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Temporal dynamics and influencing factors of stem respiration for four temperate

tree species
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Abstract; Exploring spatiotemporal dynamics and influencing factors of stem respiration ( Ry, ) is important for estimating
and modeling forest carbon budgets, and helpful to understand variability of forest productivity. In this study, we in situ
measured the Ry, of four major tree species in the temperate forests of northeastern China. The species were Korean pine
( Pinus koraiensis) , Dahurian larch ( Larix gmelinii) , white birch ( Betula platyphylla) , and Manchurian ash ( Fraxinus
mandshurica). Our objective was to examine diurnal courses of Ry across the growing season in order to understand
temporal patterns and influencing factors of Ry, and temperature coefficient of Ry ( Q,,) for the four species. For each
species, nine trees were randomly sampled to cover the distribution range of the tree diameters. A polyvinyl chloride collar
(inner diameter 10.2 cm, height 5 cm) was cut and polished to fit the stem shape of each sample tree, and installed on the
northward side at breast height. The collar was attached with silicon adhesive to the stem surface that was pretreated without
causing any injury of the live tissues, and was kept continuously throughout the measuring period. Each month from May to
September of 2008, the Ry, and stem temperature at 1 cm depth under bark (Ty,) were measured every two hours with a Li-
6400 infrared gas analyzer and digital thermometer. The measured Ry, was calibrated with the collar volume and stem surface
area of each sample tree. Tree species, diameter at breast height ( DBH), month and their interactions significantly
influenced the Ry,. The grand means of Ry, during the measuring period for the larch, ash, birch, and pine were 3. 69 pwmol
em 57", 3.24 umol-m s, 1.64 pmol-m *s™", and 1.62 wmol-m *s ™", respectively. The diurnal courses of Ry
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for all tree species during the growing season ( except for July) overall showed a “unimodal” pattern, largely in accordance
with those of Ty,. However, the occurring time of the peak Ry, delayed to that of the Ty, by 2-6 hours depending on species
and month. In July, the diurnal course of Ry displayed a “sinusoidal” or non-peak pattern for all species. The seasonal
variation of daily mean R, showed a bell-shaped curve pattern, with its maximum occurring in July for all species, which
was in consistent with the seasonality of temperature and penology. There was a consistent seasonal pattern of Q,, for all tree
species, with its minimum occurring in August and maximum in September. The Q,, was significantly different among tree
species, varying from 1.09 for the pine and 2. 95 for the larch. The mean Ry, for each individual tree within a specified
species was significantly positively correlated with DBH for all species except for the birch. However, the model form and
variability of these correlations varied with tree species. It was concluded that the temporal and inter-specific variations of
stem respiration and its temperature sensitivity should be considered in developing mechanistic models of forest carbon

cycles.

Key Words: stem surface CO, efflux; stem temperature; diurnal change; seasonal dynamics; temperature coefficient
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JRAE S MIBOR S AR B R EOCR , YRR vP I B RV B B i R B, R AR Ry 58
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HERAREME" (E 6) , KA Ry B 3bF B RS B 5| R 4 R P R T — MR k%) o SR T, A<
FEHR AR SRR, R M ATE R, \TRES 2 SREARBUMY B ZE B OL IR AR P P AE KRB
Ko BTF Ry HHIEKIFRR R 5 3b 8 BEARSE, T AT A SAA M 4 R BARE ™ o A9 o A K B B A 2%
LM Ry JoeK s AR R B IR K AT EER Ry, (B 5) W] BE-5 HL R AR BE A S8 = T WA B4 (0. 24% ) A
Ko FAKER RyB/N, FT AR S EIMER B R T FELAS CO, I SMBERL ™ A %

x2 WTHERER(Ry)HWEFRHTESH
Table 2 ANCOVA test of the factors affecting stem respiration (Ry )

i H Item HHE df F P

W Rp Species 3, 6319 1404 < 0.001
#% DBH 2, 6319 2257 < 0.001
H 4y Month 4, 6319 656 < 0.001
R x 4£4% Species x DBH 6, 6319 507 < 0.001
&P x H 4 Species x Month 12, 6319 101 < 0.001
124 x A4y DBH x Month 8, 6319 63 < 0.001
AP x 29% x A #} Species x DBH x Month 24, 6319 24 < 0.001

NT 5 UGS RAEN B, FEHE QBB %18 Ry 5 Ty Z I ETHE . 4 MR Q) fHIHE
B RE T T AR B R B, TZEAE K BRI (9 AM) QuBRIIE (B 4), X— QB ALKRS
Lavigne"'*! X 4L 3 48 H-#4 ( Pinus banksiana) BFFE %5 R —Bo X T RER 11 TR T P10 26 43 oF YL B 725 £k By o o
BRI IFR AT, BT e A K I I R I X SR (T 7 RS [, EL TR % Ry 1 53 k6 th B 2 T T
AR o YERFIT IR AR B TR R T, T A K PR A R TR A — AN )R B TR, Ak
F BT IR ARSI 5 5 BEE WA KRR, A KIS R AT K . SRR AR,
AT RE SRR Ry, XHE W S 325485 (E 4) .

AT AT R E AR TIRRE Q)85 A% MR g5 138 B, R T DL — S5
FE0P SECRFBIS PR TIRR Q0B RBARKIRER T AYERE 24, B e S E T EA X, B
5, G R, KA B AT A R B R Q0 FIARSTRZ AT 3K - 17% — +26% , 5 AERF ST .
HW, ABFF I Ry, T E 61 R D 2 b, WUSE 1) 5—9 A 455 0 E AR SR i I 1 B g 5—7 ., 05 el Hy
5—10 Afye B TR FRBFZER I EIMAE IR — , s iR 0, MITIE R . TR, AHF5E HIRE W 12 3 3h 1E
8—53 em(FHIMH 24 em) 3T/ T EARLE" I ELARER (15—65 em, SFIIME ] 43 em) ™ i FA M ZE
W5 Ry MK (B 6) , B, TERER R Pe Bt 25 i R T IR Q1B .

4 Zip

52 1E] 4 ASWFPED Ry B AL 5050 B AR (b — B, 52 AUl LR Ry , (LI ) B i) R AR o 0 ) 469 T
SRyt Ty WG 2—6 h T B F3 Ry BT840 Ty AR H 3 AARSE, BRI, B AR Fh 2 [A]
Qi ERBE HFTERF Q0 E TR 3,768 ARKEIRARME,9 AMRMERKME, BRE
ZHN, A—RRREAMRE Ry SHMZ 2 AE BEEAEE R, HIX I Z T 2 A SCFLEE £ R A
S, XEREWARBEATVE G Ry I— AN EEIGIR . BE—25 DX AN T I, o 24 37 0 9 0 A < P % £ ]
I B XU B 1 SRR N R A0 T PRI AL B 250 01 0 ) bR A 745 28 G S 1872 1l B W o 70 52 A5kt
ER .
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