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Abstract; Heteroplex is a typical endemic genus of karst rocky mountainous area in Guangxi, and rhizosphere microor-

ganism is one of the most direct representations of its ability to absorb and utilize soil nutrients and adapt to the harsh soil
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environment. In this study, DGGE and Biolog methods were used to study the rhizosphere and non-rhizosphere microbial
diversity of Heteroplex. The results showed that the values of pH and alkali nitrogen content in the rhizosphere were hi-
gher than those in the non-rhizosphere. The results of DGGE showed that two common bacterial groups were same in the
rhizosphere and non-rhizosphere of Heteroplex, but the numbers were different. The bands in DGGE profile of the three
species were less than non-rhizosphere. Rhizosphere and non-rhizosphere microbial community of each species were simi-
lar. The results of Biolog showed that the rhizosphere microorganisms of H. sericophylla had the strongest ability to use
carbon source, and the non-rhizosphere of H. impressinervia was the weakest, and the ability of utilize carbon source of
other rhizosphere and non-rhizosphere microbial community was close. The microbial diversity index of rhizosphere micro-
organisms was higher than that of non-rhizosphere, and the dominance index was the same as that of non-rhizosphere,
the richness and evenness index are similar to the dominance index. The carbon sources used in non-rhizosphere microbes
were mainly sugars, carboxylic acids and amino acids. The ability of utilize carbon source of four rhizosphere microorgan-
isms were higher than non-rhizosphere. Cation exchange capacity, clay content and alkali nitrogen were the most impor-
tant factors affecting the microbial carbon source utilization model of rhizosphere microorganisms. In general, the soil
physical and chemical properties have an important effect on rhizosphere microbial community diversity of Heteroplex,
and the activity of the rhizosphere microorganisms and fertility level were improved by secreting compounds such as car-
boxylic acid and sugar.

Key words: karst limestone regions, endemic genus, rhizosphere microbial community, PCR-DGGE, Biolog-Eco
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H, 2010) , 572445 R H B4 A 9 L4 B/ )
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L2k (SR AF, 2017) . KIJHF R S 244 J@ R
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AR — A= AT ) — A DX, R A Y — A
SR R LA RN (S Il N 7
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PR T 4R AR A X AR B 3R 43 B R A g AR
Proxof 2038 B (TR E IR AE, 2016) o A AR BR
A TR ) S R AR R B RN A R G
B, Rk, B MR B, L A AR
355 PR AR R B A A 2 5 i) JFL AR AR N7 ) 1 G
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AR E N ] BH AL, RRREIMA SR E 5~ 20 B
Z ], o3 A X A A st B, pH {E 6.5 ~
8.0, 1 J27E 5~15 em, fR/KBES) 25, HIEE K EAR,
1A DXOG B | B T 22 K, R R ) 5 40 C
PL b MR LIEAR N &, 0454 M K ( Lorope-
talum chinense) KM ( Celtis sinensis) . 8% 3% A ( Pis-
tacia chinensis) A3 W ( Platycarya strobilacea) |
5% 41 ( Saptum rotundifolium ) . 41 ¥t K ( Photinia
consimilis ) %% .
1.2 RE¥EFHIE

T 2016 4F 8 JAAE) V4 Y FHI B CRAE /AL S+
245 XH A5 2445 M) e B (5234 YL) |
B MK S 243 AM) S0 T (H N S 24 5
LZ) EATRE R R B (3R 1) o 7857 R4 s A 1 b i
SYATER T A B ST 3 N RE A, B RUR
5 SORFEE R, ¥ w2 R Y ERIZER
(MRS EEE)  BHER R M RH R L, BRI
TEMR AR T ARPR T (R) . 7EH AR T
FRAERA Y AL EHL0~20 em (1 HERE 5 1E R AR
MRFREE(N) , RT3 O )5 & Tk
SR E T SR BUBUE M) DNA Y e R
T80 C UKHi - ff. Biolog S5 T 4 A it >R [
SRvALIii
1.3 iRFiE
1.3.1 232 3 pH SRR
pH 3t HL S 0 5 5+ 99 5 4 1 B B ¥ (CEC)
I 5 SR H VR 1 2R 1 S 45 P R R A ) D E R
FH TR e A8 He— K N6 06 Bk 5 22 PR 59 ek R H
TR B — 5 W W o3 56 6 B 0 5 HIL B 2 iR i
EIE ; 2 ER ] AR —m TR T AL 12 BUCR
SR FH Ol A 2 108 v 5 A Wl AL ] 0.5 mmol - LY
NaHCO, B —HEE Hi Lt 3k ; 28R T A HiR—
o R TH AT AR A NH, OAc = 4 — K IOl
JEE: s A HL TR R A #R B R B AR
ik,
1.3.2 BE% 454 % 444 DGGE M 2 FRELZ 0.5 g
Vo UR L SRR, #2150 & (OMEGA N. A.TM Soil
DNA Kit) #4515 B $2 B HERUE Y1 8 DNA L SR AT
Nanodrop H1 1% 3 g ¥ &E 5 HL UK 5 46 0 434 A 9
DNA W ERGEREIE . RA7 T 20 CUKFE P 5 H .

PCR ¥ 41K & . 2xTaq PCR MasterMix 25 L,
RIS (10 pmol - L)2.5 pL,1 wL DNA( %30
ng) ,ABLIKFNE 50 wL, PCR 934519k FH 40 14 i
FH514, B 338F (5'-GACTCCTACGGGAGGCAGCAG-3")
1 518R ( GTGCCAGCMGCCGCGE)

PCR #" HF27:95 °C 5 min;95 °C 40 s,55 °C 35
s,72 °C 3 min,32 MEH;72 °C 10 min;4 °C 30 min,

PCR W25 1.5% BrNEWEEEIRE AL KA I 5 HT EB
(0.5 pg - mL™) Yetd 20 min, HEHC AL EAH

PCR 914 7 Wy 1 A8 P A6 52 56 Ji i VK i FH R TN

55 Tk i Iz e B ] 8% (w/v) , B MR B 40% ~
60% . 60 V HLJE 60 CHIHl A T HIK 14 h, H
TKEE UG R AR e 5 ik g €, FHE I AR A AR
JH Quantity One X5 &8 B R 475017 .
1.3.3 B% et S AR 2 FREGHYS T 10 g 4t
TR N A B 100 mL KR 7K Y
250 mL =S 7ERE K F L 200 1 - min™ % 3R
¥ 30 min J5 , BUR A B S TAE G W AT #E —
P HERME 40 s, FF £ AR ERI M T UL, B3
mL A B FT I 27 mL 7K B 55 3% LA 76 B TR
51 FREAT T — M BB, A MO IR SR
W FRBEL 00015 J5 19 B W IN A Biolog Az H, 4L fin
150 pL; BEAFES EE 3 K, K42 1 B A 7
30 CHREFRAEHE TR, 49 T 0,24 .48 72,96 120,
144 h FEEFR I 590 nm F ARG,

AWCD= [ X (C-R) ]/n

%o, € 2 T i B L OB, R & X R
LA G 0 2 ALEL, n=31,

PR (D): D=1-X P>,

Shannon-Wiener £ #f £ 8 ${ (H). H =
- Y PP, . X, P | FLAXT OGS (C-R)
ERAO AT RO ZR G 1 HEE

F O EEARE(S) AR I s L B A A Y
B H(AWCD>0.2) ,

WA IS (E). E = H/InS, X, H K
Shannon-Wiener ZFEEFEEL, S W FE EFEEL,

1.4 HiELIBT X

FH Bio-Rad 28 &) A9 Quantity One 4.6.5 %4 %t

DGGE B #4727 408, FHAE AU S AR - 3
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Table 1  Geographic locality of sample

i Ho s £33 i K
. Geographic Latitude Longitude Altitude
Species h

locality (m)
MBS A J T B B 110°23'51" N 24°49'05" E 226
Heteroplex microcephala Yangshuo County, Guangxi
MM S 45 J PG 109°30'44" N 25°01'13" E 463
H. incana Liuzhou City, Guangxi
L A )G BT 110°23'51” N 24°49'05" E 226
H. vernonioides Yangshuo County, Guangxi
M1k 57 24 PG e 108°18'52" N 23°37'52" E 272
H. impressinervia Longzhou County, Guangxi
R TP N B 107°04'14" N 22°14'18" E 369

H. vernonioides Longzhou County, Guangxi

2:(UPGMA) 7R 281, H Bio-Dap F {4115
H.S 1 E, H Excel 2010 fA R B fPr<k i, H
ADE-4 F 4343 A FIAEE , F Canoco for Windows
4.5 BRAFRT L IEBAL PR BRI 31 b I 147 20O
JEMBOTA /T (RDA) .

2 HEREHAH

2.1 REEEEWRRSIERR L IEEL R
5245 I 1 AR B | AR B - 398 3 Ak T 4n
T2 PR, ME2 ATALRHE S DFRER pH .,
A L R O | Al | A A B R B g e
B S eE SRS EE s TAERR £, KA
6 bR TC B . (R R
22 RAFEEYMREESIERRHMEY DGGE 45
Rat
2.2.1 3L 3 B A AT 5 4E AR BR 4% 4 4 DGGE
SR X RREE S PO AR R | JEAR PR A 4 4
FREVE ZREMEEAT T DGGE 20 (1), 1 %%
R, 5 AFI Y DGGE 4% 85 5 & A 2 47 B 4R
FATERKES  SAFEIREE AERPRAALE 2 A3
B ISR (A B2 BE AR 22 5, Ul I
AR B DS 5 AR BR/INE
S35 (XH) AR B | JE AR B 2% SE A A [R], d0H
SRR (LZ) WPR A R TAEMR R, A 3 AR

MRBR 25 /N TAERRFR

222 FAFH BT L EARFR LB M A W B
B s A WRIEFRAEE S PR R
HRBR TR RS DCGE &M i H 2 RE T8 5L
(F£3), FR3 LT, BB 5255 AR BR A0 A
ZREEAR T AR AR BRAE, HoAx 4 ATl i AR Br 28 76 1
%5 A S TAEMRER, 5 AFRER  JEAR PR
TR AE IS B 5] BE SR BCEEASAH W], 5 A Fbb B /)N
1657 2446 1 MR B AE AR B 40 B8 #F VK 3 5 B 48 Bt
AKHTE], M 5 445 1R B =F & 48 R FAEMR B,
A 3 AFPAR PR & B EUN TAEMR R,

223 A FEMMRIRE ERIFLE R A D
DGGE &% 45 #7 K H Quantity One #4115
AN AR B R AR B ik A 1 1 3 % B S, R
T REDH(UPGMA) . [ 2 855 KB, 5 HAlh
Pl AR B | AR B B AR 0 B VK AE L, B A Bl B AR
PR AR BR oA i v B AL, B 5 R A — i
INAE S L5 5 A 4 ATl YOG R R s S 245 AN
HoAth 3 Al 119 5 Z8 AH XT38 2E 5 28 S5 24 3 A H At
PRSP OG22 AH X 388 300 5 A0 M1 S 24 2 A VD ik S 24 2
HE =S

2.3 Biolog I FHR&E R o7

23.1 FEPFEAMRITE ERTRMADBESR
AWCD AR X R E S DY AR Bx
AR 5 A M9 4T T Biolog SF-H - #r (1 3)
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Table 2 Basic information of rhizosphere and non-rhizosphere soil of Heteroplex
$8F5 Indicator
2
Code XH XH ™ M LZ LZ AM AM YL YL
(R) (N) (R) (N) (R) (N) (R) (N) (R) (N)

(NSRS 0.19 0.26 0.41 0.51 0.43 0.36 0.42 0.26 0.6 0.49
Gravel pecentage (%)
VLA 039 032 024 017 023 022 021 032 0.8  0.17
Silt percentage (% )
RDRL T 43 % 0.42 0.42 0.35 0.32 0.34 0.43 0.36 0.42 0.22 0.34
Cosmid percentage (%)
pH 7.99 7.78 7.58 7.34 7.85 7.36 7.5 7.4 7.37 7.59
SR 0.22 0.23 0.33 0.24 0.33 1.22 0.19 1.16 1.7 0.48
Conductivity (ms + cm™)
CEC 20.25 29.5 70 43.25 47.75 28.25 50.75 39.5 76.25 42.75
Cation exchange capacity [ cmol(+) - kg™ ]
AL 150.94 109.14 232.21 113.78 19.5 25.74 83.6 160.23 69.66 130.04
Organic matter (g - kg™)
Rl e 2L 173.08 50.58 209.83 101.33  157.33 69.83 115.33 69.83 208.08 94.33
Alkaline hydrolysis nitrogen (mg - kg™)
AL 19.24 3.32 47.77 35.83 23.89 21.23 14.6 38.48 39.81 15.92
Available phosphorus (mg - kg™)
e 0.97 0.17 1.15 0.89 1.98 0.32 0.79 0.93 1.85 1.35
Phosphorus (g - kg)
A 162.34  72.54 162.14  85.55 131.73 80.57 80.72 120.6 224.8 86.38
Available potassium (mg - kg")
e 4.98 0.38 0.84 1.73 1.13 0.28 1.27 1.5 0.94 0.5
Total potassium (g - kg™)
SCHAE 0.59  0.58 0.66 0.66 072 053 0.56 0.87 1.25 2.56
Exchange sodium (cmol - kg™")
i3zl 0.61 0.29 0.64 0.37 0.57 0.36 1.16 0.54 0.8 0.45
Exchangeable potassium ( cmol + kg™)
SR 3.07 2.36 5.81 2.62 7.49 5.76 2.63 1.69 1439  7.42
Exchange magnesium ( cmol - kg™ )
S 72.09 48.57 61.06 58.63 52.49 55.66 45.17 61.39 56.22 36.34
Exchange calcium ( cmol - kg™)
£ 5.29 3.25 14.28 0.66 8.89 5.56 6.79 4.7 15.51 0.74

Total nitrogen (g - kg)

AWCD ] JZ Wt H 41 1 7 Biolog ~F 7 I 19 4 K 1%
L, 2R AR Ak K B R i EE 4 R AR YRR BE D
HEFEDM S, 250K, MEE B FR0EK
THAE YIS TR, N 24 b AWCD {1 T
B, 144 h EETRE ., A 523 RbR A 3t
T A FH RE 7 e, TV Jbk 5 28 2 I A B 1 A= 4 k)
T 5L 1) 1) FH e 7 e 55, G Al xof i YR 14 R FH i g L
BT, 5 AN PR B A 0 ) FE B VR 1) BE T #6
= TARARPR

232 FAH BAL WAL TR L AE AR R A M BB A

WEHELA XN REAE S5 DMRER FER PR
WEEY SR 72 h (W Z RS BT T 0 b (3R
4), WK 4 FHLS DR EYR BRI A Y Z R TR
B TARMR R AR PR AE W v 00 35 B 5 AR AR BR
FEACKA A 5w i T ARAR PR, 356 B HE AR 4 &) B
B RCR L5 03B R EOR L ML

233 FR B BAMALIR L AR R A WA A B
Reg £ A Biolog M I 31 P I v 43 MM 2E
BRI RIRIE BREW K F M H AR
K o B4 AT A, S 2456 i AE 0 %k 4 28 B U5 114 )
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Fig. 1 DGGE profiles of the PCR products from

rhizosphere and non-rhizosphere of Heteroplex

®3 RREEEVRESIERR
TEBEYREESASEN
Table 3 Diversity analysis on bacteria communities

of rhizosphere and non-rhizosphere
of Heteroplex based on DGGE

P ZHEEFREL Yoy B e A FE B

Code Diversity index ~ Fvenness index  Richness index
XH(R) 2.19 0.998 12
XH(N) 1.94 0.997 11
JM(R) 2.39 0.997 11
IM(N) 2.48 0.997 14
LZ(R) 2.62 0.995 12
LZ(N) 2.46 0.993 8
AM(R) 2.63 0.996 9
AM(N) 2.56 0.998 13
YL(R) 2.48 0.998 12
YL(N) 2.39 0.999 14

FHRESITF 20T 00 22 5 5% 00 L AL WP A
BB 0 Y 0 0 SR K R K,
W4 1 2 R LA SRR 1. B 53 2
SR B 0 F RS 09 9 I T AR 51, 3

0.560.600.65 0.700.75 0.80 0.850.90 1.00

—]

XH (N)

XH (R)
YL (R)
YL (N)

JM(R)

— JM (N)

LZ (N)

AM (N)

AM (R)
LZ (R)

K2 R Y AR PR S AR AR Pr 1 2
EY DGGE R J%
Fig. 2 Cluster analysis on DGGE banding patters of

rhizosphere and non-rhizosphere of Heteroplex

il 4 AFh G AR B A A P R FE R VR 1% 8 ) 34 5 TR
PR, 5248 5 AR BR L YR R R IS i
JRAEE 3 m TARR PR, BLAk, 238 5 A Fb
HRBR s A ) FH 220 56 T 21 e D G Al 288 i U5 1)
T AP, 05244 (M) AR BRGE P A
FHBR UR B B8 S A 8 T HAY 4 AR
24 REAFEEYRRSERREDHREN A
SHMENERS ST

XF 72 h BE& BRI AWCD {8 #E4T = B2 40
(ES) 76 31 R B 7 R 4R BT 5 4P 19 sk
Fnlik 86.40% , 55 1.2 3 515 43 o1 ik 2 5 il by
36.88% .24.63% , Wi #5 B TTHR R 1K61.51% , [H LK
FTPE A 32 173 A5 3 A T o SRAE Tk 26 0 3 itk R AR
WHRRIE . 32 4340 7 11 e i T B 88 i 3R 7R L
TR FHRE I AR DL BE B s . BT 5 W0 R4 — &
BT LT 5 AR AR BR | AR B AR B U5 1 B
A3FF, HARBRA F 65 DR A9 BE 77 5 T AR MR PR, 7E55 —
FRLAT 5 PR BR A AR B sk A 4 1) B DR 1) g
1 XA A B AR R TR PR
2S5 REFEEYRESERRMEDHRES £
BEEFHTRSH

TUAT A3 BT W o 4 4 R AR PR TR O A+ AR
Py DR R AR X 1 2 i, A 9 P A 5 5 DR =2 [
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——XH(R) ——XH(N)
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e ~~ =~
o o o o

0 1 2 3 4 5 6 7 8 9 10
12750318 Incubation time (d)

—AM(R) ——AM(N)

AWCD
o o e
o o o o

0 1 2 3 4 5 6 7 8 9 10
B2 #A1E] Incubation time (d)

—— JUM(R) ——JM(N)

AWCD
A
o o o u o

o

1 2 3 4 5 [¢) 7 8 9 10
12 ZAFE] Incubation time (d)

2.8
20 — YL(R—YL(N)
e ———
81.5
=
=
1.0
0.5
0
0 1 2 3 4 5 6 7 8 9 10
1= FRFE] Incubation time (d)
2.5
—LZR) =——LZ(N)
2.0
1.5
a
2
<1.0
0.5
0

o

1 2 3 4 5 6 [ 8 9 10
127018 Incubation time (d)

K3 RRAEAEDARPS 5 AR PR 11
YIRS AWCD 72 (LR
Fig. 3 AWCD changes with different incubation time of

rthizosphere and non-rhizosphere of Heteroplex

KR YEHEFERWE 6 s, mE 6 rIAl, FHE T
M BB B R U R Sk o £

KX 3 A48 b 0 B3l A Wy sk DR AR kS 2 AR 4
R AR, 2 5 I B DM AR U i N 1,
i 57 5245 J 5 W R AR P AR R P fol 28 ik PR
R RN R A

3 itk g R

R 1 A 358 Bk A= 9 T 52 i) - 358 v 9 Jo e Ak
eI sl s N B AR S AR, A WLk &9 L A
Py AN DB AR I K A= TR B L LBk e
TR ( E44E%,2007) , A EMY
AL oA KR 32 Nk TR, SR AR )
HRBR A 33 AR AR By A 38 467 T [a] — X3, AR B 42 18
By B I 52 ) PR 5 A AR B AR 5], AE 3G T A% Ak
WIS, AW R S 244508 5 AW iR Br 1 15
pH B L AW A AR sCHR PR | SS
PEES 22 PR EE | /S A S T AEAR PR - 4 1
HH 53 242 i AR 0 AR B RS 3598 A ) A B 4 5, 1%
DX 3 - 498 1) % AT R R 25 BE ) 3 5k, A R AR
Koo 33500 B IE % (2000 ) BF 57 45—,

TR B P45 A 8 F) T RUAE Y AR A7 IR 24
Yy 0 AR 2+ A W BEVE A W B R
RGNy vl e S NI A N O B e S
255 & AR PR AR W B 7 R A B U 1Y) g 7 e T A AR B
WUEI T X — i, 5 Ue R, AT 58 45 S 2% B )
— Ja AL AR I B A S 9 X e DR 1) QB R A
AEARL, (BRG] A i A o B AP e 22 5, A e 2
B AR PR A AR 0 o) e 5 R FH R T SRcnik , K S 4 2
FE AR BRARCAE W X5 Rl Y5 %) 1) FH R g e 55, G A BA Bk
JE A FHRE gt

FERNERRIE T B RIS A BRI
Y245 5 > oA W i AR R I
YRR AW e 2 A0 At 2 B 1 Bk UE AL & 0
F AT, X PCL A PC2 B4 AR &
BRI R IR B B Y FBERA S, U
HR IR AU A PRI IR 22 S B ) 8 V% 1 1
A WIREVR A B BB R R . A SR 45 R R WK [
A R o A A 40 X6 5 e 5 2L A AN [R) A A g
PR Sy 3 6 A W) RT3 5k 0 A AN ) ) 4 b ) R 5 T
TR W B I5 b R 2B TR A W B A K R IR
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Table 4  Diversity indices about soil microbiall community of rhizosphere and non-rhizosphere of Heteroplex based on Biolog
ErRE) ZHAERE L MR EL F TR Yo e
Code Diversity index Dominance index Richness index Evenness index
XH(R) 1.40 0.95 28 0.97
XH(N) 1.31 0.94 22 0.98
JM(R) 1.48 0.96 31 0.99
JM(N) 1.44 0.96 30 0.97
LZ(R) 1.39 0.95 25 0.99
LZ(N) 1.40 0.95 27 0.98
AM(R) 1.43 0.96 29 0.97
AM(N) 1.32 0.94 23 0.97
YL(R) 1.45 0.96 30 0.98
YL(N) 1.43 0.96 29 0.97
18
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Fig. 4 Six carbon source types utility analysis on soil microbial community of rhizosphere and non-rhizosphere of Heteroplex
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Fig. 5 Principal component analysis of carbon utilization for rhizosphere and non-rhizosphere of Heteroplex
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