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Effects of litter removal on soil respiration Pinus tabulaeformis
natural secondary forests at different ages
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Abstract: [Objective] The purpose of this study was to explore the response of soil respiration rates to
environmental factors after litter removal in Pinus tabulae fomis stands at three different ages during grow-
ing season. [Method) Using L.I-8100 soil carbon flux instrument, soil respiration rates, soil temperature
(T) and moisture (W) at 5 cm depth, atmospheric temperature ( Ta) and relative humidity (RH) above
ground in half-mature P. tabulaefomis forest (HF) ,near-mature P. tabulae fomis forest (NF),and mature

P. tabulae fomis forest (MF) of two treatments (blank control and litter removal test) were measured dur-
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ing growing season. Soil microbial biomass carbon (MBC) at 5 ¢m depth was extracted using chloroform
fumigation extraction method. [Result] Soil respiration rates and their environmental factors in P. tabulae-
fomis forests showed significantly seasonal patterns, with higher values during June to August and lower
values during May and September. Average soil respiration rates in HF,NF and MF P. tabulae fomis for-
ests under the litter removal treatment were 2. 45,2. 62 and 1. 85 pumol/(m” * s), decreased by 33. 4%,
18.8% and 47.0% compared to those of the control. Under natural conditions, two-factor regression mod-
els (soil temperature and soil humidity) of soil respiration rate had better fitting results (R* values ranging
from 0. 464 to 0. 821) than single-factor models. Under litter removal treatments,water and heat had smal-
ler influences on soil respiration rates, while MBC had large effects with significant relationship between
soil respiration rate and MBC reached in NF and MF P. tabulae fomis forests. Under natural conditions, the
soil temperature sensitivity coefficient Qpy, decreased with the increase of forest age. Under litter removal
conditions,all temperature sensitivity coefficient Q,, values decreased while only atmospheric temperature
sensitivity coefficient Qrajo in NF P. tabulae fomis forest increased. [Conclusion]) Interaction between water
and heat was the major factor affecting soil respiration rates in normal conditions, while soil moisture and

MBC were the key factors under removing litter condition. Higher soil moisture and MBC tended to release

more CO, from litters.

Key words: forest age; soil respiration rate; soil temperature and humidity; soil microbial biomass car-

bon;litter
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Table 1 Basic characteristics of sample plots in natural secondary Pinus tabulaeformis
forests at different ages in Dawopu forest farm
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Fig. 1 Seasonal variations of soil temperature and moisture as well as atmospheric temperature and
humidity in Pinus tabulae formis forests with different ages
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Seasonal variations of soil respiration rates in Pinus tabulae formis forests with different ages
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Fig. 3 Seasonal variations of microbial biomass carbon in Pinus tabulae formis forests with different ages
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Table 2 Statistical models of soil respiration rate with atmospheric temperature and humidity near

ground in Pinus tabulae formis forests at different ages

Xf B AL P Control treatment

E RIS Y AL Litter-removal treatment

o # #
Age-class i 75 ) 2 i 5 2
Model Qrato R Model Qran R P
Sr=0.797¢" 78Ta 0.311 0. 000 Sr=1.455¢"0%°Ta 0.051 0.020
o 1.767 —0 15 0.637
HFE Sr=0.002RH N 218 0.832 0. 000 Sr=0.159RH 1.28 0.152 0. 000
In Sr=0.107—0. 048Ta In Sr=1.897—0.154Ta— Y
1. ARH+0. 1(Ta X RH) 0.-783 0000 9RH+0.2(Ta X RH) 0.332 0.000
Sr=2.358¢" 16T« 0.012 0.210 Sr=1. 316" 025Ta 0.021 0. 070
— 0.631 : o 0.198
NF iSV 0.282RH 1.17 0.234 0. 000 iS) 1.078RH 1.28 0.022 0. 009
n Sr=0.585—0.017Ta— n Sr=0.381—0.003Ta—
2.7TRH+0.2(TaXRH) 0. 296 0.000 2.4RH+0.1(TaXRH) 0.079 0.000
Sr=0. 635" 0847« 0. 441 0. 000 Sr=0. 448¢- 074Ta 0. 320 0. 000
- 0.577 S 0.428
MF Sr=0.372RH' 2 31 0.203 0. 000 Sr=0.365RH 2 01 0.063 0. 000
S . S - .
In Sr 2.201+0.153Ta+ 0.538 0. 000 In Sr 3.585+0.211Ta+ 0. 392 0. 000

3.1RH—0.1(Ta XRH)

4.3RH—0.2(TaXRH)

T« Sro L EIF IR R s Ta, KA RA. KA R

Note: Sr. Soil respiration rate; Ta. Atmospheric temperature; RH. Relative humidity of air.
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Table 3 Statistical models of soil respiration rate and soil temperature and humidity at 5 cm
depth Pinus tabulae formis forests at different ages
o Xt BE AL PR Control treatment FBEE P AL B Litter-removal treatment
2 -
1 G ,
Age-class l\tij:cl Q110 R? P l\t%oil Qrio R? P
Sr=0. 380" 13T 0. 687 0.000  Sr=1.031e% T 0.101 0.031
S,-— 9 1.332 Sy — / 0. 494
HE ,ISV 23.466W N . 3.78 0.643 0. 000 iSr 1. 702W . . 1.63 0.123 0. 000
n Sr=—7.120+0. 391T n Sr=—1.967+0. 048T
54.018W —1.977(TXW) 0.821 0.000 42.721W —1.550(T X W) 0. 181 0.000
Sr=0. 367" 130T 0.392 0. 000 Sr=0.608e" 77T 0.102 0.023
— 15 I~ 0.975 —r A 0.473 [~
NFE Sr=15. 858W' 3,67 0. 305 0. 000 Sr=5. 048W 216 0.058 0.003
In Sr=4.446—0.130T— In Sr=2.599-+0. 030T—
50. 918W+3. 308 (TX W) 0- 464 0.000 oW +2. 277(TX W) 0.242  0.000
Sr=0.540¢" 120T 0. 582 0. 000 Sr=0.777¢"% 66T 0.168 0.002
— 1,042 19- _ 0.822 -
MFE Sr=16.921W 3.32 0.433 0. 000 Sr=7.029W 1.93 0.239 0. 000
In Sr=-—3.399+0.596T+ 0.607 0. 000 In Sr=—3.707+0. 535T+ 0.323 0. 000

1. 812W —0. 545 (TXW) 12.228W —1. 334(TXW)

L Sr RIENEIEECR T, 5 om WA R IR W5 om TR - R

Note: Sr. Soil respiration rate; T. Soil temperature at 5 cm depth; W. Soil moisture at 5 cm depth.
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Fig. 4 Relationship between soil microbial biomass carbon (MBC) and soil respiration (Sr) under two
treatments in Pinus tabulae formis forests at different ages

* indicates significant at P<Z0.05; * % indicates extremely significant at P<Z0. 01
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