAREBEROBAKFAHED, HBROMICNT 2 LA HENHSE
(%) £9%, WEXOBHOKFHHFE L EXOEMENBEOEFREN -2 LT,
M—28LUER-20EBROREBLDOT L 51, BAFARENDRVE, Thbba
DRMOBRBELOHIZ 5T, HEMAHENMEY, BRT CRESEOHENETL, B8F
K22 EBAOURNIRELS LD, BHRREFHLI SN, Ay b ckoT, S1EsHD
FvrEzsn, |

H—2Tid, XBEEDOE» 6 LEWIAOMENHNES, 20fERFILTLOLTH
%, ¥z, BHOMENEHERZEA L CEIL TR -3 LT,
AEBEOBCEHADIZS 2, XX LEHORY NOEAE L B2 3 OEMNEL, 2428
SNBHEINZVOTHNAFERKRE WL EbNE, M—2, #3123, H2BES
LizlEmsAa e dond, 7220 I ROERD, E»ORIEZETROLOR, EEEOR Y M
ChiBtndi:s7:0tEzo0%, £7:K—37T, I, II, NIRDOS5BDEN6 Bz 5
RTHEVLOIZ, 5 BDEIBREOLDDAT, 19620 2 DRAIZ 6 Bz S RBEEBEH o
7z (B—3) o THhH 35,
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Relative radiation intensities in the shaded plots in relationship to daily horizontal
radiation flux densities in the open plot
Shapes of symbols are the same as those in Fig. 1. White symbols are the values in

June and larger black symbols are those in September.

F£—3 MHENHFEOAPHE

Table 3 Monthly mean of daily relative radiation intensity %

P[f)t May Jun. Jul. Aug. Sep.
I 80.5 77.1 76.5 75.3 77.9
I 61.1 56.3 53.9 52.9 51.9
il 44.0 40.3 40.5 36.6 36.3
v 25.8 26.6 26.1 26.5 23.6
\ 13.4 14.7 14.1 13.3 11.3

WRMEHE A BREAT» SHE L LENBEHE L, HHOHENEHEDFIIER,
F—-2085CHEV bbbV, I, I, MIRTE, HAFAHELHTBEOSHWIZITrk
DDEND B (F—2), HNEEBOGESNLHEBOEIZD LI DRNLT, AR
FAEBHEEEOERIC L3 b0 T, HEROFGWLXEGE, LVERCHODLLT
WBEAEND, IITREFERXDOXEFHEOEREL LT, BHOHENBHED FIEEER

5,
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2) BEFH# HFEORHBEXE, borLbHROOIVROERS, HFY, HRERER
ZH—3, 4L®T, HRCI>TRBRERLZVETL, REREIW>» LT3
ZEnHV, TOBERNK LD bBEHOIVVRTAE L, 27-REBOBWEOBEDH
WWREW,

FHRBRBERICE>T, WOMETT 2, BETRERODIVRNAE (K—3), &
BOBOEPPAEL (K—4), HEH, BYY, ARERBOAFHEELsE—4TLY
o MEK L HRROEOERIR LT LR TS 2,

BLED &5 i, 8L CBEREEDZ D0, ZOELAIRECLEELDZ 5,

MAY : JUN JUL AUG SEP 1962
T

x 400
a
=
w
-
2]
= .
G °C
T
825—
5 .
£
Z20- o
o o
& ]
L * PLOTIT 1962
2150 .
Y ° o PLOT V 1963
3
3 .

1 i 1
10 15 20 25 30
DAILY MEAN TEMPERATURE IN THE OPEN °C

K—3 XRX#BXRIOBAFEFAR L HRE, BIE, FHR
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Fig. 3 Daily horizontal radiation flux densities and daily
maximum, minimum and mean air temperatures at the
height of 10 cm above soil surface in the open plot and the
shaded plot III in 1962
R (radiation): White bars are in the open plot, and black bars
in the shaded plot. TEMP (max. and min. temperatures):
Upper solid line is the maximum, and lower solid line the
minimum in the open plot. Upper edge of the black part is
the maximum, and lower edge the minimum in the shaded
plot. MEAN TEMP.: Black circles are the values in the
shaded plot III in 1962, and white circles in V in 1963. Solid
line represents the relation of open plot = shaded plot.
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Fig. 4 Daily horizontal radiation flux densities and daily
maximum, minimum and mean air temperatures at the
height of 10 cm above soil surface in the open plot and the
shaded plot V in 1963
R and TEMP are the same as in Fig. 3. MEAN TEMP.: White
squares are the values in May, white triangles in June, black
triangles in July, black circles in August, and white circles in
September, 1963, respectively.

BoREFRE = 1d, HEROEIHRRIC SRTERTH0T, 2L 2X1962F 8 iz
$HB = CHBRICEALT, HRKEDOKSREOER /NS Lz, R HRE TIHRES
Ee, Ay MZE->TREBLBDBREDT, HBR LY bEFEECH I EHFVL
Bbihd,
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Table 4 Monthly mean of air temperatures at the height of 10 cm above the soil surface in the plots
O and III in 1962, and O’ and V in 1963

X B

Plot Temperature °C May Jun. Jul. Aug. Sep.
B & Max. 33.0 30.8 32.4 34.4 29.8
(0] ¥ ¥ Mean 27.5 27.1 28.1 28.9 24.8
B {& Min 19.6 21.8 23.1 19.8 16.8
B & Max. 32.3 30.2 31.1 31.8 27.4
1 E #y Mean 27.3 26.7 27.5 27.3 23.6
B {8 Min 20.3 22.0 23.2 20.2 17.2
B & Max. 23.4 27.4 32.1 32.0 27.0
(0] ¥ # Mean 18.0 20.9 24.3 25.3 20.6
& {& Min. 14.4 16.8 19.8 21.3 16.2
B & Max. 22.0 24.7 28.1 28.9 24.1
A% S ¥ Mean 17.6 20.3 23.4 24.7 20.0
B {& Min 14.6 17.2 20.6 22.0 17.0

2 HWRRrAER

(1) ERER TATYVOERERB-MCASNZO LA, BoridE CoEHM
KEHRLTEIhbh, HEAELICD 5 BPaIR, T TREREZBA TV, 747
YTRERPERS, b2 LAOY, tAFIZ L2 ERAEDASNSE Z LBH L F—5
D& THEEND IR ELHOUVOBIBISB S h, HREL DR RS, 1963FEDNE
R OO0 LERERIZ, 1962F0MBRO L AERL, IV, VRTREIEAOTREASWikhoTz,

AFOLEARBNERO L IRMIZIZFAILCT, K, NIRZEROEBEEZLLID BN
red, WRRMEKTROBSIR, 2D bhba, 19624 L 1963EDNEBRO L O'Tit, 4
BRTROBIRIZRZALTH 225, EREREI»ZD B, VK, VRTRHERDOD & X
LB ERERMET T 3,

E/FDOERERIZ, REE-> TERRBI LI L biIZ, MERTROBIRZIVRKE T
B, BENDIVIELENE L, VKL VRO ERERICIE, LA LENZL, RHBERO, O
DRERTROBSE, b2V usbirud, ERERCE D DEND B,

2 ER4ER BYDOILHOBI LERIEEOBRCLLTVT, PR EEERYL
DLULEEDERERBERBEN—6 DL S ICHE L 72, MBXIZ162EDBEDHEL DT, IV
X, VRO EIZ1963FICB 2 57208, ZDEDONEX O L DHEE D5 - TI962ED
MBXOZERL THHECHBEL, -6l L Ths, EREEFFIHEOEEL TH
PP, WENODISRZEFEETHELB LY,



20

cm

GROWTH

HEIGHT

—_
N
T

Pinus densiflora

10

-

e o v s e e = 1 1

MAY JUN JUL AUG SEP

K—5 HBXOHOERERRKRE

Fig. 5

Seasonal height growth of an average seedling in each plot

Thick solid line is the height in the open plot in 1962 (O),
dot-dashed line in the open plot in 1963 (O’) , thick dashed line in
the shaded plot I, thick dotted line in II, thin solid line in III,
thin dashed line in IV, and thin dotted line in V, respectively.
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Fig. 6 Seasonal weight growth of an average seedling in each plot
Note as in Fig. 5.
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. Fig. 7 Dry weight increment of an average seedling in each species
during shading period in relationship to relative radiation
intensity
Increments in P(Pinus densiflora, white circles and solid
line), Cr (Cryptomeria japonica, black circles and dashed
line), and Ch (Chamaecyparis obtusa, crosses and dotted line)
are represented in percentage of those in the open plots,
respectively.
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V2 BEDONTHLRBEOEETH S,



T T 1 T 1 T

6 A Pinus densiflora -
‘l
- ’ A .
4 ] . ' i
:\‘%.'.“D.Uﬁ A Ao _
B He' AO BA T
2t :%9;‘3’%@0 0o _
0 2 4 6 8 10 12
O 1 0 T ) T T
- T , Cryptomeria japonica 1
c<\: 8r* R o .

TOP/ROOT
o
.I- l-
» ‘.o"‘bp
NERE:
0‘
[ ]
>Cee
L ]
o\®
jw}
S
fo)
o)
‘ o
[o]
o
1 1

o
44 o° -
A
0 5 10 15 20 25
20 A T T T T T
L :' Chamaecyparis obtusa -
:A
10+ A‘ A a o .
| ] I.A ° .. ‘ ~ A [m] A
- T W
[¢)
1 ] 1 ] 't 1
0 1 2 L3
TOTAL DRY WEIGHT g-seedling
K—8 HROHDEHEELT/RE (9 AXR)
Fig. 8 Relation between top root ratio and dry weight of

individual seedlings in each plot in late September

White circles are the seedlings in the open plots, white
triangles in the shaded plot I, white squares in II, black
circles in III, black triangles in IV, and black squares in V,
respectively. Solid line represents the regression in the open
plots.
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Top root ratio in late September
and distribution rate of total dry
weight increment to root during
the shading period in an average
seedling in relationship to relative
radiation intensity

White circles and solid lines
represent top root ratio, and black
circles and dashed lines distribu-
tion rate, respectively.
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Table 5 Height, dry weight, and top root ratio of an average seedling in each plot at the end of the

shading

@ X B & ﬁ’ZDry}%veigl?i gE T/R %
Species Plot Height Top root

cm ES E 3 1R &t ratio

Leaf Stem Root Total

(0} 14.6 2.84 1.26 1.54 5.64 2.66

T A=Y I 14.5 2.48 0.94 1.12 4.54 3.05

. I 13.8 2.01 0.70 0.89 3.60 3.04

Pinus I 13.5 1.22 0.47 0.48 2.17 3.52

densiflora (0] 14.7 2.95 1.22 1.76 5.93 2.37

v 11.8 1.12 0.30 0.27 1.69 5.26

A% 11.8 0.52 0.21 0.21 0.94 3.48

0] 32.2 9.46 2.12 1.92 13.50 6.03

xF I 32.2 7.36 1.65 1.38 10.39 6.53

I . 31.7 6.05 1.35 1.06 8.46 6.98

Cryptomeria m 31.6 4.17 0.93 0.82 5.92 6.22

Japonica (0 ) 32.2 7.18 1.61 1.44 10.23 6.10

v 23.0 1.44 0.32 0.28 2.04 6.29

\% 17.8 0.76 0.17 0.15 1.08 6.20

o) 20,0 1.48 0.28 0.35. 2.11 5.03

v/ * I 19.0 1.28 0.25 0.31 1.84 4.94

II 18.5 1.10 0.21 0.23 1.54 5.70

Chamaecyparis il 18.0 0.76 0.15 0.12 1.03 7.58

obtusa (0 19.7 1.46 0.28 0.31 2.05 5.61

v 16.6 0.43 0.08 0.07 0.58 7.29

\% 16.6 0.27 0.05 0.04 0.36 8.00

3 EREROEN

(1) RGR, NAR, LWR [0 k> cEEAREHRICLVETT 32, ZoEHEE2Z, =
BEtd 5, HENERE (RGR) %, 1~28EI L, MEMLE (NAR) L#EEH (LWR)
Ch T TR T 2 £ RM\BINER, BEHRZESOV 2 LEBIEMEZNRIZ, 1 ¥V ATHREL 12,
R THERNRE 2o L BETCIERENKE, ERAEOMBL 1»ABETHS, L
S0 TA XV ARERBITEOBEACIIMEL 2518, BERERDSH»AXT, 8, 9A
WEDOWTHIEERRZ 2\, LarbHEOFENKELIIR, IVRKIZDOWT, MEK & D#
2R—10cL T,

1962Eicix 7 A<y, AF¥r b, 8H, 9 AD RGR INFEXs5E >, NAR & RGR & [k
TH5H, LWRIE7H <Y CRERRIINOL 50EWEITHY, AXTRHEDENR
Vo LTeoTT7 A=Y, AF LD, #HEICL 2 RGR DETIE NARDETIZH LT bDT
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Fig. 10 Relative growth rate, net assimilation rate, and leaf weight ratio of an average
seedling in the open and the shaded plots
RGR (g dry weight increment during a month per unit weight, g, of seedling), NAR (g
dry weight increment during a month per unit weight, g, of needle leaf) and LWR
(ratio of needle leaf weight to seedling weight) in each month in 1962 are represented
in P (Pinus densiflora) , and Cr (Cryptomeria japonica) seedlings growing in the open
plot (white circles and solid lines) and the shaded plot III (black circles and dotted
lines), and those in 1963 in P, Cr, and Ch (Chamaecyparis obtusa) seedlings in the open
plot and the shaded plot IV (black triangles and dotted lines).

b, LhHL, 7THYYTRLWROEFRIZL>T, NARDETIZL 5 RGR DET %2/ & <
LTwadEnzkd,

1963 DT A=Y, AF, £/ FTh, HEXDO RGRBFLIXH13% <, 2OEREELL
TNAR kB LAOND, 7H 7Y TRAMELFAMZ LWR ORENBEZ 5h %, NAR IEE
BAREE LEFESLDL, KEREERIXROD LI CERENE» S, HRARD NAR »ME <,
ZFRMBRGR DBETRHBTUDLDRYRLVZ LI,

&L 7HD RGR, NAR Z1963FEDAF 2D F X, REDEWNS VD, 7HIYDX
SIHRRDIFS HBR IV E» o2, ZOEERDE ST ARV, X21963FEDHERK
IVid, 1962 DM & D #HERHD v, TOFEIXRGR, NAR OHBER L DFEWZZ, 5
bhTwinkiclbhs, ERBROL S 12, HOBEEESRKEVL DI FHEEOERRETE
KHRENHL L, BEEHEOMBHE 1 »ATETES22L, BRI VERERENI LR
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Fig. 11 Photosynthetic capacity in relationship to shoot weight of
individual seedlings in each plot in late July, 1962
Photosynthetic capacity is the photosynthesis rate of detached
shoots under the conditions of saturated light, optimum
temperature, and sufficient supply of water. White circles are
the seedlings in the open plot, white triangles in the shaded plot
I, white squares in II, and black circles in III, respectively.
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31EEHT2, ZOEHDKE Fig. 12 Respiration rate at 20°C in relationship
ERkEeH, HHE SR EED to shoot weight of individual seedlings
in the open plot and the shaded plot III
BfR, BE & HEREE OB, in late August, 1962
3 71 N s . White circles are the seedlings in the
AR IRE, REE & EOFIRGE open plot, and black circles are those in
EoBEZEE2EHL LT BV, the shaded plot III.
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Fig. 13 Photosynthetic response of seedlings in the open plot and
the shaded plot III to light flux density in early October,

1962

Symbols as in Fig. 12.
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Fig. 14 Estimated daily rates of photosynthetic production of seedlings in the open plot and
the shaded plots IV and V in relationship to daily horizontal radiation flux densities
during June, 1963
White circles are the values in the open plot, black triangles in the shaded plot IV,
and black squares in V, respectively.
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Table 6 Daily radiation compensation point in estimated photosynthetic production in
the shaded plots IV and V

O Species
X .
Plot T h Y A F ./ F
Pinus Cryptomeria Chamaecyparis
densiflora Japonica obtusa
. B # ﬁ. A . v 250 220 200
Daily compensation point
i _ A% 400 350 330
g cals cm ~2.day™!
AR FOB# v 30 2% 21
Days below daily
A% 61 51 47

compensation point
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Summary

To study the effects of shading on growth among the different tree species, 1-year-old
Pinus densiflora, Cryptomeria japonica and Chamaecyparis obtusa seedlings were grown
under the six different light conditions, 100, 77, 55, 39, 26, and 13 9% in relative
radiation intensity, respectively, for the periods May 16 to September 30, 1962 and 1963.
The growth in dry weight decreased with shading, and the RGR, NAR, LWR, and
photosynthetic production rate in the shaded plots were compared with those in the open
plots.

The decrease in dry weight growth with shading was remarkable in the root as
compared with in the top, and the top root ratio was higher in the seedlings of the shaded
plots. The depression in RGR in the shaded plots was mainly caused by the depression
in NAR, that is, by the reduction in photosynthesis rate under the shadings. The daily
light compensation points in photosynthetic production in the shading plot of 13 % in
relative radiation intensity were 400g cal> cm~2 » day~* of radiation intensity in the open
in P. densiflora, 350 in Cr. japonica, and 330 in Ch. obtusa, respectively. The days
below these compensation points were estimated to amount to 61 days in P. densiflora,
51 days in Cr. japonica, and 47 days in Ch. obtusa during the shading period,
respectively.



