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A Study on Characteristics of Landscape Planting of
Woody Plants in Japanese Gardens
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Although landscape planting of woody plants as well as arragements of rocks is the most essen-
tial factor to embody the beauty of Japanese garden, we can find few quantitative works on the
subject but adaptations from the empirical and traditional techniques.

In this paper the characteristics of the landscape planting in Japanese gardens were examined
with the multivariate analysis. The plane figures of fifty three famous Japanese gardens were
submitted to the samples, from which twelve variables concerning size of a garden, projectional
area of a tree, species composition, number of trees, and coverage with trees and shrubs were
extracted as sources for the analysis.

The principal component analysis synthesized four principal components, but just three princi-
pal components could take on the meaning as follows :

(1) Size of trees in a garden

{2) Number of trees in a garden

{3) Vegetational coverage in a garden

Those three components might explain as large as 76% of the characteristics of landscape
planting of woody plants in a Japanese garden.

The fifty three gardens could be classified into five groups with Warp's method of the cluster
analysis, and there exist distinct differrences of scores of the three principal components among
the categories. It means that gardens of each group were built with different frames, and would
bring about dissimilar beauties of gardens. To de noteworthy, however, is most of the gardens
investigated belong to a certain category, which is very suggestive results to understand fea-
tures of Japanese gardens.
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(Reiunin)
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(Kencyouji)
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LFHE (Middle Edo)
E & (Ancient)

= BT (Muromachi)
#k 1 (Momoyama)
JIEFEE (Middle Edo)
TF##E (Early Edo)
XA FHER (Middle Edo)
{LFEXE (Lata Edo)
£t 7 (Ancient)

= BT (Muromachi)
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Table 2. List of values of 12 variables submitted to the analysis

“:'::l‘)’e‘f Vari.1 Vari.2 Vari.3 Vari. 4 Vari.5 Vari. 6 Vari.7 Vari.8 Vari 9 Vari. 10 Vari. 11 Vari. 12
1 6930 2124 0 148 19 14.35 16.96 16.00 2.175 0.306 0 0.214
2 1511 476 0 42 17 11.33 1417 2.94 1.803 0.447 0 0.394
3 1428 1847  23.2 201 42 9.19 21.98 5.70 1.505 1.293  0.161  1.190
4 396 269 12.3 64 22 420 470 2.8 2,166 0.679  0.303  0.025
5 99 111 11.3 53 11 2.09  4.91 574 1.893 1.121  1.111  4.444
6 104 15 0 7 4 2.14 2.3¢ 0.9 0 0.144 0 0.673
7 366 457 58.4 83 19 5.51  13.08 11.14 1.192 1.080  1.585  0.874
8 59 38 5.7 28 10 136  2.11  3.65 1.53  0.644  1.017  2.203
9 287 78 13.8 70 20 111 1.89  6.43 2.133  0.272  0.488  1.324
10 445 525 6.0 77 19 6.82 7.01 4.18 1.278 1.58  0.181  1.99%4
1 178 37 9.4 40 15 0.93 1.20 437 1.673 0.208  0.506  1.180
12 435 434 62.2 177 33 245  5.36 13.53 0.996 0.998  1.425  2.138
13 92 44 4.4 29 15 1.52  4.97 1.79 1.108  0.478  0.435  2.391
14 594 483 22,9 110 21 439 10.54 7.08 1.765 0.813  0.387  1.380
15 290 194 19.8 42 16 462 8.3 2.8 1.106 0.669  0.630  1.069
16 1920 1606 73.2 144 29 11.15 23.31  7.98 1.466 0.996  0.453  0.490
17 845 1134 3.5 78 24 14.54 26.43  3.61 1.291 1.678  0.059  1.065
18 353 399 28.6 116 25 3.44  6.69 7.00 1.271 1.130  0.822  2.493
19 96 144 38,0 80 17 1.80  5.05 12,79 1.683  1.500  3.958  2.708
20 759 282 79.2 257 31 1.10  2.44 31.63 1.158 0.423 1,18  1.036
21 429 288 21.4 73 29 3.95 10.74  2.87 1.540 0.671  0.49%  1.375
22 264 9  16.0 46 15 1.96  3.41  4.46 2.000 0.341  0.606  1.364
23 1468 748 65.4 280 56 2.67 3.83  8.49 1.160 0.563  0.489  1.453
24 171 103 5.7 36 18 2.86 3.82  0.91 1.800 0.606  0.351  1.813
25 396 595 43.6 82 32 7.26 12.71 3.3 0.999 1,503 1.111  1.616
26 478 323 10.2 112 23 2.88  6.43 5.8 1.859 0.676  0.209  1.925
27 561 274 64.8 90 19 3.04 3.93  8.29 0.53  0.610  1.448  0.802
28 576 796 28.3 230 41 3.46  7.09 8.30 1.205 1.558  0.548  3.209
29 3035 1897  77.4 295 27 6.43  9.81 14.52 1.48  0.700  0.284  0.800
30 336 64 21.2 33 9 1.94 2.93 552 2.216 0.190  0.625  0.327
31 825 186  15.1 136 14 1.37  3.73 19.40 2.300 0.242  0.195  0.819
32 785 346 45.0 123 36 2.81  5.57 20.21 1.281 0.484  0.629  0.923
33 763 302 49.7 270 27 112 3.80 21.25 1.673 0.415  0.688  1.293
34 3158 1628  93.7 332 40 490 892 19.19 1.251 0.705  0.408  0.915
35 231 208 14.3 34 17 6.12 5.53 1.22 1.078 1.005 0.676  1.401
36 396 431 16.1 47 27 9.17 17.19  1.83 1.179 1088  0.404  1.187
37 693 718 110.5 109 29 6.59 12.24 7.05 0.981 1.03  1.602  1.573
38 990 829 3.5 123 34 6.74 7.0 3.38 1.263 0.837  0.040  1.242
39 142 209 18.1 44 16 475 14.28  3.53 0.412 1.646  1.417  3.465
40 247 276 42.8 151 35 1.83  2.36  8.65 0.941 1.272  1.982  6.959
41 422 187 29.8 82 19 2.28  4.05 7.70 1.332 0.503  0.806  2.204
42 396 381 9.6 86 15 443 8.8 5.8 1.200 0.962  0.253  2.172
43 521 690  27.3 201 43 3.3 4.89 504 0.964 1.324  0.518  3.858
44 4100 3011 0 116 17 25.96 30.80  9.47 1.188  1.004 0 0.387
45 343 352 13.0 69 23 510 9.37  3.28 1.091 1.100  0.406  2.156
46 720 1395  136.3 67 22 20.82 57.20  3.59 1.254 2022 1.971  0.971
47 1050 1316 19.4 77 27 17.09 42.48  1.94 1.442 1.385  0.200  0.810
48 794 426 2.6 120 29 3.55 5.33  6.46 1.356 0.558  0.039  1.571
49 1379 2335 45.6 106 27 22.03 3470 5.40 1.888  1.693  0.334  0.769
50 547 533 8.1 105 36 5.08 14.53  3.27 1.000 1.066  0.160  2.100
51 275 225 6.5 40 19 5.63  4.60  1.41 0.833  1.000  0.311  1.778
52 1242 2183 558 165 27 13.23 16.67  7.64 0.976 2.021  0.519  1.528
53 393 207 7.7 46 17 450 12.73  2.76 0.928  0.570  0.220  1.267
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Table 3. Correlation coefficients between each variable

Variable
number

1 1.00

2 0.76 1.00

3 0.10 0.27 1.00

4 0.44 0.44 0.51 1.00

5 0.17 0.32 0.40 0.73 1.00
6
7
8

1 2 3 4 5 6 7 8 10 11 12

0.53 0.82 0.13 —0.02 0.05 1.00
0.31 0.66 0.30 —0.04 0.09 0.89 1.00
0.37 0.16 0.44 0.69 0.26 —0.15 —0.18 1.00
10 —0.10 0.41 0.26 0.39 0.27 0.51 0.58 —0.24 1.00

11 —0.30 —0.24 0.48 —0.03 —0.04 —0.19 —0.04 0.20 0.31 1.00
12 -0.37 —0.31 —0.07 0.03 0.16 —0.36 —0.28 —0.11 0.33 0.40 1.00

REIPSOAPZEED, &DHITLEHHEOV DL ITIFBVEBREERIZED NS, %
2 T4, No. 1 EREIOKEIEE No. 2 I ARBEHRFEMM (0.76), No. 2 NI %5
EFEE No. 6 AL AY Y BIEFHFEM (0.82) HL U No. 7 ISR EHBNOERERE
(0.66), No. 4 JMILAA L L No. 5 HERFEH (0.73) LU No. 8 HIREDAH DIRERZE
(0.69), No. 6 FMLA 1 AN ) EEHEEE L No. 7 BiEHEAHEOEERE (0.89), 0%
NENERFRIBCEBEGEAIFET 224 bh 3. Z0KI L, BEFZAFRMIIC



28 TERFZ - R B

Table 4. Contribution ratios of 12 variables in the initial principal component

analysis

Variable number Contribution ratio
1 0.75347
2 0.91860
3 0.79504
4 0.95033
5 0.79860
6 0.96161
7 0.89014
8 0.83162
9 0.43181
10 0.85173
11 0.88367
12 0.64861

Table 5. Factor loadings, eigen values, and cumulative contribution ratios in the
last principal component analysis

Comp. 1 Comp. 2 Comp. 3 Comp. 4 C. R.*

Variable numder
1 —(.71498 0.68698D-2 0.49484 —0.14774D-1 0.75633
2 —0.94139 —~0.13824 0.75316D-1 0.92870D-1 0.91962
3 —0.47600 0.54334 —0.33369 —0.42631 0.81489
4 —0.53288 0.76369 0.17853 0.23218 0.95297
5 —0.45598 0.55786 -0.12621 0.53022 0.81619
6 —0.81069 —0.53527 —0.11842 —0.59608D-1 0.96131
7 —0.74407 —0.46386 —0.31656 —0.15004 0.89153
8 —0.27658 0.74761 0.30653 —0.31271 0.82716
10 —0.44180 —0.15311 —0.79934 0.19605 0.89601
11 0.13518 0.38685 —0.67363 —0.50342 0.87514
12 0.34312 0.29868 —5.59863 0.43029 0.75045

Eigen Values 3.734406 2.531712 2.068978 1.126504

Comulative

Contribution 0.339491 0.569674 0.757736 0.860145

Ratio

C. R.* : Contribution ratio.
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Fig. 1. Clustering dendorogram for the samples. The dotted line shows the

level at which the samples were classified.
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Fig. 2. Distribution of Component scores of the samples classified into 5
clusters. Each axis corresponds to the 3 principal components.
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E, ThEhDs 728 — BT 3 EEHMOBEEOER PR > TWaE I L & EKRL, £
NIZBSCIIBEEICEL - -HEE52 3 LEREN S,

ZZC, ZhonHFEE ZhIBET3EROEEER L OMOMEBIEOEFEIZ DWW THET
LTH k). Table6 ld, AL EROHEEESEER2 T LDHLLDTHS. ZOT Yy
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Table 6. Number of gardens belonging to each cluster and each era in which they
would be constructed

Era Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Total
Ancient 2 0 0 0 0 2
Muromachi 4 0 2 2 0 8
Momoyama 7 0 0 1 0 8
Edo (early) 8 2 2 2 5 19
Edo (middle) 5 0 3 1 1 10
Edo (late) 5 2 1 0 0 6
Total . 29 4 8 6 6 53

FEEOBEVHFEHEZ X SIIRFOEMA DY, METAILIETELRW. ©LA, Z0
FENPLHAEZEIFEEERICIEERIZIFIAI— 1 IIDBSNAERF 2V L THS.
ZDEI LS LEBEDOBEIIBETNEZLTH L. FROBRIL, £iIIEEEY
HEEEICHSTA2REDONNS — I oWTIT - AFEICEVWTERENZ. Zh5DZ R
bbb lit, 2 ODEHAER HEOEER2ETIELTHY, ZhiTEBEADHAL %
K5 204, 5 0VIEELEEAEOFARBRT 202N % v,
EEOTFEXA»SHAL ) 21EHRE2 L1120 T, BIAROERBEIZET A HEN TR 275
TERFER, W OPDERSZEEZNEECEIEHFTEA. Zhs0ERIE, ERH
FOBBDOTEEMEZRET 240 THY, ABIEIZOE) ZEMAIREELELA). Zh
CIEEREIZ, RNV IAAPSDREL L TIEINSDERLEREORIGOSIZET 2%
Franhidszs zwy.
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HAER#HEST 3EADEREOEREICIOVT, SEERMIC L3 BN LRI 2/T-
2. MEOEZODEBL LT, FHEOSVWERO ZERFEK 3 SxAvka. FEK»5,
EEEME, SAROHRYEE, BER, SRR EREOEAAEE, EihEEL & 2EE
L, EN5DORBIZE > T 12 BHERELGTOME & U 7=,

3, 2hH60 REHGBVWZERSSTOERE, BEENEVERICE LTI, #ARE
DEAEIX, BA SN 3BARORE, BIAROARH, HEHKE, DIFHIII-TZ0OH 76% 5
BHEN)IBZLER L. &515, ZNEDERFOBAEZERI L ICRKD, Z0BES
BED T TAS—5H (Warnik) 0k THBEE LA ERASEBRICEESELY S
EHRL7Z. IS DEEMICIE, BAEELOBEZ2ERED L WAEEL, ZOERE
FEOIIT B2 LIk TEROKERFOTMRE 52 2R L2 /2, Zh5DH
BLEEOBEERLONIZIIER MBI L2, LA, HEREBRD £ A EEDER
BT I e RENE 20, BARERORBESCERER LOBE 2R THEKDS
BEETHA.
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