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A short-term effect of simulated acid rain on the soil respiration of the compound

system of Chinese fir seedling-soil
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Abstract; Chinese subtropical forest zones have been damaged by long term acid rains. The acid rain usually increases the
decomposition rates of soil organic carbon and impacts the release of soil carbon by accelerating the soil acidification.
Consequently, an uncertainty of the variation of soil carbon is leaded by the effect. Meanwhile, the effluxes of carbon
dioxide CO, released from soil into the air contribute to a potential climate change.

In order to figure out the effect of acid rain on the release of soil carbon, an acid rain menace control experiment was
carried out on a compound system of Cunninghamia lanceolata seedling-soil. The system is sensitive to the acid rain stress
in Zhejiang Province and is located in the middle Chinese subtropical areas, which is suffered from the severe acid rain
pollution in a long term. The Cunninghamia lanceolata seedling-soils constructed in plots were divided into three groups,
which represented the severe acid rain treatment ST (pH 2.5), the moderate acid rain treatment MT (pH 4.0) and the

check experiment CK (pH 5.6). Then the samples were sprayed by artificial acid rains with different pH values in a green
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house for 2 years. The artificial acid rain was consisted of H,S0,(98% ) and HNO,(75% ) at the volume ratio of 8.1, and
was diluted by pure water into spay solutions, of which pH values were 2.5, 4.0 and 5. 6 respectively. The trend of soil
acidification and the variation of soil respiration in the seedling-soil system were experimentally analyzed with a response
model of soil carbon release developed to simulated acid rain stress. The results showed that (1) the pH-value of soil
treated with CK decreased, but the soil-buffer system had not been strongly changed. The mass of hydrogen ion H" rushing
into soil due to a severe acid rain (pH 2.5) made the pH-value decrease to 3.71. Meanwhile the residual of Ca’* and
Mg’ " decreased sharply. After which the soil-buffer system changed into aluminum buffer system and the soil was apparently
acidified. Moderate acid rain (pH 4.0) did not significantly acidify soil, although the pH-values of soil and the residual of
Mg’ " in soil slightly dropped. On the other hand, the residual of Ca’* remained 40. 15 —42.76 pg-g~' (oven-dried soil ).
(2) The mean annual effluxes of soil carbon of control group did not strongly vary, which were 1.41 pmol+m s 'in 2007

“'in 2008. The acid rain inhibited the soil respiration of Cunninghamia lanceolata seedling-soil

and 1.42 pmol +m s
mainly in the first 2 years. Compared to CK, the inter-annual effluxes of soil respiration of the conifer seedling-soil sprayed
by a severe acid rain (pH 2.5) dropped by 14% and 28% respectively in the two years. Even though the moderate acid
rain (pH 4.0) could not make a severe soil acidification, it enhanced the release of soil carbon by 8% in 2007 and
reduced the effluxes of soil respiration by 15% in 2008. Moreover, the effect of acid rain on the release of soil carbon

became more significant with the prolongation of simulated acid rain.

Key Words: Cunninghamia lanceolata ; conifer seedling-soil system; simulated acid rain; soil respiration
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JITTE b Hp 2 BE AU 0 22 UM , B4R IR K & 1407.7 mm, JFAF- 3SR 28.1 C,
1.2 SEHbRL

LI HORMETE 2 SRS ARL T FIEIUERTY o 12K (Cunninghamia lanceolata) JyHiiT44 3 B AR B
Fifr, -t 7 A B B A5 A AR, BB AR & BLFE LR IR R MR R A K 2 b
X ERFY MHRERAL, V(SO0;™ XV(NO, ) =8:1, % 4EFRTN pH {8 3. 8—4. 0, BRI 97% , ¥t Al H,S0, (98% ) &
HNO, (75% ) #% V(SO;” }V(NO, ) =8:1 Fiifil ER TN . FIZAK BB AL pH (4 2.5.4.0 F15.6 (93 Fh
W, A ARRE FE R AL B (ST) |, A BERR T AL 2R (MT) Fixed BR4H (CK) o
1.3 BRIt

SE6 T BN - 498 R 4T P B AT, 4 87 BB IR E M O IR Y5 ) 5 AR bR )2 (0—15em)
I BRSO 10 B, AR IRA A EEARRE £, B RE 1,

®1 ZHRIHITW|EXEY
Table 1 The basic physiochemical natures of soil in experimental plot

LR ALK B HRA B
pH Total N/ Organic carbon/ Rapidly available K/ Rapidly available N/ Rapidly available P/
(g-kg™) (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
5.18 7.30 12.4 71.0 57.3 2.91

S R TR B 45 1R 5230 2 2006 4E B 2 b KR FEA —BUI LT 30 Bk, B3 T 22 om x27 em MIZLHF
(BEZHL 3—S5 om) ,BAAEE 1 #, BEHEHNEZEHFNERE, 22 MHREAKE, IS4 78
3N, AT 2 DARIBREE R ER T AL 2 (pH {E 2. 5 1 pH {H 4.0) F1 1 A HRALEE (pH (E 5.6) , M40 HE 10
NEE . BN R FFEBREIARR T , 2B RO HA 138, RIS RIEZE KR x RIRSE
11,281 365 mm, Z:HIE% 1959—1980 4 20a A ¥IfE K &4 e H B R , 735 8 IR SIBENE , 38 244 KK 2
hnok &8 52 PR A FEKE
1.4 IEIFIRINE

F 2007—2008 4EA4E 4—5 H \7—8 A \11—12 J W43 XA i FEHLE R 3—5 AR E 1 ERF s 3
(Efflux,E) o MERTHEAEYAR 2—3 cm 0¥ PVC A (ERZ 10 em) A 138 2—3 om, KERIFNAEYIIE R 3R
T A& Y ASE PVC 3B IR, IR R IR A BAZE . /Nl E PVC BRHE3) 1 350 I I 538 32 32 il

JR2H , R4 A 24 h J5 - LI-8100 ( LI-COR Inc. , Lincoln, NE, USA) i 48 #A - (10 cm) B3 & 1 1
WP R BRI A 34 7E S b BR T W K S AT, T8 B ) € T 9:00—12: 00, 45 4 i <& Bf [H] 3% 2 12 min,,
LI-810075 E R4 S aE i EC-10 137K 4044 3k ( Decagon Devices Inc. ,Pullman, WA , USA) [F]25SE0H 58 + 38R
JZ B B (Soil temperature, Ts,°C ) ( <10 cm) 15 em Ab#) HIBAFR & 7K B (A I3BAE X 1B B %R, Soil relative
humidity ,RHs , % ) , {E¥5 318 1R E L ( Testo 608-T1 , Testo AG,Lenzkirch, GER) R EX BN KIBE
1.5 TmmITsinillE

TR IR AE BRI T AR B O, B A0 38 XA REALE 3 5 A 48, 7EMNAZE T R — K, FEAE M A
#F3—S em &b, IR 1 em 9 45 CRRH) #2 5 R4 0—10 om RJZ LI, BBRHAMR RS GE MRS 138
F i (400—500 g) o 43HL 200—300 g R TJ5 i) L3 hiIAE , 1F 2 mm G5 . B 10 g 13 (20 H) S IRBHE
e i Fj FE20K 2 i1 ( Mettler-Toledo Inc. , Greifensee, Ziirich, CH) il +-3% pH {H ( -3kt 1:2.5) , B 1.00 g
+#£(100 H) K Fi ICP-MS( Agent 75001, Agilent Technologies Inc, CA, USA) il] 52 5% BA By 3 #etk: Ca®* \Mg®* &
&/, B—RBirlESE3 M ERE,

1.6 BdEHr

¥ SPSS 13.0, #24E Kolmogorov-Smirnov test 2 Levene’ s test A6 365U E i) 1IE 25 25—+ ; 18 FI et el AR 4

P[] U5 23 WS [ R TR Ak 24 Py - 38 W R 5ol 3R 2 {H 5 BR TR pH {E 5%+ 3% pH {H K &R , one-way ANOVA (a =
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0.05) % Dunnett’ s(a =0.05) kg 2: 7 W, # LIRS 1 0P IR 2 M AH CHT U SR A Pearson 3
B (a=0.05) FIWr —FHHKFR, tHRXEH OriginPro 7.0 21,
2 SR
2.1 FEPIER T LB ER ARG I 50
2.1.1 13 pHEHA

14 pH (B PR 1R BB &, BB A BUR N BRUTRE T TR AL K BURME . SCIRPI iR AR B L 21w
FRVER) B £13% (pH {H 5. 18) , Xt i 1-3% pH {H 2007 4FJ5PEA% 0. 38 NMEAAL, /S PKE B 5. 17, I 5 FEARE
4.74, 13 pH BREK T 0. 44, HHEE AR KR KA BETM(K2) . HERWA (pH {4.0) 9 13 pH
ERAR T B8, H AR Shta 35 %F B —30, S I T Ga B A HL & B kSt R A ik — P R fL . {H2E BRI (pH
H2.5) MmN KR H ' 3EA 138, +3% pH {EH722 T B ,2008 SFEFEE] 3. 71, HIEGE A R ia T 848
ZrA R (pHE2.8—4.2),

F2 EWEWERATLE pH ENTL
Table 2 The pH-values of seedling-soil system of Chinese fir treated with SAR

+ 3% pH {f pH-value of soil

BT ¥ pH fH

pHovalue of acid rain 2007 4 Year 2007 2008 4 Year 2008
4 H Apr. 8 H Aug. 11 A Nov. 4 H Apr. 8 H Aug. 11 A Nov.
2.5 4.40* 4.32* 4.12* 4.09* 3.84* 3.71*
4.0 4.74 4.77 5.13 4.52 4.71 4.72
5.6 4.80 4.88 5.17 4.50 4.74 4.74

* UL pH 5. 6 SCIZH X IR, SR A Dunnett’ s K% (KK T « =0.05) 5 BFE2Z M (P <0.05)

2.1.2 HIRRRRAER T & B

HHERE M Ca®t Mg® " RFAEH MKMW EBEREE T, URWHEALAKRLIRG, LIRM S A
{48 pH {E7E T BERR TR0 R ARFSAR X AR, W0 1 s, £ HESR B M 38 et Ca® " & BAEFFAE 40. 15—
42.76 pg-g” (BT L) AT AR EIEE N, M Mg®" &8 2007 5% LA , 2008 4£H 5
BRTRE, B L RE KN 30% . FEEERWIERT, LR HME G SRTMT 2.3%—6.5% , Kk
Mg®" SRR TH B, K Ca* & & SRR BEHK(F =5.86,P=0.039)
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W
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[
(=}
[
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=T 2007 2008 2 < 2007 ™ 2008
o0 on
80 80

2 215t 15

4o 45F 451 4y i—i/i

a S 5 3 ——

S5 . %ilo-M—"% 0} K
§ E 40 — 40 § 3 %
&0 r - I —
A %% ]2 st 5| g=——*
35 L - — 35L - = oL . oL s s

25 4.0 56 25 4.0 5.6 25 4.0 5.6 25 4.0 5.6
FRFpHAE FRFpHAE
pH-value of acid rain pH-value of acid rain

Bl TE%ESHRME Ca’ 5 M BTN
Fig. 1 The variation of the residual of exchangeable Ca’>* and Mg?* in soil

RELA AR HEN 2 SD

2.2 FZAR A SRR NS HUARR R 4 Wi oy
BEEBIEITELAYE- TR SRR NFER L EIFRER E A, X 4 2007 445 EEHh 1. 41
pmol-m ~*s ™' WEAR T 2008 4EfY 1.42 pmol-m >s™', FHEFERTLH4EYY E i 2008 44 2007 £ FFE T 21% ,
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HEBRW AN A 2007 4F 1.21 pwmol-m s ' F[#Z] 1.04 pmol-m *s™', Sx}BAMEK, hERMWAFEY E
HSEHINT 8% , MG FEMKE] 1.20 wmol-m ™ *s ™' M E MR A ELE F M. AR K K/NZERIN 2007 4
pH 4.0 >pH 5.6 > pH 2.5;2008 4E pH 5.6 > pH 4.0 > pH 2.5,

AFEWAA N AR R4 A8 ARmT 11 AR (B 2), 2007 44 AF18 A, o EEER T 41 3P
PR, MEERIARL, 23 pH 4.0 >pH 5.6 >pH 2.5 &R, 11 A4y, Hh BEER T 4H Y 1 58 0 g it 2
A%, (0.91 £0.083) wmol-m s ™', 2008 4F + WP IR 3 R #&AK_E KT 2007 4F, o BE BRI 41 N FEFRTR 4
) IR ISR T X IR L BR 8 H Ab, A2k a3 pH 5.6 > pH 4.0 > pH 2.5, HEERRTIAE -3 IF IR & A 1 2% 22
SMAMEELES Ay EERWHFELLEREZRWA HZ:2007 44 H,2008 424 111 A, tH 11 A
By, ST 5 R A X RE ) 30% , 4 (0. 33 £0.032) wmol-m %5 ™' (P =0.008,n =8) ,

B pH25 [—1pH4.0 pHS.6

3r 3r
2007 b 2008

| ab
b
55

R R
Soil respiration rate/(tmol-m2-s7")

SN
Soil respiration rate/(umol-m™2.s7")

0

H 43 Month

B2 BRHEEIEALYE- T8 T EERTLA
Fig. 2 The variation of soil respiration of Chinese fir seedling-soil system treated with SAR
F iR EL AR MEM 2 SD, AR FRAREFEE (2 =0.05)

3 itig

(1) SEIERRY, LIEFRA I BT, FWRKMFM LS R, 7S s R R 1
YER . R LAAE R BstE] R BE , % A General linear model ( Univariate Analysis of Variance ) #¥ 41 1 338 FF I [ 7K #4
ZETT N S BRI RN , F il it 2508 mH I R A R R A R RMEM . 3R 3 Fi , KRFET 2L
Xof TSP R AR B3 (P =0.000,n =8) , BRI 7E2008 4E4% B2 (P =0.000,n =8) , {H & Xf T 450

#3 BEHBETSFTEAMLHETFRHEXE(a=0.05)
Table 3 The correlation of SAR and seasonal change with SR (a =0.05)

: j BT (B H T P)
i [f] LI To/°C THANLIL RHs/ % ZkH R? Effect analysis ( significance P)
Time Regression model
ST MT CK ST MT CK PHssr S PHsap xS
2007-04  21.85 23.49 23.35 40.96 39.94 38.11 E=-1.657+0.129 Ts 0.381 0.074 0.000 0.528

2007-08 29.14  29.15  29.31  82.26  82.07 78.68 E=-1.455+0.118 Ts 0.258

2007-11 16.32  15.04  15.59  54.58  53.18  58.19

2008-04 17.76  18.24  18.84  42.15  43.66  43.41 E=0.478+0.155pH 0.719  0.002  0.000 0.128

2008-08 29.36  27.47  26.75  72.47  70.96  70.02

2008-11 13.82  15.33  15.08  54.82  55.55  55.44 E=-0.069+0.182pH 0.753

I : ST, MT Al CK 43 AR T BERRFHAL P, o BERRWT AL BLANR BRUAL 2 R 7R A R 2 R A R 25 AL 0w 3 BB 5 130

W TCENESTR s BOSLII T LAAE R B[R] UL, {2 General linear model (Univariate Analysis of Variance ) i 2 PEA 1o I BE S ME, K oK F 2 o =
0.05; pHsap FRARFAFT pH RRE, S AT, pH sap x S FORB-5 T SRR 5 RP A PTH A R n =8

http ://www. ecologica. cn



83 XPRA 4 AIUBRTIX ALY - 3R 5 AR S0 IR 4 S A 2015

WHIREAERHARE (P =0.528,n=8) , 5ETHFEERMM, -5 0P0% 52 + 0 B IR Sh
2007 4EIEIRAS L 66. 1% FHEHPE (P =0.002,n=8) 32 E= -0.561 +0.087Ts (X R, 53CHk 24 #Ri8
AR, B A AN A - S AE X I BE X - SR A FAS B A (Pearson 3% r =0.081,P =0.131,n =8) . HIRK
T P 50 M0 20 Y 3 52 , 2008 4F 55 1 38 R B 3 [ A B - 3B RF IR 92. 5% Ky AE b (n =24) TR E = —-1.124 +
0.0917s +0. 121pH 5 5 , T 396300 BF 2 st o AR (L A A B (R =85.4% ,n =24) . 4 AFI 11 H itk
BN SRR IR B 5 T A X BE R e, BEAUABR TR B - SRR I Y E IR B [ 3K, 70. 0% LA b 1) -3 0F
W AR S B AR S |

(2) BRI ME T, BIX HR 2 3 0P I R R AR X R o BEIUBR T AL BT , 0L R T X A2 K 1 438 W I 7= A=
YER, FE B FIARR, — RN 3R B Y 4h 8 B4 Ve R Iz i 7 | e A M0 9 [ Bk B 7, £
SEEM T MR E LS, EHEXRATT, CERZIEYEE R AZR . 4R R R R HF M
He AT A FARR IR AR ARG , 4% AR 1 52 PR A B4 A T 2 — BV 1 SR IRl R g i

HZ SEWBRWHEA YR T HI3EK pH B (L2215, SRR IERR AL, 3 M A YR R 1
WAEYRES) . EEERWAET , 2K 15 pH [EMERWIERANRS B E TR, @t thZibit, 2007 4
+3% pH (55 4P A 2 E = —20.898 +3. 112 pH® -0.444 pH’ (=R & X R (R* =0.472,n =9) ,2008
ERFIIEEAR(R? =0.172,n =9) . HE—ERRE b, FEIIER T 8 13 228 + 48 pH 68 0P & A T Bl As
—AFBLT , TIBAE Y REAE pH3—8 BT Bl N ORTFTEPE , 24 138 pH (BRI, - 380004 1 B i W = A 2R
YESAFBRE TR, 3% T8 HAEY R A YUK TR B A0 5 2 M, e ) SRR, 45
AR A LR S RSE , 2E— e B E] P IR> CO, =R B ™), Baath Al Hogberg 25 il 52, 1 4 4
He Ko 458 pH. (EAFAE T 32 5, 2o5F P e Ak B ™ . AT S Rech BT 45 R KA, 1%
pH {EBAR , T3P E R o [ Bewley &5t % B+ 3Bk (pH < 3) KX - 380 % 7 A= i, JRU PR 2 +
b S A 55 H,S0, BFE I, I B B BB 7E B LS R  rpa K2

FE AL TR b BEBRTE (pH 4. 0) FFARXT A2 AR 1388 50k 19 28 v R 3 s B s, 3L pH B 5% B A Y,
B 1 A B B R R R FT BB — R o RBRYE R IR AT 3 b Ry MEA AL A3, B8k BE AR
MTEARYUE L MAYIE A pH EAA T, \TREE S X AR R IR AT ZHIEA AR A, ATRAE 585
BB T B LS F IR 36 . Vanhala S5 RITAy SO, 1 NO 5 G IX ) -3 WP 52 4 il i S Rl 2 — &5 13
BB S R . X LA PR & B 500 t & B, 2007 4E A VLR & B BRI AL B T 31% , T
EERWAATEAN T 10% . (HETRPIE M AREEE LIEAIIRS LIEFRMAR LR, FEHE—F
Y S B R o
B R RN R BAZ IR T, BT AR B AR S O X SR IR B PR B o
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