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The critical temperature to Huashan Pine ( Pinus armandi) radial growth based

on the daily mean temperature
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Abstract; Tree rings provide a record of radial growth throughout a tree’s life, so much information can be obtained from
tree rings. Many studies have been undertaken to study the relationship between tree rings and monthly temperature, but
few have focused on the relationship with daily temperature. Although the phenology of stem xylem development and
temperature are closely related, many studies indicate that threshold temperatures determine the beginning of cambial
activity in spring, but few have attempted to explore the temperatures impacting on radial growth from tree rings. Radial
growth of Huashan pine on the Huashan peaks was sensitive to climate change and was mainly limited by water supply in

early summer and temperature in spring. In addition, thermal conditions were also a limited factor at this high-altitude site.
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In this study, tree ring chronology of Huashan pine and climate data recorded at a nearby weather station were used to
investigate the relationship between radial growth of Huashan pine and daily mean temperature. The onset date, end date,
duration and the cumulative temperature from different initial temperatures were calculated. Correlations between the
changes in daily mean temperature over 36 years and the ring width, early-wood width, late-wood width, minimum density
and maximum density were analyzed. The onset date of a specific temperature in spring significantly impacted the radial
growth of Huashan pine. The onset date and duration of 3 °C and 8 “C were significantly negatively correlated with ring
width, which indicated that the earlier onset date would promote growth in ring width. Early-wood width was sensitive to the
onset date of 3 C , while late-wood width was more sensitive to the onset date of 8 °C. However, temperatures higher than
11 °C limited the ring width both of early-wood and late-wood, and the most obvious temperature was 11 °C. The end date
of 10 °C and lower temperatures were little related to ring width. The duration of 3 C and 8 “C were also significantly
positively associated with ring width. Ring density and width responded similarly to changing temperature. These results
indicated 3 °C was the threshold temperature for early-wood formation in spring, 8 °C was critical for formation of late wood
but daily temperatures higher than 11 C may cause water stress, which negatively affected radial growth. Collectively, the
results indicated the tree ring chronology of Huashan pine contained abundant climate information, and that threshold
temperatures determined the growth of Huashan pine xylem and cambial activity. By analyzing the relationship between
growth phases at different temperatures and ring characteristics, the critical temperatures influencing radial growth of
Huashan pine could be identified. Though the physiological processes corresponding to the critical temperature were
unclear, this study provided useful information for understanding the tree growth response to rising temperature and

historical climate reconstruction.

Key Words; Huashan Pine; tree ring; daily mean temperature; onset date; ending date; duration
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Table 1 The correlation coefficients between different tree ring characters chronologies of Huashan pine

ERTEE RW M SEE EWW W bE S5 B LWW H /N MinD F R MaxD
AEREBEE RW 1
M v EWW 0.909 ** 1
Wbt 56 B LWW 0.708 ** 0.794 ** 1
/NEEE MinD -0.664 " -0.589** -0.332" 1
K% MaxD 0.667 ** 0.824 0.903 ** -0.460** 1

* TN B FH K P<0.05, * = s B #FH K P<0.01
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Fig. 2 The annual mean daily temperature of Huashan
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Fig. 1  The correlation coefficients of STD chronology and

monthly temperature and precipitation
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REB AT AR AR R R S AN RITRE R R

F2 IR ZIY1953—1989 £ AR ERE - FH4) B B8 24 B B B FFFEER 6

Table 2 The mean onset date, ending date and duration of different temperature of Huashan Meteorological Station during 1953—1989

Eﬂ?zﬂ?m&;/oc R (3)2511:2 E(lifi E R Ezfdﬁgacfie eIl Aclivififﬁﬁlation

temperature Onset day DOY month-day Ending day DOY month-day Duration temperature
0 77.6+9.4 03-19 324.6+11.3 11-20 245.4+x15.1 2789.1x144.9
1 81.0+10.7 03-22 321.2+11.0 11-17 238.6+14.5 2774.8+151.8
2 87.0+10.5 03-27 317.9+10.8 11-12 229.3x15.5 2054.6+153.8
3 91.5+10.7 04-02 311.6+12.5 11-07 218.5+14.8 1897.3+259. 1
4 94.8+9.9 04-05 307.3x14.1 11-03 210.9+15.9 1763.2+184.9
5 102.7+11.0 04-12 300.1+14.8 10-27 195.8+17.2 1573.5+174.0
6 107.6+10.9 04-17 294.4+15.2 10-21 185.2+17.5 1342.8+247.8
7 111.5+10.9 04-22 289.3+14.3 10-16 176.2+16.3 1136.9+250.2
8 117.7£9.7 04-27 280.4+11.3 10-07 162.7+13.6 2741.6+156.2
9 124.9+9.6 05-05 274.7+10.4 09-30 149.8+13.5 2699.8+156.6
10 130.2+9.6 05-10 268.5+10.1 09-26 138.3+12.8 2655.4+165.5
11 136.2+10.5 05-16 262.1+18.0 09-18 125.9+17.4 2572.1£171.1
12 142.7+10.3 05-22 258.2+10.5 09-15 115.5+15.3 2498.4+170.7
13 149.3+9.7 05-28 251.3+9.3 09-08 102.0+12.8 2422.5+177.4
14 156.5+10. 1 06-06 242.3+10.5 08-30 85.9+16.5 2309.9+162.8
15 165.3+12.5 06-14 239.2+10.2 08-26 73.9£15.0 2186.2+171.2

2 HER55MH

2.1 A[AREE R4 H ] S5 A AR 1 6 2

11 H B[] A —AE A7 77 DOY /)N, PRI S5 H ek ] £ A 5 22 B ) H Bsf ()b R 2 X L 300 4 A
PRERH (R 3) . B L ,0—10 C AR H B Al AT ) A 4 i A2 A FHBRR, 11—15 °C A9 IR w0 H B i)
R A2 1 AR K AR BRIV DB . Herp 3 4 °C RN 8 °C A9 H BN Jia) Xof 422 i) 2 4 B A 1 FH J5e A B2, 3.4 °C I #9)
H HsF (] X6 536 8 14) S e B2 A0 0 B T T B A %) 5 W R A, %o e A 86 R A /N 2% B )2 T A AN I 385
SOCT‘JJElH¢I§JX¢4§WQEJL<E@1EJ&{/EFHWE%‘,Xﬂ%ﬁ%ﬁg\%ﬂ'ﬁ};\ﬂi /NGB T R e R %8 R S R Pl
SRS A A B3, H 8 °C SRR T8 B 1Y S OC R EUR R, -0, 444 AT H A (] B X A7 5 0
PIfE A R, 11 %E@%}JElHﬁl‘ﬂxﬁérﬁjiﬁﬂwﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁ Xf 5 BURFAEAR A E%E’J%ﬂn,ﬁqﬂxﬁﬂijﬁ
WIE R AE 2 12 CHRI H B RIS RRIE 52 5 11 °C — 30, RO /NVE B2 R B3 13,
14 °C B0 H ) XHESS AR AVE T 5 11 .12 CAIRL, (H 2 B PR 15 C W) H HﬂLlEﬂ'—?ﬁsi/\JuE\i*)fJu
JEE TR A G B 114) XA S P M S 2, LT 288 B 118 B i L/ N1 6 53 B2 RS2 . 6B 3 .4 °C ) H Bsf (R 3 3k FH 1
WU T8 B AR RS T 1,8 °C () H B ] 3 25 T WG A 5 3 8 T 2 i - 8 5 188, [) sl R o) A1 58 1) 2 B A AR K
SENA T 11 °C 22 13 BE A H B [ ASASBR ] AT 4 1 B B2 HLGH 3 B2 (RS2 M KT 11,12 °C R 15 °C R BR i
YE BB 2
2.2 NIRRT 5 AR RS RRE 1 6 2R

55900 H A [R] A4 2, 2% FIRHEDBGE , DOY Mk, 548 H i [ TE AH G B2 B I fa) R 235 428 i) A KA i
PR, ASIRLHR RS A28 H ) 540 H B e) e 42 1) A= 1 A VR FIARRL, B AR B 2% H B [ AR XA L AR AR K A
PEVEAE T4 e T A H B TRLR X AR LD AA A AR ) A KRR (6 3) . IR 11 °C R AY LR H k) X 45 10 4F
ERRIE R AN A, A 7 oC (28 H B[] 5 AR 48 98 R TEAR G R (R ARG E AR 38, HUAA 0 CC 4 H TR 5 6
KA B ERASE, 11 CLH IR 54450 56 B 5 B 3% 0O 56 (E2 15 °C & H I R] 5 4748 58 i 15 38 1E A
Ko 12,14 CHZH B E] 55 b v B 0 3 A G . VAR b, 28 F B [RD 0T B A 508 32 1) 52 e RS 1 b 9 B %o e
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R LMK T e/ N JE R BERYZE H I [ XA AR AR A S R 2N T0) H i a] (6 3)

®3 HLUREEERMAERENFFR, 4 BB ENHEX R
Table 3 The correlation coefficient between the width and density chronology of the Huanshan pine to different temperature’ onset and

ending date

TR/ #) H i E] Onset date ZH I} E] Ending date
A
T, TEE BHGEE  MMEE  BNEE RREE e BRHGEE  MME  BNEE RREE
RW EWW LWW MinD MaxD RW EWW LWW MinD MaxD

0 -0.035 -0.007 -0.099 0.064 -0.04 -0.031 -0.158 -0.277 -0.037 -0.328"
1 -0.118 -0.086 -0. 146 0.108 -0.044 -0.023 -0.100 -0.159 -0.150 -0.208
2 -0.176 -0.145 -0.026 0.127 0.048 0.024 -0.072 0. 066 -0.110 0.000
3 -0.310" -0.345" -0.193 0.106 -0.125 0.112 0.079 0.186 —-0.264 0.182
4 -0.305" -0.335" -0.216 0.096 -0.186 0.044 0.014 0.028 -0.169 0.007
5 -0.209 -0.063 -0. 140 0.257 -0.099 -0.166 -0.107 0.029 —-0.041 -0.013
6 -0.064 0.116 -0.134 0.084 -0.021 0.090 0.175 0.238 -0.183 0.211
7 -0.132 0.029 -0.055 0.128 -0.037 0.249 0.227 0.142 -0.129 0.126
8 -0.444 "  -0.270 -0.318 " 0.325" -0.299 " 0.045 0.168 0.061 -0.049 0.071
9 -0.261 -0.059 -0.163 -0.013 -0.151 0.058 0.230 0.053 0.029 0.095
10 -0.212 -0.078 -0.203 0.142 -0.122 -0.111 -0.028 -0.026 0.125 -0.073
11 0.327" 0.380 " 0.322*  -0.294* 0.445** -0.311" -0.249 -0.194 0.185 -0.239
12 0.308 " 0.383" 0.344* -0.230 0.487*" -0.201 -0.225 -0.296 " -0.016 -0.274
13 0.333" 0.265 0.185 -0.301" 0.175 -0.066 -0.064 -0.204 -0.262 -0.088
14 0.194 0.195 0.190 0.027 0.087 -0.100 -0.225 -0.397*" 0.039 -0.272
15 0.450 " 0.450 ** 0.462** -0.155 0.367* 0.296 " 0.185 0.029 -0.284 0.112

n =36, * P<0.05, * * P<0.01

2.3 OR[RINREE A4S ] S AR R RRIE 1 G &R

TR BE R 8 I ) Xof 4 % 119 52 i DI 1400 H I ) %o A2 L AR AR [l A= K2 i, 5 R BE ) I [R]AE ABL,
11 °C AR R B2 I [a] S5 AR LU AR AR 5 B 2O IEAH G (HI2AE 11 °C LA X AR 48 5 BE 1Y 52 0 KA Sz (3%
4) o M3 CHI8 CHYFFLEMS A SARFERHIE AUAHDCHE IR B35, 78 5 WUARR Al v U ORI 5 3°C 2t
[ IEAHSCHEA 35, 11 °C ARpE N ] X6 4F- 58 9 132 A4 BR- ) P e o, AH DG HE 20C —0. 400, W3 AR, KT
12 °C B A RO WA 1) 5 J3 AR5 A S M e R AR T 18 45 282 I T % F A B9V FH R T e A, X e /N 485 B ) A
FHR T B B T v sk A8 4 8 P ) R 1 A S o
2.4 A[EEE A TE SRR S AR R IR Y C R

I B AR R — o TR BE SRR Y A P AR R FOR SEH ARG S I FR AR . 1—10 C TR SRR 4R 40
AERYSEIR AN 25 T 11—15 °C A3 AR A2 1] A 4 B BRI TR, Rl 2 55 W b 58 B2 SR S e ) A (3R
4) o 11 °CHYIE SRR A48 B f IR B, AR BH R T 11 CRYREORZ XA ) AR K BORA] 17 12 C TR
SRR WA Y 50 B AN BEAE PR . 78 5 WUAERRRRAE T, 1% S AR IR0 e A 98 BE RO BR il B ok, 3 B4R Ll #
R A K T A B A A 2 v i B S
3 itig
3.1 ARRENREEMIYIH (2 H FRELERT B X 4R 48 (1) 52 1R

5T & A A R T 4 T B g s i) 5 303 8 A S 17 32 3 K i g i e /N ik S B2y R I T 1
JATEA ZR A AR SZ B 3R (A, T G AR AR A 8 R I Wk 3 R B2 RO VSR s 2T 3 IR
R — TR A SRR — @ LUSTE BUZ A TR R TG 2 SRR A K 4 7 17 B0 B A HURR,
[RIRETHAL ( Pinus tabuliformis) ZLHN (Pinus koraiensis) E/‘J@%f“jiﬁ%ﬁ'—ﬁﬁé%/ﬁﬁﬁ@%%ﬁ*ﬁ?ém20} . TEA
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(I PRI P TEa) AN A2 T BE ) 1 PR b T B PR 24 I ISP )Xo 2 LR PR 4 5 8 S M S B 25 TI) H A e e
AR AR AR OE AT R WA 2R H ]
F4 ELRERERMFRRENEKE FHRBHOEERY

Table 4 The correlation coefficients between the width and density chronology of the Huanshan pine to different temperature’ duration

TR/ FFELIA] Length of growing season TSR Actively accumulate temperature
C U Yim 52

T, LI WME  BMEE  RNEE ROREE FLRE BHEE  MME  RNEE RREE

RW EWW LWW MinD MaxD RW EWW LWW MinD MaxD

0 0.005 -0.108 -0.121 -0.077 -0.204 -0.078 -0.175 -0.158 -0.002 -0.158

1 0.083 0.001 0.01 -0.198 -0.111 0.011 -0.089 -0.074 -0.066 -0.128

2 0.154 0.068 0.062 -0.169 -0.038 0.072 -0.029 -0.017 -0.087 -0.066

3 0.359 " 0.365" 0.312* -0.296 " 0.250 0. 160 0.111 0.128 -0.142 0.112

4 0.247 0.239 0.171 -0.220 0.132 0.069 -0.002 0.007 -0.099 -0.010

5 0.039 -0.028 0.124 -0.220 0.065 -0.030 -0.139 0.023 -0.109 -0.020

6 0.115 0.040 0.277 -0.198 0.171 -0.006 -0.109 0.088 -0.054 0.039

7 0.270 0.127 0.137 -0.187 0.113 0.119 -0.013 -0.034 -0.042 -0.008

8 0.404 ** 0.363 " 0.313* -0.309 " 0.306 " 0.171 0.116 0.061 -0.125 0.089

9 0.244 0.270 0.169 0.038 0.202 -0.001 -0.009 -0.065 0.145 -0.023

10 0.065 0.033 0.121 -0.007 0.030 -0.178 -0.223 -0.149 0.110 -0.188
11 -0.400"*  -0.389"" -0.319" 0.296 " -0.421""  -0.474"" -0.493"" -0.438"" 0.301° -0.477*"
12 -0.331" -0.394""  -0.421*" 0.129 -0.493""  -0.391"" -0.464"" -0.499 "~ 0.129 -0.493 "

13 -0.301" -0.248 -0.290 " 0.037 -0.197 -0.324" -0.309 " -0.381" 0.052 -0.227

14 -0.190 -0.279" -0.397 " 0.011 -0.245 -0.210 -0.278 -0.384" 0.048 -0.222

15 -0.222 0.293" -0.403** -0.039 -0.264 -0.170 -0.234 -0.316" -0.058 -0.176

n =36, * P<0.05, * * P<0.01

FEAN TR U6 T B 4 B [ A2 b () G SRR 2 A, 3 C R 8 Cxf AR KR Ve i W i . AR
THERIBE I R 4 A IR BEXHAT A0 SE R e K R/ N B A i e 2 )3 oC iS4 H et el 4 H 2
H,8 CH T HEffalJE 4 H 27 H, BIMEURTERE (%0 H e 20 5076 A w1 FH 2K X AR G A ERIE T BB 55 4
FIRIFFE , WAE IR I F BE AR 1 4 O TRBE AT A0 RS AIE 5 A G B SR IR 70 R [R) RS 4 I B (400 H It i)
S ) AN SRR A HT R ORMERZ B, 11 CR— YT, 11 O w Bt 5 A df), BLE i R0 %A
K IE R T RS KA BIHY 25 A W T & AR 2 X A LS B A% i) A R AR B AR AR A, 1 A8 N 1 o ) A L
23f 11 °C AT H I RIRESR | 25 IR 22 1) T 5 Rl A e T R R B0 11 C 1Y) H R R R 47 58 58 1 DA S
oAb AR AR RRAE AR AT BRI, X5 11 °C A H RS4R3 58 BE IE ARG, 5 A AYF3E N 1.7 ¢, H
PIRBEEMN 8 °C (4 H 27 E)FEHI T 13 °C (5 H28 H) 11 CHFFIEITHEZ K5 A 16 H, T 11 CIlib3r i
AL T 5 A AR SATRHE 58 B 10 O RN T A K AT 48 E R A 1 A 1

MIE BZTE—AE T TG S RINE | BT R R 16 J1 58, 23 A2 AR 1 BE 1 Besi , T B Y A B4 g
B 22 H AR K Wi b5 I RIS | T2 B2 A6 ShBE 1 32 Wik 55 , X6 I A9 A B i 50 /> L ELAR /N2 Tl A
JL AR RN BT B B AR S 15 1 ZETFIETR SIS 1Y 2 S H NIE I T 65% —80% HYAE4E SE ™) A X
T BL— > A A A IR 2—3 &, I I — > A b A R 2 AN ) MO IR B8 X A 0 5 T 0 5
T F g o8 D U K 3 A 05 -1 3 N {9 7 X A A W A L B0 W AR B o e WA N T S RSl Pl Al I o -3
AR BRI eIV B/ N U I A K A SR T K B 5 AT A0 B IR A O, TR L LT AT A0 RS A P B
oo/ N BRI 5 B (7R G AN, 3 TR S5 4R 48 v B IE AR O
3.2 fURIEE

— IR R TS CEM RSB VER  TEARRISE PR AR H AR e L g, H YR
w3 CJR T RE R T AR R A BB RS , S5 KRl B H 43R B 3 °C 4 H BB 2L T 5 °C, 4N 1965 4F:
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AAE R AR IR A TR P RE R B L A R A5 R A T 25

R AL S0 10 Ff & n 4 B B2 JF 46 0 30 (0 38 B8 J2: 8. 4 °C 77 B AR g L s X (4 RR O F B2 A
( Pinus leucodermis ) WA T 3 FF WA T 1 00 S 4708 B R 8.2 °C 107 ] R B 1Ly IR 149 et P o AR Jok 388 FF 05 T e 14
R EY 5. 6—8.5 °C 2% g RAL I £ i ARIY B 242 ( Picea mariana)) A JHFHSIE BUZ & 3 19 IRLEE 734 9. 8
C, X 5B USRI HIT, 8 °C ] BEIE A BT I U2 15 3h i BURGR B2 . [H2 AR LA R S i, 2 Y 1
MAERT IR Z AT E 2 TH G TOCAVER B RS VR Sl f2 i R i A2 ) £ ¢, 8 C i vl g
ST A KA BURIE R, BUA BRI M ASBEIEIA 8 °C R AT LAY A S 5 - H A BB B

TR A BT I IR | 5 200 U2 T A1 20 J5 22 280 = ]It 8] d5e T8 B AR BT A 4 e A i
B SR A SO TRDET 70 A 1) 200 i 5 28 sk A 1 A JRE 9 A A B ) 15 JEE AR I Ak e T U A i
B B 3 CRIEATERF IR IR |8 C IR A B bR Y s AR | 7606 A VE I R — BEmst LS,
ARBHRA TR AR AR Z AT GFN = P B 0 b 52 e 5K S ARG A A e 3 °C X B AT B s ) | ELAS B
FE 8 X FLBA i RGBS Y 5

WFSEUER AR AR AT 1 & 32 252 BRI A2 IR, 5 2R B A B IR ik B —E AR 2 R A4
SR T R H R S R S AR A AR R PR B R R 8 C I K S A SRR B
Je B AR PR 44 B WA 2B KM R W4 R R 5 B, (E2 X R (0 i BRSO A 28 i R R P
PR T SRR B2 ) RN B N A2 18, e R AR T T I AR o 308 ) 248 B e AR X b7 P s [ SR AF 9 1 B 722 A1
BEATE BUZ 1 S 910 5 R A BETED .
4 #Hit
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