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Vernal soil respiration of five temperate forests in Northeastern China

YANG Kuo, WANG Chuankuan” , JIAO Zhen
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; Spring soil thawing period is critical in the intra-annual dynamics of soil respiration (Rg) in mid- and high
latitudes forest ecosystems, in which the frequently occurring alternate freezing and thawing events strongly influence the
availability and dynamics of soil carbon and nutrients. However the temporal changes of Rg and involved mechanisms are
poorly understood. Especially in situ measurements of Ry in spring soil thawing process are needed. In this study, a static
closed chamber — gas chromatograph technique was used to measure the vernal Ry and related biophysical factors in
representative temperate forests of Northeast China. The experimental design included five forest types, three random plots
in each forest type, and three randomly installed static chambers in each plot. The forests were oak forest dominated by
Quercus mongolica, poplar-birch forest dominated by Populus davidiana and Betula platyphylla, hardwood forest dominated
by Fraxinus mandshurica, Juglans mandshurica and Phellodendron amurense, Korean pine ( Pinus koraiensis) plantation,
and Dahurian larch ( Larix gmelinii) plantation. The Ry was measured every week between March and May 2009, and 9
times in total. Soil temperature and water content were concurrently measured at 2 cm (7T,, W,) and 10 cm (T,,, W,,)
depths near each chamber. During the soil thawing period, the forest types, thawing periods and their interaction
significantly affected the R. The R for the pine, larch, hardwood, poplar-birch, and oak forests varied from 10.0 —196.
0mg-m *h™",58—217.1 mg-m *h™",9.7—382.1 mg-m >h™", 15.8 —269.0 mg-m >h~"', and 35.9 —262.5
mg-m >h", respectively. The mean Ry, T, and W,differed significantly among the five forest types (P < 0.001). The
Ry for broadleaved forests were generally higher than coniferous plantations. The mean values of Ry increased as the soil

thawing proceeded, and were largely consistent with the changes in soil temperature. Soil temperature significantly
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influenced the Ry, while the effect of soil water content on the Ry varied with forest types and soil depths. The Ry was
significantly affected by W, for all forests except for the oak forest. The statistical models of the Ry against T, and W,
explained 60% —77% of the variability in the R; measurements. Temperature coefficients of Rs( Q,,) during the spring soil
thawing period were much higher than those in the growing season, and changed with forest types. The Q,, for the larch,
hardwood, pine, poplar — birch, and oak forests were 10.9, 7.1, 6.5, 4.3, and 2. 3, respectively. Further studies should
focus on the mechanisms controlling vernal soil respiration in the in situ soil thawing process, especially on temporal
dynamics of soil microbial population in spring soil thawing process and the relationship between soil respiration and soil

microbial activity and composition.

Key Words: alternate freezing and thawing; soil thawing; soil surface CO, flux; Q,,
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Fig.1 Dynamics in soil respiration, soil temperature and water content for the five forests during the spring soil thawing period
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Table 2 Duncan’s multiple-range test for the means of soil respiration (Rg) , soil temperature (7,) and water content at 2 cm depths ( W, )

for the five forest types

T SR i >
il 2 om L eI 2 om EMAKR
ng Soil respiration rate N .
P Soil temperature at 2 cm/C Soil water content at 2 cm/%

Forest type /(mg'm™>h"")

J{H Mean iR SE H){H Mean iR SE H{H Mean FrUfER SE
T ¥ 1 #k Hardwood forest 130.44 6.9 3.34B 0.6 55.34 1.4
WMerk P. davidiana-B. platyphylla forest 122.448 6.3 1.7% 0.5 51.88 1.9
PEIHFANTAHK L. gmelinii plantation 101.38¢ 6.2 1.7% 0.5 40.6° 1.5
ZFHBRAK Q. mongolica forest 92.6¢ 6.5 3.84 0.6 37.2¢ 1.3
LIWANTAHK P. koraiensis plantation 89.3¢ 6.4 1.88 0.5 36.4¢ 0.7

EHH AB.CRRBEMZRAN (a = 0.01)

®3 LTHEWR(R) 5LBWRE (T, Ty ) MBS KE(W, 1 Wy ) FEIRER

Table 3 Regression models of soil respiration (Rg) against soil temperature (T, and T,y) and soil water content ( W, and W)

P il + R [8] ) Z2 5% Regression coefficient PLE R
Forest type Soil depth/cm a b ¢ R?
EAR /NN N 2 2.43 0.19 0.03 0.69
P. koraiensis plantation 10 1.46 0.26 0.07 0.70
AN K 2 2.93 0.24 0.01 0.75
L. gmelinii plantation 10 2.98 0.30 0.03 0.69
T i@ Ak 2 5.68 0.24 -0.04 0.77
Hardwood forest 10 5.26 0.22 -0.03 0.55
HRERK 2 4.58 0.17 -0.04 0.60
P. davidiana-B. platyphylla forest 10 4.19 0.15 0.46
SCH PR 2 4.29 0.08 0.64
Q. mongolica forest 10 3.90 0.10 0.47

EEABRRE RN In(Rs) = a + b x T + ¢ x W;HAEIHN 81;P {3 < 0.001
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Fig.2 The relationship between soil respiration (Rg) and soil
temperature at 2 cm depth (7,) for the five forest types
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