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Abstract. Anthropogenic activities over the last four decades have increased depositions of sulfur dioxide (SO,) and
nitrogen oxides (NOx) by three to five fold in China, which resulted in a serious problem of acid rain with adverse effects
on terrestrial carbon cycle. Soil respiration (Rs) as the second largest flux for the most terrestrial carbon cycle, and its two
components ( i. e., autotrophic respiration ( Ra) and heterotrophic respiration ( Rh)) are extremely sensitive to
anthropogenic acid rain due to its detrimental effects on plant growth and soil microbes. Although numerous ecosystem-level
manipulative experiments were conducted to explore the underlying mechanisms how acid rain affected Rs, a quantitative

synthesis of previous studies on the effects of acid rain on Rs and its two components across different terrestrial ecosystems
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was scarce. By conducting a meta-analysis of 2683 observations from 81 independent experimental studies, we quantified the
directions and magnitudes of the responses of Rs, Ra, and Rh to simulated acid rain ( SAR) in three major terrestrial
ecosystems (i.e., forest, grassland, farmland) in China. Across all the experimental studies, our results showed that SAR
significantly reduced Rs (=9.6% ), Rh (=11.7%) and Ra (=11.7%) , and the degree of reduction was proportional to the
pH of SAR. The negative effects of SAR on Rh and Ra were greater in field experiment than that in pot experiment due to
the differences in the intensity of SAR and experimental duration. Among different terrestrial ecosystem types, the negative
effect of SAR on Rs was the most negative in farmland ecosystems (—14.7%) , followed by grassland (-10.8%) and forest
(—8.0%) ecosystems. The responses of Rh and Ra to SAR in forest ecosystems were consistent with that of Rs, and there
were no significant differences among different forest types (i.e., coniferous forest, coniferous and broadleaved mixed forest
and broadleaved forest). In grassland ecosystems, the response to SAR was negative for Rh, but positive for Ra. Linear—
regression analysis showed that Rs and Rh were positively correlated with soil pH, but negatively correlated with soil organic
carbon (SOC). Rh and Ra were positively correlated with aboveground biomass ( AGB) and belowground biomass (BGB) ,
respectively. Meta-regression analysis indicated that the negative effects of SAR on Rs and Ra were decreased with the
increase of latitude, and increased with the increase of mean annual temperature ( MAT), whereas the positive effect of
SAR on Rs increased with a decrease in mean annual precipitation ( MAP ). Based on this meta-analysis, we found that
SAR not only reduced soil pH, inhibited plant growth, and thus reduced plant carbon input to soil, but also inhibited
microbial activities, reduced Rh, and SOC decomposition rate. Therefore, anthropogenic acid rain significantly altered the
input and output of SOC, but did not significantly change the content of SOC in terrestrial ecosystems. These results will

provide scientific basis for assessing the carbon budget of the Chinese terrestrial ecosystems in response to global change.

Key Words: organic carbon; heterotrophic respiration; biomass; soil pH

Tl iy UK, NJAt 29 2710 2l ) RHRI T R AL AE ALY (S0,) SR A (NOy) , FET A
AAMBRR A R H T, A B S TP A6 2E DR b R R O SRR AR XYY
T fe PR 3 PR AP 0T A 285 AR B8 9 B T 32 T 2 IO VR 2 I S R A s X L R OeUD , RVE A 20 At
80 AFARLIN RS A5 74 J7 K 35 I 58 (R R R TR) RE A 21 1 A7 S0 it , 1 22 18 32 TR T i 3 19 A2 25 R L IE B T K
ST H P E IR R () REAR AR IR 0 R A X R (S) AR (N) RT3 % 2 43 5 e
15 32.6 kg hm™ a™' 1 34.4 kg hm™ ™' Qb oy 3 BE RR ML) Uy AAEREAIR 158 pH 1 RIS, 3obb 2 X AR
K S HEYIE R A M IR , HE T S BOR A A 28 R GRS R A s 2

VA i A 285 2R e i B R 1 SCHE BT, 1P Il (R ) AR 30 2 1) A X, o S R P Il
(Rh) AL A FREE (Ra) 4R o 1 B0 T LA DTS5 I8 75 0 (4 A0t R ) 38 DU E0 8 6 AR 2 L) AR
FALARAIEIE T Re R Bl AR A R R A 55 R R, U AR 2 3 R AR R AR
(CO,) WREERNS A AR AL A 2 s ma > 1 PRIt 7E 38 A R T 0] AR A5 B AU 75 57 R, FE 40 AR
R S I 0 X6 T W P9 0 8755 S AL A, X 00 e o 22 i o A8 L e ] I e il S 5AE 14 ) S #10 FLA T B2 A R
R,

VFZ A BT AN [R) FRUBE (8 0 5 (RO 5l o 5 880 ) S0 vk (DS 00 | 2 S | il s
S 54307 T B (AR ) X R T2 IR Rs (Wl B S HLBHEA T T #5857 %) ik S oy R 2 3 T4
SE BIRFFE A5, o T 32 BRI I 23 RUBE, I Hh 9 25 V0 7 B R DX 3l T o A 353 P A 2, R X IR R 5
Wi Rs A5 Fli A 25 R GEBRAE PR R B0 vERR AL DR AR TR 5T b [ 055 9 T O 8 A ASE UL R RIS S 36 9 81
TESCHY 2683 Z580HE , 32 ] Meta 2087757k ¥R FTIR I X e [ 12 SRl A= A5 R 58 Rs RILAL OS2I, AHESTSS
Hofg X R BRARATT 5T A S R GG RN -5 S BAILH A8 2%, DAL SBR[ Bk g™ = fie b AN H s g A3

RS R

http ; //www.ecologica.cn



24 14 XN 25 TR E G A 2 R G - PG R 3 A AT 10193

1 #REFFE

11 Hdlad i
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CERAEIR” CUEY)T 0 CO,” AF, MR R STHER R 127 FHe S0, aE— Pk 5 A SR, BeE N
T (1) FOSCHEAE v A= 25 2R G AT RO TR R S5 118 SCRUHE , L S DX A AR S BIE T BEHEBR
(2) SEES A FRLH FOXT BRZH 0] i PREE J5 A R 2R A 5 SR P AR — B, ELG2H B A8 s 0 L0 {7 A [+
] ARAS 5 (3) X T2 a2 B8, e O 85 RCDLRR R AL BRZH A S04 5 (4) HAR S RO B8 AR 22
(15 FIREA f AT SO (BT 3% He AR s o 8] 3 07 U H A5 5 (5) SChoxd 9256 75 =X (B A sl =2 4Rk 52
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Table 1 Effects of simulated acid rain on plant C pools, soil C pools and soil pH

AF & Variable BN Effect size/% FEZA R Sample size P
FEAEBRE Plant C pool

o b #BE YR AGB -8.0 [-11.4,-4.5] 202 <0.001 ***
MRS E Y BGB -9.9 [-14.3,-5.4] 180 <0.001 ***
kYR LR -6.8 [-10.3,-3.3] 48 <0.001 ***
+HERRE Soil C pool

AIEHA HLER DOC -8.0 [-11.2,-4.5] 137 <0.001 ***
Y P iE i MBC -10.5 [-13.7,-7.3] 185 <0.001 ***
FHA LK SOC 0.8 [-1.8,3.5] 285 0.544
+4 pH Soil pH -4.6 [-5.3,-3.9] 485 <0.001 ***

%% 78 P<0.001; AGB i A=) 5 Aboveground biomass; BGB : th T 4= ¥ i Belowground biomass; LF : Ji 75 Litter fall; DOC . P ¥E A HL
Tk Dissolved organic carbon; MBC : f#2E ¥4 stk Microbial biomass carbon; SOC ; 1384 #LEK Soil organic carbon
2.2 Rs SHAL A XA W 14 0 S

BT BRI T S B K T Rs(-9.6%) \Rh(=7.7%) Ml Ra(-11.7%) , ANIREZSRGE T, Bk 5
T4 FH R XHAEHOUR T A9 M0 15— 250, 50591 i R I T 8.0% . 10.8% 1 14.7% s ASHMER M X4 FH Rh (1452 0 A B i
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Fig.1 Differences in responses of Rs, Rh and Ra to simulated acid rain across different ecosystems and forest types
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0.05
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Fig.2 Differences in responses of Rs, Rh and Ra to simulated acid rain under different experiment types and pH of acid rain
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B F A (HES MBC 5 DOC (R A LE ;Rh 5 AGB B FIEHIS, Ra 5 BGB W IEHISE,H Rs 5 AGB
FI BGB MM X RMARE (£2),

F2 BHEEFEMET Rs.Rh 71 Ra WA ES 118 pH, T EREUREMENENLENX R

Table 2 Relationships between InRRv of Rs, Rh and Ra and InRR of soil pH, soil carbon pools and plant bi s in resp to simulated
acid rain
s i Sy grrey BN :
Dependent variable Independent Regression model Sample size R P
variable
Rs Soil pH y=0.2704x-0.0557 115 0.0399 0.032
MBC y=0.1791x-0.0868 68 0.039 0.107
DOC y=-0.1101x-0.1118 31 0.0276 0.371
SOC y=-0.7686x—0.0662 50 0.2627 < 0.001
AGB y=0.0662x-0.034 28 0.0017 0.837
BGB y=-0.0233x+0.0132 25 0.0015 0.853
Rh Soil pH y=0.6368x-0.0309 49 0.2939 < 0.001
MBC y=-0.0126x—0.1069 20 0.0003 0.940
SOC y=-0.8411x-0.0601 25 0.4222 < 0.001
AGB y=0.7086x—-0.19 10 0.503 0.022
BGB y=-0.0477x-0.1133 13 0.0206 0.640
Ra Soil pH y=1.674x+0.0171 27 0.0347 0.352
AGB y=0.1414x+0.0624 26 0.0684 0.197
BGB y=1.593x-0.0503 29 0.8847 < 0.001

Rs: 400 Soil respiration; Rh: 52 F#IEH heterotrophic respiration; Ra: H F2FFI autotrophic respiration

2.4 Rs KHAG 545 MAT Al MAP G R

Meta [BIJH 7347 W, Rs \Ra MUV AE 5 26 B Z (A7 7E W 35 0 TEAH DG OC & |, Bl AR 26 B T, AU RR M % Rs
1 Ra By B0 B W 55 , TE RN BTG58 s Rs \Ra BN (H 5 MAT W& ARG B MAT AT+ SRR T
XF Rs 1 Ra [ IERQ N 2 #0855 , UR00 2 #1458 ; Rs \Rh Al Ra (R0 {E#THE MAP (%) TF i 1 B A%, (HAUA Rs
5 MAP I RBFN B E KT (R*=0.005; P=0.04) , B MAP 300, B0 XS Rs 114 £ 8500 326 9 1 i
(E3),

3 i

3.1 S RGEAKT Rs Rh Ml Ra B350

AR I, FRAR Rs FERSTADURR T A0 BT BRI 5 /), bk 22 A e K (181 1), SRR AR AR RGN
7], Rs XJ PR RN MR AN [A] . ZERRMAE S R G, MO 2 AR Al 92 DL S k2 7% 0 )22 1 o BA 1 TR 23 A1
P N o - AR A ) RS AR 2R 0 By 2 T e b sl T A 25 R 46, T b bl J2 R 48 ol T A M X e =
FRPERI I (4 HY) 35 e A 3 W B E s v | FRAR R A Ah Ak I b KB A i =UBE , £
e HTRRAE J AR T AR T 22 R S ECE AR Rs, R4 Rs Rh FESAES R
AN [FI AR BE ARG, (H R Ra ZERSIULPR AL B F AP 238 m (& 1), iX — & I 5 Chen S BF L5 R —
] FRHREN v R R S 2R - R A O (i AR R 4 R P A A A R R ) AR R OR B AR T
JE# B TR BGB I R Y AR I 365 7RI AR IS A v | G2 [ A6 25 B AFF 9 & B, R AR Rs X R
U 7 P B i e, R TR AS AR =2, bR e 55 0 DRI A T PrbR 9k R 0 R 38 85 T Wl b, R 2% b i
e TR A A TS o R R T T R R S MR AT I AR S DR T b e IRAE R Y A e D, R
FITHRINZE o, 3L Rs FUREAIK . SRTMAHFSE RO SRR Y 5 [ B AR 1 ) i TR S MR AR Rs \Rh
Al Ra A9 2 E FRAR, (HAS A Z [ A 22 7 A B3 (F D), X Sar AR R ZE RA—3, RoAARI I ER T
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Fig.3 Relationships between InRR of Rs, Rh and Ra and latitude, MAT and MAP in response to simulated acid rain
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Fig.4 The mechanism of the effects of acid rain on soil respiration and its components
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