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Abstract: This study was conducted to provide growth characteristics and stand information in preparation for natural
regeneration method and silvicultural treatment of seed tree method in Korean red pine stands by using the field inventoried
data 18 years after the seed tree regeneration method in 2001 and analyzing the stand and sapling characteristics.
The study area was located in the Research Forest of Kangwon National University, Chuncheon-si, Gangwon-do. In
November 2018, we collected tree measurement factors, such as diameter at breast height (DBH), height, crown class,
stem quality, tree age, and annual height increment on the established plots. We calculated the basal area, volume,
height-diameter ratio (HD ratio), and additional stand density variables such as the relative density and %stocking
to analyze the managed stands. The number of mother trees was 58 trees/ha, with a 17.7% stocking level, whereas
the number of saplings was 2,330 trees/ha, with a 79.0% stocking level. In germination, the age distribution of saplings
ranged from 2001 to 2007, with most belonging to 15-16 years. The development condition of saplings was 10 cm
in DBH and 8 m in height. DBH and height were higher as the crown class is more dominant, and this difference
was statistically significant in the analysis of variance and Duncan's multiple comparison test (»<0.0001). HD ratio
ranged mostly between 80% and 90%, and more than 95% of sapling stems were of high quality, with a straight,
unbroken top, non-sweep, and non-diseased stem. On average, the annual height increment of saplings was 21.9 cm
at 1 year, 43.3 cm at 5 years, 54.3 cm at 10 years, and 64.3 cm at 15 years. The overall height growth with age
increased smoothly. According to the analysis of covariance, the annual height growth by crown class differed significantly.
The regression analysis parameters revealed that annual height growth increased with age and dominant crown class.

Key words: Pinus densiflora Siebold & Zucc., natural regeneration, saplings, age distribution, stand density, annual
height increment
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Figure 1. Map of the study area in research forest of Kangwon National University,
Chuncheon-si, Gangwon-do, South Korea. The plot (a) presents the location of research
forest, and plot (b) displays the location of experiments in the research forest.
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Figure 3. The photos of seed tree method experiments with saplings and mother seed
trees in the research forest of Kangwon National University, Chuncheon-si, Gangwon-do,
South Korea.

Figure 2. Sample plot design of Korean
red pine for the research of seed tree

regeneration method in study sites.

Table 1. Summary of site characteristics in seed tree method experiments of Korean red pine.

Experiment Treatment area  Plot area Established Aspect Slope  Elevation Site index Location
(m?) (m?) year ©) @) (m) (m)
N: 37°46'33"
1 3,000 1,900 210 13 481 E: 127°49'16"
April, 2001 18
N: 37°4726"
2 2,000 1,000 160 25 484 E: 127°49'09"

Note: Site index was computed according to the site index table provided by Korea Forest Research Institute (2012). The coordinate
system of location is WGS 84 Web Mercator.
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Whorl 3
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Figure 4. Measurement of saplings for age and height growth.
Age was counted by the number of whorls and annual height
growth was measured by the length between whorls. The example
with age N represents each whorl and its growth by year.
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BA: Tree basal area (m?), D: Tree diameter at breast
height (cm),

m: mathematical constant approximately equal to 3.14159,

V: Tree volume (m?), H: Tree height (m).
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Z_)q: Quadratic mean diameter (cm), BA: average tree basal
area in a stand (m?),

SDI: Stand density index (trees/ha), exp: mathematical con-
stant approximately equal to 2.71828,
SDI . : Maximum stand density index (trees/ha at 25 cm
of I)q),
In: natural logarithm, RD: Relative density, %Stocking:
Percent stocking (%),
All other variables are the same as those previously defined.
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U W 2 A shorshng sl sEagow 7 W pE
ZEHS sepston], AIYS B SuEE A%
A5 mstaic. sl R Aolol ot FAL A 1. YENY U A4uSe
Ao 2 UYEAE A (One-way analysis of variance, one- H AZAE X9 AR B4 585 /haoQlon, o]l=

way ANOVA) ¥ Duncan®] tT}&H| 44 HHL o] 835}

At Tsle] mared AAWAL ARA F AL 80

Atk F7HA R A AedgS vlaste] o /hakith= Aow, QA 20&/hakith= W& 24t
HAPHAS Q5F QEAE ufolslgon, TR A} (National Institute of Forest Science, 2017). =+U] A2 o
S0 BAE ol F MFAARGL Aol T B hat 0-508 BAAINE AR mAEel A9be)
ol F-8ote s uEtulEE Al sttt W, S AR e HYRS0) BaE AEAA PAL
EEA) ) $RPOR Z4E AD 25 B A% Eok YRR BrhEcklee ot al, 2010), 2 AHA) B4E
S AMGIgoY, o8 JNto e FEA ) 23 ulE & HFERAY 483 om, FEe 173 em2a) LA A2
d A5l HlgFom 285t0] A0 +HEEES T A 59 B4 FarA7 52.8~61.6 cm, 4231 21.0~26.8 m
Al hal gho= 4 - gbskich S E 2459 the A os 242 o= alofEgti(Table 2).
FUAGYFS AT & Aot vjastglon, 4= o] QR =E Audt A}, &2 = (%Stocking)
T 24 Sl AR ieS A2 os E4st + 17.7%2 Lee and Choi(2020)°f] wh=H 2L} B-level
oAtk HEH o ool me T STl o stocking® T} WS AR BAEIR=s), of ATk R )
3] FEAHEA(Analysis of covariance, ANCOVA)Z} T} T E %—1‘?_—’6‘] o AR 9 rdle] HATHEYAl
AP HEAE AAlste] sAHA AL H aetrfEE A o] AgetA A8d 4 Sl YEFHEE ougich wet
Sokqich AR e YR ARt loH, A ZERSESE HEQ] MR AGshs 2 2-3%,
= Aol AR BE FAREA H 2R/ R SAA A2 10%, 30~50+t/ha 5 7| EHAT G dEF4 ==
ZEYolE %3] FHEACR Core Team, 2019) W] vjo] uhel HEESE 2Uste] 7| Eo)it

Table 2. Summary statistics of saplings and mother trees by tree-level and stand-level in the experimental sites. Tree-level statistics

indicate Mean+SD(Min—-Max).

Level Variables Sapling tree Mother seed tree
No. of observations 616 17
age (year) 15.5+1.2 (12-18)
dbh (cm) 9.343.1 (1.0-17.4) 48.317.6 (38.0-62.7)
height (m) 7.9£2.1 (1.6-13.0) 17.3+4.3 (10.5-24.0)
free clear height (m) 2.5+1.2 (0.2-9.0) 6.9£2.0 (2.8-9.3)
height-diameter (HD) ratio (%) 89.6+18.4 (52.3-174.1) 36.3£9.5 (17.7-60.9)
basal area (m?) 0.0075+0.0046  (0.0001-0.0238)  0.1878+0.0589  (0.1134-0.3088)
volume (m?) 0.0526+0.0227  (0.0229-0.1462) 1.5006+0.6266  (0.5572-2.7519)
No. of observations 2 2
Stand density (trees/ha) 2,330 58
Mean dbh (cm) 9.2 47.4
Quadratic mean diameter (cm) 9.6 47.8
Stand Mean height (m) 7.8 17.2
Stand basal area (m?ha) 16.4 10.6
Stand volume (m3/ha) 116.2 84.4
Stand density index (trees/ha) 858 115
Relative density 0.82 0.11
Y%stocking 79.0 17.7
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Figure 5. Age distribution of Korean red pine saplings at the
measurement time of 2018 with the germination year.
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Figure 6. Distribution of DBH (a), height (b),
and height-diameter ratio (c).
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Figure 7. Box and whisker plots for tree DBH (a), Height
(b), and height-diameter ratio (c) of saplings by crown class
with one-way ANOVA. The numeric values inside each box
represent the arithmetic mean. The result of Duncan’s test
for multiple comparison was presented with the alphabet letter
in each box. The same letters of Duncan’s test were not
significantly different in error rate of a = 0.05.
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Figure 8. Scatterplot of Height-DBH by crown class with a
regression line. The regression line of In (Height) as a function
of In (DBH) was fitted to overall observations. In is natural
logarithm. The predictor and intercept were all significant
(»<0.0001).
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Table 3. Mean and standard deviation of annual tree height increment (cm/year) with the number of observations (n) in parenthesis.

Intermediate

Suppressed

Overall

Age Dominant Codominant
1 23.0+12.1 (83) 21.4+10.1 (45)
2 29.9+10.9 (83) 24.7£9.5 (45)
3 40.5£15.3 (83) 33.1+11.3 (45)
4 51.1£15.3 (83) 39.0+14.2 (45)
5 51.6£16.4 (83) 39.9+11.6 (45)
6 52.1£16.6 (83) 41.6+12.9 (45)
7 60.7+20.3 (83) 46.8+16.3 (45)
8 67.0+£23.9 (83) 53.8+17.9 (45)
9 69.3+£19.5 (83) 55.8+14.5 (45)
10 62.5+20.0 (83) 52.0+13.8 (45)
11 58.0+20.6 (83) 47.8+12.1 (45)
12 61.1+21.7 (83) 46.9+15.0 (45)
13 68.9+24.4 (82) 55.0+£25.5 (45)
14 76.3+28.0 (79) 60.4+27.8 (45)
15 70.5+31.9 (73) 61.4+20.1 (36)
16 58.7£36.6 (47) 49.9+25.1 (29)
17 47.3+32.2 (12) 55.3+£14.7 (7)
18 17.0 (1)

16.7+6.1 (18)
22.4+49.9 (18)
31.5421.1 (18)
3324142 (18)
35.8£12.2 (18)
35.9£12.9 (18)
43.1421.3 (18)
49.0421.5 (18)
45.7420.3 (18)
443189 (18)
45.0£17.1 (18)
45.3+19.5 (18)
50.6£22.7 (15)
60.4+22.8 (14)
57.6+14.6 (13)
51.4423.8 (8)
34.0£5.7 (2)

22.8+11.0 (25)
24.8+13.0 (25)
25.5+11.6 (25)
23.7+12.1 (25)
27.5+11.4 (25)
303142 (25)
39.8420.6 (25)
41.7+23.3 (25)
35.6+18.2 (25)
38.4+18.5 (25)
41.2426.4 (25)
41.2420.8 (25)
50.0422.3 (22)
47.9424.2 (20)
442+30.6 (13)
60.7+24.7 (7)
28.0+20.7 (3)
12.0 (1)

21.9+11.0 (171)
27.0+11.1 (171)
35.4+15.5 (171)
42.1£17.5 (171)
43.3+16.6 (171)
44.5£17.0 (171)
52.1421.2 (171)
57.9424.0 (171)
58.3+21.9 (171)
54.3420.2 (171)
51.5420.4 (171)
52.8421.3 (171)
60.8+25.5 (164)
66.8+28.7 (158)
64.3+28.7 (135)
55.4+31.4 (91)
46.1425.9 (24)
14.543.5 (2)
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Figure 9. Annual tree height increment of saplings by age.
The plot (a) presents overall annual height increment with all
trees and the plot (b) by crown class. The results of the present
study were compared with the preceding studies (Byeon and
Yun 2018, 2019; National Institute of Forest Science 2021).
The samples of annual height increment after age 15 in the
present study were not included in the figure due to the lack
of observations (n<30) and large variance.

oAM= FYU3A &A1& AcHByeon and Yun, 2018, 2019).

3L, National Institute of Forest Science(2021)7} i1
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and Yun, 2018; National Institute of Forest Science, 2021).
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Ah=p+r (4, - A)+e 8)

Ah: annual height increment (cm/year), f: global mean, 7;:
the effect of crown class 1,
~: slope coefficient of the covariate, A: the global mean
for covariate, tree age (A),
A;;: the jth observation of the covariate, tree age (4), in
the ¢th crown class,
¢ the error term.

Table 4. Analysis of covariance (ANCOVA) and multiple linear regression model with parameter estimates of age and crown class

to predict annual height increment (cm/year) of saplings.

Analysis of covariance

Multiple linear regression model

(ANCOVA) (72,=0.869, S, . ,=19.61)

Source DF Sum Sq Mean Sq F value Pr > F Effect Estimate Std. Error t Value Pr > [t
Age 1 3353262 3353262  870.3 <0.0001 Age 2.6788  0.0921 29.08  <0.0001
Crown class 3 148200.2  49400.1 128.2 <0.0001 Dominant 347617  0.9196 37.80  <0.0001
Residuals 2504  964789.8 385.3 Codominant 239102  1.0531 22.70  <0.0001

Intermediate 19.7140  1.4137 13.95  <0.0001
Suppressed 14.5882  1.2571 11.60  <0.0001

Note : Modeling data ranged between 1 and 15 year in tree age. Results refer to the ANCOVA testing the main effects assuming
slope homogeneity. The models were presented in Eq. (8). for ANCOVA and in Eq. (9) for the multiple linear regression

model, respectively. Z: d]

is adjusted coefficient of determination. S,

is standard error of the estimate. Age is the

s

age of saplings (year). Dominant, Codominant, Intermediate, and Suppressed are the dummy variables of crown class.
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AGE, ,: tree age (year), shm stey A9 UET BHEAE W AT AU
CR,,,.: crown class (dominant, codominant, intermediate, shul A SATAEAA SHEA rtkes AdYTh

suppressed).

All other variables are the same as those previously defined.
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