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ABSTRACT

This study was conducted to reveal the effects of local climatic conditions on the early growth of
Korean white pine progeny test stands. For this, stand variables such as mean DBH, mean height,
basal area per hectare, and volume per hectare by stand age and locality were first measured and
summarized for each stand. Based on these statistics, annual increments for 10 years from stand age
10 to 20 were calculated for each of stand variables. The effects of local climatic conditions as one of
environmental factors on the growth were then analyzed by hoth a topoclimatological method and a
spatial statistical technique. From yearly climatic estimates, 30 climatic indices which affect the tree
growth were computed for each of the progeny test stand. The annual increments were then
correlated with and regressed on the climatic indices to examine effects of local climatic conditions on
the growth. Gapyung area provided the best conditions for the early growth of Korean white pine and
Kwangju area ranked second. On the other hand, the growth pattern in Youngdong ranked last
overall as expected. It is also found that the local growth patterns of Korean white pine in juvenile
stage were affected by typical weather conditions. The conditions such as low temperature and high
relative humidity provide favor environment for the early growth of Korean white pine. Especially, it
was concluded that the low temperature is a main factor influencing the early growth of Korean white
pine based on the results of correlation analysis and regression equations developed for the prediction
of annual increments of stand variables.

Key words : Korean white pine, annual increment, local climatic conditions, stand variables,
topoclimatological method. spatial statistical technique

LM & Qe o] Wasith weby P4 BAYBE 9

she th Adel $A7NE 208 n2d 495

Q2o BFE F13 29 WA A% BAZA 3 2PANe) B TAT FeIA BRARY 5

ofsle] Be FBL WeT) 53 BHE %—01]*1 7] Bol BrHoIM, olF e WA FH71ES} 4
JBRE ANY 20) Wrhss] el Wl 4 Ale] BAS FHHE Aol Basit),

S8 e X9 X787} A5 Aol “]5‘]*‘: IFeilrle] HE 7]"‘7&1‘1‘1} & 5 Q= AHde] =
e sl S JE i Ak B3 RS yPEEERL] A AIERS EsiAE

Corresponding Author : Man Yong Shin(yong @kookmin.ac.kr)



2 Korean Journal of Agricultural and Forest Meteorology, Vol. 4, No. 1

A8z vjoto] JEL). ol Al dEESYge] By}
FAA FH) D=} 3z, H BHASH AMS
He A7V Az nEs AdE =%
ke AHAIH e FA|EE FE3] dSs)dde &
Aoy} Auldog e S A3 . <)
3 2Ake MRS o183} ulaE 2)3e] FA)7)
e A AAARE Y 5 Qe 2ETL V)E
79 (Nakai, 1987; Okamura, 1987; AlH-&3} {3
. 19920 o8] of= H= HHE = Ut o] 7]
HE ARPE AP AF 71FX2FE AR 71$
BANE BF - ALgo s 9, 715 Bagk
< AFshs Aolot. §HA o]9} o] iRl V1%
WaE A7 Pdasads £33 A 45 9
7PAE a3 v AR AP daSAate
A7) 7VFAE g FEAVIHE o83 d=
W ujEAS 2)He] 9 JPIEE BHo] shedht
Al 5, 1999; ZYE T, 2001).

A= feluEle] dEAR] AAFEeE tE
ol vlIsl] 7PAEe vy 917sH whedhe
Ao A JAohEFHAIT 2, 1988). mERA
AR gl TAZ 9% shREe 248 9siA
£ TR} AT ARl nlXe FEFS goleke
Z¢do] A8 =]ojof gt

£ d7e Al 2ol b R AR ds
udog X¥7|5sta Wiyt FHEA 7 o3t
o Axd nr|e5 FAslA, o)F EUE dRE A
7, 3, 93, 223 A ddgEl uxe
FA71F9] FEFe FHEGo2H AT-H AR |wd
o) 983t 712A8E AFY FHo= FY3I5Tt.

Lo

IL X2 3 2

2.1. 97 CHAX|

E A3 19743 B2 4534oI19H s B3
A&k AR F oA At 257) AR HAE
Z70] MZ TE W A9, & FrI= 7R
, 283 FAERE G5l 2A3514(1983'9),
19991 & 2004481 Il YES AT WA= 314
o} A9 A AHE-LS 242} 1 hae] WE) aae]
blocks FAYE AX)skar, Z block Woll 7S
2584 257HAIE Gl oJ3le] w3t wahbA
HZFHo= 7] APEE haF 2,500%, = 7} A

£

o g &
N ot

Table 1. Topographical characteristics of three progeny test
stands used in this study

Site Latitude Longitude Elevation Slope Aspect

Gapyung ~ 37°52' 127°34' 200m 20~26' S30°E
Kwangju 3727 127°22°  250m  25~33' S40°E
Youngdong 36°07' 127°55' 500m 30~35" S30°W
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Table 2. Climatic variables used for the estimation of vegetative growth such as DBH, height, basal area and volume annual

increment
Climatic variables Description
X Average of mean temperature for the growing season
X, Average of mean temperature for 3 months in the early growing season
X3 Average of mean temperature for 10 months from January to October
X4 Average of mean temperature for 5 months of non-growing season
Xs Average of maximum temperature for the growing season
X Average of maximum temperature for 3 months in the early growing season
X7 Average of maximum temperature for 10 months from January to October
X Average of maximum temperature for 5 months of non-growing season
Xy Average of minimum temperature for the growing season
Xio Average of minimum temperature for 3 months in the early growing season
X1 Average of minimum temperature for 10 months from January to October
X Average of minimum temperature for 5 months of non-growing season
X3 Mean relative humidity for the growing season
Xia Mean relative humidity for 3 months in the early growing season
Xis Mean relative humidity 10 months from January to October
Xis Mean relative humidity for 5 months of non-growing season
X7 Total precipitation for the growing season
X18 Total precipitation for 3 months in the early growing season
X9 Total precipitation for 10 months from January to October
X0 Total precipitation for 5 months of non-growing season
X Total hours of sunshine for the growing season
X» Total hours of sunshine for 3 months in the early growing season
X3 Total hours of sunshine for 10 months from January to October
X Total hours of sunshine for 5 months of non-growing season
Xas Sum of differences between monthly maximum and minimum temperatures for the growing season
X6 Sum of differences between monthly maximum and minimum temperatures for 3 months of the
early growing season
X7 Sum of differences between monthly maximum and minimum temperatures for 10 months from
January to October
Xog Sum of differences between monthly maximum and minimum temperatures for 5 months of non-

growing season
X Coldness index
Xao Index of aridity
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Table 3. Summary of stand variables by stand age and
locality

. DBH HT BA/ha V/ha

Age Sttt N emy m md) @)
Gp 1804 37%13 19%06 2.2 3.1

10 Kj 1460 29%+1.1 1.7x06 1.1 1.5
Yd 1456 1.13+06 1.0X04 0.2 0.2

Gp 1797 41%14 25107 2.6 4.7

11 Kj 1440 35%13 2206 1.5 25
Yd 1451 15%+0.8 1.3£0.5 04 04

Gp 1781 47%15291+0.7 3.4 6.7

12 Kj 1423 4.1%16 2707 2.2 4.0
Yd 1451 20%x1.0 1.7X06 0.6 0.8

Gp 1771 54117 36108 4.4 10.2

13 Kj 1416 4.6%x1.7 32109 2.7 5.9
Yd 1451 23%+1.120=x07 0.8 1.3

Gp 1766 59 +1.7 42+09 52 13.5

14 Kj 1405 54%£19 38%1.0 3.7 9.0
Yd 1451 3.0+18 23+08 1.4 23

Gp 1760 67%x19 48£1.0 6.8 19.3

15 Kj 1383 631+2243%10 4.8 12.8
Yd 1450 3.6%+1.527%x09 1.7 3.5

Gp 1742 82%25 53109 9.9 30.7

16 Kj 1350 74+2549+10 6.5 19.0
Yd 1416 40x1.7 3.3%x1.0 2.1 49

Gp 1731 90%2759%10 119 40.5

17 Kj 1348 8.1%3053+12 79 252
Yd 1414 48%+19 39%1.1 29 7.7

Gp 1722 99%29 63%+1.1 143 51.7

18 Kj 1331 9.0%+3.059%13 9.3 324
Yd 1409 5521 44+12 39 11.0

Gp 1709 10.7£3069%1.1 165 648
19 Kj 1301 98%+3165+13 108 408
Yd 1398 64X£2349%12 51 156
Gp 1682 113%x3174%12 181 756
20 Kj 1283 104+3270%14 120 486
Yd 1396 74%+2455+£13 66 221

*Gp : Gapyung, Kj : Kwangju, Yd : Youngdong
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Table 4. Annual increment and growth rate for stand
variables by stand age and locality

Annual Increment

Age  Sitt Diameter Height Basal Area Volume
{cm) (m) (m?) (m*)

Gp 04 0.6 04 16
10~11 Tc 06 0.5 04 1.0
Yd 04 03 02 03
Gp 06 0.4 0.8 20
11~12 Tc 06 05 0.7 15
Yd 05 04 02 04
Gp 07 0.7 1.0 35
12~13 Tc 05 05 05 19
Yd 03 03 03 05
Gp 05 0.6 038 33
3~14 Tc 08 0.6 0.6 3.1
Yd 07 03 0.6 1.0
Gp 08 0.6 1.6 538
14~15 Tc 09 0.5 05 33
Yd 06 04 03 12
Gp 15 05 3.1 114
15416 Tc 1.1 0.6 0.6 6.2
Yd 04 0.6 0.4 14
Gp 08 06 2.0 9.8
1617 Tc 07 0.4 0.4 62
Yd 08 0.6 038 2.8
Gp 09 04 24 11.2
17~18 Te 09 0.6 0.6 6.8
Yd 07 0.5 1.0 33
Gp 08 0.6 22 13.1
18~19 Tc 08 0.6 15 8.4
Yd 09 05 12 46
Gp 06 05 1.6 10.8
1920 Tc 06 0.5 12 7.8
Yd 10 0.6 15 6.5
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Fig. 1. Comparison of yearly variation for six climatic indices.
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Table 5. Analysis results of correlation between annual
increment of 4 stand variables and 30 climatic indices

Annual Increment

Climatic
Indices  DBH Height Basal Area  Volume

X, 0.4333*
X3 -0.3499*
X4 -0.4885%*  -0.4398*
Xs 0.4734%%  (0.4716%*
Xs 0.5490**  0.4915**
X5 0.5599**  0.5550**
Xo -0.3656*  -0.4614*
X0 -0.4859%*
X -0.5315%*  -0.4343*
X1z -0.3809*  -0.6252*%*  (.5838**
Xis 0.3617*
Xi6 0.3955* 0.3834* 0.3649*
X 0.3668*
X0 -0.3997* -0.4065%  -0.3830*
Xoa 0.6106%*  (.5834**
Xas 0.5535%*%  0.4707**
X6 0.6004%*  0.4836%*
X2 0.6273%%  0.5455%*
Xag 04255  0.4319* 0.7503**  0.7041**
X9 0.3922* 0.5573**  .4644**

*Significant at 5% level. **Significant at 1% level.
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Table 6. Regression coefficients of climatic parameters to annual increment of stand variables

Dependant Variables Regression Equations R?
DBH Increment Y=2.92-0.0325 X4 - 0.0008 X5, +0.0142 X3, 0.78
Height Increment Y=0.55 - 0.0002 X, + 0.037 Xu3 0.79
Basal Area Increment Y =0.96 - 0.0030 X54 - 0.3004 X5 + 0.2137 Xp7 + 0.0753 Xy 0.84
Volume Increment Y=-46.36 + 5.1554 X, - 3.1690 X; - 0.2524 X, + 0.7007 Xy 0.92
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