TR A SR IR Aug. 20, 2021, 48(8): 2595-2606
Microbiology China DOI: 10.13344/j.microbiol.china.201107

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

D REBFENEERENREFAMETERENICREER

EFR OAEY ORET BRL™

| AR SIEE TR AR &8 &8 230601
2 AT IWVAESBE TREKRE %8 A8 230601
3 WA R MR R RS T L8 BB 230088

B ZE. (57 )] M- RAEDFESG L HARERBIREIAER . RAY . KEHT R ZNF
FTERETEAR, LPRFRABTHEMADEER, Rt A K, HRAAY TR A M Ahib ey
ik, [B &) L4 EF b o BIF8)60 2 MR FREE, AAREstlmAd KA 4, naE 2 4
W 693t T AT B i T AARE R, [ R S4B 13269 2 #RH #4T 16S rRNA &
B 57 %5 2 feiafb b F LMK, ST ARG AR E, FHESREFFTEL Scm o9k
A Fotsk £ 10% 89 AT B b A K HBARFARIR, M 2 MA BEHFREN AL E TR [4
R 1 Ak P5-11 A= P5-19 L% 34 h 321 (Herbaspirillum), 2 ¥HA LA B R B8, F5%T
B (Indole-3-Acetic Acid, TAA)F= =4k HAK G451, P P5-19 89 "3 LB AL /1 49 4 P5-11 89 2 4%,
AEABIFORARD; DHRBHRRGERINKRS. AW 2. ARRZEFRAMABEZ ML, FHHEIK
A_BREE. [ 2 ERFH LA RIFORASM, B RAETehia THARENAK
EE, EARRARABRGFHRETHRREN, LAFRELETFRASKITHEARET A
L.

X4EiF. HEE R, AN, FRE, WATE, AWGE

Identification of two Herbaspirillum strains and its
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Abstract: [Background] Combined plant-microbial remediation technology plays an important role in
reducing environmental stress, enhancing plant resistance and improving mining landscape. Rhizosphere
microorganisms can interact with plants which can promote plant growth and enhance the tolerance of
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plant on abiotic stress. [Objective] To identify two strains of rhizosphere bacteria isolated from copper
tailings, in order to study the growth-promoting properties of the two strains and determine the influence
of the two strains on V. zizanioides grown on coal gangue. [Methods] 16S rRNA gene sequence
identification and scanning electron microscope observation were performed on P5-11 and P5-19, the
growth-promoting properties of the strains were measured. The strains were inoculated into V. zizanioides
grown in coal gangue covered with 5 cm soil and coal gangue mixed with 10% soil. After two months, the
physical and chemical indexes and physiological indexes of V. zizanioides were measured. [Results] P5-11
and P5-19 were Herbaspirillum, which had the functions of nitrogen fixation, phosphate-dissolving,
produced indole-3-acetic acid (IAA) and siderophore. Among them, the IAA production capacity of
P5-19 was about twice that of P5-11, and it had better growth-promoting properties. Herbaspirillum
inoculation could improve plant height, biomass, total nitrogen accumulation and the antioxidant
enzyme activity, and reduce the malondialdehyde accumulation. [Conclusion] The two strains of
Herbaspirillum had good growth-promoting properties, which could promote the growth of
V. zizanioides under coal gangue stress, which not only provided excellent strains for the preparation of
microbial fertilizer, but also provided reference value for the application of V. zizanioides in the
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ecological restoration of mining areas.

Keywords: Herbaspirillum, growth-promoting properties, Vetiveria zizanioides L., coal gangue,

bioremediation
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5.0, &Ak4N 10.0, pH7.2, 1x10° Pa K 20 min;
MM #5555 (g/L): AR E 4N 12.8, W =
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M2 RREIETE TAA BIBEHPY. B TAA BURTIA
-85 B2 (L-Trp)LA 200 pg/mL I EETR NS MM
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Table 1 Basic physicochemical properties matrix before implantation
Ry /<3| pH HLG EKR T A AR R B
Soil type Electrical Moisture Nitrate Ammonia Total Available
conductivity content (%) (mg/kg) nitrogen (mg/kg) phosphorus phosphorus
(uS/cm) (mg/kg) (mg/kg)
Pure soil 6.40+0.07a 1295.00+94.12a 27.72+4.47a  6.40+0.46a 628.78+46.67a 614.27+18.77a 106.61+3.44a
Mixed soil (10%) 9.21+£0.06b  529.00+4.08b 15.53+1.32b  2.05+0.07b  186.47+22.37b 165.49+£3.28b 17.97+2.06b
Coal gangue (5 cm) 9.72+0.07c  323.00+62.85¢  16.97+0.37b  0.78+0.07c  102.13+10.89¢ 125.59+5.41b  7.33+0.47¢

W Al — 3R PR R F B3R 22 5 8 35 (P<0.05)

Note: The different letters in the same index mean significant difference at P<0.05
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2 EZR 5400
2.1 16S rRNA ERHNF5 SEM M 2=

16S rRNA HHRGE LFHWE 1 Fox,
EzBioCloud #X# % o i L X 25 Rk 2 frn.
P5-11 1 P5-19 [/ 45 54 NCBI £dis )/ Hh A 7
BLAST FbX}, P5-11 Y5 &R (Herbaspirillum)
PIHA 99.49%, P5-19 5 FUR G (Herbaspirillum)
FME R 99.59%, P5-11 F1 P5-19 Hfk R 8 T
BRE . 2 M S CEER 10 Fh R 7
EzBioCloud ¥ & it 47 41 H X B, 2L 168
rRNA B JFEH R, P5-11 5 P5-19 (AR K
98.29%, [FlJ& T — /N s 4y 3¢5 P5-11,

P5-19 5 Herbaspirillum sp. BA15 BRI S5 K
98.12%. 99.93%, FLKFRMNEINT; 2 5
oA BT AL BEAL R B A X A, SR R
TE B2 R (Herbaspirillum seropedicae) Bl
AT B S (R s A A E R

P5-11 #1 P5-192 BARGETE LB VAl EA KK
WERILAE. ANEW, BE ., i, %
HFE, 5 F SRS B 1 B R T A S AR Y
TEHL T4 B T P5-11 F1 P5-192 HETE
1.00 pm % HIEA, WIRZMITFRR, KANEH
(0.2-0.3) pmx(0.8—1.2) um (& 2).
2.2 BEFREYIRAE EREN E

2 MRWZAE S L-OERIG RIS IR
77 TAA WRPERESEFRE AW £ . P5-11 7E 96 h
Jaik IR E, 77 TAA WK R 27.95+5.84 pg/mL;
1M P5-19 7E355% 72 h G (Hik3IFaE , 7 IAA WK
} 55.36+3.76 ng/mL, TAA & 820 T i 2 4%
(K 3A),

81—Herbaspirillum sp. WT00C (MK 119980)
Herbaspirillum rubrisubalbicans ICMP 5777 (NR041759)
Herbaspirillum rubrisubalbicans Os34 (CP008956)
Herbaspirillum seropedicae ANA28 (HQ219859.1)

96 [ Herbaspirillum seropedicae BA153 (AF164062.2)

54— Herbaspirillum seropedicae 778 (AY191275.1)
{Herbaspirillum frisingense CAF265 (EU399918)

91 Herbaspirillum frisingense R19G (IN869241)

100

100 [ Azospirillum zeae N7 (NR043934)
LAzospirilhmz oryzae COC8 (NR041233)

,—Rhizobium miluonense CCBAU 41251 (NR044063)
100 | Rhizobium rhizogenes 163C (AY206687)

0.020

1 ETF 16S rRNA EE FIIHMEB RFE R E R

Figure 1 Phylogenetic tree constructed with 16S rRNA gene sequence

TE: 55 Ir SAURITA] GenBank #5355 Jr30m FEFENER 1000 R AR 0.020 45 RANTR T 51 1H] /31

Note: Numbers in parentheses represent the sequences’ accession number in GenBank; Numbers at the nodes indicate the level of
bootstrap values based on 1 000 replications; Bar 0.002 represents sequence divergence
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%2 16S rRNA ERFFF|LLFH4ER

Table 2 Comparision result with the 16S rRNA gene sequence

B SIIER 7S ARBLEE Similarity (%)

Known strains P5-11 (MW404439) P5-19 (MW404440)
Herbaspirillum sp. BA15 (AF164053) 98.12 99.93
Herbaspirillum sp. WT00C (MK 119980) 97.48 99.40
Herbaspirillum sp. Os30 (HQ728563) 97.78 99.60
Herbaspirillum frisingense R19G (JN869241) 96.97 98.86
Herbaspirillum frisingense CAF265 (EU399918) 96.77 98.66
Herbaspirillum rubrisubalbicans ICMP 5777 (NR041759) 97.53 99.12
Herbaspirillum rubrisubalbicans Os34 (CP008956) 97.18 98.86
Herbaspirillum seropedicae BA153 (AF164062.2) 97.28 99.02
Herbaspirillum seropedicae 7778 (AY191275.1) 96.45 98.53
Herbaspirillum seropedicae ANA28 (HQ219859.1) 97.28 98.97
Azospirillum zeae N7 (NR043934) 78.84 79.92
Azospirillum oryzae COC8 (NR041233) 79.23 80.73
Rhizobium miluonense CCBAU 41251 (NR044063) 77.06 80.61
Rhizobium rhizogenes 163C (AY206687) 78.49 81.56

Regulus 3.0 kV 18.7 mm x50.0k SE (UL) 12/06/2019 1.00 um

B2 #HieFRHMROCEMES
Figure 2 Electron scanning microscope (SEM) image
Note: A: P5-11; B: P5-19

2 BRECIRTR I AR, BT A
BRARAK LR Fe(lIDELAA a2 f ), S8
75 JE| L5 SR € ph i 6078 A (1] 4A. 4B);
Wbk 2 PRI AR IR RIS R CAS 4)
Mril i, 5 2 Bk ™ DFOB 284k ik i/, &
B2 AR DA Bk A U B B s 5 B )R Y £
P5-11 15 P5-19 7E 96 h /& 45 KA [ if ih Bk 2
P5-11 P2k ik K 7.65+£0.26 umol/L, P5-19
PEER AR KN 8.60+0.47 pumol/L, 2 FREH L
EER,

U S R
Regulus 3.0 kV 18.7 mm x50.0k SE (UL) 12/06/2019 1.00 pm

2 BRI Y RE (I A I B (Ashby) MR £h 1Y
RBEE MR KB R, 2 R A AR A
HARFE 7 RE R SRR, 4 100 mL B & &
KA1 10.98 mg A1 10.70 mg.

2 BRECETEAERN T PKO [IAEFRIE |, WK
JRRE= A T IR, 2 W T Ak L 25 i ik Ol I 5 R
B AT R RO BE 7 (18 SA . 5B). P5-11 5 P5-19
MRBEfE A B 25, PS-11 B EN
3.19+0.16 mg, P5-19 AHfIE#E N 4.5140.23 mg,
JE B IRESRE IR, MATE T 14 £5(# 3D).
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B W N
(=] (=) (=)

IAA f5 i
TAA content (ug/mL)

[\ (9%

[l [

R R
Siderophore content (umol/L)
S = N W kA N 0 O

0 24 48 72 96 120 144 L L I 1 L 1 !
t (h) 0 24 48 72 9 120 144 168

1(h)

J—
[\8]
1

—-P5-11
-A-P5-19

—_—
oo} ]
T T

A=
N-fixing content (mg/100 mL)
(@)}
T
T
Phosphate content (mg/100 mL)

0 2 4 6 8 10 12 14 16 CK P5-11 P5-19
1 (d) Strains

3 ERBIRESFM

Figure 3 Growth-promoting properties of the strains

TE: A BT TAA R B WHTREMMKEE L C: EYRARDTA; D: BiREER, AR/ FRARSAE
B EME2E R (P<0.05)

Note: A: Changes in the concentration of IAA produced by strains; B: Changes in the concentration of siderophore produced by strains; C:
Changes in biological nitrogen fixation; D: Phosphate solubilization, different lowercase letters indicate significant difference level of 0.05

4 BERPERERE E AR B 5 ERIRHEEE B E N

Figure 4 Qualitative detection of siderophore produced Figure 5  Qualitative determination of phosphorus
by strains soluble capacity of strains

Note: A: P5-11; B: P5-19 Note: A: P5-11; B: P5-19
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2.3 BHIREMEZEERIELE

Pl 6 JE R T A AR AR 2 H 5 AR K TR
IITEPRAEA B 5 em B RAR B AR AR R AR
A MR AP S R RS TR L 10%0 R
AbBE . EORIEFALL , FIAETE 2 PR TR ) AR e
FA 2 PR EIR R 1 T ek A AR B
+ 5 om BURALIA, B 2 PR PRI AR TR
AL EAR R R B 10% AR, 1Rk

A

20 B CK
y E3Ps-11
a a o EEPps-19
1.5 — b . a a
£ ' b
= 0
WS 0|
<3 10 '
g ]
~ [}
051 |
]
0
'
[N E
Modified method
C 12
Il CK
a 2 1 ps-11
i
S i
£ 08 i
,HI '
=8 ,
0 8
E 04 '
E i
= |
i
i

0.0

T1 T2

R
Modified method

6 REAMBRETERNFREECERMFIE

P5-19 FHAHEAD PS-11 XA R & & S 02 B
W2, R P5-19 TR ERSE L 5 om R AN
HA AR R o, EERR PS-11 X 2 Rl
Aib P AR R A B R

3 NFPE 2 A H R A KA A i s A
FREE b 13 A BRI bR A A8 Ak o FE 3R R — Rk 4
T, B 110%20 K AN FE A () A AR B Py T
WA AR R AR BRSO, R PS-11 AN

B 30 ~
a | EcK
I [@ps-11
b | [EEPs-19
20 : a
C ¢ ' a
I b
ﬂé :
10 I
]
]
]
]

R
Modified method

Il CK
prs-11
EEPs-19

0.2

0.1

Total phosphorus content (%)

0.0

Tl T2

MR
Modified method

Figure 6 Effects of the strains on physicochemical properties of V. zizanioides under coal gangue stress
e A BEREXTEREAR SN B: BN EREAYREEN; C: RN F MR LA ; D: HR A F R Sk
Wi, Tl:. 7EBERFA B Sem s T2: EEFAPBA 10% 1 NFE/NE FEACRFL B #1225 (P<0.05)
Note: A, B, C and D represent the effects of inoculation on V. zizanioides height, biomass, total nitrogen and total phosphorus,

respectively. T1: The coal gangue was covered with 5 cm soil; T2: The coal gangue is added with 10% soil; Different lowercase letters
indicate significant difference level of 0.05
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Table 3 Physiological effects of inoculated strains on V. zizanioides under coal gangue stress
BRI LS (St itz RSN A e i A A B A
Modified method  Strain MDA (umol/g) Pro (ng/g) GSH (ng/g) POD (pg(g-min)) SOD (U/(g*h))
Tl CK 3.03+0.07a 6.61+£0.43a 229.08+18.47b 238.07+10.23b 320.70£12.50b
P5-11 2.69+0.11b 6.01+£0.42a 231.4249.78b 264.27+7.08a 343.94+25.16b
P5-19 2.33+0.12¢ 4.69+0.21b 280.06+28.60a 269.27+14.03a 371.04+28.60a
T2 CK 3.36+0.26a 4.21+0.45b 337.03+32.85b 164.93+15.73b 420.67+12.10a
P5-11 2.80+0.18b 6.22+0.34a 441.47+21.91a 239.26+20.06a 444.12+16.15ab
P5-19 2.90+0.15b 5.77+£0.32a 416.99+14.70a 244.79+13.34a 469.25+18.47b

W T1: EEAFA FES Sem £ T2: EETFAFBA 10%1; F—3RARFEFERZ R BE(P<0.05)

Note: T1: The coal gangue was covered with 5 cm soil; T2: The coal gangue is added with 10% soil; The different letters in the same

index mean significant difference at P<0.05

P5-19 ¥ FREAK T AARBAR N N S i
Flr 2 PREA S B AL R AR Y il 242 & 1k 3R AIR, I FE#
- 10% [ A3 rb R 42 B A A A B A i 2R 25 ik
TREECN R FEB T 10% RANE T, R 2 Bk
PR8I0 T REARAR A e R it BB
5 em SCRAREEH, {UAERERD P5-19 ZE1F P RIRRIAR
AR IDEH IR e & 3 n . 2 ARk o ol B A 3
Hh, 3R PS-11 1 P5-19 SREAS T (L b A AR 1A A
AT AT PS-11, A ARELEER P5-19
X JHAA P AT A A A Tl T P )52 i S 2
3 i

A HRPR > B 14 2 BRIR PS-11 M1 P5-19 B %
E N E R (Herbaspirillum), 1% & B — LL T ¥k
APAVHBE . oK. ANERNAEHS R B ik,
FAAE R A B B (A B 2 KA AR B P2 il
Andreozzi %5 W 5% & Bl Herbaspirillum huttiense
RCA24 HATIEA . k. 7 TAA SEfe AR, fs
HmRoE s KA, REE BBl 4 5 K
R [ RE F1 . R AR AR g R,
2 PRECIRTE A AL R B4R A= R E AN AT DU i
TR ELERAT A B AR, ] DL s vk
DI IR MhE

ARG, HIZE PS-11 Al P5-19 ¥ HA %
REJ, HEAh 2 pRATIRDS W 7 A AR H )
MRS i AR [ T AN (A A T Sy ) 2

[AME—254b, Sevilla ZFERNSE H IE 1Y) Acetobacter
diazotrophicus PAI5 F1 Nif Z&ZE RS R BE, fE 441
RO ) AR R R SR T e S A R AR I AE KR R A
K IAA JERTEIRA AR RPY, R AR
LA DRSS (a0 200 o 184 ) o 24 s I (a4
i 43 443 Ak ) T B ) 1z BF 5T B0 A g R
P5-11 1 P5-19 ¥JRE/=4E TAA, 2 PRI B &85
T AR R A R BRI T DL kR g
G 3 PrER B T R R M I R AR T T TR
X, DURIFAEP R N 5 F A AR A2 RS i . A
A EFFELL . DA RS EEAE
TSUREMET, SRR AR IR, Uiz
IR AR A, IR A RS A AR AR, B
A 77 IAA S, AT 2 BREIRRIE A R
BAKAIAE ST, BERE P5-11 1 P5-19 f K=k Ak
JFE435Ih 7.65+£0.26 umol/L il 8.60+0.47 umol/L.
Arora SEHFSEAE Y, MWL TR AR &
SO 20 B A R A TE P AR 0T, 3 Y A
Vbt AL 2R G0 T IR A Sk, A R A
T SERE, B 1S R4 E f A A
PN R S ) AR T R O ) T R A PN X e
B ERY ) AR BRSO 2 S B YA N MDA
TR, R 2 BRIAYY WD T R A B
AR N MDA 6 B, 28 2 bRIERESS )
GEEY/RTiE R ¢ S oY LY e AR 3 |
Yy 18 32 38 3 23 1 LR P95 3% R T ) IO A R
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(Pro) B R FE FARFMH Z G N, e 2
HYIFEALT Pro WY& HD, YE5R T A AR B A 32 1
AR P38 B BE 1, A BT 4 R W AR o T T
o AFEPHEEREE T, 8RR B H IR (GSH) &
AL SN A SRR L TURIEN B 2 Bk
WS EREE ) GSH BE 1 & T+, #2m THE
P20 LA N RE T, A B T AR A0 R R G A 7 o
R B FaRAE IR R AR AN, AR I X ER
Join 360 38 25 5 SO PN 0 A T P T A A b DA
AR 2 BREIEEE (Herbaspirillum) B i,
EEE T A T A AR R A P 3 SR A R
A AL RIS YE, A BTSRRI 2 A
SR Ay, P ATEIR N TE A R S
4 Hig

(1) Frifideny 2 ¥R IR 8 (Herbaspirillum) A
B PS-11 F1 P5-19 B HATTEWE 18120 L™ Bt A A
IAA BB T]; $ERh P5-11 F1 P5-19 A i 42 3 A Al
TR . AR R B A L IR AR
RN SRS A AR T M, 3R T A AR R A
LB ERE 7N

(2) TEFFRMESIET, A1 5 em et R AR+
PR EIRTE P5-19 AR TEMR AL A B
AR, YRR A I A S B R AR BT

(3) ML 2 BRI IR A RE )Y, IR
FI) 535 A TR PR A DA ZE R TR R T M IR R IR T AR S
YRR
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