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Abstract: The purpose of this study was to estimate the optimal stand density criteria for each growth stage of
Chamaecyparis obtusa (Siebold & Zucc.) Endl. to achieve the timber production goal for cypress forests and develop
an optimal silvicultural system for forest thinning. A relative yield index (Ry) value of 0.75, presented as a stand
density management criterion index, was estimated by analyzing the relationship characteristics between the compo-
sition ratio and stand density of slender trees from 216 sample plots of the recruited cypress forests. The analysis
of the feasibility of achieving each production target in the existing silvicultural system for C. obtusa revealed that
the growth rate according to the parameters of forest land productivity, such as site index and thinning intensity
according to the increase in age, was not properly reflected. In the thinning system for each timber production target
analyzed in this study, 353 high-quality large hardwoods from 498.1 m*/ha, 703 high-quality medium hardwoods from
376.2 m’/ha, and 1,758 small-diameter hardwoods from 249.5 m’/ha could be harvested. Although the silvicultural
system prepared on the basis of the results of this study cannot be uniformly applied according to various management
goals, this study is meaningful in that it presents empirical reference standards based on the stand density management
diagram that reflects the growth characteristics of cypress forests in South Korea.
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20164 0|3 5dzF 2 A # 0] 25,070 ha, 17+ oF 5,00
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Table 1. Descriptive statistics on for Chamaecyparis obtusa stand data to derive stand density management standards

Variable Unit Mean S.D.
No. plots plots 216
Stand density trees - ha’! 1401.7 640.0
Mean DBH cm 18.7 5.2
Mean height m 14.0 3.6
Mean DBH of dominant trees cm 22.2 6.3
Mean height of dominant trees m 15.6 3.8
Mean HD ratio of dominant trees % 72.6 17.9
Basal area m® - ha 37.5 18.7
Stand volume m’ - ha'! 268.1 188.0
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Table 2. Main growth model estimation results for developing stand density management diagram for C. obtusa.

Model name Equation Reference
Equivalent height curve V' =[0.089HT 3"+ (8600.426 HT*'") = N]
Equivalent diameter curve D=0.097 +0.950 Dg+0.023 HTv/ N = 100
Form height curve HF=0.145+0.406 HT+0.022HTv/ N = 100

Park et al., 2018

Relative yield index curve Np, =113487.953HT 0688
(=full density curve) Vy, = 784534.125 Ngyl-891
Self-thinning curve N '=1+ N,—v+ (—355095.091 N, %)

~ 0015300 %30 ) 067415 National Institute of

i 1 — __,—0.015306 X Age | . _
Height of dominant trees curve HT=SI[(1—e )= (1 Forest Science, 2020

where, V= Stand volume, N= Stand density, /7= Mean height of dominant trees, ZF= Form height, V}; = Stand volume
at Ry, /Vp,= Stand density at Ry, ;= No. planting trees, v= Mean volume of individual trees, S/= Site Index, Age=

Stand age

of Forest Science, 2005). & o A= 7]& vlwdeol A 718 50% olst= A|Rtsial, AlEdo]d g efA SrolH|
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Re A9jo] B AR AT Wend A3
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Sl 33] ofsl, %A 72 AlYAAl= A8 X]HX]T 14, H vF thJung et al., 2015; Park et al., 2020). kA L7
W71 40d 9 G| 54 28] olst SHch 2 A 29 o] muetd FA% Z7H B FAA
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= AL R s3laL, fHohl7] Ak 2 4 7] ok Figure 19] X224 y=100.02" o)A HFH3&S

Table 3. Criteria for applying thinning scenarios of cypress forests to achieve a predictable yield.

Thinning Production goal of Applied site Number of Expected age
prescriptions timber crops index thinnings of harvest
L ST 16 .
A Big size logs (high) < 4 times 80 years
B Medium size logs S1 14 < 3 times 60 years
& (medium) - Y
C Small size logs SI 12 < 2 times 40 years

(low)
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Figure 1. The relation between relative yield index(Ry) and ratio
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A Tejul ool 7] 9k s Hu fop| 7| A|FAAE
had 30002 =320 A& 7HsA 2 AEd HEE AA
3} th(National Institute of Forest Science, 2005).

HA 7] A|GA)Al(Korea Forest Service, 2020)= X 9|5
AHTA] H3E Goh7] o] AEHAL e Aew &
A= ek 71E WBA 3k A QA A (Prescription A)
o] 12} ol 7] AIHLS =Y 5 254, 57 A (Prescription
B)= 234, & A (Prescription C)= 20 S 2 A A& o]
UTH(Table 2). ¥t o2 X257} o™ Juff F=2to]
w= A A E AL JNA = B0l St o] 12} o7
AL whalz]l S=8ko]l 13(Jung et al., 2020; Park et al.,
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o] IAE Hel Lol 7] Al A|Al(National Institute of
Forest Science, 2019)01]/\15 H Ao A AAgE Arfel &
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Science, 2005)T= A H S Holal
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099] o g wie =2 A AstA Hck dad
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FdS 85t AT Az olofA Aol AsliE=
AtZ o] X tHGifu Prefectural Forest Department, 2010,
National Institute of Forest Science, 2019; Park et al., 2019;
Son et al., 2020). 0|2} o] M4 A|7] o|Fo] Fohul712
AN A I the W 9 Aele] e 9
w77 B Agbe] 2awn], AR e FA] F4lol
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Department, 2010) o]of] thgt 7jAlo] & Q3K Figure 5).
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Figure 2. Prediction of relative yield index change by applying
current thinning criteria for plantation of 3,000 cypress trees
per hectare.
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Figure 3. Prediction of the optimal thinning operation for each

timber production goal based on Ry 0.75 for cypress plantations
of 3,000 trees per 1 ha in Gochang, Jeong-up Prefecture, Korea.
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Table 4. Prediction of stand growth change after applying the current thinning standard in Chamaecyparis obtusa plantations with
3,000 trees per ha.

Thinning methods inni
Thinning £ Bof DBH Height Stand density Volume Flrrﬁg;r;?}%
rescriptions clore cm m trees - ha’ m’ - ha'!
p p Order  Age IAfter (cm) (m) ( ) ( ) (%)
Before 15.1 14.0 2,431 273.8
1st 25 26.0
After 16.8 14.0 1,800 256.7
Before 18.6 17.2 1,686 357.8
2nd 35 40.7
A After 22.6 17.2 1,000 314.4
Before 243 19.8 966 401.7
3rd 45 27.5
After 27.2 19.8 700 366.2
Before 29.0 22.9 678 467.4
4th 60 48.5
After 36.4 22.9 350 379.1
Before 13.6 11.3 2,602 191.5
1st 23 22.7
After 14.8 11.3 2,011 178.9
Before 16.1 13.5 1,932 241.1
B 2nd 30 37.7
After 18.9 13.5 1,205 208.8
Before 22.1 18.1 1,128 357.1
3rd 50 28.9
After 25.0 18.1 802 323.6
Before 12.1 9.1 2,730 129.7
1st 20 8.4
c After 12.3 9.1 2,500 126.1
Before 14.1 11.8 2,370 200.0
2nd 30 36.7
After 16.5 11.8 1,500 172.8

Table 5. A newly established production system adjusted to the harvest target reflecting the growth characteristics of Chamaecyparis
obtusa plantations

Thinning methods i
Thinning £ bt DBH Height Stand density Volume Eiler:gl?}%
rescriptions crore cm m trees - ha’ m> - ha'!
p p no. age Iafier (cm) (m) ( ) ( ) (%)
before 12.4 9.6 2,704 142.2
1st 15 40
after 14.4 9.6 1,622 117.2
before 17.1 13.0 1,546 210.5
2nd 23 40
A after 20.0 13.0 927 173.1
before 23.7 17.5 884 310.9
3rd 37 30
after 26.6 17.5 619 273.0
before 29.7 21.3 598 401.8
4th 53 30
after 33.2 21.3 419 352.9
before 12.4 9.6 2,706 141.7
Ist 18 40
after 14.4 9.6 1,623 116.6
before 16.8 12.6 1,556 199.5
B 2nd 27 30
after 18.8 12.6 1,088 174.4
before 21.4 15.8 1,048 269.9
3rd 39 30
after 23.9 15.8 733 236.3
before 12.3 9.4 2,714 137.6
C Ist 22 45

after 14.6 9.4 1,493 108.1
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Figure 4. Comparison of the thinning procedures between current and recommended silvicultural system for the scenarios of three
harvest goals; Prescriptions A, B, and C(a ‘one-off” thinning operation) for larger, middle, and small timber harvest, respectively.
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Table 6. Comparison of yield estimated by current and recommended thinning prescriptions for cypress stands.

Estimated yield

Type p;l"e}sl::rggg(g;n Stand Mean DBH Z{)eri?nzﬁigﬁzgj N?jlllll;lfe Stand density ~ Stand volume
age (cm) (m) (m’) (trees - ha™) (m® - ha'")

) A 80 39.3 26.1 1.436 343 492.2
U(“Cmm‘fr‘i‘i;’d B 60 26.2 20.0 0.482 785 384.8
C 40 18.0 13.9 0.162 1,453 236.0
) A 80 37.1 26.1 1.278 405 517.1
(Rezg(rfrﬁ?sie d) B 60 27.2 20.0 0.526 704 370.5
C 40 18.1 13.7 0.161 1,410 227.5

Figure 5. Tree damages of non treated plots in a long term thinning experiment on
Cypress (Chamaecyparis obtusa) in Gochang prefecture, Mt. Moonsoo.
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