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Intra- and inter-specific variations in stem respiration for 14 temperate tree

species in northeastern China

XU Fei, WANG Chuankuan” , WANG Xingchang
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract: The stem surface CO, flux (R ) is the major component of tree autotrophic respiration, and represents tree
growth activities and metabolism. The R variability, however, has not been well quantified for the Chinese temperate
forests. The R\, was in situ measured for 14 major tree species coexisting in the temperate forests in northeastern China. The
species included diffuse-porous species ( Betula platyphylla, B. costata, Populus davidiana, Tilia amurensis, and Acer
mono) , ring- and semi-ring-porous species ( Ulmus propinqua, Phellodendron amurense, Juglans mandshurica, Quercus
mongolica, and Fraxinus mandshurica) , and coniferous species ( Larix gmelinii, Pinus koraiensis, Picea koraiensis, and
P. sylvestris var. mongolica). The objective of this study was to (1) quantify intra- and inter-specific variations in Ry, for
the tree species, and (2) examine changes in Ry, with tree diameters and seasons in order to mechanistically understand
forest carbon cycling and provide solid data for developing and validating the carbon cycling model for the temperate forests.
For each tree species, 12 — 18 trees were randomly sampled to cover as wide DBH ( diameter at breast height) range in the
stands as possible. A polyvinyl chloride collar (inner diameter 10.4 cm, height 5.0 —6.0 c¢m) was cut and polished to fit

the stem surface shape of each sample tree, and installed on the north side at breast height (1.3 m). The collar was
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attached with waterproof silicon adhesive to the stem surface that was pretreated without causing any injury of the live
tissues, and remained in place throughout the measuring period. An infrared gas exchange analyzer (LI-6400 IRGA) was
used to measure the Ry once every month from 08 :00 to 17 :00 within three to four consecutive sunny days during the period
from June to October 2009. Stem temperature at 1 cm depth beneath the bark ( T\, ) was simultaneously measured with a
digital thermometer. Tree species, measuring month and their interactions significantly influenced the R, (P < 0.001).

s for P. amurense to 3. 12 wmol CO, m s for

The mean R, during the measuring period varied from 1.32 pmol CO,» m"
L. gmelinii. The mean Ry, for the ring- and semi-ring-porous species was greater than that for the diffuse-porous species,
while the mean R, for the coniferous species varied greatly. The mean R for all species showed a unimodal seasonal
pattern, with the maximum and minimum occurring in July and October, respectively. The intra-specific mean absolute
(standard errors) and relative variations (coefficients of variation) varied from 0. 11 —0.29 wmol CO;m™s " and 61% —
89% , respectively. The R, tended to increase with DBH increasing for all species, but the forms and determination
coefficients of the regression models were species-dependent. There were significant relationships between mean R, and
DBH (P < 0.05) for all species except for U. propinqua and F. mandshurica (P > 0.05) , suggesting that DBH be a
simple and practical proxy for predicting and extrapolating tree- or stand-level Ry,. This study highlights the importance of
taking the intra- and inter-specific variations in R, measurements into account in cross-comparing Ry and extrapolating

chamber-based R, measurements to tree- or stand-level estimates.

Key Words: stem surface CO, efflux; seasonal dynamics; diameter at breast height; diffuse-porous species; ring-porous

species; coniferous species
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Table 1 Basic characteristics of the sampled trees

Rl WD WA HEARB Wa# DBH/ cm
Species Species code Tree property Sample size i [Fl Range HI{H Mean
MBI Larix gmelinii lys PRI AR 14 11.5—44.3 26.3
£IHN Pinus koraiensis hs (e Sadin ) 14 7.8—28.7 18.1
211 A2 Picea koraiensis ys R R 12 10.1—40.3 24.5
RETH Pinus sylvestris var. mongolica 7zs B AR 13 13.4—31.4 22.2
F1#E Betula platyphylla bh LA A AR 18 9.2—40.0 21.9
WA Betula costata fh AL A AR 14 9.5—35.3 22.2
11#% Populus davidiana sy AL A AR 14 10.5—43.1 27.7
M Tilia amurensis zd LA R AR 12 11.9—40.9 24.7
T A Acer mono wiq AL AR 14 8.6—37.7 22.6
FH Ulmus propinqua cy IRALAA A 14 9.9—42.6 24.4
W Phellodendron amurense hbl IS R AR 14 9.3—38.1 23.9
AR Juglans mandshurica hiq 2L RFLA v A 16 11.8—50.3 29.0
52 Quercus mongolica mgl IR AR 13 9.5—53.7 30.2
KA Fraxinus mandshurica sql FRFLAA R oA 14 10.6—51.9 30.0
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PRI AR U] 53 ST 00 2 4 2 i ARURI I I A% B AR R — | BT AT X S A Ry iR ATAG IE 'Y A IR F
AR,

V+V -7 (d/2)°h _ S

F. = v x?ch

http ; //www. ecologica. cn



3584 A E = 314

AL FARIEJE B Ry, (mol COz-m_z' s F ONRIERTHY Ry, (ol COz'm_2~s_1 ),V RGN FL
FRFL(991 em®) , VERIFIIA R SEFRAARF (em®) , S R GBI FIILE HIAL(81. 7 em®) , S’ Ry IR 34 i 7 5
BT R EA (em®) ,d F1h 433036 APE IR B R4 2 1 AMERTREE (em) |,

PR 2300 5 AR RN D3 A BIR A, AS o] R BT A AR T 1) Ry AHEAT W] 52 | PRI AN BB LR FH O 2200 BT L
R WFhNFRE 225 ST &P Ry 32 Ty 7% K1 DBH W52 | IRILAE HUEE Ry, BOF P Fh (] B L2 22 St
¥ Ty M DBH AE NS & R 5 22081 (ANCOVA) |, FFAE Duncan & PE2E S ARG 50 , IEHERR T, A1 DBH (1)
M, A0 K DBH ¥ 5 cm —AMEB TR S, 38K R W DBH WAL LA, FA BRS04 H SAS
8.0 5EHY,

2 #R
2.1 BRI b ] R0 N AR S

77 2253 BT 2R, Ry R ) 25 57 B 35 (P<0.001) (£ 2) , T3 Ry I8l 7E (1.32£0. 11) pmol COp»m~™s™
(¥H£SE , BB ) —(3.1220.29) pmol COym™s™ (P4LIEMFA) ZIRI(E 1) J5#H 2R 1 2.36 15, Gfk
M5, PRFLAA I (R S8 ol AR TR AT , B3 36 305 3 A1 ) A SR FLA i CBEBRARK ) A28 Ry, v T HIFL A
VA A ( AR BRURE LA RSB, R L AAARAD) S BRI Ry 20 3K, Hoh D229 AN RN AT 2 A A2 1073
Ry B35 FHUFLAAR Bl (L LT AN RIS P AR AT (B 1)

Ry, IR N 4 XA S (B, SE ) FAHX A8 S (742
SRE, CV) BIBER R AR AR (B 1) 3 SE R /NVHE
JPRA 5 R W HET — 3, LU 3E 2 1Y SE f/h

x2 MTHPREXRZWEFHNTESN
Table 2 ANCOVA test of the factors affecting stem respiration
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BRI/, BB TE 61% (L4112 7 42)—89% ( 14 A Species 13/905  22.3  <0.001

A Month 4/905 4.4 <0.001
) 2. BT S o i W .
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Fig. 1 Stem respiration rates and intra-specific variations for the 14 tree species
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Fig. 2 Monthly changes in mean rates of stem respiration across the 14 tree species
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Fig. 3 Changes in mean rates of stem respiration across the 14 tree species with DBH classes
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Fig. 4 Relationships between stem respiration rate and DBH for the 14 tree species
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