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in Natural Regeneration Sites of Larix kaempferi
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Abstract: This study proposed a field-applicable natural regeneration method using natural seeding to afforest a sec-
ondary growth forest after felling in Larix kaempferi plantations. In 2016, an experimental site was established using-
seed-tree and clear-cutting methods in Gapyeong, Gyeonggi-do, South Korea. Characteristics of seed fructification and
inflow in the natural regeneration site were analyzed along with an experimental site in Bonghwa, Gyeongsangbuk-do,
which was established in 2014. As a result, the number of seeds per individual tree of V age class L. kaempferi was
690,340 seeds in a good year, with an estimated 13.8 million seeds per ha fruited in natural regeneration sites of L.
kaempferi with 25 seed-trees per ha. Seed dispersal began in September and germination rates of seeds dispersed until
November were greater than 40%. Reserved seed-tree sites showed the highest amount of seed inflow, followed by the
seed-tree site and clear-cut site in descending order. The reserved seed-tree method performed better than other meth-
ods for evenly scattering seeds. Therefore, the timing of logging and seedbed generation for natural regeneration of
L. kaempferi is estimated to be most effective before September when seeds are purposefully scattered using the re-
served seed-tree method as an effective method for uniform seed supply.
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Figure 1. Location of Gapyeong(L) and Bonghwa(R) experimental site.

Table 1. Geographical features in Gapyeong and Bonghwa experimental sites.
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Location Aspect Elevation Sl(lpe Location in mountain
(m) (@)

Gapyeong SE 3205~3270 3~25 Bottom

Bonghwa SW 760~ 845 13~28 Side

Table 2. Forest stand conditions of Larix kaempferi in Gapyeong and Bonghwa experimental site before harvest.

Site Density DBH Height -El;arh Basal area  Volume Crown area Stand
(trees ha™) (cm) (m) (mg)t (m® ha'y  (m® ha') (m® ha')  age-class
37.2 274 12.4
Gapyeong 165 17.9 148.0 7,368 \%
31.6~41.1 26.6~28.3 11.7~13.9
349 25.5 11.1
Bonghwa 348 343 379.8 13,575 v
23.0~51.6 18.1~34.5 49~17.6
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Figure 2. Wind direction and speed of seed scattering seasons in Gapyeong(L) and Bonghwa(R) experimental site.
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Table 3. Treatments for natural regeneration in Gapyeong and Bonghwa experimental sites.

Gapyeong Bonghwa
Methods
area area
treatment (ha) treatment (ha)
remained 20 trees ha’' remained 20 trees ha’
(Uniform) 040 (Uniform) 0.49
Seed tree
remained 20 trees ha’' 0.78 remained 20 trees ha’ 0.43
(Group of three) ’ (Group of three) ’
Reserved tree remained 40 trees ha’' 0.35 remained 50 trees ha’' 0.46
Strip cutting cutting width 30 m 0.47 cutting width 15 m, 30 m 0.47
Patch cutting - - cutting width 20 m, 30 m, 40 m 0.23
Control non-treatment 0.40 non-treatment 0.40

Table 4. Growth characteristics of sample trees for cone and seed productivity survey by individual tree in Gapyeong site.

Sample DBH Height Number of Branches Branch diameter Branch length
tree (cm) (m) (N tree™) (cm) (m)
1 41.4 26.4 68 4.8+2.3 4.1£2.0
2 373 29.4 67 4.0£1.3 3.1+1.3
3 31.2 259 53 3.6+1.5 2.5+1.2
mean 36.6 272 62 4.1+1.7 3.3£1.5
2. gy =719t FeE aresto] 7y Al@ Aol 1087, EoF AlEA]

view method)h.i g =ykEo] Ll
11, Dobbs et al.(1976)2 Z£A}H|AF A]7] ©
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Figure 3. Quantity of cones for V age-class Larix kaempferi individual tree in study site of Gapyeong.

Table S. Estimated seed productivity per individual tree of Vage-class Larix kaempferi in Gapyeong experimental site.

Sample Number of Size of cones Number of Number of Number of
tree cones per tree Length (mm) Width (mm) scales per cone  seeds per cone  seeds per tree
1 8,818 28.3+2.1 15.9+1.1 60+5.9 85+20.2 749,530
2 7,200 28.8+3.3 16.3£2.0 64+4.7 99+17.9 712,800
3 6,252 26.5+£2.8 14.4+1.4 50+14.3 96+24.9 600,192
mean 7,423 27.9+2.7 15.6£1.5 58+8.3 93+21.1 690,339
?Eij_l_} E-gl Ik L}E]-‘;hi}(Table 5). Lee et al.(2012)2> L E Q7GR L1}
EA45 Hat 60712 R 31319131, United States Depart-
1. S 44 2l LisE EM ment of Agriculture(1990)+= A5-YA<%(Larix occidentalis)
D FA A% of Fak 807} FA7E 9L 4 UAT B 1 4]
20161 8<Hofl 715 AlR|oflA Ad7get 371 A= ¢ At Jreefal Husigih ZFgAI Aol A AR SRt
Toh Lulel Wi 7,4237(6,252~8,8187)0 Tk Broome 429} AExpg Eabdalo] S 2016WE VYT
Al QUIOS ANl BE o] YRUUIURL kaompferi)  ARALLHRS| FA4-2 247 AT AAET oF 699

o¥g} 3,000~5,0007¢] 7} el Aom BuEky
Aol LT} e AOR et A
1 wx&i o ey Aow g gA= 4
Susto] 91Xd TS WA Ak, 4
S °ﬂ— 5.3%, 4= 64.4%, AJHoll= 30.3%9]
BB A0 R epsirhFigure 3). YRR
Fabe SR ARo] WAt Zelo] Wolxe 7149
ofe % S-pRrrhe 2ol Zheh A 5] 7
o] AAETH= X3 (Owens and Blake, 1985; Fletcher,
1992; Philipson, 1997)2} QAFE}%T, BFR7}7] 0] SLi2=7}
AtEoR e AL AT et FYEo] Suel
wgho] 2ejsto] FAA A Anpx] 27}
2 FIdEcHKim et al., 2015).

TG AHP= Ho 58+8.371(50~6471) = 30 ~407)
(Farrar, 1995), 50 ~607}j(Korea National Arboretum, 2009),
42.6~46.37](Bryntsev et al., 2020)2] 7]|& B3 FASH
Ay Q5 2ol 5 Bk b SR Hat 93£21.17)
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s
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X
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2] 9] —w—x}7]- AAE Z1o7 FAEATHTable 5). Matsuo
(2008)8 QHEolZM}E w27} hatd 2512 ) oF 600912
o 47 2 1%@1 W3Rkt glow], 74y AFA g

9] JfA|E hay 2520 & 713 oF 1,3809HH/hae] &
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o] 2ufj oA} Wk} United States Department of Agriculture
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Figure 4. Number of seed inflow in Gapyeong and Bonghwa experimental
site by month (Sep. 2016~ Apr. 2017).
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Figure 5. Annual variation of seed fall amount by cutting methods

in Gapyeong
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Figure 6. Annual variation of seed fall amount by cutting methods in Bonghwa experimental site.
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Figure 7. Comparision of seed year and quantity of seed collected among Gapyeong
study site, Bonghwa study site, national forest and seed orchard.

* Managed forest of Korea Forest Service (KFS)

** Seed orchard of National Forest Seed and Variety Center(NFSV)

20,5394 Y/ha@ 2]t 10,3404 2 /haol| v]3) 28] @
ATk A FAF doprd HakEare]o] 37,677 H/ha
2 71 wory m2azke) 20,080 H/ha, AN 16,428
A /ha, t7HE 15,601 H/ha =02 et 713 Al
A&} AR AR Bolou tixo] FAF oheko] 7F
B AER ] 13 02 A Al ckFigure 6). 20179
9dHHE 2018\ 497HA] 9] shEFe Ad din] Aeqt=
3.5%, 2] 3.0% S=F o2 el th(Figure 6). 2018
W 9HRE 20199 4h7kA] 9] shEakS A dfn] A2+
= 54.8%, FA T A= 1.7% o2 YERGTH(Figure 6).

YEJZAVR ] FAAYA FE557] H3tE Bl
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20115 E 2019974 e St FUALEFD
e AlE] AfF-Lol A 2013 3 FE] 2019A7HA] 2| 7L FAF
g 23 7bE 3 8t Alg A 9] 2016 W E] 2019714
9] d&-S A F3Hnormalization)slo] B et Ax), 2
O] JEJZAUR T2 AA T2 20143} 2016 0]
Slal, 2012, 201549, 201792 FAF AAo] HE AL
2 YedriFigure 7). ARAZRS] EFF7|= 484
Z7|(United States Forest Service, 2008), 3~4d 7]
(Broome et al., 2016), F2h2 5~6d0] 52 12d 7]
(Lee et al., 2012) 12|21 Y& 57| A HGof|A] 8¥7F ZAFSH
Aol A= 4 281 1) A<, E2 13] 17) Aol
Uelx) 37 Aol A Eato] Qo

A E Z(Tamura et al.,
2012) § cheFg B3} 9lo] FFvI9F AR 8
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Figure 8. Seed fall pattern of seed-tree method in Gapyeong(L) and Bonghwa(R) experimental site (Sep. 2016~ Apr. 2017).
Small letters indicate significant differences among distances with in same seasons (P<0.05).
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Figure 9. Seed fall pattern of reserve seed-tree method in Gapyeong(L) and Bonghwa(R) experimental site (Sep. 2016 ~ Apr. 2017).

Small letters indicate significant differences among distances with in same seasons (P<0.05).
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Figure 10. Seed fall pattern of strip-cutting method in Gapyeong(L) and Bonghwa(R) experimental site (Sep. 2016~ Apr. 2017).
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Figure 11. Seed fall pattern of patch-cutting method by seed good year(L) and poor year(R) in Bonghwa experimental site.
Seed good and poor years are 2016~2017 and 2017 ~2018, respectively.
Small letters indicate significant differences among distances with in same seasons(P<0.05).
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Table 6. Comparison of unifromity of seed inflow by year at the study site using coefficient of variation (CV).

. Year
site 2016~2017 2017~2018 2018~2019 2019~2020
Gapyeong 45.8 79.8 89.2
Bonghwa 514 174.6 157.8

Table 7. Comparison of the uniformity of seed inflow by natural regeneration methods of the study site using the coefficient of

variation (Sep. 2016~ Apr. 2017).

Method
Site Seed tree Strip clearcut Patch clearcut
Uniform Group Reserve 15m 30m 20m 30m 40m
Gapyeong 279 39.0 26.2 - 34.5 - - -
Bonghwa 30.0 66.3 25.0 25.5 41.0 21.2 24.8 38.4
3= & ArAe) AR o) 71k k31, 20170 ~20184, 201810 ~2019 12
Korea Forest Research Institute(1985)-2 4 43 15 m a1 201938 ~2020 &0 2 vERdth ESA|FE A= 2016
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Table 8. Thousand seeds weight(g) of Larix kaempferi by month during the seed dispersal season in the study sites.

. 2016 2017
Site mean
Sep. Oct. Nov. Dec. Jan. Feb.
Gapyeong 2.9 3.2 32 33 23 2.6 2.9b
Bonghwa 34 4.2 4.2 2.9 33 3.1 3.5a
Mean 32 3.7 3.7 3.1 2.8 2.9 32

Small letters indicate significant differences among month (P<0.05).

Table 9. Comparison of germination rate(%) of Larix kaempferi seeds collected monthly at the season of seed dispersal in

the study sites.

2016 2017
Site Means
Sep. Oct. Nov. Dec. Jan. Feb.
Gapyeong 44.5+5.1a 40.3+1.9a 43.5+8.1a 27.8+4.6b 19.5+8.6b 12.842.1¢c 31.4+5.1
Bonghwa 56.0+5.9a 57.0+7.7a 55.0+4.1a 43.0+£2.9b 38.0+£7.9b 17.3£3.6¢ 42.1£5.2
Means 50.3+£5.5a 48.7+4.8a 49.3+6.1a 35.4+3.8b 28.8+8.3b 15.1£2.9¢ 37.945.2

Small letters indicate significant defferences among month(P<0.05).
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