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: Experimental Analysis of Resistance to Snow Load on Crown
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— Tests by using an apparatus for artificial snow load on crown —
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Table 1. FEEEBRICHO/#E

Materials used for this experiment

o B4 e WRER ERkE BEosER* BokER* BAH* Rox:Eg™
Cultivar Height D.B.H. H/D Dry weight Dry weight Number of Dry weight
of leaves of branches branches of stem
m cm kg kg = kg
¥ v 7 = F 9.9 17.5 57 2,354 0. 525 82 1.656
Sanbusugi
IaghrvrF| 14,8 18.0 81 3.012 0.343 62 1.639
Myokensugi
F AH x F| 88.9 17.0 52 4,649 1.470 o8 3.904
Bokasugi
HoF o RF 3.8 15.0 65 2.589 0. 484 66 1.883
Murasugi

* BEE 3 MmOV TORTEME
Measures in crown length of 3m from the top.
** A& 3.5m KDV TORIEME

Measures in crown length of 3.5m from the top.
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Photo. 1. ALHEEEREKE

Apparatus for artificial snow load on crown.
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Fig. 1 RATEESEREE ToOAANLBE L, HECHIES W AESROMEREZLLEDTSH
3, BEBESERG, SBserFoRIMTRECRA L A KkoBROIIZREL b0, #HEL
CBROR AT EKORERETRT, —F4, BERIBELCHIESN S KkORERERT, Lk
- T, MECHMSERMICAERTH ML, FRFHARSE-FSoRHT 2 LicHigsn AT
DEE, 2 DEHROBERTIEICHES,

Fig. 1 %4 3¢, ERECLORREROBBEHIVINLAR 1% KE) Toh, BERS
EFEERLIFAEEBOMRRBEOLDHOTHEVWHENEY LN E, O (0~T00kg) OREERTIZ, L8
KED —EOHBTHERMSIERTEIEHBDN B, /, BREILIRDLERFERKIE, v 7%
FEiavrvR¥, 1395 YAXELFAFOMTREBRASH -1, ZToiomEH TR’
LWFh b 1% KETHEEENASH (Table 2), BEOWRMFIHARLLBHEDH S T L0543
st, F, EIRGEHTREEZEDEDONKL LB Y TRFEIa v vAF, a0y vyRFL
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Fig. 1. ATEEEREBIcB2RERTHER L ETROME
Relations between integrated snowfall and snow load on crown in an apparatus

for artificial snow load on crown.
@® Sanbusugi y=13.4+0.122x r=0.9981"" O Myokensugi y=15.3+0.109 x r=0.9896""
A Bokasugi y=31.6+0.151x r=0.9970"" W Murasugi y=13.8+0.088 x r=0.9843""
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Table 2. HREBRZER -ESBOMRFREY (b)) RUBEREK (a) O t+—RE

T-test of significance on regression coefficient (b) and fixed number (a) of
regression lines between integrated snow fall and snow load on crown

m B A HrTRF 139y vRFE EHZF LF
Cultivar Sanbusugi Myokensugi Bokasugi Murasugi
EPFEFEE  Regression coeficient (b)
¥ v T RF 1.576N8 4,377%%* 4,077%*
Sanbusugi
=B iy Ve & 4 1.698N8 4, 373%** 1.878N8
Myokensugi
K o R OF — — 6, 516%**
Bokasugi
A 5 R F — 4,312%* —
Murasugi
[EPEEH Fixed number (a)

LFAFILOWT, MBEHOBEEERELLLIS, v 72F¥L 194 v 2¥DOMTCREES
BEDONT, BRREEICEOR VI LB, HONEY, 1295 v2FLEL72FOMTRAEE (1
% TKHE) L5, BEVIHOMEBHRIRODS LI EW0H, -1,

Fig. 1 3, BIECHWAHELETOREOMEDRERL LD THE, Lirl, RETELS
i (BREEOH), QARG TORBRMTEE L 0TS, HERICQEREL LTOERNA
bhb, 21T, TOHEROZCLAPEER 2, BAKER BUER (MHER, kg %k
DORBRICHREL TRLAOHM Fig. 2, 3 ThHd, CHOoDMFETS, REI Lok ERER
KEDLHTEVHEZHAE (1% ki) »HEHONEY, Fig. | ONELAOHEDHRTRELEYV
BERLLEDAFE, HHEVLS ¥, BUKER BNESTERTLRIFCERELD, 3
a vy v AFXEMALIBEOENRFREICHEEMNED SN, -5 (Table 3, 4o —H, ¥ 7TRF
OFYFHREIE NS IHBICHRTER (1% k8 EL, ELEVFEHET 20K EDLDHTHHR
B BEPREE L TVIbDEEI SIS, £/, Fig. 1~3 THS» K LK, FHZRFOFWHE
RERIE, BAUERS D OBRTOMIEYEMNEVLBTIREL, BREA00ERMEVADTHS
T ENSE B,

LDEHBRERICHT IETROEHE, WHWIHEDRICIZ, EPHOBECHEETRE 2B
BER, »2VEIHBNERS ) OWESFEL, HEB2ERTIEPHOBICL » TRE ZHTERE
OFIEFERD, LU ESTHOEBEREROHEZI Mg,

2) TBBICLIBROMHE - AR

RELERENE EHBHEIRIS 5 ARIICHADIILYD, BRObAMAREZEOREL & b T HIHR,
LSRRG, FEHALBITL, bAMLABRO LR > TRISEMERSN 3, COZERETE SR
HENRZEL, KEICBROEBLETS S (Photo. 2). ZO¥T% 4 RBTHAMITR LD Fig.
4 ThHb, CONRBREBECLCEELSBELABEL L LK, BOEKEEREELODOTH S,
BBEHICEEKICAL > TVARASRIFNFNORBICI Y —ETRIVY, BELRVBIITL
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Fig. 2. BMERTERIEEVRER (k) YN vEZEOMRK
Relations between integrated snowfall and snow load on crown per kg dry weight

of branches and leaves.
@® Sanbusugi y=4.06+0.037x r=0.9980"" O Myokensugi y=3.84+0.027 x r=0.9899**
A Bokasugi y=4.93+0.024x r=0.9970"" W Murasugi y=4.08+0.026x r=0.9849""
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Fig. 3. HERSERLELRER (kg) Y HESROBMK
Relations between integrated snowfall and snow load on crown per kg dry weight

of leaves.
@® Sanbusugi y=5.70+0.052x r=0.9981*" O Myokensugi y=5.05+0.036 x r=0.9897*"
A Bokasugi y=6.79+0.032x r=0.9972"" M Murasugi y=5.41+0.034x r=0.9843""
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Table 3. HMEREER BOKER (LER) X)) TSRO

EEFRED t—BRTE
T-test of significance on regression coefficient between integrated snow
fall and snow load on crown per kg dry weight of leaves and branches

BB & NEE2 0 ¥ 4 FHRF L RF
Cultivar Myokensugi Bokasugi Murasugi
w+ v 7 A F 4,134** 8. 348%** 4, 289%*
Sanbusugi
139 VRF 1,645N8 0.471N8
Myokensugi
£ o R F 0.871N88
Bokasugi

Table 4. HEMRSHEE -HNER (KER) Yih EZRO

EREFRED t—RE
T-test of significance on regression coefficient between integrated snow
fall and snow load on crown per kg dry weight of leaves

& & A& NE R L I & S X RF LT RF

Cultivar Myokensugi Bokasugi Murasugi
A A S 5, 184%** 9, 0g7*** 5, 194%**
Sanbusugi
1agy vRFE 1,224N8 0. 46088
Myokensugi
*oHn R ¥ 0.509"s
Bokasugi
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Fig. 4. ATLBEEETOHZ L 280HM « bAMERTHEIN
Diagrams of the stem bending by snow load on crown in an apparartus for

artificial snow load.
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Photo. 2. ALEZEBREEBEICLIZETORELBODAM (1 397 v 2F0H)
Development of snow crowning and the stem bending in an apparatus for

artificial snow load on crown in case of Myokensugi.

A BEBSH C:HE3EMER (H 46.5 ke)
Before snowfall After the third snowfall (do. 46.5 kg)
B: E1FEREHR GEER 29.0kg) D: $5EEER (H 78.5 ke)
After the first snowfall (snow After the fifth snowfall (do. 46.5 kg)
load on crown 29.0 kg) E: B 6mBEHR (H 88.0ke)

After the sixth snowfall (do. 88.0 kg)
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HBEEOILTHEREC L, MRSy PBROKMMY, i, BEDENLSNIH, 4EORE
TERTIR, Bofrh, BoXRSYy, HEHOMN Y OZHELEL, ThThY Y TRF, 139
TYAE, FARF¥THHATZIENTEL (Photo. 3)e ¥ v 7 R¥(Z, BEMEL & & ISHEED
BEsEE D, 2REOREUR, BObABBKRBICKRE LT, 6 BIEORS TR EicHt
&, TOEBCKRINTRLUIMUE WEiE» 5 220em) THRIFOHSRE LI, 1395 v AF¥ MO
bAMBHBERGEER» SET D, BEROBME &S BPEEIKELSDAMLL, 6HEOBST
TSR Bl L e HBRAKR T L, BIFhicRES L -7, ZOK, BEE2TNTIVEL
FHR, Fig. 4 cmlz ki, BIEKEOREBICETLIEBELEL »k, FHXAFTIF, HEH
DOAMIZHENRE  h S5EE - b, BObABMAONIE IS S8 100~150 cm fHEcik £ b
TNEOTHNBEEZ Uo7, 6BIORET 4 HBTRAD 124kg ORENERS NI b hb
5F, REABMVOICRES P, —H, 647 AFTIHE, 6ROBET 66.8kg OEFRICEL
tods, BSEEOBERRED bt

SEIZ, MEERUVBOOAHOEBEATSRBEDOBFETEL O Fig. 5 Th 3, BobAC
& AWM OBE I QKT AR E BEEAMOBHAS 205, ¢ TRBEANOBEEN Y, BSEEH
DOIREED SRR TEL R (FTE) TRL, bAHOEEARIEEL L,

WHRNETR
Degree of the stem bending (m)

0 20 40 60 80 100 120
g2 R
Snow load on crown (kg)

Fig. 5. TERIMEOETROME

Relations between snow load on crown and degree of stem
bending. The degree of stem bending was shown by a
vertical dropping of tree top.

@® Sanbusugi O Myokensugi A Bokasugi B Murasugi
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Photo. 3. ALAEXEEE I X 2HSHFLEORE (REMIER)
Different types of snow damages by snow crowning in an apparatus for artificial
snow load on crown (After the last snowfall).
A4y 72F (ZOEBIEHTTN, HEE, 91.0k) C: &4 2%F ([, 124.0kg)
Sanbusugi (After the last snowfall. Snow load on crown, 91.0 kg) Bokasugi (do. 124.0 kg)

D: 435 Z¥ (Ja], 66.8kg)

B:1s94 4 vx¥ ([, 88.0kg)
Murasugi (do. 66.8 kg)

Myokensugi (do. 88.0 kg)
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COESBEY Y TAF, 1305y RFTIR, TERY Nkg 2251 0hOKEDA
ML, HIREOBETRLSFCHENL TV 308803, & ISEBERY 40 kg~60 kg 123 TOHB
T, 1395 R¥OETROMMHBFELL, Ll, 60kg L EOEBEBTIZELALE(MALR
LD, bAMBUSBEZITOSHA (Fig. 40 S f) KETL AL EEI NG, 0L
X R T TR EEELTEDTETHECEL TV, ¥ v 72¥ TR I a9y v RAFETAHALNS L
SUBHMLTEIASAN VY, BEEBM0kg LI LIS 3 & 3TRMSIRCETRESHEAL, 100kg
PRI AAETBINEEILTWS, ¥V 7XFOBRE, ThibAMOBRTH - EELONB,
k%, FHARAFCRHHOETRIIDUEL, HEROMMCHL TS, v v 7x¥, 1avr vz ¥o
KO UAMEELRASQTIR, BXERMICHERLTV S,

TIEDBHEE DAL E 2 ORI THOABLTVED, 2%, bAHBHIOBRER
L, ZOEEDOTUERLOBARERLAON Fig. 6 TH 3, MIIESREMIELKIC, bAMBLD
BEAARBERC LT, HEOBEERAERLALLOT, HESOEFMEBLALZTOLT RAFLRE
BB Lo BB NBEE (1, 5% KETHE) SRB SNk, £CT, SESMOEESERE
Lzt A (Table ), # Y 7RFERAXFOMTRHEBRULSHDA 1M, YV TR¥E Y
FYRFE, a9 h VAXLEIZFOMTRENRTOEEREE (I, 5% K¥) HBEDH OO, bABEE
HOBREROEIC b RBHEDH B LMD T, Y TR¥E, 1395 VAXBOTHUETEER
THRMBDAML, TEROMMCHEVREROKEI ST E TOAMBLSBHT L Eh5,
BEDAMLPTVWVHETHZLEIONS, COLINTFERLDAMBLORBEREE OBFRE, &
DM EHRELARTIEELELONS, —F, FHAFRBKX 124kg bOTFEBLSH-Th, bA
HHERAT L B EROLBIA/NS WEO FIRICRo T wi T &b D, BHELEHHMAD I VWHEETSH S

bARBGEORER
Diameter of stems at the
bending point (cm)

. e —— T
0 20 40 60 8¢ 100 120
T Z R

Snow load on crown (kg)

Fig. 6. HTERLHDAHBLORERDOEGR
Relations between snow load on crown and stem diameter
at the bending point.

Sanbusugi y=2.29+0.025x r=0,9466*"
Myokensugi y=1.04+0.048 x r=0.9466""
Bokasugi y=1.39+0.015x r=0.8950"
Murasugi

ErOe
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Table 5. HDAHBNTORERETESROBIREZHRO t—RE
T-test of significance on regression coeflicient between snow load
on crown and stem diameter at bending point

o & A NEL Pt ® # =r F
Cultivar Myokensugi Bokasugi
+ v 7 2 F 2.471%* 1.66788
Sanbusugi .
NER X2 3.845%*
Myokensugi

T LD B,

3) "EERILLIMEREROERE

HAENEREN S L, HEHECEHSTEL CHERERLELT 5, Fig. 711, SHET L OMHE
BEHOXEOBRFERAMC R LA LDTH B, oK, BSHRHE, $26E, F4E, 2L TK
BOFE 6 MOBREROMBERFHEE, BEOLELOBELALFEEZ L LI, BERAELLDTH S,
Y TRE, YavhvRE, FARFIEFOREIE - THREEHE/NL, BEROPLABOH
DR SBOEEAEICED > TRACBH L T 32 L000 5, 1395 v AF¥TH4HED, &
LELOEELA SN, BEORVERB TR/ - BEL TV S, ¥4 X¥FTORERIME/) - BT 5
2, BOHLEIPSDXLROEHLTH -, 47 AFXFTREBEGOR/) « TEBRLDIEL, Lhrd
EMAWETRERNMN TW3,

Fig. 8 U EB L HTREGEROMFARLELOT, BETERINIZTEHOKRESEET L
i oh3, BEMEHOMTREABILEICL 2EZMAYAEZVY, WThoBEORELEBIC
BWOTAEEND B, +rTRAE, ¥AXFRIFESEHOBTHRIC-HHTHNNEDLShE, ¥V
T2ETRIOBERICBITNLRELTEYD, FHIZRAFSINEIBAREBILHE 05, BS0
KDDL B LERIREICL S b0 LTS L D,

Fig. 9 i3, BITai0, Sl s OfEREEEORVER b, BIEHIOKRERES 100 &
LA S AR s SR OBERA R L2 00T, KO FESARTEECLELELZ 0hE,
WET/RL HBEEROENTE, 0kg OESETHA0% STRHIEBL LI a vy v AEFERE,
YYTRFE, FHRF, AFAXOZGEHICHELASENBDONT L,

2. BERIIHIIDHIHERHEORIT

1) HER ORI

BELALZF4REIC->VT, EEFERHOEEVEREEL SN HERIC>WT, LICHE
DA, MEEM, HOBELEAELLORECERSEDONZNE I hELE, BRELA,

WEEORM : BEOAEL MBI L SA, REMEERFAT S0, HELBRT 3 TENE
EEY, M, ST TOREERSMTEKE L, Bh oBNE TOKTPESEEBLEKE T2
RERICL - TRIEEORBEAF X LA (Fig. 10, 11 XU Table 6, 7, Fig. 10 ($#§5s o8
E3m OEHEANICEET 3 14~16 KORKEIL > W TRD - ERELRTH 3, BB L OERERD
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Yy TAR¥ HAX¥
Sanbusugi Bokasugi

Y DS LASRFE

Myokensugi Murasugi

Fig. 7. dEic & 3 EREEOE/(L

Changes of crown outline in orthographic projection by snow crowning.

[ =131 e FoEEBEOMSHR
Before snowfall After the sixth snowfall
L] B2OHOMIHK [ Rigri
After the second snowfall Stem axis

FiEHOBEEE
After the fourth snowfall

HBERMRVWINOEE (1% KB THh, HERURDL SESE ToRE, KEERMD SRKHE
RERTHREOAEELCRRT B LHTEL, LL, WEOCHY, 2 oiHEAOKE SO
BELBERFBHICDVCTHEZERELLL IS (Table 6), HELHEMZIRVHENLE,-
feo €T, WEVMIIE, HROEH - PAREZTEOBRICEELHE 23 2R 1.5 m O
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Fig. 8. ESE& & a0 iF Fig. 9. HE& & ExhEREmEoMF
Relations between snow load on crown Relations between snow load on crown
and area of projected figures of crown. and relative area of projected figures

® Sanbusugi O Myokensugi of crown.

A Bokasugi B Murasugi @ Sanbusugi O Myokensugi

A Bokasugi B Murasugi

160 1
140
120 1
100

&
o o

~n
o

HoOKTFER
Horizontal length of the branches (cm)
o0
o

o

0 100 200 300
Wy Sk TOEMER
Vertical length from the crown top to the branch tip (cm)

Fig. 10. #EEARTERER S 3m)
Regression lines of the crown shape in crown length of 3 m from the top.
@® Sanbusugi y=10.7+0.414x r=0.9869** O Myokensugi y=20.0+0.374x r=0.9630""
A Bokasugi y=11.7+0.403x r=0.9475"* B Murasugi y=9.66+0.349x r=0.9198""
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B K EER
Horizontal length of branches (cm)

BRSPS IIEE
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Fig. 11.

50

T 150

HE S S E TOEEEM
Vertical length from the crown top to the branch tip (cm)

B /R ERER (%R 1.5m)
Regression lines of the crown shape in crown length of 1.5 m from the top.

@® Sanbusugi y=6.17+0.497 x r=0,9821*"
A Bokasugi y=7.66+0.476x r=0.9610""

B Murasugi

O Myokensugi y=15.5+0.449 x r=0.9605**

y=12.9+0.290 x r=0.8462""

Table 6. #HEE (Fig. 10) OEURHEEO t—BE

T-test of significance on regression coefficient of crown shape shown in

Fig. 10
& 2 1auyva¥ HhRF LT RF
Cultivar Myokensugi Bokasugi Murasug1
v v 7 R F 1.226%8 0, 30088 1.482N8
Sanbusugi
Iavky vz ¥ 0.633NS 0. 495N
Myokensugi
xoA 2F 0,495
Bokasugi

Table 7. #EH (Fig. 11) OERHEKD t—RE

T-test of significance on regression coefficient of crown shape shown in

Fig. 11
& B £ 139 vRE FARF L5 RF
Cultivar Myokensugi Bokasugi Murasugi
Y+ v 7 A F 0.710%8 0. 31988 2,184%
Sanbusugi
I3y VRF 0.431N8 2.016*
Myokensugi
£ A R F 2,441%*

Bokasugi
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FERIEET 5 9~11 FOBEIC>\T, Fig. 10 LR, BREBORRERE KD D Fig
11 Th 3, Fig. 11 THREVFEROBBEFEERWFhLEE A% ki) b, Lib, REROD
ERBHEICRY Y TRFE, 1a9rv2¥, FARFELIRFEOMTHESE (5% ki) BSEDS
7z (Table 7)o Table 8 1& Fig. 10, 11 TR L 2 &5E T & 0 EHOERRES o MRETHA £ KD
PO TH b, BEE Im KOVTRDABEEATIE, &7 AFBEO/NEVY, BaBREICKE
HEWEIAONL W, HIEE L.5m 2oL TRO-HHEEATIE, 45 2¥iftho 3 S ~<TH

SATNEWE SR B. N OOBEND, ARNMOMBOEEIMET 5 XA 5N 5 T
Lim O#ERE, EEFRAUOLE - REMELFMT 5L T2 0EELNBHEICL S LEL
S5hd,

BEY BBEEOEES : Fig. 12 3% 3m olE% 50 cm BOKESEIzSEL, RERO
AL, BER2FICSDVTERDEHER lm k) oEME, ThfhoRELIRLEZLO
THd, DHEAY, EEETRY v 72F05Mh0 3 BRI TELLEL, tho 3 SEMIcIAES
ZRFHOOE LV, BRARORENHEA 2L, + Vv TXFRIHBERETHROD NI v HE5N0,
A5 RAFE, KAXFTRHEWICEL, THREILDLVERYEA NS, Lbl, HARSLEREIRS
5N,

BEEROEESH : Fig. 13 3EHE L OBEROBE M & R, & OB A BT I, BE
FEEREBEBC LARBRER TRLALOT, WTFh bHBEREIIAER 1% Kk#) T3, KD
ElRfEud, FHRFLMD3RBEOMTHEREE (0.1% K¥E) b Shsdt (Table D), HH 2 F
2R ILEOMTRIEERZRRD Shlih ok, KA XF RO 3 BEBIHENTESKL, L,
BOTMBICEET BSOS TRV &5 5,

BOREAE . BOBEMN & ELEIERSBMECTAELREOFEARAEL L, StEAOH
HAEME»S 1m OETE, $, TOIBXSLT, BIFcEm» cBELLEE,S, SHHE
B LIz 5~10 KD ERA THOBEAELRD 2, Table 10 RRBBEIC>LTHEE Lo
HEAEELEETRLALLDTH S, HRESUME BRI 1~ 2F£0ED ED 2EE&HEL,

Table 8. [EIFEFED oXRDHI-BHIARA

Crown top angle calculated from regression coefficients

wm B &

Cultivar

BEE Im

Crown length 3m
from the top

MER 1.5m

Crown length 1.5m
from the top

¥ v 7 =z F
Sanbusugi
I3y URE
Myokensugi

F B oz F
Bokasugi
LHoOF RF
Murasugi

22.8°

20.8

21,9

19.2

24.6°

24,2

25,5

16.2
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Fig. 12.

branches in crown length of 3m from

the top.
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Vertical distibution of the number of
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HoOBEAERY, TEBCH~NTEORETS
NEL, FEMICLEREENA LN S, HWEL
FCOVTEH L EOEEAE R L 5 X ¥HE
N, EHRAEPRKTH -1, JETEEHIE
MZEERALLERTIE (Table 11D, ®A2RF
ELF2FTRE, B, TOFNTOET, %72,
B TRF¥ELFIZAFDOL, hE, 4V 7AF&
FAZFoh TR +ry7x2¥Liazvyr v
FRUEIaor vy 2¥E L7 ZFOHE
FrAEXLERANZAFOTRBTENTHHEENR
»ohit,

2 HERRUKREROEESM
BEROEWVI, T TR~k L I (1-118),
BEOWIENRICLIOEFIERBREEZ SN
5, TIT, BEROFESMICOVLT, B, E
BROEER, KX/ h OVHERFCST TAE
L, ThooEHi >V TORBEEERETL 72,
B ¥ R0uEROEESH - HEEKES
5 50 cm BOKERBIZ BT, ThFhOBO
%, ¥ BoLEBORESHE Fig. 14 I
T, RORLERIREORS BRI, -2 &%
NLA DRSS (B KRS LTRLE, EO
HERTR, ¥HFEHMO 3 RBIcb~TEL
E L, MEA S 100~150 cm OREBTOR
WHEE LV, —F, 452FTIR 0~150cm O
MEBOBEOHERIIHENDE C, 201~300
cm ORERBTE L, ROLEROEENFICD
WTCHEORER L 23R CERAED S0 58,
BEOBEAHICIEY Y 7RFE, 1a9rrRF

iav

ERHZAE, ASAFORMICEVHEAEON, YV TRAFEIa TS Y 2AF TR 0~100cm ORTEET
BEMB LV, BOGZERICODVLVT LR ZAF MO 3 RBICH~NTEL, 2ELUETH -1, 103
B> LWTREER, RUZTOFRHAAICHAOHALGERBED QLD -1,

EH1-UFELHEROSELNH  BEOMESDERSERICHRAT 2 LEETZ L, ERMNFVEES L
DPERERBEBOREVEEIONS, LA -T, BYhOFHERI, BOERCPHREE LI,
O TEHEOIEILRLY S>3 LEZ 505, Fig. 15 385 5 3m O#E% 50 cm EOKELEI
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o E %
Branch diameter (cm)

100 200 ' 300

Higp HBMERL  TOERE
L.ength from the crown top to a branch base (cm)

Fig. 13. EHEZROEENTHICD L TOEYFER

Regression lines on the vertical distibution of branch diameters.
@ Sanbusugi y=4.23+0.041x r=0.8299** O Myokensugi y=4.58+0.042x r=0.9091""
A Bokasugi y=4.30+0.065x r=0.9116*" B Murasugi y=4.34+0.039x r=0.9327*"

Table 9. HEEDEWFRE O t—RE

T-test of significance on regression coeflicient of branch diameter

o 2 tavkh ¥ ®hHRF LT RE
Cultivar Myokensugi Bokasugi Murasugi
+ v 7 R F 0.077%8 2,187%%* 0. 24178
Sanbusugi
139y yRF 2,487%** 0. 403~
Myokensugi
+ A =R F 2,823*%*
Bokasugi

Table 10. HOEHBFLEAE

Mean angle of main branches

m B A MERAD S DOEERE
Cultivar Length from the top (cm) iy
0~100 cm 101~200 cm 201~300 cm Mean

4+ v 7z F 35.4° 42,6° 48,3° 42,1°
Sanbusugi
=1 I SV S 30.8 55.4 46.8 44,3
Myokensugi
I I 37.0 §9.1 65.7 53,9
Bokasugi
I 5 A F 22,9 39.4 51.4 37.9
Murasugi
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Table 11. HKOBEEBED t—RE

T-test of significance on mean angle of main branches

B 4 =R B e A RF L5 RF
Cultivar Myokensugi Bokasugi Murasugi

¥ v 7 2 F U 0,98728 0.3374%S 3.9594%*
Sanbusugi M 4.0207%* 5. 1113%* 4.1336%*
L. 0.2801% 3.7331%* 0, 5714%s

3oy vyx¥E (U 0. 9695Ns 1.6986N
Myokensugi M 0,9220 4,1336%*
L 5, 8271*%* 1.1340N8

F AH 2 F U 2.8885*
Bokasugi M 4, 92EL**
L 4,9281%*

U #dE LM (0~100cm)
M #EPE (101~200cm)
L #&@E TR (201~300cm)

100
200
300
400

# B &

Crown length (cm)

100
200
300
400

Stif, BEILOEOTHERE, B4 D THEBORENHERLIEDTH B, HEYkh DTy
HRBILERTTR L, BE0 EEHR (0~100cm) TRHEHERICKEBHZRAED Shivls, TE
(101~300cm) 124 3 R EFEHERICASILERNAD SN, vV T2F TR FTEBTORLERY
fhO BRI TDR VY, KH2FTREL KD, TROERIEL, KLVELEZROESEELT

HrTRE
Sanbusugi

4.0 3.0 2.0 1.0 0 1.0 2.0

1avhr L RFE
Myokensugi

%8 Green branch

¥ Leat # Stem

Brown branch
4,0 3.0 2.0 1.0 0 1.0 2.0

BEECER ®ReETHR
Dry weight of leaves Dry weight of
and branches (kg) stems (kg)

100
200
300

400

100
200
300
400

Upper part of the crown ( 0~100cm from the top)
Middle part of the crown (101~200cm from the top)
Lower part of the crown (201~300cm from the top)

KhR¥
Bokasugi

"5.0 4.0 3.0 2.0 1.0 0 1.0 2.0 3.0

LT A

&

Murasugi

T T T

4.0 3.0 2

T
.0 1.0 0 [(.02.0 3.0

Fig. 14. 8, ¥, EoKXEROFHEMM (WHE 3m)

Vertical distribution of dry weight of stems, branches and leaves.

WB I &N B,
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0- HTAF 0- RARF
| Sanbusugi ] Bokasugi

100 1004
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E 300+ 300+
E}. 4 .
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5
; 0~ 2avr 7x¥ 01 Aaz¥
EO g Myokensugi | Murasugi
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= i ]
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15105 020 40 60 80 10 5 0 20 40 60 80 100120 140

EHRER EHREER/S

Mean diameter of Mean dry weight of leaves

branches (cm) per branch (g)

Fig. 15. RKOWHEF LN D OFHERORES M
Vertical distibution of mean diameter of branches and mean dry weight of leaves
per branch.

Table 12. BREBORFBEHEED t—RE

T-test of sigificance on regression coefficient of stem diameter

m g & ELE T A RF s RF
Cultivar Myokensugi Bokasugi Murasugi
+ v 7 R F 1,394N8 6. 678%** 1.971N8
Sanbusugi
13y VARF 6.037%* 0. 744N
Myokensugi
£ H R F 5. 005***
Bokasugi

SHRETICET 3RO EEET 2150 —

B
KL 3 LEA SN %, Fig. 16 idMA SO EEEMAMIER S L, BoEREARBEK LT 20
BRERLILDOTHY, FEROHBRERINTER (1% KE) THs, Lrl, [SEEOENKE
FEIZ->WTIR, FAXFEMOIREE OB TOAFEZ (0.1% /KiE) A 515 (Table 12),

N

v v A¥FOREGHEL TORIRLIBE D - 7208 (Table 1), BMERTRY v 7XF, 653 XF&

BB EBREZRBED S hish - 12,
PlE, HERICBETIHITEER» S, BEINL4BETE, UToL S BRE FLOBEAHES A
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[
Diameter of stems (cm)

100 200 300
W H > IEME
Length from the crown top (cm)

Fig. 16. BEROEEAHAIC DV TORKER
Regression lines on the vertical distibution of stem diameters.
® Sanbusugi y=-0.01+0.195x r=0.9896""
O Myokensugi y=—2.03+0.210x r=0.9919**
A Bokasugi y=-—3.46+0.304x r=0.9848*"
M Murasugi y=-1.27+0.218x r=0.9900*"

B, 4 Y T AFXTREROEICHEAMNE L, HELMTRENE L, X1 2AFTRIHERE, BEEN)
AREL, BEHOLER BRYL ) OVHERRUKROEERHEZ VL, L7 R ¥ TUEEHMDLEL, &
HLHOKREEOHER /DI,

Iv. % ®

1. HEREWHEE

MERACLEOEEMIZ, BISOMEDREEST 3ERO—oLEZI SN B, NEHY, &
P GHBIESD S, BAPAZVLOEIEHERGZ VI EEREL TV S, £/, FELY b,
BEIcxT 2 ERBERE L THEEAMS NS WS L 2EHLTVWS, SEOERTHALK: 4 2ED
Bl 3m oW TROLRERATRE, SN EEREBHZRED SN h -7, 5 1.5m
TRRLIZAFDS, o3 REEOMTHEE (5% KH) sEB L, REOHEMNRTH2HE
b, 27 Z2FF4ABOPTRHLEVETH D, HIFHTOREREAD/NI LT &2, EFEREDUL
T3 —D0ERELLTHV TV 20 LHEXNE, LhL, WEESEHSHIEERMNED SNLHL
SkHF Vv TRAE, 1av s v AFERAZAFOMTS, BEOMIYEEE T EYFER I TEMESE
Hoh, i, BAKER BUERYCOHESETAHREERCR, 47 2¥04 0 3 B L O
KoM EERPED ORI, CHOOERYP S, MEYRICIBEEAD R, ICMboXE LERHIKH
HlLTWVEEEZ SN D,

BoBFEAK D, RA—EERTOEEC L J, TOBBTELY, TEREKXZVWER S S, ©
T, BEBILELAREELLLABMICHOABERBED O, T &0, ROBEEAY
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BREEAL LS ICREENERTEEILDIBbDLEEZ OB, & CHTSTHOMBIESRAL X
TERIREHROME L, HOEEAKE & OMICIIEELRRMSED Sh, BROFERRMRENFHIF i

4 GEORTH EL RERERSKE VL, —F, BROBEAEMWNIVWALASZF, vy 72ETRIOD
EMBPNEV, LhL, COBRERFERIc>VWTA3E, SFLLEFAVEEFERASHAEY, IO
HHO—D&E LT, ROMECHBY 0EBPHEORE, 50RO TERSICAH 5 HFENHE
HEAEETILEND S0, BENRET 3 -0, HEOEIC ZHBUEBERSED SNELD
bokLBbh 3,

BEIER, HOBEAE IBRSHHORBEDRCILHOIFEEREREELON Y, EEMNHEL,
BRESER2CHEO A MICER LIRETE, BV SERL TV LRI, BEEAOEVIZE
ZERRBLALE LD, R IHMEATEEOZEL, - hHENEROES - bAMICED
JEECSNIBObAM - SEHOEEPLEHO TREOBENLVEBELU L bDLEZ SN B,

2. BERIGER

HEEOEIHERE L THER, ((REBCPHEFEELEERLOBRMIhAT TIERSATL
5, MAYREERLER BH OFEEHAN, MEOMICIE logWeew = A+ BlogWy (W,
HER, Wo: BB 0BEMSAIL2RVWEL, BEERILOASREIERICL - TREL LH
ELTVWA, £7, FMAC Y RERBLBHZAAY SN, BELEERLATSELOMEVWHEOS
BILAEEHLTBY, ZPOY bHESHNENERICHHAT I LEREL TV, EILY 3k
BoUlD o LPHITbIcL 2 BROBAY, EEELERITIOLFLVHIROS L%, T,
hE 5™ SR 1L5m OBEANICH ZHEREZATL 2 EBRT, HIrLOBREED TV S, —
B, BAMEBEEOMFKBICOVT, WEHY IHBERE S LT, MESEICTHIZEEL ORIE
KRBT ZEZRERMD L, BRENZAZETHELGRDOT 52, AL L TRESHRENHEM
TAHIEE, TAZRRAE, BEASHCEREMSDE b0RETTREDE T LR LT, BIE
RICEAT AHARIE Im %S00 0ABE® tobhTwb, SEOERTHALZ 4 ZBOFT
BY Yy T RFOHAR (Ilm 720 26.84) RIclTHiEDEOLY, fho 3 REIc>WVTIIEA
EREJED SN (20.7~22.3K/m)e 1, 4 7AFREAMME VEICERNENBES
ISV, HHHERITU LS4 RBORLTRESDLEL, C0XHiE, BAKLIEERE O/
R RECEATAERO L, HEORECHENTORBSGMEFRTZLEELLN LD, BARD
HEFOST CHET I LSS 5, SEEAL4 BB VT, EBH VIR EEEA
B LEKERLBEROMBEIBSOMEDE TAH B L, BAYLYOEBERTE L BT IIKE
BOBVWEHRXTHRATH -2, HERICAKEZLBOOE VO 3 FBOMTRARTE S » 7,
BARER, BUERYEhOFTRTR, vV 7AFOAFERICKELMEELD, 1o 3 B>V
TREVCAELSZRZED Sh b s BRSO TAHLHEFTENSFE L 2L FEA A FORYYE,
HEBSBIEICLZVELS ZORBEOEHYYY 12380 THD, Thid, BEOKELEERNT
OEBRELDIE, HRER LDDOUEBVAZ(HVLWTVLAILERLTVE, —F, EBNIGE
DM TERGDRVG YT 2EE, BAHER, BUERY/OOEIZETE, 4 RBPROGVHHRE
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SEELOMETHD, EOBEPREOHBER SPMZLHIRT 50 SO THRNICTEITWS
LEZLSN A0 SEMHLL4REICOVTE, RER MEER-CETER BSEE LK
ERH L VIBMERN L VEZIROMBRE LY, S, BAMOREMAZL Y ZERBOZE, H501E, &
EoRECHE BENTOREN LOBVHHEROGEMZELRE(CBVTVIbDEEL LIS,
ok, BEORRMFTICE, BPEOHEOHETHE ZHMER, BAIBERY L OMIED
RE, BEEHERT 2 2HERTRE ZMTELETORBYED, DU L 0FELBEREEE
TEHELENDBHLELOGN B,

3. HOEEMEEEISEOTER

AELLE, BEOSRBIZTEL THESAORETE -ZTE— 24/ T& 20 L5 BHED
FEARHEEZONS, 4 RBIIOVT, O TERICHFT 3 LELSNAER, RFEHERD
FEAH, RELEBEOHE, RUZORHESMIC, SEEHEEEISNIEZRPHEDONI, L
L, BOTEROIEEL LAETOREC L 2HEREROERIC VLT, BMETRL REEE
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55— FEHEFBITELREALTY, BHOFERIZTNALECRRECHSBLOILET R, EbHT
T SROREESER SN, Zobic, REMENEDShU (L bDEERZONE, —4,
ot oa o TEER, MEOSH»TRIARICE THARRDLWTORETH Y, #HiF
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HOENOH TROBEFIEZ 5 L RRETLLEEL 5N D,
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AEBRTHUNCHEOHEEE TS 81, SOy, HMRHPDEHFET I LPTEI,
1 BEOFTEI= vy Y AEHNROBEINY FEILPTVHENS D, v 72F, F¥H ¥R
BHIbAMLUIZCL, 2009, BIFh2ECIBBESFVEELAONS, ThETOHERETS
FH2E, 4 T2FIBOBENNSL, BHAVERTEL VDN TE WY, SEOKRBER
BIh2EMFALLVLE, —F, 6BEH, RERTREESKENDUb L3129y
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N, ALESETRY Y 7RAF, 1305 VAFBENZRFIENRTEOKVFATOAMT S L8
B ot BOBECHSVLTARRASTWRLS, BEEoHEomc 3RERIESED SN TLAH
Bid () VOGN ga gy p A i IO — o DBERICBED S B LEZONE, —F, BDbA
B RHRBOBEANEEL RS v Ml EEI SN D, BEVPHOTESICLD, HEBHSTOES
HDAMDIHEEY, bAMLEEO EERCZTESESR SN, IOZFTEOLETESESHREET S
b 3¥ ZoMBRROEE LS EEITERE LT, MERNTOEROAGHLAHPHOES
DAZFLHEELORBROURBEEIN TV Z VOO 4 BRSOV T AR OEEROBEIHIC
i, WD 5 0~150cm OMEBTOERE, B BEROHISCRBMERSED SN, #HE
BEHED > A RO FEENTRED 12, EERLESE I L 5EBER L ORMIC LT L SERTRRER
BADOLNE Mot BHKMO LA a v/ v RF TR, HENBVWERBTT TBERIIRBI AT
ETLEN, CTHRBODAMICLIZEETH S, —H, BEALEHILLEFETH-1cb 5 RAFOHK
EHEOEE, BEhL s LAEMGEVWETREEHRENLTVWE, Chodl ehd, BELT
LREAEY L, bAMLSOHBRIENKO 2D TEELSERTHY, ThICRHRROERLE
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Experimental Analysis of Resistance to Snow Load on Crown
in Cryptomeria japonica D. DoN.
—Tests by using an apparatus for artificial snow load on crown—.

@)

Kiyoshi NakasaMa’, Ryuzo Nrrra®?, Takao Fustmort® and Masaki Katsura®

Summary

The relation between types of damage caused by snow load on crown and morphalo-
gical features of the tree crown was examined for the purpose of making criteria for
selecting and testing resistant cultivars or lines of Cryptomeria japonica D. DoN by
using an apparatus for artificial snow load on crown which enabled the reproduction of
unusual snow-precipitation. The materials used for this experiment were four Crypto-
merta japonica cultivars ; Sanbusugi, Myokensugi, Bokasugi and Murasugi.

Typical damage by snow load on crown, such as stem breakage, stem bending and
crown-top bending, were reproduced artificially by an apparatus for snow load on erown
in Sanbusugi, Myokensugi and Bokasugi, respectively. No damage, however, was
caused on Murasugi despite a maximal snow load of 66.8 kg/tree to the crown. It was
also noticed that there were linear relations with high correlation coefficients between
integrated snowfall and snow load on crown within wide rage of 0 to 700 kg of integrated
snowfall, and that there were significant differences among cultivars in snow-catching
efficiency, which was expected as regression coefficients between integrated snowfall and
snow load on crown. The snow-catching efficiency, which was calculated from the
relation between integrated snowfall and snow load on crown per kg dry weight of
branches and leaves, was significantly high in Sanbusugi, while there were no significant
differences among the other cultivars. These efficiency values indicated that the two
important factors effecting snow catching efficiency were the morphological structure of
the crown and the weight of branches and leaves.

The relation between snow load on crown and stem bending differed remakably
among cultivars. There were no significant differences among three of the cultivars
(Myokensugi being the exception) in the change of crown outline in orthographic
projection under increasing snow load, which indicated a degree of branch bending due
to snow fall. In the morphological features of the crown, there were differences among
cultivars in crown-top angle, branch angle, the number of branches in the crown (branch
density), the vertical distribution of dry weight of branches and leaves, the ratio of green
branches to total branches in dry weight, and the vertical distrbution of stem and branch
diameters and of dry weight of stem. Among these features of the crown, it was
confirmed that crown-top angle, dry weight of branches and leaves and its vertical
distributions were the most important factors, which produced a great effect upon snow

load on crown.
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