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Effects of Lithology on the Abundance and Composition of Soil Nitrogen-fixing
Bacteria and Arbuscular Mycorrhizal Fungal Communities in Karst Shrub

Ecosystem

LIANG Yue-ming"*, SU Yi-rong'“, HE Xun-yang', CHEN Xiang-bi'

(1.Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of
Sciences, Changsha 410125, China; 2. Key Laboratory of Karst Dynamics, Ministry of Land and Resources & Guangxi Zhuangzu
Autonomy Region, Institute of Karst Geology, Chinese Academy of Geological Sciences,Guilin 541004, China)

Abstract . Lithology is a key factor when used to restore vegetation in karst degraded ecosystems, and arbuscular mycorrhizal (AM)
fungi and nitrogen-fixing bacteria play an important role in improving plant growth. However, little information is available regarding
the effects of lithology on these two groups of microorganisms. To test whether these microbial communities are impacted by lithology,
the abundance and composition of soil AM fungal and nitrogen-fixing bacteria communities were determined through terminal restriction
fragment length polymorphism (T-RFLP) and real-time fluorescence-based quantitative PCR (real-time PCR). Three types of lithology
(dolomite, limestone and dolomite-limestone) were selected in this study. The diversity, richness, and evenness of plant species were
evaluated through field surveys and soil properties were measured. The results showed that the abundances of soil nitrogen-fixing
bacteria and arbuscular mycorrhizal fungal communities were significantly influenced by lithology. The abundances of these two groups
of microorganisms were the lowest in dolomite soil, inferior to dolomite-limestone soil, while highest in limestone soil. Similarly, the
composition of soil nitrogen-fixing bacteria and AM fungi communities varied among lithology. A significant linear correlation was
observed among soil organic carbon, available phosphorus, clay content and nitrogen-fixing bacterial abundance (P <0.05), and a
significant linear correlation among total nitrogen, clay content and AM fungal abundance (P <0.05). Redundancy analysis showed
that the composition of nitrogen-fixing bacterial community was closely linked to plant evenness, and the AM fungal community
composition was closely linked to plant diversity ( plant evenness, Shannon-wiener and richness). These results indicated that lithology
influenced the abundances and compositions of soil nitrogen-fixing bacteria and arbuscular mycorrhizal ( AM) fungal communities
mainly through plant and soil properties.
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2 Y I e e X AT A BN A S R G R
(1) KA.

S AT R S R b DA A R R A O
. U s e B3R 4 (AU ) S ) 26
JE A e S e AR A2 R S SN pH 2
ZAF R 2, A T R A R R A AR AM
LA 5 R - R G F AR
K REIE AR T2 0 T R i A K 2
BEFRAFAS A NI, AM B 5 [ A HE AR
HEWE R SR R AR

ARG, - M TR 7 5 2 R T
B AM ECRH ZREME RIS S R B N R
FEVEITRENE R R G RS FET, gehk
RSB EE S 22 S Y. HEn, BARA
S B I I L X AML L B -5 ] 0 A ol 0 U
17 —Se R HE T AR RS & T A
5 AM E RIS 20 S 5 o B AR AR i B 9 A
E . ik, A9 is H T-RFLP 5 Q-PCR 177
T  TS R NG BN W7 N [ P8 3l e e 4T
A5 AM ECRH B 4500 5 F B IR0 L3
MBS A S [ U AT AM EL R REVE 454 . 2
Z AR, WA 24 0 R LA Ry s i [X
AR A B LRI

1 HREHE

1.1 #FREEX

WAL XA F T P A 36 XAV B (24°507
N,105°55'E) . izh X J& F W iy RS e, AR R
I 18. 5%  AEYFEFR 1 389 mm, F 2 AR TR 7E 4
- 8 H [17] .
1.2 fHB A5 IR R AR

FEREVR A . 2012 4F 6 5 B (1 E AAE Ml
BRPAPEAE 3 ANEERE S (10 mx10 m) ,—3£9
AFETT (9 M3 FlEPE x3 NTEE). B RFE
J7 53 LT ARAH S 14 4 A/ INEE D7 8 2 Al g 4, B4
INEETT A2 J2 (FER)Z . AR ) # 7R 4. 2.5

em < JFE <3. 14 cm SAPEAR HF <2.5 cm HHAR.
[ e B F R AR AR | = BE | iR R H
oA K E RE L RS Y R AR
( Cyclobalanopsis glauca ) . 21715 1L J§k #F ( Alchornea
trewioides ) . &3 5. ( Croton lachnocarpus Benth) ;
=G A A T . 1 U Bk ( Syzygium
championii ) . & A ( Loropetalum chinese ) . ‘K Hi
( Pyracantha fortuneana ) ; £1 K -H =5 R JZFEH
FE AR B AW R, a5 L KR K ( Alchornea
trewioides ) . % FE M| ( Pterolobium punctatum Hemsl) |
$ K 4% ( Litsea coreana) .

FIERE R AR . 5 R TR X 4 e
o TR B R RS BN
“STIEREE 15 fFIE 0 ~ 15 om [ IR X
15 FCRAESIIY 458 7R ST — MR A FE (U
AMFETT) 39 DA (9 R 3 FlEE x3 ANEER
FEsb) . b BRSO A7 AR i LR TR 2y 50
~60 em; BEFUN A =5 BHE S )2 R 2 80 ~ 90
em; BEBUA A K E-H o A 2R R LR IR Y
60 ~75 em. RERAEENAY IR HIDU 00 HL )
B2 7853, —H o (2950 ¢) Pk B TR iz [ 5L
Bz - 10°CIRAF, T T #0053 — 880
W ORAF T A B A M B 73 A
1.3 THERARTRA M p il e

SR TR AR B A O s BAR A . A
pH A HLAEE (KR 1:2.5) Wil A Bk
A% R -0 R Tk T 25 Olsen-P JH 0.5
mol-L~" NaHCO, 142, M8 Hr b aykmz'™; &
KRB IR ;4 N RO LR R

- R RURE 20 1% 36 RL BE X Mastersizer 2000
(Malvern Instruments, Malvern, England ) il 2 , 5256
WS Wang 5520 1 05 R4 T, T AR 55 Al
R HEA T A3
1.4 +HEDNA R, HEH B PCR 74

K FHSCHE Y+ e BE 4w R 44 - 535U K- 2R &
B ¥ (sodium  dodecyl sulfate- glucopyranosyl
isothiocyanate -polyethylene glycol , SDS-GITC-PEG ) $%
BCEHERUE Y B DNA . SREGRASAY DNA B2
1% W BEREWEEEIE HL VKA U K/ N2 o 20 kb K05
LA EE T ( Nanodrop, PeqLab , Germany ) il 52
&L DNA #2508 104, 10 ~225. 10 ng-pL ™", Ay ./
Ao ELTE N 1.8 ~ 1.9, Ay /Ay o LETE N 1.1 ~
1.9, LTS IR DNA P i 5ai s, i T 1
— WA o . B A A BRI 3
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& DNA, SRS TR B — 1> DNA £ &, 347 B 19 25345
PCR 99 3.

FHERA PCR §71% AM EL 1 18S tRNA, Hirr,
55— PCR ¥ 345195 R Geol 1F/GeoA2R , 55 — Ik
PCR " 45 9%F ~y NS31/AM1 (% 1). [E % & nifH
FLH PCR 734594 PolF/PolR (% 1). FHT T-
RLFP 3 B IE A1 5[4 570 FAM, Br & 519 I
1B AEHAR N F A AR

PCR ¥ H#41A & (50 L) : 2 x PCR Premix (0.1 U
PrimeSTAR HS DNA Polymerase, 0.5 mmol-L ™'
dNTPs, KAR, H1E) 25 uL, LiEA FHE51 9145 10
pmol - L ™" DNA 4% 20 ng,ddH,0 #M = 50 L.

PCR P B . 94°C 2 min; 35 PMEH N 95°C
60 s,62°C 60 s( AM EH# GeollF/GeoA2R) . 64°C
60 s( AM L NS31/AM1) 8 55°C 60 s( [E %A nifH
HH) ,72°C 60 s3 72°CZFEA 10 min.

PCR ¥ ¥ ¥
(Germany).

Eppendorf ~ Mastercycler

®1 SIMFFIRKIE"

Table 1  Primer sequences and references

319 FIYFHI(5-3") SCHk
NS31 TTGGAGGGCAAGTCTGGTGCC [23]
AM1 CTTTCCCGTAAGGCGCCGAA [23]
AMV4. 5NF AAGCTCGTAGTTGAATTTCG [24]
AMDGR CCCAACTATCCCT ATTAATCAT [24]
PolF TGCGAYCCSAARGCBGACTC [11]
PolR ATSGCCATCATYTCRCCGGA [11]

D) IEm 5 m g 9551 F 5 REFRR; Y=CH T; S=CH G; R
=A8G; B=C, GE{T

1.5 Y0ER PCR ¥4

RO B PCR M E WA H 5 AM H 3 3
R¥E DL R RIS 90°4 PolF/PolR, AM E B Y
31%)k AMV4. SNF/AMDGR. A% (10 pL) 5
FEIF 4% (TaKaRa) G0 @A E DA 617, PCR 473
BT IS %S J ABI 7900 ( USA ) %46 5E £ PCR 1.

Bt M2 i AE B0 345 A © R i BH
TERE TP R R G SR EUTURE DNA |, 28 58418 6Ot
TR B IS B R AT 101 ~ 10° 17586 2 i B, 1
h BARFE R DGR s AR IERE . DIRTEREEA DNA
TR ECH R AR FR, LL PCR BB 33 i v 44N s B R
i) Cu B AR, 22 AR E 2R (R =0.99) , 5
HRCR A 90% ~110% . FrA keI 4 IREEAR T
52N T B FHL R B 38 (0 158 224 A~ JE T 0 b
HERN AR S, B B AR S 18 (R B 7 384 FLAR I
HEAT.

A (RIS DLEO) TR A R
$& D1 (copiess mL™") = 6. O%EiOKXEDF%SZUE
1.6 BREIME R BLK E 28+ K (terminal restriction
fragment length polymorphism, T-RLFP) K

TEZ:7% R OCAIT S FH 1 BR ) 1 P D il 1 B ity |
454 Gentle AT/ AW S8 BN R 519 Fr B, e
BEFE T Hinf T B (AM FiH ) 5 Hea Il 1 ([ %07) H
F T-RFLP 4347

PCR =¥k H 57 & “ Wizard SV Gel and PCR
clean-up Systems” ( Promega, Madison, US) 4 THE
mifcatife. #AELER WG & Ui 45, PCR ¥4t
P BRI A DD, A D04 2R 50 L, Horfr DNA 24
4200 ng, He il A & K Bl U SO i BE 244 IR
UL ERAE. MU A KW RO 12 h, S 1
(65°C, 20 min ) {2 T5 LS 1R BEDI . B 10
L BEDD 790, 1 2. 0% 1 BrAe A 58 e v Dk Ay A 02 15
BFtN5e 4. T-RFLP R th b1 %2 AL MR A IR
/8 A} 5E R (Sunny Biotechnology Co. , Shanghai) , BT FH
{#% 4 ABI Prism 3100 Genetic Analyzer.
L7 it

(1) T-RFLP Bz Hr

I PeakScanl. 0 4 4 7 R viig Fr Bt R/ FILAH
XEFEE. AN A BT (T-RFs ) 99 GIE R LI
Fr WG Y S AN R 12 R o e B AR A 43 L, 2
15119 LT B AW, K5AH2E 2 bp /9 T-RFs &3
Rl A, FsR B BE/NVT 50 bp T-RFs. 44
FIXF R =5% T-RFs & SCH L Fh.

HETE 4509 50 i E 2R H CANOCO 4. 54 4,
Xt T-RFLP ISR VEATHE P 483, CANOCO 2/ 25
= T2 A AR 29 R HE i A Ty A
AHIE 5T S M 258 B0 3 BT ((detrended
correspondence analysis, DCA ) X} Z i 17 L ¥ o0Hr,
RS /N T 3, 128 i — 2 o B BLZCR B T
MR HE Y 5 2%, R, A A58 R TC 4R 53 M
(redundancy analysis, RDA ) ¥ 5% [ 1 5 3 7% 2H 1% 1)
FHICHE.

(2) M) AT 5 12

Y ZFEVER A Shannon-Winer 8480 (H' , FA4
RO . MY Z R R RO TR A 2

S
H =- > P, log,P,
i=1

E=H/H, =H/InS
P, = (FIXFEEE + MIXTEERE + X /3
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(3) Geitor

Bodls e 1t 43 B R ) SPSS 19.0 for Windows
(SPSS Inc. , Z inaf, 3£ E) #1 Microsoft Excel 2010
BAT. 25 BEMEH One-way ANOVA (—4E )
Z2o3 M) o B, Z H O BCR T LSD ¥, Hdi A ik A
IEAS MR AT 1g(x + 1) BYFEAL. AHSCHER T B R
FRIEE( Pearson ) 73T

2 HFRESH

2.1 AFRCETERME T S HEBAL R 5 M A ) 2 b
A
AN 22 R A RE RS T, LA

Lk, MR G RERBE, BIARB A=
o~ ARA-AARZE < AR Kb
R = > A KA A RIE > A KA, pH
WIAFEAE 2R (R 2).

HPR R T 220 W R R T Y+
BERR2E R B BRI NG KA - A Ak )2
> Hnfm~ A KA, M5 E S FRZHEMER
BT ARRE(K2). REAEWANT, MR
o U LA P 22 5 B 2 (BRI A A 2 k)

2.2 AFEEMFET HEBRARES AM B E %
ZH IR ZE

B T-RFLP &35 7] UL, A A AR L 58 A A
PR A LSS R B B 1(a) ].

AR WF5E— R33N T-RFs , A1 K 5 H =

®2 AEEETLEBENERRED SR

Table 2 Soil properties and plant diversity under different lithology conditions

WiH AR Hzd HRA-AnAIZE F P

Olsen-P/mg-kg ™" 5.75 0. 50a 4.71 £0.6la 4.74 £0.41a 1.93 0.23
pH 7.43 £0.09a 7.46 £0.19a 7.71 £0. 19a 0.82 0. 49
LR /g kg ™! 9.61 £1.50a 4.60 +0.38b 5.07 0. 86b 7.31 0.03
H WL/ g kg ™! 99.45 +10. 65a 61.38 +2.81b 64.83 +6.7h 8.00 0.02
Bk &R/ % 44. 66 +0. 88a 29.67 +1.20¢ 35.00 +0. 57b 67.87 0. 001
WAL/ % 42.77 1. 10¢ 58.54 +0.77a 51.46 +1.49b 46.30 0. 001
YRR/ % 12.56 +0. 36a 11.79 +0. 67a 13.54 +0.92a 1.61 0.28
HE = 5 BE AR AL 49.00 +4. 06b 40. 00 +6. 49b 63.00 +2.33a 6.13 0. 04
FE ¥4 5) B AR %L 0.96 +0. 004a 0.96 +0.003a 0.98 +0. 004a 5.02 0.52
HIY &R ZRETERE R 4.85 £0. 08ab 4.54 £0.26b 5.39 £0.098a 6. 65 0.30

1)LSD<0.05; n=3; M +SE; [H—fFARFETFECELE P <0.05 F/KET 257 0E

MK -H = T o3k A5 25 0 14 A2t 1
H1,30 A4~ T-RFs [0 72 R # 1k 3 b A7 7 i 3
eSS, R T-RFs 4 64, 80, 157 #1180 bp,
d S RNVEERY 40% , HA B g v ] 260 A /D A
FHE s TH A 1.

[AEE, T-RFLP %045 7, AM B F — 33845 26
AST-RFs [E1 (b) |, A KA, Haafia Ka-H
o IR AT 21 19 A 18, Horp 23 A T-
RFs AM EE7EARF A R i g2 R, 3
AMEFFEE T-RFs 24 138, 189 1 300 bp, i S Fh
FEAY 409 5 LR DR ATE RS 2 1Y 38 v 3, 1]
U, T-RFs N 125, 284 . 365 £1385 bp {UAEA K+
b I T T-RFs A 217 bp #1308 bp AXTEH 2%
F g R
2.3 ARRIEEZEM T HHEEARE S AM B

HRER T 220 R B AR S AM B
AR AR P AR EER (B 2) , Hh A
AR R, Ha a2 b /N, A K A-As

HRIE LA TP Z .

2.4 AEETESMET A TE B X ) 2 e

X I ST -5 S R TR 2 JBE R A A5 A (Y 52T
FISCHE BRI (3 3) , 135 Olsen-P | A HLAK

®3 TEEAUERREVSHEEENSERES
AM EH ¥ & Pearson 18X 547"

Table 3  Pearson correlations among soil properties, plant diversity,
nitrogen-fixing bacterial abundance and AM fungal abundance
TiH I 2 F AM EUR FBE

Olsen-P 0.748 " —

pH - -

£ —
T IEA B
Aok i
FVE At
vk o i -~ -~
A 1 BEHE EL — —
I ) BEAR R - -
YRR ZREETE R — —

1) BEAKFE: = FRP<0.05; “—" FRNALE B EML




3 TR B S W ST TR DA e S ] R TRT 5 DASE TR R L TR R 7 254 S R E 52 1257
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