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 E: NIENE(Canna indica) RIYIEE N 538 AL ONTE. 843 00 5 926 AR 051k SR (TAA) (R 3A [ AL A B RE 1
L h 3 BRINAANT CO1.C16,C20. AGREG 1Y H 1A PP e 8 AR AN TR RE A5 0L k58 NAEFD T R A4 AR 1K, JF il ad /)y
RUPE RIK ST AR, PEAN R A AR A0 TR 19 30 A RERT K A4 h 38 IR W B 1) 22 BRBUR. 4513 W] CO1,C16 . C20 it T 2%
NFERFIEE R A, C16 IR i & % 83.3% , 25 5 T-X M4 31.19% 5 C16 Gl 25 4 & T AR (4 ik e RIUAR K, 43301 e
Xt BRZE 85 1 23.33% (40.44% . K BRIFHLSE B T B, C16 IR ALEBE L SR Y 2 R 53 1 3K 5] 88.4% ,96.9% , 43331 LE X I 4
i1 26.4% (15.6% . Fe%%,CO1,C16 XG0 2H AR Py ie ARAHR 25 8 T X0 B 2. C16 I 2E A bk A PN Pl Pl 2 dk TV 2R
FREE TN 317.3% 97.8%. &% &, CO1 Ry 7 AR 5 % ( Pseudomonas fluorescens) , C16 )y g ¥ i ( Enterobacter
sp.), C20 KNNRSC G ( Erwinia sp.) .
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Abstract.; Endophytic bacteria were isolated from Canna indica, and three strains CO1, C16 and C20 were screened out regard to
their abilities of producing indoleacetic acid (IAA) and siderophore, nitrogen fixation, as well as phosphate solubilization. The aim
of this study is to evaluate the influence of inoculating of endophytic bacteria on seed germination and seedling growth of C. indica,
and to evaluate the removal rates of nutrients in water body by C. indica inoculated with endophytic bacteria in the pilot scale float-
ing bed treatment system. The results showed that CO1, C16 and C20 promoted the germination of seed and growth of plants. The
germination rate of C16 treatment was 83.3% , significantly higher than that of the control, which was 31.1%. During the water pur-
ification experimental stage, the removal rates of total phosphorus and total nitrogen in the C16 treatment were 88.4% and 96.9% ,
respectively, which were 26.4% and 15.6% higher than the control. At the end of the experiment, the biomass and root length of

the CO1 and C16 treatment were significantly higher than the control, the soluble sugar content and soluble protein content in the
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C16 treatment were 317.3% and 97.8% higher than those in the control respectively. CO1, C16 and C20 were proved to be Pseudo-
moanas fluorescens, Enterobacter sp., Erwinia sp. based on 16S rRNA sequence analysis.

Keywords: Canna indica; endophytic bacteria; growth promoting ability; water purification

UEAFR , B 3 ] Tl )tV i 8 LA BT RS BN I, R 2R 3 45 7K A 7 K LA A & Y
K IR KA AT, ™ H 5 R WA M AN U 713 & R A R R T EL™ R e A A A T RE.
N PR RAE D — i B K A B R AEOR , BAT B MR AR K B35 Ge ) JE o 3 5870 R K T
HEAICHE 21 TR BRI A A O SR T VR PR AR e st 2 P A 4 10 A K A0 T R0l 1 o
12, RV5ACR IR BRI T AN IR AR MR A

M 1876 4, Pasteur W75 (194 %) 1+ 70 85 Hh 55— PR 9 AR A0 TR, € T A8 490 P4 A A0 TR FG BF 5 R DT
JE R YA AR TR AL S h R 5 S AN R BT 0 1) — SR ) B RUE I A S ER B, T
SR A BRARUTRRAE 7= AR R S R P 0 DA 2 A B R S AN S AR X AR 14T
(A R o 7 I ACAL M3 1 e AR SR ST A SCI UM P9 A AT . SC T 94N
RSB B e« AR AN 1 S0 BV A B s R A 26 A T 1 25 AT 2 2 B R Y Bk
TS A VR Al AR R A AR AR AR L B R R A M BN B R ) S TR XS D Rk Rk
5 e DERE W)W E SR 5T, s X IR 0 o g A, D ;AR A 9 A 5 AR5 P9 2B A R SR A DL B
FEHE R B, V2B B AE A — A 2 AN A v R G BT AT, 2 TR 5 48 /% 3 2
20 B RE S B AR 2B K DA R BB A2 2 B LTS G W RITCHILTS e i e ) R SRR R Ry , 45 B s L)
FPER(ND) 3 (Cd) i (Cu) H5(Pb) Al (U) %58 4 (Wi ™", 45w A ok S v ik S AL & 0 1
fife = BRI G BUE K L U (COD) AEARTR U (BOD) SV i R (A H (1) B ™ 4R i)
XK HPUEEL(TN) (B RRER (POY) I 2Bk ™

IR AR S NFEAE R E A K S R FE A K AR BB 5 TR R SR IR N iR ™ vh iz 3s
FH- ERI, X SN N A A0 R LA S N AR AR DA i EAE A N AR AR 2R B 52 BRI TS S BT 5 fee A i .
AT LA SE N AR B PN AR TR R X 4, 0o S N6 PA A 200 B A PR BB — 0 1 — e i, 40 0k LA Pl ise
DA AR A e 7 0] S N BELE AT R A A T 5 1A 2 A TR 7 R A 5 ARG /KA T g 8 SR W B i, A
TR 9 2 25 1 52 AR Al B

1 MR ERH*®

1.1 RAEEENS BAL 5F%E

2018 4F 1 H FRIUHT G = B/ el SR A K3 BLAF 9 95 N 2E 6 Bi. SR 2T 751 3 B A 0 7 24 400
B P TCEE K e 3 AR RO 1 2 TG S TC R G AR T, VIS AR AT R T0% 2 B
L( T min) —JE K ME—1% RARREIRIL (1.5 min) —0.1% SALFRR L (60 s) — TR & bk (5~ 10
W) JE KR Y A 20 FR TG T IR AR %55 A R IFER A 10 ml JE B K HES , BFBS 2 50 5O S5 #E 3~ 5 min,
W13 W FE AR RS E L 0.1 ml 33 4fi T Luria-Bertani (LB) }5 323 | 28°C 1535 3~7 d J& , PRE G 7% ( R 5
ORI U | WO PR IR TR 0.1 ml KA T LB AR, B 975 Jo i v v A K e W R s 38 1
JBE) . XA Y TV AT Al B VST A B — R R AP O R B bR, LB 3% 3R 5 AR 1 10 g, WEREAR L
W15 g, S AL 10 g, 718K 100 ml,pH 7.0,121°C K 20 min.

X 5 1 Y £ PR A 2 B AT A B A B0 5 2 DAN| WA 2, IR R 3 5 SR JHY Salkowski L €3 5 i fE
i R A TCAL B [ A i P I i R o e B T — T v T L) /8 T L ] T BRI B BE
KN AR IR AR TR CAS Ak A IR ESE S UCHEHE T Nib JRUBIRIE ™ b Vs 51 g ).

Vet I ELAT 4 FhE YT REN 3 Bk E AT CO1.C16,C20 5 Hott 36 A 42 A= 1R F.

1.2 WA ENENREER

Rl —H A3 NAERD T SR AN 2 TG 55 B A RD . AT & BT VR R R R 3 45 min'™ | JE RS

Kk 15~20 K. HFifk CO1.C16.C20 7F LB # iR Fe 3 p A K 24 h J5 8.0 (4°C 8000 %%/min, 20 min) |, 5
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FRFREIEHITCH KR T AR SE ODgyo 2 1.0, KRR T IEAE I 4 b, 0 B RR T e TR UK .

VPV (400 g) , 121°C K 60 min, f A ZEHE /K 40 ml 121°C K 30 min JH T
iy 4. CO1,C16,C20 X HAALIRIG AL, F MK IR 2 P A 36 J9URh 1~ (9 LU, AL HOR AN A 4 i
1) BB 3 N EE. ARG (28°C,4000 Ix) B R A K 15 KA HHF T8 K K.

KRR SRR B S NAR L TR, T I IR A (28°C 4000 x) 4RZEAE IS, BN Ab FE 9 A2 1%
R, AN B 1 BRSIE, 557 d T 5 ml ODygy = 1.0 Y BE A BIVRDERE X BRAT] 5 ml TRk e, 31 172
B AR E TR, 28 d S AR A AR o R, R A ) ) B
1.3 EAEXBRAKER UL

K TR N AR AT LA SAAR TR AR ) B A S B0, S0 3 AR L 25 TR IR B A R R Al T 0K
i (LxBxH =400 mmx290 mmx260 mm) -, FAE AP 9 Z2 50 70415 56 AL (EAR 6 mm) , TR FE L
WG ZLP N (FLAR LN 2 mm) (10 mm BRA7 CRIARZ0 5 mm) (100 mm A7 9ER CRLAR 292 2 mm) . F4>
IKATHTA 1AM (R EMEPR 2 h, i ht 300 L/h) AT KAS b SR Y) B4 20 70 A (R Ida flk 44
FEAR. B SCY R E PR PR Y, B SR A B 3 AT, RGiiE A RKERE 1 AR EE 23 LinK,
157K J7 45 H8 Prochaska 57 1 )7 i MLl . 20tk 1 vk, IRIZE & (9K i A OROKARFE. 5 3 Wi 3 KR
VYR, J5 3 WEE S Rk 1 KE. AR A GB 11894 — 1989 5 /K (A B & (TN) K JE , GB 11893 — 1989 Il 5 7k
PR R (TP) .
1.4 EANEER EEFE

IR A B 2 AR OO P AR R R R e ARt R M R B 105°C RS L h R
TSCHT FEEEAR M b NP % DR G-250 3 I A2 F] I R AR 11, TR b €6 320 5 T v e
BRI S F I - 2RI TR AR R TG ) 5 R WL 1 ik
1.5 NAEHAFENERE

R PRIE PR B, PCR 7y (9 2 A AT Py 24 phy DU R — s AR R AT BRZA R S A NCBL [l o
IR B PP 855 B P R 9 45 FTRTHY) 16S tDNA PRSI HEATXT L. M GenBank HHgb 4 1 TG & Bk (195 X 571
FH Mega7 AT RS A R GE B
1.6 HEAE R it 54

Bt 1990 20 B BT Excel #PF5E I8, BT s I (bR 22 oK. 1T SPSS 22.0 B Bdla dt A r4eit
I3, R B 2R 7 25 00 M X 3k oA A 200 T )R I R AT X G0 B, R 3 K P o= 0.05. ] Origin 2017
AP RIAEC .

2HR
21 REAENFIESERE

NS NFEPR P 2358 M P9 A 40 B, i a0 5 P9 A 0 B A0 A PR 2 R O 30k 1 3 AR B AR R 1 TR AR, B
CO01.C16,C20, HiAE PHap et T, 32 1.

1 3 PR AR 20 T A B

Tab.1 Physiological characteristics of three endophytic bacteria

PRI LR ) A
J— . - N
AL A (ug/ml, ODgy=1.0) PR =N TEWEAE ]
o1 34.36 + + 0.168
cl6 4.77 + + 18.201
€20 29.98 + + 2.193

7 TR HATA B LW AR

3 BRINZEZTS GenBank KR HEAT LUXS 2047, FF 6T Mega M0 R GE B W (I 1). CO1(H7%5 N
MK 796436)) -5 H: [R5 e 64 B iRk 320 J T MBI s, b 5 PO B UM 1 ( Pseudomonas fluorescens ) [
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Pere s (99% ) (C16(%5 5% 5 MK 796534) | C20 (%5 5y MK 796533 ) 5 HL[R] Y o ) T Bk 32 T T I A
R, Horh C16 S FT I ( Enterobacter sp.) [ 1 fi i (99% ) L €20 5 BRSC IR A ( Erwinia sp. ) [7] P4 i &
(99% ).

Salmonella bongori (NR 074888.1)
Salmonella enteritidis (EU 073020.1)
Enterobacter mori (NZ NEEF01000008.1)
Enterobacter sp. (JQ864388.1)

100" C16 (MK 796534)

Erwinia carotovora (M59149.1)

——— Erwinia cypripedii (AJ233413.1)
B Erwinia papaya (NR 042748.1)
100 Erwinia sp. (KT318369.1)
100LC20 (MK 796533)

Erwinia toletana (AF130968.2)
Pseudomonas cissicola (NR 112071.1)
Pseudomonas caeni (NR 116388.1)
Pseudomonas baetica (NR 116899.1)
100 99 Pseudomonas antarctica (NR 025586.1)
L — 4995 Pseudomonas fluorescens (CP015638.1)

0.02
98" C01 (MK 796436)

100

75

K13 BRINAEZR ) 16S 1DNA P31 R S8 K F
Fig.1 Phylogenetic tree of three endophytic bacteria based on the 16S rDNA sequence of endophytic bacteria

22 NEAENENENREIER
PR A 20 R X 58 N AR 8 A SR A IR LI 2a, 87 & 15 K5 &8 CO1.,C16 ,C20 Xt FE 4L A 8 2 R 501 Ry
72.2% .83.3% .75.0% 31.1% , Horb C16 {46 20 Ay & 3R 15 25 12 T4 HR 4 ( P<0.05) .
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Fig.2 The promoting effect of endophytic bacteria on Canna indica

A A 95 A FE Rk AR BEER ARSI L 2b, EL Rl COT . C16 ,C20 P A= 20 1 S R B i 188 i
T3 NEEIRR R X BRAE T BN T 11.41% ,23.33% \4.89% , bRl C16 AR AN 1928 NS B
BT AT RELL(P<0.01) . fEAEPIAR K T I, $6h C16 PNAE40TH B T 38 AR, S50 B A b 17
40.44% (P<0.01) 3570 CO1.,C20 PNAEANEEXTAR K AT (R EVE . b C16 .C20 YA ZUBAE N 1 28 N4 1Y fef
T AT IR L A S T 19.13% .10.69% , 8 CO1 %o fef 8 VA7 A2 A .
2.3 EM N EAEERNEANEXTRKEN L

FEHUAE ST IRIEK TN ¥Ry 34.259+0.227 mg/L, TP ¥ &4 6.971+0.019 mg/L ARYEMITH & & FRRA
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A2, MK R BB SRS A N AR AT A 95 N EE ST K B E SR R W, R LR CO1 T C16 Ab PR
AR TP % B OF AT X BB AL, C20 AbFRZH /K (AR B 5 ) R4 AH HL 18 B B 22 55 26 24 %, C01,C16,C20,
S B B A4 TP F2B 24551k 82.1% .88.4% .68.4% .69.6% (& 3).

74 —a—C01 35‘
—e—Cl6
6k —a—C20 30
- CK
O 5+ g25
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E 4t £ 20
® il
¥ 3t ¥ 15
= €
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Fig.3 Effects of Canna indica inoculated with different endophytic bacteria on the concentration of nutrients in water

CO1 F11 C16 ALFRAL /KA A TN ¥ B B A T X BR AL, 76 AT 14 K C20 AbHRAL K Ry B 5 5% B 4L AH L 30
iR 225 755 2 YCRAEH TN ¥R B2 B AR X0 B4 5 56 24 %, CO1,C16.,C20 % MR 21 a4l sk 4 TN B
HAMIIE 90.4% 96.9% 87.2% 83.8% (&1 3).

24 EMAERAFEREEAENEK EBSE

FEFPARTRI N A AU eA ) S N A B f s o b8 b &R MR T EE MR R K LEE 2,C01 . C16 {5

AR NEM D EEEH M T35 M N EE N T AR KHE S S T IR

2 HEPANTR] A A R B S N A R EE TR b T OB R EEEE R TR bR R
Tab.2 The aboveground fresh weight, dry weight, underground fresh weight, dry weight,
plant height and root length of the Canna indica inoculated with different endophytic bacteria

PRGN MRy M EFE/e  WFEE/e  WTFTE/ B /em K em
COo1 138.50+23.12 % 10.82+2.00 * 16.65+6.71 " 1.03+0.63 * 112.38+15.06 25.25+2.68*
Cl6 162.02+39.09 * 14.35+2.47 " 36.12+8.51 " 2.98+0.90 * 111.87+21.90 39.30+3.83 *
C20 102.98+43.44 8.69+3.50 9.20+£5.88 0.49+0.47 103.03+22.12 17.07+6.43

Xif B 21 76.42+38.81 5.91+2.94 5.82+3.18 0.27+£0.25 87.43+29.10 13.08+5.63

s F [ — B 5 00k B LA Wi 35 7 25 5 (P<0.05) .

FAh P A A 1 55 N FE T4 3R 5 5t (8] 4a) , CO1,C16,C20 CK IR 20 1 38 NFERF 4R a 543 5
1.217 1.214 1.199 . 1.090 mg/g; M43 b #4054 0.457,0.434 0.345 0.386 mg/g; i M4 2 5 405k
1.720,1.695,1.638 .1.526 mg/g.

Fefh CO1.C16,C20 Py A= 41 T F1 T RRZH P 58 N AR &35 745 51 2 89.20,98.20,62.59 F1 62.76 pg/
(g+h) 3R CO1.C16 PN A= 41T AT 55 N AEAR R T ) 43 B2 8 42.1% .56.5% 5 C20 X 96 N AEAR R 16 1 (5% 1l
HAI i (P 4b).

Heffih CO1,C16,C20 PYAEAHER LA KA JRZH v 56 A A6 R Pl 6 5 25 k43391 O 0.3329% 1.185% ,0.580%
0.284% , Hoh42efh C16 (1936 N AE AT MM & & 1o 38 5 T IR (P<0.05 ) , S5 X BREHAR LR = 1 317.3% , 4%
il COL.C20 A= 4 TR 1 98 A A& T i Mo & et 55 0 BRZELME LU A3 Il 45 8 T 16.9% ,104.2% (1] Sa).

FAh CO1.C16.,C20 A=A TR LA Kot B2 Hh 58 NS T I Pk R 1 i o 5% o 9 i) o8 2.846,4.752.2.523
2.403 mg/g, HorpEAh C16 Ji 1 SE A8 ] 3 P 2R 1 35 28 3 o T IR 2 (P<0.01) , 5% A A E R i 1
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Fig.4 The chlorophyll content(a) and root activity(b) of the Canna indica
inoculated with different endophytic bacteria
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Fig.5 The soluble sugar(a) and soluble protein (b) content of the

Canna indica inoculated with different endophytic bacteria

W R, TE S S T I AFEE WA AN, WRTF I B 2 F AR, IR AR A8 4 B R AR
Yy, RN T R — Wl — e R 6% 23 Bt B 2 T AR i D LR A T AR R R T O T R T N
MR 2R R IEA T I B, 2R TC B A T T A B Al A5 B8 AR AR AN R N AR AN T LS A A%
AL 358 5 AR 0 2 K - AR T S 5 A R AL, 3k ST o 6 i 1 0 I AR B BR 7™ A W8 Wi 2 TR 2k 2
PRI g P A AN B I AL LR 25 A B R EE CO1 . C16,C20 15 ik A i bk, 6 AR it
BERE T 38 A AERp T i A S ANl i i AR i i A R B R B b3 . B RTT 9% 26 E B A 18 0 7 A e R T
W o 2 TR R AR AR S 45 200 T T YO TG B A 4 TR T 4 R AR AN ke v
PN A= 200 B PR A A P 1) A v B IR JRB R, (LI DA 7 O L A A T i ko 38 N 4 EL A (R AR A 1.
M|V 2 A N SE i 2 B9 K 28, RERS A HEREL A0 MO I K A I, A5 28U AR AR 2R AR Pl i o
YIEA RS ) 27 AL SR BRIC 2R, O U /0 P 55 vl s TR TR P 194 4 17 AR AT I B 11 3 4 7, 3k B A
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WA E 5 1 N AR AN B S AR G R BRSSO S AR T A 4T
AV YR RRER A RE 7, BEASHE SR AR ) ot B ) MR e, DA T 2 5 A A0 PO R AR R A Y R 4R Cl6 AL
A LR kA A BERE T, H T R BERE AR XS R, HERl C16 WL E RGN T 58 AR K
A R ARG, B C16 X 36 NAERAT IR VER]. AR AT i 022 RE AL B S 2%, T HRTAT 5 b B
PRI h i A= AL o 408 = T A 3 Y 75 B UE S

16 7 AR A T ARV e IR A AR R 25 R Rk A TAEM R 22 57, 38 N AR Ui
AR i B MO R AR AR T S AR R A K, B DA A A R ) 9 A R T
T R NFEXKAR P E SR BT ? FEAK BT A o R B, el Y AR AR C16 U0 2H B WR e v 1
TN TP {2 R4, CO1 IRt 1 TP TN fY B2, Hurek SERFSE A B B AN (Azoarcus sp.) BHT2 fig
53 W B K IR S T AE K R AR 1 R R ) IR 94 A . Shehzadi 454351 M 7 35 25 1774
MR B49 5 Microbacterium arboresscens TYSI04 F1 Bacillus pumilus PIPR30, J- 15 A 75 38 i A 15 Hb Aol
PR PR A 0 T T R R T2 B K T, Sl R AE T T AR 2 PR 0 2 P A A, SR T P9 A A T AR RS AT AR
AR 0 R PR S, T -t T B T 42 0 A 2 0 T 05 412 1o 7 T 0 2 ) B U B K A AR AIOR Y L Ashraf 4
K 3 7of A A 20 T AR B BRI D T MEDUURE % ( Leptochloa fusca) BN TR0 3 F R BRI ) K, 45 RAEHE
ol PN A A R AL AR B AR A 25 PG I 3] P A Al B A A, LI A A PRGN T OB B A AR e R T
B, [ o5 08 R (R BURE B RN R Bt A 2R A B ) AH A A S T st P Ak 22 55 40 (COD) A 4L
A (BOD) HARAY 2 BRI T 36% 55% 40% ; A AH Y -3 R0 P9 2L 408 TR Ak 22 5 S
AL G I Z2BR R B T 97.5% 198% (97.9% 7. 34 Uit iE A 1B A A 40 BE S i HEARL
8 A R R T S S AL AR g T KA 18 S R, SCBEETE T A 40 A A Wi 26 B K Ak e g 75 e 672
i , BN ALK AR RBOR , BT LU AE KR B i E AR I m IR, BeMt N 2R 40 C16 1055 2H 40 4% m
25 NAERN T I R RN T kS FAR S , U0 25 SR A 25 N b B, M b R TR DL RAR AT
R T IR IR e N AW i . 5 I R, AR R AR A A R I AR S A, R
F R IR AN [R] Aot ey J5R 14 O AR R S T 3 R R Bl 16 WA S 3 B 7 TR R A AR AR
7 B2 36 N LR AR FARAC A i 5 G 25 1 X TR AT PR R RT E AR  R A A R N B T, B
PR RE S LSRR 0 7 A —FME S 0 FIREEY A K R E AR, AP
S 0T A 4 I3 1 o 7 DA BB R 1 A C16 AR B2 T A M T A A 1 e T IR
AT LA A B C16 138 NFE M AE KOG T X BRZH, i — 2D B 1 4 C16 1938 A2 TN TP iy 2Bk
e T B X — R

NS FEH N AR R AR B L, P9 A R TR AN T E AR 00 A P 3 B A ok SRS DA R MR 43 155 0 0 L1 BB I
it 2 SEIBE A 1 DAY A A0 BT - 20 S A A AT BRI . W52 WA A v 438 o — R D I B T, 420 3 S 6
HAT v wi e S R RE SRR A0 A L AR ST 16 tDNA FEBI 50T, COT Bk AR A I T, C16 B bk
AT, C20 MR RRSCIGEA. 38 AR Y4355 L 9 P9 A8 2 B R AR L V2 M 43 A k.

R TR 0 TR A9 2 200 TR 00 B A e PR 2 T PR 0 e S R D0 L N R A LRI AT 25
PR R XA B A RN R B R B TR A TTRR. A aUger vh Ul W 7 327 o A 40 71 100 56 6 AR ROIRBL TR 4, XoF
R SCRE 1 SR (ERAFE PN A R 22 AL (1) UG AR B9 5 20 P A 40 T B b 21 56 N AR T Fn %)
BARE, JEa 58 A ALY A SR BUHEI P A A AR G 1 36 N AE, I AT 5 P9 A 40 T A A 400 A P 118 53 A I 0L 5
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