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Age-dependent growth responses of Pinus koraiensis to climate in the north slope

of Changbai Mountain, North-Eastern China

WANG Xiaoming, ZHAO Xiuhai“ , GAO Lushuang, JIANG Qingbiao
The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University , Bejjing 100083 , China

Abstract: Tree rings can record the past climatic conditions which allows for retrospective analyses of climate-growth
relationships. Generally, it is assumed that the relationships between tree growth and climate conditions are age-
independent, as long as the biological growth trends related to tree age are removed from the tree-ring data through
detrending. However, if trees of different ages respond differently to climatic conditions, a dendroclimatic analysis based on
even-aged samples may be biased in capturing climatic variability throughout the length of the chronology. To evaluate the
importance of this effect, in the present study we analyzed the role of tree age in affecting radial growth response to climate
in Korean pine ( Pinus koraiensis) .

In the north slope of Changbai Mountain, Northeast China, we sampled 49 trees of Korean pine, which were grouped
into two age classes: the younger 50—90 years old trees ( young cambial age group, YCA), and the trees older than 130
years (large cambial age group, LCA). Standard and residual chronologies of both YCA and LCA were developed and
analyzed in response function and correlation analyses. Statistically significant differences existed between these
chronologies and the growth response to climate variables varied between the two age classes. Standard LCA chronology had
higher mean sensitivity, standard deviation, and signal-to-noise ratio as compared to respective YCA chronology, suggesting
higher amount of climate-related information contained in LCA chronology.

Correlation analysis showed that the radial growth of YCA was negatively affected by mean monthly temperature of
current January and February, mean monthly minimum temperature of previous September and current March and

September, and it was positively correlated with mean monthly maximum temperature of previous November and of the
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current May. The radial growth of LCA was positively correlated with mean monthly maximum temperature of current
January , February, April, June, July and September, and negatively correlated with mean monthly minimum temperature of
current April and September. Growth of LCA trees was positively correlated with monthly precipitation of both previous and
current May. Response analysis revealed that radial growth in YCA group negatively responded to mean monthly temperature
of current January, while LCA trees positively responded to mean monthly maximum temperature during current May and
September. The tree-ring growth of YCA was largely correlated with monthly temperature, and the radial growth of LCA was
affected by both temperature and precipitation.

Furthermore, we checked the tree-ring width annually during the period of 1982 to 2007 and noticed that in 1985, the
tree-ring increment in YCA increased sharply, while the increment of LCA did not show any obvious increase in that year.
In 1988, the tree-ring width in LCA trees was clearly below long-term average, while no such pattern was present in YCA
trees. Examination of instrumental climate data revealed that in 1985, the temperature was below long-term average in
January and March, and clearly above the average in May. In 1988, the temperature in current February was below average
significantly. These climatic anomalies were likely responsible for tree ring growth depressions in above-mentioned years.
These observations revealed that climate conditions might affect tree-ring growth differently between trees possessed different
ages. The assumption of age-independent climate-growth relationship was probably invalid for Korean pine in Changbai
Mountain. Physiological processes and hydraulic constraints related to tree age could possibly be the main causes of these

age-dependent effects, which required consideration during development of sampling strategies.
Key Words: Korean pine ; age ; temperature ; precipitation
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o vE BE 91 o s RO S AR A R T I S0 63k 3 A AR A DG 1) A K A DT A R B B 4 £ B SR A R
TER RS SARERF G b TR R — R 9 e ka3 0 s g 5 AR BRI R AR DGR ZE Kot 3 T ISR SR, 6 F
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— BERIE 9T 2 B AR I8 X A R I A RRIA 2, Kirpatrick A% 3 [ A< LB Y BAME ( Betula lenta L. ) F-FR AT
GO IR, VAT U 2 HH AP R M T AR 2 o A i [0 7 39 14 18 o i 485 fm ™ 5 Colenue 55 2% 343 50 A FH 8 1L V%
A8 (Larix luallit ) i % PR B R AR 2 37 72 0 45 9 08 068 (14 WA, HE A — B0 ; Esper 4541 % Jii L 47 #A ( Pinus
cembra) BTG 7 | A [R)AF I8 (1 4F 36 Hh A0 5 19 A% HE IR A 2 ) ; Wilson F1 Elling X 72 [ 75 15 4IF
JETAZ (Picea abies L. ) FVERIN (Abies alba) WIRFFE R BA “ 4R (AR R AN Ny “ 4F 27 B4R RX Ty
M Jo 1% A R

M0 55— 5 T, DA Bk Bk 22 i 0F 0 6 IR AR PR 3R B2 IR SIS/ AE . Szeicz A1 MacDonald X A2 4 T K
1 L AR ZR AL 1) 11 A2 ( Picea glauca) RIS 2 B BE 2 AP (0 385 DR JHCARS o A R 6] 52 2 L (4 i 7 AR A1
Carre F1 Urbinati X 72 ) Z= B BT /R Y307 L1 ZR AR L BIR A4 RN 9% TE A ( Larin: decidua ) F1E A F AR AR AF 5 ) 6
BB AT S A, X6 M i 7 4 S 2 ) s Bl A1 Peterson X 9% 3 11118 42 (Abies lasiocarpa ) FRIFFE 3% B
AR IS TE R A A RS A i o A E— 2 R 5 Ogle SRMIF 5T 2 BRAT 46 9 8 15 1 SRR B 22 1) 14 9 2R B AR il 34
TS B/ MR a3 Linderholm F1 Linderholm XTBRYH R4 ( Pinus sylvestris 1. ) 5T e BHAE 1% >250a 11
AER I 100—250a A AR FRXT S M5 A BUBRE 3157 (ELXTIE 40a SR BB e 7 3 Al 45 SR 7 | AR IR 245 35a AR
e HUAF IR TR M AR LA T s P AU ) L Rozas XTSRRI 98 AR ( Quercus robur L. ) FIRFFE R AR A A K
Xof SR B R I AN — B AR AR AR K2 B4R 6 IR EERSZ IR, AR Z AR AR I 52 3 58 2= K A2
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E ZRREE M IERIVE" | Vieira SEXT A [RI4F W4 1 B 52 48 ( Pinus pinaster ) BBIFFT 36 WA AR IS 30 /N 1) -1
XA N, HAE KSR Rozas SEXF A A ( Juniperus thurifera)) WBHF 5T 3¢ BH Bl 25 4 1% A9 1
T, S A A A AR AR, A4 SR 50—100a 1975 TR FET R A=A P o 7 e Ay B 14

TEFR [, S TARIE X AE 6 (052 W IO W58 AN 2 0L, L5168 25 AR, Yu %5 76 75 380 LT %o 40 32 (R #
(Sabina przewalskii) WIBFFE 26 B YREAAERE KT 200a BF, 4ERBICHE 25 1 Wang 2576 25 J0 HL X TF
JREGTIFFE T, 24 242 JE HHHA ( Larix gmelinii) AR >150a 5 <150a B XS5 H FHymami AR 2o FH G, b T
— S5 IR AT PR 28 0 R AR A 0 A 8 S HX A A i) 18, 56 T P9 2 M), A SC AR () AR 0 o 2 04 S g A £ 8
(Pinus koraiensis ) HHFFE HAR , BRI [R) AR I 41 2 1 e a5 B LA 1) A A 0 A0 i o7 119 25 57, 3 A7 B 1 B Jn gk
2 A BRI A AR AR A O 5T
1 MBEFZE
1.1 SREEXARA

FARE S TR A AL AR 800—1100 m Z [6] , % X R T XU, &K B8R B K B HE L
WA, A3 CAA,T A(HHA)17—19 C, 1 A (A ) -15 —17 C A FHREKE1E 700—800
mm , SR FSHRE 71% —72% , JCFE 0 100—120 d, 30 11 B AE A #R Ak 1, -2 R 20—100 em,
I B AR RN
1.2 HEACRSE S A3

£ 2007 4F 7—8 AR #EAT THEASISRAE TAE . FERAE X N HEA TR H I A K 30, 21 W (g B ROt 14 B 42 22 43
fiF 15—70 em Z[A], H LA 25—30 cm A1 40—45 cm R 2, FIILEEFEIIEAE 25—30 em PN IG{EERRZIHA 20 £,
40—45cm 0 FEIN Y 30 Bk, 7E & BRIFR AL (BEHLTET 130 em) FIFEEE (FEHLTAT 2 30 em 4b) 43 SIEGBUR . $i2 1R
Stock "V v FESLEG N T A BEAR HEAT BT A TS S WAL HLS , R LinTabS B 46 58 B 5 (U AE
0. 01 mm A BE T 25 0 AR 48 T

1.3 BEAAER T E ik _ - S
43I 0 FL B 50T B0 A 4 B AT A > hy \ L

SERETE A RE S, el A d = (12 4 ap?) /8RN ~ N =

B L R0, BVRERS B O — A 52 3 1Y )

SERSIEIRE BB B L b 4 5% 25 FL9E 8 o

PR AR N: N = d/res 7% b . >

r0S PCHE 5T R AR RS IRHEE 0 5 A R4 £ 4F 46 910

E’\J%ﬂ‘]ﬁg( A 1 ). B1 FHlsEESRREREEAERER

WIS T Fig.} Estimation of the missing rings of a tree-ring core
FUT COFECHA™ BRI SR, MR THLL | e i e EE R

’ RO W — SR A R N B B ) T ELEE S, LA A 43
JE LA B P I L R E KRGS B F OGBS DR pedeimetr e i s A B res (4 59 AR 0 LR B 1 5 4

68 MHEA, HHARTE 25—30 cm JWHEI Y 20 BRELAS  wmessio e i -2 5 i
A 30 NFIFUMAR R AERSTE 50—90a Z [, AT FRAG 17
FEA (Young average Cambial Age samples, YCA) , HoP-R4EH Ol 63a; 73 4h 38 ANFFIK A THIfE N 40—45 cm
) 29 BRLLKS SRR A KT 130a, R FR R IR FEAS ( Large average Cambial Age samples, LCA) | SFYJ4EIR N 184a,
S 7 AN [ A 1 R AT 28 DT SR — R Y 437 .
1.5 AERIYHEST

W FRABEIX R TR X, R a3 ARSTANwin™' DL N 32 AYRESR BB (SPL) K45 54 AH I A9 4=
R AAFFIR A 22 8] PR 55 4 i R IR AST 8z By, $5c 245 BIAREAE G (STD) FIZEHAE R (RES) o XHAE4R 98 B8 50T
AT AL A S0, BT B 2RI B 1965—2007 4
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1.6 “URBOR

ARSCR FH P ERR 2 B L BR AR A R G0 073 (128°28E ,42°24' N 34K 738 m) 1982—2007 4F (5%
B, 045 H FEIR B (Mean monthly temperature, T, )\ JH 35 5 i ( Mean monthly maximum temperature
T..) HFEEACEE (Mean monthly minimum temperature, T, ) FlH [#%7K & ( Monthly precipitation, P, ), &
F Kendall 75752 KAy 1 SUBEHAIR P 102 5 A7 42 5878 5, H] Double-mass 75 1% K 45 17 51 (1 AR BEAILAE 1K
SRRl U B AR AL i, P n] DL AR U2 AL
1.6 AFAFRRLIANE RS S 1\ B K 5

N — 2 AR [RAF R LT AT e Z (A 9 22 57, B Dendro2002 274 7 0. 05 3 P /KF_E XA [RI4E i
AR /N RN (e Y GoB Y B W o 5 R U VA £ 5 S v L I T A3 i e L AW G U= W R 7 = = B e BU |
TR LA 2 BRIE A AU I TR F ARG, RS AR AR BORHECZ A (1A 98 J5 R 4% 3 43 1 14 [ 05 28 280 46 ]
Xt I8 SR S OB 1T S ZR 5, I DA TRT S 2R 38004 R/ NI I 671 R 7 R A A R e A 2 2 A i o 56 R 1520 i
T3 A ] L[] AR AR A KR A AR EE R BB ER | (EL iy T HE )9 2 88080 A DX IR) n] RE R A T 7, 33k
Ay SRR AR R AR L S ARAA AR AR K A R I B D A T A DG R AT B DG A AT 17
TR, BT AR O AERZENGE 5—9 H |, BRI KX 500 A7 7E— 5 i e M SOk £
AR5 H B4R 9 H AL 17 A H B9 URIE BRI TR 5 o0 B K I 534
2 HBRE5SH
2.1 AFEAFIRLLAAERIEARGETHRFIE R 70 Hr

TSR R S B FEAAE R SRR S AL XA T A R L3R 1,

F1 REEAESREAMBRERNGITHER AL X BT

Table 1 Statistics characters of chronologies and common intervals analysis for YCA and LCA

AEFIH R BEAR YCA A LCA

Chronology type STD RES STD RES
FRifE2= Standard deviation 0.175 0.136 0.127 0.122
—Br H AR B Autocorrelation order 1 0.579 0.139 0.275 -0.038
SEYIHURE Mean sensitivity 0.134 0.152 0.124 0. 141
B ] AH K 225X Correlation between trees 0.298 0.252 0.248 0.239
{5MELL Signal-to—noise ratio 12.779 10.115 12.973 12.377
FEA BRI L Expressing population signal 0.927 0.910 0.928 0.925

HIR 1 AT, AR SRS SRR MR A T 90% |, DR IH A RE BB AR A 1) 2 AT M e A 5 4F e 2H R AR 4F 4%
FOFEARRAE AR R AR o I R A A AR S T AR 5 B B2 IR 97 0. 25 Zioy, U4 RIS AR A 18] LU 4%
o SRR AR B A58 AR A B — B, PRI AR SR AR 25 4 o T AR L 09 el AR, DRI R AR O 4R FE T 8
WS FERG IR R . — B VA SR A RIS, B T AR SRR B 25 4F 5 58 AR SR 19 3 55 , A 250
ARR— B FARSE R BT 500 0. 14 F1-0. 04, BB /N TR AR EAR 2 | B ZE(EAF 3% b - il i 3800 A T
R T R PSR AR 2R — B A SC R B R THIRL B i 4R 22, BRI 2 91 52 B B 22 AR SR AR F Y2
TP AR 2 A 114~ Y R RE BT S O ) i B AR, DRI e 91 vh 25 S I ) AR B AR AL NI S, 4R A
M LA R/ N B T T AR B A A B 22 58, DU A3 vh P A A 3R 9 £ 68 L 2490 T A D 22 (B4R 3%, Ul
W5 ZE (AR AR L AR dE e rp S A EE 2 AU A5 R, (E D e e AR SR A R R LU 2 s TR AR 5, okt vy
IR R TPATRE L S 2 I AR B A ORIFTE R, — i o IOk 1 WY 0 47 R BAT P S U K e 22
KT AE MR 2 SRR A SR A DL LR, P RIAR IR 63a (AR RE A bR R A R BORBEAE | TR 2 4R
R 184a YRR FEASTI 5, B AR 22 (EAF 2 1R 132 SRR B bR VAR A o, (R HA 2 BUR m i R e AR R
FLARH, T2 o YCA R LCA 351 A ER AR AR 11 i e BEAS 1) - P A48 T BE FE KUt 26
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Fig.2 Tree-ring width chronologies (STD) for YCA and LCA

2.2 AFEAFRRLAME R RS TN TR LR

AN TRV AT CLAN AR ) A A S0 PR 1 (D I 15 3 M B AR S 7 BT SRl L3k 2 5535 3 IR AR AR
A IR A AR 0 A IS, i TR F LB IX 2D E RO R4 5—9 A, B AR A= R SR i W A7 —
E B R HOR SR AR 5 A B54F 9 A4 17 A B URIESRE T 04T .

R2 ARERIMREREESAMIBEFHEXXRE
Table 2 Correlations between chronologies ( STD for YCA and LCA) and monthly meteorological data
HF2 H P2 i L JER S5 5 livintEs H B KK
Ay Mean monthly Mean monthly Mean monthly Monthly
Month temperature maximum temperature minimum temperature precipitation

YCA LCA YCA LCA YCA LCA YCA LCA
5 0.0586 -0. 1608 0.1854 -0.1728 -0.0546 0.2267 -0.0446 0.4343 "
6 0.0791 0.2219 0.2914 -0.1235 -0.0020 0.0246 -0.0020 0.0702
7 -0.0899 0.1296 0.1534 0.2727 -0. 1545 0.0266 0.0354 0.0442
8 0.0590 0.1842 0.1019 —-0.0034 —-0.0866 0.2909 0.0933 0.0807
9 0.0287 -0.0781 0.0978 0.2839 -0.2862 " 0.1450 0.0975 0. 0095
10 -0.3370 0.1135 0.2011 -0.0161 -0.2352 0. 1060 -0.3604 -0.0888
11 -0.0713 0.2627 0.4304 " 0.1742 0.0466 0.0571 -0. 1887 -0.0672
12 -0.2968 0.0976 0.3050 0.0886 -0.1354 -0. 1050 -0.0164 0. 1498
1 -0.5252" -0.0758 -0.0318 0.3848 " -0.3235 -0.1139 -0.0022 -0.2630
2 -0.3621" 0.1420 -0.0748 0.3938 " -0.2709 -0.1195 0.0713 -0.0564
3 -0.2386 0.1425 0.1212 0.2921 -0.3387 " —-0.0836 -0.3780 -0.0202
4 -0.0588 0.2188 0.2933 0.2855" 0.0512 -0.3804 " 0.2561 -0.2897
5 0.2509 0.0531 0.4171° 0.0337 -0.1133 —-0.0747 —-0.3298 0.3269 "
6 -0.2730 -0.0181 0.2150 0.3225*° 0.0111 -0.0247 0.1526 0.1381
7 0.0591 0.2964 -0.0266 0.4012 " -0.0634 —-0.1058 0.3071 0.2137
8 -0. 1004 0.1322 0. 1290 0.2760 -0.2349 -0.0557 0.0252 -0.0460
9 -0.0291 -0.1141 0.0591 0.5649 * -0.2616" -0.3072" -0.2778 -0.2361

* P<0.05
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xR3 ARAERIRERTES ARSEEFRITEX R
Table 3 Responses of chronologies (STD for YCA and LCA) to monthly meteorological data

HF 2R H V3 S L A AR B H Rk &
H Mean monthly Mean monthly Mean monthly Monthly
Month temperature maximum temperature minimum temperature precipitation
YCA LCA YCA LCA YCA LCA YCA LCA
5 0. 1096 -0.0788 0.0937 -0.2817 0. 0469 0.0836 -0.0543 0.3235
6 0.0996 0.1229 0.1154 -0.2027 0. 0605 -0.0169 0.0073 0.0386
7 ~0.1160 -0.0152 -0.0413 0.2094 -0.0200 0.0481 -0.0258 0.0707
8 0. 0601 0.1016 -0.0429 -0.0454 -0.0044 0.2077 0.0746 -0.0056
9 0.0257 -0.0423 -0.0104 0.1760 -0.1391 0.0855 0.0169 0.0033
10 -0.1647 0.062 -0.0198 -0.0574 -0.1634 0.0621 -0.2626 -0.0864
11 0.0633 0.1768 0.2248 0.0965 0.1686 -0.0196 -0.0864 -0.0949
12 -0.1833 0.0816 0.1114 0.0115 -0.0373 -0.1334 -0.0285 0.0628
1 -0.3988 * -0.1349 -0. 1247 0.3226" -0.1743 -0.1143 -0.0542 -0.2513
2 -0.2760 0.0512 -0.1718 0.1403 -0.2012 0. 0466 0.0949 -0.0542
3 -0. 1502 0.1294 -0.0492 0. 0460 -0.2077 -0.0650 -0.2049 -0.0122
4 0.0931 0.1581 0.1693 -0.0152 0.1985 -0.2157 0.1431 -0.2312
5 0.2744 0.1165 0.3285 -0.2372 0.1099 0.0097 -0.1929 0.2282
6 -0.2851 -0.0740 0.0397 0. 0609 0.1303 0.0790 0.0141 0.0757
7 0.1505 0.1871 -0.0909 0.1887 0.0511 -0.0365 0.2122 0.1682
8 -0. 1008 0.1212 0.0575 0.0351 -0.1323 0.0737 0.0461 -0.0056
9 0.0170 -0.0542 -0.0693 0.2965 * -0.1310 -0.0720 -0.1515 -0.1551

* P<0.05
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