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Table 1. The discrepancy of Microbial Populations in the healthy and blight Panax notoginseng soils

Strains number

Soil samples

Total number

Percentage /%

Fungi Bacteria Actinomyces Fungi Bacteria Actinomyces

YH 5 56 38 99 5.05 56.57 38.38

YB 9 36 8 53 16.98 67.92 15. 09

QH 6 45 29 80 7.50 56. 25 36.25

QB 16 39 9 64 25.00 60. 94 14.01
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F1 [ Arthrobacter F1 H¥ & 7 ( Firmicutes) 7 1]
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( Proteobacteria ) ™' [f]  Burkholderia, T % W& 17
(Actinobacteria) 7 [] Arthrobacter, Streptomyces LA J
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71| T3-YH-1836 (KJ922659)
Burkholderia stabilis LMG 14294" (AF148554)
Burkholderia ubonensis CIP 1070787 (EU024179)
100, P4-YH-1905 (KJ922657)
Burkholderia dahaoshanensis GIMN1.004" (FI210816)

G-YH-1121 (KJ922674)
Cupriavidus basilensis CCUG 493407 (FNS97608)
Ralstonia insidiosa AU2944" (AF488779)

-YB-1771 (KJ922660)
N-QB-1504 (KJ922661)
Ralstonia pickertii ATCC 275117 (AY741342)
N-QB-2012 (KJ922708)
Comarmonas koreensis KCTC 120057 (AF275377)
N-YB-1216 (KJ922673)
Delftia lacustris DSM 21246 (EUS88308)
99| N-YB-1240 (KJ922676)
Delftia tsuruhatensis T (ABOTS017)
100, G-QH-1028 (KJ922696)
Herbaspirillum aquaticum TEH 44307 (FJ267649)
N-QH-2211 (KJ922712)
Massilia aerilata 55165-11" (EF688526)
P4-YH-1410 (KJ922662)
TNt Psendoduganella vieluceinigra YIM 31327' (AY376163)
100; N-YB-2147 (KJ922684)
Duganelia phyllosphaerae T54' (FR852575)

T3-QB-2044 (KJ922698)
Junthinobacterivum lividum DSM 1522' (Y08846)

100 G-QH-1555 (KJ922691)
66/ 78 8] Vb'('.u.‘n’n'il‘ﬂrﬂucin'rl DS-28" (EF626691)
G-QH-1020 (KJ922695)

99 Pseudogulbenkiania subflava BP-5" (EF626692)
g N-QB-2063 (KJ922701)
100'— Rhedanobacter thivoxydans LCS2" (ATXWO1000099)
N-QB-2066 (KJ922711)
100! Stenotrophomonas terrue R-32768" (AM403589)
P4-YB-1420 (KJ922664)
Stenoirophomonas rhizophila e-p10" (AJ293463)
99, N-YH-2220 (KJ922678)
Pseudomonas geniculata ATCC 193747 (AB021404)
N-QB-2062 (KJ922702)
Pseudoxanthomonas juponensis 12-3' (ABO0SS07)
B-2024 (KJ922705)
100t Acinetobacter johnsonii CIP 64.6' (APONOLO0000OS)
G-QB-2030 (KJ922697)
100! Pseudomonas extremorientalis KMM 34477 (AF405328)
100, P4-YB-2134 (KJ922686)
Enterobacter i
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JOM 12377 (AB0O04749)
G-QB-2073 (KJ922707)
100 ' Serratia grimesii DSM 30063" (AJ233430)
N-QH-1502 (KJ922694)
88| Bacillus stratosphericus 41KF2a" (AJ831841)
Bacillus altitudinis 41KF2h" (AJ831842)
N-YB-1228 (KJ922677)
100 | N.QH-1515 (KJ1922690)
90" Bacillus safensis FO- 03(.1,1 (AF234854)

100 100, T3-YH-1834 (KJ922666
Brevibacillus reaszeri NRS-1206" (D78464)
T3-YB-2158 (KJ922681)
Tan! Paenibacillus peoriae

DSM 83207 (AJ320494)

T3-YH-1780 (KJ922668)
Streptomyces cyaneofuscatus JCM 43647 (AY999770)
100 | Streptomyces anulatus NRRL B-2000" (DQ026637)
T3-YH-1849 (KJ922663)
T3-QH-2205 (KJ922710)
05| Amycolatopsis tolypomycina DSM 44544' (AJ508241)
Amycolatapsis kentuckyensis NRRL B-24129" (AY183357)
P4-YH-1877 (KJ922670)
T00 Amycolatopsis pretoriensis VRRL B-241337 (AY183356)
MS-QH-2072 (KJ922699)
100, MS-QH-2276 (KJ922700)
Mycobacterivm neworleansense ATCC 494047 (AY457068)
N-QB-2 (K.J922703)
Rhodococcus jiatingiae 0j1-6-2" (DQ185597)
T3-QH-1610 (KJ922692)
Curtobacterium Li']'fl"?r DGM 20528" (X77436)
P4-0QB-1463 (KJY }
Microbacterium Xy, nmn ticum S3-ET (AJ853908)
N-YH-1748 (KJ922665)
Micrococcus flavus LWAT (DQ491453)
N-YH-1744 (KJ922672)
100 Prumhmmunm,'mm sukumoe TFO 146507 (AB023375)
N-YH-1777 (KJ922671)
Sinomonas albida LC IJ’ (AB248533)
I‘-&‘( H-1916 (KJ922675)
00 Arthrobacter nitroguajacolicus G2-17 (AJ512504)
923 N-YB-2130 (KJ922682)
Sphingobium scionense WPO1' (EU009209)
MS-YB-2144 (KJ922689)
99~ Sphingobium xenophagum BNG' (X94098)
MS-YH-1945 (KJ922667)
0 L Sphingomanas asaccharolytica TFQ 154997 (Y(19639)
P4-YB-2133 (KJ922688)
Novosphingobium resinovorum NCIMB 8767" (EF029110)
T3-YH-2228 (KJ922679)
Methylobacterium longum 4407 (FNS68949)
N-YB-2107 (KJ922683)
100 Bosea robiniae LMG26381" (FR774994)
100, N-YH-2223 (KJ922680)
Rhizobium alamii GBVO16" (AM931436)
P4-QB-2050 (KJ922704)
100 Rmznbmm Jusitamum P1-7" (AY738130)
YB-2106 (KJ922685)
I!rrunmfa onas terrae KSL-145" (DQ335215)
C QB-2020 (KJ922713)
Kaistia terrae SYN7-3' (EUT23082)
N-YB-2168 (KJ922687)
Dyadobacter koreensis KCTC 125347 (EF017660)
MS-YH-1723 (KJ922669)
Flavobacterium resistens BD-h365" (EF575563)
N-OQB-2005 (KJ922706)
100 “Pedobacter kyungheensis THG-T17" (IN196132)
N-QB-2019 (KJ922709)
100 | Sphingobacterium cmmtlulu’CR]l' (AY787820)
i

152197 (AY386124)

Bl ZtREEKSREFRRIFTRAFEZET 16S rRNA ERFIINRRLER
Neighbour—oining tree constructed showing the phylogenetic relationships among 16S rRNA gene sequences obtained from the soil samples

from root area of healthy and root rot plants in soil and their closely related sequences downloaded from GenBank. All of bootstrap values over 50 are
shown based on neighbour- joining analyses of 1000 resamples datasets.
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Figure 1.

Bar, 0.05 sequence divergence. The sequence of Methanobacterium
aarhusense DSM 15219" (AY386124) was used as outgroup. Note: red mark indicated strains from the rhizosphere soil of root rot plants; blue mark
indicated strains from the rhizosphere of healthy plants.
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Table 2. The Discrepancy of Microbial Strains in the healthy and blight Panax notoginseng soils
. Strains number Percentage/ %
Soil Total
samples Proteobacteria Firmicutes Actinobacteria Bacteroidetes number Proteobacteria Firmicutes Actinobacteria Bacteroidetes
YH 53 19 27 0 99 53.53 19. 19 27.27 0
YB 36 7 8 2 53 67.92 13.21 15.09 3.77
QH 50 11 19 0 80 62. 50 13.75 23.75 0
QB 42 6 12 4 64 65.63 9.37 18.75 6.25

I ZELERESREFERRIIBEATNENES
Table 3. The Discrepancy among microbial intergeneric in the

healthy and blight Panax notoginseng soils

Genera In healthy soil In blight soil

Burkholderia 39 7

Ralstonia

—_
~

Cupriavidus
Novosphingobium
Arthrobacter 25
Curtobacterium 2
Bacillus 13
Sphingobium 1
Rhodococcus 6
Herbaspirillum 1
Mesorhizobium 4
Leifsonia 1
Streptomyces 13
Brevundimonas
Sphingomonas
Mycobacterium
Amycolatopsts
Flavobacterium
Microbacterium
Pseudoxanthomonas

Acinetobacter

—_ N0 W RN WO N0 N0 OO0 WO O v RN

Pedobacter

—_
w

Stenotrophomonas
Variovorax
Enterobacter
Comamonas
Serratia

Kaistia

Massilia
Pseudoduganella
Pseudogulbenkiania
Duganella
Sinomona
Paenibacillus
Micrococcus
Methylobacterium
Achromobacter
Delftia
Dyadobacter

O O B O N R R UNLWN N0 OO NN OWNNONNDON

NN = = O O W O N = N W NN W s

Bosea

179 Strain/ 117 Strain/
Total

30 genera 29genera

e AR LR E R A K. ik = b
R R 2 AL T 0 ok 1 38, JHC AT R P B R 8 D
Hpfg Mg L@ mER ETEERT S
(Penicillium patulum ) F 4 {4 K % ( Trichoderma
viride) SLRREERF S D> o KRB 98 A Ak 8 o i 2L B
AE R R R S AH R LU w S BR T 5 53 (Penicillium
patulum) F1 4% 4 KR 5 (Trichoderma viride) 3 B J& 2R
4k 1 # (Fusarium oxysporum—ﬁifﬁﬁ) , T R
15 (Cladosporium cladosporioides)

A& E Z FEEGE o T i) PAST 45k
X H = A e g 5 AR Ao BRI AR I AR ) 2R
FEVEAT TR R i i R &l 2 s B
1 =17 43 50l AR 3 fid B il R R T s A A 1 338 b 2
75 2 WA B9 A AN S 1 = 17 23 51 2« Burkholderia,

Arthrobacter,  Bacillus,  Ralstonia,  Streptomyces,
Sinomona, Variovorax, Cupriavidus, Micrococcus,
Sphingomonas Flavobacterium , Massilia
Stenotrophomonas,  Microbacterium , Enterobacter,

Pseudoduganella, Pedobacter. 73 #T4E B35 1 Fl
2 EHAY (PCATLPCA2) 43 5l 5 AR 55 1K) 70. 69 %
M19.12% 5 PrEl s 1 RS 2 F2 i fy o 22 7 1) 5 %
Heso I HEE —A F R T i BE4l (QHLYH) &5
M w5 41 CQBYB) i) - 38 G A= ) 2 K 4 43 A A7
BEMZESME (P <0.01) , {d 4] - AR Ao vk
Gy B AT, BRE R R R, U H R R 1
(Burkholderia ) , 2 ( Arthrobacter) , 3 ( Bacillus) , 5
(Streptomyces) WAE PCAL B 1E 77 1) ; 1 AR J& 9 41 -
FETSCA: D)3 V% 43 A A £ v, R B D, O HAR S
wmoE R o A B # 4 ( Ralstonia ), 13
(Stenotrophomonas) W) I 7F . 41 75 1) ; fgk J3¢ Fl #k 41
QH 5 YH L #fZ (W3 AL W) 2 FF 1 53 A 22 2 AN W)
(P>0.05) ; fR & 20 1 FF QB 5 YB Z [H I G 2E4)
ZREE D A E R WA (P >0.05) o 17 fid ¢ 41 F1
AR 3 28 4 v 4 B 45 3 B A ) ST 22 R M 2
S ICIX 5 o3 At A W) AR A 2 5
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Table 4. The Discrepancy among microbial interspecific in the healthy and blight Panax notoginseng soils

Species Similarity / % In healthy soil In blight soil
Burkholderia dabaoshanensis 99.25 8 2
Burkholderia stabilis 100 8 0
Burkholderia cepacia 97.85 4 0
Burkholderia anthina 100 5 0
Ralstonia pickettit 99.7 0 9
Ralstonia insidiosa 98. 17 0 7
Arthrobacter nicotinovorans 100 5 4
Arthrobacter alkaliphilus 99. 85 2 0
Arthrobacter humicola 99. 85 3 0
Arthrobacter niigatensis 100 3 0
Arthrobacter psychrochitiniphilus 97.12 2 0
Arthrobacter defluvi 99. 26 3 0
Streptomyces sioyaensis 99.25 6 1
Streptomyces cyaneofuscatus 99.7 7 2
Bacillus safensis 100 7 0
Bacillus tequilensis 99.8 5 0
Cupriavidus gilardii 97.05 1 0
Cupriavidus necator 98.31 5 1
Variovorax boronicumulans 99. 85 1 3
Massilia albidiflava 97.7 5 0
Novosphingobium rosa 98.0 2 3
Rhodococcus jialingiae 100 4 0
Mesorhizobium amorphae 100 3 1
Sphingomonas asaccharolytica 98. 48 2 4
Mycobacterium boenickei 99.78 2 0
Microbacterium xylanilyticum 100 1 3
Pseudoxanthomonas japonensis 99. 36 2 3
Stenotrophomonas maltophilia 98.59 0 4
Stenotrophomonas terrae 99. 83 0 3
Stenotrophomonas rhizophila 99. 25 0 6
Enterobacter amnigenus 100 0 2
Massilia aerilata 97. 69 4 0
Pseudoduganella violaceinigra 97.73 7 2
Sinomonas flava 98.8 2 0
Penicillium patulum 100 8 3
Hypocrea virens 100 2 5

PCA2(19.12%)

T
-2 ] 0 1
PCA1(70.69%)

2. ZETHMERPREZEYEESHH PCA ST GEERHEE S0%2 U LW BEEKRZRE#HIT PCA 547
Figure 2. The PCA analysis of distribution of prokaryotic microbe groups in Panax notoginseng soil samples. The rates of strains selected for

PCA analysis was more than for 50% in all the isolated microbe.
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Table 5. The results of soil physical and chemical properties in the healthy and blight Panax notoginseng soils

Number ~ PH €042 HCO; - CL- S0,2- NO; - Ca2+ K+ Total salt EC value

QH 4.96+0.18  0.26+0.03  0.07+0.01  25.90=2. 11 624.50 +21.42  698.00 +33.21  13.60 =1.05 79.60 +5. 61 1.44 £0.56  0.66 +0. 12
QB 5.23£0.21 0.38+0.07 0.10£0.03  43.10 £4.41 701.10 +18.61  762.60 +38.02  23.80 +2.17 85.70 +6.87 1.62+0.21 0.81%0.15
YH 5.14£0.20  0.34+0.04 0.110.02 38.80+2.89 613.60+24.02  574.20 +21.87  14.30 +1.33 106.80 £12.30  1.35£0.43  0.52+0.09
YB 5.43+0.36  0.41+0.04 0.16+0.04 58.00+5.12 697.90£35.61  698.70 £19.86  26.40 £3.42 112.30 +14.78  1.59£0.22  0.79 +0.16
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Microbial distribution and 16S rRNA diversity in the
rhizosphere soil of Panax notoginseng

. . 1 ey 1% 1 2 2
Xiaoju Lu , Huilin Guan' , Zhengyun Zhang , Yongcun Ma”, Shukun Tang
"Energy and Environment Science College, Yunnan Normal University, Kunming 650092, Yunnan Province, China

*Yunnan Institute of Microbiology, Yunnan University, Kunming 650091, Yunnan Province, China

Abstract: [Objective] We studied the correlation between the microbial diversity in Panax notoginseng root soil and its
root rot diseases, to find biological control approaches in Panax notoginseng soil borne diseases. [Methods] We isolated
bacterial strains from the rhizosphere soils of healthy and root rot Panax notoginseng plants that are cultured continuously
for 6 years in Wenshan Region. After separation and purification, we obtained DNA. On the basis of 16S rRNA’ s general
primer we carried out PCR amplification, conducted blast gene similarity and analyzed phylogenetic information.
[Results] The isolated bacterial strains distributed to 4 phyla, 40 genera of bacteria, 179 isolates from the samples of
healthy Panax notoginseng rhizosphere soil belong to 30 genera and Burkholderia, Arthrobacter, Streptomyces and Bacillus
are the dominant microflora. Additionally, 117 isolates from the samples of root rot Panax notoginseng rhizosphere soil
belong to 29 genera and Ralstonia, Sphingomonas, Stenotrophomonas as the dominant microflora. Among them,
Flavobacterium and Enterobacter were only isolated from the samples of root rot Panax notoginseng rhizosphere soil. At
least 5 isolates are novel species; the ions concentration and electrical conductivity value show distinct discrepancy
between the two groups (P <0.05) ; the microbial amount of dominant species in the healthy soil samples present negative
correlation with electrical conductivity value, the concentration of NO, ", SO,””, €O,?”, K" and total salt (P <0.01).
[Conclusion] In addition to pathogen infection, the physical and chemical characteristics, microbial community structure
and the proportion of dominant species are also closely related to notoginseng continuous cropping soil borne disease.
Especially the beneficial microorganisms (Burkholderia, Bacillus, Streptomyces, etc.) abundance is significant to evaluate
the soil healthy condition and accurately disease control & forecast for Panax notoginseng cultivation.

Keywords: Panax notoginseng, root rot, soil microbes, diversity analysis, physical-chemical characteristics of soil

(RSt £ 07)

Supported by the Research of National Natural Science Foundation of China (41361075) , by the Key Research Program of Application Foundation of
Yunnan Province (2013FA015) and by the Major Special Project of Scientific Research Fund in Yunnan Education Department (ZD2013008)

" Corresponding author. Tel/Fax: +86-871-65912903; E-mail: ghl0871@ aliyun. com

Received: 5 June 2014/ Revised: 13 October 2014



