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Radial growth ofPinus koraiensis and carbon sequastration potential of the old

growth forest in Changbai Mountain, Northeast China
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Abstract: The vegetation of Changbai Mountain, located in the heartland of temperate coniferous and broad-leaved mixed
forest, is subject to climate change. Using the basic principles and methods of dendrochronology, and Pinus koraiensis
growing on northern slopes of Changbai Mountain as objects, objectives of this work were to: (1) study the variation of tree-
ring width of P. koraiensis to better understand the response of the forest ecosystem to climate change; (2) establish
chronologies of P. koraiensis, correlation, and response functions with monthly climatic factors, and calculate the average
biomass growth in successive years; and (3) establish regression equations for tree-ring index and the average annual
biomass increment of P. koraiensis. The main conclusions are: (1) Growth of P. koraiensis was sensitive to climatic factors
according to the analysis of chronology, which is suitable for dendroclimatological study. (2) Radial growth of P. koraiensis
was mainly affected by the temperature of the early growing season. Radial growth was more strongly correlated to
temperature than to precipitation. (3) Temperature was the main factor limiting growth, which indicated that climate

warming might accelerate tree growth. (4) At present, the aboveground biomass of P. koraiensis growing on northern slopes
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of Changbai Mountain is 310.88 t ha™', with an increasing rate of 5.077 t hm™ a™'or 2.539 t carbon, indicating that the old-

growth forest of P. koraiensts in the region still has a strong potential for carbon sequestration.

Key Words: Tree-ring width; climate warming; Pinus koraiensis; biomass increment; carbon sequestration potential
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Fig. 1 Annual variations of temperature and precipitation in the study area
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Fig. 2 Residual chronology of Pinus koraiensis
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Table 1 Allometric equations for above-ground biomass of broad—leaved Korean pine mixed forest in Changbai Mountain

R Fh Mo AR E S A KA A AR EL R? SCHRSR I
Tree species Aboveground component Allometric equation Correlation coefficient Source of reference
LI Pinus koraiensis i Wy= 0.0632D>* 0.99 [32]
> 2R W,= 0.505D"7 0.99
- W, = 0.9077D" 75 0.93
YA Tilia amurensis + W= 0.346D"" 0.97 [32]
K > 2R W, = 1.309D"3 0.99
AR W, = 0.037D'% 0.99
s W, = 0.122D"% 0.99
AW Acer mono + Wy= 0.1355D*%% 0.99 [32]
B > 24FEER W,= 524107 p**! 0.93
AR R W,=2.2%1077Dp*%8 0.93
- W, = 5.96" 1070 p*4¢ 0.98
ikl T Ws= 1.1904D"7¢ 0.98 [32]
Fraxinus mandschurica B o> 24EER Wy, = 1.5598D"4! 0.96
AR WAL W,= 8.87*107°D>2 0.93
m W, = 1.297D%73 0.90
529 MR Quercus mongolica T W= 0.30498D% 1634 0.981 [30]
53 W, = 0.002127D%*%5% 0.721
- W, = 0.00321D*473% 0.815
F 4 Acer mandshuricum T Wy= 0.0734D*% 0.99 [32]
B > 2EER W,= 7.51*107*D>6% 0.88
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W Fh Mo LA E S AR KRB R SCHRSR U5
Tree species Aboveground component Allometric equation Correlation coefficient Source of reference
MAE TR W,= 1.04% 1073 p>566 0.87
- W,= 5.47"107°D*™ 0.97
WHE Betula costata + Wy= 1.534D"61% 0.99 [32]
B> 2R W,= 1.63%1073p>3* 0.95
AL A W,= 4.96* 107 D> 0.95
it W, = 0.04799D'4% 0.96
FAH Ulmus propinqua T W= 0.0707D*% 0.99 [32]
B > 2 4EER Wy= 7.551D°%% 0.89
MAEHT R Wy= 0.1796D%" 0.96
- W, = 1.19D%% 0.99

D Jf94% DBH; H ¥ & Tree height; Wy . T2E4 5 Stem biomass; Wy : £ ) & Branch biomass; W, : 4 ¥ & Leaf biomass.
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Fig. 4 The Biomass chronology of Pinus koraiensis. Solid lines represent biomass indexes ( thin for individual years and bold for moving

averages) , dash line shows the number of samples
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1T EPS (Il B 0.85 , 22 (AR RMEA SRR 0.964 , UL 22 (1 4F F T LI b ST B2 it IX 2T 4
PEARAFRE B ZEARHAIE AR A5 1 LU RO 37 I AR R AR B 20 IR AR R IO {5 1 L3 7E 24.0 LLLL
ZEAHAFR AR LR 26,551, R ZEEAR R AUGRME 5 S AR URAE S AU HERBR . Fridiar AR R - 44 iUk
JEXITE 0.15 ZiAq, BERIAFRRO AN AV U A AL RS . 258 B b, it S7 A 4R R BB A% 5 70 I WA L ERE  A8 4
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Table 2 The statistics of ring-width chronologies and the results of common interval analysis (1900—2008)

GiRE PruEAER 2R EmEkEES
Statistic characters Standard chronology Residual chronology Auto regressive chronology
FEW R (FEAR ) Number of cores 59/59 59/59 59/59
545U Mean sensitivity 0.1509 0.1515 0.1423
Fr#fE2% Standard deviation 0.1554 0.1360 0.1504
—Br 4 M1 First order autocorrelation 0.2339 -0.0005 0.3111
WA A E R BL Correlation between trees 0.316 0.334

{52 I Signal-to-noise ratio 24.437 26.551

FEAR BRI FE Expressed population signal 0.961 0.964

— TN 7 /B Variation in first eigenvector 33.72% 35.33%

ANFEIX E] BEIH Chron common interval mean 0.982 0.992

ANFEIX [ BebRiE2E Chron common interval SD 0.163 0.152

22 AyEAKE

P ZEAA B S48 ) A K R AR 24 A i AR K it (BESS R 5F) AT (& 5) o ZEANTE 4 i AR As 1 (0—60 4F)
AR AT R s 7 P PR A AR I B (61—160 A1) A= 4 3 B A BT sl 2% , Jist A AT g 2 R AR (1) 119 5 4 BT BORT 2%
I HIZIAA C AL T2 PR B, 2R AR [0 AR R 2218 5 TR 3 AR B (> 161 4F ) 20 AE KA INE B 3 X ] fig &
EGMR R R ARG FE B ik 55, DA AR BRI AR A G, ZL A At OB PR A K A U B 2l X
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EAR AT SR B B A AR BE 1, AR PR A b iR A B0 031 15
2GR b R A K s RN M X M A e s R T RS B
H RITbR > B U 310881 ha, A7 I ARAR Y 5 142
YR KR 5.0770 i o VAU AERBE E o2 |, =2
22,539t H i
23 R SEA SRR THER Z 12 %E
AH I Kt 7 PRI 45 SR L3R 3., AHC R I ﬁal §
TANEMEAFE 5 M0F 4 HOPHYIRE A sl A 5 ¥ 11 £
R 2 B B (P < 0.05), 15 44F 9 1P N
ERERBFIEMREX (P < 0.05),54F 6 HimiRER 0 40 80 120 160 200 240
BEEME (P < 0.05),5 F4F 7 HMAREBE R il Age
VB (P < 0.05) ,5L$ 12 Ak B2 B ETEMHL Es5 aRFErRERKBENMENSERTE

(P < 005) , 'Ej %’lﬁz 6 H PDSI %ﬁ%ﬁ*ﬁa‘éo ﬂﬁ@ IZI Fig. 5 Growth curves of radius and biomass of Pinus koraiensis.
B Hr e — DR LIRS 22 (HAER 5 44F 4 AR
e e i P 2 3 TEAEOG (P < 0.05) , 5 B4R 7 AREKEZ BEFAHLE (P < 0.05),

R3 AMEESRE5EASEEFHIEX R E S

Table 3 Correlation and response analysis of residual chronology of Pinus koraiensis in relation to monthly climate factors

AT A HEk bt AT R TR ST
A Mean monthly M(.)n.thl_\-/ Mean monthly ' Mean monthl-y Palmer drought severity index
temperature precipitation maximum temperature minimum temperature
Yot Wi % Wi % Wi % i % Wi
Correlation  Response  Correlation  Response  Correlation  Response  Correlation ~ Response  Correlation Response
P5 -0.0292 0.0051 0.1961 0.1421 -0.1052 -0.0487 0.1073 0.0317 -0.0186 0.1502
P6 0.1300 0.0553 -0.1865 -0.1441 0.2372°* 0.1682 -0.0842 -0.1017 -0.1128 -0.0639
P7 0.0317 -0.0446 -0.3298 ¢ -0.2784 " 0.1245 -0.0126 -0.0946 -0.0882 -0.2277 -0.2029
P8 -0.1074 -0.0865 0.0756 0.0641 -0.0553 -0.0857 -0.1166 -0.1215 -0.1223 -0.0919
P9 -0.0061 -0.0277 0.1815 0.1003 -0.0808 -0.0520 0.0518 0.0354 -0.0354 -0.0222
P10 0.0210 -0.0105 -0.0125 0.0167 0.0916 0.1137 -0.0167 -0.0956 -0.0817 -0.0118
P11 0.0998 0.0398 0.1573 0.0984 -0.0367 -0.0962 0.1882 0.1307 0.0363 0.0334
P12 0.0318 0.0308 0.2489 * 0.1154 0.0628 0.0416 0.0063 -0.0250 0.0662 0.0181
1 -0.0179 -0.0460 -0.1844 -0.0745 0.0592 0.0209 -0.0774 -0.0717 0.0401 -0.0255
2 0.1685 0.1083 0.0291 0.0478 0.1558 0.0412 0.1548 0.0892 0.0669 -0.0177
3 0.1431 -0.0025 -0.1050 -0.0605 0.1846 0.0710 0.1267 0.1048 0.0718 0.0061
4 0.4279 ¢ 0.3176 ©  -=0.1512 -0.1406 0.3848 ¢ 0.2885 " 0.2912°* 0.1930 0.0791 0.0179
5 -0.0751 -0.0830 -0.0078 0.0157 -0.0934 -0.0816 0.0283 -0.0801 0.1337 0.0949
6 -0.2076 -0.2138 0.2387 0.1094 -0.2632 -0.2055 -0.0470 -0.1578 0.3306 " 0.2154
7 0.1036 0.0337 0.1952 0.1949 -0.0243 -0.0473 0.2367 0.1378 0.2278 0.1535
8 -0.0095 -0.0180 -0.1008 -0.1087 0.0105 -0.0113 -0.0344 -0.0553 -0.0066 -0.0860
9 0.2372°* 0.1561 0.0952 -0.0012 0.1042 0.0640 0.1972 0.1865 0.1043 -0.0657

P AR HURBCPARRRXI A 03, 383 0.05 B B EPEAKF,

2.4 FHEYEARKESEHSER TR

MR (K 6) A EAKE S YF 4 A0 H R H 2 s 1 A H -3 B AR
ERFIEME (P < 0.05), 5147 AWBKEREEAHEE (P < 0.05),5 L4 12 KRR EEE
I (P < 0.05),5 F4F 7 AR PDSI & B ARG, 5 244F 6 A K PDSI & 5 1EHH5E (P < 0.05),
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Fig. 6 Correlation between mean annual biomass increment of Pinus koraiensis and monthly statistics of climate factors

ey e

T, . AR IR Mean monthly temperature; T, : A2 5 i S i Mean monthly maximum temperature; T, : A AL IR Mean monthly
minimum temperature; P |  H BEKE Monthly precipitation ; PDSI; WA SR R S35 %0 Palmer drought severity index
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