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Abstract; A measurement was made on the vertical direction tree ring stable carbon isotope ratio
(8"C) and tree ring width of Pinus sylvestris var. mongolica in northern Daxing’ an Mountains of
Northeast China, with the relationship between the vertical direction variations of the tree ring §"C
and tree ring width analyzed. In the whole ring of xylem, earlywood (EW) and bark endodermis,
the 8" C all exhibited an increasing trend from the top to the base at first, with the maximum at the
bottom of tree crown, and then, decreased rapidly to the minimum downward. The EW and late-
wood (LW) had an increasing ratio of average tree ring width from the base to the top. The average
annual sequence of the 8" C in vertical direction had an obvious reverse correspondence with the av-
erage annual sequence of tree ring width, and had a trend comparatively in line with the average an-
nual sequence of the tree ring width ratio of EW to LW above tree crown. The variance analysis
showed that there existed significant differences in the sequences of tree ring 8" C and ring width in
vertical direction, and the magnitude of vertical 8" C variability was basically the same as that of the
inter-annual 8" C variability. The year-to-year variation trend of the vertical 8" C sequence was
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approximately identical. For each sample, the 8" C sequence at the same heights was negatively

correlated with the ring width sequence, but the statistical significance differed with tree height.

Key words: tree ring; 8" C; ring width; Pinus sylvestris var. mongolica.
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Table 1 Basic information of the tree samples

B 5 HbBR A 22 iy Wi W iy Ttz e i
Sample Location Altitude Tree age Aspect Slope Tree height DBH Crown height
No. (m) (a) () ) (m) (em) (m)
BZ74-09 51°57" N, 124°36' E 497 120 195 8 17 43.6 9
BZ4-10 51°56" N, 124°36" E 494 122 213 11 18 51.9 7
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Table 2 Statistical results of the 5" C sequences at different heights of the tree-ring samples (2003—-2008)
G2 e We/IME IONI:N F-HME brif2E T £ (353
Sample No. Range Minimum Maximum Mean SD Deviation Kurtosis
(%o) (%o) (%o0) (%o) (%o)
BZ4-09a 3. 141 -27.598 -24. 457 -26. 175 1. 065 0.503 0.816
BZ4-09A 3.505 -27. 856 -24.351 -25.854 1. 306 -0. 402 —-0. 484
BZ4-09h 1. 888 -26. 117 -24.229 -24.932 0. 662 -1.316 1.927
BZ4-09¢ 1.715 —-25.483 -23.768 -24. 689 0. 695 0.043 -1.907
BZ4-09d 1.763 -26.379 -24.616 -25.758 0. 657 1.125 1.073
BZ4-09e 0. 843 -24.610 -23.767 -24.226 0. 330 0. 227 -1.766
BZ4-09f 2.294 -25.930 -23.636 -24.768 0.759 -0. 047 1. 139
BZ4-09¢ 1.538 -26. 069 -24.531 -25.637 0. 657 1.289 0. 056
BZ4-10a 1.956 -25.500 -23.544 -24.376 0. 696 -0.580 0.379
BZ4-10A 1.955 -25.987 -24.032 -25.096 0.718 0. 181 -0. 550
BZ4-10b 3.353 —-26. 366 -23.013 -24.532 1. 249 -0.39%4 -0. 839
BZ4-10c¢ 1. 861 -26.018 -24. 157 -24.953 0. 680 -0.411 -0. 046
BZ4-10d 2.129 -26. 183 -24.054 -25.122 0. 857 -0.272 -1.611
BZ4-10e 1. 667 -26.713 -25. 046 -25.986 0.584 0. 546 0. 448
BZ4-10f 1.538 -25. 643 -24.105 -24.817 0.592 -0. 245 -1.627
BZ4-10¢g 1.730 -25.744 -24.014 -25. 105 0. 641 1. 046 0.672
BZ4-10h 0. 809 —-26.379 -25.570 -25.953 0. 301 0. 040 -0. 805
R3 20032007 FEFRARTEENEREEFIIR 6°C FIHFENN
Table 3 ANOVA of ring width sequences and 6" C sequences at different tree heights (2003-2007)
A5 5 S R Rl A ¥5757 F P
Source of variation SS df MS
AERE YR BZ4-09 I 1990889. 90 7 284412. 843 7.06 <0. 001
Tree-ring width I 357279. 85 4 89319. 963 1.07 0. 386
BZ4-10 1 1865561. 11 8 233195. 139 6.50 <0. 001
I 911469. 83 4 227867. 456 4. 06 0. 007
i stc BZ4-09 I 21.18 7 3.025 6.42 <0.001
Tree-ring 8'* C I 6.33 4 1.582 1.85 0. 141
B74-10 I 9.28 8 1. 159 2.51 0. 028
I 4.54 4 1.134 1. 89 0. 134

I . =518 Vertical; 1T ;4FFR Interannual.
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Table 4 Comparison between height and interannual vari-
ations of different height 6" C sequences (%o)

iH LR C[IEl: =N )

Ttem Amplitude of variation Maximum difference of mean
B74-09 B74-10 B74-09 B74-10

{17 Height 0.980 ~3.441 1.038 ~3.348 1. 815 1.610

AEPR Interannual 0. 843 ~3.505 0.809 ~3.353 1. 696 1.353
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e Bk ) T K T 3 B AR AR A T 7R
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Fig.1 Variation of tree ring 8" C values of whole ring, early

wood and endodermis at different tree heights.
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Fig.2 Width ratio of earlywood (EW) to latewood (LW) from

1972 to 2007 in different tree heights ( mean value of south radi-

us and north radius).

P P RREER 2003—2007 4FE424F 87 C M 2008 4
FUbE 6" C 4k 6 AEAERRIF A, T A AR 25 B & )
W EHAEBR P90 Z A A OC R EL(R 7). SRR W] &
SRIFH AN 6 AF , {H W AR FE AR 199 155 1) 48 22 ] 465 K
ZHCR TEAR OGN BIAE Ay 2 [B) 3K 2] 5k 2 MK F-. X i
HFVAR AR FEA [] o B2 X6 B3 2 3% A i 1y AR ] 20 AR
k. AR B oG B 9 Bk [R) 67 36 3 I PR R A R
FERS H 25 UG A, (B [R) w5 B3 A g o7 2 5 BT
Z5t.

&L 2 T LAt Bl A B A3, PR AR (]
1R B RETE 1972—2007 AF 8] g b W J7 1] L B 61 - 3
o R HUAERE K, A T o B 3] Pl 0030 2] 3 38 14 7 U
N T HL YRR AR S AE R v B ( BZ4-09d, BZ4-10e )
WL — AR IMEL, X T 87 C R /IME X,
FHA R G AR R T LU RN ARE RS 8" C (EAE 6 2 IS
o BLAME.

2.5 TSR TE R T A K 87 C A AR

T AT B PIREAS 1) 5 1) 8 C P 31 AR
JEE RN B b S B G P 5], X R AR A AR A (] 7 1) A 45
(A SFEERHM)2003—2007 4F 1 H 1] T8 2 BP9 11
2H A5 1) D AR AR F 41, 2003—2007 4F B4 F 1] 454F
TR RE Y B LU IO 308 2H A = 1) S B A U B LT
51,5 2003—2007 4FE 1y &) 6 C JFHIRT L. Bl 3
ATLAE Y, BE 3 n, PRFEAS 5 4F 1 58 B2 7 Y (E
FEA RPN R —Ual/N—3E K, BR R T
8" C 74 Bt R} e 348 in 2 34 R —ydl/N—38 K—di /)N,
SRS R R SRR AL YR LT 81 5 87 C F Al
TERET AR AR fb a F AW & BEAS N 45 H AR
TEE A AL , AR 1T 2 A AN (] E R 2 R i



6 A R o

O (4

24 4

R5 TEA2003—2008 ERMEREHS”C BEFFIMNEXREY

Table 5 Correlation coefficients of the 5" C sequences between years from 2003 to 2008 and endodermis for the two samples

2003 2004 2005 2006 2007 2008 B Bz
Endodermis
2003 0. 468 0.610 0.570 0. 302 0. 662 0. 061
2004 0.836** 0.144 0. 658 0.477 0.702 * -0. 055
2005 0. 631 0. 586 0. 369 0. 084 0. 180 0. 190
2006 0.779 0.738 " 0.781" 0. 383 0.776 0. 168
2007 0.617 0.756 * 0. 607 0.712* 0. 470 0.132
2008 0. 489 0.619 0.744* 0.614 0. 395 0. 294
W B2 B¢ Endodermis 0. 166 0.034 0. 682 0. 366 -0.018 0. 391

I2 R R4 R BZA-09 S, A5 EEB4r A BZ4-10 544 The bottom left and top right represented BZ4-09 and BZ4-10, respectively. # P<0.05; * % P<

0.01. F[d The same below.

F6 2003—2008 FHAR—HER 6°C F£IRFIHHEX
REL
Table 6 Correlation coefficients of the annual 6 C se-
quences between two samples for the same height (2003 -
2008)

fincs LEPES 54
Sample No. Correlation coefficient
2-g 0.942**

f-f 0.228

e-e 0.175

d-d 0. 567

c-c 0.815"

b-b 0. 630

A-A 0.031

a-a 0. 684
RIS AR A .

2.6 T RME AR TE RS K 61 C R A BIAR G
P

SR AT REHEBRB A B B AN [A)AE K B B R X
ik T R (R B ], ARl R R AR 179 0 5 R N i
S BEIU A ES 8 C DI E B B34 b TR A AR K ) AR
T T A ). W A R W] AR 45 1 TR 4 1)
AR T A B A ( BZ4-09g 58 a, BZ4-10h 2 67

x7 FHATERSENS C £ERFIMHEXRY

a) , Rl 2003—2007 4F A B A A 4 il 2 i fo e 1,
X REAS BAR 46 S R 8 C I HEAT i B 43 B £
FEBBAE DB T AR, R R R P8 bR 1
U5 P ST AR OGS BT BE A W6 IR B T 220K, i3k 8 7]
DIE 4K 24087 C )P 5 5 98 B ¥ 51 2 A OG
AN 500 s BE E AR B 88 2 M AKCOT RS [] e B 1 35
A7 FIASTR]. U AR A A K 14 5 R i, T 7 P
8" C {E IR, %S T B2 AR AE [R5 28 46 b BE 1 X b
PR AA R — B e . JE IR BZ4-09d A
BZA-10e #1148 C 741 SAF4E 58 BE ¥ 51) 22 [4] (1) 67 A
KRB IR R FAERS 8 C Il IMA.

33 i

3.1 W AT e B R AR B

TR — A T BRI AN [R) B2 A9 A 7 I DA
CRIES S CRR IR NS PSP ALE SN S
R AR, M 2RI R AR TR B2 T i
TOUHR 1) H 7 1) A 7, DR TR A 38 ) 12 eI
FERR AR 72 5 A K ZR 2 TR A A R fee 2 11
TE B L ZVE S IRIR , phy 75 1o THAR 28 R A 70

Table 7 Correlation coefficients of the annual 5" C sequences of the two samples for different heights

5 g f e d c b A a
Sample No.

h 0. 351 -0.035 0. 624 0. 670 -0.162 -0.057 -0.207 0.221
g -0. 359 0.112 0.485 0. 633 0.779 0.515 0.536
f 0. 635 0.370 0.361 0.298 -0. 206 0.264 0.421
e 0. 807 0. 622 0.276 0. 189 0.119 -0. 343 0. 195
d 0.874" 0. 640 0.954"* 0. 307 0. 106 0.532 0.718
c 0. 448 0. 692 0.172 0.138 0.823" 0.729 0. 622
b 0.570 0.726 0. 565 0.434 0.703 0.525 0.223
A 0.783 0.427 0. 800 0. 753 0.368 0.390 0.619
a 0.785 0.582 0. 856 " 0.883" 0.265 0.282 0.913"
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Fig.3 Sequences of 6" C values and ring widths and the width

ratios of earlywood (EW) to latewood (LW ) at different tree

heights ( mean values of 2003-2007, south radius).
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Table 8 Correlation coefficients between the annual 6“C
sequences and homologous ring width sequences for the two
samples (2003-2007)

&5 FHE R B Correlation coefficient
Sample No. BZ4-09 B74-10
h -0.722
g -0. 344 -0.966 " *
f —0. 445 0. 007
e -0. 537 -0.729
d -0.591 -0. 494
¢ 0. 166 -0.247
b -0.208 -0.786
A -0. 862 —0. 087
a -0. 630 -0.125
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