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Abstract

Aims We assess the relationship among the carbon isotopic signatures of earlywood (EW), transitional wood
(TW) and latewood (LW) from tree rings. Our aims were to investigate variation in the intra-annual stable carbon
isotope ratio (513C) in Pinus sylvestris var. mongolica and determine the relationship between them and homolo-
gous ring width.

Methods Based on two tree discs of Pinus sylvestris var. mongolica sampled from the northern part of Dax-
ing’an Mountains in China, the EW, TW and LW were obtained with different stripping and pooling programs.
After performing ring widths measurement and cross-dating, the periods analyzed were the maximum growth pe-
riods for one sample and different growth periods for the other. The holocellulose fractions were extracted and the
intra-annual 5"°C of samples were measured.

Important findings In general, the 6"°C values of TW are the highest, EW come second and LW are the lowest.
The intra-annual trend of §°C is fluctuateing prominently from the juvenile period to the fast-growing period and
is smoother from the maturation period to the senescence period. The variation amplitude of LW is almost greater
than EW at the same period. The 6"°C of LW is always prominently higher than EW for the juvenile period. The
difference between EW and LW is indistinctive for the maturation period and is negligible for the senescence pe-
riod. The intra-annual variability of 6"°C concentrates on the middle and later phase of the growing season. The
correlation relationship between the intra-annual stc sequences and homologous detrended ring width sequences
(dRWS) decreases with the seasons, which implies that environmental factors play a dominant role in cell forma-
tion and carbon fractionation during the middle and later phase of the growing season in each year. The ring width
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of EW of the current year is positively correlated with LW of the previous year (pLW). Also the 5"C of EW is
negative correlated with the incorporative dJRWS of EW + pLW. But the correlation between 5"°C of EW and 5"°C
or dARWS of pLW is statistically insignificant. The growing season could be divided as: EW (from late April to
middle June, with greater soil moisture and rapidly increasing temperature), TW (from late June to middle July,
with lower soil moisture and maximum temperature) and LW (from late July to middle September, with greater

soil moisture and decreased temperature).

Key words Daxing’an Mountains, earlywood, latewood, Pinus sylvestris var. mongolica, stable carbon isotope,
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Fig. 1 Original value of ring width of earlywood (EW) and latewood (LW) in SZX01-08 and BZ4-10-1.2 samples. Dotted lines

show 6-degree polynomial fitting.
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Table 2  Statistical results of the intra-annual 6'°C sequences in SZX01-08 and BZ4-10-1.2 samples (%o)

FEA G 5 Iif i) M KA /ME SFEE NP
Sample No. Time Material Max Min Mean Standard deviation
SZX01-08 1904-1908 FH Earlywood —24.347 -25.239 —24.784 0.371
3B Transitional wood —23.841 —25.294 —24.696 0.529
Wit Latewood —25.037 —25.516 —25.343 0.198
1924-1928 K3t Earlywood —24.394 —25.495 —24.957 0.464
3B Transitional wood —23.446 24954 —24.549 0.628
it Latewood —24.460 -25.970 -25.291 0.596
1944-1948 K3t Earlywood —24.574 —25.780 —25.097 0.459
RYEBL Transitional wood —24.667 -25.370 -25.063 0.302
Wit Latewood —24.486 26219 -25.816 0.491
BZ4-10-1.2 1897-1906 FH Earlywood —24.176 —26.322 —-25.276 0.741
it Latewood -23.533 -26.972 —24.612 1.032
1912-1916 HFt Earlywood —25.044 —26.224 —25.735 0.453
Wit Latewood —23.851 —25.856 —25.185 0.796
1930-1944 HFt Earlywood —24.483 —25.682 —25.097 0.340
LIV ES Transitional wood —24.095 —25.275 —24.630 0.387
Wit Latewood —24.460 —25.675 —25.093 0.415
1955-1959 K3t Earlywood —24.968 —25.784 —25.431 0.355
Wit Latewood -25.114 —25.749 —25.456 0.243
1998-2002 K3t Earlywood -25.307 —25.904 —25.630 0.268
Wit Latewood —25.138 —26.078 —25.574 0.359
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BZ4-10-1.2 samples.
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Table 3 Correlation coefficients of the 6"°C sequences between different intra-annual phases
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Intercomparison of 6°C of earlywood (EW), transitional wood (TW) and latewood (LW) between SZX01-08 and

FEAG 5 R ZRTPUR 32 LB S s A LA

Sample No. Earlywood vs. transitional wood Transitional wood vs .latewood Earlywood vs. latewood
SZX01-08 0.361 0.797" 0.501

BZ4-10-1.2 0.178 0.324 0.613"

* p<0.05 %% p <001, BZ4-10-1.2, 1930-19444F F)3ELLF51); SZX01-08, 190419084 1924—19284FF11944—19484F = I BLII45 W41 o

BZ4-10-1.2, continuous sequence during 1930-1944; SZX01-08, incorporative sequence of three time intervals (1904—1908, 1924-1928 and

1944-1948).
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R4 BZA-10-1.2FFATEARE P AN [FI I BEO PO RS 58 741 IR AH G R 5

Table 4 Correlation coefficients between the §'*C sequences of different phases and ring width sequences for BZ4-10-1.2 sample
HMIZRFHL Correlation coefficient AHZEZRHL Correlation coefficient

24 Parameter 24 Parameter

0"°C (EW)-dRWS (EW) —0.626 RWS (EW)-RWS (pLW) 0.794”
0"C (TW)-dRWS (TW) -0.416 RWS (EW)-6"°C (pLW) -0.224
0"C (LW)-dRWS (LW) -0.245 0"C (EW)-dRWS (pLW) -0.296
0"C (EW)-6"C (pLW) 0.075 6"C (EW)-dRWS (pLW+EW) ~0.540"

8C (EW). 6"C (TW)RISBCLW) S50 bt b BERIIGE A 11613 CI511(1930-19444F); dRWS(EW). dRWS(TW)FIdRWS(LW) 53514 A4
T BRI 98 AT 51)(1930-19444F); RWS (EW)FI6"C (EW)Z3 1k 24 4F FLA 56 JEHE 7 S F16CI81)(1931-19444F); RWS (pLW)
dRWS (pLW)H18"C (pLW) 73 ik BT — SRS 55 BE IR I 91 T 253 P 51 R6 1 CIF41(1930-19434F); dRWS (pLW+EW)h BT — 4L b 55
LT F(1930-19434F) 5 M 4E UM 55 237 51(1931-19444F) I 5 G751

0"C (EW), 6"C (TW) and 6"*C (LW) are the 0"°C sequence (1930-1944) of earlywood, transitional wood and latewood, respectively; dRWS (EW),
dRWS (TW) and dRWS (LW) are the detrended ring width sequence (1930-1944) of earlywood, transitional wood and latewood, respectively; RWS
(EW) and §"*C (EW) are the initial ring width sequence and the §"*C sequence (1931-1944) of earlywood for current year, respectively; RWS (pLW),
dRWS (pLW) and 6"°C (pLW) are the initial ring width sequence, detrended ring width sequence and the §°C sequence (1930-1943) of latewood for
previous year, respectively; dRWS (pLW+EW) is the incorporative sequence with detrended ring width sequence of latewood for previous year

(1930-1943) and detrended ring width sequence (1931-1944) of earlywood for current year.
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Fig. 3 Mean values of the intra-annual 6"°C sequences (1930—1944) for earlywood (EW), transitional wood (TW) and latewood
(LW) from BZ4-10-1.2 sample, and intra-annual 7/RH for three ten-days of two meteorological stations (Mohe and Xinlin) during
1972-2007 (A), as well as mean sunshine hours from April to September of 1972-2007 at two meteorological stations (B). 7, mean
values of 15-year moving average of ten-day mean temperature; RH, mean values of 15-year moving average of ten-day relative
humidity. Three ten-days are: from late April to middle June, from late June to middle July and from late July to middle September,
respectively.
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