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Effect of leferent Reclalmed)Vater Irrlgatlon Metlfods on’ Bacterlal Commumty

Diversity and Pathogen Abundance in the S01l Pepper Ecosystem

CUI'Bing-jian'*; GAO Feng'”" | HU €haol#’, LI Zhong-yang'*, FAN Xlang yang'?, CUI Er-ping'”
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“High efﬁ(’lenuand Safe” Utilization of Agrlculture Water Resgﬁr(’es Chinese Academy of Agrlcultural Sciences, Xinxiang 453002,
Chmd) -

Absﬁract; Reclaimed water is considered to be a reasonable and sustainable alternative water resource to improve water resource layout
and mitigate the shortage of traditional water resources. Its use in irrigation will cause changes in the microbial community structure and
opportunistic pathogen abundance in soils and crops, but few studies have been conducted on this subject. Peppers were used as the
research subjects, and the treatments were direct irrigation of reclaimed water, mixed irrigation with freshwater and reclaimed water,
rotated irrigation with freshwater and reclaimed water, with potable water irrigation as the control. The effects of different irrigation
methods of reclaimed water on the soil physicochemical properties were analyzed through a pot experiment. Furthermore, changes in
bacterial community and opportunistic pathogen abundance in pepper fruit and the rhizosphere under reclaimed water irrigation
conditions were investigated based on high-throughput sequencing technology and quantitative PCR methods. The results showed that
direct irrigation with reclaimed water increased soil EC and decreased soil pH. 16S rDNA high-throughput sequencing showed that
Proteobacteria, Bacteroides, Actinobacteria, and Firmicutes were present in both pepper fruit and the rhizosphere at phylum level, and
the most dominant genera ( Pantoea, Pseudomonas, Sphingomonas, Sphingopyxis, Luteimonas, and Mariniflexile) were greatly affected
by reclaimed water irrigation methods. Quantitative PCR results indicated that the influence of reclaimed water irrigation on the
distribution and abundance of pathogenic bacteria in the soil-pepper system was different, and the abundance of Legionella spp. in
pepper fruit and Pseudomonas syringae in the rhizosphere increased with reclaimed water irrigation. Our results indicated that the
reclaimed water was suitable for agricultural irrigation, but different reclaimed water irrigation methods may introduce different degrees
of microbial contamination. In addition, attention must be given to some opportunistic pathogens and phytopathogens.

Key words ; reclaimed water irrigation; real-time quantitative PCR; high-throughput sequencing; pathogens; bacterial diversity
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ol ) ; e R GBI AR R B 1S-1075 (K
HRHE A A, BifE) s 2R I 4L ND- 2000
(Thermo Fisher /4], 3£[); CFX96 Touch™ 7¢5
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Table 1" Waterquality index of irrigation water sppi'"cjeslfi-"".

LSRR v W T G K
pH~ ,-' 708 ~7.35 7.88'~8. 31~
EC/pS+cm” 47786 ~815 <1884~ 25103
con/mgfL B # <15 5 15%93
NH{ -Nfmg-L ! 0.02 ~0. 03 0512 0. 20
TP/mg-L M 0.04 ~0.09 0.33 ~"o. 67
Cu/mg-L~! <0. 009 <0.009
Zn/mg-L"! <0.001 0.008 ~0. 013
Pb/mg-L"! <0.001 <0. 001
Cd/mg-L"~! <0. 0001 <0. 0001

F AR T B AL R BERT £ Al K 305
B AR I 8 30 3 AR AT, R i SR SR SRR
A& L 30 kg, FERIAT— R MEREARAE (JREK 100
mg-kg ™' + L BEIRES 120 mg-kg™' + AL EP 100
mg-ng ), B Ak 3 AT A ] e A B
T A KHERE (D) | 35K AR AR E (MI) |
AKRIFRAE KA HE (RT) , DAVE/KHERE (PT) 5t A8, JF:
IRESR IS REA TS, C R Bl SE KM, R %
INARPR 8 BN 4 AR R RS
PR LAGERE Ty UK, B K & 1 L, $EK
W21H.

RS A FH TR I R 43 R S b A
BB R, A FRBE AL BY B SE 4 BT 0 1R 2%
BT, IERHENE LR PR 180 . R S0HE
AOARE, 4% 1:10(g: mL) il A PBS ( B2 828 vh i,
pH7.2), Z=IH 150 remin "' ETS 30 min, 40 kHz #8
FEALFR 10 min, TEPIK, GIFBENIH, FIH 0.45
pom oL B 2 Al A SR S R TR 2 W A
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dNTPs 2 pL, 5 pmol-L™"IEJZ 8] 51 ¥ 45 0.8 plL,
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YyFE B S PR A FLASH Al Trimmomatic
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Heatmap [&]; PCoA ( Principal co-ordinates analysis ) H[!
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vk, 28 PCR %55 R BAYE BB 75 75 A LB M MAEs 3%
FYRIEIE, BULL 5 mL 55 35 B 0K I 28 W) o 4
NS Bk AT %, WP 45 R 0 NCBI B
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Table 2 Primers for quantitative PCR detection of pathogenic bacteria
mH H LA JFHI(5-3") T B/ bp SCHR
Aeromonas hydrophila Cytolytic enterotoxin iig? éfgg,? é é: (E): é g’l('jl’%iiij}l’%& 232 [12]
e
- e OGO s "
Escherichia coli uidA EE%EESE&TC%%%%&?A 205 [15]
o, 5w
Klebsiella pneumoniae phoE E?g%g’ﬁcct}%ﬁéigglx 142 [17]
O CCCATIGATGGTCATAGOCTT f o) [
Legionella spp. 16S L g?gfjg;?:: é (f:' gg;l:?rAG(éJ’\rCC ' 430 "-Jnl:'. o ZO]I
mowsmaiivg | \\ o ({14
/ f L . | v ] f =

*’% L wr N1y /£ *'_ﬁiﬁfﬁfﬁﬁgﬁféfgﬁ?g&% P i
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1.3 B o AR LE, SRR K EEEHE I (DI AR HE (MI) 4R

A B A 4% pH {H, 59 EC {8 (P <0.05).
FEAE K 53 KR TE (MT) &b 3 5 2% 58 fin + e HLIR
AR (P<0.05). 28 AL 31 2 18] + 32 Y 2
A HEJR(Cd, Pb, Zn) VI K EENG TG B % 25 5.
R0 0 18] P 25 T K T Ak B R 5 ke + 1 T 4 R S
g, BRI T A M 4 3985 e KU A

2.1 HHERALER BT ?**T/E(ﬁt ) ) (GB 15618-2018 ) i XU fiff 2 fH
AR FE R AL B - M A TR DL 23, S KRE P s K S AR K AR TE P A Cu i i 1 3

£3 FEAERRLIEREROELSED

Table 3 Physicochemical properties of different rhizosphere soil samples

TiH PI DI MI RI GB 15618-2018
pH 8.35 +0.03 8.09£0.02" 8.27 £0.04 8.33 0. 05 —
EC/uS-cm ™! 996 =110 1624 +181 " 1100 =87~ 1335 £207 —
OM/ % 1.72 £0.05 1.78 +0.03 1.86 £0.04 1.69 +0.08 —
TN/g-kg ™! 1.12 +0.08 1.28 +0.05 1.10 £0.22 1.06 0. 04 —
TP/g-kg ™! 1.05 +0. 09 1.16 +0.03 1.34+0.06* 1.14 £0.02 —
Cd/mg-kg™! 0.36 +0.21 0.17 £0.01 0.14 +0. 04 0.47 0. 06 0.3~0.8
Pb/mg-kg ™! 15.40 +2. 86 16.40 5. 09 12.21 +0. 64 14.43 £2.39 70 ~240
Cw/mg-kg™! 10. 46 0. 78 11.07 +1. 02 12.70 £0.24 " 13.86 0. 51 ** 50 ~200
Zn/mg-kg ! 56.96 +1.72 57.06 +3. 69 61.63+1.87 54.70 +1.36 200 ~300
fikt/ U-g ™! 564 +68 627 +138 669 +117 548 +36 —

T PER R/ U - g ! 62 +9 59 +10 54 +13 59 +12 —

1) = FRAEREES P<0.05;

# o FONFFEN D 2R P<0.01
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(P<0.01). 5HAFEFRAH b, F-AE KON [RIE 7
A BN e R 43 14 XU
2.2 AR Z RS AR T
2.2.1 HEZFEMST
FIH Usearch B A4Y- 15 X BfORUR 52 9% 1 AR B

L SREACIN A P AN HEAT A, JF X OTU R BEATH)
Pl G, 2 RE AR SRS i 2 Sl R B 32 775 2% A

43 387 ARUTH. GiHEHEA OTU JRAAF B FIXS
NS BABCR SE R T AR TH OTU ALK
1003, {4522 A1, 49 A4, 112 1~ H | 218 1 F
1434 )@ ; PR AT OTU S E0Ck2 874, 4045
39457, 91 A4, 188 4~ H | 358 NEFAI 681 /M.
KX 5 AT BEALAMAE 9 7, LA 2 19 7 510 5K
LH R PR (OTU ) 5 H 3 2 A8 48 2 7 i il
2. M1 ATLIAE H, BRI 3 () ) Fh Bt
ATt 25 000 e 50 A0 e 18 0 TR, 24t £k 1 oF 3H
AF, DRI R A, E 2R R R AT A
A BEER IR FEIZI T4 S AT L% O e
ENERE PN 2 ORI/ 2 2 S S S W

SIOHUR: S22 T AR Briiszé“tﬁzlxﬂﬁ & zﬁ’ PESE
"ﬁﬂj%%4 ﬁﬁtbiﬁaTUﬁHﬁEﬁri Sgbs Ace
#1 Chaol ?%%‘Tﬁ*ﬂ%%%ﬁ R LAY
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Fig. 1 Rarefaction curves of bacterial communities

in different samples

SRR Chaol 455501 3 o T LA AL FLATT RI 40 24
[ Shannon- & (T 1 fib b 51 | 2 WA K 111 4
SR A [T 4000 9 0 R T VK S A K
i"@ﬁgﬁﬁ_fﬁkﬁéﬂiElﬁ%ﬂ’]yﬁ@fﬁlﬂ@(ﬁ%
ﬁ—tifilﬁjﬂii‘ﬁ%%%‘:{ﬁm Sobs | ACe Fi Sm’lpson
T‘éﬁ%ﬁ%%# uTﬁJ{E(E)EﬁTKLﬁIETMEBTi%
Y SobsR Ace Cha})l ZEH Shannon & ’ﬁ[ﬂﬁﬁ%‘%#,
1Y DI Fi RI Ak F El/l Simpson f§ é&ﬁi%ﬁjﬁ,ﬁ\fﬁxﬁ
0, A R T T A K W T

/R AT R W 2R #Eﬁb%;&»%%ﬁ DIl FEAE.
4
yR4 7 A 4 x@#z:mem-zﬁma%ﬁ
" ,‘“'r 4 Table 4  Bacterial commumly diversity indices in different samples
Iﬁ ifl phsiil Sobs FH4X Shannon 5§41 Simpson 5% Ace 185X Chaol ¥5%L g

C_P1 322 £60 4.23 +£0.51 0.046 1 £0.034 4 645 +104 537 +78 0.956 9 +0.008 3

S % C_DI 452 £36 4.91 +0.12 0.0172 +£0. 0019 823 +46 703 £25*° 0.939 8 £0.003 7
C_MI 381 +14 4.53 +£0.06 0.0333 +£0.002 8 713 £95 592 +42 0.949 6 £0. 003 4
C_RI 200 +40 2.84£0.46" 0.1969 +£0.073 1 465 £102 351 +96 0.970 9 0. 006 4
R_PI 1694 +133 5.83+0.18 0.009 1 £0.001 9 2101 £145 2 140 £ 136 0.985 4 +0.000 7

W 4 R_DI 1761 £54 5.66 +0.05 0.0162 £0.0029 " 2132 £53 2173 +63 0.9856 +0.0003
R_MI 1703 £50 5.80 +0.07 0.0106 £0.002 5 2080 +65 2099 +58 0. 986 0 +0. 000 6
R_RI 1669 +76 5.67 £0.05 0.0153 £0.001 2" 2058 +75 2065 +76 0.986 0 +0.000 4

1) = FREAE L FEER P<0.05

2.2.2 YR RS R
ANTRIVE I 7 2T SRR S5 3 T AR P 1= 43 vp 4
ERETE SE A AE T R @ K i AR 6 =E B2 dn 1 2

( Gemmatimonadetes,
(Acidobacteria, 0.18% ~4.01% ) .,
(0.05% ~ 3.54% )

0.15% ~6.76% ) .

MR AT 1]

Saccharibacteria

PECHR 1] ( Venucomicrobia

7N, AT LA 4 A A0 TR A 7 2 AR, (ELIR) — T8
RERIARXS B O BIAE R R 2 7. TR |, &4k
PBORSUR S 26 THUFIAR B SR ot (1) LA TR T2 224
572 % 1] ( Proteobacteria, 43.42% ~ 69.30% ) .
HIFF ] ( Bacteroidetes, 2. 12% ~29.50% ) . H{4k
BT ( Actinobacteria, 4.07% ~14.01% ) . JEEER ]
0.18% ~ 22.61% ), %t % W ]
0.31% ~ 5.84%) . % " i i I']

( Firmicutes,

( Chloroflexi,

0.02% ~2.49% ) Fl Parcubacteria(0 ~2.37% ), H:
T ST B T TAE A R i T o el ey, O ELR S
R (62.97% ~ 69.30% ) X F B = F R bx
(43.42% ~55.72% ). 5 HAMRE M )7 =CM 1, AR5
FEah RI AL HE Y a-72 JE T 49 ( a-Proteobacteria ) 1 ,8
AR IE 1 20 ( B-Proteobacteria ) A0 X} = B 5 A%, 1 y-AE

JE B 2W (y-Proteobacteria ) #H X =+ & i 5. 5 PI Ab B
AHEE, DIFT MI Ab B3 T R Br = 58 00FF 5 1)
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( Bacteroidetes) ¥ A1 XF =F B, 17 B AR TW% Wl
( Actinobacteria ) FAHXT 3. j i

JEAKF Ly ﬁ*ﬂ%;&*ﬂ*ﬁﬁ‘%%%@ﬁﬂﬂiﬁ*ﬁ
HEHEAE (ALK 257 #Hﬁﬁiﬁ%ﬁ%ﬁﬁﬁ
-1 ffﬁﬁﬂrﬁﬁ%%ﬁtﬁﬁ* EIJEEE I (ZEIE
( Pqntoea,, 4. 77% ~ 39.55%) . A& e
...--‘(Pseudomonas 7 10% ~ 14. 48!%) ﬁﬁ ﬂﬁ?ﬁﬂ@[ﬁ

% ( $phmgomonas =1 74% ~ 9 09%) té.%ﬁ J:'
(/ Masgﬂm 1.“08% ~ 8.01%) %@ o=
(Bamllus 3.25% ~ 8. 53%)\ /N FF B J%

(Enguobactenum 0.30% ~10.06% ) . B LI &
( Erwinia, 1.80% ~3.94% ), Hp RI 431972 B
J& ( Pantoea) . RN HE S ( Pseudomonas ) . R
W& ( Bacillus ) T8V M H & ( Exiguobacterium ) A XF
FRE R, 1 DI ALPEREAR 712 1 & ( Pantoea) FER
PRI & ( Pseudomonas ) A% £ BE. MR PR -3 rp
TR B AL R A & ( Pseudomonas, 1.33%
~5.24%) . %5 & B R R JE ( Sphingomonas,
1.24% ~3.01% ) . #5 % B & Wi J& ( Sphingopyxis,
1.81% ~ 8.46% ) . e (0 P i R ( Luteimonas ,
2.41% ~4.62% ) . Mariniflexile(0.56% ~8.82% ) .
¥ HE T B ( Sphingobium, 1.79% ~6.57% ) . WE2f 4
4H A L ( Cytophagaceae, 2. 72% ~4.41% ) LA S K4y
KAy IR A 48 1 B ( Anaerolineaceae, 2.26% ~
3.73% ) #1 ZF B 0 B B} ( Gemmatimonadaceae,
2.02% ~4.59% ), For DI AbFRIE N T 2 1
( Pseudomonas ) Fl Mariniflexile B AHXT = | 1 FEAK
T W EBE A R ( Sphingomonas ) | ¥ & B & W R
( Sphingopyxis ) F1 i ¥ (4 B0 18 )& ( Luteimonas ) . 1

W Sphingomonas WM Exiguobacterium
0 Massilia B Paracoccus
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Fig. 2 Histograms of relative abundances of bacterial communities on the pf-pper fruit surface

AN SR Eh( E’xlguobactllenum) il e's Eﬁ% J?’( E’rwmm )
1Xf%;kﬁénu 'ﬁ'—’lﬁ'ﬁﬂ i Mariniflexilé %ﬂ%"%,@#i
Jitd lil)%( Lutezmonai) ﬁlf AR i A -':H

T”&Iﬂ'éﬂﬁnuﬂf L A A ord -y g=Rl|

& 3 Fﬁm %Mqém PI. DI, MI FI'RIX 4 /\4&‘@
ey AL OTU B F1 1% 787477 a6 1

21, JEATB A H B OTU B 228 4,
FErp R [ b B 2 ] HEATH 4% 0 OTU HEFF Hy DIGMI
(467) >PI&DI(428) > PI&MI(377) > DI&RI(298)
> MI&RI(278) > PI&RI(263). HPrEE S PL, DI,
MI il RI i 4 A~ 4b #2047 4% 0 OTU 2 H 43
Sk 87, 85, 62 F 104 />, Fr A7 i db A7 B9 A% 0
OTU % H M1 5314, HorpoAs [m] b B 22 18] A 1 4%
L> OTU HEFF A DI&MI (1972) > PI&RI(1936) >
PI&DI( 1909) > PI&MI (1866 ) > DI&RI(1815) >
MI&RI(1773). i@t Venn B3 4745 kb BEAE 5 b 4y
P2 AR R B B B i 0, 2HH DI AN MIBE & B
AHARLRA AR P2 .

2.2.3 HEARE T

T unweighted UniFrac 2 1) PCoA W5 1%
K55 P A 7K T R AR S 2% 1 AR B - 198 1) 240 A A
TR ARRIPE S5 22 520, PCL filiRn PC2 filixef 45 51
P RRRERE 53 501 hy 68. 11% F16.34% (1l 4). FRARIR
SCRESR Y PL S MI PR R BE B /N, FFAATE—
RIS, RFAPIE YRR ARRL, DI b5 HAL
Ab PRI A R TA 2 AR 25 SR AR B R
DI 5 RI Zb#LEA ZS AR B VA 0, MI Ab 3RS
A A B A P R A AR 25 S K. S SRR IR TR
TR X1 4 D R s L A e B R 25 5
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Fig. 3 Venn diagram of core OTUs between the pepper fruit surface and rhizosphere soil in different treatments
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J& ( Pseudomonas ) F11 KK 3C [ J& ( Erwinia ) 5 pH .,
EC. OM £ IEAHS, 5 TN, TP F 2GR, BT
# J& ( Rhodanobacter ), W ¥ {0 H 0 & J&@
( Luteimonas ) . ¥ 2 B 50 28 )& ( Sphingomonas ) . #
R B & W JE ( Sphingopyxis ) Ml 8§ IE W JE
( Sphingobium) 5 pH ., EC, OM 2 AHE, M5 TN,
TP I Cu 3% S IEAHSC. N [F)HEE J7 20 Ab BEAT: i 5
BN AR AR A R A, DI AT MIT AR B pH
EC, OM & 58 IEAH5C, T HABALBE 53X 3 S ER5E

E 4 FEERE PCoA
Fig. 4 Principal coordinate analysis (PCoA) of the carposphere and rhizosphere in different samples
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FIIN 2 2 A (P<0.05). Cluster I 1R T
Flavisolibacter 4b, H fili B J& ( Pseudomonas .
Flavobacterium , Mariniflexile F1 Algoriphagus ) ¥ 5
EC & IE 8 3 M ¢ (P < 0.01). Cluster 1l
Acaryochloris | Arenimonas | Marinobacter
Methylophaga 5 pH M IEAC(P<0.01),5
TP 2 & 3% 1E A0 3¢ (P < 0.05). Cluster IV i
Nitrospira . Sphingomonas , Lysobacter 5 EC Fl OM %
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Fig. 6 Spearman correlation Heatmap to illustrate the environmental factors and bacterial community compositions
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(RSN, AN ) 4 T T AR 52 5 Wi 14 A B A7 7 22 5
2.3 JEH PCR&5R

R TR S SISO E B PCR SN B 2 PE 56 &R
NS HL, FH 10 £l B R Y 2 095 It
PR A RN LR, 7E 6 B 8 AR BT AL &
MIbRAERZerf, AT IR 1 Ce (E A 1g (S48 DL%)
ZIEA RIFIAIE SR, PSRRI 87. 7%
~103.0% , HICFRER® H70.9894 ~0.999, #}3
FE -3.652 ~ —3.065 Z[A].

FI RS SPES | Y0 AS () AL 31T BRASUR S5 F0
HR IR -3 ey (8 11 KSF- R F00G Ji D o J iR 1 7
W, G5 7 s, AT LA, BBCR SR
HRBR - AR I TR HE A B 10 B s AR 0l T R 4R
4.5 Cluster I (BBUERSD) # L, Cluster I (#RFR 1
HE) (R R AR . BRMUR SC B K
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—
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cryaerophilus ., Enterococcus faecium Fl Legionella spp.
B 2 e T A A B P AR K 5 T K TR E
(MI) 4k P 5 3 88 i T Klebsiella pneumonia F
Legionella spp. F B, FAK5IE/KEHE (RD) b3
BEEWEIN T Pseudomonas syringae F Legionella spp.
FHE, T ML 5 RIUAEEER E. coli 72 M 1. 25 AR
PR3, DI ALEE Arcobacter cryaerophilus 1) =F &
BEWN, M1 5 RIALEET Enterococcus faecium 3
[ BT ) | P N 1 IS A R N/ Ry = W Y
Pseudomonas syringae W) F-FE . Z G0, 1 MI A1 RL
AEHIREAR T E. coli “FRE, X5 SR M B /Y
SRR —EL WERLTRRE, PIZEREA P40 B
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Fig. 7 Quantitative heatmap analysis of the abundances of bacterial communities and pathogens in different treatments

3 itig

FRAK R EINH, -NAT TP & ek ss + 3 4y | A
P AR e i 2SR 5, JF B G R A
A BTG G AT PR bR B AR, M TG A T BE
RESL LTS KBTI, SCREE i 3 B B Re ik e fok

O DAV FREE A T5 Y. SR, FRAE K BAT R pH,
FER IR, PR AR —E R AE LY RN
PEFUGAE Y5, ol p A K I rT BB 2 380+
VR | VR 5 R W R 2 A A R AR R
FHATA 1 LA K B AR 75 K AR B — 2 K
PEATTEWE , J PR R A K E X e R R



5160 7D b2

oo 40 %

g MRl A B R Tl 1 1 TG S, O H
4 R P A 7 AU T O (Y R L e A
FRAIE S o 3 S ol T 1 52 2 7K 7K K B 52
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G Xt HE R T Gt A K T R A
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EC {fi, iX 5 Al-Lahham %57 (#9545 5% —%. ©
AR RV EC A A KR 2 2 B 8R4y
BRI, B0 4 A Rk A R R A rry XU 2

HHT, KREZEWTEHAREE T AR K HE xS 1+ 5
PRAGRRPE R SE I | 10 SR S8R T FIAR PR - S A TR
T 2H LY 52 ) A WA a4 T A IR VB K S AR
JITHE TR 1% PRUBUSR. S 3 T FHAR B 1 18 240 B 7 7% AL A7
e & 225, FRAKREE 7 =X A [l o 52 o 20 P
T v LSRR 2 B2 S AR k. S5 AT 45 2K
fol, 2T [ BF S ULk TR KR (R T+
e W RE T (B 50 B, T VR B T R A BT R
. VK S TR AR OK B AR PR K HE I AN
FEAGRE A S 1 A AR W MR 2 T
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Proteobacteria [ A X £ B, i B K T -
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Sphingomonas . Massilia . Bacillus F1 Erwinia Hrir %L
BONREYE . A K A SR 52 Pantoea |
Pseudomonas Fl Erwinia T J& B9 A XT3 B ik 35 F#AIK,
TRHE A HE T U hn 1 X SR I R . 2
AWFRUESE , J& T EFHY Pantoea F1 Erwinia J&
RS WA R EOR , OF H 5 e i T R 2R
YEHY . Sphingomonas B & 54 LY R 25 U1 AH
K, FRAK WG 0 7 HARXT F 5 X ATe
AR BT S S R G, REERTE YY)
SIREE N B A, HA TR AN
W R ARG, ARl 52 B o 2 = 2 IR 2 [ &
Ottesen % (5 & BHL 7 i R S 2% v L2 51 11 4
FRFIE IR Z A RDK IR B B 25 m, I 51F
Py B A 9 25 URT RE SR SR ISR M A W Y 22k

PR A K A (1 NS R0 B o 08 g, AR
5T A3 /B 4 N 295 5L 181 ( Pseudomonas
HI Flavobacterium ) , T GE /2 I 7 % BE Xk LS I 211K
FREREHE.

MR PR 132 Proteobacteria AT 35 i FHK T 5
ii’%ﬁ, 8-Proteobacteria YE i 58 51 2% Tl FIAR PR 1 18
PYFAT R, BT 7 FEBIAR /DN, P AR KHE R AR PR+
& y-Proteobacteria 1 Bacteroidetes #H X} 3= B 2 34 Jin
#FY M Actinobacteria W52 T E#EFY, X5 Frenk
SRS R — L FAE K ST K AR bR+
HER T 2 B AL, Pseudomonas F1 Mariniflexile J&
P AR K E R A0 D0 S TR T, A NS B A 3 .
Pseudomonas 2 & UL 19 N 28 5 #0995 J TR, Sofo
SR ISR R T A K 0 U A AN S O
W Pseudomonas %[lmAcinetobacter 41 EEEifJﬂﬁ% &
F* Bacteroidetes ARFINHEN Marihifle.xils"ﬁ'%;ﬁ%ﬁ:
YK AR K A T\ Li AR E"Jﬁﬁﬁ‘iﬁf% , PRk
TS HE o B 22 R o A R R
%, IR IR BRI B R o ] R RS
FEAE 2555, AP AR AT I SRy 45 AR A 1 A0
. 5 BB [ 87k o i T 4
ECHEHH L SRR X, AT 52 MR B D g
RDA 2B pH | ECT OM B0 15/ AR 4 5
PRI F-, e W v = 8 I - S PR AR R A8 A AR IR
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M Erwinia 55 N5 A8 ) 19 9% J5L 52 07 # K. Guo
LS I Y SRl R B pH X R W RIS AR A
i 2 52 M. Spearman AH 3¢ P 4 A L 3R B
Pseudomonas ., Mariniflexile F1 Flavobacterium 5 EC
{BLSETEAR DG, TR AT R A K TG el 5 2 7E 10
IR, XA AR KRE S TR,
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