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Abstract

The objective of this study was to analyze correlation between phenological characteristics of Salix spp. and meteorological
factors in the Upo wetlands. Phenology of Salix subfiagilis Andersson and Salix chaenomeloides Kimura was monitored from
2007 to 2012. Meteorological variables were monitored by Korea Meteorological Administration (Hap-chon). Average date of
flowering, fruiting, seed dispersion was 86, 113, 136 days for S. subfragilis and 112, 140, 164 days for S. chaenomeloides as

Julian days. Flowering of S. subfiagilis and S. chaenomeloides were correlated with daily mean air temp. in March (r=-0.92,
r=-0.85, p<0.05). Fruiting of S. subfragilis was correlated with total precipitation between Jan and March of previous year
(r=-0.90, p<0.01), however, the fruiting of S. chaenomeloides was highly correlated with max. temp. in Jan of previous year
(r=0.99, p<0.01). Seed dispersion of both species is correlated with min. temp. in Feb. Phenology monitoring will contribute to

understanding Salix spp. response against climate change.
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bHom B AL A7le) AE AL
Ao Uehi7] 4 ) 7183t 713 Aol 22
2 olei A 9t Menzel, 2002). =& 7] L0 Ao
HF7= A2 HAUEQ A= AlEA
| B v|A= A= Yo (Saxe 5,
2001), 70} ook 1217 Eepe] el Bjo] B
AAEA Y A s FIE vA= A=rt $E
Ao 7 et AGZ21+: 9ot (Badeck 5, 2004). b
¥, S60] Julate] FeRo-Cule] (Rabus chamacmorus
= R =AY s AR O] A4St F
poepo] wiEo] uIgiehA| kgehs A0R Wil
I 2t} (Kozlove} Berlina, 2002). thyl, 73<4=ka}
o4 13l F9| 47} 712} o418 1l o)
of| vsf @A) A 37| wzol] AdH e TE S
L zapele] Bst S48 neElolof @
ol 713 71T sk Qg o) AT} Hishs ot
rJr I st AT vhEn, A4 2ol whet Al sHA
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AR o] wet aesfjop & 71 a s deEfsfor
3t} (Post 5, 2008).
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BEURE (Salix spp.)= 7] %191 Wghe Alets
FAl ol Rk a2 Q1 5F =1 (riparian) 57
S 2 89 (lotic zone) S EA A= 50| x} &2}
S449] Holdjof k= 4= (pioneer plant)
2 (Kim %, 2009; Han %, 2010; Kuzovkina2}
Quigley, 2005) $-]uiet <54 ¥4 0 5] o
A ale] Alolxle] Aet el ekt &
ok 24 itk 1 Ao A AEAL) (1) S
H oX20] AWE (Salix subfragilis Andersson)}
HE (Salix chaenomeloides Kimura)2] #A2st E
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Fig. 1. Study area and observation point (@ S. subfiagilis
observation plots; A S. chaenomeloides observation
plot).
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Table 1. Criteria of phenological phases

Phenological phases

Flowering

Fruiting

Seed dispersion

Anthesis reaches 50% of inflorescences.
Stamens with bright pollen and receptive

Capsule fruits fully ripe and capsules
dehisce and cottony masses of seeds are
stigmas become visible visible.

Female inflorescence drop soon after
seed ripening and cottony masses of
seeds are detaching from a plant.

o F-Hsk= A S & AP = st
Gt AWHE (S. subfiagilis)-2 T2 HEULFET)
Aol 7R 7 el die WA= 714
T TR dEA AL dof viE gHE (S
chaenomeloides)-2 H|1.24] 1wgto] 22 il J1=1
A Em A 22 47:01] wESE Aoz dEA 3l
th(Lee, 2009).

2.2. HELIF AHs& A

HEWE A gelo] AJ7]= 200749+
20124 7HA] WS HARE 9-E, AR E, Hxd
o] A oo 471 A5 9 s ook 270 AA

of| Al ud 2%-‘:}51 TL7HA] Bkl (Fig. 1), &
Z S EFrlE R HEskeler 23
7N 7A€ 7417%‘ /\1715 wEkskgink AldeA A7)
O] JLE-2 Table 13} ZHo| 3 7|71 FLESTo] ZAVSHS
th(Saska®} Kuzovkina, 2010). A2 7l
(Flowering), 24 (Fruiting), FAMFEZY (Seed
dispersion)& 5 13] o]Al A0 20075
2009@71A 9] A&t X}HE= National Institute of
Environmental Research (2009)2] G-l& Lo A =
ARt A2 E Harskleh AlEs Al7]= Y (Julian
day) & ARSI, 7[R R = AR oA 22 km

Aejell QIAISHAL Q= T 71 (N 35° 33", E 128°
10)9] A2 718 (0), L A7) (C), L
i HA71Z (0), Y& L = Fok & eof LA,
FHEE (%), 5 (mm) 2] 30 2H (mm)S

o]8-3}4t}t (Korea Meteorological Administration,
2012).

2.3. EAEA
HEUE F1he) Aldsha] g4 7t 2po| e} A}
2 A17]2] 2}o] AZL One-way ANOVAE 0]-&35}%
o, A& oIx}e} 71AFQ olwte] AIAE u}
o}5}17] 93l Pearson correlationg ©]-&3}o] Al
238 setalodeh. ARt AL Bt REO AR
H7)5}9 3L, A 54 ol = SPSS Statistics 20.0 (IBM,
Chicago, IL)2 AM2-5}3 T

.21

3.1, gz J|d U AESN £
FEEZ 6YollA 7Y Bt HFE A= ¢l
F71Ho2 AgEE 40| TEESen 20074
oA 20129 H9F H 7FEke 110.79 mm, Hi7|
£213.4C A} (Fig. 2). 2007 dHE 2012 71A] 2|

0x
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Fig. 2. Monthly average air temperature and total precipitation from 2007 to 2012 (Korea Meteorological Administration,
2012).
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Fig. 3. Box-plots representing each phenological phases of S. subfragilis and S. chaenomeloides with Julian day. The whisker
of box plot represents the minimum and maximum of phenological date.
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Table 2. Growth characteristics of S. subfragilis and S.

chaenomeloides
Species Sex Height (m) DBH (cm)
S. subfiagilis M 63+04" 18.5+7.5
(n=5) F 41409 19.0 8.2
S M 128+ 1.1 39.1+£53
chaenomeloides
(n=14) F 12.9+0.9 30.2+4.0
* Mean+SE

9| #OFE Bt L
12.8 m, 1374 39.1 cmA 1T = HA 11

AT A 7R TR

= (Salix spp.) 2] A28}t

1637

12.9 m, 3127 30.2 em AT} (Table 2).

20079 5E] 2012 742] AHE0] el Hat
86.6 £3.1¢, AA2 113.8+2.8%, FAAEL 1368
+4.9%0]9lck. 5] UL Hat 112+32 A
01911, AAIL 140.6 + 3.1, ZAFALE 1643 5.5
U o3Itk (Fig. 3). AlHEo] FHSEE 7ot %
253, ZAUL FHat 26.8Y, FAMXFEZUL
2759 WE AHOoZ FAMEQOH I 22
w2 A A7 A7t Fofskdnt (F=70.1,
p<0.001). 3+ ZAX S Y F F9] 7J3d
FAEEY Afolol = {23t Aol & KA
p<0.001).

3.2. 7|4 2A000| AE

AU ST YuEo] A-SHE QA0 AL L}
Bl 7]AkQ Al 7] 2.9 40) 74429 2QIT} (Table 3).

ol A 39 W)L AuEe] A (=0.92,
p<0-01)JJr FHE (r=-0.85, p<0.05)2] 75}l 59

Table 3. Correlation matrix between the phenological phases and meteorological factors

S. subfragilis S. chaenomeloides

F1 Fr Sd F1 Fr Sd
Mean temp. in Mar. -.80 -92%* -46 -85* -.20 -16
Max. temp. in Jan. -92%* -.67 18 =74 .14 47
Min. temp. in Feb. -12 -.52 -.94%% -49 =73 -.89*
Min. temp. in Mar. 35 -.09 -.67 -.10 -.80 -81%
Mean humidity between Jan. and Mar. -91%* =71 .06 -.80 -.01 35
contgrade veween an, and M, A a4 6 072
Current Year Accumulated day of temp. below zero
centigrade between Jan. and Mar. 3% 73 13 7 06 =19
Total precipitation in Mar. =32 -.61 -.65 =72 -.88* -.51
Total precipitation between Jun. and Aug. 72 71 .06 .63 -.09 -.18
Total precipitation in Jun. .30 44 43 .60 1 34
Total precipitation in Jul. 24 37 13 .36 24 -.03
Total precipitation in Aug. 49 28 =27 11 =72 =37
Total precipitation between Jan. and Mar. .69 90* 71 94%* .63 47
Max. temp. in Jan. -.11 33 79 .40 99 .80
Max. temp. in Feb. 24 .65 87* .69 92%* 72
Previous Year Total precipitation between Jun. and Aug. 72 71 .06 .63 -.09 -.18
Total precipitation in Jun. -79 =77 -.67 =72 -.35 -.59
Total precipitation in Jul. .00 .09 .02 -12 -.64 .20
Total precipitation in Aug. 73 .60 42 .69 .53 25

F1 : Flowering, Fr: Fruiting, Sd : Seed dispersion, * p<0.05, ** p<0.01
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Fig. 4. Relationship between phenological phases and monthly air temperature with phenological Julian day of Salix spp.

TS Bek YHEe] ABHAL 34U Bit7] e 9
o A= 9] 1-39] J4epe] Fahe & ATy
(1=0.94, p<0.01)-2 X ¢t} (Fig. 4).

HHES gulSaie el Ash719k 139 94
J5=0] F(r=-0.81, p<0.05) 2 F5}2=o] g (=0.83
p<0.05)3} 4TS Mgk = 30| ANA7I2H AT
e el 82t AR Aolstelit] AHEL
AR 1~399] B Pk JTAS Bel
FUEL AAAE 199 H171 2L 29e] A3

AFTHS 1 ST (Table 3).

FAMEES A)710ke] AT T F B 8 o

= 2999] Z47] 23429 TS ekl

Z]

N e

Z]
4

U AHES AHAE 299] a7t S
ERY QL P E2 Fall Awe] 3Ye] XA 72}
WIS UEhSich

Q4] A9 AMAE 1939 gt A
9] 249 (1=0.90, p<0.05), G E2] 73teo] A
7HS 5 A (r=0.94, p<0.01). wEbA 2 AU E 19-3
do| 7ol wow AHEe] AAUI g
Mstdo] =R Ao R Helch galjde 7|14ka
T AR fYUsH| 399 F Aol
AU} S UERA AT (=-0.88, p<0.05).
AT O] o 54 gt Au

U
A}

[e]
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A (1=0.06, p>0.05) A7) G-05F AL Ho)
A ool e JiS (=0.63, p>0.05), 24
(t=-0.09, p>0.05), ZAFE (1=-0.18, p>0.05) A]7]%=
el W AAGE o} S Ao Folat A

o] LHERA] 3ket.

(e}

ol 7 e s FoAe 2raat Feaavt
St Geise] ARt e AT S Hel £
fa7t SA AES AEA A7 WEtee 38 2l
0@ 2gan Qi oz vtk A= sk
Aol thgt thE AtolAE S AR 12
o) 7)ol akS ol WL Alpado] ek 1
= Sl=dl, 53] 7hek d do] Hatvl2o] stdE A
A= 810 2 A|RFE| Sl (Fitter 5, 1995). =1
AR AIRE S/ AN A GA] 718 A A
Nk, Su, Segoluhs, vk, Mgee) st
A71= 24, 399] 7|21 =2 AaAE 7HA
= Ao 7 ZATE]o] (Choi2} Moon, 2009), SAAIE
B FAof| AAshE Foll 384z AEE oSS
SI5k 74 2 AR A} 0] L7k A9
o] 7P 2o Ao Azt

Smizo] MEUR AHol S48 JHdE |
of|x 39 9| T Akt A s AdY
So] Jlshelnt H2 TS vepglont

FEE 71AH HES sk Ydolal, f-EEoA]
T TR Qe HEe 9

RAESNA o g Agsh= 2o & A4H Ht 9l
t} (Do 5, 2007). YofA= 9= Qg Wz} ¥
TR0 A AR EAJof| A HE] BlEue] APdshe:

2 B4 8 714 aQ] A 1639

olo] AL Telat AARIE Ugie (Niiyama,
1987; Niiyama, 1990). & AFAn o] A= EAPAHE
K719} 3k87) 44ere] Aebe] i whA Lpekd
oLk R W AN B4 HELRR SR
A712ke] Apebell 253k 157k Qlgich. Niyama
(1990)= 2 Aelof IS Gz HELT 45
ofehE FAMEE A7), F449] 37] ol Aol & ¥

FEIT SHGom FAME AL Mg e BE
A shite] W] Aol TAMIES SR
S48 Uelo] 292 gt Wt AGst 4179
2 45t} Seiwa % (2008)0]14] 5 7] 4
1 9% H—]}_:_l,}_‘f'%_ _/,\}__9_ Halo 1‘46—“ 1235}

O mua= oo

Al
the A F00] 715 496 Bl Adson
AR A A 915 Gefste] FEshHAE 24 a2l
L ¥ialo] T3S W] ks o] Uoluy] A o
A 717 Yol FAMIEE ehadls A 0= Husigich
HHA, SAFESol = ARG 2.4 (leaf budburst) 2}
71 o] Aol RS UEIA] Y= Ao R B
1=t} (Doi®} Katano, 2008). wahx] 54|12 A4
A 547 WAshE sk 7] Sl ot jiE A7
7k e S g A7 A0l AT 54 o]

RGP EER IR

SAA HEWTRE ddez g AeAdst
2l

S 7\ Fstol ABAPELA WAl That A e A
o] ¥R ofalshat] 7]eiet 4 91 Aok g
AT 40 7} et el A] 714 9 B el 2
gkch 7 Swsle MELRE 50) A 8RS
A3 ot 8 4 9l Aolch. bk YEAAe] 5
AL Qs AL 2Ho] ulgo] Yol 14
Q1 A9 Biv} of el 91} MEURRE B0
2 QR oA B0 Bl Zhssta A
Aopa] Fio] B SAE Folste] ATAELE of
Yet auiole] AYefA| mUE Holol= o 2ast
of HAAEAY A= FAl3t s A|2e] B
= A £ EES YT A0 T
Lol 2

£ ATE I S IRATAY (2007-
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