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Abstract; Determining the effects of elevated acid rain on forest soil respiration can provide useful information for under-
standing of the process of carbon cycle of forest ecosystem and its response to global change. Therefore, a simulated acid

rain ( SAR) experiment was conducted in a monsoon evergreen broad-leaved forest at the Dinghushan Nature

Reserve. SAR treatments included CK (the local lake water, pH4.5) , T1(pH4.0) , T2(pH3.5), T3(pH3.0) with three
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replicates. SAR experiments were initiated in June 2009 and were sprayed twice a month during the study period. Re-
sponses of soil respiration to SAR were studied from April 2010 to March 2012 with a LI-8100 soil CO, efflux system. The
results showed that mean annual soil respiration rates for the CK, T1, T2, and T3 treatments were (3.07+0.08) ,
(3.06+0.17), (2.78+0.29), (2.56+0.08) wmol + m™” - ™, respectively, and the T3 treatment was significant lower
than the CK and T1 treatments (P<0.05), indicating that soil respiration was depressed under SAR. These negative
effects were evident in the warm-wet seasons (P<0.05) , but not in the cool-dry ones. In addition, by analyzing the an-
nual soil respiration of each year, we found that these negative effects had been strengthened over time with significant
difference among treatments occurred only in the second year. The depression of soil respiration may be related to the re-
duction of heterotrophic respiration and CO, production from litter caused by soil acidification under SAR, as we found
that soil pH value and soil microbial biomass carbon and nitrogen significantly decreased after exposure to SAR for two
years; and litter decomposition rate was also depressed during the study period. Coincide with the situation of soil respi-
ration, the negative effects SAR on these index had been strengthened over time with significant differences among treat-
ments mostly occurring in the later stage of the study period. Furthermore, we found the effects of SAR on the tempera-
ture response of soil respiration, with a decline in Q,, during the study period, suggesting that SAR would decrease the
temperature sensitivity of soil respiration. According to the results of this study, soil carbon in forests of subtropical Chi-
na would accumulate as the reduction of soil respiration under the continued acid rain in the future.

Key words: simulated acid rain, soil respiration, soil pH value, soil microbial activities, litter decomposition, monsoon

36 &

evergreen broad-leaved forest

KA RS SRR E T T 300 A BRAR B
AZEHATHG P EZEIRBE NS 2 — 1 CO, & i
BRI F M O R AR 2 Y DTk AE 60 %0 LA
(MBS ,2004) TIPS A28 R GG A1)
FEIA, 2 A BRARAE P1 0 — A~ 32 2 a2
R A ER 1 58l T 3T IR A FH 1) AR i Ay
68 Pg, K T 2K SR A 1 (S Tk it 100 ~
120 Pg - a™) , M d 2 ERFl A S R G F I 9
A (M F ik 50 ~ 60 Pg - a') (Raich &
Schlesinger, 1992) , J& 1k A7 X RH R b B JCRK 1t (5.2
Pg - a') Y 10 Z4%(Marland & Rotty,1984) ., Frll,
- S R & AR S INE AR A FEXT A ERBRAE 2R,
HREXT R CO, MBI AR AK A B R s, 1E
R N, 56 A B8 W A0 B 9 30 L+ 4 0k A2 E) R
S O TE (2D AR, 2002) |, I AR 4 BR R
EAFFE 1Y B BN 2 2 — (Schimel et al,1995) . #
R A R 2 A BRI A 1Y) B A LR 4y, 7 A Bk 4
% (1 400 Pg) By 73 % ( Post et al, 1982 ; Jenkinson et
al, 1991) , J& FR A B B 12 19 2 £% £ ( Dixon et al,
1994) fE A FRORAE A 7 0 K E R E/EH ., T4
BRAMAT B SR AARAN 1 M R AR TR R B 4 58 CO, 1)
BRI, KL o et Ze WAt 22 LUK DN 28336 s B T 1Y
CO, B —2F (Post et al, 1982 ;4% T 55 2004 )
PR B AR T8 W 1) 3l 25 728 Ak S R 43 L3, %of
T ERAS AT ST AR A BRI SRR T )

IF) i HAT IS 9850

A 20 22 DOk BN 2R 2 4t 5 T dn™
(R PREE R) 2 — | 3= SR PR AR shan ol A=
PR G R RS i HE RO R RS e ) A AR
(S0,) FIEE ALY (NO, ) (Larssen et al,2000; Zhang
et al,2007) . JRAENMRE KTk I G20 IR M A ik
AT B S [ G HE R B e I, v = e
T3 &R AR 36 22 5 12 = R IR R IX (SO FIF
B2 ,2009) o ARARAE Ay il 2F 25 R Ge iy £ 4K, d 2
PR Y 22K H 2™ 5 1R R [R] R 2352 k)
A RGN DI RE, H S BURM R 1L
Ja ok i B B ) 4 1 S e 2 A AR 24 0B (X35 75
%% 2003a; Laverman et al,2001) ; 1] T30 A Sk 4=
BRBJAG R I 10 194 OB B 19 22—, X9 W9 184 o 14 g
MR 52 3 B A b 2 1 O T (X IR A AF, 2010
Vanhala et al,1996) , #R1T, A [RIAHF5E 3 5C T B2 7T
Xof A R 5 1) 11 4 1 45 SR A 1A — 3 ( Vanhala,
2002) o [ HiTPR R R RR AR S 52 0 1) F 5 22 AL
TFAb IR 3 B8 28 5% & 3K A9 IR HT X 3, ( Laverman
et al,2001) , Salonius ( 1990) 7 20 22 80 4 CHF
98 T AR 3 A B P W 23R 8 A5 400 R T 114 e
WL, RIS TR R EE (pH2.6) T Al 1T ik
YRR . Vanhala et al (1996) 7875 2% W F€ 747 £ bRk
1T TR (8 a) AYBLALLIR R X 1 e T M K 1 S s A
Yrsema R BIFT , 2 BRI W 22 A R 52 B R T 1)



2 4 GRS o RRCSDU T X st ) L 2 DU 2 ) P B S PR ) 40 0 52 147

Hm AE SRR EY A IR RN T 20%, S5k
2 FRRYH 5 L H7 DX SR LE , 2 W 6T H ] s I
FRGHT R S8 0% 52 ) P F 5 R 20 B g | R T D
(3KBH %5 2011; Chen et al,2012) , H 52 B 7h 5256 %
P RR 5T T 1k K 22 DA 3 P A 5% 7 1401 5 56
= (E/INEESE 2009 ) , HAAH 5T 45 R fig 75 6 T B
A A SRR XELUETS . BTERR I H 25 ™ = A [
FA G H LX) T i B A0 T ARADL R W 52 46 TR IR A
TR IO AR - SERP I (s AR AR Kia . R
UG, FRATTE S D R SR HL AT BB AC R Y 2
IR ER A MR B X 42, 38 2k 78 H SRR T Jie A
T ABTAD R R4 T 0, XoF A T I G ok %8 % AR SC A
BEA AT I | 32 R 22 XUH S ) bR - e
W P95 T PR P ey R e 7 e o R 4 L3
A7 BEFEas s A IEWITAE SR A S RS
T VAl S X A B A 72 A g e o] 2 SRt Rl

1 #MEE &

1.1 ARX E5EEHETR

WFSE ML AE ) AR A8 vl 2R VL = A DI 74 i 1) 2
PRTT Sl R G A SR X (112°307 ~ 112°33'E,
23°09'~23°11'N) P, )M 86 km, HIF A 1 113
hm®, Z b IX & R WA 28 XU, 4R 23 TR 20.9
C,EwBH (1) FsEAA (7 7)) 740 5 550
9 12.6 CH128.0 °C AEBIAAXIIREE A 80 % , 4F
WEMZE R &34 1929 mm fl1 115 mm,4-9 H
R 2,10 H B WAE 3 A MR Z (X4 5 %,
2003b) , PRATIX A BETE T R R AR AL R TR B
BEY 3 FRARAR ( Eh BB AN BT AR D AR B TR S AR
IR AU S [ bR ) AR SI2 30 A0 i T 76 1) 2 AU
WE AR IR R 250 ~ 400 m, 24 T 400 a R340
V18 i T A by P A DS ANV AL e PR
R i DA B AR 1] v A e AR B A o A 34
TR TOURNG 5 2 AR S AR 1 I 5 B B . R R AR
S T o - 2 AL U S S S T NI
JESEHE ( Cryptocarya chinesis) 3 F:JE 74 (C. con-
cinna) A5 A28 ( Lindera chunni) %5 (/116 25,

1996) ,
1.2 KBt iz it

2009 4FEATEZE KR4 5115 & 12 1~ 10 mx10 m
FRE T PRI RR I SE 56, B3 7 PO & FH K el
BEEIE , K R i A B R 20 em , H1 135550 =5

M5 em, BT Z BT 3 m SEE whaly . R
I S T9) i, DX 3 A PR R ) R R S 1 LU A5 D R
AAp e Ll H,80, 1 HNO, =1 : 1 B9 I FHAE s
PRI LB AL, DL pH (ECR M i 5067, 0 4 AR
PR AL FE 209K CK (pH4.5 2247 IR IRIK) |
T1 (pH4.0) T2 (pH3.5) F1 T3 (pH3.0) , BEALFRE 3
ANERE L 2009 4F 6 F P IR AT R R AL 3, B A
AW ol e B A 40 LSRR FE , A T 150
TWNTEARHE |, FERTIDIRR R SRk I E], T1 T2 F1 T3 42
Z ) H By AR 9.6 .32 .96 mol - hm™, 43 HI 240 24
THARZEEW H i A=Y 0.3,1.0 #3.0 5, 75 L
WD BENLI B 2 N E AR 20 em [ PVC 2R
FAAE - SR S0 K PVC PRI A L2 5 em 247,
s PVC PP 1k S, I ORI AE 3 A0 10 6] 7
BAE,
1.3 T IEMEIR i ZE A E

28 FRACFE 10 A H 5 (59 P S 56 15 4T 5
[E] 4k 22 [F R B AL R ) T 2010 4E 4 A & 2012 4E 3
AR LI-8100 F % =X 4 58 A 5 0 42 28 40 0
RECHOLR TR JPh 38 T 23 XUBR 1) £ S i sk % 5 H H W)
FUA rhEA T 2 Yl e, DU B [E] 24 9.00-12: 00, T
JEBPRE LI-8100 4% Bl it = & T PVC 32 I, Jf
FHIEHEAT BT IR ERET 2P E R TS 5 em A0+
RN S em AL IS KR
1.4 T3 pH &, T EMEMEHR . RHNE

F 2010 4F 6 H 12011 4F 6 H (435 M HELIER
W 1af2alF), 76 LiRFEH ST 3R R B
AFETTREPLBEE 4 A 05, B R 13 55 AR 7%
e, HNAR 2.5 em B HEFHL 0~ 10 em 2R 3, 5
A B4 5 TRAA T A 801 AR 2 U s e 4
WIS %, RBRAE o] WA AR R L AE i 2
mm G, T IERE YRRk RS I R R A
FHSE T B ZE R0k Horh # AL R BCh 0.45; 14 pH
R AR T 1, 2L 1 mol - L& fATIRR (/K +
2.5 2 1) J5 H pH #HlE
1.5 BAEY S REERRNE

WSCEE 2 AR 34 S A 3 B 0 7 o, LT, 7
GRS, — RSB AE JE e S 1Y) o s A
I IRAREE 12 g BEASHT ) G 43U T I o 5 7K =
IYFHRASHEIAG H 15 emx20 em, JB B MFLE KN I
FM 2 mm, R 0.5 mm, 2009 4F 10 F 15 & 43
& TEFARETT I 14 A ss . B R
FRARINT, SEVE B i R R VR W 2 | PR o0 i 4% R W b T



148 IR - W7

36 &

IO, FE A B — 2 VR Y. S AR 3 A H
W1 ORRE, AR 7 BEURE 2 4% 3 06 300 [A) Sk 42 7
W WM A R4S N SEI0 2 /NG W BR R v 0 3=
AR 1,65 CHETFFRE
1.6 BB S HT

FGEH A SAS8.0 HE1T 5 IR A #E 73H7, H Re-
peated measured ANOVA Ko u + EERE I A R
- R T ) o R B R AR AL BRI () 25 S
£, FFH One-Way ANOVA 6 56 4F 14 -+ H I 1% 33k 5%
3 pH {E A Wik RS B R Y R
B BRI 25 5 2 v, R RS 20 B ik el S - R
B HEREE S I > M A ST e R, IR
W55 B 2 B) 56 R R AR L . y = e’ 2,y
R PR T O R o SRR 0 CHE
() T3 IE I (Luo et al,2001) ;b A FE 5 25K,
Qo fE T 2 E (Xu & Qi,2001) :Q,y=e""", X
b R R, 18 9 0 B o0 i i 23 SR FH B4 RO
BRIy =ae™, i,y MFEIRFAR(X) 0 Hh
I 3 B AR A 2R, o AEE Sk B4R
R (g - g - a) o H— 2P R
= (H— s 1] U8 76 9 T R /00 46 B R) R AR ) <
100% ., H SigmaPlot 10.0 #A4AER

2 ERH4M

2.1 BB T ERES TR E R

75 XU - 39805 5 R - 3980 e S R) b BT R L
AR R 4-9 ) B, (10 H
FERAE 3 H) K (P< 0.05) , W FRAE DT B4R + 15
T BE AR 1 £ HEW FE 4303 R (20.00+0.04) °C Al
(27.68+0.70) %, PHAF (A0 22 Ji] J PN, AN ] A 3L 1]
1) S R R R AR T R W
FEZ5 (P> 0.05) , 6 BRI WY X 4 58 7 B A £
BRETCH W (K 1:A,B)
2.2 HENES R X 1 5P IR R ER A R M

HE1.C &3 1 Al AL SRR T Y A 3 0 g
PRI LA B W 0 2 4T S A TR R A R R
BFERTFEE(P< 0.05) ; X PIAF UL JE 3 P 4 %
P AT E S WA 7 22 40 B S 7, AN () Ak B ] 14 1 48
PN 2% 5 i 2% (P< 0.05) . CK.T1.T2 F1 T3 AbBE T
(AT 34 - 438 P WG 232 433 2 (3,07 £0.08) | (3.06 +
0.17) .(2.78+0.29) F1(2.56+0.08) pmol + m? - s,
Horfr T3 A0 FH 8 E AR T CK A T1 AFE( P< 0.05) ,3X

R RADLR T B0 ] T 2 UMK ) - 300 oo il
VR I ot Ak 3 s i) £18) J2E 4 177 32 ¥ 35, R B0 A
eI E RIS —4F, 5 CK AHEL, T1. T2 FI T3 Ab
FET YA S8 4 e W R o | AR 2.0 %6 7.8 %6 AN
13.6 %, 2 AhFH 0] 22 5 AN I 3 5 I AE 56 4, T B
JE R K, 439 -0.9, 10.9% F119.3 % , 45 AbF
1] 25 57 W2 (P< 0.05) , (B HLER W X 1 S50 I 11y
PR A 275 22 Sk, A ER ) A 22 S vk R R
FEIRZE, INTESE AR RIE 2, 5 CK M H, T3 19 T R%
R I 22.96 % (P< 0.05) ; 4540 B [a] (1Y 39 1 108 33k
RSB B EES,
23 BB TE pH B, T EREVER RS
EHF N

S HA MR P N E 3 pH E | EERUE
Vit RS A B AE XS BRAE 5 3 51 (3.89+
0.03) .(570.25+57.06) F1(98.33+16.94) mg - kg
(K2, 3), Jr2esrHrk il B4R M T 2010 4F 6
A (BAURR RN 1 a J5) 9 38 pH {H , H 3R
Yk R e EEE W (P> 0.05) , [HE LR
T2 35 MR AR T 2011 4F 6 H I (R 48L R TR 2
a J5) X =R (P< 0.05) . 755 — KBy &
H 5 CK AHLG, T3 pH {EAE T1 T2 F1 T3 4b 345351
FF&ET 0.05.0.14 F10.16, Hrp T2 F1 T3 4b 3 & Z1K
T CK; HIEMAY KSR/ TET 6.4%,
13.6 % F1 15.6% , Hh T2 F1 T3 Ab ¥ K T CK;
IR R A SR BT 12.5%.20.0%
H129.6% , Horp T3 AbFLE KT CK, o] WL, S4B R
FIBEAR T AR LI pH (E, 115 - e w2 bl ; [7)
BF, BRAI T 3 A W e U o, SR T e
AT, 5 TS R R, AR LR RN X 4
{18 T A S5O TR i 2 3 e ) 410 1 5 2 i 6 A4
P T Ak 3 ] P SE - 17738 k2
2.4 EMEE T AE Y RE% B RN

Pl 4 S22 KUMROIL S48 At S 0 kA (] PR
FALHE N Y T 5% B R ARG 0, 72 I B B
JoT e 5% BH 238 (2 IO AR [) 43 Mk B ) A L 380 ) 7 TR Ah 34
FEIT IR CK, T DA SR R A BT V% 9 o0 f A
ANTRIREBE (I, & 21 A H 895, CK
T1.T2 1 T3 4b Y 57 &5 5% B % 50 5l o 13.92%
15.31% 16.58 % F1 21.22% , 5 CK<T1<T2<T3, #
U W X 5 % P 23 1) 5 i) 5 R B A BB B[]
SHRSEE RIS A 3 N A, T1 T2 A1 T3 Ay ot o
5% BA R CKIW ZE (B AR B Ry die /)N | Bl A



2 4 GRS o RRCSDU T X st ) L 2 DU 2 ) P B S PR ) 40 0 52 149

30 1 (A)
(o]
~ 5 25 1
%5
i © 20 1
ng £
w15 1
H=
8 10 1
5 T T T T T T T T T T T T T
50 1
2 £407
E(E; 30
o3 2
® — 20 1
Hg
w
10 1
0 T T T T T T T T T T T T T
5 - —0— K
o ()
o J,-,\'%_ —O0—1n Lk (©)
‘T‘E 42 4 - "/ ‘\\’ \/ T2 L "! "Q a0
I A“ AN —A— 13 (), (), ‘ /]
S < Asien\ Ol A0 W }‘ 0. @/
pe AT TN ANV
S 3 Aﬁ\«-qu/ A\ 7 "‘! T4 A\ '\' ()
-8 N Ay X \\o ,
% g 173 S 4 X A “‘s N
b \ '\ \
B 3 A \./ Ro— A A\\} A |
| Y/ I 22\
-H A \ / :
1

T T T T T T T T T T T T T
Apr. /10 Jun. /10 Aug. /10 Oct. /10 Dec. /10 Feb. /11 Apr./11 Jun. /11 Aug. /11 Oct. /11 Dec. /11 Feb. /12 Apr./12
HEA Date

Bl AR PERE] R EE (A) | RIENERE (B) Al SRR 33 (C) iy 2R 1 2h A (2010 4F 4 H-2012 43 H)
Fig. 1 Seasonal dynamics of soil temperatures (A), soil moistures (B), and soil respiration rates (C) under different treat-

ments (from April 2010 to March 2012)

F1 TEVREXREARLGEENESY CFOHLbRHERZE)

Table 1  Differences in soil respiration rates under different treatments ( mean=SD, wmol + m” + s™)

ﬁﬁi sifn CK Tl % ™ % T3 %

S —A4F W7 Wet season  3.820.19a#  3.77+0.39a * 1.2 3.54£0.29a * 7.2 3.320.08a * 131
The 1"year o 1)y Gason 2.5540.05a%  2.4740.10a % 32 2.33+0.31a * 8.7 2.19+0.28a * -14.3
AEF4Y Annual Mean  3.18£0.12a 3.12+0.22a 2.0 2.94+0.19a 7.8 2.75+0.14a -13.6
oS JE % Wet season  3.64+0.24a*  3.54+0.19a * 28  3.11+0.52ab*  -148  2.81=0.11b* 23.0
The 2" year g Dry season  2.34£0.09a %  2.50+0.09a * +6.8 2.23£0.27a * 4.8 2.03£0.17a * -13.5
AEFAY Annual Mean  2.99+0.14a 3.02+0.13a +0.9 2.67+0.38ab -10.9 2.42£0.11b -19.3

e Y (HXT X IR ) = (CK By & i - AL BEAY & B ) /CK 95 L) x100 %6 ([R]—A ) B ) 5 < +7 s ARXT T RGN ; « =7 SRR AR T Bty b, /] —45

NG R 2 535 B HK T (P< 0.05) , [t Hl + b o4 4R HSH 5 2 11122 525 B K TP 0.05) . FI,
Note: % (change related to CK)= ( contents of the CK—contents of each treatment) / contents of the CK) x100% (in the same period) , “+” indicates increasing and “-"
indicates decreasing related to CK. Values within the same row with different lowercase letters show significant difference at P<0.05. Values within the same column indicated

by the asterisk show significant differences between wet season and dry season at P<0.05 level. The same below.
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Fig. 5 Relationship of soil respiration rate with soil temperature (A) or soil moisture (B) under different treatments
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