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Growth response to climate in Chinese pine as a function of tree diameter

JIANG Qingbiao, ZHAO Xiuhai*, GAO Lushuang, WANG Xiaoming, WANG Yuxi
Beijing Forestry University, Beijing 100083, China

Abstract: Tree growth response to climate change in most dendrochronological studies are usually analyzed using dominant
trees in a stand. However, trees’ climate-growth relationship changes in tree size, which may affect tree growth response to
climate change. We built 31 tree-ring chronologies of Pinus tabulaeformis in Heilihe natural preservation areas to represent
two groups of trees; dominate trees (N =15, mean diameter =43 cm) and suppressed trees (N =16, mean diameter =
20cm). We analyzed differences in climate-growth relationships between two groups of trees and then discussed whether
drought differentially affected the ring-widths in these groups. Climate-growth relationships were analyzed using the
correlation and response functions and the effect of drought on tree growth was evaluated by superposed epoch analysis
(SEA) using nine drought years. For SEA analyses, five years prior to drought and five years following a drought year were
considered. The mean sensitivity of suppressed trees were significantly higher than dominant trees ( P<0.01), meanwhile
the signal-noise ratio and the variance in first eigenvector were much higher in suppressed than in dominant trees. Ring
width indices of two chronologies were highly correlated( R=0.943, P<0.01) while the raw ring widths were significantly
different (P<0.001). The ring-widths of all trees were significant positive correlated to precipitation of February, May,
June and September of the previous year (P<0.05). Growth of suppressed trees was positive correlated to precipitation of
July (P<0.05). The ring-widths of all samples were positively correlated to spring temperature and negatively correlated to
summer temperature. Growth of all trees was significantly and negatively correlated to monthly mean temperature of June
(P<0.05). Dominant trees were more sensitive to climate during the previous year while suppressed trees were more

sensitive to weather during the current year. In general, June was the most influential month. Precipitation appeared to be
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the most important factor for the radial growth of Chinese pine. SEA revealed significant growth reduction during drought
years as compared to non-drought years (P < 0.01) in both tree groups, indicating drought sensitivity of Chinese pine.
Tree-rings in suppressed trees showed higher growth reductions caused by drought than those of dominant trees. Radial
growth in all trees recovered to the level of pre-drought years in one year after drought and Suppressed trees recovered
faster. Although suppressed trees were more sensitive to drought, they recovered quicker and showed more plastic response
as compared to dominant trees. Dominant trees and suppressed trees showed a similar pattern in response to drought: a
significant growth reduction and recovery to normal growth in the following year. Suppression appeared to enhance the effect
of climate on tree radial growth. Some possible reasons for these effects are discussed. Our results reveal a pattern similar to
the one in conifer species in Mediterranean region, where suppressed trees showed stronger growth reductions than dominant
trees. Our results also demonstrate that suppressed trees are more sensitive to climate change. Further studies should help to
evaluate the way in which tree suppression affects tree growth response to climate change in conifers in temperate continental

climate.

Key Words: Heilihe; Chinese pine; dendroecology; drought
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Table 1 Chronology statistics of P. tabulaeformis of different diameter classes in Heilihe natural reserves

it DOM SUP

Statistics characters STD RES ARS STD RES ARS
-5 EUE Mean sensitivity 0.26 0.29 0.26 0.36 0.40 0.34
— Wy M5 2L First order autocorrelation coefficient 0.37 -0.01 0.36 0.27 -0.01 0.35
A 3 W] (A7 56 225X Mean correlation among all radii 0.46 0.56 — 0.52 0.62 -
1A P-4 4 B EL Mean correlation between trees 0.45 0.55 — 0.51 0.61 —
RIS 6] - M1 ¢ 22X Mean correlation within trees 0.77 0.78 — 0.83 0.84 -
{5 1L Signal-to-noise ratio 10.59 16.13 — 17.35 26.99 —
H— WA T )7 2548 Variance in first eigenvector/ % 50. 14 58.71 — 54.10 63.92 —
FEA R AR F M Express population signal 0.91 0.94 — 0.95 0.96 —
FHEA(G S > 0.85 1926(5)— 1927(4)— o 1915(5)— 1914(3) — B
Subsample Signal Strength (SSS) > 0. 85 2009 2009 2009 2009

DOM : RAZZIMAA Dominate trees ; SUP : /NMEZIMFS Suppressed trees; STD : AR #E4E & Standard chronology ; RES ; 22 fH4F- 3 Residual chronology
ARS: H [E[34F 2 ARSTAN chronology

KRBV BI04 (43.00+0. 88) em , I JEIAAERE T8 J (2. 17+0.09) mm 3 /MR LRI S 14
W42 4 (20.26+1.05) em, PRI IR 55 4 (0. 89+0.03) mm, ZK T, ARG V-2 a4, -1
,Jz‘*@iﬂﬁrﬁéﬁmﬁ%@w 001) ., &2 HAFRIIMIAR RES RN, WE 2 FTLLE H, BRI

TEGMAN -1 B AR FF- 28 S B A 4 5 B 25 Sl 0 38 AE RO R AR AN AR 48 98 FE 48 0 A8 4k o3 Al ik, W3
AYAHIERE 155 0. 943 (P<0.01)

25

R TE R RWI

2006

E2 ZEAEHARPRBNKAERZRHAR RES £51
Fig. 2 RES chronology of P. tabulaeformis of different diameter classes in Heilihe natural reserves
DOM : RAZZIHAFS Dominate trees; SUP : /NMEZLIHFL Suppressed trees
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Fig. 3 Pearson correlations between tree-ring chronology of P. tabulaeformis and monthly mean temperature and precipitation from

previous September to August in current year(1927—2002)
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(P<0.01, F2), F5IG Sa WK 5T RARTEIE 2 5, FL/NRGLIIA 9 4 KA B 35 25 T R AR G0
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B ISA EER OT0, 5D T B 0 5 {7 L 0 24 B e A R — BT i
WAy

FR2 AEEZMRTEANG Sa EREENEHERBNEL
Table 2 Means+SE and relative changes ( % +SE) of two tree sizes for 5 years before and after drought
(= V-5 55/ mm

Diameter ~ Mean ring-width S/ % * S,/ % S5/ % * Sy/ % Ss/ % Se/ Y%
class
DOM 1.58+0.06 a -22.85+£2.47 a  70.06£7.99 a 19.54+4.39 a -25.32+1.95a  41.8224.98 a -3.08+2.86 a
SUP 0.46+0.02 b -38.89+2.04 b 150.00+15.07 b  32.67+6.63 a -40.46+1.57 b  95.1429.41 b -4.15£2.95 a

S, TRAE T AT 1 ARLE KRR F 40 L Percentage of growth reduction of drought year than 1 year pre-drought; S, : T-5J5 1 4E I T F4E4E
K AR IR FT 43 L Percentage of growth recovery of 1 year post-drought than drought year; S, : T 5 J5F 1 4F b A 1 4F A= K B AR 00 1 43 1t
Percentage of growth reduction of 1 year pre-drought than 1 year post-drought; S, : T 54 H T 5LHT 5 4F 4k K FE AR B9 3 43 LL Percentage of growth
reduction of drought year than 5 years pre-drought;Ss : T-5J5 5 4F Lt T 54 A KBRS 1 43 L Percentage of growth recovery of 5 years post-drought
than drought year;S : T-52J5 5 4E T 521 5 4FLE KA FEARAY ET 73 L Percentage of growth reduction of 5 years pre-drought than 5 years post-drought;
BEHP AR F R R IE 2 TR L E (P<0.01) ; = [H 1980,1981 1 1982 4EH 4 3a 19T ARG 1a HOIMAAESE 58 B LM BOR , B 43
MBS 20 13X 3a 1M 56 {E
3.2 RmAERKSIEREMBEKROCR
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TH8R I IV GM A A= A Y BR 1 A -
3.3 TEman A
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o (R B K AL A 0 RIE A 3l AR T 2 3 1 SO FAE R m s b

NG X SR R B R X 5 R SR T A5 R — BT Jacquant ™ WFIT B L AL ARE A A L,
MR 2 EA T AR R R AIR A 22 0, BT 45 5 32 3T 2 052 0, Pichler ™ IAH i T4 R E W
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