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Effects of nitrogen addition on bacterial community structure on bare rock and

lichen covered rock surface of Leshan Giant Buddha
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Abstract:; Atmospheric nitrogen (N) deposition may directly and indirectly affect the weathering process of stone cultural
relics, but the relevant research is obviously insufficient. Therefore, this study took bare rock and lichen_covered rock as
the research object, and compared the effects of N addition treatments with different concentrations (NO=0 kg hm™ a™",

N1=9 kg hm™a™", N2=18 kg hm™ a™', N3=36 kg hm™ a™', and N4=72 kg hm™ a™') on the bacterial community
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structure on the bare rock and lichen_covered rock surface of Leshan Giant Buddha, so as to explore the potential impact of
atmospheric N deposition on rock weathering of Leshan Giant Buddha. The results showed that, the a-diversity of bacterial
communities on bare rock and lichen_covered rock was different in response to N deposition. N addition treatment had no
significant effect on the bacterial a-diversity indices ( Sobs and Shannon indices) of bare rock surface, but affected the
bacterial diversity on lichen_covered rock to varying degrees: N4 treatment significantly decreased bacterial a-diversity
indices ( Sobs and Shannon indices), N2 and N3 treatments also significantly decreased bacterial Sobs index. PCoA
analysis demonstrated that different N addition treatments had significant effects on the bacterial community composition of
both bare rock (R=0.464; P=0.002) and lichen_covered rock (R=0.822; P=0.001). Compared with the control, low N
treatment (N1, N2 and N3) significantly changed the composition of bacterial community, and the composition of bacterial
community under high N (N4) treatment was different from that under low N on bare rock. However, the bacterial
communities changed obviously under different N addition treatments ( NO—N4) on lichen-covered rock. In addition,
Proteobacteria, Actinobacteria, Acidobacteria, WPS-2, Patescibacteria, and Planctomycetes were the dominant bacteria on
the surface of both bare rock and lichen_covered rock at the phylum level. However, their dynamics on bare rock and lichen
_covered rock are not consistent with N addition. For example, more bacterial taxa of their relative abundance changed
significantly on lichen_covered rock than on bare rock. Multiple linear discriminant and effect size ( LEfSe) analysis (from
phylum to genus) found 7 and 21 indicator taxa after N addition of bare rock and lichen_covered rock, respectively. These
bacterial species may be important microorganisms in the biological weathering process of Leshan Giant Buddha under the
background of atmospheric N deposition in the future. These results indicate that the biodeterioration of Leshan Giant
Buddha will be affected by future atmospheric N deposition and soil bacterial communities on lichen_covered rock are more
sensitive to atmospheric N deposition than that on bare rock. This study provides basic information for the conservation of
Leshan Giant Buddha under changing climate conditions in the future and also accumulates basic data for the study of the

effect of atmospheric N deposition on the primary succession process of red sandstone in subtropical region.

Key Words: atmospheric nitrogen deposition; bacterial diversity; Leshan Giant Buddha; biodeterioration
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SRR T 09 )1 48 2R 1L T, 8 38 7E ) 5 IR VE S8 VA 1Y 12 = LG 25 W 2T b 2 | (29°32747"N,
103°45'48"E) , ik 354—435 m, oAb W IRAF IR Z2 AR X, B TS, AR KB 290 1291.6 mm, FE7K
FEERTES, HRFEHKE) 58% ., FH78 %5 1057 mm XL 81% , KA JE FAE g A A W
W LR AR, LIRS & ( Castanopsis spp.) T XIJ& ( Cyclobalanopsis spp.) A& ( Schima superba) b3,

2 WIRAE

2.1 RIS KAV P

PERR S SR LR B A A 1 AL IR — B0 20 A B ER 125 A1 (NR) AR 3 35 195 41 (LR) AL BFEXT 52
AT R IL, JE T DU St A DO E | LA AT SE PR AR TR B Y 2 A3 Fe K T, 42 BB R A% 326
Wk 1y 2R B AR N, DL NH,NO, AR, BB S ARSI KR 0 kg hm™ a™' (NO, X H##) 9 kg hm ™ a™
(N1) .18 kg hm™ a™'(N2) .36 kg hm™ a™' (N3, 5£BR{H) .72 kg hm™ a™'(N4) , FF— P RALHR E T 5 3 4
FEAETT, 0t 30 NIRRT BRI 2x2 m?
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AHE S, SRR EE 1.0 m LA EAYZE ohaty . Frgedb P 12 2~ H
2.2 FEACREE

F2019 4F 10 J BAIERCRAE . SRAITCH TI NS 2 AUREE 40 ¢ 7R 1 W 5NR G R T w ¥ 3
LS, TR BAE TR AE 1 I AEAS 1T 30 ANREAS SR TRAS I R AR R Y RIB I SL 0 =, B FEAR Yy
SERI A AW, — 0 A SRIRT LA ZE P BRI e | 55— 7E 4 CIAEE T BRI ER AR A RAF 24 0T, KR
FORE A HS AR, 3 2 mm O SSUFARIC , PRAE T-80 C VKAE DAL E 2L 7317
2.3 Bl B E

HHERE AT W | A2 LR, R AL (K £ B 2.5:1) W5 pH (PHS-3C, LEICI, Shanghai,
China) ;& H K,Cr,0,-H,S0, %4k . FeSO, i 2 1 i +3EEAT HLAK (TOC) 7 1 ; >R MR R T & L 9L I Ak
ME 2R (TN) &5 (KND, Top Lid., Hangzhou, Zhejiang, China) ;48§ (TP) & % /] HCIO,-H,S0, A1k 4H
BhL kI
2.4 DNA $2HUFI PCR ¥3%

4 E.Z.N.A.® soil DNA kit( Omega Bio-tek, Norcross, GA, U.S.) Ut FEFTHEAC B DNA i1 $2, ff A
1% H B IS B VR 1 F KRG DNA. (948 U B 8l NanoDrop2000 5 DNA ¥k BE R4l i, il 338F!* (5'-
ACTCCTACGGGAGGCAGCAG-3") #il 806R"* (5'-GGACTACHVGGGTWTCTAAT-3") %} 16S rRNA [ V3-V4
AR X 1T PCR 473,
2.5 Ilumina MiSeq I3 FIAEW{F B 250t

W TRl —REAR (9 IR A B BE SV ( PCR) F=90TR A5 18 1 2% B B E JE [R1U PCR 724, FI T AxyPrep DNA
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Gel Extraction Kit ( Axygen Biosciences, Union City, CA, USA) #E4T BN ¥4tk , 2% B g WH-EE I o K AS T | I
FH Quantus™ Fluorometer( Promega, USA ) X M Hy i 4746 5 £ . f# ] NEXTFLEX Rapid DNA-Seq Kit i/f
8 . I Tumina Miseq PE300( Tllumina, CA, USA)- & 4TI ( 3635 AR W R 25 B AT PR A ) |

P AR 285 B IR LA SR SRS SR AR B AL T 51 . 7E NR AL LR KULR B, 43 5l 3245 3] 863654 FiI
925088 4% e i e 40 B lumina W7 751 s BAREA ) ISP 3RAT 57577 F1 61673 40551, (] UPARSE™ X
4 (http ; //driveS.com/uparse/ , version 7.1) XA EAE 43I BT (OTU ) #E 47 L RIS H iR & R K I I 44 IR
97% AR XHE T I HEFT OTU 2, i 45 2] OTU B4R EFES, FIFH RDP classifier ™ (hitp://
rdp.cme.msu.edu/ , version 2.2) Xﬁ%?ﬁﬂﬁﬁ?%ﬁﬁ%/f*%,ﬁ*&% Silva 16S rRNA 45 B 47 e X, 15
O ELAR BE BE R 70% o
2.6 BRI o

% FH mothur ( Version v.1.30.1) i34 a-Z 1 Sobs F1 Shannon ¥§%%, & A SPSS( Version 20.0, IBM,
New York, NY, USA)#fF, FIH L 2 Jr 22 50 B A1 student’s t-45 56 b 55EAS [] it 604k B[R] 114) 25 57 @ 35 M (P<
0.05) 3 R HIRUH R J5 2253 A58 1 XA B B A AU I K AR AR X - 398 A 25 14 Jo N 4 1 22 ek i By 5
Wi 5 fi FH Origin 2019 #AAHEATRIEZ: . SR QIIME 1 Bray-Curtis B0 25 %5 M XF 40 B- 2 AEMEIEAT F A8 b5 43
Hr(PCoA ) , H 38 s AABLE 73 B ( ANOSIM ) A5 36 A~ [ 28 [ 4 B A 7% 19 22 5%, MU R 155 (Version 3.2.3) 21l
PCoA [, I LEfSe ™ #4141 LM J B AL 5 7347

3 HIREGR

3.1 FUSIIGT BRI B 5 A 2 T R 3R Ah P TR Y 5

W52 R R WAL BoXt 1248 TOC &8 .3 5200 (P<0.001) , #b AR 75 1) 4 A1 3R 1+ 1€ TOC & 3= AE
ANt EKSE T s T AT 5 TOC S m AR E (R 1,8 1), KALB BERE G 5t +
6 TN TP & &8 WA (P<0.01) , WA 35 (1024 A4 22 1H 18 TN F1 TP & &35 FAE , AR m
TS A S A AR TN FTP & (R 1, 1) o KRB B 438 pH (B0 i 252 m , 204
X 3 pH {E 2N i35 (P<0.001) , ELARA AT A 78 35 1 55 A 2 1w 398 pHL (B Y29 it 2 it Se00 88 110 184 o 22 R AIG
B (R E L,

x1 AEREHEMERMAEREZEERN T EXZERMAE o SHFEEREMAONERFES T
Table 1 Results of two-way analysis of variance for the effects of different weathering stages, nitrogen addition and their interaction on soil

chemistry properties and alpha diversity of bacteria

F

Factor f)ztﬁ;}% l%N}iL %ff pH {8 Sobs 5 %% Shannon T84

' pH value Sobs index Shannon index

(g/'kg) (g/’kg) (g/’kg)

KALBY B Weathering stage 90.75 *** 116.28 *** 106.62 *** 1.69 3.56 16.79 **
AN N addition 2.65 49.93 *** 5.83%% 333.69 *** 3.44* 3.86*
IX] 48 }LX‘{S :‘ N
JATEBT BRI 0.997 2.85 1.11 36.72%** 1.59 0.60

Weathering stage X N addition
* %\?i’(ﬂiﬁ?ﬁ"@%%ﬁ%, *, P<0.05; = % P<0.01; * * % P<0.001. TOC ; XA WAk Total organic carbon;TN;fE%i Total nitrogen;TP;ﬁ
# Total phosphorus;N: % Nitrogen

3.2 ARG A AR ETETE o-ZFEME AR

FERRER B A 00T, U I 4 B ) =F R HE BOR 2 AR PR B0 E B B M e (18] 2) | UK B T A
A1 2T , N4 N3 il N2 Ab B4 5 3 A1 T Sobs FEERME (K 2)
3.3 AU B-Z AR

X BRI AR 7 55 25 A SR T AN TR T 11 B-Z AR P o A 4 R R I, U A X R R A B 55 1) 5 Al
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Fig.2 Effects of different nitrogen application levels on bacterial alpha diversity of NR and LR
ANF/NG FEERIR NR B BES I ROK T R B o- 2R EURA B3 2 57 (P<0.05) s ARIRE FRERIR LR B Beds it ZUKF- 407 -
ZRMHRRORA B 225 (P<0.05)

YIFh 2 34T B E R (NR; P=0.002; LR P=0.001) (& 3) , H XA 55 A0 5 A1 40 T8 BE 74 20 25 S5 O 2
MK FHA (LR R=0.822 ; NR: R=0.464) . 3T Bray—curtis B2 i PCoA 70 Mr&h IR Bs , 7ERL A 3
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I, PC1 1 PC2 e T A RETE OTU {35 B 44.60% ; 5% BEAH L, (R AL 3 (N1—N3) T 2ok 48 T4
FEUA A RE VR 4N, HL S U (N4 ) b33 55 PR R0A 30T 20 TR I 41 52 e AN W) ( R = 0.464 5 P=0.002) (1 3)
FEMIACTE 55 1) 25 A R 1H, PCL AT PC2 BliAL R B T A& BE TS OTU 5 B 68.12% ; 4l 1 B 7% 76 A R /AN
(NO—N4) Ab PR 34 4 T 284k (R=0.822; P=0.001) (¥ 3)

MBHERNR) WA EMET (LR)
"l / | “T
T I
"o\ 0 e e T °\°
£ ; 2 :
3 o R=04637 | e NO 5 Rl b
&~ 02 - P=0.0020 : A N1 =Y LSS
& N2 = P=0.0010
= N3 -0.1 - / 'p-
0.4 - ; + N4 5
1 1 l | 1 1 I 1
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3 EF NR M LR AEYFER K ELER(PCoA) H T
Fig.3 Principal coordinate analysis ( PCoA) based on bacteria species composition at NR and LR

X A Y QRPN 1 2 B J2 A, 7 20 H A SRl A [ A ot A0 R ) T 2L A SRR T B2 5 AN TR L IR AR A [ ) SRR TR

3.4 EUSHON A0 G RE R P RN R R

Ha R LA S HE LIS IE B# 17] ( Proteobacteria ) (36.75% ) FIZE T 1] ( Actinobacteria) (18.55%) b &,
HIRK AL ] ( Chloroflexi) (11.44%) JEBER [T ( Firmicutes) (10.75%) J&FT1# |1 ( Acidobacteria) (6.13%)
WPS-2(4.54%) . Patescibacteria ( 3.76%) . % & M | ] ( Planctomycetes ) ( 3.53% ) FlI L #T 5 ] ( Bacteroidetes )
(1.42%) . HAHE G 1 A0 R TS LA R T 1] (32.07%) FVETE 17 (29.66% ) , UK &4 255 1]
(14.98%) WPS-2(7.46%) . FRFF 11 (7.33%) .72 B 1] (2.95%) | Patescibacteria ( 2.70%) | J5- BE B ']
(1.16% ) FHUFFITT(0.38%) (£ 2) .

TEMA M, DB T] JBER T TFI Patescibacteria [ AHXT 3= BE 78 R U AL BRG & A= 3528 4k . 5 X REAH
o, AR TE B 1T B AR 35 BEXE N4 Ab PR 538 F [ i ZR B T 1A Patescibacteria FOAHXS = 70511 7E N2 F1 N3 4b#
TREEMER2),

TEHACREL 55 10 A R B T 4 Tl ), BN TR AR A A A I Ak 3 rh g 5 00 ™ AR 2R S T
LR S AT B T AR = 2 I RS 0 B 918G DRI I N2 Ah JHLESF i 4 P 1 DA T = B S A0 T % R DU T T
AEXTFEEEE N1 ACBERT 5XT A 5 W E 2R, IR WPS-2 RFF I ] IF B # [ ] Patescibacteria F1JERE
W IR IS B 2 R 3 AL w11 WPS-2 A6 2 a3 — 2 A NE 2 F I N4 23 g 2
15 TR R BR AT TR DA 7 25 T 1) AR RFDGE 3 8 U 7E N3 A B A i 35 &5 1 X BB ; Patescibacteria AR X 3 B D) 7E
N1 N3 1 N4 Ak F sy {35 o T00 I JRERE 17 N2 N3 A1 N4 Kb (28 T X IR (% 2)

AL F RN 3B (LESSe ) 73 AT SRR R ZAS AR B R B Ge it 2% 22 S AN 6] 73 2K 7 B A B 2
I s ) 5 23 A (LDA ) Ak 530 22 S5 28 A X 2L 1) mig 7 F OAC /0n , DAC T B 32 AN (] 20 4 8] 59 A= W b ie )
(Biomarker) , AT Z5 SRR, AN [6) ZAS 0 AL BRZH 6] 1) 8 2R ) S REAFAE 1235 22 5 (LDA >4 P<0.05) , il i i
15332l ( Cladogram ) 437 (& 4) & B, AERRA 26100, N2 Al N4 ALBE R B0 T 5878 40 8 28R . N2 Ab B ) 8 /R 2%
BEK B W —~43 32, 4045 o_Rhizobiales .f_Rhizobiaceae Fl1 g_unclassified_f_Rhizobiaceae ; N4 4b B {45 78 JSHE K
HWA0 3 . — A0 245 o IMCC26256 f_norank_o_IMCC26256 g_norank_f_norank_o_IMCC26256, =1
I3 FRRM RN g Chujaibacter

PEHIA R o5 A R0, 0 IRZH 5 RS AL R AH Yoy B T AR A A R AR R 2R (18 4) . NO AL BRAYHE 7R 26
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RN . — 1N p_Actinobacteria , c_Actinobacteria , o_Pseudonocardiales . f_Pseudonocardiaceae
Fl g_Crossiella, B —A41 K o_Frankiales sN1 A FRAIFE 7~ MK g_FEndobacter ; N2 AbH RSP N ERECR A Rl —
M, Ll o_Corynebacteriales .f_Mycobacteriaceae F11 g_Mycobacterium ; N3 AEEER RFE RSSO B 5 N
%, FH— T F B RAE N o _IMCC26256 , BN ¢_Gammaproteobacteria, BESNTN g_norank _f_
Acidobacteriaceae_Subgroup_1 , 5 P43 37 FEALHE p_Patescibacteria . c_Saccharimonadia H1 o_Saccharimonadales ,
T FEALFE o_Gemmatales Fll f_Gemmataceae ; N4 Ab PR FE /R 2B R E R H A0 3, Horp— 1 2 &
PIFE o_Acetobacterales il f_Acetobacteraceae , %5 —43 3 £ $F o_Xanthomonadales .f_Rhodanobacteraceae Fll g_

Chujatbacter

R2 AEEFMAETIIHSEAKFE L EWMNEIEE (FYEARMERE)

Table 2 The relative abundance of bacteria on phylum level at different simulated nitrogen deposition levels( means + SD)

M1 SKe Sl S b 4
KA BE %£;7K$LE/J A NO N1 N2 N3 N4
Weathering stage Bactoria phel HAX = BE/ % HHXT B/ % AHXF /% AHXF /% HAXF = BE/ %
acteria phyla
N IR
e NR . 44.65+9.60a 34.90+1.58ab 38.81+7.75ab 38.69+3.24ab 26.68+1.32b
Proteobacteria
NI
ﬁﬂ(/?%lill] . 13.88+2.80c¢ 16.95+2.98bc 22.56+3.18a 21.79+1.79ab 17.55+2.44abc
Actinobacteria
5 )
"%% %‘H, 8.15+4.02a 14.52+4.88a 11.88a+6.78a 8.12+2.55a 14.55+3.84a
Chloroflexi
BEE T
}E_j:,lﬁn 11.63+£6.49ab 8.57+6.33ab 3.30+1.81b 11.700+6.91ab 18.53+11.46a
Firmicutes
E&fﬂﬂﬂ . 6.37+2.66a 6.42+0.45a 7.36+2.08a 6.06+3.78a 4.42+1.41a
Acidobacteria
WPS-2 2.19+1.48a 6.40+0.11a 3.47+2.49a 2.15+0.76a 8.50+6.73a
Patescibacteria 2.76+0.55b 3.12+0.56ab 4.41+0.98a 4.43+0.93a 4.06+0.30ab
siadalh 2.53+1.06a 3.1540.32a 3.94+2.81a 3.47+1.76a 4.55+2.60a
Planctomycetes
AT
H\)H[ﬁ_ﬂ 3.65+4.15a 1.02+0.57a 1.28+0.70a 0.90+0.71a 0.26+0.21a
Bacteroidetes
e L]
AR A A LR . . 53.39+4.49a 26.79+4.02bc 36.80+11.12b 25.27+4.21c 18.08+1.46¢
Actinobacteria
TIEWEI]
. 16.67+3.81b 29.05+9.12ab 24.48+8.20ab 36.10+9.82ab 42.01£5.04a
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Chloroflexi
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Acidobacteria
SN A T
Ltk 1.85£0.87¢ 2.05+0.39bc 2.40+1.24abc 4.38+1.76a 4.08+0.55ab
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Patescibacteria 1.81x0.16¢ 2.74+0.35b 2.31+0.24bc 3.83+£0.17a 2.81+0.61b
BEET
}E_j:,lﬁn 0.27+0.14b 0.88+0.13ab 1.20+£0.57a 1.74+0.47a 1.72+0.72a
Firmicutes
ST
Ujﬂﬁﬂ 0.80+0.23a 0.52+0.17b 0.21+0.08¢ 0.21+0.04¢ 0.15+0.05¢
Bacteroidetes

m@?ﬂ?@ﬂx[ﬂ%ﬁ?ﬁﬂﬁlﬂlﬂﬁﬁﬁ%ﬁ%ﬁ‘(P<005) ;NR, BREERYA A Naked mck;LR,ﬂﬁIZ?EﬁﬁE’\J%E Lichen_covered rock ; NO; X if

Control ;N1: {& &0 Low nitrogen addition; N2: H* % Medium nitrogen addition; N3: # % %l Medium and high nitrogen addition; N4 = % High

nitrogen addition
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Fig.4 LEfSe analysis of bacterial species at various classification levels under different nitrogen addition
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