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Radial growth of Pinus yunnanensis var. tenuifolia and its
response to climatic factors in Jinzhongshan, Guangxi
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Abstract: In order to explore the radial growth of Pinus yunnanensis var. tenuifolia in Jinzhongshan of Guangxi and its

response to climate, a standard tree-ring chronology of P. yunnanensis var. tenuifolia was established, response analysis
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was used to explore the relationship between radial growth and climatic factors, and stepwise regression and variance
decomposition were used to quantify the effects of climatic factors on radial growth of P. yunnanensis var. tenuifolia. The
results were as follows; (1) Sunshine duration in January, August, September and November, and the mean minimum
temperature and the mean temperature in October of the previous year were significantly positively correlated with tree-
ring width of standard chronology. By contrast, there was a significant negative correlation between the number of days
with the amount of precipitation >10 mm in June of the previous year and tree-ring width. Precipitation in February,
relative air humidity and the mean minimum temperature in March, sunshine duration in June, and the mean maximum
temperature and mean temperature in September of the current year were positively correlated with tree-ring width. (2)
The variance decomposition results of the final stepwise regression model revealed that the mean minimum temperature in
October of the previous year had the greatest effect on the radial growth of P. yunnanensis var. tenuifolia ( explaining
23.35% of the variance ) , followed by the mean maximum temperature in September of the current year ( explaining
10.39% of the variance). Sunshine duration in January and November of the previous year explained 3.94% and 6.58%
of the variation in radial growth of P. yunnanensis var. tenuifolia, respectively. In conclusion, autumn temperature and
winter light condition are the main climatic factors limiting the radial growth of P. yunnanensis var. tenuifolia in

Jinzhongshan. In addition, both drought in early spring and heavy rainfall in rainy season can reduce the radial growth of

P. yunnanensis var. tenuifolia.

Key words: radial growth, climate response, relative contribution rate, Pinus yunnanensis var. tenuifolia,

Jinzhongshan, Guangxi

SRR AR B Ry Bk b A — 35
B8 (Lewis et al., 2019) o AR m A K (B
REARAERE T B ) S A4 AR TG 28 3R R 5 7 19 e W2 Wi
FEAF 0 3 7 22—, Ho sl 2878 AR AR v] B8 23 52 i A
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x1 EWUSKREFHEZFR
1980 1990 2000 2010 2020

T (1969—2020 £ ) .
Table 1  Significant inter-annual variation trend of b 1
meteorological factors of Jinzhongshan ( 1969-2020) Q% ﬁM A - §
— _ VAT AAD
St I S . % = - L E
Meteorological factor Month value value % g_ Bk o
FERIHE>10 mm AR Prel0 5  -2.84 0.007 0.139 ook il = E
FEF 1> 10 mm BREL Prel0 9 -246 0.017 0.108 ® =L “
W& TR i > 10 mm 19 KAL Prel0 11 -2.78 0.008 0.133 z 1
ZESAIRHE R RH 4 -2.11 0.040 0.082 = 1930 1990 2000 2010 2090
25 SAHX IR RH 5  -4.58 <0.001 0.296 SEA Year
25 SAHX IR RH 6 -3.20 0.002 0.170
2SS MIXHEE RH 7 -4.74 <0.001 0.310 IREITR TR R TR B L0 6T W MR 3R DL 30 4R
ZESMXEE RH 8  -5.02 <0.001 0.335 St O AR 4 v B 4R O T M4 5 IR0 B R A A R b
23S ARXHEE RH 9  -4.86 <0.001 0.321 A,
2 SMAHEE RH 11 -4.14 <0.001 0.255 Gray broken line represents the ring width index ( RWI); red
H &A%k SD 3 -2.19 0.033 0.087 smooth curve shows the smooth curve of RWI with a window of 30
H IRt % SD 4 -2.32 0.024 0.097 years; gray shade represents the sample size.
H HEm 42 SD 10 -2.44 0.018 0.106 — s
H A% SD 11 272 0.009 0.129 E[ 2 &lE HZE&?M‘}W*#%W&&%
H IR SD 12 —234 0024  0.098 Fig. 2 Standard chronology of Pinus yunnanensis
i Ak S BUS B SPEL 1 11 -2.86 0.006 0.141 var. tenuifolia in Jinzhongshan
PR 7K ZE 1046 %L SPEL2 5  -2.41 0.019 0.104

FrRUfEfLIE K ZE R 4L SPEL2 11 -2.14 0.038 0.084 %2 Sl =R E AT £ N X 4
FrufEfLIE K ZE 38 4L SPEL3 9  -2.03 0.048 0.076

T Table 2  Analysis of common intervals of tree-rin
FREfL K ZE MU 4L SPEL3 -2.19 0.033 0.088 Y &

—
—

standard chronology of Pinus yunnanensts

H V4 Eee SE Tmax 5 2.50  0.016 0.111

H ¥ 5 A Tmax 6 472 <0.001 0.308 var. tenuifolia in Jinzhongshan

H P38 Ul Tmax 7 3.01 0.004 0.153 AE N LK ]S Bt

H Y5 AR Tmax 8 4.04 <0.001 0.246 Chronological common interval analysis Value

A 50R R Tmax 9 3.4 0.003 0.165 I 25 B Time span 1972-2020

H V4  SE Tmax 11 5.01 <0.001 0.334 " L

B AE S B Tmin 1 362 <0.001 0.207 SEHIUEE Mean sensitivity (MS) 0.34

B ARSI Tmin 2 2.45 0.018 0.108 —Pr HAH& First-order auto-correlation 0.45

A RS IE Tmin 3 3.15 0.003 0.166 FEAREL . Number of sampled trees ( n.trees) 36

AP Tmin 4 4.35 <0.001 0.275 05[] A ¢ 280 Mean inter-series correlation ( rhar) 0.18

B AR SR Tmin 5 2,55  0.014 0.115

AT AR Tmin 6 6.60 <0.001 0.466 AR F K (55 Express population signal ( EPS) 0.86

T3 BAR IR Tmin 7 6.81 <0.001 0.481 fHWBRLL Signal to noise ratio (SNR) 5.92

A EARS IR Tmin 8 6.18  <0.001 0.433

H P EARSIE Tmin 9 4.30 <0.001 0.270

A RAL AR Tmin 10 4.85 <0.001 0.320 1976; Plomion et al., 2001; Rathgeber et al.,

P RAR SR Tmin 11 3.68 <0.001 0.213 2016) . ASHIFFT & PR, BT — 4 0 L BE F BEG 41 i
S LT A S

H - EARSIE Tmin 12 323 0.002 0.173 ZE R AR AR B 2 K AT T R AN R T

H 1435 Tmean 2.02 0.049 0.075

1 — 4 L/ . M N
A Tmean 5 287 0006 0.141 10 H BB, R S 4 9 H 893
Eii’iﬁ:{ Tmean 6 559 <0.001 0.384 BESEUME F—4E1 AR 1AM H R,
- 2953 Tmean 7 541 <0.001 0.369 s e B = — ez " =
A 4508 Tmean S 673 <0.001 0475 3 BERF MM ZmREREKNEERE
-2 Tmean 9 467 <0.001 0.303 A F

JFES SR Tmean 10 356 0.001 0203 R FEE SRR A 2 ) 2 K B R S R T
7. VA A vE .
AP Tmean 11 507 <0.001 0.340 Z— (Delpierre et al., 2019) . R AFR i 24 K3 %
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Fig. 3  Correlation between the tree-ring standard chronology of Pinus yunnanensis

var. tenuifolia and climatic factors in Jinzhongshan
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Fig. 4 Contribution rate of climate factor on radial growth
of Pinus yunnanensis var. tenuifolia in Jinzhongshan

o TAEK R RNRE R T s, — 07w AR
1] A A Bt 1 A 25 44 PE B K A6 S ) ( non-structural
carbohydrates, NSC) [ 7= 4= {K #i F 1t 7 6 & 1E H
(Michelot et al., 2012) , M aA1E A T4t %

FOGE B VE R, A= 2R B 09 e ] i pot &
il (Y I HE (Shi et al., 2015) 34 A1 A B #B A= K s
MR A R, o5 — 5 I, A 2 R R
() FF v A L3 g 1 i B AR R 2R B T 7, T4 5 Xf
B IR T ANK o 1 W SOR AR R R R X 8 5 ) S Y
W ST A K I R 25 W 38 RS AL 3 B 4 e AR O
G REVE R, A F T ik Kb & % R FL(Poorter et
al., 2012;Urban et al., 2017) ., AW LI, & 8h
WAt = A 5 H4E 3 A (AR R ZFER) 1y
AR R B EA G, X5 Yang 45 (2022) #F5E
RIVZME TR AT = B ( Pinus yunnanensis ) 12
Ii) A 4K 32 B AZ AR B A A 285 SR AR AL
ARIFFEIR KB, F—4F 10 A B F B R
YA 9 H P34 J i SR Y 5 40 = rE AL BB
AR T8 BE 5 AR DG, I H W 38 6 A R AR $8 vE B
A KR BTk R A AR R b B K, Huang 55
(2018) XF 5 4t 2 g A [+ & A [ e 11 i I B4 AR
PRI R B, EA T )5, ) R4 Sl L
A TTEER AR XA 5 R A B4 K
BRI, 7T 22 (10 A 2WAE 3 A7) 40 5E i
58%F1 39% WIAEFE S8 BE , o 1 BRI BRI 2, &
W P ST AT T 2 3 Y TR AR AR R TR R T A
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AT H R AR X5 P E B BR AR
EBRGA T AR E S R AL, BT 54F (2004
AF) i [T A R AR 2R 8 09 B T AR 2R A LU I T AR
(2008 4F) iy 81.4% , X I RE 5 IR KK £ F
B A R 384 o, DA B AR B K Ak G ) R AR G
(Yan et al., 2013), [, pg #0200 102
FAF AT REAGR ZE EIE A AR TIR R, AR
X 9—10 H R JE TH = Al RE A B 77 A= T 2= A X i
HLA BRI Ok A2 HE A A Y ik SRR % B B AUl S A
1) WA S VA R [ R B SE T W 1455 SO | 0 SO 3 7 N2 <0
BB — 35 43 m] | VR Y NSC 32 ## ( Skomarkova et
al., 2006) . HIAMFFE A& B, A4 ACAR 1] 2B KX R —
A I A B 25 1 A0 e B ( Fonti & Garcia-Gonzalez,
2004) , EARRFREE BT NSC X AR BTl A= K Y
FRHI/E F ( Michelot et al., 2012) , ASHF%E E—4
10 B2 (%) T v AT 7 AE HU S i NSC g BRI IE
17 2 m T4 6 I B w5 19 ) 5 A RE & i 45
R, B—4F 10 7 J B X 24 4F 1 B A 4E 4 95 1 B
AIEHEAEN
3.2 ABXMAM ZERREE KT

JGEE TR RE & BK ok A OEIR, B IR EOR
SEMA AR AT 1) A2 A 0 55 — A H 2SR P R (Huang
et al., 2020) . H R E0HS 2 5 30 9 Wl i
PR (RS ,2006) , fE i B ARAY RS
AR B IE 2 S5 H B R 2
RIS RS ] B A A 2 LA IR 1l 2 0 2R 3 R
(Duchesne et al., 2012) , AHBF5EIX 1 H /) H BB
B R AR, BV PR BT 2 BRI A 65 VR
FEVR ZR AT R S 2 2 1A BT Y T 2
R R F AT — 4 6 9 19 3F 45 # Bk (Rossi et al.
2009 ; Huang et al., 2014)  flif54: K Z R4 F
FHIE € 1 B K AL G W) 0 A8 R 2R K AR
(Hansen & Beck, 1994) . Jﬂﬁ,igﬂz 1 A
H MR 505 4 = g A2 1 A KR IE A G, [A]
B, E—4E 11 A6 ey H BETECS A = g a4 m)
ARKEIEMSE, X AT R85 11 7 B ot BRI B
SRR ARG AR A G, M Ah, 70 BT = U
B, W TORREARRT B = | 520 T AR 7% 1 1 FH A
T o N e SR I e SR U e 7 D
i, Ik 6 A H BT80S gl it = A AR 1) AR K
B
3.3 WX 2R REE A KA

SN T IR N2 o S L DA EN T N e - S E B 5

K, T KRG B AR /N ( Ehleringer, 1985) ,
IR T Ry BR A ) A Y O — A SR R R
(Zywiec et al., 2016) , — Jy [, il 12 B W 52 W 6
T R W TS R L [ TN
(Zweifel et al., 2006) , LK MG, {2 HER
TXF K 43 1Y iz i, A A T O FE L (Myburg &
Sederoff, 2001) , %*ﬁﬁ,ﬁ%rﬁ,d*%ﬁ/\ﬁjﬁﬁi
WK 7 B4 2 58 82 15 30 F 40 il 9 K
( Barbaroux & Breda, 2002 ;Steppe et al., 2015) , 8
T HEANIE 1802 53 L R 200 i B 4ty o 0 B s £
PEAR 5t &K 40 MY (4 4> 4k A1 ZE i ( Turcotte et al.,
2009 ; Steppe et al., 2015) , Yang 55 (2022) iff 57 3%
WY, THRIREE T = B A ) AR K 32 AR K = Y
KATA RS, BT ABEGE X 2 H 3 i R TR 1
B M AN W T B IR EE A 5 XA X AT
(SPEL1 3AIK) , B iz B Bt 1) I8 W 12 384 hin A F)
BRI A K X AT RE R A BE I P 2 4E 2 H
T A AR AR ] AR R S TE AR DG 1 — N R A
MR EM, F—4 6 HFEME>10 mm ) KES 40
MR AR K R B E ARG, o R REW
SIBEI By 3 AR A AL SC T (Aparecido et
al., 2017) , Nl S 203 A ik RS FL I 48 AR A vk
FEREAR 5 [A) i, B RN 3 22 25 S BOG BB = | 52 ma )
ARZEIEAE I FNOGEAE R REARAR A A K BT 5 14 B
KA EW i, HAh, e 2 2 B R
PRl 3k 9 1 17 AN T AR FR X K 43 R0 TS ML R I 0
(HAEMSEE 2014 ) S 2R AR AR ] 2 4 7 A= 17 T
o, XA RERE AR I 6 A FEFI & >10 mm
MRESG Atz em KR E ARG K 6 H
H IR 205 40 i 2 F A A28 ] 2R 2 TE A OC 1Y I
B, X5 Yang % (2022) BRI 45 R — 2, Bl 7E iR
I DI 23 P A AR 1) AR RS2 ) T i K 4

B DIV SN o R VA A A 8 N R
fii TR THIR 52 BR TRk FI R AR . Bk
2 Tk B 2 S e 20 I 2 AR 1) A R R T A
RL7 R O 4 06 IR 7 [ TR B AR X B = 1 .
A, BT A 2 AN B B A AT A B A et = r
PB4 ) AR TR 2= 2k 22 1 9 T ) 2 B A 48
R IR E AR, Ak, BT A Ll H X Rk R
A BE E F  AR Ok A R 4K 225 i i
GBS N R N R Y I RE SR R e 1T
LU R R IR A B I 5 A7 i 38
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