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Characteristics of Korean pine ( Pinus koraiensis) radial growth at different

heights and its response to climate change on Changbai Mountain

ZHANG Xue, GAO Lushuang*, QIU Yang, GUO Jing
Key Lab. for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China

Abstract: Understanding the relationship between climate and growth at different heights gives insight into the mechanisms
by which trees respond to climate change. In this paper, tree-ring data at different heights (0.3, 1.3, 4, 10, 15, 20, and
25 m,) on the north side of Korean pine ( Pinus koraiensis) trees on Changbai Mountain were collected from 155 cores,
taken from 25 Korean pine trees. Dendrochronology and a multiple comparison method (1.SD) were used to analyze the
radial growth characteristic and the climate-growth relationship. The results show that the trends in annual radial growth of
Korean pine at different heights were essentially identical. Apart from an abnormal increase in the annual radial growth at a
height of 20 m around 1980, the annual radial growths at other heights showed a downward trend. The most obvious
variations were found at the base (0.3 m and 1.3 m) and crown (20 m) of Korean pines. With increasing tree height, the

annual growth rates at different heights were all reduced. The maximum growth rate was observed at a height of 0.3 m, which
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was significantly different from the annual growth rates at 10 m and 15 m (P < 0.05). We identified a differential response
of radial growth to temperature and precipitation at different heights, depending on whether the height was above or below 10
m. Radial growth at heights below 10 m was mainly controlled by temperature, particularly at a height of 4 m. The radial
growth at 0.3 m and 1.3 m was significantly positively correlated with monthly mean temperature in September of the
previous growing season ( P < 0.05) and significantly negatively correlated with the monthly mean and maximum
temperatures in June of the current growing season (P < 0.05), respectively. At a height of 4 m, the radial growth was
significantly negatively correlated with the temperature at the beginning of current growing season (May and June) (P <
0.05). The positive influences of precipitation on radial growth became stronger and the impact of temperature on growth
also changed with increasing tree height. Radial growth at heights above 10 m was strongly affected by both temperature and
precipitation. The radial growth of Korean pine at a height of 10 m was much more sensitive to the climate than that at other
heights. Radial growth at a height of 10 m was significantly negatively correlated with the temperature in the current growing
season, and significantly positively correlated with precipitation at end of the previous and current growing seasons
(September) (P < 0.05). The radial growth at a height of 15 m was significantly positively correlated with the monthly
minimum temperature and precipitation in September of the previous season (P < 0.05) , but negatively correlated with the
monthly mean temperature in May of the current season (P < 0.05). At a height of 20 m, radial growth was significantly
positively correlated with the monthly mean and maximum and minimum temperatures in March of the current season, and

with the monthly mean temperature in July of the current season (P < 0.05).

Key Words: tree height; radial growth; temperature; precipitation; Korean pine
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VWi ¢ ( Sorbus pohuashanensis ) 2 A& ( Lonicera maxmowiczii ) NG i e e S Y o R T R (Actaea
asiatica ) YOI W E4G ( Saussurea grandifolia) NAEEETE K ( Dryopteris crassirhizoma) 55, 13RI 11 Hi HE A £

http ; //www.ecologica.cn



2980 JAE = 35 %

Pt LEREE 20—100 em, SACA B B R 72.43 .1.42 5.20 mg/kg,pH {HM 5.2, ZZREEM,
T XA Tl KB A, BAA A F988 g K, B R 2 WM 2 e s A EY 2.8 €, F
PR FEK o 600—900 mm , /K ZHEFTEEZE 6—9 H KR 5 S4ERFK RN 80% 2 % | A A XHE FE 1E
70% A

2 HIRAE

2.1 FEACREE Kb

TR IR 27 ) Fff BT ACRAE BRI, &5 G b £ TP JEAS G 0 (M AR FE T fE 24—48 om , BRI 7E 16—24 m {5 [
) FIRAEME RS SRR RAE R 5300 R 0.3 m(FEEHER ) ,1.3.5.10.15 m A1 20 m, i THTAMFSEFE Hh 4m &b
R A KA IR RBER P DRI, 380 4 m AR A IBURE A5, TS 5 m AR A BRORE A5, e X R FE T W E
0.3.1.3.4.10.15 m F120 m, BEEAEHLPIEEREZIAL , 43 5 26 B ERAE A b ] 9 6 AN IBORE i35 B FH AR K e Bl BURE
O B ORFEAS B, BESBUH S 2E7E 3RS Y, AR 403 D 940 5 1 B RE M W5 KOR PR 8 B (9 R
AR5 3-b11-20, F/RTE 3 SHEHIZR S b11 AUZIAS 20 m AEEIEIRERS ) o F 28 P9 EARIKT, LL4S 28 P N 4
o 2012 4F 8 H 58 7 FRAEFRZIAN AURE SRS TAE  IRECA R B2 3t 50 MRS, 2013 4F 10 A 37 FES#b
Ko, 2RI 25 BRFER, 155 MRS . FEREMFEDS AR TG, AT e FTEE G WAL, A Lintab5 #5
RN A3 AT 2R GEAE RS BE S 0.001 mm 7K B RE IR e RE . R A FE 81 4F TASP il COFECHA ™ 3 i # 5 4G
GG AT 3E SUE A, SIBRAH M ZE IREAS IR AR BE 144 DREES (3R 1),

F1 FENSLRERR ST

Table 1 Statistics characters of Korean pine samples at different high level

S5 P Height/m

Statistical index 0.3 1.3 4 10 15 20

AR (AEFRFEIN R ) Samples( cores) 25(24) 25(25) 25(25) 25(25) 25(24) 25(21)

SEHYFEFKE Mean length of series 149 124 99 84.3 72.8 40.6

FFIVAERR(4F) Master series(a) 156 152 114 99 98 60

IS FEX A Length of common interval 96 87 72 66 50 28
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K2 TREMELRRENLERFMAER DX BE S (1964—2011 4)
Table 2 Characters and common analysis (1964—2011) of Korean pine standard chronologies at different high level

H 7 Height/m

AERGEITHERR Chronology index

0.3 1.3 4 10 15 20
A EEURE Mean sensitivity 0.19 0.19 0.16 0.19 0.16 0.25
¥R Standard deviation 0.32 0.18 0.15 0.36 0.15 0.23
—Br M R B Autocorrelation order 1 0.22 0.23 0.22 0.51 0.06 0.11
%M [ Signal-to-noise ratio 2.03 5.82 2.82 6.19 3.22 2.78
FEA AR R Expressing population signal 0.85 0.88 0.82 0.87 0.86 0.85
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