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ABSTRACT

This study was conducted to investigate the climatic factors affecting bud phenology of Pinus
densiflora provenances. Data were collected from Jungseon, Chungju and Jeju plantations which were
parts of the 11 provenance trials established by Korea Forest Research Institute in 1996. The 36
provenances were included in this trial (33°30'~38°08' in latitude and 126°30'~129°20' in longitude).
The bud swelling date and bud burst date of the provenances were investigated from March to May in
2004 in two-day interval. The four geographic factors and fifteen climatic factors of the test sites and
provenances were considered in this study. Canonical correlation analysis was conducted to examine
the major factors affecting the bud phenology. Our results suggested that the major factors affecting
the timing of bud swelling and burst are the differences in latitude, longitude, extremely low
temperature (during December-February), extremely high temperature (during November-February)
and annual mean growing days between test plantation and provenance. The provenances with lower
winter temperature than that of plantation showed the faster bud swelling and bud burst. Based on
these results, the implication on the seed transfer of P. densiflora was discussed.

Key words: Microclimate, Temperature, Adaptation, Phenology, Provenance test

LM B A ol A o]2gh Blole thiite] 79 23]

g FHZR FeAo =z olsiEar %lE}(Ekberg et al,

QAEo||A] 7]% A7} Ho] Q= 0%4%91 % 1976; Aitken and Adams, 1997). 3, 822} 7HAl
Holu} #|2)A] wo] e 7|ew) o] el D Y)s ve] JEiE Hadlsla Aerks Aoz &
Ak BAL 7 okl G A QIckBlum, 1988,  8317] 913 A8 7)1zke 2 Ay Q) o]egk 7|
Frewen et al, 2000, Chmura and Rozkowski, 2002).  9A]7]e] A 71F = o] 7131A1=50] o5

53] =&, A (provenance) B NAE EAlA] 7] a1 =], 9AAY] BE 71 e AR 5Ol
T Aol g 314 Wolrt & BoE RuEa AR 2E AFAY] Aolg BAATE LRlolElar Bar
Q=d MG, ST, AR AR 58 H B} lth(Leinonen and Hanninen, 2002). Y43
2 & 4 AUck(Cannell et al., 1976). ZHoE BHo| o] AR o]Folx] kel 13|
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£ ol = Fand 78] skl ol
EFNAE 5 BAVERZE g 5 3] w2l A
A= Sl tigh 759 A84S Wk Ak
2 #8535 tiChmura and Rozkowski, 2002;
Leinonen and Hanninen, 2002).

242 7k AR 710 ftoldl) thaiae AR
B A7t o] g, 2] 9w, A=, 8
Hh, Betrle 5 AEE e 715E 8909 EAl
719ke] AWde 7] A1 A7t T2 olFelxl
TH(Skroppa and Magnussen, 1993; Rehfeldt, 1995;
Chuine et al., 2001; Chmura and Rozkowski, 2002).
olg gt A5 AEFHOE XA (provenance
test)yS 3 TAPIETS S A% VERARE &
B5o] gkout Holl= 715wRisle] vk 284 S4
oA mlgf Z1F=Ael digk 28 B AFES A5
=t 8531 dth(Savolainen et al., 2004).

AT SEe) dRAQ) APFEOR S84
o2 FAEES 9= 43020004 AFL] 3302077}
A, FAHSZE S 100~1,300me] H= 4FAo]
gde] B¥3)a31 9t (Korea Forest Research Institute,
1999; Kong, 2006). U¥FHoz FXH7} Bl 4
T2 Tekst fRRlolE BAsha e AoE duA
SJtH(Savolainen et al., 2004). 2UF-2] 749 Ao+
TEE 2] oA B ot EAgtaL B
H v} YO K(Yim and Kim, 1975; Kim er al., 1995;
Kim ef al, 2002; Kim et al., 2005; Kim et al.,
2008), 2=UHF AFA|e] ZHGAL7] WHolell thek 7=
w1 X1gk Aok,

olo] & AFeME A ARARES thde®
A FHGAI7 10N e A2]2] Wo] YIS FALSaL
AGA7Ie] FFE plRle 7183R0AE FHEoEH
2] ST 24 B SR Aol da
g RE Algstaat ok

IL = 2 g

AEA7] ZALE 8 19961 FEAE7}8F ol 4]
233 11 329 AAANFER Tl 7IsoEE g4
EHET), STFEUTT), AFcd)el I =8AE
AR B AF gl Aol " At
3670 AFA7} 23hE]o] 9lOom(Table 1), Yoy 3¥kE
o7 Ao AR wkE T 1084 wjx|Ekar

Table 1. General description of test plantations and provenances
of Pinus densiflora

Location Annual mean

Latitude Longitude Altitude tempoerature
‘N (B} (m) O

Plantation

Jungseon 37°27"  128°42' 380 9.9
Chungju 36°53'  127°57 160 11.3
Jeju 33°10" 126°40" 390 12.9
Provenance

1. Inje 38°08' 128°12' 400 9.0
2. Whachun 38°03'  127°49' 150 10.2
3. Hongchun 37°46'  128°25' 700 7.7
4. Jungsun 37°31" 128°52' 600 8.6
5. Bongwha 37°01" 128°50" 500 9.4
6. Yeonchun 38°01'  127°04' 100 10.4
7. Heungsung ~ 37°32'  127°51' 300 9.8
8. Ichun 37°15' 127°20" 150 10.9
9. Chunan 36°47 127°20" 100 11.8
10. Samchuk 37°15'  129°17 100 12.1
11. Uljin-seo 36°58'  129°13' 500 10.1
12. Uljin-on 36°45' 129°20' 200 12.1
13. Youngwol 37°18' 128°19' 300 10.2
14. Joongwon  37°02'  127°50' 150 11.0
15. Munkyung ~ 36°47'  128°18' 400 10.2
16. Boeun 36°31" 127°50' 250 10.9
17. Jinan 35°45' 127°20" 300 11.5
18. Andong 36°32'  128°50' 200 11.8
19. Sunsan 36°16'  128°20' 150 11.9
20. Taean 36°31" 126°21" 50 12.2
21. Chungyang  36°30' 126°50' 200 11.3
22. Wanju 35°55'  127°15 150 12.3
23. Youngil 36°15' 12921 250 12.1
24. Kyungju 35%45' 129°20' 100 13.5
25. Youngchun ~ 36°02' 128°50" 200 12.0
26. Koryung 3545 128°20' 150 12.7
27. Milyang 35930"  128°51" 150 13.0
28. Haman 35°15" 128°20' 150 13.1
29. Buan 35°42' 126°36' 100 12.7
30. Hamyang 35°30'  127°49' 200 12.4
31. Jungju 35930"  126°50' 100 12.8
32. Koksung 35°16' 127°19' 150 12.7
33. Naju 35°01" 126°50' 50 133
34. Hadong 35°01"  127°52 50 13.7
35. Haenam 34°31'  126°31" 150 13.3
36. Seoguipo 33°20" 126°30' 1,250 7.7

2AA7FAL 1.8mx1.8m= 3FATHKIm ef al., 2008).
7} 2hAEE Bl et glal ASdEE -
Sk B3-S A & 384 AAgst] AGAIE =
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3 X9} AEA] 7+ AEfA A2 (ecological distance)
£ T3 T 422 (canonical correlation analysis)
< AN S EAeAE A9 Y
718 FEHFE, 1) A B 719 51
T2 3t AR A= 2] osdl wE $49
W3}, 5 xgR|e} 2] 7he] Fa3k AEjE Byse
2ol ou]|E=t(Csaba, 1995), ¥ Aol = 7t
713APE R 2R FRoA Ao FAE W gk
e A A2 29CkRehfeldt ef al., 1999).
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Fig. 1. Phenology of bud flush of Pinus densiflora provenances
at different test sites. The number above the bar is the
number of provenances in bud swelling or bud flush stage

at the date. An arbitrary scale was used in the figure for
presentation.

i

A 29A, 5 29A, A 28R o= ws
oh 2R 2 e A7) AfolE B AAl-
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AHFig. 1).

FEO AIAZIG ARAFA7 = A 713t
DS FAVE Jom, 53] dH 7|0 5°C o
Q1 ] ALkeEr) S93%F 9Rlo® AREI Ut
(Bailey and Harrington, 2006; Harrington et al., 2010).
XA} IS 7o A5 AEE o]8ste] A5
7191 39 o]F Ut 7120 5°C o]l It A
SalA UERd diFE Hx AR 9] ALk
T2 i Ay, A ZYATL 113.4°C, 55 £9
27} 110.5°C, AF ZHA7} 113.4°CE Jepsith. &=
gk Hx NGAZIEAS] Adkees Hd =HAE
457.9°C, TF ZHA7} s48.1°C, AF ZHA}
510.9°C=2 UERTE olegt AaE F3 As7]d
5°C ol @At AssiA ek Al7IRE Ak
o] A7) E AAEA] =l adh ks
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2191 Aoz FY=HUT

XA AR 7F A1 AfolE AR,
AN A M= 7 WE A9} 7P =& A
o] zpo|7}t 3Y, T A= 1Y, AT ZHA=
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Table 2. Canonical correlations and explained canonical variance
percentage of canonical variables between environmental
variables of provenance and bud phenology variables

Pair of Canonical
variables

Canonical Explained
correlation (R?) variance (%)
1st 0.744 95.1
2nd 0.244 4.9

P value’

<0.0001
0.0947

*Likelihood ratio test with F approximation.

oz Jepdth A WA I 544
s A Fole] difEs AW 4

o o]%F Ay} sjXolle A WA st
STH(Table 2).
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He FHR 40.0%0H, 9%, A%, 12~299] HA
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=2 302 Ytk A WA 3E vig A%
A7] B ANFA7 19k 2FBAIGE 0.7449) 03212
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2Ee] FEAF el sl AHEE P 59.3%0]H,
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Table 3. Canonical structure of the geographical variables of provenance and bud flush variables with the two pairs of
canonical variables, represented by the correlation coefficients

Environmental canonical variables Bud flush canonical variables

. Original . of provenances (Canonical loadings) (Canonical cross-loadings)
environmental variables
\%! V2 Wi w2

Latitude 0.981 0.184 0.730 0.045
Longitude 0.810 -0.383 0.603 -0.094
Altitude -0.132 -0.403 -0.098 -0.099
Distance from coastal line 0.376 0.816 0.280 0.199
Mean temp.(annual) -0.686 -0.034 -0.511 -0.008
Extremely low temp.(annual) -0.692 -0.250 -0.515 -0.061
Extremely high temp.(annual) -0.480 0.371 -0.360 0.091
Mean temp.(Mar.~Oct.) -0.451 0.331 -0.335 0.081
Extremely low temp.(Mar.~Oct.) -0.576 -0.023 -0.428 -0.006
Extremely high temp.(Mar.~Oct.) -0.062 0.705 -0.046 0.172
Mean temp.(Nov.~Feb.) -0.745 -0.374 -0.555 -0.092
Extremely low temp.(Nov.~Feb.) -0.747 -0.471 -0.556 -0.115
Extremely high temp.(Nov.~Feb.) -0.779 -0.294 -0.579 -0.072
Extremely high temp.(July~Aug.) 0.240 0.615 0.178 0.150
Extremely low temp.(Dec.~Feb.) -0.791 -0.496 -0.589 -0.121
Mean humidity(Mar.~Oct.) -0.504 -0.570 -0.375 -0.139
Mean humidity(Mar.~May) -0.711 -0.506 -0.529 -0.124
Mean humidity(June~Oct.) -0.380 -0.624 -0.283 -0.153
Annual mean growing days -0.896 -0.355 -0.667 -0.087
Total redundancy 40.0% 21.0% 22.2% 1.3%

Bud flush variables

Environmental canonical variables of

Original (Canonical loadings) provenances (Canonical cross-loadings)
bud flush variables
Wi w2 Vi V2
Date of bud swelling 0.999 0.033 0.744 0.008
Date of bud flush 0.432 0.902 0.321 0.221
Total redundancy 59.3% 40.8% 32.8% 2.4%

Iy

Iv. 0 3 28

E AEe] ofehd Avbre] A9 2HA R A
2 7120] B 5F AL @ AR AN
Al719F FGAIZ17E i E o= wE 73| A=, A
r=of|A] Scots pine(Pinus sylvestrisy® Norway spruce
(Picea abies)2] XA /NQAI7 S ZARH ARM=
2 A} AR 855 2B 3 AR RO 7R
A717F W BeIS Haslar tk(Beuker, 1994).
olgt HERE AAAIF AFollA T3] Halk= &
T EE A0l Al mE dFZQ A]g)F] wio)
738Fol] s FEh=dl] (Wright, 1976), AUF-oIA % 217
o ma} AAANA7IeE FHFAIZ1] A2 A2 Hol

7 B heS B 4 Alrk.

ol A7IA B Aisde] ) o] oA B
SJslE ol St el Pt Sgo] Bae
A= AHE 2 =+=Hl(Chmura and Rozkowski,
2002), AFFFAA W 712k FEE A% F
o}g g Al719k RS Aol e ZoE HaEgl
CTHKuser and Ching, 1980; Burr et al., 1989). ©] F
7R eS8k AL sz tis) g A2
sHA| WhgshH ek 1312 24 shel ltkar deA
Ao (Ekberg et al., 1991), PESF ZZ1380) Q)
ojx FEou AhE AARSh= AE= Bol 8=
JtH(Hannerz, 1999).
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