$39% FHoly
2020 4 12 A

i E S
CARSOLOGICA  SINICA

Vol. 39 No. 6
Dec. 2020

ZREAOU, A T S5 RS AIORTAS TR Aol AR B - S Aol A 0y e B A5 T g 52y [ . v [ 58, 2020, 396 ) - 854-862.

DOI:10. 11932/karst20200606

B 57 AR AN X A B B Fh AR Br T R &

KR TS i SR B =2 M

FARARLGERARL,E EL AR, HE R
(1. b FmH L RFANRAFEHRAFRE, R 100083; 2. b mHh L K FREBEHFFE,
7% 100083)

M OE AR A X A K M DR AR o o S Rl R T (CA) B TR W R AT 20 O 2
R ok 20 RN P00 S T8 e R A T 14 R ) B B YRR AT AR S AR S R R X A [ AR B
e S Bl EE W AU 3 A R R 5 2 S A Y T B ) R o 5 SR SR IT - DAAR o e S R O 1 B — R BE S
75 CA L HBAT B i il S0CR 00 v T TR G 2 T ) Y b B S S T O W R R R
A B AR TR 22 R O I E B R A 2 TR Ik . ARBESE BTN A R A X A A S R
FEL AR ol 14032 95 Tl 0 R A T IO P 3 — i BOR T B, Ol A T X A S R T RIR AR —

Y BE SR o

SRR < AL PR 5 TR AR 5 A T s s USRI 5 Bl PR S U b VDR IR A

i E 4K S :X172 X FRINEG A
X EHS:1001—4810(2020) 06—0854—09

0 3l

[

L XA Y G A2 R R
P, FEAFE RS ALY N R GREE pH ) I
AR R R BUED ) A X —Fh A
PG, AT LA I H DX S i, B AN R
AHHE T, v DX T I 3 K D % PRt b |
M A= 7 BRAR W O e A R S R IR
NG ARSI, BT EE RN TARE 5 A AWK
SRS G 7 7 kK LR B2 T 7
Ll 3 AR A T T R SR BRI . BRI
A RAL I FE R 3 2 SCH B AR L S A A K
P AR W 0 D0 ) Bk TR T Tl ( C A X R AR W 1R
(14 A H AR 0o AN ] D QTR B4 | P A A

FH A (FEARS )RR (0SID) :

2
o y
1%, 5x h

FHALAE A TR CA REAS N PRBR IR 515 2 4 A1 Y1
Th'e PRk AR AL

LEBS RV SR 1NN N €2 4 B DO Py e £
B B R TR T (B S TRI AR A9 ol A W0 00 0
AP TSR AN ] 5 TR AR ST , Al R SR B E YT
AR PR 815 2 o A1 A P ks iy ™ o L iR 377
CA BRI 78 2 BAUR BR T3 N S 56, A7 5C B BRI
M T #RER A HRIER D o R, AR SO 2E Bk PR
PAA A SR B E YRR ke U
A K ELAS TR o - S S B 52 X 42, SE i X S v
Al IR W B 0 S AL ARAS R CA B BRI , A
FH AR ARASEAD 52 56 AR 5 TR R RS AN [+) B o = 98 ol = 1 B
Gl AP AT B A AR L LR T )

B
" uﬁ o

AW H  FRE AR A H (31971729) s MR E s & 1135 H (2017YFC0505500,2017YFC0505504 )
W—AEF T A ZEA(1993— ) , WA g A, EZMIF 7 1) SR S AR HEY . E-mail : 15754366120@163.com.
WAFVER 2@ (1974—) 8- RIS, 2R D5 1) - SR S IR BEf/E Y . E-mail: xiaweipeng@163.com,

Wk H 4 :2019—06—29



H39E K6

ARG < TR ARSI AR )0 AR o - V8 G5 2 0 e i 5 8 ol ) 2 0 855

1 M5 EE®

1.1 KIesrel

1.1.1 AR 13

P U [ 2 A K B A XA =
PR FUAR AR = b il . 16 EURE 29 AR AR % 1 000 m
b, Z AT, HA AR S5 30 X Sl ik
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K9 A 3k SR 28, BL0~20 em + )2, BEANFE S
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JE s BRI A PDA 55553
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(Pinus yunnanensis) A (Quercus Linn)

1.2 KWHE
AR89 05 i

XU 25 R A K B T b XA | 25 R A
BRAN 0 AR PR - 18, R 10 5 6 B 28 i s B 1140 07 3%
W - HEB TR R B 107, SR K AN [ vk B 1 £
BIRWAAT T LB & [ —5 (PDA =R A [A] 85
Fe e B HETRR IR A1 R R 0 B AR SR 96 L AR Bk
7 B IEAT 7 CA TR RE R0 0, B A A /NFL
TA 100 WL 1% 15 8% B 5 i 5 3 70 Al pH 2 8. 2 1
B b %2 2% R A TR A .50 WL B R 150 wL vk
(1) CO, HRLFK , 3 s B A BRI A CO, M 17K 5 DA
W AR B e B (R o AR ) R, SR B CA TS
PEBIR . 2 CA IS PR i A TR b, AT A0 (R
i 2 H A P TR AR ) S TR YRR N B A il Y
AR ZR ) 00 L D RN o 35 T o AR A R 1 TR
MRIEAT 74 L 50

1.2.1

1.2.2 @i

o 7 326 8 Tl S v Y TR AR IR AT 16S TRNA 2878 &
IR o B2 B BRI 4] DNA 3 33 PCR R P
HE AR R BRI 16S TRNA 81 88 J5 K 35 A5 19 7 51
16 NCBIURE e th 64T BLAST [R) ¥4 He o, AR )
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FH SR A B il —BH BB T L 1, AR (Available
potassium , AK) K PSR B 12 o 38 ik~ M & i +
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HEAT 22 S 43 1, Origin Pro 8.5 F 471 8% 31,
MEGA 7 #1725k B a4t
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(i) F19 2 S AN I 35 o I 17 B R 28 (S R Y D ) i
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Fig. 1 Measurement of dissolution effect of bacterial strain

ratia marcescens) F 99% J V4 I 09 [ JEE , I AE R S8
BB LT[R 33, RGO R R (K 2), Bt
W) 4 5E KS289 VP iR IR B AN . Vicente 5145
HHORG BT 0 B IR REAEHRHUAS R PR, 8 s 51 T4
PIAR TSI, XS0 A= ) AR ALK & W0 A T 1 T
S, T HREE LIZR LR b

4 Serratia marcescens strain 81 (KT992358.1)

100

0.20

Serratia marcescens strain KIMC2-16 (KC122200.1)

Serratia marcescens strain N9 (AF494202.1)

Serratia marcescens strain N1.14 (AY927645.1)
Serratia symbiotica strain STs (LT600352.1)

Staphylococcus aureus subsp. aureus strain Mu50 (KT253887.1)

El2 KS289E#kHT 165 rRNA BEF I RGER B
Fig. 2 Phylogenetic tree derived from 16S rRNA gene sequence of strain KS289
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R . SKHRAR RN A AL B B R T
ECAH, HAR A AR K B AL BE A 5 it i 9
0 A FHAF X T A AR B, BRAIG T 88 Y OMAH 5 78

[ — Kb PHAS [ 4 b 22 (] 0] LA H e o i 9 ) Ak
T, 5 BRI TN FIEC 22 5 A FIRERY ; AL 45 b
WRIFFAEA FIRERE Y 22 57, (E 22 S A AL LA A
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Table 1 Measurement of basic physical and chemical properties of potted soil
4 WC/% pH OM/g kg’ TN/g kg’ TP/g'kg”'  AK/mg-kg™'  EC/pS-cm
EA  22.7143.67a 5.4740.00c  61.8343.49bc 3.2840.20ab 0.06+0.00d  36.54-0.11h 44.254-0. 21ef
EI 22.114+4.14a  5.6040.13bc 63.2344.11ab 3.93+0.03a  0.1740.0lc  43.7940.20e 52.454-1.63d
EM  23.19+4.04a 5.8240.04ab 67.2242.19a 3.060.12bc  0.1740.0lc  33.634-0.06i 41.60+0. 85ef
PA  17.900.85b 5.5640.01b 59.2141.57bc 3.3440.07b  0.3340.0lab 39.234-0.03g 48.95+1.48e
PI 17.5242.02b  5.4040.08c  62.93+1.27ab 2.954-0.19de 0.1974-0.02c  45.2640.05d 79.40=0. 42a
PM  24.88+3.15a 5.5240.06bc 62.8474-2.23ab 2.7640.17¢  0.30==0.0lab 40.264-0.12f 69.45+2.33b
QA 21.52+0.26a 5.964+0.16b 56.12+2.69d 3.2440.09ab 0.054+0.00d  65.0240.15a 27.65+0. 64g
QI 22.444+2.8la  5.8540.10b  57.6140.73cd 3.07+0.10bc  0.15+0.0lc  62.49-40.13b 64.5540.78¢
QM 22.4441.93a 5.9940.10b 62.7141.45ab 3.06-0.16bc 0.3740.02a  60.66-0.17c 49.8541. 20de

TE - FRANBR 5 b A R ING B R R [ A BR ] 9 22 5 8 35 PE(p<0.05), FlAl. EA—HEA M EL AR IR EM— MG R PA—#4
W PI—AMM IR IR PM— AR IR AL QA—HRWBIR QI—HRMIGEEIR QM —HRMHFRAE. TR,

2.4 FEFHMEDEHENE

- B R A A AN E AT DU 3 R A
R, 30T DI SR R 5 28 A A R ik . R AR
B g AN R AL B AT R SR E M B . R 2
AfDLE R — b B B P B s IR AR
YRR TR TR > A TR > LT 5 A% R [m] s vt o 7 9 Ak
L1 240 TR ER e S T N K TR A B AR A Y
AR B L AEREAR Y = A Ak EE e i T o TR A B ) 2
PRS0 500 305 A A B 22 R OR W3 L HL R R
Tt s R ELA 2 B A FVRRAR Ak B k2 B 1

e KAE 349 HE B it o oA 1) Ak B, 435 Ry 1. 85
10° cfu- g 2. 68x10° cfu-g'. R, =/

i 5 A B[R] A7 7 5 35 1k 25 5, R IR AR 45 Ak 242 ]
ZESER I H2 P it FH BRI A B AR A
K2 2t N R TG B AL B 4. 2 fF B IR 2. 4
o R W RO 1 BB, T LR AR L s R
Py RRART 1) B 350 s B A e B Y ) b B, 3 L
RN T A ) S B A e A 0 B> 2 R A Tl A ) A
B LR AL F Wt R T DR I R E
B 2 U HOE AN B

®2 TEWERBENHENNE

Table 2 Measurement of culturable microorganisms in soil

ek BN/ X 10°cfurg ! AN/ X 10°cfurg FN/ X 10%cfu-g MC/ X 10°%cfu+g !
EA 2.07+0.11a 2.30-+0. 14b 7.50+1.6b 4.38+0.25a
El 0.48=+0. 0dde 2.36=0. 06b 7.20-£0.42b 2.84-0.0lcd
EM 0.59-£0. 06d 1.620.03d 7.20-£0.42b 2.2240.03e
PA 1.5040. 04b 1.8540. 21c 19.80+1. 4a 3.3740.25b
PI 1.11+0. 12¢ 1. 44+0. 08de 4.70+0. 14c 2.56-£0. 04d
PM 1.19+0. 06¢ 1. 80+0. 05¢ 8.35-0.07b 3.00-£0.00 ¢
QA 1.900. 08b 2.68-0. 05a 4.15+0. 64c 4.6040.13a
Ql 0.41-0. 08de 1.7740. Ode 3.50-£0. 43¢ 2.18-0. 12¢
QM 0. 34=0. 02¢ 1.2940. 02¢ 3.30+0. 28¢ 1.6340.01f
TR R AR 1. BN—IHE0E AN—HERRECE PN—IEEE0E MC—d: o i
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Ul WA ] Ak P4 ) - SR A 0 0t 05 R 3R T R A
AN TR AR o 14 - 3 1) R B RICRAF R 2 57
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Fig. 3 Dynamic analysis of carbon sources used by soil

microorganism
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MR I FTLUE il v S 4 3 A = ik
R 2= 7 P A B = 58 0 T A ) 22 4 P 48 21 (Shan-
non) 5 5 54 (Simpson) A1 2] B 48 44 (Pielou) '
YR Lt T K36 TR RRT % 77 R %) Ak B L i o R
T > Tit I K3 T > it o 5 5 R Ak 3L AR BR AR Y Ak
P A HE b 48 B 22 5 8 S 35 AR it o T TRV 1Y
R8> il 0 TR > 4 7 B %) A JL AR it TR S B

FRHEAbHEY Shannon 22 FEPETE BB 46— B, i K%
[ RV #5 FR AR TR AU AR . SC e 5 R AR W - TR 10 it
INAEAR R EE F3E N T 25 e PA AR B - 8 1) 4 o ) 34
& R S
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Table 3 Measurement of microbial diversity indexes

Z TR R o) R

EA  1.4440.0lab 0.961440.00ab 0.419940. 00ab
EI  1.42+0.0led 0.95792£0.00cd 0.412140. 00cd
EM 1.44+0.00ab 0.961540.00ab 0.41994-0. 00ab
PA  1.46+0.00a 0.9633+0.00a  0.424340.00a
PI  1.4440.0lab 0.9612+0.00ab 0.42064-0.01ab
PM 1.43+0.0lbc 0.9595+£0.00bc 0.4163=0. 00bc
QA 1.4140.0lcd 0.958440.00cd 0.4117+0.00cd
QI 1.424-0.02cd  0.9597+£0.00bc  0.41484-0. 00bd
QM  1.40=£0.01d  0.956240.00d  0.4090=£0. 00d

TR FHARELFE L

TR 3F 31 AP AR R 69 ) R R A

Biolog *F- 4% 1] LA I 7~ = S5k W e V& X 31 Rl
PROREAT 30 6 K&, 7 il 2R VBRI (TR
REWIE B2 W) R FHRE I, NIE 4 thaT
A, TR A BEXT 31 U5 R T RE ) AR 25 5%
FE AR 1 2 R It A TR YA ) Ak P 5 % 9 A ) Ak P AH
LU, AR PR AR B o W S A R AR O kA 2 1 Ak
STt T 26. 48% .30. 98% . it A K TV I Ab B
L 3 A B 4 155 22, 899% . 23. 09% ; AR A i
T T 1149 Ak A o 3% R AR ) Ak BTG I 2 AR A
{EUAE A T VR Ak B G IR R A B S 2 R TR
XA S PRI R o LR AE R R U Y R
it AT LA S 25 9655 X B—Methyl-D—Glucosid . D, L—
a—GlycerolPhosp , L-Phenylalanine F1 4—Hydroxy Ben-
zoic BRI A FH 2 (P<0. 05) 5 KOG BRIV W AFAE T 15 )y
AE , T AE 2 P o T T A Y I AR s e 1 i
AP RYAENE 3l

2.6 BEMEHNNMNE

SR PR F 3 L S 50 iy e 3 i i R o o 1 2K
Fo NEISATLLE 78440 H i s2gs /A, S i
e N R R S O TE SN | DA E DA T
BRIV 1 75 R A A B, RS | 2 e By AR G o R
WAL A R e, A R 1.13%. 1.29% .
0. 80%, J&: K G AL BEAY 1. 45 1. 37 . 1. 194, J&: 1%

2.5.3
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[he D-Cellobiose
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L-Serine
L-Threonine
- GlyeylL-Glutamic Acid
Tween 40
Tween 80
a-Cyclodextrin
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2-Hydroxy Benzoic Acid
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Phenylethyl- amine
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Bk —

Bmx

AABE -

EA El EM

9.70
9.01
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5.57
4.88
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3.50
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144
0.75
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Fig. 4 Utilization capacity of soil microbial community to 31 carbon sources
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Fig. 5 Dissolution rates of different treatments
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Table 4  Correlation analysis of environmental factors, microbial populations and dissolution rate
karst rate AK pH EC TN TP OM wC BN AN FN
AK  —.440%
pH —0.009 —0.192
EC —0.066 0.116 461
TN  0.063 —0.139 —0.364 —0.237
TP  0.018 —0.099 0. 354 551 —0.231
OM .629** —0.203 —0.338 —0.269 —0.041 —.434*
WC —.599*x  0.319 —.540% —.386* —0.049 0.021  —0.338
BN  0.194 0.144  —.576%x —_ AGT* L 525%%  — 685%* .575%%  —0.002
AN . 690%* —.393* —0.085 0. 204 0. 208 0.375 0.317 —.412% 0.046
FN  .508%  —0.069  —.489*%* —. 392% 0.217  —.601** .926%+  —0.239  .841%+  0.235
MC . 593** 0.047 —0.29 —.575%  0.034 —0.212 —0.237 .785% 0.11 —.629*%* —0.109

{E % P<0.05,#* P<<0.01; &7 RHMURE LRER 1, % 2,

R A MRE 5 SR Y RO B 22, U] g A 3 A
St [, LIEEA S 5 AP SR AL
TEIRAE Z R A A R, 2 AR T - PR 55 o
A EEEY AR bR R R ) Ak 5
i) - 398 1) BEAR BRALPE T . FERS AR R RO BT, 1
$E OM fie/IMEL X H BRAE A0 TR 14 Ak BEAEAS , AT REAY
JEL A 2« O T3 I B, bR 1 8 OM i e fi
B, T I TR B A I ST R 5 (it T YR e 8 4
IR W) 5 [R) I 5l ) e % 41 1E 1= OM B 73
fitt , 7= H i A ALK (dissolved organic carbon, DOC)
FICO,™ s TN 75 Hk ) die KAFL H BUAE 2 Pl A G o 2 VR )
AbFR, AT BB HY T TR AR T DL S AR RO PRA e 2R
ST SRR R E ARE ) EC RERS Rk 4 i
BT IR B AR SY & B EC I B (B 2 H A K
TR VAR ) A2 B 5T 2 DAL Sy KT ) T AR M BT AT R A
AR, RN R BGE G, AT ECHE K. 78
[F] — b FEAS ) g b 22 ] W1 L i e A ) A 3
H, R TN RN EC 22 TR ANERRY . T BE S [
HAS TRV RE ) AR 2R 23 WA ) B o 5 5 AN (R A AR
PRIt A Wi S REARHA 22 570 . — 5 i AN R AE
YR Z 19 2300 v LA I A 1 60 A A R B AR AN ]
AR IR | RS R o, R T2 e 2 0 ) A
)3 I — D7 T A P ARG B0 1Y 22 St 2352 i AN
()AL AR 28 008 5 SR ) T ) IR AL B T o

3o L At A TR VR P A B A A B R AR
Yy 1 S BOAT LAAS e 7 A ) Ak PR R R T
SRR MUE T R A TR 20

P T P R RO AEE R . PR T A £
R T AR AR 15 A A R R IR
BEASE TR LU B BRI R . X S EFAR
BORE I 2 R 45 R — 2, AT RE SR AR S IR IE PRI T, 5
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Effects of microorganisms agent addition on soil microbes in different
rhizosphere soils and calcium carbonate dissolution

LI Yongshuang', FAN Zhouzhou', GUO Hui',ZHOU Jinxing®, PENG Xiawei'

(1. College of Biological Sciences and Technology , Beijing Forestry University, Beijing 100083, China ;2. School of Soil and Water
Conservation , Beijing Forestry University, Beijing 100083, China)

Abstract In this experiment, microorganisms with high-yield carbonic anhydrase (CA)in the rhizosphere soil of Ji-
anshui county, Yunnan Province were isolated and screened, and the dissolution effect was measured. The strain with
better dissolution effect was prepared into a suspension for pot experiment, permitting to explore the effects of micro—
bialmetabolic activities and dissolution effects of calcium carbonate rocks on rhizosphere soils of different tree species.
The results show that a strain of Serratia can be screened from the rhizosphere soil with high-yield CA and strong disso-
lution effect. The treatment group applying the microbial agent significantly increases the number of soil microorgan-
isms, enhances the metabolic activity and diversity of microorganisms, and accelerates the dissolution of calcium car-
bonate rocks. This study aims to provide technical means for the selection of plant species and the application of micro-
bial agents in the ecological restoration process of karst areas in the future, and provide some theoretical support for

the management of ecosystems in karst areas.

Key words rhizosphere soil, microbial agent addition, metabolic activity, carbon source utilization, calcium

carbonate dissolution, Serratia
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