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DR, HIEREE & OLH 2@ U TiTiabhiz, 5 LTELNIZME® 5 BHEHICHE THEHIC
3D, ZORENZNZNOEEMOD I > OB FRIAR K o 30 RA O B Hh
WCRHERFERICEA Sz (COEADBEMN, WERNEHD 5 EMICE 2 £ TORES Y

T 1% ORI 120 )— 1, ABS S b AT b ASHOBRAIE < /5 5 122N T,
MARBERED BARILSHCHBEICE 5 M T 2 KA ORI S D s -1, 12, KD
HIYTATF UIMEID 2hic b, #BREDERICL > TE UL BHOL KN OB TEIZ, Th
5D b DIZEEFROBAREONETEE EJIRICE > TZORERN S C & & L, FETHOMK
KREFMEDL O R BRSBTS Y 2 7 £° ORIEORE T T 2 DB kLR s i,
%, brd EZDOEHERFAEIEARSBHEINTHRAKE & b ICEEMAD—DITH A
NIy, BAREOIETIZZ OERT S REIGH > TV,

Lo & 5ic, MEBHICH T 2 EARE & SRR R AR 2 O B ORI & SR ORHEIC
5T, ZOHECLEBORNR 2L DRITLTW A, UFARTIHFE L b2 2hznE
—H R OCREELIRT) R OE IR (BI) LIPs (18— UBd), L D ) LEfE—HEEARD
E%mowfu%mﬁ%émtctwééwm,C®ﬁ®mﬁﬂmm~mmﬁﬁﬁ®—iﬁ%
CECHBIRM 2 BERAE LT, WJEESIR D ZOMEZARK LTBL T EVBHEI LV, 22T,
A OE —HAEAR 12 BI U TR 196TFERKIC 2 MEH ORIE BT bz, Z DREDHS 2 fF
555, WEEEAR (1003)(1004) OUEEELENS 2Bl shr™, UL, &
AAROAFERGBIX, HicZz OB HIEES BAER U, WINMEREBARR E —o1E
AONENEUEDEDTH 5,

)y, BIARBEICHET 535508813, B C L OBV DB URRMNZL L O TH 512131,
BEEL h b, GEESR, MEORE, WRIE, @R, EFERN s & oRENLERD
TicEhEpE»h s, AARRHOEE S, B HOIFIC L - THARIESIREER ICIEI L,
Btz o HB2ZAMT 2 ICE2A 2T ORI STz Bbh s, L, (1001) & (1002]
DOBE—EBRICIES ER UM 2 A O ABHE S Dl kv, #-T, ZDk>
VRS D B s B TR Tl B B 45, AT b NIl RS % £ & pCHET 5 C L L
U, SR R CEFLEOI»ICEABEOEFE I LN T, EEMARICET
BRI M CHHO b OOBEEE b BRICANT, BHTd~3C LI, <
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ANOKREE, HEEREADT R ICENVEHOBELET S,
HERBOBIR

Hb

(1001) #AE
NI 1 BB EXSTHE /N (B /IO T ) fE © 1.67ha (BJm 5 ») +2.54
ha (A7 w v 7). #kiE © 230~240m, #FE | IS —EMICREET 2 1213 SRR T L.
mg¥ﬁ?:%m%@m&ﬁﬁ%@u BRbf R, TR EEARA R E Bl EAHRM
(SBM), BZIEE © 60~80cm, 4 @ XL+, OLTEEL,

(1002] Ak AL

NI © IEREEFEX TR /NP, T - 11. Ohao 34K © 225~250m, HZ * B KEREG L 0 4
R E CEESEHRITA O MER T EOBERIM, 4% 3730 T2 AKO/NRMERTT 5,
HERH I I, R EE, M. LE ARG L LB
EaHMk Lt (BM~BH), A% © 30~70cm, +# @ HEE L,

724, (1002) ORTTHKY LkmD BB I 5 FiAMEAIC , HTLVRAK (1008) 2#HEhT
H5H, THEEEBRLZVIZY, BRETREVOFEA2ET 3 L Bbh 3,

K& BARRE - BTN OERKEBRATICE T 5 RT2004ER (1950~1969) O
MEPER—1ITRLI,

Kt

E—1. [R5 -4
Table 1. Climatic data
BIARE Arboretum. Alt. :230 m; 43°13'N, 142°23'E. (1950~1969)
A &

Month 1 2 3 4 5 6 7 8 9 10 11 12 Annual

Meiéﬁfragure -8.8|-8.1|-2.4] 6.4|13.3 17.2 21.2 21.4 16.2 9.2 1.7 | -4.7 6.9
[

Hufiﬂdity % % 85 87 84 71 62 68 75 78 79 79 85 85 78
Pre%p?:at%)gm 66.6 | 62.2 | 68.2(79.3]|96.4| 100.0| 138.3 | 188.9| 172.0| 100.4 | 109.0|91.9|1273.2

i. HREHEHAM Period of snow staying . Nov. 29~Apr. 6.
ii. BEEBELY Deepest snow by day (means of 20 years) : 87.8cm (Feb. 16).
iii. KEA{KEZ$F Lowest record of temperature @ -29.7TC.
iva. %I@0TCLTFORHYY Earliest days when temperature was
lower than 0 C (mean of 20 years) . Oct. 13.

b. A& A The latest I May 11.
v a. BKOBFEFHNY First day of early frosts (mean of 17 years) : Oct. 7.
R0 Earliest record  Sept. 25, 1955.
b. BOBERKHYY Last day of late frosts ( ” ) ‘May 7.

RECEF Latest record »Jun. 2, 1958.
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X &% UHER

A - BRSSO OMEE - L CEHER LB S, Wik § zhzh
W ohD T 2, BT B s s PICHE R LT,

(1001 13BEBDELSY & 2 DABHCHRIE L 12 KB 2t TB T o v 2 & L, ZOHOHEHIKET
BHEIC - TKY) BN A B —EDES 2 H LTz, BRI S AR 5513 12 YT
EHEMICOUTHA LN TE Y, HEROBEMORA & Al 3Nz, Lar L, IR0
I ZROBREE 2 S DT, BERHIIBIRBHERF U, FREIS T/5 % ~ M IEOFE %
EazlitUtze —J, K=, EEEFPIECERARMIZAT e v 7 L L, TR
Koo = RERMIERD 2 0 F—HEAL EORERA SV UEMEREICS SN 5 T it/
too 1212, A— 4 O —IIZLIRTABATEA ICEE s e BREEBHREI QL TEBY, A—5
BHEEX T2, 3ED) LICEBAOEBEOIER (mVas4Fy vy, 7HNFFF/F,
MY » 7 77 85%) Wi ->Thooh
BRFTH B,

(1002) <%, Hi& Fi50 2 Aokk
HICHET % 4 EOMEWT e v (A~D)
iZ, Zhzhpih S icBE 24 L1,

BX— 1 ik ARt — o OMZEF R o
LR ofrER ((1002) o X# M 23 h
5 —HIFRD—EEME) 2RI, KN—2
wohk bk Uz (1001) HKE

RN
K—2. (1001) oXEIK FEK * TORER H P 75 DX O REAR AR AL %
Fig. 2. A map of [1001) with lot numbers BIRORHXICL - TAH B E, O F

LRDEBH TH B,

F—4 (1001) 1B—1~9KrA—2, 4 (dL4£4),
(1002) : K%,

g (1001) ©B—10~14%*A—1, 3 (~5),
(1002) : Tt (K— 1 ORHREDD) K OF.
((1003]), (1004]) : 4:15,)

B, CHIRE U CIIT2EREZ T (1001]) 1ThEEk S NI B O PR &R v —iH o (1002)
DZzNEZNZAE—2 (a, b) ITRT, (1002) EHADD 5 L19SSERLIFICHEE SN E
FORBGER S CCiATng (EHEFEO b bk BHOMIIC ST iE % — 1
), MK L LHERBEORIED 5 VIPKRREICL - THRIERE SN 8 D2 ST,
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Table 2. Numbers of woody plant species planted
(2)(1001) £kEFkfE%L Numbers of all the species planted before 1972.

WM M| o B R B + BB X

Exotic Domestic | Indigenous Cultivars Total
%ym?osj?rmi% 28+(8) 5+(3) 8 1 42+ (11)
Angiospermae 78+(2) | 204(2) 94 1| 212+(4)
Tof;fl 106+ (10) 34+(5) 102 12 254+ (15)

WHEY) . 6FH4)8  Gymnospermae . 6 families 14 genera.
WTHEY) | 38F177/ Angiospermae : 38 families 77 genera.

(b)(1002) Z—HifEALFEEL Numbers of the species planted before 1958.

Esotic R stin ;fﬁdigénﬁ brids Toh
B ters 16+(1) 5 3. 1 254+(1)
Eard%oofg 9+(1) 1 5 0 15+(1)
i 25+(2) 6 8 1 404(2)

B NCB. 1) () I3KESERHE L 2 FEORG

The numbers of the species died and disappeared in parentheses.
2) HEAHE & LEMICDET A b D, EA - EMNE b IRATHT BRI ERICHA T,
The indigenous means the species distributed in Hokkaido. Those in
both Hokkaido and other districts of Japan count among the indigenous.
RAEF A (1001) TREL 25 HIKICRAR ORE 2 HE L TEASO 5 & EVT0 5,
(1002) 1219654 EH> & th & KEHE 5 S FAIF A » 1R, BEIES IS 5 A

MASEDRSAE &, % 1o B /ARMN OSSR S U T OAIEE b —B & & X > 72,
HERHEECEBTRE-R

(1001), (1002) OIEHEE, 20EBREE R ZNZNE—3 LR 4T LD TRT, M
ZOREICHT AHBPIIRDOEEH TH D,

EEHE | BIEN—1, 28E, 20Fibl HEROBaE, 72 A O % 2 5k A
IO WAVERS | FEREDE 2 Hi.( ) 2T LT b OISHEERBEL, 217U & — 3 TR
(30) 1T & - T19304EL (FHICZ DRIE) 2RDT 6D LT 5, ns FAKCTEERLL
LT, EEBMSBEIZZDOREOELEWRT 5, BFE | SR TIEEE, EARTIIHRE,
R AR D7 R (E—2) B BOMBL LI ROEHEIT K > THIE - EHOEER
Lt ER L, HICEBRIICET 25 TOMEHRB2ZMA T,

HEER2HEORR
(1) BARMRE
I,i e cER O mmicESR,
M, : B icREESE B0, ULIEUIEEESEE - EWERPRS. Xd 5 b OEEFEORE
EBIT L CEEREVEL D,
I, i & REFERSEICIRE & 2008, HEQREL S EE « EYE O 12 D EAKOBMANGEL 2720,
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W,iv: = . E%%m;ofé%ldﬁimM%ﬁﬁ&mb&%ﬁﬂénto
I~ gk o sk,
i~iv | HIER O AR AR,
(2) AN 3SR

A R,
B IHEETINEERR,
C AR

FARERRL 0 (1001) Tix1973~744EEI%K, 734 6 A, (1002) TI219674E11 H & b 68
B3 AICHIE, 67 2 D & § A BUERTICBIE U s, BIEREIE L, (1001) Tidfk 2 A, (1002)
TIR/NER EBRESZ N2 W=, (e K%, SBERSHE ORI 2ETTEY, i)
hE L EERITY ST,

RMNOBEMEHHIIRD EBH TH 5,

#—3 R F - BORYIX31T Renoer A. D Manual of cultivated trees and shrubs.
ed. 2 (1940) izfELy, EBHROEFNIFENZOT VT 7 Ny MEICE - 70, EEMZIFRE
FROCADBOEELING 2 ONEFEOAI L, £ roEGE-HEUCI T 2 6 DIic
B ->T % @Dcommon name ZftL 1Tz, 7272 UETOFSMIZ( )2 LTRLTH %, HEAD
BIOOMNFEE ML HED FESA BN S T & 2IRT . FEML R4t E 1 (1002) & 4@
U CHE— IS ONEREIL, 19054 bk~ v v <= ¥ MM Dresher fll gtk » 5, FIicH
4 B ICHEEEAKRAEHE» 0 ZhZ0UEA LT 8 0T, KRIZEHMSEASTER S h T
Vo FRE - BRI U EAIEETICR R, BWRE, MERBRSE» XN, &5
VIR MTEBMA HERD RO UILE SN2 D TH 5, HEIEITIIFEHREE O]
F72b0»EF0oT, FEMmEREES (( JW) &2, B— 3 IC1972ERERHD
BFETHEIND, BEN, BB WEIER, ROEBRR D F A HEEREE LOAR - B,
Z0 5 bix b ERERT b O/ 1 AOFANE, KR TOBEMEE,

F— 4 REERERE  SEEERVHEE IN TR 2B DS MANIZ D > LR (20
m X20m ) Ik - THEHERBEH U2 b 0. BE - PN EEE 2 R TR 3 ADE
R, M EE | 2870 U HPRN O 2 EE 2 H1IE U 723K,

AT, F— 4 ITRTLANT, ROSME ORI TR BH THIENIA L 5 V(%
Fah, BHSEHEONE E 5 >12, B—31 Pseudotsuga menziesii (353), A—24 Pinus
sylvestris (B ), B—33 P. densiflora (HRE,EMF), C—15Frazinus mandshurica
var. Jjaponica (FBARE), A—31, B—39, C—8, C—16 Juglans mandshurica subsp.
sieboldiana (FVEN) (1217 URHEO 2 FI3 A4 ).

& b (TR O FER ) IR EMIE DL BRI 2RI EHIOBE 2B 12,

¥, B 5 ICI966ELIFHICEA L TZME 2R T, 26D ) bEERORWEETTIX, 20
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K—5. 19664 LD AMEL L % DB LI DS ks

Table 5. Species and provenances introduced after 1966 and their healthiness
at the nursery stage

i & B Hi (2 it &) | BEE | Y Ren?
Species Locality [ Sender J [Sown in| No.of Healthiness
Abies homolepis LAY - = ol AT, 3 R b & B % &) 68 2,755 | 1 *3)
” BE - BIERBRARR " K % & @) 4 240 i *
” R - BEARHR ( BRHABEEES ) ” 25 i *
A, kawakamii B8 (BB AS) (Formosa) (B ¥ H4) 72 3| iv
A. lasiocarpa Kaniksu, U. S. A., 1500m (K- ZHthkE) 73 2,060 | i
A. mariesii HRx sl AR EHRE) 68 665 | ii *
” @i, g, 7 &) i & B % &) ” 9,200 | ii *
” B E - BRICHBAREK L UBR K #& ¢ ) ” 890 | ii *
” HS - EAREMRRL (M E R 5] ” 1,055 | ii *
A. nephrolepis Akad. Nauk., Moskva, U. S. S. R. i\ H ) 70 15 | iv
” Bot. Garden, Vladivostok, U. S. S.R. [ ” ] 73 52 |1
A. sachalinensis HEA (Saghalien) [ ” ] 70 221
A. sibirica Punkaharju, Finland (cult. ) ( ” ] 69 305 |1
., Near I\olovo’sibirsck, U.S.S.R. ( ., j . 150 |
54" 25' N, 84° 59'E, 360m
A, veitchii Ehl, ZAEACEE, 48 (U B R MR 68 2,950 | i *
” £« BRACHBARE L (R K #% X @) ” 955 i *
” HERS - pRANAEVYERIL (HEEMERE R ” 795 i *
Pseudotsuga wilsoniana B8 (B fd#E A% ) (Formosa) [ (S HA) 72 20 | iv
Picea ajanensis Bot. Garden, Vladivostok, U.S.S.R. [ ” ] 73 105 | i
P. engelmannii Nec Perce, U. S. A., 1500m (B K -« %% ) ” 8,550 |1
P glauca Bonalrlz;iw, fifivsvkyaz’;éms A, 64751'N, 4 W43 69 780 | i
P. Jjezoensis Akad. Nauk., Moskva, U. S. S. R. ( ” ] 70 25 | iv
»  var. hondoensis HE o REACER I (B K # R @) 68 2,310 | i
P koyamae R - A AR A 6 (BEEREME R X 15) ” 7,965 | i
” » v FEEEEK (8K H A% 34 St ” 6,415 | i
P, mariana Univ of Alaska, U S. A 6475 N (g 5 W |69 45 i
P. obovata Arkhangelsk, East Siberia, U.S.S.R. ” ] 7 65 | i
Larix decidua Gesero, Switzerland, 1750m ( ” ) 70 40 | i
L.  gmelinii U.S.S.R. kR de g E S8) | 69 9,870 | ii
” Z#H &K, Siberia, U, S.S.R. 2 By ( F #H)| 70 1,120 | ii
#»  var. olgensis Punkaharju, Finland (cult.) ” ] 69 1,075 | ii
L. polonica Blizyn, Poland, 51°10'N, 2045’E, 345m { S. BIAROBOK ) 72 500 | i
Pinus albicaulis Idaho,U. S.A. 2 FE#hs (N. IdahoFor. Gen. Cntg 69 80 | ii
P. armandii B (Formosa) (B X ) 72 125 | C
” » (BHATRELKS) (Formosa) (i # fH) ” 34 |C
P. balfouriana California, U. S. A., 36° 46'N, s
f S e o N (R V. BEGA ]| 67 Tiiv
P. edulis FHAMASUE (without record) (U 8. D A) ” 25 | iv
P, flexilis ” ( ” ) ( ” ] ” 50 | iii
P. koraiensis BABACEHA LM (cult.) B K #% X ®) 68 520 | i
P lambertiana CallflozrorpgéUW?i?ébis 53N, (R V. BEGA )| 67 61 i
P, moniicola Iw%%%%%%%A (R.T. BINGHAM ) | 66 | 2,725 i
P. morrisonicola B8 (Formosa) (B KX - &% #H 72 48 | iv
P. sibirica Akad. Nauk., Moskva, U. S. S. R. E  # iH) 70 13 | iv
P sylvestris U.S.S.R. (Ml EZE) | 69 8,740 | i
Chamaecyparis formosensis 58 (B M A BLASE) (Formosa) [CE HA) 72 200 | iv
C. obtusa var. formosana N ” W~ ) ( ” ] ” 24 |iv
Ostrya virginiana Wisconsin, U. S. A. (U.S.D.A.) { ” J ” 811
Fagus grandifolia ” (O ) ” ] ” 27 |1
Quercus macrocarpa ” ( ” ) ( ” ] ” 18 | i
Acer rubrum U.S. A (E & % #) 70 49 |1
Tilia americana Wisconsin, U. S. A. (U.S.D.A.) s 23} 72 311

HN.B. 1) 1EHBER.

Number of 1-year-old seedlings.

2) BHMOE 2 (19 -2 BH),
Healthiness at the nursery stage (cf.p 45).

3) *cf.Bull. Tokyo Univ. For.66 . 239~250 (1974)@



39

—H#HsBEIC [1003), (1008) & 5 VMEFRERHIMCTERE S M7z hs, ARIZBIE  BWHITH 3. Ch
bIXAK, HAMEOERICET AKE M~ HER) OBEICHE 2~ XHED LD Th 2
B, RRTIEZ ORER OB POREHD A2 RICRLTZNE TOGTMREE + 5, &
ﬁ%ﬁ%@%i%ﬁéamawﬁmﬁé<%ﬁb&mﬂtMﬂéwa<&ww,%m%u~w
KD LBRNT D 5o FHTI6TIEICEA U I JEKPERE D < v R IX, W9 6 2L 2 h -
120, HEAICHIENE LU I, ROBMONER CEREIITIEZE —3, 4i1cH#T 2,

SHRAHTED E A E S

K3, 4, SROFHE Ik >, MRS — IS & 2 08 1% B A
@@ﬁﬁ&%ﬁméﬁfﬁé&,ﬁlﬂ%ﬁ@@i?ﬁﬁﬁﬁ%éﬁ@%%éﬂ&iobmb,
WA T2 1 MBI LIS ARG~ 5 F82 £ TORIL00ERIC, S ICEEIE LT b
DbdY, EGHEDOER, MEOHRS 2 MIEREOME & 20 o0 KLk 3 2 K
DEMNZIE 2 BRZOWK S 2 BbE 5, SRIOBEHIT I (1001) & (1002) ©4, 54ED
HRLUTITsbNIL, UL, & TR 2 8% BRI 1 1010 J884 i 5T,
ZOL S5 VDOEHE R T S 2 FRE DK % NI OB AFIGHIC O N TRA 2 C & icd
%o

AR D IHPEH S U BRD R OSSR WL T, ABIRBI 22N 50EED 3 00
AR D ATREFE 230 U 12 B0IA 0 om0 3 3™ UL, ERICEEDES 28T & 12 &1iE
BRI UIKERD 645 &, BICKBY EOBIURTULOERSA LN S, &OERO SR,
HiS, fERHO TR s &% OERBEMICEE L TOWEDTH S 5, LITFIC, K A%
BOItHEEICH T 2 EBEEESBEICED L 5 2BIRICH 50> %, EFEEHO A b /2 P
XD T ICL 5T, B L TARIZD,

) dERAEERES, FoAMBT L b APHERICE 5 Hls

COMBIFEDRE - EEHII L TRETEBS L V. & hbF, Pinus strobus it [FEE /s
B2ARU, flifs, Abies balsamea & Larix laricina |30 5FHECIC S ) 6 FTHEHEHS
B\, %72 L. laricina i Picea mariana, Pinus banksiana & & b ICLEE A A >
HIE (MHEE 8) T2 &0 FHAELEEZRT . AHMBEOHE %2 2 DEFOREICY > TRD
LoRBI BT ENTE B,

EERIF b Abies balsamea, Tsuga canadensis, Picea mariana, Pinus stro-
bus, P. banksiana, P. resinosa, Thuja occidentalis, Populus grandidentata, P. tremu-
loides, Betula papyrifera, Quercus borealis %,

HBEDZLH 5D . Picea glauca, P. rubens, Larix laricina, Pinus rigida, Tilia

americana . 12121 Fraxinus americana \ZHZID 12 DEKKEIE L TEE L 7200,
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2) Jk (BREKROHF &) KFERL Do v * — IIEREMNICE 2 ik

¢ OHEEEEDTE - RSB RICEATRIBE L, RMICHE R 55, 5 b
AECH L CEIGHSEL EBDBE B, 2L T, ZORTIRABRLFEHED b 0250 < 508
5L ThHhsB,

W RAEBDRE WS D ¢ Abies concolor, (Pseudotsuga menziesii), Picea pungens,
P. engelmannii, Pinus contorta, P. monticola g,

HBEREO S O . Pseudolsuga menziesii, Larix occidentalis, Pinus ponderosd, P.
jeffreyi, Thuja plicata,

W X 0 REFERSBL L 72 b O | Abies grandis, A. nobilis, Picea sitchensis, Alnus
rubra’®,

JEk ke CACEREM & RPEREM & % otk d A0, #EIC3L DEROBRE IR ->THFLD
Bl OTBEINA SN A WS Y, THREROABE LK 2 EFEICHEDOERIICOR
LS HOREWEHET 5 NN,

3) =—u gy

BELTHEa—oo 3k bdb DT ICERET A58 « FEHIAEE TRVAT 280, O ICET 5
LOMINE b BB, 1IHBEDS B TH Picea omorike (3 —1v o3 « HH) © Pinus
peuce (N (L) D3 —o o EERICE T AR S EAINTT D, ERIEVY
B4 E - T B, Wb HRD Alnus glutinosal10FEEE E THBICERT 525, Z0#K
1EE - WEASEL, BRELZN e kb, TAFRELEE T KT 3 Larix
decidua 13[4 3 — 0 v SEHTEHE SN TV A, WIFNOREH, FHEM» S A->ThiH
WTIERBORESZE UL, ThE TRESMRGEA s iz bEFMILL T,

B DR E D . Picea abies, Pinus sylvestris, Populus tremula, Alnus glutinosa,
Betula pendula®,

ABORRE LD | Abies alba, Larix decidua, Pinus nigra, Fagus sylvatica,

4) AL HE

BTE, BEAR M E b vy 7 RO EIGERICE 2 [ROEFPICET 280 5 50
CUE pIRBERTIC b AR S N, B E CERLTV A, ZOEMICE - THIAIE Lariz
gmelinii (£7 0 7H352v) OFHEERIR, b8BT 58 7 <Y BEMETEOME
& B L O I COLEBEMBE S LTER SN T3, UL, HiRiCEAsn:
L. gmelinii var. olgensis (w2 a9H <) & L. sibiricaldfifk U THERICES
T OB ICHRAET 58U - AR S 5 WV idFBiehic & » T & & ICEFESERD TRV,
CORREE L. gmelinii D KPEREFEDH OVEB KN AL 6 RILICREL THH LSS
BNT b ELVDT, MBI - EREIERICE 5 s O LR S h A (1012, &
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FHH T OWEDODIZNC EDPHBRERICL > THLPILE>TETWE)RULE S 2 &
RO T BEINT VWS, UL, ¥4 <Y (L. gmelinii var. japonica) DX 3 i
HU L. gmeliniiRTH H/ELIREAELDOHBEORLN D EHEDT, AFICATELES
U< 35 & DOHIRZTER & 5 SO EBEIED BN 2 /12 C TR~ B BESH 5,

BRICHEBETS80D . 714 <Y, (Pinus koraiensis) %,

FHEDL AT ICHE S IREICE e b o - Abies holophylla (8¢ ILEL), L. gmeli-
nii var. olgensis (VoY a U NIV, FaVRLATYY), var. principis- rupprechtii (+he
5% Y), L.sibirica (¥ XY 7EH), Pinus koraiensis (Vi##5), P. tabulaeformis (H
M), Alnus sibirica (EBREE) %,

5) A At L R

B 5=y ORIBNCR S & 51, RNERED 5 LIELE B3 6 & Lo TS 3
b OVILIBE~NDEAD T/ E L SNTE, ChHRBULTEENLL, b & Ol
T > T THEOEM EORA2MIMEIE )52 Db H 5, L L, TOMETIX
BV OUSFRICONT A7 4 E ) b F ey BEHEEICT L, BIGHESKL TIZE A SRR
KETEDL AT, ABICHEEICGEVBEED b K= v hd 2 BELMBIERSEE2RTOL
WM TH 5,

HERFS D 95 ax, V33X, bhok, YUFESEDE, NYE LT (RMNED
Ve IE—RICEETH B0, ARVEV), hTIvY, FavkwrTay, 4935 (EHEOY
CEDOICENBES L) &,

HERARDLD . 7HEY N vy, (FhHwY), 2aX%,

IN& HhEEDHOENE DT CICEHADRBCHEZT ICL bIkans (£ 1%),

6) 7 7K

(RS IR T b2 O SR HID 5 3D ATEEDEF 2R L, Mo Thid & b XMBEOM
FHZIR 20 5 2 BEEBE LN 2 DEZA SN TV, L L, AV F - v o da Hi HOWE K
3,000mAAN D EHICFET 5 Abies densa, Picea smithiana (HEAKZ o —1), R of Pinus

Griffithinla g & BRI ESTIBZE L, Larix griffithii 3 5GM5B o E» 517,
B ORARD SN, BERRLIHRS, 000~2,500miCET 5 Pinus armandii, P. morriso-
nicola, P. taiwanensis & %\ & Chamaecyparis formosensis’s ¥ ¥fE ¢ i hic BT
MW LT,

LLEWCHEB L e BRI DZERIE, F—ig, SHESZ O AR CHRE LT X2
DI DEFICL AL HMBREN Y, BT A 2 RIERERITE U TOMEMEDIZH
i, BEROSEHOZICET ARG E L THbN 2 EEEFER OBEFHE R - BEELO
Bk b BESAERLRERTH 2, HULHERBGOMEE LT, ML Eghims o
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O b D3 EHIENEL, PROTEHEZZII0T VN, 12, HHMHMOETIERIORE
RO e 2 HE T, Bteh, B d A VIRIRELZILVTERDET2HET 5,

), WEEEOEE 2 XY 55 b BEELEVNERO 2 3BBRMOBROBETH 5,
BEALORBIILET AEAE LT, MARkoBEdiEE, T/, ACAET sMIKE~TZ
OEICH T BIEMESE N, 5%, SO A6 TRICLOBNTEARZKAHETE, Ch
T A EE S EE S SRS TR I N L 5. BIIASEORELH UWEREREITKEICDTI - T
HBTEA5ME LT, RREICHT 28NS T 605, BT Ic L 51T, BFE IR
LB T E L EEOFRERARGH I SREICL > TERIEOoN L E VD 5, i, EE
TGS T OER b HEDSE 2 R VIR H TS 5, IRRFOREHRICKVH %
BhEbELLNG, WTHICLTE, SABOAEBTBREZHET 51013 7m & & —(RIHL
tOFEAENLEETALERETRETSEEDTH S,

X 3

1) WIAIFZE | WA EEic s 2 L Bo AT 2198 . HATEA 58 © 1~132,1963.

2)  GRrAHAM, Alan : Outline of the origin and historical recognition of floristic affinities between
Asia and Eastern North America. In Grauam, A. ed. : Floristics and Paleofloristics of
Asia and Eastern North America. 1~16, Elsevier Publ., Amsterdam, 1972.

3) EARE M LEEEER IR U A MAREERRE, LB EOMARER T —2 1 31~37, 1965.

4) AEEE . BHLE - BORE Y s BOBABEGRE - HRE AR EEERICE T 2 ER10ER
ORER—. JuiEEOMAEREI6—2 © 15~17, 1973.

5) ——— . HErRBEHE  — T EAT I BN mEE . BAkIZ#18 1 128~132, 1969
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Lists and growth records of the woody plants cultivated
in the arboretum and the sample plantations of the

University Forest in Hokkaido

I. Introduction

The Tokyo University Forest in Hokkaido introduced seed materials of a number of
forest tree species ‘from regions in East Asia, North and Central Europe, = and North
America, whose climates are similar to that of Hokkaido, and from the subalpine zones in
Honshu, the mainland of Japan, during the first four decades, mainly the second and third,
of this century. The seedlings of these species were planted in an arboretum and a sample
plantation area. Many of them haye grown up well, and are highly appreciated as a good
example of their silvics and as the suppliers of materials for tree breeding and arboricul-
ture especially in Hokkaido ™ 2.

After the World War II, especially during the period of 1955 ~ 1965, the University
Forest introduced larger numbers of seed lots with reliable records of sources of forest
tree species for improvement from the same regions as in the first period through its
increasing interchange. Most of them were used for planting in various kinds of experimen-
tal fields as well as in two breeding arboreta or open spaces of the sample plantations, as
mentioned in the previous paperlz). Not small numbers of seed lots of other kinds of woody
plants were also obtained from abroad or other regions of this country in the course of this
activity of interchange. These plants were mostly not of forestry use. But, in accordance
with the basic idea (of the University Forest) of possessing a well-established arboretum
and of maintaining those materials introduced in it as far as possible, these were planted
in the open spaces of the existing arboretum or the enlarged parts of it, after observed on
their growth during the nursery stage. As the result of this practice, the arboretum has
well been enlarged and become worthy of publishing an independent list of woody
plants cultivated in it.

For further discussion and explanation, it will be convenient to divide tentatively the
history of planting in the arboretum, sample plantations and the breeding arboreta into two
periods, the first period from 1905 till 1945 (or partially till 1958) and the second after
1945, as understood from the mentioned above.

It is desirable that the introduced forest tree species are observed continuously at
least for a period of one rotation before final judgement of their silvicultural adaptability
to Hokkaido, and that the records of their growth are published at reasonablé intervals of
10 or 20 years. The species planted during the first period were reported about their.
growth in 1956 for the first timelo-) The second measurement of only those in the sample
plantations were also carried out between Nov. 1967 and Mar. 1968. For certain reasons
this has been preceded in the publication by the breeding arboretalz)wh'ich are to be placed
in the same category of experimental fields with this-from their nature. Therefore, in the

present paper too, this record of the second measurement is put together with that of the
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arboretum accompanied with its dendrological list, taking into consideration the circumstance
that most of the materials planted in both in the first period have common origins.
Moreover, the growth and adaptability of introduced species are concisely discussed after
classified by the geographical regions of their distribution, referring to the growth records
of the breeding arboretam).

The present excellence of these plantations has been achieved by efforts of a number of
personnel who were and are occupied with these works of introduction and cultivation, above
all, of Prof. emerit. N. Takasasur and Mr. R. Kunuar, former researcher, who both did their
best for the introduction in the second period. The present authors wish to express their
deepest respect and thanks to all these people. They would also like to acknowledge with
gratitude the continuous and helpful cooperation and assistance rendered by the institutes or
organizations and researchers in Japan and abroad, for the works of introduction and

researches of tree improvement.
. Outline of plantations

| . Site conditions.

(1001) Arboretum. Area: 1.67 ha (B-block) + 2.54 ha (A-block). Alt.: ca. 230 ~
240 m. Topography: on the nearly flat river terrace (adjoining the nursery).  Geolog yl):
Quaternary lower terrace deposits composed of sand and gravel. Soil-type: swampy black
forest soil with medium degree of base saturation (SBM); effective depth: 60 ~ 80 cm;
loamy at the upper layer and clayey loam at the lower.

(1002) Sample plantations of introduced species. Area: 11.0 ha. Alt.: ca. 225 — 250
m. Topography: gentle slope on the river terrace along the route No. 38 adjoining the
arboretum on the west and the breeding arboretum [1004) on the east, divided into three
parts by two small rivulets. Geology1>: Quaternary Shimokanayama gravel bed composed of
conglomerate and shale. Soil-type: mainly brown forest soil with high or medium degree
of base saturation (BM ~ BH): effective depth: 30 ~ 70 cm; clayey loam.

2. Climatic data.

Table 1 shows the climatic data for 20 years from 1950 to 1969 obtained from the
registered meteorological observation post by the arboretum.
3. Setting of blocks and lots and planting.

The areas of both plantations are sectioned in 2 or 4 blocks, each of which is further
divided in certain numbers of lots with consecutive numbers, as shown in Fig. 1 and 2.
‘The B-block in [1001) is assigned to planting of trees and tall shrubs, while the A-block °
to shrubs and herbaceous plants of ornamental uses. In [1002), one lot number is given to
each stand of the planted species. The planting to each part of these plantation areas has
been carried out in the two periods as follows:

1st period (1001) : B—1 ~ 9, A—2, 4 (north half).

(1002) : majority, including some fast-growing hardwoods planted before 1958.

2nd period (1001) : B—10 ~ 14, A—1, 3 (~ 5).

(1002) : spaces to be replanted (hatched areas in Fig. 1).
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The numbers and assortment of the species planted are shown in Table 2.

Both plantations are well taken care of and consequently bear fine appearance.
II. Names of the species planted and their growth condition

The names, origins, and present conditions of growth and healthiness of all the species
planted in both plantation areas are shown in Table 3 and 4. Explanations in detail are
given to some of the items common to both tables in the following.

Lot no.: those of subsidiary plantations are shown at the rightmost end of the same
line. Year of planting: presumed years of planting in parentheses. The (30) in Table 3
means the 1930’s, especially the first half. n.s. means those regenerated by natural seeding.
No. of existing individuals: numbers of individuals for tree species, and those of bushes for
shrub species. Growth condition: the healthiness and growth of every species or provenance
are classified into 4 or 3 categories and expressed by 4 roman numerals (I ~ IV or i ~ iv)
or 3 alphabets (A ~ C) as follows (cf. Table 2 in the previous paperm):

Expression of healthiness of cultivated woody plants
(1) For species of tree form.

I, 1 : Healthy in usual years, and growing normally or vigorously.

I, ii : Apparently less healthy and growing slowly, or repeatedly damaged by severe
frosts or various kinds of pests. In some species recently declining in healthiness
conspicuously in comparison with the hitherto healthy growth.

I, iii: Hardly growing more than shrub form by reason of severe frost or pest damages
every year.

IV, iv : All or most individuals killed by severe frosts or pests or felled down and burnt
for sanitary purposes, after planting out.

N.B. I~ IV : For the families planted before 1945.
i~ iv : For those planted after 1945.

(2) For species of shrub or vine form.

A : Healthy.
B : Less healthy or hardly alive.
C : Died off or disappeared.

Additional explanations to each table are as follows:
For Table 3. Species: the families and genera are arranged after REeuper’s “Manual of
cultivated trees and shrubs, ed. 2(1940)”, and species in each genus are arranged in the
alphabetical order of their specific epithets. English common names (in English) are
written in, only for the species distributed in English-dominating territories. Species with
the sign O ahead are native to the University Forest. Source and sender: the seed lots of
the exotic species planted in (1001) and (1002) in the early time were bought from a nursery
company in Pennsylvania, U.S.A. in 1905 and from a Japanese company in 1929. These are
not known about their exact localities. The seeds or seedlings of the domestic and in-
digenous species were supplied from various institutions in this country. Some were
obtained from native plants growing in the University Forest. Those planted in the second

period are given with simple records of their sources and senders (in brackets). No. of
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existing individuals, height, diameter at breast height and growth condition: based on the
observation on the plants in the main lot; height and D.B.H. are those of a representative
among them.

For Table 4. Planting area: total of all the lots where the seedling family concerned are
planted. All figures and notes on the same line with the asterisked were obtained from the
measurements on a sample plot (20 m X 20 m). Height: mean of measurements of 3 repre-
“sentative trees showing the average value of D.B.H. D.B.H.: mean of all trees in the whole
area or sample plot of the lot.

In [1002), Pseudotsuga menziesii (B—31, gradual decline of healthiness), Pinus sylvesiris
(A—24, vole gnawing), P. densiflora (B—33, vole gnawing and cold wind) and a few indigenous
speéies -(several lots) died off or were felled by reasons noted in .the- parentheses.

All investigations of [1001) were carried out by Sasakr in 1973 and 1974, except the
measurements on height and D.B.H. performed in June 1973. For (1002), the measurements
were performed by Ocasawara and Kuranasur during the period from November 1967 till
March 1968. Other observations were continued for several years around 1967.

The present appearance of several representative parts and species of both plantations
are also shown by the photographs on pages 51 ~ 54.

Since 1966, moreover, a number of seed lots have also been introduced and put to raising
in the nursery. Some of them have been planted out into plantation areas, while other are
still under the nursery practice. Their sources and the healthiness of their seedlings at
the nursery stage are shown in Table 5, as a tentative record before a subsequent report
on the breeding arboreta is published. The seeds of some Pinus species sown in 1967, most
of which are distributed in the Pacific side of North America, did not germinate at all or

died out during the cultivation in the nursery.
V. A general aspect of the growth and adaptability of the introduced tree species

The growth of the introduced species and their adaptability to Hokkaido will be genera-
lized on the basis of two investigations on both plantations performed at about 10 years’
interval, referring to that on young growth in the breeding arboretalz).The adaptability of a
tree species seems to be in the highest relation with the climatic zone to which its natural
distribution belongs. But, as the facts contrary to this generalization are often observed,
one has to take several other reasons or circumstances into consideration, such as the
phylogeny of a species, the paleobotanical history of its native land, and climatic difference
between there and other lands to be planted on.

The adaptability is most conveniently discussed and distinctly generalized after grouping
the species according to the geographical regions of their natural distribution as follows.

) North eastern districts of North America, from the Lake Districts to the Atlantic
coast.

Most of the species and provenances from these districts show healthy and vigorous
growth, as represented by Pinus strobus. Abies balsamea and Larix laricina are of high

frost-resistance in spite of their early flushing in spring. This Jarch as well as Picea
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mariana and Pinus banksiana are also remarkable by their flower-setting (both male and
female) at considerably early stage. The species are grouped into two classes, according
to the extent of growth and healthiness.

Species showing good growth: Abies balsamea, Tsuga canadensis, Picea mariana, Pinus
strobus, P. banksiana, P. resinosa, Thuja occidentalis, Populus grandidentata, P. tre-
muloides, Betula papyrifera, Quercus borealis, etc.

Species somewhat inferior to these: Piceq glauca, P. rubens, Larix laricina, Pinus
rigida, Tilia americana, etc.

Young trees of Fraxinus americana have died off by cold wind damage on the trunks.

2) Western districts of North America (U.S.A. and Canada), from the Pacific coast to
the Rocky Mountains. '

The species from these districts are obviously less hardy and lower in adaptability
than the former. Trees of these species are rather usually hurted on their leaves (red-
browning), branches or trunks by severe colds in winters. Among these, however, those from
the inland districts appear a little hardier and better in growth.

Species showing somewhat appreciable growth: Abies concolor, (Pseudotsuga menziesii),
Picea pungens, P. engelmannii, Pinus contorta, P. monticola, etc.

Species of bad growth: Pseudotsuga menziesii, Larix occidentalis, Pinus ponderosa, P.
jeffreyi, Thuja plicata, etc. )

Species disappeared or killed by cold: Abies grandis, A. nobilis, Picea sitchensis, Alnus
rubra, etc.

This difference of growth and adaptability between these two regions may have some
relationship with the well-known phytogeographical fact that close-related or vicarious
species to those in East Asia are found more on the Atlantic side than on the Pacific”.

3) Europe.

Generally speaking, the species and provenances from the northern half of Europe show
healthy and vigorous growth, while those from the southern do less so. But there are
observed some exceptions, too. For example, the progenies of Picea omorika (S.E. Europe)
and Pinus peuce (the Balkan Mountains) cultivated in North European countries grow slowly
but healthily.

On the contrary, seedlings of Alnus glutinosa (northern Europe), especially from German
provenances, begin to decline in healthiness and vigour about 10 years after planting, and
come to be easily broken by snows and to set fruits abundantly”. Almost all plantations of
Lariz decidua, either from cultivated sources or from natural distribution in the Alps and
Poland, were seriously affected by Guignardia laricing shoot blight and weakened to death
or felled down and burnt in Hokkaido.

Species showing normal growth: Picea abies, Pinus sylvestris, Populus tremula, Alnus
glutinosa, Betula pendula, etc. )

Species somewhat inferior to these: Abies alba, Larix decidua, Pinus nigra, Fagus syl-
vatica, etc.

4) Northern districts of East Asia, ranging from S. Kuriles, Saghalien to Siberia and
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North China.

A certain number of species introduced from these districts in the first period are still
growing well. Encouraged by this result, the geographical varieties of Larix gmelinii, for
example, have been adopted as crossing partners of larch hybridization or pioneer tree
species for afforestation in frigid districts of northern Hokkaido. But the families of
L. gmelinii var. olgensis (from N.E. China) and L. sibirica introduced after the World War
I are survived by few individuals by reason of severe damage caused by the blight, canker
or snow moulding which appears on the plant bodies in the depth of snow in several years
after planting. This disease infests likewise progeny seedlings of the above-mentioned cul-
tivated trees of L. gmelinii varieties with exception of var. japonica. It is consequently
supposed that some changes of phytopathological conditions may have been produced after the
first introduction of 1archesu.) Similar phenomena are known as to the species of some
other genera. On the contrary, Kurile and Saghalien larches, var. japonica, belonging to
the same L. gmelinii, are appreciably resistant to this disease. As understood from this
remarkable contrast, it is necessary to ascertain difference of growth and adaptability
among geographical varieties or provenances in each of the forest tree species common to
Japan and other regions of East Asia.

Species showing healthy growth: Larix gmelinii var. japonica, (Pinus koraiensis), etc.

Species sensitive to the disease related with the depth of snow, in the case of recent
planting: Abies holophylla (N. Korea), Larix gmelinii var. olgensis, var. principis-
rupprechtii, L. sibirica, Pinus koraiensis (U.S.S.R.), P. tabulaeformis (N. China),

Alnus sibirica (cult. in Korea), etc.

5) Subalpine districts in central and northern Honshu.

As seen in the good example of Japanese larch, a number of tree species distributed in
the upper part of the montane zone and in the subalpine zone are well adapted to Hokkaido
showing rather vigorous growth. And some of them are intercrossed with native species in
order to remedy or reduce silvicultural defects of the latter. But, Abies mariesii dis-
tributed in the highest altitudes or northernmost areas within these districts, is not hardy
to frosts or winter chilling enough to grow wup, in contrast to A. sachalinensis which is
likewise sensitive to late frosts but begins to accelerate its growth after a certain stage.

Species showing good growth: Abies homolepis, Picea koyamae, P. polita (Picea species
from Honshu are usually healthy, but grow slowly), Larix leptolepis, Pinus korai-
ensis, Chamaecyparis pisifera, etc.

Species of bad growth or died off: Abies mariesii, (Pinus densiflora), Cryptomeria

Jjaponica, etc.

Almost all seedlings of the species distributed below the montane zone die with cold
before planting out (Abies firma, etc.).

6) Low latitudes of Asia.

A limited number of species were introduced from the high altitudes of these districts,

in expectation of utilizing them for intercrossing with the native if they can live through

cold winters in Hokkaido. But all seedlings of Abies densa, Larix griffithii and Pinus
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griffithii and grafts of Picea smithiana, every from the highland of about 3000 m in Sikkim
and India, are damaged on their needles or shoots by frosts and do not grow up to their
flowering age. Nor Pinus armandii and P. taiwanensis progenies from the high altitudes of
2000 ~ 2500 m in the central mountains of Formosa can live through the nursery stage by
frost damage.

The difference of adaptability generalized above is mainly dependent to that of the
hardiness which the introduced species have acquired and been maintaining in their natural
distribution areas ®. Beside the hardiness expressed by the lowest temperatures at which the
species can live without damage, the resistance to early frosts at the time of cessation of
growth and that to late frosts at the time of opening of buds, also have an influence uppon
the growth and adaptability. Both these phenological characters are conditioned by the
geographical differences of the day-lengths and the temperatures. As the result of photo-
periodic response, generally speaking, broad-leaved trees from the southern provenances
defoliate later than the northern, and consequently are liable to be broken by the weight of
early snow. While the snows shelter young plantations from frosts, those hinder the growth
of them by inducing moulding and other diseases or breaking stems and branches.

One of the most important biological factors controlling the growth of the introduced
species is the gnawing of voles and hares. It seems to be common to almost all genera
that the introduced species are less resistant to this damage than those native to Hokkaido,
Kuriles and Saghalienw). When one trys to introduce further species for the purpose of not
only silviculture but also arboriculture, he has to pay attention to this situation and to
take a countermeasure. The high resistance to other kinds of pests, that is, insects or
diseases, is also indispensable for the introduced species to be cultivated under different
environmental conditions a long time. In fact, as mentipned above, new plantations of the
species, which were comparatively well grown in the past, sometimes are seriously attacked
by new diseases. There also have been observed some opposite examples in which progenies
of the trees left alive within the failed plantations show rather excellent growth. The
outbreak and decline of the pests themselves in the nature may have been related with these
facts. At any rate, it is concluded from these facts that one has to continue observations
on the courses of growth of any introduced species at least for the period of one rotation

before the final judgement of its adaptability.
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E =&
Explanation of photographs

1 ~7 ! (1001)

1. A—2. AliAAtZColorado fir, HEHIKRBEHE, BEN MK 7 F, Trimmed forms of Abies concolor.
The meteorological post, green houses and poplar cultivars seen at the back.

2. A—3. BJuoy7itEET 5235w \1iK, An avenue of Betula platyphylla var. japonica, adjoining
to the B-block on the left side.

3. B—1. bt 3w (HAEEAK), pencil cedar (Z2l]) R Xcommon hemlock (185 ), Juniperus communis
(procumbent shrubs), J. virginiana (left) and Tsuga canadensis (back). )

4. v AL h ORENE. FRIGB—1id e UTHEESER, £B—213M U < LEHORRX,
A view of B—1, 2and other lots from the birch avenue. B—1 (right) is a planting area mainly
for exotic conifers, while B—2 (left) for broad-leaved.

5. &k, FRIAEMB— 3 13 EESH EERRIX, Giant arbor-vitaeldHEDHEIC L HEKRZET %,
Ditto. B—3 (left) is a planting area for exotic conifers. Thuja plicata represents shrub-form
by reason of severe cold damage in every winter.

6. B—2 X bhooBAKEILTNEG., MHEFERX, A view of B—o~9 from B—2. Planting areas for
indigenous species.

7. TEEIREML 6 RICEIARE, AW 6, (B—6) 944 Hh s, (B—3) Jack pine, Ao —~F=2,
white spruce, #4527 r—, 3—u/8bvk, ¥»3vnxi, Colorado fir, M (A—3) v 5%
NAAR (W) A view of (1001]) from the nursery. From left to right, (B—6) Betula maximo-
wicziana ; (B— 3 ) Pinus banksiana, P. strobus, Picea glauca, Pseudotsuga menziesii, Picea
abies, Abies homolepis, A. concolor ; and (A —3) the birch avenue.

8 ~17 . (1002

8. WERTOEED & B—30LIFHDOH D % Rtc. HRIZENT, Western half of the B-block (west of
B —30) and Mt. Ashibetsu, seen from the route No. 38 before its improvement.

9. WEHEOEE» SR AB—21~-30d81 H OHM, A present scenery of the central part of the B-
block (B—21~30) from the road after the improvement.

10. # 52V, %b bH~. Larches, from left to right. B—13. &% &% 5 < Larix gmelinii var.
principis-rupprechiii. B—14. =< . i oD% I %Y var. olgensis (from N. E. China). B—15.
FavkLH TV var. olgensis (from Korea). B—16. # I <> L. lepiolepis.

11. B—26. #4527 »— Pseudotsuga menziesii.

12. B—25. =% A1 v,y Thuja occidentalis.

13. B—27. 3 —uo o ,¢rmk Picea abies.

14. B—28. a—w y X7 H <y (JLERFR) Pinus sylvestris (N. Europe).

15. B—32. 4 (FEKHR) Ditto (Central Europe).

16. C—10. 7 # <Y Pinus densiflora.

17. C—5. Pitch pine Pinus rigida.

WEHHE Date of photographing.

2~6, 10~17 ' May 4, 1973. 1, 7, 8.: Sept. 21, 1973. 9 . May 19, 1964.
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