5542 B 7 W) *E &~ 2 Eild Vol.42,No.7
2022 4F 4 A ACTA ECOLOGICA SINICA Apr.,2022

DOI: 10.5846/stxb202101070076

IR OV RN 0 AR ] S AR R AR A 1Ll b2 R BT A AR i) A R AR A I AR A5 AR, 2022,42(7) £ 2865-2877.
Li X, Peng J F, LiJ R, Yang L, CuiJ Y, Peng M, Li C X.Climate-growth response of Pinus tabulaeformis in the south slope of Longchiman, Mt. Funiu,
central China.Acta Ecologica Sinica,2022,42(7) :2865-2877.

A4 WL Zz it 32 g 30 AL 12 1m) AR 4K X S48 25 4K /9 Mim Bz

FORL B BB W EEALY B A%
1 VTR K2 M S IR BR 22 e JF 475004

2 TR K2 IR R B R S A n i G TR 475004

3 VIR A HbER R GO AU S P 475004

TR AL ARG A ) AR S R B R IR 5 ARARE A K B 25T ZE 0 AAR Jay , DR LA ) 4 i RUBE Al A A2
T AR AR AR AL A B WA S F 5, ot A BRI AT S0 T IR ORI R I 35+ T B Rk 2 0 S TR ol e A A ot
FEFR AL TT MU X 32 315, 100 R P SR A L Ak m b Ao 8 A0 Uy, 2R 0 A B R 5 o LR A= L st DX b 3% R 3p st e
AR AR A AT G Mt RGeSO RS T RE P 51 73 S P AR A, e 2 RN T AR S (RIS PO AR 4 T B A o
R (STD) . BIFEHRY . (1) BHASHRER R A fEIR L SNR FIREA SRRt EPS {RARE R, UE AR 2 & A 80F W IR (5
B (2) 254F 5 H 8K AP 72 e i b8 AR A 1) A R BRI P 15 (3) & I TR AT il A R 4 B 8 AR AR B T
RaH R AR B 48 TERE T IR BE S R T B 5 (4) BESZ TSR] Z 2L R A A IBERY - TR B 5 1 R AR AR K B
ST [ s e BT e il R Xt UG PR i I RURR, 52 B RS VR B O s AN DR B A R U AL B A A O, Tt
AR5 DT TN T 05 8 AR B A SR S MR BT85BS R o R 7 R FA 3t DX A 25 v 9 6, 8 22 3 ki
A 16) S R R SR DXL RS, 3K — IS 4 SR S AR A Ll DX B R A BRI 7 SRR Bt T B2l

SRR KA LU M 5 TR 5 AR AL 5 AR R W L AT 3 5 UMD i

Climate-growth response of Pinus tabulaeformis in the south slope of Longchiman,

Mt. Funiu, central China

LI Xuan ', PENG Jianfeng"*>* | LI Jingru', YANG Liu', CUI Jiayue', PENG Meng', LI Chengxi'
1 College of Geography and Environmental Science, Henan University, Kaifeng 475004, China
2 National Demonstration Center for Environmental and Planning, Henan University, Kaifeng 475004, China

3 Henan Key Laboratory of Earth System Observation and Modeling, Henan University , Kaifeng 475004, China

Abstract; Tree age is a significant inducer factor in the change of forest structure and composition and it greatly affects the
growth dynamics and distribution pattern of forests. So, the study has very important scientific implications to forest
protections and managements under the background of global climate change based on the responses of radial growth of trees
to climate change on different age scales. Pinus tabulaeformis carr. is an endemic species to China and widely distributed in
northwestern, northeastern and northern China. Mt. Funiu in western Henan Province is located in the sensitive zone of
climate transition from north subtropical to south warm temperate in eastern China, which is considered as the southern
boundary of Pinus tabulaeformis distribution in eastern China. Although some studies on the relationship between tree
growths and climate change had been carried out in Mt. Funiu, there are few studies on the response of tree growths to

climate change on different age scales. In this paper, tree rings of Pinus tabulaeformis from the southern slope of the
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primeval forest in Mt. Funiu were taken and the samples were divided into two age groups based on systematic cluster
analysis. Finally, different tree ring-width standard chronologies ( STD) for the whole and different tree-ages were
developed. The study results showed that: (1) these standard chronologies had higher value of signal-to-noise ratio (SNR)
and expressed population signal (EPS) ,so they indicated that these contained a variety of environmental information; (2)
The main limiting factors for the radial growth of Pinus tabulaeformis in Longchiman were the hydrothermal factors in May of
the current year; (3) The tree-ring width growths of both older and younger Pinus tabulaeformis showed a decreasing trend,
but the decreasing amplitude of the tree ring width of younger trees was much greater than that of the older; (4) The growth
models of different groups of Pinus tabulaeformis were established and the most significant limiting factor of each group was
determined based on models. Also the study found that the radial growth of younger Pinus tabulaeformis was more sensitive
response to climate factors and more inhibited. Hence, with the global warming increasing, the growth of younger Pinus
tabulaeformis will be more unfavorable in the lower altitude area of Longchiman and affect the tending and regeneration and
the status of Pinus tabulaeformis population in the ecological community of the low altitude area, at last even may cause
Pinus tabulaeformis to migrate to higher altitude or colder area. The results also provide some scientific basis for forest

management and tending and regeneration in Mt. Funiu.

Key Words: Funiu Mountain; Pinus tabulaeformis; age groups; tree ring width chronology; climate response
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Fig.2 The cluster genealogy map based on ring-width series of the tree cores( The horizontal coordinates are the serial number of the

sample core)
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Table 1 Statistics of tree-ring width standard chronologies for whole,and old-age and young-age groups

FFAE Characteristics AR Total ZIEH Old-age LA Young-age
AEZRKEATRE Samples in chronology/ (#5/44) 45/29 20/12 25/17
SE-HJ IR (MS) Chronological mean sensitivity 0.211 0.216 0.178
P2 Sandard deviation 0.236 0.241 0.185

AN FEIXJA] (4F ) Common period ( year ) 1980—2010 1980—2010 1980—2010
SRR REE A R B (R, ) All series correlation (R;) 0.378 0.377 0.393

B YA Z B (R, ) Correlation within trees (R, ) 0.648 0.638 0.657
BB HH 5& 22U (R, ) Correlation between trees (Rj) 0.374 0.366 0.387
%M ¢ (SNR) Signal-noise ratio 27.959 12.104 16.855
FEA BB (EPS) Expressed population signal 0.965 0.924 0.944
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Fig.8 PDSI of May—July and mean temperature of May of Xixia station and tree-ring width of old and young Pinus tabuliformis
WL AR TR, 2 (A B ARAE R R OREL AR ER B

TE A BRI AR AL R ST I RS R 5 T — Sl oAb Oy B bR A K A s B 53805
AR KU T Pl R YR B R, 20 4D 90 ARARLLE 5 A SR AL A (K 8) , L E )
1 ISR T e g A 1 A K LR AR R LXK 3K 5 Peng 45" Shi SV ZER A LML X BT AR, Li
AL B Maxent BRI 6 [ A2 K ( Cunninghamia lanceolata (Lamb.) Hook. ) 23 Aii 48l 25 5 3¢ B HA» A3 19 .0
A ALk SR A A A BT T S 2010m AL AT PR 2 T 20 tHha SETHR Y

Ao B AR ETHA R TR R A, AT SRAE SR AR (1650—1750m) | A i bafe ) AR K2 B 5
SRR ASAHAT 9 R R, TS WA TP B T AR R R LSRRI Il AA AR K TR A T8 g 32
A B SR RE ) BEAREL 2R 20 KR RE ) o Tt 0 A TV Aty DX AR A 118 R bk A 285 DRI e e 2 T o 1t 1X A= 285
e T HE 0 A 285 2 A %) RS

4 JeitiSim i A RKAREY

ABFFE LT (1961—2016 4F ) BEARLL B M A i an bR R A8 8w, W, W, )5 T . T, .
P, . P PDSI 5553 N7 HI 22504k [BUH 73 M 07 1 A0 2R 181U J7 1, 23 5 S AN R ARl R A 2 A
B LARS HE PR 5 EE 518 0 5 [
% W /N e yve= e A EIVEE iU: U= ava

BT IMAA A AR AR 215 DU R G PR T AR DG | e IS M) e Tt D8 e A A28 1) £ 4K 1% 2 R PR 7

http ; //www.ecologica.cn



2874 JAE = 24

HAES AR T ) BT AVR(T, ) H4F 3.5 ABKE(P, . Ps).
N T HE A R E LN T SRR A E R SR Z gtk AR 73k SRR A 19 835 A1
Ty T, Py P MAAKKR DL EATTR T it b2 b AA 2 1] 2 K S, B I B0 S Al il A i) 27T

LRI AR (1) L (2) ((3) 3, BN (% 2) .

W, =30105+0.002x P, +0.001x P,; = 0.049% T,, ~0.046x T (1)
W, =2.541+0.001( P, + P, )~ 0.031x T, —0.042x T (2)
W, =3.516+0.002x P, +0.001x P, — 0.063x T,, ~0.047x T (3)

K2 ARFERAFREFRET; . T, .Ps . Ps MESTEMEPAKRUNGEITE

Table 2 The statistics of multiple linear regression models for different age groups standard chronologies and 7.5 . 7, \ P; . Ps

R R? R F
AR Total 0.572 0.327 0.273 6.081
W4 Old-age 0.473 0.223 0.161 3.596
I 4H Young-age 0.603 0.363 0.312 7.132

R HHIXFRE(P<0.01), R?, Rfiljﬂ?iﬁgﬁﬁg R®,F W7 K0 ; Tos o VRN M4E 5 H 343 The Mean Temperature in May of Current Year;
TP7 . PElkEY FAE 7 HE33E The Mean Temperature in July of Last Year; P,; : PE G 24 3 H R /K & The Mean Precipitation in March of Current
Year; P s : VG 244F 5 H [7K & The Mean Precipitation in May of Current Year
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Table 3  The statistics of 7,5 in the stepped regression models of 7,5 . 7,; . P . P and the standard chronologies of different age groups

R R? R F
AR Total 0.419 0.176 0.16 11.286
EHR A Old-age 0.37 0.137 0.12 8.383
4 Young-age 0.413 0.171 0.155 10.912

YT POSIAREUR R G IRR, K 3 D FRiEARRAFR R 5 2 4F 5—7 A PDSI AR EUE L&A RN A= K
BRRY R [RAF I AL AR AR A HE 46 0 5 PDSI 5, 48 BUMEANE [RTAR (AH OGS i WL 3R 4,

W, =0.968+0.067xPDSI ,_, (7)
W, =0.942+0.057xPDSI ;_, (8)
W, =0.988+0.072xPDSL;_, (9)
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Table 4 The statistics of linear regression models between standard chronologies of different age groups and PDSI_; index

R R? R, F
BARY Total 0.536 0.288 0.275 21.812
W4 Old-age 0.452 0.204 0.189 13.849
4y 4H Young-age 0.545 0.297 0.284 22.82
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