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Abstract In order to ascertain the carbon emission rate and soil respiration response by its components to changing soil
temperature and water content in the five typical forest stands at the transitional area from the northern subtropics to warm
temperate the root-excluded quadrates by trenching were set up to partition soil respiration components and the soil
temperature soil water content and respiration rate in each plot were simultaneously measured over the whole year
experiment. The results indicate that respiration rates of the total soil respiration and its different components are higher in
summer and autumn than that in spring and winter. The respiration rate is largely controlled by soil temperature when soil
temperature is below 15 °C  while it is clearly limited by soil water content when soil temperature is above 15 °C and soil
water content is below 0. 20 kg kg™'. However it is simultaneously affected by both soil temperature and soil water content
when soil temperature is above 15 °C and soil water content is above 0.20 kg kg™'. Soil temperature and soil water content
can account for 80. 36% — 94. 94% and 7. 20% — 48. 45% of seasonal variation in respiration rates respectively
suggesting that the effect of soil temperature on soil respiration is greater than that of soil water content. The Q,, values for
autotrophic respiration soil respiration and heterotrophic respiration are 2.49 —2.82 2.30 —2.44 and 2.09 —2.35
respectively in the five stands. The temperature sensitivity of autotrophic respiration is the highest followed by soil
respiration and the heterotrophic respiration is the lowest regardless of stands. The contribution rates of daily autotrophic
respiration in Quercus aliena var. acuteserrata young stand Quercus aliena var. acuteserrata old stand broadleaf/ coniferous
mixed stand broadleaf mixed forest and Quercus variabilis stand are 35. 19% —57.73% 28.73% —49.24% 28.67% —
49.82% 24.24% —41.70% and 30.07% —46.22% respectively. Their annual amounts of carbon release through soil
respiration are 1105.15 779.12 821.23 912.19 gC- m % a 'and 899.50 ¢gC: m™* a”' respectively. Their annual
contribution percentages of autotrophic respiration are 52.89% 39.77% 44.17% 38.15% and 43.26% respectively
while if taking account of fine root decomposition in root-excluded quadrates their annual contribution rates of autotrophic
respiration increase to 65. 56% 47.95% 53.80% 46. 83% and 53. 86%  respectively. The statistical analysis
indicates there is no significant differences in soil respiration rate and the heterotrophic respiration rate among the five stands
p>0.05  but the significant differences occur in the autotrophic respiration rate p <0.05 . The live fine root biomass

accounts for 94.71% of the difference of autotrophic respiration rates among the five stands.

Key Words soil respiration autotrophic respiration heterotrophic respiration soil temperature soil water content
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1 0~20 cm *
Table 1 Physical and chemical properties of soil and the biomass of fine root in plots over 0 ~20cm soil depth
<5mm
Physical and chemical properties of soil The biomass of fine root ~ t hm =2
Stand types % % PH g cm 3
Organic carbon Total N PH value Soil bulk density Live fine root Dead fine root
1 Stand 1 5.08 0.30 4.10 0.99 9.87 3.12
2 Stand 2 3.44 0.22 4.33 1.02 4.43 1.32
3 Stand 3 3.55 0.26 4.65 0.96 5.59 1.76
4 Stand 4 3.31 0.22 4.20 1.01 5.53 1.65
5 Stand 5 3.53 0.23 4.36 0.99 6.68 1.89
x 1 1 2 3 4 5 - The
stand 1 stand 2 stand 3 stand 4 and stand 5 in Tab. 1 represent Quercus aliena var. acuteserrata young stand — Quercus aliena var. acuteserrata old stand

broadleaf and needle leaf mixed stand broadleaf mixed stand and Quercus variabilis stand respectively the same below
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Fig. 1 Seasonal course of respiration rate of stand 1 varying with soil
temperature and soil water content
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Ty
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+S.E.

Ry, in Fig represent the mean daily soil respiration rates Ry,
represent the mean daily heterotrophic respiration rates of stands Ry,
represent the mean daily autotrophic respiration rates of stands 7T'p,
represent the mean daily soil temperature in plots of stands T},
represent the mean daily soil temperature in root-excluded quadrates of
stands W, represent the mean daily soil water content in root-
excluded quadrates of stands W, represent the mean daily soil water

content in plots of stands Error bars mean +S.E. the same below
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Table 2 Relationships of soil respiration and its components with soil temperature and soil water content

Q0 Stand types

Models and Qo 1 Stand 1 2 Stand 2 3 Stand 3 4 Stand 4 5 Stand 5

Model R, =0.9217e%%2" R, =0.6815¢" %47 R, =0.7238e" %" R, =0.8049¢" 427 R =0.8320e" 08337

R 0.8684 0.8642 0.9494 0.9139 0.8546

p 0.000 0.000 0.000 0.000 0.000

Q1 2.44 2.44 2.39 2.32 2.30

Modl Ry =0.5278e% " Ry, =0.4334" %77 R,i=0.4437e% %057 R, =0.5487¢" 7T Rys =0.5365¢% 747

R? 0.8263 0. 8898 0.9206 0.9334 0.8463

» 0.000 0.000 0.000 0.000 0.000

o 2.09 2.35 2.24 2.18 2.11

Model Ry =0.39566" 1" R, =0.2467¢" %1 R, =0.2738¢ %" R, =0.2496¢" 4T R,s =0.2957¢" 0387

R 0.8812 0.8036 0.9188 0. 8566 0.8479

p 0.000 0.000 0.000 0.000 0.000

Q1 2.82 2.49 2.61 2.57 2.55

Model R, =15.48W-0.83 R, =5.01W+1.35 R;=10.82W+0.08 R, =13.40W -0.02 Rs=9.29W +0.29

R? 0.4710 0.1168 0.238 0.3064 0.297

» 0.001 0.126 0.030 0.011 0.012

Model Ry =6.94W 0.3 Ry =3.92W+0.46  R,; =5.12W+0.25 Ry, =7.90W +0.06 Rys =5.5433W +0.07

R 0.4845 0. 1207 0.2306 0.2548 0.2904

P 0.003 0.072 0.037 0.025 0.013

Model R, =8.19W-0.40 R, =2.14W+0.44 R,; =4.98W-0.05 R, =6.23W-0.30 R,s =4.34W -0.001

R 0.4114 0.0899 0.2045 0.3531 0.3021

P 0.002 0.184 0.049 0.006 0.011
1105.15 779.12 821.23 912.19¢G m 7 a~' 899.50 gG m 7 a”' 584. 47
309.87 362.74 348.02 ¢G mF a~' 389.16 ¢gC: m ™ a”' 520. 68 469. 25
458.49 564.17 510.34 gC: m ™+ a”' 5

20.
3.4

90% 10.24%
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Table 3 The contribution rates of soil autotrophic respiration
% Yo %
Stand types Daily contribution rates Monthly contribution rates Annual contribution rates
1 Stand 1 35.19 ~57.73 49.77 +1.25 41.58 ~56.13 49.56 £1.66 52.89
2 Stand 2 28.73 ~49.24 37.30 +£1.06 35.84 ~40.80 38.65+0.57 39.77
3 Stand 3 28.67 ~49.82 41.49 +1.23 37.91 ~45.83 42.41 +£0.90 44.17
4 Stand 4 24.24 ~41.70 35.77 £1.00 31.17 ~40.08 36.22 +1.01 38.15
5 Stand 5 30.07 ~46.22 40.49 +0.89 34.39 ~45.69 40.85+1.29 43.26
* 3 +

The daily contribution rates in table 3 is estimated by the values from field survey

values

values in parentheses represent corresponding means + S. E.

the monthly and annual contribution rates are estimated by the analogy

6
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Fig.6 Seasonal course of contribution rates of autotrophic respiration Fig.7  Relationship between the difference of live fine root biomass

in five stands

and the difference of autotrophic respiration rate
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