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Factors affecting soil respiration in stands of different ages in the Maoershan

region, Northeast China

WANG Jiajun, WANG Chuankuan” , HAN Yi
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Soil respiration (R,) is the major source of CO, efflux to the atmosphere from forest ecosystems. It plays an
important role in the carbon balance of the ecosystems. The temperate forests in Northeast China are a mosaic of different
aged stands resulting from various logging disturbances. The objective of the present study was to examine variations in Ry
and its driving factors as the forests recovered from clear cutting with a chronosequence approach. The chronosequence that
included stands of four ages (i.e., 1, 10, 25, and 56 years since logging) was established in 2014 in the Maoershan
region, Northeast China (45°24’' N, 127°40" E). The R, was measured with a LI-840 CO,/ H,O analyzer from April 2014
to March 2015; and the soil temperature and water content at a depth of 5 cm were measured simultaneously. Soil organic
carbon (SOC) and fine root ( diameter < 0.5 mm) biomass were also measured at the end of the growing season. The results
showed that: (1) the annual R, differed significantly among the stands ( P<0.05), and averaged 686.5, 639.7, 733.3,
and 762.3 g C m™ - a' for the 1—-, 10—, 25—, and 56—year old stands, respectively. The R in the growing and non-
growing seasons differed significantly among the stands. It showed a decreasing trend immediately after the clear cutting,
and subsequently increased with increasing the stand age. The coefficients of variation in Ry among the stands were 7.6% ,

6.3%, and 21.1% for the whole year, growing season, and non-growing season, respectively, suggesting that the variability
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in the Ry among stands in the non-growing season amplified the variation in the annual R,. (2) The R, of all the stands
followed a similar seasonal trend, but the controlling factors varied with seasons. The R, between June and August was
significantly related with soil water content in a polynomial function ( R*>=56%—79%) , whereas the R during the rest
months was significantly related with soil temperature in an exponential function (R*=85%—93%). (3) The R, in the
growing season was correlated positively with SOC content at a depth of 0—20 cm in all the stands (R*= 0.434, P<0.05) ,
whereas that in the non-growing season was correlated positively with soil temperature at a depth of 5 cm in the same season
(R*=0.959, P<0.01). These results suggest that the R, in these forests decrease after logging disturbance and increase
with increasing the stand age, driven mainly by the increased SOC content and changes in soil temperature during the non-

growing season.

Key Words: seasonal change; chronosequence; driving factor; logging; soil respiration; forest restoration
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Table 1 Site characteristics and overstory composition of the four aged stands
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iﬁi Slopi&ition Sloiﬁe/&;") Stand density/ Basal area/ DiameFer at ﬁiﬁ{iﬁﬁm
(¥k/hm?) (m2/hm?)  breast height/cm
1 AL 18° 0 0 0 o
10 LR 22 15° 6200 19.51 5.03 10BP+PU+PA+AM
25 AL 15° 6028 25.62 12.18 5BP3PDIUP1FM+AM-PA-QM
56 AL 18° 1833 28.77 26.83 3BP2AMIUP1JMIFMIPDITM+TA+PA-QM

PD. 1% , Populus davidiana; AM ; 11 bii| m, Acer mono; BP H HE, Betula platyphylla; QM ; 2 R , Quercus mongolica; JM; Bk Wk, Juglans
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Table 2 Regression models of soil respiration (Rg) against soil temperature (75) or soil water content ( W) at the 5 cm depth

AR Rs*5 TsHHL Ry and Ts model Ry Wi Ry and W5 model

Age/a n R, B R? P n A b ¢ R? P
1 42 0.358 0.160 0.85 < 0.001 12 -0.0037 0.3323 -2.8077 0.56 0.024
10 42 0.294 0.160 0.93 < 0.001 12 -0.0071 0.5613 -5.6236 0.63 0.011
25 42 0.416 0.175 0.88 < 0.001 12 -0.0096 0.6892 -6.9415 0.79 0.001
56 42 0.405 0.170 0.90 < 0.001 12 -0.0024 0.2396 -0.4598 0.57 0.023
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Fig.1 Comparisons between measured and modeled soil respiration rates with soil temperature ( T5) or soil water content ( W5 ) at the 5

cm depth for different aged stands
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Fig.2 Seasonal variations in soil temperature ( A) and soil water content at the 5 cm depth (B) in different aged stands
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Table 3 Multiple comparison between each of ages stands in soil temperature ( 75) and water content at the 5 cm depth ( W5 ) a nd soil

respiration ( mean + SE)

A K Z Ry A K Ry

ARFET FERFET 4—I11 AW 44 Ry
AEIE A T . N . ’ ’ ¥ Ry in growing R in non-
Ts in growing T in non-growing Wsbetween Annual Rg/ ” ;
Age/a Annual T5/(°C) “ on/(C) . season/(C) A d Nov./% (gCm2d ) season/ growing season/
season, season pr. and Nov./% g Cm™d (gCm2d ) (gCm2d)
1 6.98 + 0.27a 14.50 + 0.42a -0.66 + 0.15b 47.30 + 3.37a 1.88 + 0.03be 3.38 + 0.05ab 0.36 = 0.01b
10 6.62 + 0.22a 14.26 + 0.40a -1.14 £ 0.05¢ 37.56 £ 1.26a 1.75 = 0.08¢ 3.21 £ 0.15b 0.27 + 0.00c
25 6.48 + 0.08a 13.01 + 0.09b -0.15 £ 0.07a 36.96 + 0.97a 2.01 £+ 0.03ab 3.55 + 0.05ab 0.45 + 0.01a
56 6.54 + 0.16a 13.20 + 0.24b -0.22 + 0.09a 44.40 = 5.95a 2.09 + 0.07a 3.72 = 0.15a 0.43 + 0.01a

R RIS R NG TR R A R AR 22 5+ 8.3 (P<0.05)

4 NMERIRIT2AE RGB RN EITE 639.7g C m™2 a™' 5 762.3g C m™ a™' Z [i] ;4 K 2= R B BRI SI1E 590.65 C
m”a ' % 684.8¢ Cm”a  ZMH;AEAERK R RABEIEENFE49.1g C m™ a™' £ 80.6g C m™ a™' s &AF A K = RGE
RN 10 A <1 AEREHL <25 AERE <56 AEREHLIRINT , JEA: K Zx R R BN 10 EREHL< 1 4R FEHD
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