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1 Wb E A2y TR .G WIdE I 430064
2 HELNEE G R JbaT 100193

i B AIFFIREERNLGIRLRRRES L E RSN T &, 2 T EERGATEL
RGFAMAOG T R, FREBFORBETALA TR, BB IR FLHRKEZ LR
*4RTF. [B8] ARG LR L ELERRGHERARAZ LS G L BERAESNH A, [FiE] @iEa
RIS T AR LIE I A (T). A8 34107 EAR(T2). AR L3800 F B4 A 1 34107 HEAR(T3).
A R EAR(T4). ATR(TS)SFS APt L RGE £ £ R R IEAR. R, RRT LRAE L
A H 48 DNA, #)A Illumina MiSeq -F- & *F 48 % 16S rRNA A F V3-V4 Ri#477 G 5. [4
RY EAALESY, VA T3 A RGE £ 552 R4 B3R EF(96.1%), & F T1 (86.5%), HE2HFFHF
T2 (75.2%)%= T4 (54.8%) (P<0.05). = EFtblkAVA T3 A%, EAATL. T2 T4, @ T5 =&
Fa b BN TRAK LN A RAE. FHEE N5 KT 608 070 &5/ 249 16S rRNA KB 57, /e
133 9 243 />4 % ¥ L (operational taxonomic unit, OTU); &4 3 LI3E i £ TTR-FAEE LM 5T R
FEFAANL AR XETFERARKKET ., L3EmE o ZHBMFEEE T, T1-T4 4 2 Shannon
F= Simpson 454439 & & & F TS (P<0.05), MR T2 4324k, H4 3 ML Chaol #4392 E 5 F T5
(P<0.05); ACE #40. T3 A2 RS, 5T Tl A T4 &3, 2F5TF T2 4= T5 LI (P<0.05). Ak
T5, B3 25 AMITKP OTU F B A4 B ERE(P<0.05), BKIH0FEA PG, EEA 159 4
JB 7K OTU £ 4 B 2 M B E (P<0.05), 2 F 50.9%4E 4 NALFZ P 398 A 8 F MR E,LH V4 OTU
BRI R REE, FEF 10 95T, HMMRREITENT RIKE B (Ralstonia) 38 #
(Pectobacterium)F E A T1-T4 ¥ 3 2 F FRAP<0.05), WA #E, 435 BHH B(Gemmatimonas).

X & H (Jatrophihabitans) % WA REIA2E 6938 An, L35 a1 OTU 841 3) 6 055 4~ KEGG % ftid 3%,
Hob 5 AR 3T R BEAR K 69 B 4 AFEF I R F T AP<0.05), 5 R EE AR K 98N] R F) A2
B LR, 5 —8ib = RL R BEAR F 6B T3 Fo T4 K32 Tl T1 A= T2 &3+ L. KEGG
HEEIEE P 41 MRATEEAE, HF 5 RABRFBAMSMRMOFERD, BRI L T3
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Effect of treatments on bacterial wilt of ginger at high mountain
area and soil bacterial community

HU Hong-Tao' ZHU Zhi-Gang' YANG Jing-Zhong'' CAO Ao-Cheng ™
YAN Dong—Dong2

1 Hubei Biopesticide Engineering Research Center, Wuhan, Hubei 430064, China
2 Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China

Abstract: [Background] Fengtou ginger is the famous national geographic hallmark product in Laifeng
county in Western mountain of Hubei. Its cultural area was up to 3 400 hm* however, due to the
prevalence of bacterial wilt of ginger and without effective control methods, the cultural area is falling to
current 740 hm?. The bacterial wilt of ginger has become the key factor restricting the industrial
development of Fengtou ginger. [Objective] In order to study the control of bacterial wilt of Fengtou
ginger at high mountain and the impacts on soil microbial ecology of high mountain. [Methods] Through
field experiments, the control effects of five treatments on bacterial wilt of Fengtou ginger were evaluated,
including soil disinfection with dazomet (T1), root drenching with bio-control microbial strain 34107 (T2),
soil disinfection combined with bio-control (T3), and root drenching with Zhongshengmycin (T4), and
control (T5). Meantime, the soil genomic DNA in above treatments were extracted for high-through-put
sequencing of V3—-V4 regions of bacterial 16S rRNA gene by Illumina MiSeq platform. [Results] Among
these treatments, the control effect of T3 on bacterial wilt of Fengtou ginger was the best (96.1%), which
was greater than T1 (86.5%) and significantly greater than T2 (75.2%) and T4 (54.8%). The yield and
economic profit of T3 were the most notable, followed by T1, T2 and T4, whereas that of T5 were the
lowest and its economic profit was negative. High-through-put sequencing obtained 608 070 high-quality
sequences of 16S rRNA gene, which were assembled into 9 243 OTU; The bacterial community structures
at phylum level in different treatments were quite similar, while the abundance of a part of OTUs had
greater changes. Analysis of soil bacterial alpha diversity indexes demonstrated that Shannon and Simpson
indexes in T1 to T4 were significantly greater than T5 (P<0.05), while except for T2, the Chaol indexes in
the rest were significantly greater than T5 (P<0.05); The ACE index of T3 was the greatest, greater than
T1 and T4 and significantly greater than T2 and T5 (P<0.05). Compared to T5, the total 25 OTUs at
phylum level were significantly changed (£<0.05), and most of them were increased in abundance; the
total 159 OTUs at genus level were significantly changed (P<0.05), of which 50.9% were common in all
four treatments and only a few were detected in single treatment. Among top 10 most abundant genera, the
genera Ralstonia and Pectobacterium containing plant pathogens were significantly downregulated
(P<0.05), while beneficial bacteria, such as Gemmatimonas and Jatrophihabitans, were upregulated at
different scales. The OTUs of soil bacteria were mapped to 6 055 KEGG functional pathways, of which
the functional pathways related to nitrite reductase were significantly downregulated (P<0.05), the
pathways related to nitrogen fixation were upregulated at different scales, and the pathway related to
nitrous oxide reductase were downregulated in T3 and T4 but upregulated in T1 and T2. The KEGG
pathways were enriched into 41 metabolic pathway modules, of which the abundance of the modules
related to amino acid and carbohydrate metabolism were the greatest, and most were the highest in T3.
[Conclusion] Dazomet soil disinfection combined with bio-control using strain 34107 was able to
effectively control bacterial wilt of Fengtou ginger at high mountain, and it also can increase the microbial
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diversity of soil bacteria and was benefit to recovery and restoration of soil microbial ecology.

Keywords: Fengtou ginger, Bacterial wilt of ginger, Dazomet, Soil disinfection, Biological control,

Microbial diversity, KEGG functional pathways
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FIEEIE A% 4X , Bio-Rad /3w ; NanoDrop 2000 #7#
HEAEEETT, FEER KA A]; Illumina MiSeq X
a5,
1.3 XAk

IREAL 5 AT, 2350 980 B 77 L4

Mlumina A& .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1766 A 2 A

Microbiol. China
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T (T2) . 98% A B ok 71 1= T B T K& A= By T/
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SRR R 3 H 25 H,4 H 5 HARZE ABH T 34107
A A A 2 TREE G ORI A i, e I
600 kg/hm” FEFEATHEMY, A E K ZHEEAR 31Kk,
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5uL, dNTPs (10 mmol/L) 2 uL, ##ig DNA2 uL, I,
TS 14(10 pmol/L)4% 1 uL, ddH,0 8.75 uL., PCR 2
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2 HRE40
2.1 ARCEMNEZFHHEHY. FEREFH
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Bl 1(96.1%), HUCH T1 (tEH5%04.9, &Ik
Bt 86.5%), KGN T2 (RTEFE%EL 9.1, FIERZL
75.2%)F1 T4 (TETE 5L 16.6, FEIER%L 54.8%), T3
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Table 1 Control effects of different treatments on bacterial wilt of ginger and profit analysis

b3 TRTEREC AERIRL it FAE 25 A e fRIE. ATiA il A
Treatments Disease  Control  Yield Total income Pesticide cost Seed ginger, fertilizer Net income

index efficacy  (kg/hm®) (Yuan/hm?) (Yuan/hm?) and labor cost (Yuan/hm®)

(%) (Yuan/hm®)

Tl 4.9+1.0ab 86.5+1.9a 28 043+537.8b 157 040.8+3 011.9b 25 500 35100 104 690.8+£3 011.8b
T2 9.142.6bc  75.243.9b 21 383.5+1 388.1c 119 747.6+7 773.3c 4 860 43 350 79 787.6+7 773.3¢
T3 1.4+0.3a  96.1+1.3a 32 427.5£750.7a 181 594+4 203.8a 30 360 35100 116 134.0+4 203.8a
T4 16.6+4.9cd 54.8+8.2¢ 13 971+903.8d 78 237.6+5 061.2d 6 300 43 350 30 762.6+5 061.2d
T5 36.3£5.5¢ / 3204.5£498.9¢ 17 945242 793.7¢ / 43 350 —25 404.842 793.7¢

TE: TR T3 AFH FIoH A TERE, B TERA 3% 8 250 Yuan/hm®; ASF/ING FREFIRAABLE 0.05 KF FRAZEF B /1 TG
Note: Because the treatments of T1 and T3 had no need to control weed by labor, the labor cost of 8 250 Yuan/hm® for weed control was
deducted; the lowercase letters represented significant difference at 0.05 level. /: No data.

(32 427.5 kg/hm'), 1B 3 5 T HiA 3 B HL(P<0.05);
HK N T1 AEPREQ8 043 kghm?), BEHT T2
(21 383.5 kg/hm®)F1 T4 AbFH(13 971 kg/hm?) (P<0.05).
DL T3 AP {f 5 (181 594 Yuan/hm?), fi 3 5 T-H:
fib 3 ASAEER; T1 ARFRE R 2 (157 040.8 Yuan/hm?®),
W5 A T2 AbBE(119 747.6 Yuan/hm?) . A% TS Ab
HH(17 945.2 Yuan/hm®), FOBRZGH] . RhESERAC, LU
T3 AbFRA AL B, M 116 134.0 Yuan/hm?, 55
F T1 (104 690.8 Yuan/hm?) . T2 (79 787.6 Yuan/hm?)
1 T4 ZbF(30 762.6 Yuan/hm?), T T5 ZbFH™ i &
R4 A R—25 404.8 Yuan/hm?,
22 SBENF5OTURINSEXE

[lumina MiSeq Ml 7 & £ A R = 7515
135 608 070 ZcF IR 16S rRNA K[
V3-V4 38, A SCERT YRR 40 538+
4 802 %%, 99.8%I1FHIH FETE 400-450 bp Z [H] ., i
A AT OTU il43, 245351 9 243 4~ OTU, Hrh
543 (5.87%) OTU K 5 MAbFRRTEAT, 592-1 238 4>
OTU {UAEBAAE IR HY L 24 5 MY 6.40%—13.39%,

AN T Ak B - S A0 TR AE T DK ) 40 28 2R 4R L
Bl HE AT, AS[EARER) IR AR 17K
AR E 2L, YLIARIE T | (Proteobacteria)
KT | ] (Acidobacteria) ML ZE 1 | ] (Actinobacteria)
X F R i, 3 AT RO R R Sk F)
56.6%—73.8%, FIXFT T5, BALFRASTERH | BAHNT
FRER BRI R N /%, RN 41.8%-49.3%, H

FE T2, T3 il T4 ZbBRr i 2R F(P<0.05); TR
B I7E T1-T4 ZbF 34 1 (P<0.05), HaiFEHh
178.6%—401.6%. & T2 41, B 1 HALF 1)
A = BES R, IR 13.5%-46.8%,
Ak T3 4, HApAHE TS WEER AR
(P>0.05).
23 AEGEXNTIEMAE o ZHERFI
TR BN 3N o SRR WL 2.
Simpson #5444 T3 (0.997 7)H1 T1 4L FH(0.997 2) H f%
=, BEET T4 (0995 7). T2 (0.995 4)F1 TS 4bFH
(0.973 0),Chaol #8%(LL T3 (3 223) fxrr, 5 T1 (2 950)

1.0
09 «Proteobacteria
0.8 sAcidobacteria
- wActinobacteria
80.7
g _ Chloroflexi
206l [T .
2 - «Gemmatimonadetes
.E 0.5 sBacteroidetes
<
2 0.4 sSaccharibacteria
0.3 «Firmicutes
0.2 «Planctomycetes
0.1 «Verrucomicrobia
0
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El1 FREAEIEAEAEKFEM
Figure 1  Composition of soil bacteria in different
treatments
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Figure 2 The alpha diversity of soil bacteria in the soils by different treatments

HE: A. B, C#1 D 435llJ& Simpson. Chaol. ACE # Shannon $5%(; KIAHRIFEECERLE 0.05 AKFET0 B FH 2R, WA TR

RRHENES.

Note: A, B, C and D represent Simpson, Chaol, ACE and Shannon indexes, respectively; The same letters in the figures represent no
significant difference at 0.05 level, while different letters represent significant differences.

1 T4 ZbBE(2 801)JC i PE 25 5:(P>0.05), {HIE
F T2 (2 284)F1 T5 (2 299) (P<0.05). ACE #5 %t &
T3 AbFR(3 363.2) M, HIUKCH T1 (3 069.4), T4
(2 847.3). T5 (2 354.6)H1 T2 (2 351.4), Shannon $§
UL T4 AbFR(10.26)0 M, WE T T1 (9.91).
T2 (9.64)F1 T3 (9.60)4bFH(P<0.05), H. T1-T4 ZbBH
Shannon 853 8 & & T TS5 4bHE(P<0.05).
2.4 AEALTE XS 1 15 4 1 B % 45 /A0 4 ARG
A

K MetaStats f:, XTAS[E AR A S vp 40
F AT T M LS, RIS FEXT + A0 A 7E
FIACERsZ UL 3. [A] TS i, 24 25 4]
K OTU KA B s (B 3A), HfEHRS
e, AL 4 DAFRZ(CL, C2. C3 1 C4),
Cl A& 4 11K OTU (Chloroflexi .

Gemmatimonadetes . Actinobacteria M1 Acidobacteria),

BIAEXT T T5 FRE3En(& 3B); C2 4Afa4E 4 11K
*F- OTU (Firmicutes . Planctomycetes. Nitrospirae .
Saccharibacteria), JLFEFEFXT TS LA B34 hNAl
3C); C3 At 13 NI1/K¥E OTU (Chlorobi .
Elusimicrobia ., Latescibacteria. FCPU426., GALIS,
Chlamydiae. TM6_(Dependentiae), WS2. BRCI .
Euryarchaeota . Lentisphaerae . Armatimonadetes .
Parcubacteria), #1X}F T5 FFE W B 1N 3D);
C4 HMIE 4 NI1/K¥E OTU (Fibrobacteres .
Cyanobacteria . Bacteroidetes . Proteobacteria), H
FEAEXST TS B2 T FE(K 3E).

MetaStats 73H7 P P LLECAE SR Z B, B3t 159 >
JEKN-HY OTU =B RAE B2 U8 (P<0.05) (3R 2). 4%
AEFR(T1-T4)FR S5 X RE(TS), 230l 125 (78.6%)
119 (74.8%). 120 (75.5%). 124 (78.0%) /KAy
OTU kA= (K 2); HAP A 63 (39.6%).
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Figure 3 OTUs at phylum level of soil bacteria whose abundances were significantly changed in different treatments

W A AEBOR IR S A B U AL TKE OTUs; B-D: C1-C4 4P ARIANBANE 1K F- OTU £ ; EHZitR

OTU &, f@FHEs . SEF AR
Note: A: Heat map exhibiting OTUs of soil bacteria at phylum level that were significantly changed; B to D: The abundance of bacterial

OTUs in different treatments in clades C1 to C4, respectively; The colors represent the OTU abundance: Red and green representing higher

and lower abundances, respectively.
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Table 2 Numbers of OTUs at the genus level significantly
changed in different treatments

T LR | T PRV
Paired comparison Upgraded Down graded Total
T1vsT5 63 62 125
T2 vs T5 55 64 119
T3 vs TS 64 56 120
T4 vs T5 59 65 124
d:[E] Common 81

55 (34.6%). 64 (40.3%). 59 (37.1%)1> OTU B.% I
i, 62 (39.0%). 64 (40.3%). 56 (35.2%). 65 (40.9%)
A~ OTU B T M.

KA BERAEE K OTU SHEEILE 4. 78
T1-T4 ZbFH 43 5IUA 4 (2.5%).3 (1.9%) .7 (4.4%)
5 (3.1%)1> OTU H = BEAAE A rp (252
A 7 (44%). T (44%). 7 (44%). 6 (3.8%). 4
(2.5%)1 OTU 43 HI7E T1-T2 . T1-T3.T1-T4 ., T2-T3,
T3-T4 b3 rp R & AR BB A 1 (0.6%).
12 (7.5%) . 6 (3.8%). 8 (5.0%)/3 F[RlH 7E T1-T2-T3 .
T1-T2-T4 ., T1-T3-T4, T2-T3-T4 & B & VU 5
TMA 81 (50.9%) 1~ OTU TE 4 b P v 14 % AR Wi 25 ek
(K 4).

R B VUE R R KT 10 A2 OTU FEETEIL
Kl 5. 7E T1-T4 55 4 DAbFRH, 6 M@K OTU
(Ralstonia . Cellvibrio
Flavobacterium , Arthrobacter . Arcobacter)¥:] ' & T
P (P<0.05), H: ' Ralstonia . Pectobacterium Fl
Acrobacter A7 T HAA . BEW . SIYITE MLAE SR
FE, mME4A 4 N8 OTU (Sphingomonas .
Mizugakiibacter . Gemmatimonas . Jatrophihabitans)
AHXT 6] B DA AN [R] R 2 g 14
2.5 AEAEX TIRMEREEERIFN

Xf T IEGUE YL R S REFEA T 0 M, 4 OTU
5] 6 055 A~ KEGG i, Horp 5 ARG
SEFNEE BT R S REE TR LK 6. 6] TS H

Pectobacterium .

B4 TERLEPBKFAERZHETR OTU &
Figure 4 The intersection of OTUs at the genus level that
were significantly changed in different treatments

Note: The lowercase letters in the figure represented different
intersections; The numbers represented the amount in corresponding
intersections. a (T1): Mesorhizobium, Pusillimonas, Sporocytophaga,
Jeotgalicoccus; b (TINT2): Blastococcus, Rhodoplanes, Nakamurella,
Massilia, Chryseobacterium, Aquamicrobium, Luedemannella; c
(T2): Gaiella, Nocardioides, RB41; d (T1NT3): Modestobacter,
Aquincola, Undibacterium, Crenotalea, Conyzicola, Asticcacaulis,
Devosia; e (TINT2NT3): Sorangium, Actinospica, Micromonospora,
Singulisphaera, Dyella, Granulicella; f (T2NT3): Noviherbaspirillum,
Phormidium, Arthronema, Rhizobium, Roseateles, Mucilaginibacter; g
(T3): Lysinimonas, Heliimonas, Minicystis, Spirosoma, Bryum
argenteum_var._argenteum,  Streptomyces, — Chthoniobacter; h
(T1INT3NT4): Sorangium, Actinospica, Micromonospora,
Singulisphaera, Dyella, Granulicella; i (TINT2NT3NT4): Reyranella,
Anaerolinea, Brevundimonas, Burkholderia-Paraburkholderia,
Haliangium, Flavitalea, Isosphaera, Pseudomonas, Hydrogenophaga,
Sphingobacterium, Ralstonia, Opitutus Pedobacter, Acidobacterium,

Leptospirillum,  Acidothermus,  Pseudorhodoferax,  Delftia,
Microbacterium,  Hamadaea, = Gemmatirosa,  Verrucosispora,
Variibacter,  Jatrophihabitans,  Polycyclovorans,  Terrabacter,
Lachnoclostridium_5, Kaistia, Nitrolancea, Comamonas, Fluviicola,
Arcobacter, Stenotrophomonas, Caulobacter, Citrobacter,
Luteimonas, Conexibacter, Tahibacter, Flavobacterium,

Arthrobacter, Nannocystis, Azospirillum, Candidatus, Solibacter,
Bdellovibrio, Pseudolabrys, Leucobacter, Bryobacter, Roseiarcus,
Mizugakiibacter, Sphingomonas, Paenibacillus, HI16, Acidovorax,
Anaeromyxobacter, Siphonobacter, Cellvibrio, Geodermatophilus,
Gemmatimonas, Rhizomicrobium, Nubsella, Pseudoclavibacter,
Inhella, Herminiimonas, Aquicella, Bacteriovorax, Myroides,
Lachnospiraceae NC2004_group, Streptacidiphilus, Leadbetterella,
Acidibacter, Aeromonas, Rhodanobacter, Escherichia-Shigella,
Phenylobacterium, Nitrobacter, Paenarthrobacter, Enterobacter,
Sediminibacterium, Pectobacterium, Catenulispora, Acidicaldus; j
(T2NT3NT4):  Xanthomonas,  Pseudohongiella,  Candidatus
Koribacter, Enterococcus, —agricultural_soil_bacterium_SC-1-84
CL500-29, Roseiflexus, Achromobacter; k (T3NT4) : Mycobacterium,
Bradyrhizobium, Lapillicoccus, Methylobacterium; 1 (T1NT4) :
Ochrobactrum, Sphingobium, Ottowia, Pseudarthrobacter, Variovorax,
Pantoea, Caenimonas; m (TINT2NT4) : SM1A402, Prosthecobacter,
Acinetobacter, lamia, Parcubacteria_group bacterium GW2011 _
GWAI 60 11, Duganella, Arenimonas, Bacillus, Bosea, Dongia,
Dyadobacter, Paludibacterium; n (T2NT4): Nitrospira, o (T4):
Sphingopyxis, Cytophaga, Persicitalea, Holophaga, Ensifer.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B AR A B 5 LR 2 A B LM B S S R R RE O B 1771
Ralstonia Sphingomonas Mizugakiibacter Gemmatimonas Pectobacterium
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Figure 5 Top 10 OTUs at genus level that were significantly changed
TE: B R 0.05 ACFIRREMEZE R, AR TR R E 225

Note: The same letters in the figures represent no significant difference at 0.05 level, while different letters represent significant difference.
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Figure 6 The abundance of KEGG pathways of soil bacteria related to nitrogen metabolism in different treatments
Note: A: Nitrite reductase; B: Nitrogen fixation protein; C: Nitrogenase; D: Nitrous oxide reductase.
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B, T1-T4 RbIHREA RO A R £ 140 i i ) e
B 19 3 BF (P<0.05), DL T4 b3 F R /b £
(54.2%), HKH T2 (50.6%). T3 (34.1%). Tl
(33.4%). [MAE A LhReE IS FETE 4 NI
ANFERREERN, DL T3 AP i £ (53.7%), Hik
h T4 AbFH(35.3%). T1(16.7%). T2 (15.2%). [H%
i D) EAE % 3 B AE T1-T3 Ab B b (g 548 1 (P<0.05),
PLT2 MR K (76.3%) , o w5 T At kb B
(P<0.05), 1fii T4 Zb¥5 TS5 Jo i & 22 5#(P>0.05), —
AL AL R R BE7E T3 A T4 L PR/,
MAE T1 A T2 A ARG

IXEE T RESE S B AR S 41 4 KEGG i g e

Color key

Y&l 7), 538 T 7 S 2% - A Y3 2 (cellular
process) . 3% {5 B AL B (environmental information
processing) . 1% % {5 B 4b P (genetic information
processing) . A 25 % #§ (human diseases) . 1t i
(metabolism) ., #%F F %t (organismal systems), AR43
Z(unclassified)., 7E 41 MUCGHEBB, DI5H
FLAR 4] (amino acid metabolism) FlfK KAk S P
W} (carbohydrate metabolism) & & f &5, Wiz
(membrane transport) X 2 , T DA 4if }g 38 i1 (cell
communication) Fll J& v & 4t F & fix fik (sensory
system), ARG F A T3 P . T1IK
Z, MAEAd LA AR B P AR XA
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Row Z-score

oy
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Signal transduction .
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Figure 7 The abundance of KEGG metabolic pathways of soil bacteria in different treatments
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Note: The colors represent the abundance of pathway modules; red and green representing higher and lower abundances, respectively.
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