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Abstract: CO, efflux (Ey, ) from stems and branches is important in the regulation of biomass productivity and
maintenance of carbon balance in terrestrial ecosystems. £, is a temperature-sensitive physiological process. An increase in
temperature could promote the activities of enzymes, decrease the gas solubility, and improve the diffusion coefficient of
CO,. Until recently, great uncertainties relevant to the variations in E, and their temperature-sensitivity ( expressed in
terms of Q,,) remain poorly assessed because of the lack of continuous sampling, both in time series and space sequence.
Understanding the effect of temperature on £, at different time scales is important to accurately upscale the chamber-based
CO, measurements to the whole-stem. To investigate the temporal dynamics and vertical variations in woody-tissue E, and
their temperature sensitivity, the hourly £, at four different heights (10, 130, 240, and 370 cm) of the four typical tree
species ( Sophora japonica, Salix matsudana, Larix principis-rupprechiii, and Platycladus orientalis) was observed using an

Li- 8100 automatic instrument ( LI-Cor, Inc, NE, USA) on two consecutive days per month throughout 2014 in an artificial
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mixed forest plantation near Beijing. Simultaneously, the meteorological conditions ( air temperature, relative humidity, and
woody-tissue temperature ) and stem radial increment were monitored using the HOBO Pro V2 probes ( Onset Computer
Corporation, Bourne, MA, USA) and dendrometer (CR10X, Campbell Scientific, Logan, UT, USA), respectively. The
results indicated that; (1) the E., of the four tree species showed similar seasonal variations, characterized by a
significantly higher £, in the growing months than in the dormant months. Together, the woody-tissue temperature (7))
and stem radial diameter increment (Di) of the trees explained the seasonal variation of £, ; (2) Our study showed that
the temperature-sensitivity coefficient, (),,, was not a constant, as assumed in some models, but was instead highly
dependent on the measurement temperature. A lower (), was observed in the summer months, but a higher value was
observed in the dormant months. A strong vertical variation in (), was observed during the growing season, showing a
gradient increment with height along the trunk, and the vertical variation disappeared in the dormant months; (3) Based on
the strength of correlations between stem (7)) and air temperature (7, ), the daytime was divided into four periods. In
growing months, the night-time temperature-sensitivity coefficient Q, was significantly higher than that of day-time values,
especially for the two deciduous species ( Sophora japonica and Salix matsudana ). This result implies that E, is more
sensitive to temperature in the night than in the daytime, and the temperature responses of £, estimated by only daytime
measurement can lead to the underestimated stem respiration, especially considering that the temperature increase is faster
during the night-time. In contrast, the diurnal asymmetry of (),, disappeared in the dormant months, i.e., no significant
difference was observed between each of the four periods. The quantitative analysis of the temporal dynamics and vertical

variations of £ as well as what factors are driving these changes, would help us to improve our knowledge of the E,

o, »

processes and understand how climatic changes affect forest carbon budgets.
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Table 1 Basic characteristics of the sampled trees

W 5540 B H 42 Diameter at measurement point/cm

ol e =z

Species Codes Heights/m 10" 130" 240" 30"
SVs D SVS D SVs D SVS
It So, 10.7 19.6 0.098 16.5 0.082 15.7 0.078 10.5 0.055
Sophora japonica So, 12.6 22.4 0.112 19.6 0.098 17.2 0.086 11.8 0.058
Sos 14.7 26.3 0.131 223 0.112 18.6 0.093 14.5 0.072
) Sa, 16.4 31.6 0.158 26.7 0.133 21.5 0.108 17.6 0.088
Salixmatsudana Sa, 17.2 325 0.162 28.6 0.143 18.9 0.094 16.2 0.081
Sas 19.7 35.5 0.177 315 0.158 30.2 0.151 25.5 0.128
SEAL I La, 837 186 0.093 16.6 0.083 13.8 0.079 12.4 0.062
Larix principis- La, 10.7 20.1 0.100 18.4 0.092 16.6 0.083 14.5 0.072
Rupprechtii La 11.4 24.2 0.121 213 0.106 22.7 0.113 20.8 0.104
Ay Pl 10.1 18.7 0.093 17.7 0.088 16.2 0.081 11.6 0.058
Platycladus orientalis Pl 116 20.2 0.101 18.6 0.093 18.0 0.090 14.7 0.073
Pl 13.8 22.7 0.113 21.3 0.106 20.6 0.103 16.2 0.081

a: M, heights for measurement (cm) ;D Il 5 4%, diameters at measurement point ((cm) ; SVS : B4 T AL P A9 321 A4 {4 FX, sapwood volume

per unit of stem surface (cm?®/cm?)
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Fig.1 Seasonal variations of CO, efflux rates, CO, efflux rates at the reference temperature 0°C, woody-tissue temperature and monthly
diameter increment for 4 tree species

So: E#E, Sophora japonica; Sa: FMll, Salix matsudana; La: $EIUIEMAS, Larix principis-rupprechtii; P1; WK1, Platycladus orientalis § A
BB AR ERE PRI 3 DEEATE 4 AR _E R A IR, BRIEFRAURASARAR AN R U i A S R E , 4 (B A — AT 05 22 3

~(n=12)
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Table 2 Linear regression relationship between ECOZ and the influencing factors and their partial correlation coefficients for 4 tree species
ZpEme Z LM 5T
A Fi Az e R Multiple linear regression analysis
Species Independent variables -
BER Slop R? TR AL Rp R? n P

E=E REE T, 0.122 0.617 ** 0.027 0.241 75 0.035
Sophora japonica FmEKR 0.539 0.532* 0.012

HEA R Ty+ R 0.411 0.894 **
B R Ty, 0.157 0.544** 0.032 0.355 77 0.013
Salix matsudana BmEKR 0.416 0.613** 0.008

YE7ER Ty+ R 0.242 0.722**
AL AL W Ty, 0.217 0.648 0.046 0.147 80 0.043
Larix principis- BmEK R 0.039 0.432* 0.005
rupprechtii HEBE Ty+ R 0.216 0.755**
E] W Ty, 0.244 0.625"* 0.057 0.083 80 0.036
Plarycladus orientalis HmAK R 0.102 0.178 0.013

AR Ty+ R 0.315 0.751**

Ty : H¥IE  mean daily temperature ; R : J 72 [6] £ £33 R | Monthly radial growth rate ; Rp ; fli A1 5¢ R4, Partial correlation coefficients;  * . P <0.01;

# ; P<0.05
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(E2).
2.2.2 - HIE4 XA Qo HAKT R

RS Qo7 H A RUEE F 978 SR ik A B S8 S BBOR AR (R AR 0 (7 A AEEAE R Ay (1 A i T
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00:00—05:00,05:00—10:00,10:00—15:00 I 15.00—24.00( & 3) , FEEANBEIN, T, 5 T, Z 14775 W8
BAH SN (R?> 0.70, P<0.01) , H 7, BB T 7,(F 3 hisiet4r) . e B, HAR G B AR (A4
KZEATIU IS ) o DLEBRAR T 00 B = A B (130 em) A (At B sl F ok s 5 2 AL, 36 3)  FEAE K A 0y
(7 HRE) ,10:.00—15.00 F100:00—05:00 Ak TP B, T, 5 T, X R 51 0.33 (R =
0.93,P<0.001) #110.36(R*=0.99,P<0.001) , HH I} 10.00—15.00 N, T, & T T, , )5 & BERTE B T+ i
HTFE M BE 00:00—05:00 N, Ty 3 T MBI KRR EEZE L 218, AT P BBl B R FRALHR . 05:00—
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B3 FAEMEASEF-KKBEBXSH(LL130 em 555 R H))
Fig.3 Correlation analysis of branches-air temperature in different periods of time
L 5 R AR DG R B AR, 70531 0.22( R*=0.98, P<0.01) #1 0.17(R*=0.88,P<0.01) , 7EAEAERKA
Gy (LA T A0, T 0 T RIS PEE A I BEN 22 2 A K (181 3)
R3 AERKETHTREMKKEEBRXSHN

Table 3 Analysis of the relationship between woody-tissue temperature and air temperature at different heights for growing month

=75 3B X (8] w75 A R? RIS 22 T 22 P
Heights/cm Time interval Regression equation Slope-Se Intercept Se

10 05:00—10:00 Y=0.1557x +21.635 0.8983 0.00428 0.12563 0.00
10:00—15:00 Y=0.1831x + 18.460 0.9234 0.00481 0.14185 0.00
15:00—00.00 Y=0.0638x + 26.916 0.6495 0.00229 0.06385 0.00
00:00—05:00 ¥Y=0.0497x + 23.934 0.7210 0.00252 0.06497 0.00
130 05:00—10.00 Y=0.2172x + 20.210 0.9774 0.00269 0.08157 0.00
10.00—15.00 Y=0.3263x + 15.904 0.9333 0.32633 0.24774 0.00
15:00—00:00 Y=0.1696x + 21.389 0.8837 0.00300 0.08594 0.00
00:00—05.00 Y=0.3578x + 16.406 0.9866 0.00341 0.08848 0.00
240 05:00—10:00 Y=0.2996x + 18.537 0.9938 0.00139 0.05854 0.00
10:00—15:00 Y=0.4588x + 12.843 0.8923 0.01455 0.47264 0.00
15.00—00:00 Y=0.2917x + 18.995 0.9470 0.00337 0.09809 0.00
00:00—05:00 Y=0.5418x + 12.335 0.9851 0.00545 0.14262 0.00
330 05:00—10:00 Y=0.3641x + 17.516 0.9876 0.00334 0.10297 0.00
10:00—15:00 Y=0.6990x + 7.007 0.9532 0.01413 0.46063 0.00
15.00—00:00 Y=0.3977x + 17.504 0.9790 0.00284 0.08469 0.00
00:00—05:00 ¥Y=0.6058x + 11.948 0.9572 0.01046 0.27682 0.00
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