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On Growth of Regeneration Trees and Environmental Factors
in Selection Forests (II)
Solar Radiation and Growth of Sugi Seedlings
in the Model of Group-Selection Stand

Ko6ji F UJIMOTO

Summary : A model of group-selection stand was set up with a black vinyle net in the nursery (Fig.1,
2 or Photo.), and Sugi 3-year-old seedlings were planted. The solar radiation on the group—cutted plot and
the growth of seedlings were observed. The major results are as follows;

1) The group—cutted plot is divided into two parts which differ in the solar radiation. The line of
distinction is located near the position where the distance from the south edge of the plot isequal to half
the mean height of trees around the plot. The north side of the line has higher solar radiation than that
on the south side.

2) The solar radiation on the group-cutted plot in this model stand is by no means satisfactory for the
normal growth of Sugi seedlings. Even on the north part where has a comparative high solar radiation,
the percentage of the seedling size to that on the open land is only 50~60% in height, and about 10% in
stem volume after 5 years from planting.

3) When the seedlings on the group—cutted plot have grown to the height which has about 60% of the
solar radiation on the open land, their annual height increments indicate the almost same values to those
on the open land.

4) The effect of shading on the diameter growth is larger than on the height growth.

5) The normal form factors of seedlings on the group-cutted plot and under the canopy are generally
larger than those on the open land. And, the largest value of the normal form factors appears on
seedling on the group—cutted plot C (Table 5).

6) In the south part of the group—cutted plot or under the canopy where is poor in the solar radiation, the
tendency, that the growth of seedlings is checked by the fertilization, is observable.
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Table 1 Physical and chemical properties of the soils.
Max. Wat- | Moisture
Profile | Depth || erholding | content of | Porosity Min. air Volume PH Exchange-
capacity | fresh soil capacity weight able acidity
No. (cm) (%) (%) (%) (%) (%) (H:0) (v1)
0 51 25 54 3 114 5.4 1.6
1 15 48 27 58 10 111 5.0 4.6
50 51 36 61 10 100 4.5 4.1
0 55 25 62 7 95 6.2 0.8
I 15 54 28 63 8 94 5.7 1.3
50 41 29 47 6 142 4.3 20.0
0 48 24 55 7 111 5.4 2.6
I 15 45 32 52 7 121 4.9 6.5
50 40 33 45 5 146 4.1 28.4
0 53 22 59 6 102 5.4 1.2
\'f 15 51 32 56 5 114 5.2 3.4
50 40 35 46 6 145 4.4 16.1
0 51 26 56 5 112 6.4 0.7
\' 15 47 32 56 9 110 4.7 10.6
50 41 34 45 4 147 4.4 20.6
0 52 24 57 6 107 5.8 1.4
Mean 15 49 30 57 8 110 5.1 5.3
50* 41 33 46 5 145 4.3 21.3
Exchangeable cations
Profile | Depth C N C/N Available (m. e. /100g soil)
2\Ys
No. (cm) (%) (%) (ppm) Ca K Na
0 1.83 0.15 12.6 74.5 2.87 0.85 0.10
1 15 1.60 0.12 13.2 36.3 2.35 0.84 0.10
50 1.22 0.07 17.6 5.9 1.33 0.21 0.23
0 2.55 0.20 12.6 23.5 4.32 0.92 0.11
I 15 2.17 0.16 13.7 8.9 2.89 1.00 0.09
50 0.22 0.03 7.2 0.6 1.00 0.10 0.15
0 1.87 0.14 13.1 41.8 1.99 0.67 0.08
I 15 1.68 0.12 14.1 21.4 1.19 0.60 0.05
50 0.24 0.03 9.0 0.2 0.75 0.15 0.06
0 2.07 0.17 12.2 121.9 3.33 0.79 0.07
v 15 1.91 0.14 13.4 54.1 2.02 0.87 0.05
50 0.24 0.03 7.2 0.6 1.28 0.28 0.05
0 3.05 0.24 12.8 24.4 5.97 1.32 0.13
A 15 2.33 0.13 17.9 0.8 0.81 0.65 0.09
50 0.25 0.04 6.3 0.3 1.23 0.11 0.37
0 2.27 0.18 12.7 57.2 3.70 0.91 0.10
Mean 15 1.94 0.13 14.5 24.3 1.85 0.79 0.07
50* 0.24 0.03 7.4 0.4 1.07 0.16 0.16

*Data of profile I were abandoned.
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MK IC R\ TiE, A, BEHK & ¥ - E8BD LR, BERKIC KT, B#IK & oicEEOEL
b, RREHONALNRD, ZhICK LT, DR, ARAEFCEL, 1975 4 11 A BEE, X & o)
w, fERER1%T, TRTHEBOENRDLNRD,

DEABEHLTARS &, FHROESEEMOBRIL, —Bic, RKOLSEFRTIENTE S,

LB K\
G BB ) Bk > HRALC K > HILD I > HhA
AL A
AL A
M) B > RALCHI > HILD X > #iA
HILB X

0B Fig.3 55 it Fig d 220 b BEHEShD L 2ATHY, BHBELAERLOEBROFSH S 2
Dbhd, T LT, KILDBEE, CHKMAREDMEL, ARETH R —2OHEELL-> T2 X5 IBbh%,
Fiebb, CHIELUITOREOERL, BLEAEELLT, BRERBETH S, Zhi VBT, LOERIIFE
FicE L, b ORI e OEREL TS,

FEOEBIEXBEBCLOBE Y 100 £ LT, FHROEEXRL TAh% L, Table 20X 5172,

RIER Bt % < XK Oxf Bt (EBRIEK) HEESRE, BREDOKCE, JF60% 78D, HiLAM
KDFRHAPRE L 5 TiHHH, KA ELEIRDLRE, TO%K, BRACEHAEXEL, FHXHE
CHEREUTL B, LT, 1974F 12 A 25 (HEBHE 4 £RPEE) ik, BEREBLEDL5THS, LAL,

Table 2 Percentage of height of seedlings on each site to that on non-fertilized plot of open

land.

Site Apr.1971 | Dec.1971 | Dec.1972 | Dec.1973 | Dec.1974 | Nov. 1975
_ | Open land 100% 100% 100% 100% 100% 100%
2 | Grouwp- | A 100 63 54 4 16 61
E cutted | B 100 58 49 42 42 53
E plot C 100 59 54 48 48 58
g D 100 58 44 40 40 43
“ Under canopy 100 57 44 37 32 33

Open land 100 106 131 113 109 108
5 | Group- | A 100 68 56 48 47 54
5 | cutted | B 100 64 58 50 49 63
g
i | plot C 100 54 42 41 42 51
= D 100 54 41 36 34 37

Under canopy 100 55 40 32 27 27
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Annual height increment (m)

ZDOWPEIGE, FABLinh, 1973412 Ad 6 1974512 Berid T, MREBRT, 3L A S i3k,
BE—EBICELICE S CBbhb, ZORMOMEIE, #ILA, B, CHIX T 45%5it%, LD HK T 34~40%
AT 30%HIHR & 7n o> T B, JIBL S (20) 13, HXRE T~8%OBIT T (HEMHK) R Ih, 7~8 F&E:8
LA FHEBORE SN, HBMOZHIC L T3B3~3% LV I BREEYBMELT\5, &, BELLT, =0
NBFAL DEREHNTHS &, HNBELHENEHBLEOEXERCARS KL, BIELE-THEEEL%S
TH5b,

1975411 Awisd &, BIFECHNTHILA, B, CHROEEESRICIE, 10%0i%oMmsARbh s, X, #
DR DI 3SRBEDOHEMALONBA, HMHTIXIZEAEBEITL, BIEF—EEXRLTV5L 51
S5 bhd, TOLSIEHRILCETLENI, BEIEL KDL > TOZHREOMMCERT S &, £
TENAHS, £ZT, COZWMAEREDOHEMAE 725 L, I A, B, CHIROREE 2, £E ¥BIAT % §i (1974
FLRABRE) &, LI BRBETCH-Iehribl, KDL>ThHD,

19734812 8 1974412 1

¥ # i & 107~129cn 154~182cm
(M % B 4 & 49~ 52% 55~ 59%
BREED5 Box 28~ 29% 31~ 35%
FoR1IFEHMOPHEELERE 46~ 53cn 75~109cn
Bft (ERIER) w3t 54 EEs 43~ 49% 82~120%

Tighb, BEOEMRL AR B HE 55~60%, HBEKI0~35%HI ) %5 L okd s, FOEERFEEC
R<7eh, BABOLE KERELXRT L OB EnRbRD, X, #ic, HxEHES0%LT, AEX30%L.
T (973 F 12 AURED 2ZFTC5Mi, HEVRVERBGTERVEE L L5,

ZOBREBEIBIRT 570, ERBATOHEL, TOo® 1ARPMCKI s EEERELY, N m
FLTHRT, BRAOLLED IZAKE V2, E3REBMHEAZRL T3 X5 cBbhicoT, BIEEET
3KRENFIBROER X REL Thic, Fig.1043, DX 5L TRDLIKRERMBEXRRE LI DOTH S,

BRAEOLLEDHAEL, HEDIX->F ) LAEHEE S VE#G-2, HILA, B,CHIX Ti3, Bt 170~180
cm BHichiciohi, BBk IERABEOAERYRTONRLLIh S, ZOWEER, 19744 12 B OB EICIZIFILE
L, BRBRIZZ LD, ZZTHIRDIENTEDLLET LD, Tiobb, MEOLMK, Hx HHE60%M% B
MEJBUBEELZTDLOCIRD L, TOERINIRBLIKDILET LB, bBDHA, THITPNIGEERKILTD
BRTHY, BEORKEIEETHHEOKS T, TOEFHATEDLNE 5 D idbrbigy A3, 1 S0 E Ik
h55bDELES,

1=
S

—-—0Open land

————— Group-cutted plot (A)
_— ” » (B)
--------- ” » (©
_— ” » (D)
Under canopy

50

Annual height increment (cm),_
w0
3

0 50 100 150 200 0 50 100 150 200
Seedling height (cm) Seedling height (cm)
Fig.10—(1) Relation between annual height incre- Fig.10—(2) Relation between annual height incre-
ment and seedling height. (Fertilized ment and seedling height. (Non-ferti-
plot) lized plot)
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wic, RERDORNREA 45 fosd, ERBXO®R% 100 £ L T, FhicxinT 3 BIEK £#X ot %, Table 31T
B,

Table 3 Percentage of height of seedlings on fertilized plot to that on non-fertilized plot.

Site Apr.1971 | Dec.1971 | Dec.1972 | Dec.1973 | Dec.1974 | Nov. 1975
Open land 100% 106% 131**% 113**% 109*% 108*%
Grorp- A 100 108 104 102 102 81
cutted B 100 110 116* 118* 118* 118*
plot C 100 91 79* 86* 88 88

D 100 94 92 88* 85** 87**
Under canopy 100 96 91 87* 85* 81*

*The significant difference is recognized between their average values (coefficient: 95%).
**The significant difference is recognized between their average values (coefficient : 99%).

SRENCHT, Bloh, HILA, BH#KO L 5, FREOHBMRELFITI, bIakribRIEOZHRH’ED b
h5, Lznh, HILD#K, KAO X S5k, BHBEOLKLVGIITE, B~ FARRELBD LR, REXOH
B, ERBEROBEELY, 12T iEsTwb, X, WILCHETE, XBREOHE h R fehs - bl
i, =4 F ADHENTD bR DA, ERERENFET S, 19754 11 ABE, HRxESrBhoo5
BEEXTSTHD, LLicnid, Bighick\T&x, BIEOHBRXI S bTFrThy, —ic, TOHRIT
HEOVREDLNEVESE ST I, COERD1DELT, RO BEXHFHZENTEDLLORES, Tk
bb, RBCHELCEHEO LI, £blixizZ s, N gueedicns, P, K, Ca 5is & ixkiimsg <, &
BIEX DO+ EBEHLE LT, HEIFEB TR L IRCBLAENLTH S,

SXE (BELHE) LEIED S\ LB EACBET AR, KBNS -2, BHOXTE ZhboBE,
FEROBRE, N, P, K oWEi L OMEFERICL - T, BPEhL, X, EHOBRCL > THRIDHID, £
DIEBRI—FLERL5THb, ZHED 37, HWE (49 Hix, HEcLY, BBRTRISHLBEH ~-1L55%5C
L, RBELTVBA, Edb (54) 3, #A GERRE 7%) CHERIhICAFHCOLTHELLER, -7
CEDHBOZ LRI ool ERBREL T B, 128, NIERA <A F2ARRLEDHT, KELFENELOZ
L (14, 15, 29, 30, 31, 32, 36, 37, 38, 48, 50, 51), JEKRC X W RAED 75 ARRIVNEL B L, HLK
i, BEALELS LB E (21, 22, 27, 30, 33, 36, 37, 38, 50, 55) (¥, ZFBRDOLNDHLIATHAD,

BRI, FO—BEOBR (25~32) kT, ERETFTTON B8, St -TRih, AFDHE, N
FHRTHZ L - T, BWHANCEBMHBEI VNI RBEAL DD L, TOA FAHREXBFEL T 5, &
TR TL, RREBCRCRE,R DD, NEIETH VDT, Thixr—HCRT bl ER
EXCR\ T, BURERBIC <A FABEYHZI 2 &3, AFKRERAROKIECEL T, $#%TSEELET
PEMEBbLNRS, COHCOWTIE, RBREFE®E 2T, BDTHRFLALVER-TVS,

Il HEH5FROKE S

19754 11 BBfEOHE, ERF I OBRHMELYRT L, Figllotsh THbH, X, Table 41, ThbDfEx
Bt ERIEK T A EHETRL, B, ks, HEOERELT, BEBEERAECHVLRTVLSH, K
RE OB, BB OFELRDI B0 H Y, PORHEYULELLNIOT, 22T, #EF0.3
moOERYAVLZ LIRLTS,
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Table 4 Percentage of height, diameter and stem vol-

§ ume of seedlings on each site to those on
Ea non—fertilized plot of open land. (After 5
e} years from planting)
. %—l Site Height | Diameter* | Volume
. Open land 100% 100% 100%
o
a.| Group- A 61 42 11
10 E
N | cutted B 53 38 9
g 5| olot C 58 12 1
3 T
g s g D 43 34 6
8 Z
a %—] %—‘ Z’“‘ Under canopy 33 23 3
. W %ﬂ Open land 108 128 167
< | Group- A 54 38 9
7 .g cutted | B 63 46 15
0.010 g 2qe
_ Fertilized plot _E plot C 51 37 8
£ Non-fertilized plot
g [ Nonfertilized plof 8 D 7 % 3
§ 0.008 Under canopy 27 18 2
*at 0. 3m height from ground level.
N e 0 O 7 o P
S @ B) © D) i E:
- g2
o Group-cutted plot £ s

BRAR, BMBREROHMKHBICK TS EEIIE, —#iC,
Fig.11 The mean height, the mean diameter* HEAEOBA L ERROEN YR EE 25, Tk
and the mean st.em volume after 5 b, CRBOAER BIFCE - HFLA, B,CHIK « HILD
years from planting. A
WX c KA EV S, SHBORKLDL 42D 71— T K
THIENTE, FRBI DL IRBIR LIS ST, #K
ZOERBL T2,

X, i, KADOV-HP L EBEKIC KT, BEER, BERARE L TEHEER L, TOXMNBEBOIAEREE M
BLTVH00HRbND, BHEIMM2ELRKLD, SRLEOBTH 210, TOEREEVRILDDIIHRELT
b, BRERMVEEERLID D, LIV REEROEEYZTLLIERIRS, 20 L5 ff@Ed, %<
oWmE G, 5 6, 14, 17, 19, 33, 35, 38, 50, 55) KhbHELN DA, JIHAL (16~18), KHEEDL (3) »/RLT
Wa k5w, HEHEE (H/D) AEBRKADH ZHMBETE - 723250835751, EEAE DL
2oT, HRERVERER LFAKC, #WKREHEIIN TS E#RIIND,

ZIT, AMTHHEHE b L& 0.3m 0EZEIC, HBERD AV TARI) 2R, BRI L Thi, L0/
B, BBoth L TofoX & ORIt BEDOENED LA, HEh#EOLBEERY, KEBXOZTHhL X H/NE
WEERT O LRICH, EEKRCKT2ZEE L KR L ORI, —EOHERAYXED D\ Tcbith -
foo Tods, T OBMUN L ERK EOMDECL TS, Z0FEF TR, ERCISbDN, EEOKEIDE LIS
Loh, AL LT x5, LhLass, Fig. 123 bhs X5, Bt GEBIEEN I VHELL) &
HKADEKEEOMICE, HELRLTY, UbhcELNBEDH A, Bkt X » KW (ERBX) R /AEWEYR
T, &1, BoTInArs LRSS,

BHxSLLBNRT B, FHABKOEMHE (BED 1208 I0ERY, HEFAROERLLL) #RDT
iz, Table 513, FHWEDOEHEFEHER L OLOEEBRR (BEE 5% #RLCbDTHD,

(* at 0. 3 m height from ground level)
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*Open land  (Non-fertilized plot ) Table 5 The mean normal form factor and its confi-

100 . oUnder canopy ( * v ) dence ranges (coefficient : 95%).

E Site Fertilized plot Non-fertilized plot

é Open land 1.284+0.086 ‘ 1.161%0.053

b | Grouwp- | A 1.361%0.070 1.490+0.105

E cutted B 1.446+0.066 1.470+0.142

2 plot C 1.471%+0.060 1.510%£0.110

= ols . ; : - . D 1.265+0.080 1.280%0.029
Seedling height (m) Under canopy 1.209£0.055 1.302%0.066

Fig.12 Relation between seedling height and
ratio of height to diameter at ground
level.

FEHEOEEERECL Y, FHMEOEREIL, KEKDIICELDHDHILENTES,

i
(& fE )  #RILA, B, CftﬁiZ.>ﬁ<5‘LﬁhtlZ

®A

®A
EHEAEX) HILA, B, CHX [l B it
‘ >7H<5‘LD11*3!Z>

Tiebb, EROMVGHET, LFLLERERIKEL L, —BZRBEOLIAKR, €—7%2RDHILNT
5, BETHIE, HEHECALh A -EREATOY — 73, EBETRADLhICLEE L, KB 55
BEML 5 L, EREROALOLTHEAREDL, BERST, MEIXhTV3004Lbh%, Table 4T, Z0
BHERDEDIZ->X ) Lis ik, BEA M EE0.3m &V 3 ENHMNBOLDOTHI LD THS 5, X, 2DLH5
RIERE DO e — 2725, KILCHIK DD TH Y,
CH#X 26 DX ic I T, BBcELT5
Lk, HREOM OLERREE, 55\ 2HEES

Table 6 Percentage of height, diameter and stem-
volume of seedlings on fertilized plot to

Bic L LdbExhbeT, CHESIhDEE those on non-fertilized plot. (After 5

N, AXOEROREBE 515, 1 20BRR% years from planting)

ATLORBbhS, bLZDLS Rz ENT Site Height | Diameter | Volume

2B ETHHEDLIE, ﬁ%ﬁ‘ﬂ@@%ﬁ RREXX Opensland 108*% 128*% 167+%

a5, 1D0HRELT, ZOFEMEICERE

. Group- A 81 89 84
Table 6 ic, &HWEOMIEHELTL I, cutted B 118* 120 159
ERERS X CBRMBAERICRIET IO %) plot C 88 86 68

RiX, BE4EROBE LA, XRED D 87** 76** 57**

HBHRVAITE, 77 20%RE, BT Under canopy 81* 79 56

3, <A FADHREL LT LEFE 25, D e - ; -
R FEERA, XL *The significant difference is recognized between

T, O, EROFELRAUL, HELE their average values (coefficient: 95%).
EIDVERERR, Fo®HMELEER XY **The significant difference is recognized between
KELBhTWBEE ST, their average values (coefficient : 99%).
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AFIPRIRBAFL BT AHED—IRE LT, Blic \r vy A7 ) — v THRILOBER A S D, ZOXERE, A
FHHOAR, MIERRL &2,

A FDAERINCE T 5RO KT 1, HERE L SHILEREAR DT 20 < AR, 60~65 H7ch DT, 2D
CHTTEZDIENTED, ¥LTC, TOBHTE, BV LAEY->T, KERIRECEL 255, i
TIREIE—FELTVS, X, KALRDOH peE 0 BRI, KILOES (EIOKI) B bRKL-Th
o, ThxBE250KIMN (RAEORES) ThHbHEE 25, KLY, HRILBEABELELVBE, L&
DHEE A ST BB, HRILEFEMOPRETE, WERRT50%5,; 1.56H 558613, 60%EOMHEN HHE
HRAEND,

BT S (19), KHES (3), BK (46) bDF— 21k b &, AFHE (1~2F4E) 04K, HNBE 40~50%
BET T, B KELEINRIRTVS, Zhich LT, RRBROHE, HILA, Bt (bl 0.5mick
B At B SHER 40%) 13513 B RER 5 RO A X X3, BIRHICHR LT, M T 50~60%, BT, Fic 10%
B E VS EGELRL TS IGBE R, BEAERY, HchoZht 3 ERBELS O, HEROERD,
s ASE 60% Rk (BBREKBUHHR) 2 FIIEICELTALTHS, COL 5 BRI, bbHrAHEKDOE
ChEHTHAIN, HMBELHEGAHEEDEVD, 1 2OAKELFEREL>TWBEE>TINAH5, BET
T, izl ARZUABBBIELRVELTY, Thied Lo RERCb-TEF5b0 L, HRHE
2, —ECZI5L0L0EREN, BhitdbnlErzbhb, C0ZEnbTrE, AERROEMBE (FAR
DEFIHILOEE 8~11%) &, TXHLETEDHZ LI, FFCEEARILTHY, FLRRUBRIEELI2, BIT
b, BRI EDIEEY, HBIDRTHILRTERVTDHS 5, WAIVPIWHER, BREAR LD,
CORED, FRLELE XD,

HILOEE L AZIERD L5 LT 554, HHOBER, ERDS A, WILEELY, RxkRTFLORK
BT, ZzRERLRVGIEREI ETHAWVA, 4, IRELLT, FRAROBERLEIND, TOHEXHAALT
Zt, bbHA, O EKBEOERLEINLIANRATERVCESARDZ LTHY, I TRTHED,
HLETHLEBRMCHEINCIRETHS 2 &%, BRTH - TRELL, 5%, BAERSTORAERXE - T,
FIEEYTTOTELVWERSTV S,

3, KILhcowTas L, BEEREN, BHctorh & IERARKECLS, HMASE 60% ke —EoH
RLThE, RLATABED 15 EREDAXIAUELEZLS> TH S, X, ARBROKILA, B,CHiK s
D ONIRE (WA Mo EEAE S0%BBE) THRET A LT5biE, co¥qgoM, Ticbb, Bl
AEED 0.75 ERETR VW ES 1%, LT, Z0Ohich s, AFLRMBORBETRMTXARV2EELDRS,
CHIEH LT, ko S onTit, BV ELRILEREF I 2 XREOE - BaOmEE a1/ E <1 h,
BLC I Lico LRV EE 2 DA, SLTH, ZoBSE V/IBRECKIZLS ET5 L, £oRS (FIAH
BOREE) X, KD X5,

R oL R L
LiEpSE=ECE s (k3L 1.565)  (BRFLM 1 0.756%)
60% AT 5.4f5% =5

50% AT 4.165 —
40%LLF 3.5f% 5.7f%

30% AT 2.9f% 3.9f%

X, chuxl/sBECKEIxL5LThL, COEOEFBETIVETLI
Ll EofEi, FHtco, FitcEWEHROKIL (ARBOHERMBES~11%) ¥ BELLLOTHY, Hbo
R, WILOF, KA CERCHILERN) OB 3T I TEDbD I LI, BRBRILEEI THS, HIXE,
Bish (7) TEE LA AHE O A F LRI FERBAR O L 5 7ok sy (B - JLmls, HWrMxs B 4H& : #330%) T
i, MILMEECR THREL, RARIIRLThERLRVET L L 5,
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PR OTHRMEARMIES 2 L1, BIFHEDHLAZILTS (40), ZDL S CARBT~ I F ADHEY5 25
LT 5o, IEHERIFERPCE T2 A FHEEORIRCIE, +9BEBEXETHLIAHTHDH, ZORITDOWTI,
EREHICPPRHEBLRLELH D, FCBEK, BELTHRAVERS,
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Photo.1 Exterior of model stand (The Photo. 2 Exterior of model stand (The
west side). east side).

Photo.3 Inside of model Photo.4 Inside of model
stand (Under stand (Under
canopy). canopy).
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