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Effects of simulated acid rain on soil respiration and microbial diversity in Moso
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Abstract: Acid rain is an important phenomena in global climate change and it can strongly influence forest ecology. Many
studies have shown the impacts of acid rain on soil respiration, but the results are very different due to the different species
and environmental conditions. The persistent acidification of soil caused by acid rain has an important impact on the carbon
cycle of the Moso bamboo forest ecosystem. To quantify the effect of acid rain on the soil ecosystem of Moso bamboo forest in
subtropical China, the experiment of soil by simulated acid rain in the field was carried out for two years of 2016—2018.
Two treatments of the simulated acid rain with pH value of 4.0 (T1) and 2.0 (T2) were set, at the same time taking pH
value of 5.8 (CK) as control. The relationship between soil CO, emission and soil microbial diversity in the Moso bamboo
forest of Tianmu Mountain National Nature Reserve under the simulated acid rain was analyzed, and the relationship

between soil respiration, soil microbial and soil physical and chemical properties in subtropical Moso bamboo forest was
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determined. The results showed that soil respiration rate increased firstly and then decreased after the buffer period under
the action of acid rain, and the intensity of the action was T2>TI. The sensitivity of soil respiration to temperature in
different treatments from high to low was T2, CK, T1, and increased seasonally with increasing temperature. PCR-DGGE
analysis showed that strong acid rain treatment inhibited the growth of soil bacterial community and the order of soil bacteria
diversity and richness from high to low was CK, T1, and T2. The weak acid rain had a positive effect on the diversity and
abundance of soil fungi, and the opposite was strong acid rain. The effects of acid rain resulted in the decrease or
disappearance of Bacillus, Caulobacter, Cystobacteraceae, Bradyrhizobium and Candida, as well as inhibiting soil
respiration, while Carnobacterium, Propionibacterium, and Clostridium played greater roles in soil respiration under the
simulated acid rain. Soil pH, available potassium, soluble organic carbon and microbial biomass carbon were closely and
positively correlated with the soil microbial community structure under simulated acid rain treatment, while alkali nitrogen
and available phosphorus were negatively correlated with the soil microbial community structure. In general, simulated acid
rain can significantly inhibit soil respiration in Moso bamboo forests, and change soil microbial community structure and
diversity. These results provide theoretical basis for further study on the response mechanism of soil ecosystem of Moso

bamboo forest to environmental problems.
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119°27'11" E) , fRIPIX K 300—1500 m, J& AL RAGHF = XU, DU 200 W1 Gl R 1), 4744 i 14.5°C , 4F4F
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Fig.1 Dynamic change of soil respiration in moso bamboo under different acid rain treatments during 2016—2018
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Table 1 Relationships between soil respiration rate and soil temperature in the Moso bambaoo under different pH value treatments

AL Treatment 477 14 Fitted equation R? Qo
CK y = 1.129¢*0767 0.960 ** 2.14b
T1 y = 1.129¢*0%7 0.937** 2.10b
T2 y = 1.193e™'%7 0.845 " 2.86a

AN LR W] — 8 A AR B 22 57 (P<0.05) 5+ FR B EMIE(P < 0.05), * * FARMEFMHIKE(P < 0.01); CK,Xf HBALHL,

control treatment ; T1; Zb B — | treatment 1;T2; 0¥ | treatment 2

2.3 SR  TR Ak R O A R ) 22

BERUARR R0 38 pH {3750 Jehilk A & A s2 i 22 5 8 35 (R 2) . T2 b3 4819 734 pH {E EL CK 4b 3
i 17.31%, [t T1 AL FRAIK 14.00% ;T2 Kb 3+ 3EA LT & & b CK AIK 47.55% , [ T1 403K 30.67% ; CK 403+
52 DOC . AK \MBC B8 40 2 T1 Ab3EAY 1.22 1,16 .1.01 1%, 48912 T2 40P 1.39 .1.36 1. 06, T2 4b¥H +
HE AN AP & B0 )02 CK ARBRAY 1.09 1.67 £%, T1 B9 1.05.1.62 %, I AT UL, AN [R] 58 B A 1 o %o 4 S8 7
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Fig.2 Relationship between soil respiration and soil temperature
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Table 2 Soil physicochemical properties and microbial biomass under different acid rain treatments

b R e A R R AR BB (DGR7h={7
Treatment pH Available N/ Available P/ Available K/ Dissolved organic Microbial biomass
reatment
came (mg/kg) (mg/kg) (mg/kg) carbon/ ( mg/kg) carbon/ (mg/kg)
CK 5.2+0.04a 221.82+3.14¢ 3.50+0.07b 44.68+3.40a 138.38+2.04a 607.71+0.38a
Tl 5.0+0.08b 230.45+2.68h 3.59+0.09b 38.52+0.59b 113.57+3.96b 598.78+2.42h
T2 4.3+0.03¢ 242.83+4.49a 5.83+0.10a 32.78+2.20b 99.55+1.27¢ 573.08+2.02¢

UNGIESRSE 5N [ﬂ*ﬁﬂﬂﬂ%i@{ﬁﬁ?{jﬁ%%%(})<005) s CK X HBALBE | control treatment; T1; ZbPH— | treatment 1;T2. Ab¥ . treatment 2

2.4 A[RIER T Ab P+ 9 40 b AN -+ 8 LR 2 RE T

BB T S0 2 4 f5 , WA [ B I YRV >k FH DGGE HORKM #1330 45 DGGE 47, 45
LI AL R AL B Y BT A RE S TR S A 8 A DGGE 15417 (3.7 ,11.,13 .14 23 28 F1130) , 7EXLE4A 3
30 A B AR, 7 1113 14 23 28 Z5Ai7 8 I S8 08 IR TR o0 BT TR B TR | Bl i R o
W, B — S BB WA R T R ] R IRIRBE R T o AR B B L R TN L AR T B
FERR D B 2 A 4 (2R ) O(FEEFTHE) (12 (18R REHE ) 1 25 CRERER) |, RN, BRI &k
SHOE LRSI, andy S(RBATHEE) 6(RIRFTHE ) (8 (R MAT RS ) . X Uk A 75 BRI VE I R X
AU NS A A BT R A RN R s 1 ARk PR 2 T RE R

N RIS W Ah B 1) - 32200 P R+ 408 B A M LA B 2 S (3R 3) BRI TR AL B H AN B RV 2
BEVERBUON BRI, DERTERYE I i T - AN s BV A0 2B PE, T2 AR BE A AN Z REPE S CK AL FEAR L
FEAE 5 25 51 (P<0.05) |, Tt A 7 B R TR Ah B4 - 8 200 1 71 v XoF I 1 2 5 ) Tif 2 P o AR TS 400 7 4k 4 17
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IR SRR UM S, T1 AR 3 B 2 A e CK AR BRAD T2 AbBAF7E B 2 22 5% (P<0.05) , 1L
FA H R R AL B S5 3 L R R I X R A PR ) i 2 1 e v |, 55 TR P 1+ M L R VR ) 2R

®3 FRBMAETHEREMHENSEEREY

Table 3 Diversity index of soil microbiology community under different acid rain treatments

FHEATA Soil bacterial community FHEHF Soil fungal community
b Shannon Margalef Pielou Shannon Margalef Pielou
Tk g FEER MAUERE SRR R SIS
o Shannon diversity Margalef richness Pielou evenness Shannon diversity Margalef richness Pielou evenness
index( H) index (D) index(E) index( H) index(D) index(E)
CK 3.28+0.03a 3.54+0.02a 0.998+0.015a 2.22+0.04b 2.29+0.03b 0.999+0.014a
T1 2.97+0.02ab 3.16+0.06ab 0.991+0.024a 2.56+0.06a 2.79+0.07a 0.989+0.022a
T2 2.79+0.05b 2.88+0.03b 0.993+0.013a 2.24+0.02b 2.15+0.05b 0.992+0.025a

N[ T BER AR 7] — 5 P9 25 S (AP TE 1 35 22 57 ( P<0.05)

2.5 OR[RIFR W AL BE - EPE S IR YR e R

T AN | IR o 2R AR S T R I (R 4) , RHEANEE Y Shannon Z KT
B Margalef =F 5 JEH5 505 0 i 2URA S08E 2 10 35 o0 B 35 A 26 (P<0.01) , 5 pH (B BERLER  nT ¥ A HL
BRI A e St Bl 2 b f 2 TE A 96 (P<0.01) 5 3B LR Y Shannon Z2REPEH8 505 it 80 & IEAH G (P<
0.05) , 55 AT A AR RN A e 52t W 3 oA B 3 TUAH DG ( P<0.01) , Margalef =& 8505 pH ol 14
F LB RN B S 35 TR G (P<0.05) |, 55U &N i 35 T AH G (P<0.05)

R4 TEREY o SHEERSTEBLER BENEHNEXRY

Table 4 Correlation coefficients between soil microbial a-diversity indices and soil physicochemical properties, microbial biomass

SRS WA T o PTEABLE RUEDIEL

Diversity index pH Available N Available P Available K mg]zzi"l;er‘im bioﬁ:’i‘im
+ N Shannon ZFEEFEEL(H) 0.720* -0.817** -0.676* 0.627* 0.730* 0.771*
Soil bacteria Margalef & JEF8%L (D) 0.834** -0.873** -0.709* 0.686* 0.801** 0.889 **

Pielou ¥J5) AR $(E) 0.458 -0.352 0.366 0.479 0.567 -0.248
RSN Shannon ZFEEFEEL (H) -0.551 0.631" 0.533 -0.482 -0.742" -0.898 **
Soil fungi Margalef -5 FEF6¥ (D) -0.638" 0.724" 0.479 -0.553 -0.687" -0.791"

Pielou ¥J5IBE45 5L (E) -0.332 0.103 0.325 0.417 -0.257 0.228

#* FRBEHIE(P < 0.05), ** IR WFEMHIE(P < 0.01)

h T R RERR T 5 S W BRI SR KR BRI 22 0] B 9 R AN [ B LR N R s -+ Rk W B 5 30
B FHEATI0A 0T, TR H CK 5 T1 T2 Z 181545 B B B 25 | 3R SE T Z T8 0BT, BVAS [ A 400 R WY Ak
PRFE A + A DTS A 22 AR KRS D SRR A 5, Wi B3 suiik %l 97.74% ,T1 1 T2 4y A 1E
55 T HEFRIE T ), CK 20 A0 76 58 HE P 3l £ 07 1), 28 B K () ASS 400 2 W Ak B2 58— HE IR Sl R B 2R
pH AK . DOC I MBC SR R A3 ) e A MRV 4500 ¢ 3R 8% HEAH G, AN AP 5 HIERUE W F %
ERIMISE . HEFARES % pH DOC AP (AN F1 MBC X 340 B R Vi &35 ¥ 1 S 0 i . 255 ( P<0.05) (&1 3)
2.6 AN[EIER A P A SR 55 e | R I OC R

NP AR T R ) o ZREERE B AR DG E ST R (3 4) , HIEIFIS pH (E HEAL
B RTIE A AL B AN A Shannon 1580 E B35 IE M 5G (P<0.05) |, 55 i 2R R8sk ok 2 Al
% (P<0.05)

http ; //www.ecologica.cn



TR A AR R OGS T [ S A B AR SRR R A W 2 R B R

3427

3 e 150 -

3.0 SRR A B - TR () 2 Atk R 4 ) R T 100 |- ff
T AR U EHOR A MR R 2 |

R BURR TN - IR I 2 A e R 2 5, 2

Reth 55 WF50 A BUBLFURR P A0 1) 7 L P R 2 o

PRI R TR BT LB R T o |

2, Fangueiro fff“”?Iilﬁ,fﬂ%%ﬂ@éﬂﬁﬁfﬁﬁﬁﬁﬁiﬁ? R

T, ACHST 4 I SR IR R R X £ 4 T

WP TC I SRR, 3% S R T A R 28 150 : : :

RIS A AT ARS8 1 22 sh AR, B AT AR
FR I T IR TR B S AR, BB I TR] R ZER AL
FRFEAE IR, - SEmT 0l 52 B S R el N A 3, TR
T EA R SR A1 T A 2 R A4 i v 45 2 1 5 A
T PN o R T VS P ) R e o R R A IR A ) 246 TR
o1 WERAR R H AU I RS R AL IR AR R PRI
WS A, TR FT A NO™ Bt A A A 1 1
INY BT 2R AR A 0 i, A3 T A L P i e

-50 0
JUA1 RDAI (58.69%)

50

E3 THEMEMEESHREREEFHTRS N
Fig.3 RDA of soil microbial community and environmental
factors
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Table 4 Correlation coefficients between soil respiration and soil microbial a-diversity indices, soil physicochemical properties

AT

o o WA AT B
1 . s . Pl C . \
5 W ww wEes mm O v e s
Project L P Available N Available P Available K~~~ biomass Bacteria Fungi
respiration organic i K . 8
carbon diversity diversity
carbon
FHENFIK Soil respiration 1
pH 0.752* 1
B fi# % Available N -0.778"  -0.724" 1
A % Available P -0.783* 0755 0777 1
HALH Available K 0.773* -0.893*  0.422  -0.735" 1
AT il
T.{ﬁ e B . 0.741"  -0.748" 0.767° -0.750" 0.776 1
Dissolved organic carbon
10 H Wt
bﬁ‘L%Eﬁi}% 0.725* 0.980"* -0.750" -0.715* 0.706 " 0.727" 1
Microbial biomass carbon
S A R
75@5#& . 0.739 " 0.720"  -0.817"" -0.676" 0.627 " 0.730 " 0.771* 1
Bacteria diversity
HAZHAE 0.412 0.631" 0.533 -0.482 -0.742*  -0.898""  0.631" 0.533 1

Fungi diversity

* RRBEMI(P < 0.05), * * RN IBEMIC(P < 0.01)
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