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Microbial Community Abundance and Diversity in Typical Karst Ecosystem to

Indicate Soil Carbon Cycle

JIN Zhen-jiang"*>** | TANG Hua-feng’, LI Min>, HUANG Bing-fu®, LI Qiang’, ZHANG Jia-yu’, LI Gui-wen’
(1. Guangxi Scientific Experiment Center of Mining, Metallurgy and Environment, Guilin University of Technology, Guilin 541004,
China; 2. College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, China; 3. Karst
Dynamics Laboratory, Ministry of Land and Resources of China & Guangxi, Institute of Karst Geology, Chinese Academy of Geological
Sciences, Guilin 541004, China; 4. Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin
University of Technology, Guilin 541004, China)

Abstract: The soil microbial characteristics were detected to clarify their indications in organic carbon cycle in karst system. Soil
samples from three karst types (saddle, depression and slop) at 0-10 em, 10-20 c¢m and 20-30 ¢m layers were collected in the Yaji
Karst Experimental Site, a typical karst ecosystem. The microbial diversity and abundance were assayed using polymerase chain
reaction-denaturing gradient gel electrophoresis (PCR-DGGE) and fluorescence quantitative PCR. The data showed that the highest
abundance of 16S rRNA and 18S rRNA were in depression with 1. 32 x 10" copies+g™" and in saddle with 1. 12 x 10" copies-g ™'
respectively. The abundance of 16S rRNA in saddle and depression decreased from top to bottom, while that of 18S rRNA in three

s

karst forms decreased, which showed that the abundance changed consistently with soil organic carbon (SOC). The 3 diversity indices
of 16S rRNA and 6 diversity indices of 18S rRNA increased from top to bottom in soil profiles of three karst forms. These results
showed that microbial diversity changed conversely with the abundance and SOC in soil profile. It can be concluded that the abundance
was more important than the diversity index for soil carbon cycle in karst system.

Key words:karst; 16S rRNA; 18S rRNA; Shannon-Wiener indices; carbon cycle

TR ERRS T, LA VLR B & FE m P
. SEH: 2014-04-11; 1&1T HE: 2014-06-13
m AR R B PR AE S RS memA, W R 6 1 (41361054 ,41003038) 5 17 £

S b= 1> wOR ¥ R £ W OB ( 2OIIGXNSFD018002,
AL AR BAT B E AR A LURAR 10 2011(“XN§FA018006 2010GXNSFB013004, H#: F &
3% N T R i | g 1 ) 1412300113 ) 5 5 B ) 2 1 490 5 % JF WK 42 990
Eﬁnﬂ%ﬁﬁﬂﬁ&j 3 B 1 [ B L o i%wi%/ﬁi CKotoolo0s Kol 10y s o e b
TEIERIARTT 20 B e RS R, HULTH (KH2012ZD004) 5 1 P4 5 227 7 0 BHIFL

(2012041.X162,2011061.X229)

AW RETE SR AA] R A A HLERTE I, AT 8R A TEB B WHRIT(1974 ~ ) | B WL BIB0E  EEHIT I A S

I\HJ [a%) ¢< Y 2y 53 FERIASE AW 2 , E-mail ; zhenjiangjinjin@ 163. com
ZE// .JH: [/J\E{ﬁ 'u\/%ﬁjgﬁﬁhXT% TI{T * iﬁiﬂ]ﬁé%}\,E—mail;glqiangli@ 163. com



11 4] BTRITAE . SORL AR IR E Y B S AR B X BRAG ER ) 45 75 1 X 4285

AR YIRS S5 A HLIR Z 8] 19 ¢ Z& ] AEgE AT
X T BRATL A 18 TR L

A= Wy Z2 R i ORI 2 B R A B W e v
AERY A B SR bR, TR PG e o Y DX B A )
Bt ferh , %2 HHEGHURZHTARD T 1
I R R T AT TR SR A ) K &
Rl et P BcR FE R A Y 0 3
TR, R W A B DR AR ST 2 B S A0 T R B
BRI 110 22 Bt 2 B0 R AR ] P AR f b 4101 ik e g
IR bR A BRI 4 AR S IR ARG
K AN LA 7 X5 45 1R E 0, 5 e IX
AR D A AR L, R IO 2B b 8 e i A ) A R -
BLYR Z 4 B, R #RAE 4 28 B OT (operational
taxonomic units, OTUs ) £ & A1 134 HLAK T = 535K
SFEZANFROHRIR A FTREAR, R I M e v 1
JE N Z2AF R 4 B AR 3 A BB A 2K 1) o2 it
PRI AR S AN B e - T AR Ik S
HE A LR Z 18] Y 5C FR B s = AH R A HE.

B FAERR Y R SR A AR g b
Hby | WE RO X 3 FAN [F] A A 2H AL R AR
BRGEH,3 TS R Z LR
R AR A R Ry — B, Y BE A ) TR B A 4
TR, Hedh T ST 5 R e, R A 5 2
Tl ol G TR AR A 500 55 0 11 A bt EL A B fR
[ONERRE: 6 QN A B/ 4§ | w3 o e
AT BB T it 43 A0 B B A DG SC R R
T A Z R AR A DL RS A LR T
BZ B R AN A, PR, A SCRA e e v i
i WP SERE R SR SR e 2 S 07 -2 M e

H1 Uk (PCR-DGGE) 56 5E f PCR 1Y J5 4k, 73 5k
Y MRV A 2 2R 49 v A T R LB 22 R N S 1Y
Al BT S A WU Z R R | BT
Yy 22 R R 2 B A A HLaR AR R B e MR A
B, DI ER AR 55 LA 1) B R AL 22 1L
E AR

1 RS

1.1 CRFES R IE

FEAR Y A I A 0 ALY 2 km?® 2 F )V
FEMRTTZRRB 8 km A9 (R, WG AT b 5 WO J 52
Fab. R AR T M AL W ERGHE RE , AR T B RR R
18.8°C . AEFE& M -M1915.2 mm. 37X Ay + 1 J iz
K+ X 3 55 R 2 30% , dE Bk B 55 L
UAEREDMR £ 550 60% ~80% , LI
IR

FEMSRAET 2011 4E 11 A, 8B N1 5 HEH,
e Wb RITR 11 K AR R DR 3 R 30 ~
50 cm,pH 6.00; 3 AT B LB M A 32 ) 44
JEFE A 70 ~ 150 em, pH 6. 55 ; FEHBAR B L H2 il A
P o5 3, 38 A 300 ~ 500 em,pH 6. 40",
FERE M BEALEER 3 NIE 2 m® ASREEIX TERER
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Table 1~ Soil organic carbon, total nitrogen and total phosphorous of three karst forms

FTEN Ui b Y

0~10em 10~20ecm 20~30ecm O0~10em  10~20em 20~30cem 0~10em 10 ~20 em 20 ~30 ¢m
LR g kg ™! 38.28 26.57 17.82 40. 10 22.61 19.47 24.42 19. 80 12.87
MA/g kg ! 1.13 0. 94 0.73 1.33 1.28 1.86 1.13 1.37
/g kg ! 7.52 6.04 5.21 6. 81 6.14 4.37 3.56 3.37
WA (C/N) 33.26 28.18 24. 48 16.39 17. 06 15.23 12. 88 17. 46 9.38
CNP JA—4t3%5% 0.137 0. 105 0. 081 0.115 0. 104 0.115 0. 084 0.079

1.2 R AT Kok
1.2.1 JEPIZ] DNA BRI B

KJH Mo BIO 2 ] ) DNA PR i 5 BGR 7) &
(Power Soil ) #EH + 37304 ) 5. DNA | 5 B BRAE UL
B T, IR B DNA FfE 840 ot
11 ( Quawell 3000, &) 7E 260 nm AN 5 FHHk .

1.2.2 FOLER PCR

H CFX 96 ( Bio-rad, Hercules, 3¢ ) fll &
16S rRNAFI18S rRNA Y EEK#5 D141, 25 pl PCR Jx
MARR AR U T 2 x SYBR Green real time PCR
master mix ( Biouniquer, Jt57) 12.5 pL, X & F7
B 7K 9.5 pL, DNA A% #z ( genomic DNA, 15
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10° 251 10 F5FEREABEEE 1) 5 Y TR B2 A i H bR i i
gk, brooE i 2 A5 2 18S TRNA B9 ¥ 34 %L K Ry
100.9% ,R*{H ] 0.974. 16S rRNAF118S rRNA " 1t
(s i it 2 v 3 RO B A7 A TR BE 43 51 h 89. 0°C
F190. 5°C, 15t B 3% B AN Sz I i AN A7 7 — R AT L.
A W 3 B AR B e T bRy 3R R DK
(g™,
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72°C , F7E B KR B 55°C FAE 15 MG ; RIGTE
T2CTEAIEM S min. P HFH PCR =¥ 1.2%
BN 5 HhL ARG ) B . X LT I S, PCR ML
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68°C 54 JE A 10 min'™'. P 845 B9 PCR 7= ¥ 11
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min, 2R J5 FZE WK VR 2 W, N B R B 3
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W 2515 ( FERE) B THE—> OTU, N 2 7E AR TKIE
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FEFTA s b i L AA.
1.3 HdRAb S S I
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[F) 2 5 110 S 2 PR ARG 96 A R P T A Sk B L i 2 vk
KR H IMP 5.0 8kt T, HRREF /NG 7
BERIR [l — 5 B I AN [ ) T R B2 A G2 ) 2 B AE
P<0.05 /K I xR

2 HRE5H

2.1 16S rRNAFI18S rRNARYF=

MIE 1(a) TLLE H,16S rRNA = 78 73 A
I I - 3 ) 1 B R R G I AR R R
T 7 33 i Bl R 11 A8 Ak T G (8 3 22 5%, e 9
JEE PR A 0 ~ 10 em 12, M 1.32 x
10"#801-g7". MWE 1(b) Al LLA i, 18S rRNAK
FEEAEAE 3 Tl A Vs T 25 v 349 I ) T % B 1 38 o i
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165 rRNAH I 5/45 01 ¢~
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0
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4.0E+09

2.0E+09 |

0

wn

1 16S rRNAFA18S rRNAEE F &

Fig. 1

x2 HBRES

Abundances of 16S rRNA and 18S rRNA

REHRMEMHEE

Table 2 Abundances of microbes in karst ecosystem

WiH s ik D
) 0~10cm 10~20cm 20~30cm O0~10cm 10 ~20 cm 20 ~30 em 0 ~10 em 10 ~20 em 20 ~30 cm
16S rRNAFI18S rRNA .11
, 6.587 3.918 2.014 4.152 3.152 2.700 14.053 3.335 1.295
PEULEx 100 /45 0] g ~!
S S H—
165 RNARII8S rRNA 0.152 0. 087 0. 048 0. 164 0. 098 0. 068 0.270 0.079 0. 033

AR5 DK/ 5 DL g !

2.2 U MIE N 2R

MEET16S rRNAFI18S rRNA DGGE [&l 3% 114 43
Bras s (B 2) iAW, [l — A BB S AR+
)RR BT 1 R — 25, R A AU S
Xof 2 B RN BB 2 R S I R, X T RE S
ANTR) 2 T8 7 - 3 0 B Ak 5 0 R B 0 9 ) 25
A, NFE 3 ATLLE I, 16S rRNA K F A4 -8 48 35
BRI 3 X8 it I 1 39851 i R ) 4 o T 44
K, M R 16S rRNA B 75 4 - 40 45 St A7

IR BAS . I, 4B 2R ARt 3 5
OSSN NI 2 U )l S R T <
18S rRNATEME [T+ 32K 3 Fl ZAEMEFE B0, o+
) AR AN T8 BN 5] S I
A7t 5 ) TR ) B n T 48 R, 2R B TR ) 22 R
PR S 2 T S B 0 B R B ) A A
e B S 2R 22 [ X P e R R, X
AEARE AR A S R G0+ R AE R B 1 7R B
HEMIFA—FL

%3 ET16S rRNATNI8S rRNA DGGE B KR &£ 1 & FE1EE
Table 3 Microbial diversity indices of 16S rRNA and 18S rRNA based DGGE profile

\ " i B Hh e
mH ZREVERREL
0~10cm 10~20cm 20~30cm O0~10cm 10~20 cm 20~30 cm 0 ~10 ecm 10 ~20 cm 20 ~30 cm
TR - N8 EL 1.782 2.194 2.706 3.042 2.078 2.831 2.829 2.963 2.994
16S rRNA FEEE 0.512 0.955 1.009 1.520 0.526 1.233 1.358 1.389 1.157
i)y 1.974 1.914 2.301 2.266 2.301 2.255 2.301 2.301 2.299
A - ANTEHL 1.847 2.348 2.404 1.988 2.202 2.507 1.820 1.820 2.039
18S rRNA FEEE 0.889 0.997 1.27 0.857 0.830 0.927 0.939 0.998 1.078
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Table 4  Correlation between abundance of microbes and culturable microbe number, enzyme activity and nutrient content
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