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Effécts‘nf Soil Amendments on the Bicte‘i‘ial Diversity and Abundances of Pathogens
and Antibiotic Resistance Genes in Rhizosphere Soil Under Drip Irrigation with

Reclaimed Water

CUI Bing-jian' >, CUI Er-ping'*, LIU Chun-cheng'-*, HU Chao'-*, FAN Xiang-yang' >, LI Zhong-yang'**, GAO Feng'-**

(1. Tnstitute of Farmland Irrigation, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. Key Laboratory of High-efficient and Safe Utilization of
Agriculture Water Resources, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract: Due to reclaimed water, irrigation can cause human health and environmental risks. Soil amendments are applied to reveal the abundance of pathogens and
antibiotic resistance genes in thizosphere soil irrigated by reclaimed water and to better understand the effects of environmental factors on the rhizosphere soil bacterial
composition, which has guiding significance for the reasonable use of soil amendments. In this study, the effects of biochar, bioorganic fertilizer, humic acid, loosening soil
essence, and corn vinasse on bacterial community diversity and certain gene abundances in rhizosphere soil under drip irrigation with reclaimed water were studied using high-
throughput assays and quantitative PCR. The results showed that biochar significantly increased pH, organic matter, and total nitrogen contents in the rhizosphere soil. The
corn vinasse significantly decreased soil pH and increased the contents of total nitrogen and total phosphorus but significantly increased the soil EC value (P <0.05). The
effects of the five soil amendments on the a-diversity of rhizosphere bacteria were not significantly different. The bacterial community structure and diversity of rhizosphere
bacteria were similar at different taxonomic levels, but their relative abundance was different. a-Proteobacteria, y-Proteobacteria, Bacteroidia, Actinobacteria, Acidimicrobiia,
and Anaerolineae were the dominant bacteria in all treatments. The dominant genera consisted of Pseudomonas, Sphingobium, Sphingomonas, Cellvibrio, Allorhizobium-
Neorhizobium-Pararhizobium-Rhizobium, Flavobacterium, and Algoriphagus ( relative abundance > 1% ). Correlation analysis of environmental factors showed that the
composition of the rhizosphere bacterial community was strongly correlated with pH, EC, total nitrogen, and total phosphorus content. The abundances of pathogenic bacteria
and antibiotic resistance genes were 10°-107 copies=g ™" and 10*-10% copies=g ™", respectively. There were significant differences in the detection levels of pathogens and
antibiotic resistance genes. Bioorganic fertilizer, loosening soil essence, and corn vinasse significantly increased the abundances of some antibiotic resistance genes, whereas
humic acid and corn vinasse significantly decreased the abundances of Pseudomonas syringae, Ralstonia solanacearum, and total coliforms (P <0.05). A significant

correlation was found between pathogens ( Arcobacter, Bacillus cereus, Pantoea agglomerans, and Fecal bacteroidetes) and antibiotic resistance genes (teid, tetB, tet0, tet(),
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sull, ermB, and ermC). In conclusion, while monitoring pathogens and antibiotic resistance genes in the agricultural environment under reclaimed water irrigation, attention

should be paid to the rational application of soil amendments to avoid exacerbating the spread of hiological contamination.

Key words: reclaimed water; soil amendments; bacterial community; pathogens; antibiotic resistance genes
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Table 1  Primers for quantitative PCR detection

S HIGIER  J7A1(57-3") PRI i
Ammonia-oxidizing archaea archaeal amoA F:STAATGGTCTGGCTTAGACG; R:GCGGCCATCCATCTGTATGT 635 [20]
Ammonia-oxidizing bacteria bacterial amoA F:GGGGTTTCTACTGGTGGT; R:CCCCTCKGSAAAGCCTTCTTC 491 [21]
Nitrogen-fixing bacteria nifH F:AAAGGYGGWATCGGYAARTCCACCAC; R:TTGTTSGCSGCRTACATSGCCATCAT 432 [22]
urease ureC F:TGGGCCTTAAAATHCAYGARGAYTGGG; R:GGTGGTGGCACACCATNANCATRTC 340 [23]
alkaline phosphatase phoD F:CAGTGGGACGACCACGAGGT; R:GAGGCCGATCGGCATGTCG 370 [24]
Arcobacter butzleri po F:ATACTTTCTTGGTCTTGTGGTGTA ; R:CCACAAAGACACTCATAATCTTTTAC 132 [25]
Arcobacter cryaerophilus 238 F:TGCTGGAGCGGATAGAAGTA; R:AACAACCTACGTCCTTCGAC 257 [25]
Bacillus cereus Hemolysin ~ F:CTGTAGCGAATCGTACGTATC; R:TACTGCTCCAGCCACATTAC 185 [26]
Enterococcus faecium 23S F:AGAAATTCCAAACGAACTTG; R:CAGTGCTCTACCTCCATCATT 92 [27]
Pseudomonas syringae oprf F:AACTGAAAAACACCTTGGGC; R:CCTGGGTTGTTGAAGTGGTA 304 [28]
Ralstonia solanacearum 168 F:AGTCGAACGGCAGCGGGGG; R:GGGGATTTCACATCGGTCTTGCA 553 [29]
Total coliforms lacZ F:ATGAAAGCTGGCTACAGGAAGGCC; R:GGTTTATGCAGCAACGAGACGTCA 264 [30]
Pantoea agglomerans 16S F:CTTAAAGCGCAGGGAAGCCGGTCAG; R:GAGCCGGCTCAGGGAAACCGGTC 121 [31]
Fecal Bacteroidetes 16S F:AACGCTAGCTACAGGCTTAACA; R:ACGCTACTTGGCTGGTTCA 380 [32]
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BAREMER 3 K, LICRKAE R X I8,
1.4 Hdlaotr

FETFEH [-Sanger 415 = F 5 0 B AR Fr £ HE4H
PRI AR S A5 R RE  FAR B BRI T . (D
FI RDP classifier U1 M-Hr 5 3% X 979% A RLACF- B9
OTU AERFIN AT /324 R, FIHT mothur 157 o
ZHEEFEEG QFH R IBS (version 3.3.1) T.HZ
iiill Venn [, #£F Silva ( Releasel38 http://www. arb-
silva. de ) Bidfi [ HE X 73 Hr 2% REAS B HE Vi 1 ol 28 1l 5
QR R I UEATIREE N 1 R A T, 4045
TUATSHT (RDA ) FIAHSEHE R v

AU Hem T $APRHR P % 5 JE TR 3 BE b A7 1

Pel ANT] b SR 932 553 TR ) SPSS 20.0 947 B

% H 22 437 M1 (one-way analysis of variance,
ANOVA) Al LSD ZH K, P <0.05 o5
EEN -8

2 HRE5S

2.1 AP

O[5 A 30 AR - S0 Al I 5 Al B 2 B
5. WA L, T A K S S5 T AR -
5 pH | EC M1 Pb (P <0.05). BRINAEYIAHLAC |
JRERECIR | L A KR 2 22 S BOR B 138 pH
TEWRE (P <0.05) 3 R [ -4l B i v i 4 7
K4 A KRR B EC, 3 LA LI AN £
KM 12 PSSR 50 583 (P < 0..05) 5 iR
TR AN AT LI (8. 5 S8 A WL & 2, A
TSR B R S fik L 0 (P <0.05)5 Bk
TR b T AR L S 28 R G ik e R (P
<0.05) ; 454k BhiE) & 48 5 WL B . kg
T2, AR LR R AR 1 0 e 5
P R 25 5 et Y - 9 ) T L 2
PRI 1Bl o SO T 0 .

y 4 YL R me R/ P <
- =/ ¥ Tible 2"'-.‘Pr0lpertie.s of rhizosphere soil in differen“{ lre‘@tmenls“‘
j ' ed ./ 4 o(TN) Plo(tp) 1 le(cd) " w(Pb) 4
- @Iﬁﬂ_?ﬂ “PH /p,S-cm'll‘-" ‘ OFM/% /mg-kg ! y /mg-lkg'l /mg-kg ! /mg-kg"lf
o PW 8. 11a 236 [ 188 0.45a 0.25ab 1 0.19a 15. 56a
|RW g s.ab 460b gl 90&.-l__f ‘ 0.45a 0.23ab 0. 15a 26. 02bc
"RBC 8.39b 556bc 24326 0.71b 0.27a 0.15a 25. 06be
RBF 8.03a 677c 2.38b 0.47a 0.22b 0.17a 27.39¢
RHA 8. 17a 603bc 1.73a 0.43a 0.25ab 0. 15a 24.32b
RS 8. 16a 632bc 1. 80a 0.47a 0.25ab 0. 16a 23.89b
RV 7.62¢ 849d 1.85a 0.74b 0. 40c¢ 0. 14a 24.36b

1) A=A R/ NG FRERARTE 0. 05 K B2, n=3, T

2.2 MRBR -SRI 451 5 2 REE ST
2.2.1 MRPRIEAMEHERAR S o« 20

4 1897 % FIMEXT AR R P HIHEFT OTU R,
138 OTU WRERITH, BT A b B e /INRE AR T3 510 K
P 5 B ZOF B 19 146. 21 DHRBR 4 A N
AR OTU B H4 1314, % 97% UK FH OTU
REFFINHAT 3 B0 05, Gt S FEA I RE TR P b

HRLAE B .37 AT, 106 449, 271 4~ H | 437
DRV 799 &, ANFR 3 FTLLAE AR FRE AR o 2
FEVE LU A8 51 A 45 2R 3R WO W) Ak B X Ace 45 %K.
Chaol F8HBUFE 55 5 TC i 35 52 M 5 5 K TP A Ab B 1Y
JY Sob $8%CFN Shannon F8%5, 1M FAIK T Simpson $§
B, R ILAHA AR PR - I 20 B A Vs 2 A v = T
ftbsh 7.

R3 FELEHAE o SRS

Table 3 Bacterial community o diversity indices in different treatments

JLBLEE) Sob FE% Shannon $§%% Simpson 5% Ace 1525 Chaol 8% Ha
PW 1958ab 6.35a 0.004 79a 2 604a 2 558a 0.967 1a
RW 1 845ab 6. 18a 0. 006 46ab 2 480a 2 480a 0.968 0a
RBC 1747ab 6. 04a 0. 008 82ab 2 400a 2 440a 0.968 8a
RBF 1829a 6.07a 0. 006 92ab 2 578a 2591a 0.965 7a
RHA 1781ab 5.99a 0. 009 04ab 2482a 2485a 0.967 1a
RS 1784ab 5.89% 0.010 32b 2621a 2417a 0.967 4a
RV 2 002b 6.40a 0.004 42a 2 587a 2 560a 0.967 8a
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KA PR E) A FhA OTU B Venn B 44T AT LA
ELUE b 7 B4 b A R B AR L AN 1 L, T 1
AL LIE 7 AR FRZE 73 5 101, 36, 42, 47, 39,

33 F1238 MM OTU, I A BRAH LA 3140 4%0

OTU. 4552 jits FH 1 58 okt 590 mT DL — 8 2 B 52 rua 50
HRIR - SFE 200 A RV 2HL B, 45 A A5 SR AR T R 2 40 i
A OTU % H , Hovr T KR 4k BE s il A OTU
BOH & T H AN AN,

TEARFRI 2K BG4S AEAR T YRl s
BB Fh 2 ek S AR 3B WA R
5TF 1% 1 FG IR others. HHIE 2 (a) AT AT, £ 4k o
S K TR A4 TR 2L IR ) T X i A7 e ﬂ [ ] ﬂ ﬂ ﬂ

RBF

5. a’BIE H 4 ( a-Proteobacteria ) Fl y-2Z JE [ 24X "RW RBC RBF RHA RV PW
(y-Proteobacteria) J& T2 L B 11, AN 3 43 591 N E1 AELEERERLIEMAE OTUs A Venn E
16.75% ~ 19.72% K1 19. 4% ~ 27.14% : j:y\ 1::]:% éﬂ Fig. 1 Venn diagram of core OTUs among different trg‘wﬂhents

(Bacteroidia) J& FHUFT W 1T, AHXH 0 13. 87% ~ (Anaerolineaej%ﬂ Qf}%%jlil‘ém ( Chloroﬂexw‘)% :f{%il o
19. 79% ; Ji £k % %M ( Actinobacteria ) . D%#WEE_E] 2N B j:ﬁ;(jz'gfmﬁ-gljjg 5 76% ~ 8. 86% Wl 08% ~
( Thermoleophilia ) FR 3 R 4N ( Amdlmlcrobua{ﬂ]}ﬁ 1.79% ; Vl&ln?f’nlbactprll &m 15 Blastoca‘ﬁl QEJ% :,F
Tﬁﬁ(%%l‘?, *EX;T%EEZ%%"U\J 4Ir"84% ~'8. 88%\ FRFT 12 ljf.;izﬁxj-ff‘ﬁjg[]jq 1. 86% ~_5 }-877//%]
0.61?i~ 1.28‘72 ﬂ%.49%~5.66‘|'70# ﬁ%éﬁjﬁﬁ:ﬁ 1.15% ~I r'I 83%, q‘lﬂﬁl"'/‘b' ® A % *q:@,éﬂ

100

(a) ;.Jl
- 80 |- m - Proteobacteria m Verrucomicrobiae
fg B a-Proteobacteria ® Chloroflexia
K ® Bacteroidia ® Polyangia
' 0O B Anaerolineae ®m Bacilli
= B Actinobacteria ®m Acidobacteriae
% Acidimicrobiia ® Thermoleophilia
e L ® Vicinamibacteria ® Dojkabacteria
= B Gemmatimonadetes W Phycisphaerae
5 20 ® Saccharimonadia ® others

i B Blastocatellia
0
PW RW RBC RBF RHA RS RV
100 B RB41
(b) unclassified f Comamonadaceae
® unclassified f Rhizobiaceae
20 m unclassified_f Microbacteriaceae
< B Streptomyees
i ® norank f norank o norank ¢ Dojkabacteria
% u famia
:p: 60 Sphingopyxis
E ® Arthrobacter
= B Bacillus
i m norank f norank o norank ¢ Acidimicrobiia
feny 40 m Muricanda
B Rheinheimera
é m unclassified_{ Blastocatellaceae
20 ® norank  norank o norank ¢ Alphaproteobacteria
B norank f Flavobacteriaceae
® norank f LWQS8
® norank_f unclassified
0 ® others
PW RW RBC RBF RHA RS RV
B Pseudomonas B Hydrogenophaga
u Flavobacterium B Methylophaga
m norank_f Adb ® norank_f norank o SBR1031
W Algoriphagus B Devosia
B Sphingobium B Sphingomonas
norank_f norank o Vicinamibacterales B Nocardioides
u Cellvibrio ® norank f norank o Saccharimonadales
m norank_f Microscillaceae B pnorank f Vicinamibacteraceae
u Allorhizobium-Neorhizobium-Pararhizobium-Rhiizobium B Lysobacter
® norank f Gemmatimonadaceae B SWB02

(a) Bk (b) JBAKT-
B2 WAKFMEAERETIEARE R ZEARBNEE

Fig. 2 Bacterial community composition at the class level and genus level in rhizosphere soil
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( Acidobacteriae) | ZFEfFT 40 ( Bacilli) | 2 5 i B
Z Bk A XN
( Dojkabacteria) . Saccharimonadia 44 . Phycisphaerae
XFIPE T P& 29 ( Verrucomicrobiae ) 45 — S5 47 X = i
BARAI PRI SERE 76 40 12 PP RE R P R AR 3 B2 2y
KT 2%. 2 & B I'] ( Proteobacteria, 36.15% ~
46.44% ) . L ¥ B 1] ( Bacteroidetes, 13.87% ~
19.79% ) . HC £ W ] ( Actinobacteria, 7.93% ~
15.77% ) . %k %5 B ] ( Chloroflexi, 7.38% -~
10.23% ) AR #T W '] ( Acidobacteria, 4.26% ~
9.02% ) B J A A B i L3 5 SR TR
A RIAR X BE A 2 85% LA b FEA K HE 4K
THKVEBEIG N T ASJE TR 1] ( Proteobacteria ) FI £k 14
I"J ( Actinobacteria ) A X} 3= B | BEAK T 28 25 1 1)
( Chloroflexi) FIERFT i ] ( Acidobacteria ) A X} 3 .
S5 B B R0 5 ) AR K RE TR AR PR 3 2 B TR AR X
FE HA T KT A A BRAEAS ) Patescibactéria [ |
ZF MM B 1] ( Gemmatimonadota ) il J& ’E.if’% ]
(Firmicutes ) 7E & R P (4 A X 2 0 3 w5 F HiAtb
RN 2.y % KT L A R B AR
e S A7 (. TR 36 nepLR A e
) HE BB 45 . 06 P A7 BEA IR 15 101
¥ 1% E@#@ﬁUﬂﬁnthers. A5 Kb B AR TRV 410 BT

24 ( Gemmatimonadetes ) .

ST R REAS 76 K SRR 250 A o (e e

S 0 S RSB R X = 1 b 3 o
W 1E%$H@Ti”§ ( Pseudomonas, 2.04% ~7.25% ) .
BT E ( Flavobacterium , 2. 87% ~6.2% ) . B H
J& ( Algoriphagus, 0.97% ~ 3.84% ). %55 H J&
1L1% ~ 2.75%) ., £F 4 98 W )&
( Cellvibrio, 1.18% ~ 4.74% ) . 4 2 % 5 i # /&
( Sphingomonas, 1.17% ~ 2.25% ) . Allorhizobium-
Neorhizobium-Pararhizobium-Rhizobium ( 0.57% ~
3.82% ) Fl 25 K K )& ( Nocardioides, 0.57% ~
1.53% ). FIE/KHEM AR L, FFA 7K 0 0 4 35 18 4
BB ERJE ( Pseudomonas ) FAFXT B2 A=) HLAEFI
T KT Ak B RE .25 A AR P AR /K TR TR AR P - fls 2R
JHL TR & ( Pseudomonas ) BAHRT 4= FE. BR T B OKPGRE b
PRt ] b S ek B R e A K AR PR - b e
T (Algoriphagus ) (AR =F B2 1 2548 5. 2F 4EINA
J& ( Cellvibrio ) #0
Pararhizobium-Rhizobium TE#) 1K &b B8 1 AR B 1 1
PR = AN R 5 A AR AR LY i K
T RS X 4 TR VR 2 ) 52 e A K, B TR
( Algoriphagus ) |
Pararhizobium-Rhizobium F1#4 5 7 J& ( Sphingobium )

( Sphingobium ,

Allorhizobium-Neorhizobium-

Allorhizobium-Neorhizobium-

BT (SO 1 S o < O = A
( Gemmatimonadaceae ) Fil Microscillaceae A0} 3 &
B REAIL.
2.2.2 B M SIHEE T BT

i 3 AR BRI BT (PCoA) & PR, PC1 HlAN PC2
Nob 238 SR FR i B EE 43 ) R 29. 13% F11 14.98% (181 3).
AW, A AILIE | R R AR O A B ) 20
TR AR BCAFLAL 775 7K B R A 7K O TR TR i ok
WK 5 OB fl ab B R OBE VR 4O 2= R R K
PERMANOVA #f—22 00 M 45 3 B 75, AN [m] 3 21 4k 3
KT ARPE LN A M EN B EFEER (F =
3.3398, R* =0.5887, P=0.0010).

0.3

R=0.7319, P=0001
PW 1
02+ pw T )
& gPw 2
RV_l RV_2 RS 3
S (AN = 2 4 % ks 2
% ,
ot - RS |
=1 = : - RW_1
g 0 M RiA 2 ®
RBF_I RW 3 .
® RW R S Ti 2
01} A RBC RBF -‘: RHA_IRBC_I'%
¢ RBF R @ A RBC3
RHA RW_2
4 RS
021 & RV RHA 3
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2

PC1(29.13%)
B3 FREEBHEREEEAR PCoA
Fig. 3 Principal coordinates analysis (PCoA) of bacterial

community composition in rhizosphere soil

TR LI B 5 PR R TR AR DG PE Heatmap (4]
SIRTRI IR 5 20 MEA RS T R B E IE
K (P <0.05) ,3F5 23 MR EE FIE 2 B E N
MK(P<0.05) (K 4). -5 pH, EC, TN, TP 1
Cd 5w F ARk 2% V1A 5¢ , pH 5 i i 7
J& ( Pseudomonas) . Z59#5 R [C & J& ( Nocardioides )
B I & & ( Sphingopyxis ) S i 3 IEAH G (P <
0.01) , 5HERE I & ( Streptomyces) . 5 2 B A M 1 &
( Sphingomonas ) . 18 ¥ 1 J& ( Microbacterium ) F
lamia 5 FIEMIE (P <0.05) ; EC 5B AHI S
( Pseudomonas ) FI 2 % £ A J& ( Sphingopyxis ) 2
BFEFAK(P <0.01) , 525 fUAT g L — L8R o
ROHEFHE B F EAK (P <0.05); WA RE
(Hydrogenophaga) FIAR 73 28 AT I AHY 5 TN
TP 2 B F AL (P <0.05), K45 HKM
Gemmatimonadaceae , Proteobacteria #l1 Saprospiraceae
5 TP 2B FIEMHX (P <0.05); Cd 55 Fluiicola
3 IE A G, M5 K 45 28 19 Dojkabacteria Fll
Proteobacteria & i % 71 AH5& (P < 0. 05). Mantel test
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. SWBO02
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norank_f TRA3-20

norank_f norank o norank_c_Dojkabacteria

norank_f Microscillaceae
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norank_f Gemmatimonadaceae

norank_f norank_o_ norank ¢ Alphaproteobacteria

norank_f _Saprospiraceae
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Allorhizobium-Neorhizobivm-Pararhizobium-Rhizobium

Arthrobacter

Devosia

Pseudoxanthomonas

Nocardioides -0

Marmoricola

Streptomyees

Hydrogenophaga

unclassified {  Microbacteriaceae

norank_f norank_o_ norank c¢__Acidimicrobiia

norank_f norank_o_ Microtrichales

Sphingobiwm

Psendomonas

unclassified f  Comamonadaceae

Sphingopyxis

norank_f porank o Saccharimonadales
ified f Blastocatell

Luteolibacter

Cellvibrio

Hiumatobacter

unclassified f Rhizobiaceae
Algoriphagus

norank_f norank o norank ¢ KD4-96
RB41
norank_f__norank_o__Vicinamibacterales
norank_f_JG30-KF-CM45

norank_f Vicinamibacteraceae

OLBI3

Lysobacter

famia

MNDI1

Pb

* 7N P<0.05 , kE R P<0.01 , ke /R P<0.001
4 IFEETFEYF Heatmap 747

Fig. 4 Correlation heatmap of the top fifty genera and soil properties

)5 2250 % 50 B (VPA) KB AP (OM) | BA
(TN) FLENBE (TP ) X 40 TR Vi 45 40 A S 25 52 Tl ( R?
=0.3646, P =0.0210), 3 F 4348 b5 ( TTRA R
30. 85% ) B H A G b5 5 i 52 1 20 P R 1 A2 1.
2.3 NIJBBEEIN | eI Mbt A RO RN A5
FEHEEE R

25 A FRAR PR M 2 DR = B A A AR A
5 B, S KRERAR EL P A K A AR PR -4 T
TR AN ( Pseudomonas syringae) F dfrAl = JiE i
R AR T A A TR tet0 FE (P <
0. 05 ) . AS[F] Bl B 70X AR PR A+ 8 [ R0 . & 4Efhan
T PR 5 D R 3 PR 3 B TG 8 25 . 5 1 A K R
AHLE AN 45 (RS) LR KT RE (RV) b3 5351
S EBEIN TR R N A A TR (P

<0.05). BerE S H Y 4 BEAE fLfF RW A1 RBC A4 2
Z BTG 4 2 25 5, A ek R AR i TR R BT A R e
PR DR = B 1 k2 S ) T BRI AE A A LI |
FETR . e E A R0 KT R P it P 45 Jom 8 A R Ak 2
W REAR T 2B K AR PR A T AR e B M
( Pseudomonas syringae) FFE (P <0.05) ; KT AE
WEFE R B AEKE MR PE L P AR S IER
( Arcobacter butzleri ) . W& F£ 2 46 ¥ H ( Bacillus
cereus ) 1 T & {1 il 14 ( Pseudomonas syringae) -
JE W N, W AR T AR AR IR
( Ralstonia solanacearum ) F1 K7 B BE 10 F & (P <
0.05). AR SCHI A B PCR AR 745 5 Miis
A KM 12 Pyt LA, frd: 2 hodk 3k H e A
SEFR A AR W Y 25 S OB gy

-
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REAG; UNINAA L0 BN T tetA | tetX | sull

PW RW RBC
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intddl F 5 R TKE AL BT 8 tetA | tetB | tetX |
ermB ., ermC Fl sul2 FFE R FHEIM(P <0.05, P <
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5 & (Arcobacter butzleri ) . W £ 2F 0 ¥ W
(Bacil.lus cereus) F ermC 2 3 UM &, 5 sull
S RFEEME, EEEZEHFTE (Bacillus cereus) |
ermB Fll eemC 5+ EC R B FIEMHX; TP 54
K5 E (Arcobacter butzleri) . ] 7 i 5. il B
tetA Fll tetB 5t ik 25 1F AH
>, 5 RS R KRB (Ralstonia solanacearum)
IR Jig T 2 35 DA 5 5 Cd A Ph 205 5 K
B AE AT dfrAl 5 35 IE A OGS OB RS DI R 4T
PRI P (tetA | tetB F tetO) | 41 %5 2 B vk 3 A
(ermB Fl ermC) I fif e S Pi bk 5E A (sull ) #AFAE
WA DG ; BEAE ZF AT I 5 tetd | ermB Al
ermC 2 W EFEIEMK; KIHHHES tetB | off 2 0%
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tetQ 5 W A1z T RN S AT I 2 10 3 IE A O dned]
LR 5 U IR R Bbk 3 R (terQ RN e W) FLAE
FEAPUMEFE A (sul2 ) F B Z [0 A 1 35 A G 1. 25
TR DR R AR 2R P M S PR e A TR TR
PR3 b, R BT AR 3R P M ik PR A ARG T RE S B
B2 [ T P AE Rt Ry .
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AR R R pH, A R e MR L H B T
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AU, BRSO A A o, X R R
TEYWAVIL S &A F 5 I K e, a2
o iR T il e w5 130 87\ N1 25 T VN ot 1 B i
P FAEYREY , nl kg SRR 25, A 3L
BN e B SRS KRE T RSN IRFSE K
PRSI K Ak 3 4 398 B 52 B R4S R AIR, pH
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