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Abstract: Soil is not only a pivotal link connecting the atmosphere, hydrosphere, biosphere, and lithosphere, but also an
important component of carbon cycling. Meanwhile, soil is the largest carbon pool in terrestrial ecosystems, with
approximately 1500 Pg of C stored in the upper meter of soil. Even small changes in forest soil composition can result in
significant consequences for carbon cycling. Soil organic carbon is easily affected by environmental conditions and its

stability plays an important role in forest soil. Although soil microbial biomass carbon (SMBC), one of the soil organic
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carbon fractions, accounts for only a small fraction of soil total organic carbon (TOC) , it is more sensitive to environmental
change and its turnover rate is faster than that of TOC. Consequently, SMBC is considered an early indicator of changes to
TOC. Many studies of SMBC and TOC responses to acid rain have been carried out in temperate forests in developed
countries such as Europe and the United States. However, very few such studies have been carried out in the subtropical
forests of southern China, despite the fact that acid rain is a serious environmental threat in this region. We conducted a
field experiment to simulate acid rain (SAR) in a monsoon evergreen broadleaved forest ( BF) in the Dinghushan Nature
Reserve of southern China. We investigated the responses of SMBC, TOC, soil pH, and soil respiration rate to SAR. The
SAR treatments included control (CK, pH = 4.5; natural lake water) , Tl (pH=4.0), T2 (pH=3.5), and T3 (pH=
3.0). The acidic solutions consisted of H,SO, and HNO,( 1:1 mole ratio) in natural lake water. Results showed that pH
values of forest topsoil decreased gradually with the increase of acidity, indicating increased soil acidification due to SAR.
This phenomenon was consistent with results from other studies conducted at the Dinghushan Nature Reserve. Concentrations
of SMBC in June 2011 ( (603.76+46.18) mg/kg for CK, (565.41+44.48) mg/kg for T1, (521.58+30.92) mg/kg for
T2, (509.49+19.40) mg/kg for T3) , December 2011 ( (488.92+22.71) mg/kg for CK, (379.65+£49.46) mg/kg for T1,
(346.08+33.81) mg/kg for T2, (318.00+52.35) mg/kg for T3), and June 2012 ( (540.48+39.11) mg/kg for CK,
(492.30+43.15) mg/kg for T1, (489.65+51.39) mg/kg for T2, (428.53+49.66) mg/kg for T3) were depressed by
SAR, and SMBC contents in T3 treatments were significantly lower than in CK treatments (P < 0.05) at all three sampling
times. Meanwhile, changes in soil respiration rates induced by SAR were similar to those in SMBC. Because soil moisture
and temperature differed between seasons, all measured variables (soil pH, SMBC, TOC, and soil respiration rates) were
higher in the warm-wet season than in the dry season. Due to its relative stability, concentrations of TOC did not
significantly differ among the four treatments (P > 0.05). Our results indicate that long-term acid rain is likely to reduce
the SMBC content and respiration rate of forest soil; these changes are expected to have positive effects on the accumulation

of soil organic carbon. However, the effects of acid rain on TOC storage need to be further investigated.

Key Words: simulated acid rain (SAR) ; soil acidification; soil microbial biomass carbon ( SMBC) ; soil total organic
carbon (TOC)
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Fig.1 The dynamics of soil pH value, soil total organic carbon ( TOC) and soil microbial biomass carbon ( SMBC) under different acid

treatments ( mean+SD)
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Table 1 Differences in soil microbial biomass carbon and soil total organic carbon under different treatments ( mean+SD)

Wedi 4y CK - EAE % - A/ % - A %
Carbon fractions Control Check Change rate Change rate Change rate
[BER7) 17 2011-06  603.76+46.18a" 565.41+44.48ab" - 635  521.58+30.92ah" - 13.61  509.49+19.40h " - 15.61
Soil microbial biomass 2011-12 488.92+22.71a” 379.65+49.46h"  —22.35  346.08+33.81h " -29.22  318.00+52.35h - 34.96
carbon/ ( mg/kg) 2012-06  540.48+39.11a* 492.30%43.15ab* - 8.92  489.65+51.39ah* - 9.41  428.53+49.66h* - 20.71
RR: sy eyillie 201106 28.59+2.78a 30.03£2.79a +5.04  31.36£3.95a +9.69  32.46+2.26a +13.54
Total organic 2011-12 32.6620.64a 33.62+2.10a +2.94  33.84x0.64a +3.61  33.51:1.51a +2.60
carbon/ (&/kg) 201206 30.95:1.13a 31.7743.20a +2.63  33.3242.62a +7.64  34.8242.44a +12.49

{90 = ((CK 975 B MR 7t/ CK 975 ) 100% ([F—F95) " oA SRIREAN, “=" e X T AR ¢ F—F i BB AR D 7
B ARE] P=0.05 BHKT SRR + DA RRBE MR F 2L RILE P=0.05 BHAT

2.3 N[FEEBEANBER 3% pH AL

CK #HEHTE 2011 4F 6 H .12 H F1 2012 4F 6 H #4135 pH {H 4554 3.87+0.01,3.97+0.02 Fi1 3.87+0.02, A
SRIRYE T, 58 pH {E A BB 0L IR WY R A0 1S hn i R I ke e, o 3 R E 45 R iy T2(3.75+0.01
3.87+0.04 F13.76+0.03) F1 T3(3.73+0.02 ,3.85+0.05 F13.74+0.04 ) 40 FHHL i E K T CK(3.87+0.01 ,3.97+0.02
F13.87+0.02) 1 T1(3.84+0.03 3.95+0.04 F13.83+0.01) ZbFH ( P<0.05) , 7T WL, A48 2 W FAAEG 17 Il it bk - 3
pH {8, 15 SR (B 1) .
2.4 N[FIFRAE FE AL 3 A ST I 5 25 R S R Y AR Ak

A A Wy i e — A, AH R R B A BT ) - 43P I o e Al 24 HLA B S 1 2R B A TR 2R A B IR
R E R THEZE(P<0.001) (R 2), MMilA—Z=35 80 #4777 225081 o, 2011 4F 6 H Al 2012 4F 6 H R[F| 4k
] ) - S 53k R 22 5 B 2 (P<0.05) , Horp T3 A0 F 3 B (KT CK AbF (P <0.05) , 33 ¢ WA ML R R 4] 1
I AR SRR, H AR R I E R SI A, R bR R R AR AR BT I R R BN A
B SR R TR A i, RN (P<0.001) o AN R A0 B 22 T] Ay A g I B2 A F e AR b e g R 2R
AR TR 255 (P >0.05) , Ul ASHLLER M 6 876 H R WA (£ 2) .

F2 NEETEFRERNEREMTER BEETS (CPHEARMERE)

Table 2 Differences in soil respiration rates under different treatments, the background of soil temperature and soil moisture ( mean=SD)

T 45 Soil indexes A ) Time CK Tl T2 T3
eI R/ (mol m ™2 s71) 2011 {27 3.64+0.24a" 3.54+0.19a* 3.11+0.52ab * 2.81+0.11b*
Soil respiration rate 2011+ 2.34+0.09a " 2.50+0.09a * 2.23+0.27a" 2.03+0.17a*
2012 B2 3.78+0.14a " 3.55+0.13ab * 3.33+0.38ab * 3.13£0.11b*
TR C 2011 @7 23.54+0.05* 23.51+0.13 " 23.48+0.15 " 23.49+0.05*
Soil temperature 2011 +3 16.19£0.05 * 16.30+0.15 16.37£0.04* 16.37+0.16 *
2012 {2 24.38+0.04 " 24.23+0.13 " 24.13+0.07 * 24.15£0.10 "
THEEE(V/V%) 2011 {22 30.16+1.77* 29.79+0.68 * 29.56+0.16 * 30.43+1.83 "
Soil moisture 2011 3 23.50+0.85 * 22.70+0.41" 23.00+0.91 " 23.21+0.78 "
2012 2 35.27+1.16* 34.79+0.43 34.83+0.53 34.94+1.30
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