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1.2 it

T 2020 4F 12 H , W5 F e 2 A Koty 148
HEBCR VDR, 2021 4F 3 A B 39 K 297 15 em B4
BELALPR B 1A TZE . 8 37 3 03 26 B 254> 24
em X 22 em A SDRHEE 37 4, 0 B WA A R SRR RS A
B R RALTHE 3 10~15 em &b, JF47 1E B 4R
B, PR 12 AR A KB 8 FRIT i KR
U AR A I R Y W A R U A R, BEAIL 2 4 3
Z AR B UK B X BRZH 4 9 44 A 3 A
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R 7K A, 9 A0 ] ORAIE /K TR T 20T 2 | 3 em,
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day-rhizosphere soil) . #t 7K 41 , K14R (Kyoho-flooded
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for 14 day-rhizosphere soil) | & & 2 K28R (Kyoho-
drainage and recovered for 7 days after flooded for 21
days-rhizosphere soil) ; - 7F 14 d B} U85 37 45 h# o
MDY 4= (AR A+ ) 32 i 7K 4 K14B (Kyoho-
flooded for 14 days-bulk soil) , i %) 4 #2580
B OIFBABAPRIRS KR . FEMEFTICRUERVEY)
RHEE B A BRA A 16S rRNA i i o 0 A Xt
TR IEATIE S50 0. 38, T4 28 Kifiss 4 %
Fi UG 4 WE /K Ab 3 21 d RS 7 d, RN LK S LA
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B E.Z.N.A.® Soil DNA Kit iz 7 & 45 Bt 04 3 25 2
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WS ANALEE IR, DRI DNA PR B , A
H 51 % 338F (¥ 41l 4 5-ACTCCTACGGGAG-
GCAGCAG-3") 1 806R ( J¥ %1 & 5'-GGACTACH-
VGGGTWTCTAAT-3") X} 4 3 40 7 (1) 16S rRNA
FH V3 ~ VA X7 PCRY 1. 2, FH Tllumina
7 A9 MiSeq PE300F- & #E4 71 4347 -
1.4 HIFELESDH

i QIIME %54k 2 563 30 i o), b A7 46
1 #1.5€ (operational taxonomic units, OTUs ) Y 22
S Alpha ZREVEFEEOT U T 0T, i 3
AE AR 53 T AT Beta Z PR 5041, ff H PICRUSt2 4%
PEHEIIREAS o 20 T 1 S A3 R 2 i o

2 FHRE5HMH

21 #BKEMETEIEEHEMNEST

A 1R, WA ), X6 R 2H AR 4 HE R, 6 28 R
I R B AR DL R T R S K A A R
TS, AR K2 B, B AE T, (A AR HE KK 2 1)
i), ¥ 7K 20 8 A R AR T TG R AR 25% . Zad
21 d K A 7 d HEK R KA KA T
AR AL 0 2 R e, LT s et B E

- - oy
AHEKEE 21 KB HPKIRESE 7 K AR A 24743 51 R
CEUE XTI B MK . A 21st day after flooding; B:7th day

after drainage restoration. From left to right of the plant material are

Kyoho- control and Kyoho - flooding.
B 1 EEFHEXEKMNE §0m A
Fig.1 Response of Kyoho to waterlogging stress
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94 3(K12B) . S5 RFW, e WK B0 3 1] 25 ) 9
— SR AR PR B, A Ay IR I R L B

A

K21R

K28R

TEAK R0 B HEAT , T R AR B 20 B A S 2 18
2.3 EIKBMBEXY E IR E R bR 40 B 8 % 1Y Alpha
EZ=Led:0p-A]

P 2% 1 R] DL, 7K T X I 0 7 26 R 2R A R R
SEAAT R R, K14R Ab BER 40 18 14 22 4% P 18 5
(Simpson , Shannon) k. KOR & 3 1 =5 (P<<0.05) , {H
F 55 (Chaol ACE) TG i #7481k . K21R Ay F
$8 % (Chaol , ACE) It KOR #% & 2% 3 55 (P<<0.01) .
W K B 30 % S 35 R B (P<<0.01) 40 i i F i 45 %k
(Chaol \ACE) , Jtu HAE M K e 56 21 K (K21R) B,
411 7 1Y = B 45 %0 (Chaol . ACE) #¢ & 3 ¥4 fin (P<<
0.01) ; 4 B 2 FE4: 48 %4 (Simpson , Shannon ) 538 i f&
R A, 100 W 2 0 A 7 MR % folf 20 DRI ARE 95 0 A N 1)
AR FEERRAR

B
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B2 #EKBHETEEFERRARESEZEA) . B 14 dRBRFAIRMAE B E L RE(B)
Fig.2 Venn diagram of rhizosphere bacterial community in Kyoho under flooding stress (A),Venn diagram

of rhizosphere and extracellular rhizosphere bacterial communities at 14 days of flooding (B)

RS A BT L DA R AR AR AN B VR 25 Rt A
FEEM (£ 1), K28R 1Y F 58 (Chaol \ACE) X
K21R # i #14 Jin (P<<0.01) . K28R 5 KOR [ F
6% (Chaol | ACE) #t i 2 35 i (P<<0.01) , K28R 4

T H Z2 B 1 45 50 (Simpson . Shannon) 5 KOR H 2 2
FEAR (P<<0.05) o 156 BH W 7K Jih 380 oF [ e ) 26 AR s 240
R S5 R RS2 WO 7 d AR PR Al TR R 25
M ICR R AR B T 52 31 KOR 7K -

x1 EEEERERMAE Alpha SRS
Table 1 Alpha diversity index of rhizosphere bacteria in Kyoho grape

Ak ACE6% Chaol %% FE AR A AR W/
Treatments ACE index Chaol index Simpson index Shannon index Coverage
KOR 2067.2179+8.631 9B 2 085.5837+9.650 1B 0.997 34-0.000 1b 9.696 54-0.054 5bA 99.73
K14R 2103.0179£27.430 6AB 2113.544525.582 7AB 0.997 74-0.000 1a 9.877 60.002 9aA 99.75
K21R 2142.45758.469 1A 2158.4000£10.717 1A 0.992 5220.003 6abc 9.386 1£0.357 8abA 99.67
K28R 2133.8618+1.748 1A 2145.61914+2.888 8A 0.993 54=0.001 2¢ 9.354 240.079 Oc 99.69

T KOR : X I KT4R K 14 &5 K2IR /K 21d 5 K28R - /KR I A ZBRBUK IE# BEK . RISIARIR VNG AR A R AR B3 5
£ 0.01 F1 0.05 7K F22 5%+ B 3% . Note: KOR: Control, KI14R: Flooded for 14 days, K21R: Flooded for 21 days; K28R: Artificially remove
stagnant water after flooding stress and water normally. Different uppercase or lowercase letters in the same column shows a significant differ-

ence at 0.01 or 0.05 levels.
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Fig.3 PCoA analysis of rhizosphere bacterial community in Kyoho grape (A) ,PCoA analysis of
rhizosphere and extra-root bacterial communities in Kyoho grape under waterlogging stress(B)
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PRI DA =5 B2 185 1 KOR, 78 7K 36 68 350 286 1 1] A %
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M3 S AR A2 A B AR T BT T 40 TR A e VR o
2.6 EIERBRAER XM LEfse 71

LEfse 43 B (LDA™4.0) 45 3 7R , T3 & 7K
LA 10N MR ER E S A2 2 H .2
BE2JE 28 (1 5A) o Hh K28R AFFEL [|] 1 3% 22 5
N Z , A 81 K2IR |, A 24, &K (A
5B) , WA 5 @ ( Thiobacillus ) 1E K21R BYAHXT 32 3
FET K28R(P<C0.05)
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Fig.4 Horizontal community structure of rhizosphere
bacterial phylum in Kyoho grape

2.7 EBEIEEEREREE AL E E i o 4
KOR 1 K14R AR B 41 1 19 51X 15 0 e 56 4 22 57
i3 (P<C0.05) , K14R AR Br 410 B 19 8 A 38 KO 8 2%
FFF(E6A) . KOR F1 K28R M Fr 2 B 1Y 40 iz 5
T IE R G TR AL YR 55T o I AR R
9 B T AE LN 22 57 i 2 (P<<0.05) (81 6B) . K28R AR
PR 4 TR 7Y 20 Loz 3l e RS AR AR G4 R S 1R



102

LS N AN S o ¢

943 %

. K21R
[ K28R

N k21r 3 kasr

B 2: o_Clostridiales

=3 b: s_uncultured_bacterium_f_Gallionellaceae
= c: g_uncultured_bacterium_f_Gallionellaceae
3 d: f_Gallionellaceae

=3 e: s_uncultured_bacterium_g_Thiobacillus
3 f: g_Thiobacillus

=1 ¢: f_Hydrogenophilaceae

3 h: o_Betaproteobacteriales

c_Gdmmaproteobacteria

o_RBetaproteoBacteriales

-

iHydrogenophilaceae

g_Thiobacillus
s_uncultyred_bacterium_g_THiobacillus
f_Gallipnellaceae
s_unculturdd_bacterium_f_Gallibnellaceae

g_unculturad_bacterium_f_Gallipnellaceae

07Clostriidiales

c_Clostriidia

hy ==
o m————————————
B m———————mmmem

i
1
LDA SCORE (log 10)
5 FUkEMEFNREHE, ZRY MBI EA S8 E (AT LDA 2/ ER (B)
Fig.5 Evolutionary branching diagram (A) and LDA distribution (B) of different species in each
group during waterlogging stress and recovery
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A:KOR 5 KI14R #R 21 1 3 A 97 56 22 5 43 M Functional difference analysis of bacterial community of KOR and K14R rhizosphere bacteria
genes; B: KOR 5 K28R AR Brall i 3 [ D) i 22 5 43 H Functional difference analysis of bacterial community of KOR and K28R rhizosphere bacte-

ria genes; C: K14R 5 K28R ML B 41 i 3 K D fig

bacteria genes.

= 5431 Functional difference analysis of bacterial community of K14R and K28R rhizosphere

6 BEEREFHARFENEERSN
Fig.6 Functional difference analysis of rhizosphere bacterial community in Kyoho grape
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Changes in structure of rhizobacteria community in ‘Kyoho’
grapevine under flooding stress

CHENG Junsong"?, PENG Chunxia', CHEN Jinli', ZENG Xingying', PENG Yanjie"**, SONG Chuncao'

1.College of Life Sciences, Leshan Normal University, Leshan 614000, China;
2.Sichuan Society of Forestry, Chengdu 610081, China;3.Institution of Biodiversity
Conservation and Ultilization in Emei Mountain, Leshan 614000, China;
4.Post-Doctor Workstation for Featured Fruits in the Dadu River Valley, Leshan 614904, China

Abstract The pot flooding method was used to study the waterlogging tolerance of grapevine to mine and
utilize the plant rhizobacteria and their functions. Cuttings of 1-year-old Kyoho grapevine were subjected to
flooding stress for 21 days and recovery for 7 days after flooding. 16S rRNA high-throughput sequencing technol-
ogy was used to sequence bacteria in soil, analyze the composition and structure of bacterial community, and
study the effects of flooding stress on the composition of rhizobacteria community in Kyoho grapevine. The re-
sults showed that the abundance of rhizobacteria in Kyoho grapevine was the highest after 21 days of flooding,
and the diversity of rhizobacteria in Kyoho grapevine was the highest after 14 days of flooding. The relative abun-
dance of Thiobacillus increased significantly during the recovery period after stress. The results of functional pre-
diction of root bacteria showed that there were significant changes in the metabolism of lipid, terpenoid and
polyketide. It is indicated that short-term flooding stress promotes the production of metabolites in plants to
change bacterial communities in response to stress, but prolonged flooding disrupts plant metabolism, leading to
an increase in the abundance of potentially harmful bacterial flora and a decrease in beneficial bacterial flora in
plants. It will provide theoretical basis for the mining and utilization of rhizobacteria and their functions.

Keywords grapevine; rhizobacteria; bacterial community ; flooding stress; high-throughput sequenc-

ing



