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Effects of Slmulated Acid Rain an;} Nttrogen Deposntlon on Soil Bacterial Commumty

Structure and Dlversny in“the Masson Pine Forest AR : :
WANG Nan', QIAN Shao-yu' , PAN Xiao-cheng' * / CHEN Yitlei' , BAI Shang-bin' , XU Fei® o

1 leﬁng College of Zhejiang Agricultural and Forestry Umverslty, Shdoxmg 311800, China; 2. Collegeof Environmental Science sand Engineering, China West Normal
Unwversity, Nanchong 637002, China) : A --“"'_____.f"" !

Abstréct By dndlyzmg the-effects of acid rain and nitrogen deposition on‘the structure and diversity of soil bacterial communities, the response mechanism of Masson pine
forests to env vironmental stress was investigated, providing a theoretical reference basis for resource management and conservation in Tianmu Mountain National Nature Reserve.

Four treatments of the simulated acid rain and nitrogen deposition were set up in 2017 to 2021 in Tianmu Mountain National Nature Reserve (pH value of 5.5 and 0
kg+(hm*+a) =", CK; pH value of 4. 5 and 30 kg- (hm® -a) =*, T1; pH value of 3.5 and 60 kg+ (hm® +a) =", T2; pH value of 2. 5 and 120 kg- (hm® -a) ~*, T3). The
differences in soil bacterial community composition and structure among treatments and their influencing factors were analyzed by collecting soils from four treatments, using the
[lumina MiSeq PE300 second-generation high-throughput sequencing platform. The results showed that acid rain and nitrogen deposition significantly reduced soil hacterial a-
diversity (P <0.05) in a Masson pine forest. The Masson pine forest soils consisted of 36 phylum groups of mycota, with Acidobacteria, Proteobacteria, Actinobacteria, and
Chloroflexi as the main bacterial phyla ( relative abundance > 1% ) in the Masson pine forest soils. Flavobacierium, Nitrospira, Haliangium, Candidatus _Koribacter,
Bryobacter, Occallatibacter, Acidipla,, Singulisphaera, Pajaroellobacter, and Acidothermus , which showed significant changes in relative abundance under the four treatments,
could be used as indicator species for changes in soil bacterial communities under acid rain and nitrogen deposition stress. Soil pH and total nitrogen were influential factors in
the diversity of soil bacterial communities. As a result, acid rain and nitrogen deposition increased the potential ecological risk, and the loss of microbial diversity will change
the ecosystem function as well as reduce the stability of the ecosystem.

Key words: acid rain; nitrogen deposition; Masson pine forest; soil hacteria; community diversity
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1 HE5HE®

1.1 W XA

WG, T WA B Im 2 R H L E R 9% A 54
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119°27'11"E) , B EF M4 300 hm?, J& T AU B A= 41
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Hp I FRGHT [) 6 FRory ao A A, B AR 2.6
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%[16].
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I ok DX 3 g be i, A f ey,
JZ0.6 cm, # 50 cm () PVC HZFAM 3 4> 5-m x5 m
(RIRE T, 45 REJTIRIBEICT 5 m, 4 BITS ERBEF Py bl 5
PR A A ] IR s P Y 3 AN RE T 40
%ﬁr4ﬁKEML@VJMzm@ﬁﬁy#ﬁ
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SRIAIK pH{E 0k (?m “'d) [pH 4. 5,?—”]
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I AR AN BRI ] T2 [ pH 3. 5460
kg (hm’*a)™ ¥ F T3| [ pH = 2.5; 120
kg« (hm*+a) ~']. {4 0.5 mol-L~" H,S0, & ¥
JKJRBCAH RN, pH E’Jﬂ‘%ﬂﬁ RIUTR T, Kl 2 Hb X
YR mi i 2/3 BOE AR B A 2 AR R
WL 5. 55% |77 4 BRI 22 b XA 249 8 W o Lb 4
B A ASEADLRR R A2, W T A DR 7 ML 3R 2017 4F 3
Az 2021 483 A 8 H BN 3 K, AR AR
TR () 4350 1 15. 89 mm(21.46% ) | 29. 26
mm (39.52% ), 17.15 mm (23.16% ) il 11. 74 mm
(15.86% ). LIAHRL BT HE Y NH,NO, fbid, % T L&
FoK, Lh NH,NO, ¥ B0E i BB R TR T
T2 F1 T3 A PR NH,NO, &4 5T & 43514 300 g [3
gr(m’+a) "x (5 m x5 m) x4a], 600 g [6
gr(m’-a) "x (5 mx5m) x4a] fM1200¢g [12
gr(m’-a) 'x (5 m x5 m) x4a], ¥ &4
NH,NO, fi i B 85 REBUI> O 144 S50y, 400K 1
iy NH,NO, fhiABURLAE T 10 L LBk, 50l 7E
BRI 0.5 h J& , # NH,NO, #¥ i34 2 it
THAREFE TS o3, JOHE ARy CK ARG 25 4t 25 2
K.

FIH 5 RURMEDSRE LT 4 PR AL BRI + 5
FZ LR 0.2 kg, 201 60 4 18R 5. PR 45
SRR PGy, — 03 P T ARG SRR AL P I
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BRI BRI I W AT 0. 45 wm 8BS
JH TOC-VCPH X 7KIEHEA HLIK (DOC) #EATINAE 5 B8
it (AN ) 38 3 B 1 K T B ;Mi%iﬁﬁ
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Table 1  Effect of different treatments on soil physicochemical properties and microbial biomass
hE oH o TN,)l ( SO(E? o DOC,)[ o AN),I ( MBC,)I o MBN,)I C/N
/g kg /gkg /mg-kg /mg-kg /mg-kg /mg-kg
T1 4.53+0.06b 2.78 £0.03c 16.14 £1.35¢c 148.90 £4.23c  213.43 +8.60c 380.85 +7.76b 86.03 +3.82b 5.75 +1.05b
T2 4.17+0.09¢ 3.42+0.09b 18.15+1.13b 157.90 £6.85b  241.49 +8.49b 338.22 +8.30c 75.45 £6.42¢ 5.38 +0.82¢
T3  3.97+0.05d 4.15+0.08a 20.69 +1.23a 167.75+7.73a  265.65 +9.0la 273.52 £8.90d 46.22 +4.33d 5.25+0.79d
CK  4.74+0.07a 2.25+0.07d 14.07 £1.23d 141.60 £10.00d 175.68 +11.09d 448.41 £6.03a 102.01 £3.5la 6.09 0. 80a

D) ARVNG TR R A RIAE ISR ] 22 55 .3 (P <0.05) Bl A FH9MH « ARifk2s (n =3) KR TEEARICH a; TN: 2% (total nitrogen) ; C/
N B & (ratio of carbon to nitrogen ) ; SOC + A BB (soil organic carbon) ; DOC; IR TR IR (dissolved organic carbon); AN TRk it AL
(alkaline nitrogen) ; MBC . {4 ¥ 5% ( microbial biomass carbon) ; MBN1ﬁ§£%%%( microbial biomass nitrogen )
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PR M. T3>T2>TI >CK, HEFBF (P <
0.05); SR A, BHERA L | A Y S
Fl 2 e o o T R R R AR A B P o ) 2 R 1)
s, HAEARTR b PR 22 55 18 2 (P <0.05).
2.2 AN[FEACFEAHEANTE DNA U550 Hr

R 2 AL 12 A - R A 11286 743 2%
A (S5 R R AR ] ) |, A3 ) 354 8
372.2 bp, B8k G M1 C A9ECE SR b R 0 B L A
BT 43 HE R 56. 7% . DL OTU %5 e e 91 B0kl e
BEPEINZR 12 4> IR i A BEPE th Ze 245 T

SEICEL L) 8 e A JLFAS = AR B OTU
WIRE i B2 .

ST REHASI £118 8024~ OTU (& 2) , Hirfr 4 Fif
REFRAEA 585 A4S OTU %, 245 3. 1% . 4 Fhkb 3843540
B OUT 434 %0 H . CK > T1 > T2 > T3. Hivp, CK Ab
A i 340 OTU 20 A B0 H 2356 6394, 5
AR OTU 4341 Y 35. 3%, T3 A0 B oA i) 4S9 40 7
OTU /A% H e /D 42 2584 A5 423K OTU 434 Y
12.0%,T1 1 T2 ZbFRHOMCA (1) 340 OTU 43AR %k
H 35l 5 4558 OTU 2304 1) 21. 5% 1 16. 2% .

F2 TEMENFEEST
Table 2 Soil bacteria sequencing data statistics
Ab ¥ Fra% WEEE % TR E/bp JiL T 5K/ bp KK EE/bp
T1. 1 24 849 56. 4 372.2 200 429
T1.2 23 345 57.0 372. 1 203 426
T1.3 23 748 56.5 372.2 200 —_ 431"‘--
[y = A
2.1 24051 56.6 372.2 - ! 200 . J_rsﬂ_é; ¢
.2 22760 56,9 372.2 | ot | 200 g i
) | F 4
T2.3 25539 56. 371.9 ll" Iﬂ:'l' II Zﬁo Il lr._,.--"4-3 l.! |
T3. 1 21171 - 57.0 372.4 | 4 200 0
11 / L\ , vy 4
T3.2 ~ 22081 [F Py - e f o W . 200 a1
4 i 5y PRA WY 2
3.3 / | 22061 [ ¥ Fla 372.4 [ % e Y20 431 %
3 Il‘I 1| ,."“ / 7S -"'.j 4 ':‘r:‘d L /J { .H:' o
/g "i'//f‘l 24826 Iy 3.0 F | o prEI ,:‘“/,
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Fig. 1 Rarefaction curves showing the OTU detection B 5 OUT %(18 802) 1y Ll
bacteria under different treatment conditions 2 FAEREBEEGTIEHERBIMEN
HEHE OTU HEMNXKE
2.3 Z:Iﬁ]ﬁ}ﬂj:i%zﬂﬂ%]‘ o gﬁ‘l’i Fig. 2 Venn diagram showing the number of shared and

M3 Al 0L, 7R 97% 73 27KF T, AN [R] A B fi]
LL AR IEAN B Y Chaol F8%XAN Shannon 5 %34
ZREFE (P <0.05). CK 4 H v Simpson 15 %} i
/N, Shannon 84U F1 Chaol #8480 K, Ui CK 4b
PPN TE 2 FEPE RO, BERE W . A b L
i) 8 5 B AR A 0,990, U B 2 I Y 245 SR fiE
LS I R AR A SRR S A TR 1Y 1B L.

exclusive OTUs of soil bacteria identified

under different treatment conditions

2.4 [E bR A EAH R TR 2 N R R R 2
TEWR 1K BXF - BB 40 OTU AR 7 HI4E 4
JE2E TR 3 (a) 1, 12 A B4 il Y - S8 40 18 43
J& 36 ANTHBE]. AT FEE > 1% e M ET A
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( Proteobacteria) | FZE TR ] ( Actinobacteria ) %% 25 Qb B AT 35 B B R, BR AT R DRI TR T T3 Ak

W11 ( Chloroflexi ) . Hii AL TSRS R [ J7E CK - PR A .
£3 ERBRTHMETELE TN AR o ZREEYD

Table 3 Soil bacterial a-diversity indexes under simulated acid rain and nitrogen deposition treatments

AP Chaol 5% Shannon 5 %4 Simpson 8%k R
CK 3500 +£226.98a 10. 07 £0. 15a 0.003 3 £0. 000 5h 0.994 £0. 002 3a
Ti 2982 +98.77h 9.34 £0.09b 0.006 9 £0. 001 Ob 0.992 £0. 000 8a
T2 2492 +147.62¢ 9.05 +0. 13¢ 0.006 1 £0.001 4b 0.990 £0. 001 3a
T3 2 068 +136.68d 8.24 +0.27d 0.018 6 £0.010 S5a 0.993 £0. 000 9a

D) ARRINE SRR A R 20 25 S 02 (P <0.05) B YA « brfE2 (n=3) , BRI EHMEFFICH a

HRAE B 2o E Pk I B M AT S AR BRI T [ 1A 3 D - T m Teeclonty
(b)) S5k, CIC ILPRID LR 5t 9 el T
EARHZ A 22 R HOR, T3 AR B T1 A T2 ARFEAY + AR
SN A5 A AT AE— € 22 5. R ANOSIM Al 1o
ADONIS £ ] 25 57 46 562 W], A [ &b B - 398 200 9
eE 22 R W (P <0.05). 80

AN [v) b 3 - S A TR 25 SRR TR AR & 402K AR
LEfSe 730 #r B (E 4), Flavobacterium . Nitrospira -« 60
M Haliangium 78 CK 4b B H f % %‘ ﬁl: ., %

Candidatus KorLbacter H1 Bryobacter TE T1 L}E E g i
E%‘rﬁj% OCcallattbacter ACLdlpla Smgubwph‘?ﬁra -
Fie Pajaroell@baﬁtw f ™ Ak fﬂ ﬁ ﬁ ﬁ:
Acidothermus A¥. T3 JL}E WERTE 2 ﬁC;‘g“ 4 “u""' 2
2.5 IR T '?i%%lil%#fﬁﬁ@?@%"ﬁ*ﬁ

R T L m  ol2 RE S r il ililillilll
*ﬁ%%@%(%at).«f(:haow ﬁ'ﬁiﬁ%pHﬁ%‘ﬂﬁﬁ?‘i(B’f  cffrrEREREREEE
<0101, 5 -+ HE R S8R0 i ff 5852 35 SR K (P < o LRI °
0.05)4' Shannon $%c5 -+ HE pH FVBR . 8 35 1F A ol S ot
K(P <0.05) , 5 18 b ORI 20 10 3 A O (P 9 .
<0.05) ; Simpson f5%¥( 5 14 pH FfR A L B 2 1 ;f’. ok ﬂ
HIE(P <0.05) , 5 4 5 UGl Ak 20408 3 IE AT OC g Q

(P<0.05). 02 . ANOSIM, /2 = 0.858, P = 0.001

Shy 43 3 9 P B ST R 25 {1 e ADONIS, =073, =000
BWET S RS s Ry el
PP AT ORI (P 5) 5 — Sl A0 A B 5 4 oy ‘ ) Pk ol -
63. 42% 55 Al R BEAL 480 23. 58% , Pl 2 E3 MmN AR T A
U RS 55k 87.00% . Mantel K 4645 8 820, + SR EMERL S 4T
g% pH( R*=0.73 , P= 0. 032) Fl E./j ( R =0.78 , P Fig. 3 Structure histogram of bacterial community and principal

=0. 025) J&= 72 M 20 B A7 70 Ak B9 S B 52 m) [ 1 coordinate analysis under simulated acid

and nitrogen deposition treatments

R4 TEBAREE o SRS TERERTHAEXES T

Table 4  Correlation coefficients between soil bacterial community a-diversity indices and soil environmental factors

oy o BAR BRALL BAPER  ANATEA R T 2 Mg MR
(TN) (C/N) (S0C) (DOC) (AN) (MBC) (MBN)
Chaol 0.935* -0.951™ 0.321 -0.326 0.338 -0.712" 0.256 0.210
Shannon 0. 896 ™ -0.942" 0.603 " -0.465 0.415 -0.755* 0.343 0.313
Simpson -0.763 0.651" -0.665 0.442 -0.523 0.682" -0.213 -0.057

1) % 4 P<0.05, =N P <0.01
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Fig. 4 LEfSe analysis of genus level of soil bacteria under simulated acid and nitrogen deposition treatments
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