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Response of soil respiration to simulated acid rain in three successional subtropical forests
in southern China. LIANG Guo-hua', WU Jian-ping””’, XIONG Xinz *, WU Xiao-ying', CHU
Guo-wei*, ZHOU Guo-yi*, ZENG Ren-sen', ZHANG De -qiang”* (' Soulh China Agricultural
University , Guangzhou 510642, China ; > South China Botanical Garden , Chinese Academy of Sci-
ences, Guangzhou 510650, China; ° University of Chinese Academy of Sciences, Beijing 100049,
China).

Abstract: Soil respiration in forest is a key process that underlies our understanding of the terres-
trial carbon cycle, and therefore, its response to acid rain is an increasing concern. Here, we in-
vestigated this issue in three subtropical forests of different successional stages [ i.e. a young pine
forest (PF), a transitional mixed conifer and broadleaf forest (MF) and an old-growth broad-
leaved forest ( BF) ] at the Dinghushan Nature Reserve in southern China. Simulated acid rain
was applied semimonthly from June 2009. Soil respiration was measured under four simulated acid
rain (SAR) treatments ( CK, the local lake water, pH 4.5; T1, pH 4.0; T2, pH 3.5; and T3,
pH 3.0) from April 2012 to March 2013. Generally, SAR reduced soil respiration in the forests,
but this reduction varied with forest type, SAR application level, and measurement season. The
repeated measures ANOVA showed that SAR did not affect soil respiration in the PF (P>0.05) ,
but it significantly reduced soil respiration in the BF (P<0.05) and the reduction was marginally
significant in the MF (P=0.10). Compared with the CK, mean annual soil respiration in treat-
ments T1, T2, and T3 was reduced by 0.1%, 10.5%, and 17.1% in the BF, -1.7%, 8.1%,
and 13.9% in the MF, and 1.1%, 1.9%, and 8.1% in the PF, respectively. The sensitivity of
the response of soil respiration to SAR showed an increasing trend with the progressive succession
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of forests. In the BF, there were no significant differences among the CK, T1, and T2 treat-
ments, while the T3 treatment was significantly lower than the CK and T1 treatments ( P<0.05).
These negative effects were evident in the warm-wet season ( P<0.05), but not in the cool-dry

one. The depression of soil respiration in the MF and the BF was related to the reduction of micro-

bial activity caused by soil acidification under the SAR. Moreover, consistent with the situation of
soil respiration, the response sensitivity of soil acidification and the reduction of microbial activity
showed an increasing trend with the progressive succession of forests.

Key words: forest soil respiration; acid rain; soil acidification; soil microbial activity.
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Table 1 Soil characteristics of three forest types
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Table 2 Differences in soil respiration rates under different treatments

A st 18] CK Tl A (%) T2 A (%) T3 Al (%)

Pk bk 3.62+0.18 a* 3.54£0.07 a* 2.2 3.57+0.29 a”* 1.4 3.37+0.08 a”* 6.9
B 1.70+0.32 a* 1.74+0.35 a* -2.5 1.640.18 a* 3.4 1.49+0.08 a* 12.0
AR 2.85+0.20 a 2.82+0.14 a 1.1 2.80+0.15 a 1.9 2.62+0.07 a 8.1

AN PiTk= 3.53£0.48 a* 3.59+0.17 a* -1.8 3.24+0.50 a* 8.0 3.03+0.46 a* 13.9
B 1.36+0.11 a* 1.37£0.13 a* -1.2 1.25+0.22 a* 8.1 1.17+£0.10 a* 13.9
AR 2.66+0.32 a 2.7020.15 a -1.7 2.4420.39 a 8.1 2.2920.32 a 13.9

[7] it piT = 3.78+0.36 a* 3.84+0.27 a* -1.5 3.33+0.08 ab * 11.9 3.13+0.37 b* 17.2
B 1.59+0.03 a* 1.50£0.29 a* 5.8 1.50+0.19 a* 5.7 1.32+0.19 a* 16.9
A 2.90+0.20 a 2.90+0.11 a 0.1 2.60+0.06 ab 10.5 2.41x0.30 b 17.1

Bl R hr 2, B = (CK & - AR & i) /CK & i + 100% (R — i BE) .

P<0.05 B EKF, * FoRESFIETFZ A2 555 P<0.05 B E KT,

FIAT ARG T3R8 22 57 15 5
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Fig.1 Seasonal dynamics of soil temperature, soil moisture, and soil respiration rate under different treatments
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8. 1% M1 13.9% , M FA MK A 1.1% . 1.9% F1 8.1%,
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TR FNAMAR A=) 1
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cm) -3 pH {E7EXT BAET7 430510 3.95+0.03 .3.83+
0.05 F13.87+0.02, ¥ 5wtk 38 TRASHFN
MRIY 1358 pH (HICA 3 25 7 (P>0.05) , (HEATHB
BEMTIR(P<0.05) . THERA YA ) & i Ae
Xif ERE T AR <IRASAR< BRI AR ( P<0.05) , - HE4H
HRA: 1y 2 U A A AR S TR ASHK = [ AR (P<0.05)
DU R G P PR -4 pHL {8 A 30 A= 9 A=
FERITC B (P>0.05) , (B R R A 5535 1,
REAR T R AR SR ) 3 pH (B DL K i AR )
S YRR (P<0.05) | R 7E— B TR [ FRAR
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7 0.04.0.11 F10.14, H i T2 A1 T3 BEET T1 A
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Table 3 Model for relationships between the soil respiration (R, pmol CO, - m™ - s™') and soil temperature at 5 cm depth
(T,°C) and volumetric soil moisture of the top 5 cm soil layer (M, % vol.) using R=ae’” and R =aM+b, respectively

R=ae!* R=aM+b*
b
?)?:)H( /SLIE a b Q]() R2 a b R2
AR PF CK 0.5386+0.2228 0.0696+0.0095 a 2.01 0.50 0.1299+0.0021 0.8762+0.1953 0.47
T1 0.5559+0.1718 0.0678+0.0198 a 1.97 0.55 0.1607+0.0118 1.1710+0.5479 0.38
T2 0.4102+0.0969 0.0703+0.0015 a 2.02 0.59 0.1108+0.0278 1.1199+0.4450 0.36
T3 0.3879+0.1409 0.0700+0.0077 a 2.01 0.54 0.1089+0.0075 0.9423+0.3170 0.35
BAZHK MF  CK 0.4769+0.1778 0.0755+0.0080 a 2.13 0.42 0.0995+0.0010 0.3376+0.1029 0.48
T1 0.5287+0.0650 0.0717+0.0023 a 2.05 0.44 0.0994+0.0035 0.1060+0.0450 0.47
T2 0.4131+0.0938 0.0783+0.0042 a 2.19 0.47 0.0777+0.0252 0.1282+0.0485 0.35
T3 0.3955+0.1474 0.0772+0.0075 a 2.16 0.44 0.0842+0.0142 0.2823+0.1690 0.46
[#r#k BF  CK 0.5451+0.1023 0.0759+0.0080 a 2.14 0.50 0.0997+0.0088 0.1120+0.0863 0.49
T1 0.4952+0.1084 0.0798+0.0060 a 2.22 0.50 0.1000+0.0111 0.1810+0.0530 0.47
T2 0.5381+0.1285 0.0716+0.0042 a 2.05 0.47 0.0728+0.0158 0.4416+0.0689 0.43
T3 0.4884+0.1394 0.0726+0.0063 a 2.07 0.44 0.0774+0.0030 0.1937+0.0864 0.40
Bl A T L, * 3 1WA A P<0.01, RENDGE B, fe I ME IR/ G 7Rk Fem A [ Ak B ) 22 5 34 81 P<0.05 .
ZIKF
42r gek @T, BT, AT, WA B2 (P>0.05) .
40r 8 2 a a 2.4 IR R S 4 R R IO R
o] a ab a a . R
T b i . .
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