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2 o B Fravins rhynchophylla Hance)©) AA5HE A3 X)4:0] 27 A% B4 stelsp] Slste] AU 7heis
AF Ao A FASHN A BFALREES A0 201120139 39 7k SR, 2012-201489] X4 WA, X|4:0] S B
(Lifespan distribution), %|4= A3} 1A}, 28 Aguhe] BAS LAshgich shEaht A5 Wase dwd fofat Hjol 2
B <.05). SHEFe] Z7RE o Fa A4 WAl F/IokIrk 20139 SHER 20144 A4 WAL fLolat A
AL B <.09), ol 55 o5 Wolshe BT A5 WA SAT QXL A5k KRN Zog Aolo]
PSR, 201451 WA A5 B 78%7} ZelBo] QAvIel WSt BEALE X4 WAl 4 iy Ho] TAsleict.
201241 8% WARE A% HTL 2] 5 & B2 56%7} TARSHAIL, 20144 79 ARE X4 WERS 1 Bk 38%7) 1A
oh 3he) 28 AMOR Qg B33 XS AL A5 TAk] R lolgle. HA BYSY] BRALRL 54 sho]
A7} o Fels shAle) Aake Belw, vk 24 ofEalt Qo] therel A4 waskgl oL Al gl thitio] JLAkl
oh B 25 IARRo] O, F/1H0R chepo] A4k MAIS Aohde go] A4t Bl Agate] AAlsH
HEFE 7HIE, Sefuetolts choRet A4y 3% o] ASIE olF 59 AAHAI] e B ARFHolck Selutere]
Aoy pel W BAS AL chaR A4 250 AABA] ek A7 Bash

Abstract: Diverse native tree species are distributed in Korean forests; however, information on their regeneration strategies
is limited. This study analyzed seed rain from 2011 to 2013, seedling emergence, seedling survival, lifespan distribution,
and the relationship between seedling mortality and herbaceous vegetation for 3 years, from 2012 to 2014, to understand
the natural regeneration and early survival characteristics of Fraxinus riynchophylla Hance in natural broad-leaved forests.
Seed rain and emerged seedling density significantly differed among the years (p < .05). An increase in seed rain was
followed by an increase in seedling emergence in the following year. Seed rain in 2013 and seedling emergence in
2014 showed a significant correlation (p < .05), confirming the trait of F. rhynchophylla seeds that germinate in the
following year after seed production. Seedlings emerged in late spring and early summer. Of the seedlings, 78% emerged
in the early summer of 2014. Most seedlings died immediately after emergence. Of the seedlings that emerged in
August 2012, 56% died within 2 months, and 38% of those that emerged in July 2014 died within 1 month. Shade
and competition against ground vegetation chiefly affected the seedling survival of F rhynchophylla. Fraxinus rhynchophylla
showed mast seeding, with a large number of seed production in a particular year. A surge of seedling emergence
followed in the early summer of the next year. However, most seedlings died in the same year of emergence. Fraxinus
rhynchophylla has a high seedling mortality, but mast seeding and the resulting high seedling emergence produce a
few survived seedlings, enabling the continuation of the F. rhynchophylla population. Efforts and research on the natural
regeneration of native tree species are required to effectively manage natural forests in Korea.
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Selek 7005 ol4be] B o] el 9lo
“1» it SHA S 7|FA o dAFgda7E S-Hs)
A o] Z3tcH(Korea National Arboretum, 2022). $-2]
T Y P N
(Quercus)e AR HFUFE(dcer), EFYURS
(Fraxinus), AP U54x(Betula), =5 Y5-<(Ulmus), *©]
b}—,—J—(Carpmus), HUSL( Prunus) 5-2] ThoFst 230] 9]
B Ao JLASa ¢tNational Geographic Information
Institute, 2016). 2 AWETIoRY BAT} 7| S} oS

ZwolA] A BASE ol g3t A Aol TiE Tl
obA 1l gtk FPBASAL Selrket HAY o]

ARE AABLT ok, A BelmEe] 4] that Ax
= AwEolt). o|F £5S HeATlN AAsE E )
o5 0]&3}o] ZPAISHHKim et al., 2001).

Helslgolet Fuo) R F47 Addow
AESHE AL Wee, WS A7) Wolste] A
o] o= o7 zlehtrh(Lee et al., 2010). AAP oA Hed

7412 0] Hole} Qi e ojukx|gith &% &
ARl #5he] AURolAE F1 rolA fefa
A Quercus mongolica Fisch. ex Ledeb.), 33| U4
(F. rhynchophylla Hance) 59 98 EH4=0| 352 4
Solvl BT Ao FR S+ A A0 o)
S THPark et al., 2010; Kwon et al., 2018). A AsIEC =
ek shaol 9% 2 QR vl Bag s
S Bl AAY Telo] FaT 2AnE Bew

siA 2(Mast seeding)eh o] F=7]H o2 E4 dfof
ch A4 Wi AAo|CHKoenig, 2021). Yol A Al
Aoz trﬂop( *“Z]'EBT‘H i]—’pﬂ Hl—xﬂé}o:] 714/\]0] oE]o1

= AL dRY AR AT FAEAE
o] Mg A S W=rth(Lee et al., 2010). A2
Al Y HES FAF ALkel Misn 44 717t 114
= il A= B2 Holw(Tapper, 1992), 725
She 2 Ao AR A= e =3 FSisitt
Brinkman, 1996). A1 Adefoll A EFevi=
340 3 Y B|AE)E Bk Ao oeA 9lrkSung,
1996; Lee et al., 2010; Sung et al., 2011; Korea National
Arboretum, 2016).

B} 279 A4 ofe] 4 W] Horsto] 1AL
7] 4Jth(Kitajima and Fenner, 2000; Moles and Westoby,
2004; Manuel and Molles, 2015). £ A1 A3}9] 3 =Y
E= ASHE 2} HE Aol &3] 2422 IARS o]
gtct e 3 sA oA F. pennsylvanica Marshall®} Tilia
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SER| U (Fraxinus riynchophylla)@] %
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cordata Mill. Z4=9] 1AE0] Z716l= AYS HHPaL
(KiiBner, 2003), F. americana L.2} Acer rubrum L. i]-’%

Eof 2710] FEsirieh B ok} TmolA: 4%
A 5F=] A tHPutz and Canham, 1992). Fraxinus excelsior 2
4= Dactylis glomerata L.2} |G} vlo] Qo Ao A ZH A
el Az A7 el thBloor et al., 2008).

A= AL 27)= M2 Al 74l 718 s
o Jate] ofsf| A EH, Afsl= FHA7L 784l E= ZHA)
Hr} oy & A+ 4 EScHKimmins, 2004). &
ol Bojzl FAh= Hoto] At =0t 7 =4 5
o] o] S=EW Wolste] e A ke 4
tf Aol 3w FARFH Wolgt A= WA
2L AtE Fdsks 78 Fetolth Aokt 2|47}
of A% e aAfeld He] 27|17 GHehe AESA
(Survival curve)o] YEPITHDe Steven, 1991; Tanouchi et
al., 1994; Ralph and Brinkman, 1996) 24 AHE o]F =
Z7te] AR WA ol 7 W o] el B4
w2} A 717 % S (Lifespan)o] T, oS uhero.
2 e AE A0S ST A e £ BEL
fespan distribution)S }o}d 4= QIthiRalph and Brinkman,
1996).

Z 1o & off

S

= ure A Bishs HA9gduse s, A4
U, AU (Pinus densiflora Siebold & Zucc.), 235
(O. variabilis Blume) 53} t]&E0] QoA AWrir 5 Wiz

T 7ke] AP, AR Al z]elo] EESHTHKIm et al, 2003;
Lee et al., 2010; Kim et al., 2014). S }Ho] e 2t
Aot 2 Uil oFAs) dASE Aol Slar 454
Zoll Zisketeh. G7i7F gl Aot 9ol ¢jom uigo
oJgf] Abxslo] dAstEol Qg Wolrt go|siri(Korea
National Arboretum, 2016). 7Y% E=Hollx 324
L] A= 2R 30 mo] A 7hA] HlAkE] AL, F
H 523709 1 FaxAdol &5 6 Dol X|4=7}
ob=F QFAYSCH(Sung, 1996; Sung et al., 2011).
=rEvie Sevet AFRAEAS =8 Foltt
(Kim et al., 1999; Lee et al., 2010). 329k, HASTH4H
of FEsh= VT siAY H A AT} o]
2 Qs WSt A4 Akt A 2 AE el

o
T AEe Aol & AFte = Tt Ao
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o 2AAE At Figure 1). A= sfdile
965~1,210 mo] 225}, HAR= 30-69%= gk AT
Zof| A x|3t & K 7o) 7] AR (HOBO, Onset Computer
Corporation, USA)E o]4-5}o] 243k 2012-2014 <13
ot 712 57C, QB+t AF(ASE S em) %= 82T
A% AP T A -214CQ0124 29)o) 4 2T 234T
(2012 8¥)7HA] ®izks H itk v A7t Ay
s7] ek s9 U 712 oF 13T, AFLEE o
1CE Yehgrh et 742 1,353 mmo]w, 7~8Ho]
AR 7o) 48~61%7}1 2=% %It Gangwon Provincial
Office, 2014; Korea Meteorological Administration, 2015).

ATA e PO Ro] FuFo| REFL, o
Ao 2 o]20]A QltiKorea Institute of Geoscience and
Mineral Resources, 2022). B2 AR ZMAIH E o,
Hl= S50 EEFol sk A4S (CsF)ol &3ata,
EAL oA OFE o|th(National Institute of Agricultural
Sciences, 1975). B4t SAEAIL 50-100 cm, Yg=9] 2
ol 6-10 em$liL, AR HAA9F 23] WA, o

vl E9Fo] Zajgtci(Korea Forest Service, 1999).

A112Y A3E (2023)

AR ol BEAURE et A2, nRa
T(A. pictum subsp. mono (Maxim.) Ohashi), GHEL-5
(4. pseudosieboldianum (Pax) Kom.), ZZU5(Cornus
controversa Hemsl.), 7}21812(C. cordata Blume), SH|L}
X(F. mandshurica Rupr.), I YT, amurensis Rupr.) 5
40615:2] 0] BEo}T T AZUIE 2AA2)
HPHSFOR QB UL 64-175%S AXeIL U
th. T8 AUE(6.0%~10.7%), B38| U5(3.0%~8.0%), =
SYUE(U. davidiana var. japonica (Rehder) Nakai; 1.6~
5.1%) 20 QHo| A X3k 1] go| qbrEastem
Regional Forest Service, 2009). Y& U] EFH U539 ¥
o FHAEE T em AL, FAF = ©F 40 em
7}A] B 1= i tH(Korea Forest Service, 1999). ZE o=
A X|(Erythronium japonicum (Balrer) Decne.), HF 25
(Anemone spp.), ‘=525 (Astilbe rubra Hook.f. et Thom-
son), <7/NHZE(Pseudostellaria setulosa Ohwi), Z}E
(Pimpinella brachycarpa (Kom.) Nakai), &3 AY(Corydalis
remota Fisch. ex Maxim.), UG Meehania urticifolia
(Miq.) Makino) 5-¢] £33}3 IUthKim et al., 2015).
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Figure 1. Four study sites in natural broad-leaved forests on Mount Gariwang
(Site 1) and Mount Joongwang (Sites 2, 3 and 4), Gwangwon-do.
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A8 B4 F BEAUE BAE 27164 am) 2 PG
370 GAE AH AhE EgE S,

3. EFLIF Xt =2 ZA

EFYURE A4 A ZUEHSH] 8l - 24
of 1x1 mo] 2WEZLE 15714, = 60715 25}k
201295¢ 2014d7b4] 28 d=o] 59 AA 52012 A
9)), 6 A F0149% 7Y HA ), 84 A F, 10
A o g2 A4(FYH 3 em o|shet 22 4
S ZAFBETE AT YollA TAR ol 2|45
o2 AAatcE 22 S S Fofsarl, AR AS £
of A5t A4 ZHAE AE 9 TAE A&H O R By
B 5}l ch(Figure 2). A} Al7ufct 2k A 8 4=, o
ATz WA, A2 L AL RS 2ARFI

o} TlEo] Ze AWPTOIN THEL 2R A4 2
g 4wt

Figure 2. Photo of seedling monitoring at 1x1 m subplot.
Each seedling was monitored using numbered tags.

4, X2 2M

SHAG AU S sk Aa IS
Aikstar, A skt Ao TS BlEg AR
A (Kruskal-Wallis test)& o] 835t v|w s}ttt AlE AA
2 Bonferroni correction2 0|83} tt. sk} o] &3
)= 2 Zhof| v AFa E A (Spearman’s rank cor-
relation)& 43435}tk

2|5 whAYEFo) w9 22 2013138 Al€J3t 20124, 20144
shy A2 el dElAE TALET AR T B4
%t 2012 897} 20141 79 WAYo] 22 ke A
= 2o iy Ao g B, o5 tiitew AL 7T F
ore] AEARE B o R AETAS =& 2012
dol WAEE 24 A9} 2014 of] WP 2] A A9
i 2F 2= AA7E AR Al7]1E Eelskal o] & F)
MAE S AL 20149-S AR o2 3 A4 etk
= BExE BEXA5F¢Yti(Ralph and Brinkman, 1996).

20149 % 7 Zof AR X ko] tisf 89 %,
109 Zof 2= 7|A| o] 1AL RS 2ALSHIE: o5 Hf
Soz 789 Afole] TALET 8-109 A0S TAEL
AT, 22 414 folele] AHLAS Sasigich
20141 7-8Y TARS-L 20141 79 2E A 2T W 8
22 A 230} AUTAIE 245k 2014 8~10
AR 2014 8 & A 231 9 10 2E A
230} ATEAS BASIITE ATHIAS n]Rs Ak
4(Spearman’s rank correlation)& ©]-8-3}%th BA4 A4

R Z &I (version 4.0.3)2 o]-&3}%ch

2 o

re

FEgnt Rl L
glue] sk A4 AR 39 53 A
2 o3t ol= BYtHp < .05; Figure 3(a)]. T2
ShEEEe 20119 3.58/m?, 20129 0.28/m?, 2013 43.
Pm'oz dArd fodt WES HAKp<05). E3F
2013 @ ofli= Tk Fx17F ol WolF=t] ol= ol
3l 2014d ThFS] 24 WO 2 ofoHTh
4= whERe 20124 2.6/m?, 2013 0.18/m? 2014
| 77Em 0 R sEt go] AR o3 by
H A eHp<.05; Figure 3(b)]. S+&% thr] o]&8l A LAY
U182 2011 76.2%, 2012 47.1%, 20138 17.5%=,
2011 dofl= ak5 SRkl vlsf ol58l 7P =2 &
o] A7} LAY 2013 oll= thaFe] FA7t AYALE
ARG o] 53l A4 vhAY Bl&-2 20113} 2012 Ho) b
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Figure 3. Mean density of (a) seed rain (number of seeds/m?) from 2011 to 2013 and (b) seedling emergence
(number of seedlings/m”) from 2012 to 2014 of Fraxinus rhynchophylla in the Mt. Gariwang area, Gangwon-do.
Mean=SE. Different letters indicate means are significantlydifferent at p<.0S.

Table 1. Spearman’s rank correlation coefficient between seed rain density and seedling density of Fraxinus rhynchophylla from

2011 to 2014.

Seed rain density

2011 2012 2013
‘ 2012 0.36
S;:lfsli‘t“yg 2013 0.11 033
2014 0.22 0.30 0.80*

* indicates significance at p<.05.

Table 2. The density of newly emerged Fraxinus rhynchophylla seedlings that were observed in the beginning of May, July, August

and October in 2014.

Observation date Density of newly emerged seedlings (N/m?) Ratio (%)
3 May 2014 0.07 1
2 July 2014 5.97 78
1 August 2014 1.55 20
2 October 2014 0.10 1
Total 7.68 100

20131 &} 20149 X|4= Ak
P S B ATHP<05; Table 1). 3HEFo] A<l glldl
201239 o]53f}l 20131 2|4= Aol A9 gIE ¥
W, slEaFo] wWorE 20134 9] o]S3j0l 20144 Fof=
7t v sl ch(Figure 3).

2. Rl M A7

20143 ol AV T REo] 2|7t 7T 89 2 A}
oA HZxE T QK Table 2). £3] 79 % 78%2] X|4=
7F AN, 89 2 2AfoA A2 ¥ X4= 2014
G A 2]4=9] 20%Ick 5Y 20t 109 Zof = U}
bt A5 A gk ol A= sFH FA A
23 57 S % lé‘}ﬂr i(5~69J)1¥ o] 5H(TY)
of gt 1o

=F M? il#% g RRAR EF%* EAPOP‘”‘EP 2012
, 0] & 51%
(1.35%/m?)7} 1 8H§ 97]% % }L LAP;EL, 33%(0.87
iy BE 1d21¢1 2013do] 1Akste] 1 ghof] Alebd
t} 2012 =HASE x4 2T 99%(0.255E/mY) = B 24|
2131 2014 of] a1A}sto] 21 9] =g ulH AL, 6% (1762
/mAgto] 2192191 2014 ¢ ArobdoktHFigure 4(a)]. 2014
ol HHAEE 24 T3 7.682/m* & 61%2] 4.685E/m?0]
U gelf AR &, 2E ode) A7t 1dS H71A
E35tal aASF tHFigure 4(b)].

Oll

20124 8¢ uFo] =y ubal ztho] 56%= 271
o]0l 108l AFebAT 20144 72 WAje] TS
A AR 1702 o] 38%7 TASIEIL, o]F 270
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Figure 4. Lifespan distribution of Fraxinus rhynchophylla seedlings emerged in (a) 2012 and (b) 2014 observed in 2014.
Seedling density on 0 year indicates number of seedlings/m* that died in the same year of emergence.
Lifespan refers to years of survival.
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Figure 5. Survival rate of two emergence groups of Fraxinus rhynchophylla seedlings. ® and o indicate emergence
groups that their first emergence was observed on 4 August 2012 and on 2 July 2014, respectively.
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& 75 o eo X 75{ & e . A
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% o . ‘_;
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g 501 ™ ODeme o @ g 50 fthheewa
L & AHe
g |gmge 2 | e
= @ = Oe = N
© ° PN
o 25 g O ® 254 A  im
o Oe o+ July herb (p = 0.0949) »n o : August herb (p = 0.0523)
Ual o :Augustherb (p = 0.0026) & /e A : October herb (p = 0.0506)
0 0DOe GG o 0 duika‘essd &
20 40 60 0 50 100
Herb height (cm) Herb height (cm)
(@ (b)

Figure 6. Relationship between herb height and Fraxinus rhynchophylla seedling mortality rate. Mean mortality rate
(a) from July to August 2014 and (b) from August to October 2014.

QF 24%7} F71= JiAfste] WA o] % 370§t F 62%7F A4 ko] 7~84 Apo]o] Jafadt 8 =& A 241
TAFSF tHFigure 5). 7F o3 A B AHp<.005; Figure 6(a)]. 8~10
9 Abolo] AR T 8 W 109 22 A 21 JA]
4. 5t5 AT} |5 AL o] RHEAIE A Figure 6(b)]. LA 27] 2|4=9] Fat
Ao WA 27] ofF5H9 A AARET AFE 28 4 HilE 6.1 cm, 2972 0.81 mmSict.
Aol i1 ] AEEAE HAAth 2014 o 2T
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1. EFILIFL| si7{2|t H=E x|+ L HS
U= 2011, 201249 S22 A4 o] 201392
20119 A9 F uff o]fe] A4S HGIthFigure 2). &
Felprs AdalEiAlo] olae F4 RS 4]
3t AT E = Aoz A A tHKorea National Ar-
boretum, 2016). M= FH AAH A EFH U= 34
|9 A8 F717F R E ]2 HH(Sung, 1996; Sung et al.,
2011; Korea National Arboretum, 2016), 24l &+
oA F. excelsior+= 3~61 2] AAF71E X ¢t Tapper,
1992; Tapper, 2006). oY EEHUEE v)£3 Z3g)

$4 5 FFO A} A5k 349 772 AAF
717 Uehts Aoz 9ol gk

BRYRS £ A5 WL 5o FF 2
o etk 201319 9] W2 A4 g2 2012139
Z2} AYato] 7] 15K Figure 3). E3F 2013 9] W
b 2011l S el $4712d 5

S olojA ) EHESS ofulai, ol &
A B A Q] SEstol ol £8 Wl
2 Wolste] A47} AR, 1 o] Foli= 7t 0 R X
G7h e 9peg molEth

29dl A HoAA F. excelsior A4 WA A=
W 229 A e Axd sy YX|she A
S HYOoH, o] F. excelsior?] FA7} Yol HolRl
F 29 oY Fd 9 ol £3 73S AA thEY
22 WA 7] gjEo|th(Tapper, 1992). ul= 9 3}o]
2 F A EFYUESE A5E 10 Fote
UE" 717 5 F vt fou|aiA| 2 BARRE 24
=0 ol FFUURE 579 siAT Aol 24w
o] A= HES 2%t Ao 2 & 4 3UrkRalph and

Brinkman, 1996).

201319 2} YA 20141 2|5 HAYFE o o
SHAAE EK(Table 1). 2 Aot FU?T 2|9
ST 2E9 448 4R Mt 43d
=L AR HE aFE0l

T}l B QTHKim et al.,, 1999). HrolE
BFa R AR A HAslE 40| ol
67 g7k =tk(Korea National Arboretum, 2016).
T 2AA 0] AT A= YA AT BEa U
FAE dom APl ot APS et Ak of
20T 2] 2= A 60% ©]Ake] WFole-2 1 $tKChoi et al,
2008). FH]of FAE H
F. angustifolia Vahl FAto] thglh wol A3 of| A= 80%7t

oo
1

o >
e

F. americana, F. pennsylvanica,

A112Y A3E (2023)

Y drol-go] B 1% ¢l th(Preece et al., 1995). & &L
A B U % sFEF tiv] 70% o|4e] A= MAES
Ho, AdgdArdoA EFHUR= AgA dolga
Z Zpo] glo] %%3}7" A=7F BAATHE & 4= Sk

2, ZX} Hot & X

APA o] BFAURE FAE ALE A L8} e
BT FRE $A51 562 0]F 20T o)3pe] Lo
LBEEA] Wob W A o] ool o B 4
QT Table 2). BT ZAHs A LE0C U9))o
A o Htopg-S EOIE](Choi et al,, 2008). EZL}E 4
FAE BR824 solal ol ujet vjo} wg
vl 9 A 7} tharck 5TC9] Yo L rofAL ujolr}
Se)7) e, ol Weksly] Al o] Fol 20T
o] oA 7}& k5] AYASICH Villiers and Wareing,
1964). AFA9] 49 HBHL2EE= 60TE 4Y 5oz o
7| &=7F Fot® "WojA| 7= gtk 5 Bt 7| ==
129C=, 5¢ o|% tf7]2%=7} 5TE |7] AZskL, o
2 tf7]2%=7F 20T e A7t S7Ret AR 9
Al 69 Sl Bt EGRE7F15Co] His do] U
Epytth AFAH oA shEE EFelU SR SERE
20C7F i 7] =0l &5 I 6o Woto] ot
gHgo] /4= o] 6-7Hol the] 2|47} Ao o5y
e o 5 Stk ALGEEE A FHS Bkl &
LS SAb o] % A = 204 B 2ge] ot
7} o]F o] ti(Villiers and Wareing, 1964; Finch-Savage
and Clay, 1997).

NES- A

3. X|40| HHH x7| TIAIR} EIch SEf

B A5z ik ool g 512 W71
AL tHFigure 4, 5). BEFUTES X4s WA
L8 TARSS Holt)h Fraxinus excelsior X THAY
52 Eol O JALSS HYow, ¢ilke] A e}
o2 Tho] %7h AT Tapper, 1992). 23}o]
© A9 BEYOIA BIAITE (5t 4 F 14 5
?F 96.9%2] X427} ARSI AL, 2|4 ~rg 9] ko] 11_
S 7 u]$- Z3tth(Ralph and Brinkman, 1996). 3}x]qt 2t
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(Sung et al., 2011).
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