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LI Y,l fanj 2 waANG Yu—Jlel‘2 WANG Blnl 2 WANG Yun-qi'’ :
(1. meun Forest-‘Ecosy%tem Research Stationg S(hoorof S'('nl a,r-rd Water Conservation, Beijing Forestry University, Beijing 100083,
China; 2, Bel]lng Engineering Research Center of Soil and Water Conservation, Beijing 100083, China)

Abstract; In order to study the effects of acid rain on forest soil respiration, three plots were selected in the conifer/broad-leaved mixed
forests in the Three Gorges Reservoir area of the Jinyun Mountain ( Chongging) from January 2016 to April 2017. Two groups of
treatments were set up: a trenched treatment and an untrenched treatment. Each group was treated with four simulated acid rain
gradients of pH 4.5 (control) , 4.0, 3.25 and 2. 5. The characteristics of total soil respiration and heterotrophic respiration under the
four simulated acid rain treatments were measured. Soil temperature and moisture were measured during the respiration measurements,
and soil samples were collected to study the effects of soil pH, the carbon-nitrogen ratio, and fine root biomass on soil respiration. The
results indicated that the total soil respiration and heterotrophic respiration of trenched and untrenched plots showed a similar seasonal
variation trend. The annual mean soil respiration rates of the CK, T4.0, T3.25, and T2.5 treatments were 1.89, 1.88, 1.75, and
1.74 pmol-(m*-s') 7' respectively, and the annual mean soil respiration rates of the RCCK, RCT4.0, RCT3.25 and RCT2.5
treatments were 1.37, 1.32, 1.19, 1. 08 wmol-(m”-s') =", respectively. There was no significant differences between the quarterly
average of the total soil respiration and heterotrophic respiration before June 2016 (P >0.05). However, after October 2016, the
difference was significant (P <0.01) with CK >pH 4.0 >pH 3.25 >pH 2. 5. The cumulative soil CO, emissions of the T4. 0, T3. 25,
and T2.5 treatments in 2016 decreased by 3.89% , 9.64% , and 11.24% respectively, compared with the control, and the RCT4. 0,
RCT3. 25, and RCT2. 5 treatments decreased by 6. 79% , 13.23% , and 25.56% , respectively. The simulated acid rain treatments
reduced the ratio of heterotrophic respiration in the total soil respiration, and the degree of reduction increased with the pH of the
simulated acid rain, indicating that the effect of acid rain on the inhibition of heterotrophic respiration exceeded that of autotrophic
respiration. Although the simulated acid rain treatments increased the temperature sensitivity of soil respiration (Q,,), it had no
significant effect on soil temperature and humidity (P >0.05). The soil carbon-nitrogen ratio and fine root biomass were significantly
greater in comparison to the control after October 2016. Soil respiration was significantly positively correlated with fine root biomass and
significantly negatively correlated with the soil carbon-nitrogen ratio. Soil temperature and water contributed only slightly to soil
respiration under the four simulated acid rain treatments. Fine root biomass and the soil carbon-nitrogen ratio were critical factors for

variation of soil respiration under acid rain.
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Fig. 1 Dynamic changes of soil temperature and soil moisture at 5 c¢m for different treatments
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Table 2 Repeated measures analysis of variance of soil respiration, soil temperature, soil moisture, pH, C/N ratio, and fine root biomass

gt b df Eap) F P
i i) 4128 18.636 6801. 083 <0.01*
AW AT i) 332 0.618 294. 841 <0.01*
5 JiF S35 - N S R i ] > R W 12128 0. 140 51.055 <0.01*
I i) 4128 9.05 4562.33 <0.01*
WEAREE [icah) 332 0.90 552.03 <0.01*
P i) x FR T 12128 0.19 93. 64 <0.01*
i i) 15 480 1013.82 16 420. 17 <0.01*
PN [iogg] 332 0.02 0.27 0. 85
¥ M FFA] x FR T 45 480 0.04 0.65 0.96
P} [ 15 480 1009. 02 16 894. 44 <0.01*
WEAREE PR TN 332 0.02 0.41 0.75
Fif ] x R R 45 480 0.02 0.38 0.98
I i) 15 480 0.03 175. 81 <0.01*
AWHREE DT [iogg] 332 0.00 0.01 0.99
A M I I) x BRI 45 480 0.00 0.05 OQ 99
i [l 15480 0.01 [T 39.09 Y. o 8
WHRAE 7 _FRT 332 0.00 0.06 L0.98 L
EELGRRF 45480 0,00 0.03 09
e 4128 iz | 18492 Ao gl |
AWHREE) o B 332 f 803 - 2.75 . &os S g
o ] Il R 12128 0. (3.4“"' 4.9 _<,0.‘01".'*'f". i
— s £/ g ans | 0 53 - <001
N B WiIAREE ) S 332 "Jo@ | @ €1z 0. 32.3 :
[ 4 Vo 12128 f ok o N30 <0.017 &
A | S e 4128 4 179.19 1 1106. 85 20nQL ¥
et 3 BNt 332 ©36.79 258.72 0.0t
'(IJ/Nf LT AR R y “12 128 18.68 115.41 <0.01*
o 3 ' A A T 4108 63.47 419.87 <0.01*
e 7 WHRAE 7 A 332 30.24 200. 03 <0.01*
o : A ] x R 12128 95. 69 394. 83 <0.01*
P[] 4128 3.82 644. 00 <0.01*
AR AW AT [izdh) 332 0.51 87.97 <0.01*
PR i) x FR T 12128 0.05 7.50 <0.01*

1) #*#3FR/R P<0.05 K FEFRE, * +F£nR P<0.01 KFEREE
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2.3 N[EIFRFGREE T 3 pH ., B A L AR A= 9
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pH TEARRIA ] (P >0.05) 2R A RE(F£2). K
WIARAE 7 148 pH XA R 3. 97, B Ao e 1
Iy 3.72 M4.33[ K 6(al)]. 4 A5 7 H 4
pH TEAR RIS I 58 B (0] 22 5 R B 3. 10 A Z )5
AT AL B ) 25 5 2 (R A R B I
[ 6(a)]. WithkE)r £3E pH FI49(E R 3. 78, i
EFRARAE 230 3. 60 ~3.94[ K 6(a2) ]. HAA
i ) A5 A =398 pH AR SORWIAREE TR, 4 A5 7

H &AL FR] 22 R 3, 10 H 2 J5 3843 4k B ja) 22
SEE[E6(a)].
2.3.2 +HHORA AL

FEEME T Z 0P RWA, BHE(P<0.01), &
IR R F SR (P < 0.01) M HAZ HEAEH (P <
0.01) ¥JRE R ERZm H AR A LL (2 2). X F AW
R WAREE Ty, 4 H B - S A L AE R RIS 40U R R
SRIERIZ S AL, 7 AR 10 A HIEmRE A
SAAbEZE RN, 10 A Z 5 R A LR
T 5 B T A BT 2 S 2 35 O 52 30 pHL 4. 0 < pH 3. 25
<pH2.5, XI5 pH4. 0 HEFANBE. AW
FEJT T3.25 1 T2.5 AIAH L XS R & T 23, 16% ~
47.38% , Witk kFEJT RCT3. 25 Hl RCT2. 5 ZH AH Lb Xt
MRS T 38.47% ~55.33% [ 6(b2)]. XTA
WrARRE 7 M WrARFE T, B A LLTE A 8. 38 ~19. 43,
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Table 3 Relationship between soil respiration and soil temperature and water at 5 ¢cm

5 em HHERE 5 em HHEE K

5 em ingﬁfglﬁé\ﬂﬂi i

fb B WAEFE(y=axe!™) WEFHE(y=cM? +dM +e)

WA Ty =f xe®TAM')

a b R? Qe a b 4 = Rj a b o R?

CK 0.73  0.06 0.89° 1.84" 25410 -121.16 15.96  0.11 | .20 0.06 036077090

P X 0.2 0.07 093" 199 131.18  -6422 p.4 0.0 §os4 007 (-0 0,93
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Table 4  Relationship between soil respiration and soil pH, C/N ratio, and fine root biomass

- AR AR 4 W AR AE: 4

R B pH C/N AR W - Hgengng pH C/N
TR 1 1

pH -0.51* 1 -0.62" 1
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