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Analysis of stable carbon isotopes in different components of tree rings of Pinus
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Abstract: Analysis of stable isotopes in tree rings is an important tool for global change research. There are two major
advantages of using tree ring stable isotope data; they can be used for paleoclimate reconstructions with perfect annual
resolution, and the confidence limits can be statistically defined. In addition, trees grow worldwide, and so it is possible to
examine geographical climatic variations that have occurred in the past. Another advantage of analyses based on isotope
ratios in tree rings is that the physiological mechanisms controlling their variations are reasonably well understood, and are
relatively simple compared with the numerous factors that control the annual growth increment. Most research on stable
isotopes in tree rings has focused on the stable isotopes of carbon, because they are the easiest to measure and show the most
rapid development. However, to date, there is no consensus on which component of tree rings best reflects the climatic and
environmental changes in terms of the carbon isotope ratio (8" C). In this study, we investigated the differences in 8" C
among different tissue components of tree rings. Two tree disks of Pinus sylvestris var. mongolica ( SZX01-08 and BZ4-10-
1.2) were sampled from forest on the north slope of Yilehuli Mountain, Greater Khingan (approx. 51°57'—52°00'N, 124°

13'—124°36'E) . This site is located in the exclusive cool temperature zone of China that is dominated by coniferous forest
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vegetation. Tree-ring samples of earlywood (EW) and latewood (LW ) were obtained with different sculpturing and pooling
programs to avoid interference from non-uniform aspect distributions, i. e. both samples were sculptured for no less than two
aspects (E+S+W for SZX01-08 and ENE+W for BZ4-10-1.2). Based on measurement of ring widths and cross-dating, the
periods analyzed were the maximum growth periods; AD1904—1908/1924—1928/1944—1948 for SZXO01- 08 and
AD1930—1944 for BZ4-10-1.2, according to polynomial fitting of ring-width sequences. The holocellulose and a-cellulose
fractions were extracted using the Soxhlet method, and the purity of the fractions was confirmed using a NEXUS670 Fourier
transform infrared spectrometer. Stable carbon isotope ratios in different components ( a-cellulose, holocellulose and

plus

wholewood ) of samples were measured using a ThermoFinnigan-Delta”"XP mass spectrometer and expressed as 6" C relative
to the Vienna Pee Dee Belemnite ( VPDB) standard. On the basis of relative analyses, the following results were obtained ;
(1) The 8" C values were highest for a-cellulose followed by holocellulose, and lowest for wholewood. In general, the
differences in 6" C values among the different components were greater in LW than in EW | as demonstrated by the standard
deviations. All differences were statistically significant at the 0. 001 level as determined by ANOVA tests. (2) The scatter
plots of o-cellulose vs. holocellulose and o-cellulose vs. wholewood showed that holocellulose was more similar than
wholewood to a-cellulose, in terms of 8 C values. There were no significant correlations between a-cellulose and
holocellulose or between holocellulose and wholewood for EW. In contrast, correlations between the 8" C values of the three
components were all statistically significant at the 0.01 level for LW. This indicated that the isotope signals of LW in tree
rings are more coherent and more sensitive to changes in the local climate and environment than EW. (3) To some extent,
the climate or environment signals reflected by the 8" C ratios are more significant for holocellulose than for a-cellulose.
This probably implies that the climate signals were impaired during extraction of a-cellulose. The relationship between 8" C
of wholewood and climate or environment factors was statistically insignificant. The extraction of a-cellulose is time
consuming and results in decreased accuracy; therefore, it is preferable to base palaeoclimatic or palaeoenvironmental

reconstructions on data obtained from holocellulose in LW.

Key Words: tree rings; stable carbon isotopes; dendroclimatology; environmental change; cellulose; conifers
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Table 1 Basic information of the tree disk samples

25 2 TR B SRR ] W/ a [iEApES RAEWE
Samples No. Locations Sampling time Tree-age Sculpturing program Pooling program
51°59.739'N,124°13.203'E - ELG AL
SZX01-08 ’ ’ 2005-01 23] ’ E+S+W
796m a. s. L. 3 Bix5a ™
51°56.995'N,124°36.070'E, i
BZ4-10-1.2 2008-07 117 ENE+W
494m a.s. 1. 4k 15a *
SZX01-08 BZ4-10-1.2
£ c 3 R2=0.7075 6 R2=0.7973
- B
P
4 o
=
g
'_
0 0
1774 1814 1854 1894 1934 1974 1895 1925 1955 1985
Year

B2 HmEERFIIREGE
Fig.2 Original values of samples width
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PRlfE o 212 ZRE LTI EIS AT X EL, LA 50 I It AR 4 LI 21 24 3R 4l B 2 B AT A AR e, AR T AR 7 g st Uil
R EE IR HC FTIR-NEXUS670 AU HL AR 21 AN AN 58 i, 22 Ao SCHR ) % He 43 i 26 B
PR AR EU N SR LT A R o LR Y- RFE AT B Al s L Ao K,

- ) HAc/NaClO, NaOH/HACc/
Water bath with Acidified/sodium Sodium hydroxide
toluene:ethanol + chlorite Ineutralization/acetone q.47 4t
Wholewood Ligin+holocellulose Holocellulose a-cellulose
Degreasing Bleaching Caustic washing

3 RRHRZEERER

Fig.3 Brief flowchart of Soxhlet extraction
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Fig.4 Original values of samples 6 C values for different components
E. 4t Earlywood; L W#4 Latewood
Bl WFBHZ 2K G B LA 4 R o 2F 48 FAK 0. 121%—0. 223%o, 4= K ML 45 41 4 R AIK
0. 714%0—1. 086%0; M At 1 L5 £F 4k Rt o 2F 4k R K 0. 3%0—0. 393%0, 4> A X M 25 4F 4 Z A% 0. 943%0—

1.002%0, J3R-MER R 0 T [l —#5T, [RI A REAR R4 53 Z 81 8% C AR AN R R B 1) 28 57, AR 1 2 4
PRk , WA AR 23 Z ) 81 C (B 22 5 AR A T — 2

F2 WHERFEER SARENLEARNSVC FINFEITER
Table 2 Statistical indices of the '3 C sequences for different components in samples

W 25 B o S RAB %o e/ IME %o SERIME %o brif 2
Samples No. Material Component Maximum Minimum Mean Std dev.
SZX01-08 HAt EW a G YEE a-cellulose -23.658 -25.550 -24.723 0.455
LELFYE 2 holocellulose -23.347 -25.780 -24.946 0.423
47K wholewood —25.445 -26.638 -26.032 0.337
Mkt LW a 4% a-cellulose -23.636 -25.978 -25.090 0.706
ZEAHEZR holocellulose -24.460 -26.219 -25.483 0.491
42K wholewood -25.390 -27.123 -26.485 0.502
BZ4-10-1.2 B EW a 4R a—cellulose -24.151 -25.372 -24.975 0.365
L7 4EZE holocellulose —24.483 -25.682 -25.097 0.340
4K wholewood -24.970 -26.329 -25.811 0.370
Wbt LW a FYEE a-cellulose —24.288 -25.231 -24.807 0.310
L 4EZR holocellulose —24.46 -25.675 -25.107 0.397
4K wholewood -25.536 -26.439 -26.050 0.307

5 A PREA I LG AT ) o 27 2 25005 SR 41 2 25 AN A A I, ARG I, 38 3 SRt g A [ ) 7 R G 56
55, S TLUE TR IS SR B AT, PR A I SR B 2R F A R A T AR S WM B o 48R 11
SUCIHH N — 3 (HEREIEAHELR) , RNAERE RN R AR br L LR A R AR T o PR, 456
5 WORGER 2 3 I REA LA I ZREFAEZR AR SAHR Y o £F4E 3R A2 01T 400 & 25 A X B L3R
AR, HA R b i TR b, X R BT 1 45 2 o0 X S A B B R M o A — OB T4,

2.2 WEFMAFAS 8V C PN 5 2 08T

XIREFIAANF L 53 1) 87 C P ANHEAT I5 2250 B (3R 4) V45 R IR, T RO R & W bE , AR A B A [R] 24 43
Z A 87 C 2 S R L W 3E 1, BT T 0. 001 14 5 7K, NI 225K, W bA 14 45 41 43 2 [A) A B 22
SRR,
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Fig.5 Variation patterns of the '3 C values for different components in samples
x3 AHARBRVNSAEZIMERENF o FEZHNE TS
Table 3 Linear Regression of holocellulose and wholewood for cellulose with different materials
. 5 RZ
o 4 bR 1 FRIE R
. . . Correction P
Samples No. Material Regression equation .
coefficient
SZX01-08 FA EW SPC LEL Y =0.586(£0.200)8"C o £F4EZ-10. 456 (£4.941) 0.352 0.012
8B C A =0.443(0.164)6"C aZF4EE-15.069 (+4.067) 0.309 0.018
Wikt LW 8P C LA YEZ =0.591 (£0.102)8"C a2 4% -10. 645 (£2.552) 0.701 <0.001
8B C A =0.668(+0.068)6" C afF 4 -9.723(£1.703) 0.873 <0.001
BZ4-10-1.2 FEF EW B C LA HEZ =0.451(£0.226)8C a2 4K -13. 822 ( £5.652) 0.176 0.067
8" C 42K =0.707(£0.202)8"C a4 -8. 156 (£5.045) 0.446 0.004
Wbt LW SV C LY =0.872(£0.260)8" C a2l 4 % -3. 466 ( +6.445) 0.423 0. 005
8B C A =0.699(+0.194)68C afF4E £ -8. 698 (+4.806) 0.462 0.003
F4 TWHEATELSH 6 C F5] ANOVA 53#7*
Table 4 ANOVA analysis of the ' C sequences for different components in samples
B k45 s S Ji % 1 EE ¥o7 F
Samples No. Source of variation SS df MS
S7ZX01-08 HiF EW 14.722 2 7.361 44.213
Webt LW 15.517 2 7.759 23.472
B7Z4-10-1.2 R EW 6.118 2 3.059 23.814
Wbt LW 12.623 2 6.311 54.336

= g FHX/NF 0.001

FIIH Student-Newman-Keuls ( S-N-K) J7 &% AR 415319 87 C JPH1iEAT FHIAZE (R S) , v LUA H 6T
M IREARILET GRS a 4R 8V C P Z i 22 5 AR B2 FTLUAE—28 e AR 5 X P& 257
B, MR R o2 X THRMI T, SZX01-08 HEARMLELF AR S o F4ER T 67 C J 4 Z A 1) 22 AT A
W3 AT DIES—28 AR 53X P 1 22 AT 9K 1035, 0] o 05— 28, BZ4-10- 1. 2 FEAHY 3 A 3 22 1] 22
SRR B BT LR MR RS o YRR 87 C FHZEFE/NTH S &AM 6 C F52
5o VLB BT [RRE R ITERR Bk [ A8 hR b SR AR AR TR T o SF4ER
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Table 5 Subgroups of the 6 C sequences for different components in samples

T 545 = 414 FUBFF4E Subsets of EW Wbt F4E Subsets of LW
Samples No. Components 1 2 1 2 3
SZX01-08 22K Wholewood -26.032 -26.485
LEAYEF Holocellulose —24.946 -25.483
o 42 a-cellulose -24.723 -25.090
BEE Significance value 1.000 0.141 1.000 0.068
BZ4-10-1.2 2K Wholewood -25.811 -26.050
LELTYEZ Holocellulose -25.097 -25.107
o ZF4EE a-cellulose -24.975 -24.807
.21 Significance value 1..000 0.359 1.000 1.000 1.000

2.3 WFMAFAS 8% C P HIFHE AT

BEAR, 25 B 68 C AL ERA T r— 30, B —E AR (R 6) . Hif B o RS2
AR Z B AR M i, IR B T 0. 01 B8 K T o P4 R SLE4F 4 R DU SRR 4E R 5 2R Z IR A 5%
PR 2E  ARIA 35 5 0 KT s A F 45 150 Z RIAH DG HE YA 20 T 0. 01 M B E MoK P R R 54
AR ) B A DG f i, 5 b 22 T )R S 22 it B B

F6 TEESHSC ZERIHEAEME(BZ4-10-1.2, 1930—1944)
Table 6 Correlation coefficients of the 6 C sequences between different components ( BZ4-10-1.2, 1930—1944)

o YR LR YR a YRR YR
a-cellulose-holocellulose a-cellulose-wholewood Holocellulose-wholewood
KA EW 0.484 0.697 ** 0.337
Mokt LW 0.682*" 0.708 ** 0.897 **

# o 1R 0.01 K b ARG

A AN [ R A3 B B R 22 [] 61 C 8 B R AH S, K BZ4-10-1. 2 R [R A 43 67 C T3 91 4% 51l 4 >R AH
X, EERIE T,

F7 FEBRSHIBMHZE 67 C MHEXME(BZ4-10-1.2, 1930—1944)
Table 7 Correlation coefficients between EW and LW of the 6 C sequences for different components ( BZ4-10-1.2, 1930—1944)
o LFHERE a-cellulose LREFHE R Holocellulose 4K Wholewood
0.653 " 0.611°" 0.302
# 1E0.05 K 1 BEAR; « = 10,01 K b BEMR

M1 7 W LA Hh AN B AT 22 (] 87 C R A ARSCHE AT 22501, HerP A BN o 2T 45K 87 C 7971
Z A BIAR MR 35 IK 3 T 0. 01 B B3 MIKF ZREFHER B9 67 C FFHARSCHEAR LU R 25, 363 1 0. 05 #Y2
FHEKE AR 67 C FFFNAIE R 22, WA IA B R MOCHYRERE . X ULRA , 74545 1 B8 1) e b 2 Al it
R, i 3 MU 19 G BURARANR] TR AR 1 —ZE DT T, o S YRR T — A B A E T
SECT WA 87 C ARSI O 3 MIZREFAER 1 TR BR TR JEANAR B B0, HARE PE LA LR
PHAR PRI HCA M A 1 85 C R OCHE FU A B35 5 T A AR Y o 2 G T 2%, WOCH SR M ) A RN BR 52 A8 1
M 7 14— S50 P L A L T TR A A
2.4 PR BRI 23 67 C 5 A Kt AR DG

LA A A R/ NI LB BE 0 B8 /N, 2 B 52 W) 1 Btk e Pk () 6 3R B 200 5 S i A5 7
HEUY N BZ4-10-1.2 FEAR R IY o PR LT UER AR 85 C 751 5 R 4R A K i il A TR DG
SPHT (R 8) o b LR A AR A R A HE b 58 B2 3 81 (5 220 75 S R [ (9 45 D7 1) i 88 0l BB 2 ) B
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T (658 B P 50 R Ak 203G IR 267 50) A0 . it R B, AN RS2 b ik A, w4
o FFHER LREFHER KRN 8V C P SR A K 22 A2 A O R, st vl PR 48 58 B sl B 98, Jom 4
B 6" C EARAR, o A C REUR B N SRR YE R | HIR M SRR 4E R 87 C P31 SIHE 58 1 1 51 1) T AH
IKF] T 0.05 R E K,

®8 afBE FHABEREAK 6VC FHFRE T EHEX LB (BZ4-10-1.2, 1930—1944 4F)
Table 8 Correlation coefficients between the 6'° C sequences of three components and tree ring width sequences ( BZ4-10-1.2, 1930—1944)

a2l o FFYEE LR R E¥N
Material/sequences a-cellulose Holocellulose Wholewood
R EW FEFEF %) Ring Width Sequences (RWS) -0.030 -0.516* -0.088
FHHIT ) detrended RWS -0.008 -0.491 -0.073
HEAT LW F& % 741 Ring Width Sequences (RWS) -0.098 -0.209 -0.279
EHEHF ) detrended RWS -0.066 -0.173 -0.250

* 7E 0. 05 7K b ik AH %
3 iFig

Warren %54]Eﬁ%7ifﬂ,%fu+$ﬁﬂgé* SPC H ML 4 Z % 0. 87%0, Helle Fll Schleser'™’ KI A TR
AR A4 KO L B PE ( Fagus sylvatica L. ) 1Y) 3a 8" C {274k R B & KK L 0. 5%0—1. 8%0, 335
W HOR [ AT 22 181 6 C ZE (B AE R4 A7 A A AR B A i e (B AR RIRAE I A T 225, Loader 450 7
X FEBR ( Quercus robur L. ) BERF BB Hh & BRET 4 28 FIR i R R4 P B9 ] 457 28 0 TR AL 43 391) HE 2 K55 1%
FUIL 2%o , F N R HAR T GE 5 AR B FEF4E 3= & LB Be OGS VE = o3 i 0 — UOR BRACII S B A G . AN
A B 8 C (A 22 S MR R, Ao 4 S Dk iFse AR, R IR R $e M B E |, A 1045
I3 8 CAEZ 22 Ik 35 | M M E, AR 6 C (AR, BB T o FHZHGTAE N o LFHR
FZEEF AR Z I 200 AN (1 4 FIELS ) o IBRUHEZERTE , TCIR A iR b , 4 AR I b o 25 AR X 22/
TFE YR ML YR XM T AR A AR I SRR A N AT Y RRNZEEF A 2 o0 M TR, AR
R ) SR B A  E 2 45 A AN ] B4 B B R AT 4 28 DA E 25 A0 2 b KT b, XA — e B b e 7 X F
CRAFER BT T WA G AR A M sl A5 AR Ahme o A UM TSR (R 2)

KA CO,H Y 8% C A — AN N FEAE-6. 41%0( TAVALZ R ) ——=7. 87%0(20 142 80 4E4C) Z 8] A Hy
X B TS o ZFAE K T 87 C (AR N -23. 65—=24. 35%0( 1948—2002 4F) . AN 1S g Al
ISR S5 OB B AB ) 1 A BTG Sl A, OG5 A R [Ttk R T 30 i , AR L 198 3023 T A £ ) £ 4 R
SUC ™ AHE 1A T8 BEER A A TR IE i 2 S AR PR e, H b A T R AR ) A K 1 45 b o S Ak
MIEAE R ML 4R §° C HSMF M T P KL R HEY (£ 8) , W P E TRAY
AEAE K I SR IREEAE B, E—20 R B TR A R ik 7E 407 T 06 A VE R AR [ R iR e, ot O F
AEXTRRE o TSR AA 14 25 A 1 5 A A i 22 ) PR R G 3R 80 3l AN 3, 33 107 5 W b P e S e /N, ARLGT T o L £
BARAE R A

TAFFE R I o Y RF A Z IR 6 C A7 FIA IR 28 22 o) — R i 3% AR Sk 1207 (i 453 i I
A8 C AT LUSUHE Y o SFYEZR Y 87 C A, PRI — I8 3 XSS A I o 27 4 2 AR U b ZEPE R s o B o
WA S ARAC T TE bR 78, AR AT LA 2 R 2T 4k K ol o £F 2 2 ] B 28 585 00 R B4 iR o0 RV
Borella 25" I\ Ry X Frididk be s FH T2 ( Quercus palustris) FERFIRERS ( Zelkova ) VL S HE il ARB B, If- A
W TFA A, 1M Loader 27" AURFFTINN , SAFER AR TR R A L, AR A AS© C & B LA SRR 5,
FFIA X AT e 2 A AR IR 22 80505 1 28 i B v () SR R 2B, AR RS v, R B A P FhobE BT 1) o 27 4
RMLRAER M 87 C )P HIARCHERS LA 2, 70k 2] T 0.01 F10.05 Y W Z MoK 4 AR 1 87 C JF 51 A
Sl i AR B A SRR (6 7) , RIHLELT e R o £F4E K 67 C JFHIIE R H AT , 76 S S A MR 51 A8
fERIBE S EEEAARML, Cullen Fl Grierson™ X A F W B MIFS (€. glaucophylla) MITFFTIN R, 58 36 K FH A
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£ AEZR WA L BEA TR HE RIS, B S ILRARBT I HAR IS . Al AT TIA R, B9F 5 A AU AR At 3t >R
EACRARBIAE bR, 02 R I e 1 EOGTE F bRy, A4 24 R HAR AR, B2, LR
FER ARSI 67 C TP FR B AR B R BEAT T 22 5 . ASFSE AR Y ZRETHER 67 C Pyt
SRR AR o R 5VC HRFE L (FKS) MK 87 C BN KRR ARYIE,, Jaggi F
WESE T BRI A2 (Picea abies ) WHERAA R A ARRES 5E [F) 0 2K 2 0, A B 67 C B 54 R 5500 C,
Wbt 6" C {E-5 SR ST X A BEAT 5C O Ui, TR A3 0B g 4R, IR AT B4 TR (0 R A5 5
HIAE AL (CANGERIE B DRAE | A )3 3R A5 5 2 B2 SR AR R M), AR TS A 45 R I3 — 5 T S FF 11X —

45

TEARB A HEZIE AR TT T8, AN T4 5, WE b B £F 4 3K BRI, S8 BE B, B 98 L 20 T
B, MTRERS AR/ IN , RIVBE IS LR T-1E AT AT A8 A 2 L DR A | A R DX A A7 B AS [ 1
e S RIVGE[R]RR RI AR A Ay 22501, 2E BHAR SRR AR XS A A AR AL 27 B o W 45 R R I ZREF e RO &2
FIY 5 78.62% ,MERLFAER Y o SFHER SCHAT BRI L], 5505 68. 31% , HAx g /b i i 0 ALK
GHAER L TBEIAN o AR R B PE TR X RO AR E | (R TR AR OGS R v 25 B 1 AR T 3R 47 4 22 45 A
3, IR R A R R RE AR T URAR B B4 MR A — BRI S . w1 TABISE S 2 T R 4 P
Tl JB A AN [ 28 0P S, 255 REAE AR 22 B oA AR S A 7 oK, B 14 e 221 o s I o I ) < 5 ol i AR i
%, PITR BEXT R 48 73 e A1 PR A4 ST 3 RO 410 65 C 5 T B R . (HABESE RIS SRR, F1
FHR S8 WA A 2R 21 24 3 o0 AT A sl PR T 5 1T 199 20 A | I 32— PR G A 22 17 S FR B AR A8 9 ik
4 it

(1) HRA AR B AR o ARG ARZE RIS, o FHER GLEA LR UL HER 58
AR TE] AR S AR AR A 1 ) 5 38 P 5 TR 9 2% B Z IR OGPEBIA S 1 0. 01 9 8 2 K1, HAR A
R FR BRI 0 12 T IR (125 A3 22 6 PR A DG R 80, 3K — S T 1) 2 O 4 RSB0 T e 2 T e b
8985 1873 2Z T [R5 2R 15552 ARSI ) — B0k 8 L A B R 3

(2) BHEHEA RIZRETHE R 6V C PRI 22 RIS AL R BEAR 4RMA . 5 I8 3] o £ 2 3R IO AR L
TR AR BORT REZOR B, DL TAR R R N 3R AR A i SEAR A 15 D0 T R AR R e b1 1 25 2T R
8" CHP AN EA T U B PRI AL A S R REAR R 2 32 3t £ B 5 8, LS8 3 PN R I A SRR X 3 i 2 T 4,
— IR AEAT S B A BAR TR 1545 ROBESE Th A )iz HARA B E R R AT

(3)LREF 4R 8" C I AMRE(E BAE LB T 1L o 2P 48R 87 C R B 3% XARA T RE R R G 1E o 274
R FEIUE R b 22k TR UMRAR B TR IR SRR 1 A SO TR B 2 A AR A W TR o 27 4 3R SR MAY 0 B Y
JRGE, PR HANUR: Bl i T AR — 5 1 i PR AR AT BB Xt o 21 4 3R A UMkl P 5 st o A v A R
RIS EHrA HBE ], X — s B LA S o ZFAERTETEAE 2 RAEE L RRAG R, 75 ZARSEIR AT IR
it
Brigh: RO AR TR & EHR I 7R SMeE bl R AR A 8 v S 6 A0 3 1, SRl S P A T R A Dt S5 R W
BEFNZT A R AR T AR P 4 T RO,
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