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Study on Characteristics of Seed Germination and Seedling Growth
in Salix gracilistyla for Invasive Species Management*

Choi, Ho and Kim, Jae Geun

Department of Biology Education, Seoul National University.

ABSTRACT

To suggest ecological management plans for invasion of Salix gracilistyla, stepwise environmental
sieve of seed dispersal, germination, seedling and juvenile stages were investigated. About 84% of total
seeds were released between May 6 and 10. Germination rates significantly declined with decrease of
light intensity from 100% to 30% and 0% (p<.001), but above 60% of seeds germinated in all
treatments. Difference of germination rates with 0 and 2cm water level was not significant (p = .571).
With increase of elapsed time after seed dispersal, germination rates significantly decreased (p<.001),
and seed viability was lost within 16 days. Considering both germination rate of seed and survival
rate of seedling, survival rate of all dispersed seeds was only 5% when 8 days passed after seed
dispersal. All 22-day-old seedlings (height: 1cm) died under flooding of twice level as its height. With
decrease of light intensity from 100% to 30%, survival rates of seedling decreased from 90% to 33%
(p<.001). In the case of 45-day-old juvenile (height: 20cm), survival rate was 70% under the water

level same as its height. There was significant interactive effect of water level and light intensity on
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the growth of juvenile (height: p<.001, dry weight: p<.01), and survival rate of juvenile was 10%

under +20cm-water level and 30%-light intensity condition. The following management plans for

invasion of S. gracilistyla are recommended from these results. (1) Dry condition should be maintained

at fringe of wetlands for about two weeks at seed dispersal and germination stage (early May ~mid

May). (2) Water level should be raised to about Scm at fringe of wetlands for about two weeks at

seedling stage (mid May ~early June). (3) Water level should be raised to over 20cm at fringe of

wetlands for a long time at juvenile stage. Planting trees for shading can raise management

effectiveness (mid June~). (4) As water level manipulating is performed as fast as possible for

controlling seedling and juvenile, management become easier and more effective.

Key Words : Ecological control, Environmental sieve, Light intensity, Seed recruitment, Water level.

LM B

A3HA] &+ 4] E(undesirable plants)]
A 23 9 5 AslE A= A

7 o] th(Keddy, 2010). £3] 9%
wsle} QI7tel] o3k meke] RIHMSHA
LA FAE AU AES] T H ot}
™ (Planty-Tabacchi et al, 1996; Kim et al.,
2007), ol &< A A& AtA7)a AETh
Fde A¥ste 5 BEA] 729 715
e F= Aoz d#A AUrkRichardson et al.,
2007; Kim and Kim, 2009). ©]2]gF 24 A&
o g #e] WHC R AEAE o] &3dh=

49 AIS =5 S BESE BeAQ

of Kb

A7 FE o|Fi SlthMasters and Nissen,
1998; Loo et al., 2009). L2iu} o] 2|3k HFa] &
AR Ao dlgats AF4Q0 WelH, A
Aol 7hed & WEsk 9lof vl a&4e|, 7
ot AeA ddE vA F e qAt
S THD’ Antonio and Meyerson, 2002; DeMeester
and Richter, 2010).

fetoz AAHE w2 = H9A
250 WY 715AS dAF o g Fole AHA

2] (ecological control)©]tHThomas and Willis,
1998). ol& =59 3 Aste] 2, a3 Y-

A 24 (Environmental Sieve Model; van der
Valk, 1981)°] Wet3} AX|gich 73 Rdl
FA9] o] AT A= g, 5F A
A EA(life history trait)S ZE5 2]

il
G fre Weolth 5, AeA #ele
&

p=k
TTHT mH N A
£ ol o8 FHse Aold & & At
FAY A, w9, i B 22 RS

and Jones, 2000; Kercher and Zedler, 2004,
Fraser and Karnezis, 2005; Kim et al., 2013). &t
o 2 FujA| oA AU 21EQ] ZAE(Phalaris
arundinacea) Z25-E] AP E9] AETHA S
HAs] flaiA Aa s v ol Al
A Z) ATHGreen and Galatowitsch, 2002). ©]#
S HZE ol A on FFEoR A
AJQA o g A o] FHA M S et
< 2zt & 5 3l

H4A e 3 e B ohE AJRHA

>



AN E(Salix gracilistyla)®] #A2lE A3 T4 dolel fHS A §AF A+ 3

Aol thgh FAo|tt. o= Zp7te] AYEFo]

A el A &l(ife cycle)®] A17]7}F
o, & Folgk A GE Agg Al
] T27] ujEo]tHGrubb,
1977). A+ B & WHAA e &2k 713, FAke
ol B4, fH(seedling) 2 2 E(juvenile)]
AE 3o AddE YA A e el o
Are A FHA - A HMAE 29
3l Aozt & 4 9 tH(Huenneke and Vitousek,
1990; Levine and Stromberg, 2001).

AEo] Agee Fo whet v teFeiA
ok AR o g Fa FAE, T4 dol, fE, f
215 A2lo] 7153 A A (reproductive adult)<]
WA &2 o] Fo]ZAtHLeek er al., 2008). ©]Zol
A9 A& &g 7MY 83 oA
A} kel A RE fHE & Sl F
Jkel Al719F W, e a dotel] Fa3g

A o]
=

-

=)

A

ox,

it

>~

>,
2

Il
ok
o]

A A A=
& AFeth =
£ e A2 wid vske] FHokelm Al
£o] %7 wj&ol|(Kozlowski, 1979; Leek et al.,
2008), YA AES Helsrldl 7 gol3t

“Ef o]t

roh

Ho

oX

1

3

oh g AYA AES AZE EAE 54
o B2o] He A Aes ST Sl
ofe] 74x] AeA g mesir AR ook
gtk AEA Bl s S A9k 2ol B
HE7E a7H, o2 gae ARdA Y A
&2 olg/l @t 2oz Bata el A
© AW AEY AgrA EA tig gt
A7t FAEJeH, o] 5 AR A ARS
AA8ta 9l G0l th Levine and Stromberg
001 = W Edse AU A8 A
AAES] FEES o dFYU M4 Ao w A

wote] Aol tig w5 wlastal, s3]

T #el AgE AlAsta Aok Green and
Galatowitsch (2002)2 ZZX|o|A Hi FEd
e A Aed AYEY] BE s
Mote], AETFd BAE A EA o &
et =Esksivh ey obF IdelM e &
3 A= gt &g dA o] shet

A9 A& B9 - g4 W
Ao A-G AI71E A ske sl HFEa
A THKim et al., 2007; Moon et al., 2007; Song
et al., 2010).

W EU25(Salix) 2182 FAd E5H B
3= S 21&EZ(Cronk and Fennessy, 2001),
Aol wow FHd nX& AEF 93
o] & Aoz dHA UthMcLeod et al., 2001;
Kuzovkina and Quigley, 2005). |52 o]
Z7|ANA A2 42 st wEA A2t
7] wzell e FA9 24 - B 284
A 7HKuzovkina and Volk, 2009), ¥t 2 2]
7 Ae® et Bele] diide] Hr= gt
(Henderson, 1991; Mitsch and Gosselink, 2007,
Loo et al., 2009). o|& €W L2E# U] o}
AMe oY Fof HuEdir-E e AAs=
o o] 2F 1,000 AUD(SF 859 )= ALg-3}
ATHARMCANZ, 2001). B &4 2] &9
St R, Bol e A% AAHS vt

>
(e3

1

¢

10 ot o mv [l
tlo |0 &

2 02 A5 S Adsi, £9 T
RZAAI 1 BA4FE S 5 71E

FF @S delske Aoz 4 U
(Henderson, 1991; Greenwood et al., 2004). 9t
oflgl i A e FHFEEY IS

A7) e Ao R BuEAth(Lester ef al., 1994).
HEUSE A5 5 ANES. gracilistyla)< =] A
o] FAo E3HA &7 = (Shin, 2000; Lee,
2002), A B T owhes) Adete Ao &
24 3ItH(Cho et al., 2008).

2 Afe AW Eo] TARRH 54 A4
she 27] AR 7 AR 2L &

< AAE Helua U ol & flst



4 A 52

of FAL 2Ae] A77F ZAME oM, 99t 3. Y=t 7t BA} Lol 0|kl &t
B, A FAY F A REe] FA; doke} B} F97F TR wolo|] A= FFE I
B9 FAEY A niAe d3s AvEn Q8] fsted FA7E AE BLol Al
A dde] AFo] AAAL HEHorE g A ol AYo] ST AL 1247
7BA RdlS &8st AW A et = A5 o] F 12A17He ATl o, Zh7he]
Ao ez el WekE AAstAt EEE 23°C, 13°C2 Atk ol FAE
A3 59 8 o)A 5Y Tt MEEHA I
II. 7|2 & eHY Har| e dHA7) ] Hitol 27} 22.8°C,
13.1°C8l A& aelste] 2Hsiavhr173d 7

1. 42 =2 %‘ZX}E)

A7 FETAl G SN 37° 37 FEE 100%(A733e] A 50umol-m”:

25”7 E 127° 08’ 377l 9123 AW E e
A 20104 59 8¥ol TAE AU 1
7} 25~3.5mQ 106 1Fol|A <F 50%2] 213}
7b dela FApF BEEHY] ARee #4E
AHste] gz SHksla FA] wol A
ol &tTtE W TAE ASHEAl Bt
Mt W okl EAN 37° 27 29”7 E
127° 577 107l A 20702] BH2(H Z: dlem, 7}
= =0l: 1lem)ol] Wro] Al “‘*ﬁ
& fFHE JHAEY HFe] o 5em7t H=E

Hopfion, A& —g%;fs}a
o A FHAE 287] At 200A & T
= AEsto] 10 Moz Fas S48
om, 69 29 (A% 229)F 69 25%U(AH: 45
Dol A7t A5 Pt Bl Adote
MAE AHstA FE 2 A= AT A

ol g3,

21cm,

J_XJ o7 _/’:%U.A

>

2. EX} BAlo| 7|2t

TAE A AHE A o= 370
Aol e Adslal FA Bake] 7|17he =
gatth. AdE 2 AAze AR 50m o]
/\}O]Q}E]— 5%1 ZOE] E1 }_;q_ H/\]-o] }_EQ uq]

7H 29 A0 2 At dee] 5 7|5
Atk AFE ol Fa e A F % 50% o
ol deju FAF HEE A& 45T Ao

T

sec™), 30%(zh>4“31L °18), 0%(Y’37k 189l Al
7H LR AEit o] T 30%9] BEe
G&H sk Exlste wsd AE 4FH
SIS, koreensis), AW S(S. subfragilis), T
SFHE(S. babylonica.), VY -(Acer tataricum

subsp. ginnala)]®] & ofolA =43 A

33527} 29.7% (SD = 20.8, n = 48)2 AL 1
st AAAth FH= TRTE o183t
Ocm®} 2cme] F 7HA] o2 Aot 3
ot 795 279 671419 2= 247 570

of FEJAZE AREE 10T, ZH2ke] H Erly
AR 8 9em, Eo]: 4em)ollE o] ZH2|(Whatman

No.1)Z Hlgtel] =1 70~8094 T}E3lgith
ol 2ol 309 H9t 244]3t FHH o7 o]

=
golgor], T A9 Aol Mol wj%}
Wol7l WG AL ol AR AT

(Densmore and Zasada, 1983; Maroder et al,
2000). ol A= FE 7158k AA}A

o, FE FAE gt SRTE AEHoR
THotath B AE Bkl ol (Aol
ALe-d %z} Feoll digt woldt o] u]&)I
T50(Z T4 o2 Wolat FA} 422] 50%l o3t
ol &8 S ALkt
4. Xt 24 = ADAZI0| X} Holel RE
MZEQ| 0|Xl= H&k
AL g S FAE F e AHE Lol



A E(Salix gracilistyla)®] T A3 A dole} frHE AF 54 A+ 5

-

B7] 9t FAF B4 Fol 04 ~20
Aol At FAE o] §3to] ol A
skt Ado] = B TA
(2% 20~25°C, A5 40~50%)°14 571
Foll =217 A2 Baskth 1179 =4
=2 747} 570] HEHAZE AME o, A
o] XPxE= Bt BT 100%, TUE OemS
A 16}01 T} *M’U %E iﬂi} o} 7iA 9]
3lo

@4 2

=
J
T

ne

o=

]

o oot
> o

it
o
ml

g A 2 & 4*]7}01 e AE
T Y% ﬂ?lé}ﬂ ffste], Mgt
3l % FYPHAT. T B4
L~ 1420 )] A FARE o
A7 Z7te) §RE 20444 F0)sd 747
o] F2E 3 ol 3HEAR: 6cm, 7FE: 6cm,
=0l: 6em)ell A AjEglom, AH-E F 1607H9]
2 40714 o] 47le] Fehag
2: 55cm, 7F&: 35cm, E°]: l4cm)ol AXAIZ
o g7e] FAF A4 F AR 230 wE
o] HAl= AR wiA }
Ae 7ke ‘q]g]. FEL AES 1(1%:413]);
EFslo] AHgsislon, Edd UHZ‘A Ee A
GE, FHALE 749mglkg, FrEJLHE 25.4mg/kg
ol ole FAE AT AW E T EY
582 efote] 2HAAHEA: AIE, T2
2797 + 23.1mg/kg, ES14: 28.6 + 8.6mg/kg,
n = 3).

-

—~

5. o 2
01ot
’\1 oty of

20] oﬂ JC;)]

W e A

stod, S Ade7F A7YshY =117} 0.8~1.2cm
o fFs } FH 16070 A(FH T S lem, A
g 229 AEsto] ofe] xAel|A HEo]
SM%E} Aztel AAe g JHe A S

15cm, ¥°]: 13cm)oll AAHN o, mfde
oﬂ ;q];\]-s‘_y /\164_11]. 501-5L 74 Oi(fl—D{J/H . '/r\‘
1) 329 10cme] Zo]2 ATk
AR 160719] S 570 Uo] 32709
Zek~E gAA R S5lem, 7FE: 36cm, EO:
30cm)ol] YA Z T

FEw 100%, 30% (A3 o8] F 7HA] &
FO 2 FYE dem, +lem(F9 FY), +2cm
(G2 20y, +dem(Fa2e] 4ul)e] o] 71|
o2 At = FAE 233 8719
Z3de 242 2070 A @S] FepaE w9
FH7} AHEE AT Ao] A= Bt A&

$HE =1

A H-E] zﬁH iER-3 71%2i SAenh A%
F& S AEAE FRERE AHT
70°CoI A 48213F A7 | AAA &S 083
of sttt
wet Beol FY7F S5 Ay nx=

A E 7| ated], 62 25Ul S e
7V AZEY, 271 18~22cmol | EEtE
2 12070A(#E T 432 20cm, 93 459
Hslo] AES Sttt Fr= 100%, 30%

r?u :l

Z= X =
gt 679 A& 7474 207H11H 21 5ol A}
£ on, gl Av|op vjAde] TR &

AE Jre 54 W2 ool AN fRe



6 A 5092
A3 A FASHA 2. HE0t 2|7} BXt Wold| O|kl= L&t
B %(100%, 30%, 0%)9F $1(0cm, 2cm)7}
6. 84 2 234 6714 22X AME FTAe Wols
Frot 9, & FA B 5 A4 A7he] 2 57.6%~96.6% WS HITh(Figure 2).

&
ko
AW 5] T2 dobst F1 B =2 ARl
nAE g Fetalr] Akl 0.05 FolrE
o 4] ANOVA (analysis of variance)®} Scheffé<]

ANEAAS ST ZE BAL SPSS(ver.

20.0)= ©]83st] o] FoH T}
oz =z
1. SX} A9 7124
A7 % G G5 s AME
o T 2AkE 59 290l AlZste] 549 14l
ZaERom, 3] 59 64 HE 10 Afeldl] <F
84%2 ZollA FAF WEE A Th(Figure 1).
A7 BAbE e 717 Boke] MEEEA] H

71L& 16.7°Coll o, giFiEe] Tt W

97 AFehs 59 62 ool 4 Fet 9

Frol| mE FTA TolgE Aozt len
(p<.001), F=7} 100%, 30%, 0% = SolAHA
drol-go] 7z} 96.0%, 80.3%, 57.3% % 7HAd}
At FE 100%9F 30% 22 AA = T500] 1~

29019 A Yt FE 0% ZHAAE ol £57}

Tha o)A T500] 2~4Y Ako] A ThFigure 3).

Felol wE dopE} ol £=9] Ajol= IRl

o 3 ARl e TS SE3 P

= EE W, 7% ol BE Tt =5
ol 7keteke As &l

3. 3X EM = ZIAIZI0| Xt 2olet 7E
AE0] U|X|E g

F} B4k 3 ATARIe] Dol A4S AulE £
zke] o8-8 I 7H451% t(p<.001)(Figure 4).
A 450299 FA LohEL 96.6% o

T o

7] €0] 18.2°C oA e & A ¥ Uckdata from FOIAAIRE 8U o] At o= 50% ©]stE 7
http://kma.go.kr). raglon, 1620 AW FdEe RE FA7}

S

° 100 - - | 55

whd -

© . iz _—

- STl Maximum @)

£ 80 1 ‘temperature <

= . 20 @

© S

o i =

60 =

o P

5 o

2 15 a

© ; £

E 4 NS T 5

(] \ >

2 tem’perature F10 =

B 20 A ) ©

K Cumulative mature a

E catkin rate

s 0 : . . T T T T 5

(8] 1 3 5 7 9 11 13 15 17

May
Date

Figure 1. Seed dispersal period of S. gracilistyla in riverine of Wangsuk stream, Namyangju City (mean values

+ SD, n = 3). Catkin was regarded as matured if more than 50% of capsules dehisced.
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Figure 2. Final germination rate of S. gracilistyla at
different light intensity and water level
treatments (mean values + SD, n = 5 for
each treatment). 70-80 seeds were used for
each replicates. Different letters over bar
indicate significant differences (Scheffé Test
at <.05 level) between treatments.
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Figure 4. Changes in final germination rate of S.
gracilistyla according to elapsed time after
seed dispersal under 100%-light intensity
and Ocm-water level condition (mean values
+ SD, n = 5 for each treatment). 70-80 seeds
were used for each replicates. Different letters
over bar indicate significant differences
(Scheffé Test at <.05 level) between
treatments.
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treatments (mean values = SD, n = 5 for
each treatment). 70-80 seeds were used
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Figure 6. Final survival rate, height and dry weight of 22-day-old seedlings (a) and 45-day-old juvenile (b) in
S. gracilistyla at different light intensity and water level treatments (mean values + SD). The numbers
in parentheses refer to replication number, except dead individuals. Different letters over bar indicate
significant differences (Scheffé Test at <.05 level) between treatments.
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Table 1. Analysis of variance for the effect of light intensity and water level on growth of 22-day-old seedlings

and 45-day-old juvenile in S. gracilistyla.

F-value

Source of

22-day-old seedlings (mean height: 1cm)

45-day-old juvenile (mean height: 20cm)

variation

Light intensity Water level” Light intensity

Light intensity =~ Water level  Light intensity

(100, 30%) (-4, +lcm) x Water level | (100, 30%) (-10, +10, +20cm) Xx Water level
Final Height 397.85"* 0.40™ 1.41™ 46.47** 63.58** 9.40**
Final dry weight  371.62** 0.31" 0.42" 55.21%* 51.17** 8.23*

X
conditions.

: Not sgnificant at 0.05 level.

. Significant at 0.001-0.01 level.

. Significant at <0.001 level.

* B
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Figure 7. Growth curve in height of S. gracilistyla in the experimental field (mean values + SD, n = 20).
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Figure 8. The schematic diagram indicating stepwise environmental sieve of initial establishment from seed
recruitment and invasion control plan for S. gracilistyla. Growth degree and control timing can be
changed by environmental conditions such as climate and nutrient.
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