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Abstract: With rapid climate change and increasing global warming, the distribution of evergreen broad-leaved trees
(EBLTs) is gradually expanding to the inland regions of Korea. The aim of the present study was to analyze the
survival rate of 148 EBLT plantations measuring 180 ha and to determine the optimal plantation size that would help
in coping with climate change in the warm, temperate climate zone of the Korean peninsula. For enhancing the
reliability of our estimated survival model, we selected a set of 11 control variables that may have also influenced
the survival rates of the EBLTs in the 148 plantations. The results of partial correlation analysis showed that the
survival rate of 67.0+26.9 of the EBLTs in the initial plantation year was primarily correlated with plantation type
by the crown closure of the upper story of the forest, wind exposure, and precipitation. For predicting the probability
of survival by quantification theory, 148 plots were surveyed and analyzed with 11 environmental site factors. Survival
rate was in the order of plantation type by the crown closure of upper story of the forest, wind exposure, total
cumulative precipitation for two weeks prior to planting, and slope stiffness in the descending order of score range
in the estimated survival model for the EBLTs with the fact that survival rate increased with shade rate of upper
story to some extent.

Key words: evergreen broad-leaved tree, survival rate, quantification theory type I, Site environmental characteristics,

site suitability, seedling survival data
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Table 1. The environmental site characteristics of evergreen broad-leaved trees plantations by region.

Survival Seedling Slope

Region Number of rate (%) height Altitude degree TPBP TPAP
plots Mean SD. (m) (m) =) (mm) (mm)

Boseong 2 14.5 1.5 04 122.0 59.5 107.0 68.3
Soonchang 2 86.0 0.0 0.5 316.5 50.0 21.0 40.0
Youngam 4 9.0 0.0 0.2 21.8 14.8 0.0 17.5
Jangsung 2 94.0 0.0 0.7 189.5 46.0 19.0 20.0
Jangheung 8 70.5 13.9 0.5 195.9 30.8 69.7 52.3
Jungeup 3 343 41.7 0.5 249.7 39.7 10.2 41.7
Jindo 83 62.8 24.1 14 137.6 36.5 42.0 70.7
Haenam 44 83.8 17.4 04 31.5 17.8 61.0 10.4
Mean - 67.5 26.8 0.9 111.3 30.7 47.7 48.6

Total 148 - - - - - -

Note) TPBP, TPAP: Total cumulative precipitation for two weeks before and after planting, respectively.

Table 2. The site characteristics of evergreen broad-leaved trees plantations for each tree species.

Species (Korean name) Number Plantations Seedling Altitude Slope TPBP TPAP
of plots (ha) height (m) (m) degree (°) (mm) (mm)
Quercus myrsinifolia Blume 1 0.1 0.6 34.0 21.0 28.0 7.5
PR
Castanopsis sieboldii (Makino) Hatus. 10 16.2 1.5 146.1 33.1 101.1 61.5
(FA AL
Cinnamomum camphora (L.) 3 1.3 0.5 184.7 37.7 242 31.5
J. Presl (54H)
Camellia japonica L. 11 5.8 0.5 70.3 23.0 59.1 36.5
(UL
Quercus acuta Thunb. 9 8.4 0.4 132.8 25.7 50.7 12.6
(FH7HAIY)
Q. salicina Blume 17 15.6 0.4 144.1 32.1 51.0 30.5
R
Cinnamomum yabunikkei H.Ohba 2 2.2 0.5 233.0 43.5 223 43.5
(AEH)
Q. gilva Blume 3 1.9 0.4 157.0 39.7 242 315
(F7HAR)
Neolitsea sericea (Blume) 3 1.9 0.7 155.0 29.7 20.7 97.0
Koidz. (A UH)
Dendropanax morbiferus H.Lév. 37 353 1.2 94.8 29.4 57.6 68.8
(AU
Machilus thunbergii 52 97.2 1.1 97.8 32.1 31.9 46.7
Siebold & Zuce. (FHILH)
Mean - - 0.9 111.3 30.7 47.7 48.6
Total 148 185.9 - - - - -

Note) TPBP, TPAP: Total cumulative precipitation for two weeks before and after planting, respectively.
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Table 3. The survival rates, seedling, and site environmental characteristics of evergreen broad-leaved trees plantations.

N S s R o . R
Mean S.D. (m) (°)
148 67.5 26.8 0.9 111.3 30.7 47.7 48.6
Note) TPBP, TPAP: Total cumulative precipitation for two weeks before and after planting, respectively.
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Figure 1. Individual relation between survival and site conditions of evergreen broad-leaved tree plantations. TPBP, TPAP: Total
cumulative precipitation for two weeks before and after planting, respectively.

Table 4. Survival rates in plantations of evergreen broad leaved tree species.

. Plantations Survival rates (%)
Tree Species(Korean name) (ha) Mean Min Max
Quercus myrsinifolia Blume (7}A|UH) 0.1 97.0 97.0 97.0
Castanopsis sieboldii (Makino) Hatus. (723U 16.2 48.1 13.0 84.0
Cinnamomum camphora (L.) J. Presl (545 1.3 67.3 53.0 96.0
Camellia japonica L. (U H) 5.8 65.5 0.0 95.0
Quercus acuta Thunb. (F7HAUH) 8.4 76.2 63.0 98.0
Q. salicina Blume (Z7FAIUT) 15.6 81.5 0.0 94.0
Cinnamomum yabunikkei H.Ohba (A &) 2.2 52.0 52.0 52.0
Quercus gilva Blume (Z7HA W) 1.9 71.0 57.0 99.0
Neolitsea sericea (Blume) Koidz. (ZFA1L}5) 1.9 81.7 73.0 86.0
Dendropanax morbiferus HLév. (ZHEUT) 353 70.6 0.0 95.0
Machilus thunbergii Siebold & Zucc. (FEILH) 97.2 62.6 0.0 96.0
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Table 5. Partial correlation coefficients between survival rate and
site environmental factors.

Item Par. Corr. Pr>[t|
Altitude 0.2682 0.0016%*
Slope degree 0.3043 0.0003**
Slope aspect 0.2398 0.0049**
Local topography 0.3567 <.00071**
Soil drainage 0.0093 0.9140
Soil moisture 0.1043 0.2268
Wind exposure 0.4484 <.0001**
Soil texture 0.1272 0.1399
Seedling type 0.0269 0.7558%%*
Plantation 0.6153 <.0001**
Planting season 0.3263 0.0001**
TPBP 0.3263 <.0001**
TPAP 0.3929 <.0001**

Note) TPBP, TPAP: Total cumulative precipitation (mm) for
two weeks before and after planting, respectively.
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Survival rate = -7.65408(1,1) +7.49125(1,2) +7.59315(1,3)
+0.47005(1,4) 4.30225(1,5) +3.78758(2,1) -2.42565
(2.2) ... +9.15925(12,5) -5.02885(13,1) -11.42055
(13,2) +9.69255(13,3) +13.92205(13,4) +5.70005
(13,5) +79.0283 (1)

R? of the model is 56.1% (F value: 5.37, p<0.01).
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Table 6. Score estimations by quantification of site environmental factors in relation to survival rate of EBLT plantations.
Mean
Item Category Obs. score Score Range Pr>F
<50 43 4.3022 -7.6540 11.8953 0.2353
) 51-100 43 7.4912
Altitude (m) 101-150 19 7.5931
151-200 10 0.4700
201< 33 -4.3022
<10 6 -12.0025 3.7875 19.9107 0.0609
11-20 37 -2.4256
Slope stiffness (°) 21-30 30 17,9082
31-45 51 03178
46< 24 12.0025
NE(N) 53 12.0133 1.2310 15.1285 0.1919
L NW(W) 53 3.1153
Slope direction
SE 24 -0.5881
SW(S) 18 -12.0133
Foot of mountain 17 1.3476 7.5186 17.0465 0.0049
Hillside 85 3.2365
Local topography .
Hilltop 20 -18.3941
Hillyzone 26 -1.3476
. . Moderate or imperfect 6 0.0340 0.8058 0.8399 0.9356
Soil drainage .
Well-drained 142 -0.0340
Slightly drier 122 -5.9415 -0.5859 6.9165 0.6492
Soil moisture Slightly moisture 12 -0.9750
Moderate 14 5.9415
Open 74 16.4786 12.4204 28.8990 0.0004
Wind exposure Moderate 53 -10.8125
Protective 21 -16.4786
Silty loam, Sand 6 -3.1525 -6.5215 9.6739 0.4433
Soil property Sandy loam 98 -1.0161
Loam, Silty clay loam 44 3.1525
. Barren root seedling 94 -0.8504 -0.4885 1.3389 0.8390
Seedling type . .
Containerized seedling 54 0.8504
Plantation type by crown closure Clear cutting area 74 -18.8933 -18.8933 37.7867 <.0001
of upper story Under planting 74 18.8933
Spring 106 10.0427 4.8320 14.8747 0.0141
Planting season Summer 10 -19.0826
Autumn 32 -10.0427
<10 39 -9.1592 -13.3426 22.5019 0.0126
TPEP 11-20 18 4.3039
(mm/14days) 21-50 33 3.6361
51-80 27 1.4432
81< 31 9.1592
<10 30 -5.7000 -5.0288 17.1206 0.0258
TPAP 11-20 43 -11.4205
(mm/14days) 21-50 29 9.6925
51-80 12 13.9220
81< 34 5.7000

Note) In the survival estimation model the range of site factors ranged between 0.8399 of soil drainage factor and 37.7867
of crown closure factor by upper story stands.
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