38 8 Vol.38 No.8
2018 4 ACTA ECOLOGICA SINICA Apr. 2018

DOI: 10.5846/stxb201705160912
2018 38(8):2732-2742.

Zhao G Liu G C Zhu W Z.Spatial variations in the stem CO, efflux rate of Abies fabri and the response to temperature in the Gongga Mountains. Acta
Ecologica Sinica 2018 38(8) :2732-2742.

12 1 1 *
1 610041
2 100049
: - (HOSC) (Abies fabri) co,

(E) E, (7o) o E, T

0.3m>1.3m>2.3m  1.3m E, ; E. T, > . E,
0.51—0.99pumol m > s~ 0.14—0.22umol m> s~ . E, T

(P<0.01) 0w (P<0.01) 1.9—3.0 4.6—
6.8 Co, E, 0w o

; ; ; Q)

Spatial variations in the stem CO, efflux rate of Abies fabri and the response to

temperature in the Gongga Mountains
ZHAO Guang' > LIU Gangcai' ZHU Wanze'"

1 Institute of Mountain Hazards and Environment Chinese Academy of Sciences and Ministry of Water Resources Chengdu 610041 China

2 University of Chinese Academy of Sciences Beijing 100049  China

Abstract: As an important component of carbon budgets and net ecosystem CO,exchange in forest ecosystems stem CO,
efflux rate (E.) plays a crucial role in the global carbon balance. Investigation of spatial variations and the response of E_ to
temperature are essential for improving the accuracy of E_ estimates at individual and community levels. In this study the
horizontally oriented soil chamber (HOSC) technique was applied to measure the CO, released by stems. We measured E_ in
situ in the Abies fabri forest on Gongga Mountain using IRGA with a Li-6400-09 from September to December 2014. Our
objectives were to examine the spatial variations in E_ of A. fabri and to explore the response of E_ to stem temperature
(T,..)- Two representative trees in an immature A. fabri forest stand were selected. An opaque PVC collar (10.7cm inside
diameter and 5cm high) was cut to match the approximate curvature of the stem with the other end being cut flat. Then the
custom-built PVC collar was fastened to the south of the stem at a height of 0.3 1.3 and 2.3m and to the north at a height of
1.3m with 100% silicone sealant 24h before the measurement was made. Loose bark and moss were carefully removed from
the stem surface curved by the PVC collar using a hairbrush without damaging the underlying cambium before installing the
PVC collars. Measurements were made over three cycles at each sampling point every 2h from 8:00 to 18:00 in the same
day of every month. The A. fabri stem E_and T

showed an apparent spatial pattern. The T at different heights ranked as

stem stem

follows : 0.3>1.3>2.3m with maximum E_appearing at 1.3m. The E_and T, on the south face of the stem were higher than

stem
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that on the north. The monthly averages E_ of the growing season (September and October) and the non-growing season

s

(November and December) was 0.51—0.99 and 0.14—0.22umol m ™ s respectively. The trend in A. fabri stem E_ was

consistent with T

stem

with a significantly exponential relationship observed. The temperature coefficient ((,,) during the non—
growing season (4.6—6.8) was much higher than that in the growing season (1.9—3.0). It was concluded that spatial

variations of E_and Q, should be considered when estimating individual and community stem E_.

Key Words: Abies fabri; stem CO, efflux rate; spatial variations; temperature sensitive coefficient (Q,,)
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Lincon NE USA) o 2014 9 —I12
8:00—18:00 2h 6 3 o
Sem 3cm E. Li-6400
stem © Es E~'
0.5h E, . ¥ .
E. o A( 23.4cm 19m) B(
24.3cm 22m) E( 2 ) E.
« D 9 10 11 12
o 2,
1
Table 1 Phenological phase of A. fabri in the experimental field
Bud burst Leaf expansion Flowering Maturity period  First leaf coloring ~ Defoliating period
Beginning time 2014-05-01 2014-05-07 2014-05-19 2014-06-02 2014-0920 2014-10-10
1.3
2
V0+V1_7Tx(?) X h A,
E =E X X — (@)
» Vo A,
E, CO, (pmol m>s™") E (pmol m™s7™") v,
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(991cm’) V,

(em’) D pPVvC
(71.6em’) A, (em®) .

2

Table 2 Basic characteristics of different measurement sites

(10.7cm) h A,

Samlpe tree Height and direction Diameter/cm Cover area/cm” Volume of collar/cm®
A Sample A 0.3m () 24.84 91.00 381
13m ( ) 23.36 91.35 373
23m () 21.85 92.00 365
13m ( ) 23.36 91.35 373
B Sample B 03m () 27.55 91.00 372
13m ( ) 24.29 90.68 381
23m () 21.07 90.00 394
13m ( ) 24.29 90.68 381
Es Tstem
E, = ae” (@)
E, CO, (mol m>s') T a P o
Qo 10C 3)
Qp=e" 3)
B ) o
E, CO, 4
k.
Ey = eﬁx(f—IO) C))
E. CO, (pmol m?s™) B (2) T o
1.4
(One-wvay ANOVA) (LSD) o
Excel 2007  SPSS 20.0 Origin 8.0 0
2
21 E, T,
E. T, ( 1; 2 © 10 )
(11 12 )E. T, o E. 0.51—0.99umol m™ s~
0.14—0.22mol m™ ™' o E. T, E. T,.. o
¢ 12 )
( 3). E. 1.3m .
22 E, T,
» 1.3m>0.3m>2.3m T, 0.3m>1.3m>2.3m ( 1), A
E. 9 .10 11 (P<0.05) B 9 10 (P<0.05)
(P>0.05) . E. T, > ( 2 (P<
0.05) .
Es (EIO
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Fig.1 Seasonal changes in E and T, on different measurement height
GS: growing season;DS: dormant season;E 3 ~E; 3, ~Es 3, - 0.3.1.3  2.3m stem CO, efflux rate at 0.3 1.3
and 2.3m height; T3, ~ T 30~ T2 30 - 0.3.1.3  23m stem temperature at 0.3 1.3 and 2.3m height
pmol m~ s™") o 3 1.3m E, 0.3m 2.3m o 0.3m
2.3m E, (P>0.05) . E, .
3
Table 3 Seasonal changes in amplitude of CO, efflux rate (jmol m™ s™') and stem temperature (°C) on different measurement sites
9  September 10 October 11 November 12 December
Height E, T, E, T, E, T, E, T,
A Tree A
0.3m (S) 0.15 2.65 0.07 1.35 0.34 1.29 0.05 3.83
1.3m (S) 0.61 2.52 0.13 0.77 0.13 1.05 0.02 4.40
23 m (S) 0.11 2.21 0.11 0.94 0.07 0.71 0.10 3.92
2.3 m (N) 0.29 2.41 0.08 0.64 0.11 0.20 0.06 3.33
B Tree B
0.3m (S) 0.30 2.79 0.04 1.94 0.13 0.56 0.05 3.50
1.3m (S) 0.52 2.15 0.17 1.57 0.16 0.64 0.08 3.39
2.3m (S) 0.19 1.98 0.27 0.40 0.16 0.23 0.03 4.11
2.3m (N) 0.24 1.92 0.03 0.61 0.14 0.15 0.05 3.32
E; stem CO,  fflux rate; 7 : stem temperature;S: south of the stem;N: north of the stem
23 E
E. (P<0.01; 4  5)

http:z//www.ecologica.cn



8 2737
GS DS
20 GS DS 12
A |:| Esoutn B
- Enorth
—0— Tsoutn
=0~ Thorth
= 05 | ®)
‘E %
3 g
% 2
5 3
XE 2
& & 10 - £
=2 %
5 &
o =
g z
O
£ Z
Q
w15
0
H 43 Month
2 Es Tstem
Fig.2 Seasonal changes in E, and T, on different measurement direction
GS: growing season ; DS: dormant season; E . ~E . - 1.3m stem CO, efflux rate on the south and
north of 1.3m height; T,y ~ T\ o - 1.3m stem temperature at the south and north of 1.3m height
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Fig.4 The relationship between E; and T, on different measurement heights
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68% * Zha ° 70% E, o
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Table 4 Exponential fitting equation of E, and T, and Q,,on different measurement site
(R*) Q1) )
Measurement . Regression Determination Temperature - .
L. Sample tree i . . Sample size
position equation coefficient coefficient
0.3m (S) A y=0.204%1011% 0.765 2.75 63
B y=0.226e"04% 0.694 2.57 70
1.3m (S) A y=0.338e%1230% 0.820 3.42 65
B y=0.263¢%1406% 0.835 4.08 69
2.3m (S) A y=0.177e%1004% 0.749 2.73 68
B y=0.229¢%1071% 0.703 2.92 63
1.3m (N) A y=0.276%1406% 0.822 4.07 69
B y=0.120e*177% 0.875 5.92 67
E, T,. 2 3( ) x6( x4 (4 1 )=72C ) n ;S
south of the stem;N: north of the stem
33 0
0 295051 4 thor '
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