[CGRYEZ

Acta Microbiologica Sinica

2019, 59(10): 2024-2037
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20180558

Research Article

FEFETEYIMR AR E = B 7 B = T K ARSI R 4 U
FREY, 300, KR, dEs

VBRI R AE AR B, LR HE 266109
2l B IR E b, LR R 266109

WE: (B0 ] BESE . Tk I O AN T AL A A P 00 B8 THE AR o8 AR BB A Tl v, DA =
RN B TR, S AR e A B BRI SRR ARAR A o [ i ] SR PR R A 1Al ik 43 5 R B |
TR Tl T G - 45 b LA AR DA B AR T o () TS e T 5 e Y AR IR S 7 4 R AT 4 BRSO, P B
HET R ] Salkowski B . CAS -k il v A1 JC B35 77 s i — PR e TR AR e AR AE T 5 i e
AN AR AR AR AN & 16S rRNA JEIR T 9 ot S A o [ 2521 ] 30 2 2 5k 5 T R
(Streptomyces) . i < F& 4 J& (Nocardia) F1/)N B4 4 J& (Micromonospora) 3 J& 1k 283 #f i 7 T-He M iy AT
IR, 3 A RFEH B BRI 2, S MR > Ry Hh s G W e & B8 77%, w14k
10 MM . L0 RAT 7 PRI TR TG PR AL AR O A i T ik, o B bk HE-1 Mk de ok, HIowi &
P i 5k 4 10 5k 71 T (Fusarium oxysporum) . A 44 J1 1 (Fusarium graminearum) . JK 7525 41 i (Botrytis
cinerea) . 7 Hfi £ # I (Rhizoctonia solani) . %&£ K =5 5 % (Macrophoma kawatsukai) F1 JK 28 Ji¢ J8 B
(Colletotrichum orbiculare) it 24351 &y 32.3% . 42.6%. 48%. 72.2%. 58.1%F/ 60.5%; ifii D11-4 I
PRAGOEAEAE IR, BB MIWE LR (22.3 mg/L) . BRI (B B AR 25.2 mm)FIE A . L5 EIX 7 Bk
2 T W K B 75 T 25 Fh (Streptomyces angustmyceticus) H4-6 . 261 [G4% 25 14 (Streptomyces rochei) S2-2., 7%
5 %5 1 (Streptomyces globosus) H6-1 . (Streptomyces iakyrus) GD8-4 . I & %% %5 F# (Streptomyces
bottropensis) GH8-6 . (Streptomyces paradoxus) H8-2 F/1(Streptomyces coralus) D11-4. [ £5i& ] =/
JE FH TR PAR AR [ ) TR R 2 - & EU e SRS 1Y 7 BRI R B A A B ), (AR — 2Pt A .

KRR RN, RE, LR, WEETE, fEAEEH, EPbiG

Ji£R TR (Actinobacteria) /& B 2L A9 R A AE WAl R VEIR A TSR . BR T B B S W IR T AR Y
JEg IR . ATAESR, AMTHE M E A R s MR ) AR IR A A A IR R Ui S A

EEUH: BHEARPEE4(31470101); 51 RARHLHRI(17-3-3-57-nsh)
“BIS{EE. Tel: +86-532-88030113; E-mail: liurjsswl@126.com
Ugfs HER: 2018-12-12; {&EI HER: 2019-04-10; M4&HARHHEA: 2019-04-24



THEWASE | UEY2E4, 2019, 59(10)

2025

LA, A — 2 T TR AL P RIS R ik £k
W, ORI B A B S R 2 A
XY B . Ltk D A RGN RE 5 7]
Frse & e B Al AR 1 D3

T RN, 3 S 7 B AT AR PN RTAR ] A% il
RS AEPUE RS UCAETE Y BT, A
TRIEY), $E R R BUTE, IK  59E Hh 07 1 £ ik
LA AR BZ45 X E KRB I 2 A #0854
PRI, 5 g e At AR MR A Y A R T St24 i $R L
Py T 2 s s, Hor, X 2 96 TR A A
WA e s U0 AT T e 0 8 ) 5 T S SR
[ 5 s R ELTR (RFESRTT T . 2 MR TI T L R ER
VAN Y& JANRINVR P22 AL AN EE k13 VAR
JH 2 # AGRS8 Fil SORS119 1 #: i % 80%—100%
1R S50 HE J2E OO i 4 s B T Y R A B ekt A
VIR B GOAEE , 7RI HE AR R AN s A Py o
P25 it e 45— e VR U R AR RR 3 5
> R AR IR TR PR, sk
AT IR TR AT, AT T KEIfE
T PP AR 2 e FEAR Y R RE I R, X3
TS EhY - A v,

R FE AT )RR P RN AR R A ik £k TR A RE LA 45 08
B B, AR R AR EARSEE AL
Lk 2F ERY A KD, Goudjal ZEMIA 5 Rl
TR 43 B8 B2 T ] )7 A gk TR (IAAY) , it 2
T+ & ZF AR S . BRI N 7 AR
PRI T R GAEMRM IR 7555, LA i
gy A RIS BT R bk GMKU3100 fig
FEAENEER R, W HEMOKRERS G, BT
PRAK T R AW, i A U A PR FRL 43 B
B BRI WERE I W& PSPSAL, b3t
1) A 33 35O B i L X BB i 68%. B A iR ik
A WZS021 REfe#F HHEMR R A R, ZMIR

PN A B fn 30% A0 36%1°%,

AP0, R M TER R | AR AR
Ol A 77 DA B A A 2 ) 55 T LA E R
FEE R AME . SR, BT HAE BRI R
GitE L SRR A 5 15 Y S5 7 T BRI
FI R A 55 R 43 A 10 1 22 3 Al B HOB D) 8 R 3k
TR . PRI, X AEak A 35 Fp i 2 A R 43 O
YETAE, ATERFEEFEMBEREF R, JEA
] SAy HE— 25 JF & AR SR LR AR . LR &
PRSP V5 1 DX 43 A A K TR FR e Rt , 7RG
LHAE VA S 43K R e S R SR b, AT RE
FEAETRE T RE RO TR Rl 5 2 Ry bk =2
F0 18 b 2 i b PR B8 ) K AR PR B A 0, HLA AR
A ZREE PR 2R, R0 & i
YIgRIE, (EAS3E— AR Tk Y X
SRR, TERE, BAOMAERLATES
J& Bk Sy R A B M i R R R, [RIREE
RRER . AW AER B . A Tk 5 g IX £
1 v A P B A MR AR B LR FROR S
dh, B TEST B M8 A AL T HLAA B M S A
AERET TR R, DU A& b R R B
W, it — T R Y sk B R 1 i
SRR A AR JE

L ARAr
1.1 REAR

1.1.1 BEASREE: 2017 4 10 J1 FAIAILRGT S
TSNV i | 5 PN /0 0 b 2 el 3k BH X T
k75 44 X (119°37'-120°20'E,, 36°00'-36°30'N)##% 5
SUBORE 3 R AR AR M AR A RE AR M) AR 2R S5 AR+
500 g (3% 1), i RAERTE], Mo 55, FEALDR
1£F 4 °C UKF .

http://journals.im.ac.cn/actamicrocn



2026

Chuhan Ning et al. | Acta Microbiologica Sinica, 2019, 59(10)

x1 HERRXEHHBR
Table 1. Environmental parameters of the sampling sites.
Sampling sites Dominant vegetation Soil type Soil texture  Organic matter/(g/kg) Soil pH
Jiaozhou Bay saline-sodic land Pennisetum alopecuroides Saline-sodic soil Loam 7.82+0.6 8.5+0.5
Artemisia anethifolia
Jiaozhou Bay Wetland Park Gladiolus gandavensis Brown earth Clay soil 12.47+2.1 7.3+0.3
Phragmites australis
Hemerocallis fulva
Chengyang industrial polluted land Plantago depressa Brown earth Sandy soil 9.34+1.4 5.9+0.2

Portulaca oleraceal
Taraxacum mongolicum

112 ¥EgrdE: ()reiEsst. Wk 1 SRkt
AAEMETER 20 g.KNO31 g, K,HPO,0.5 g .MgSO,
0.5g. NaCl 0.5g. FeS0,0.01g. Hifis 20g. pH
7.4-7.6 FIZEME/K 1000 mL. (2) EREREFRIE: W
AR 1 SRR, (3) BTG TERE R PDA
FrRdk, THA4T5 200 9. HIAIHE 20 9. 3R 20 g
FZEMIK 1000 mL. (4) fEfEAEFREFR AL nglwe
ZTR Y E R FR 3P CAS i b 55 35 P20 I 4[]
REFR P (5) A FAfRARAE B JR 3L . F AR
A A A B 5 R T
113 MOl IR ER . S ddi ] w L e nl
(Fusarium oxysporum f.sp. cucumerinum, Foc) i #
E RO B2 A Py PR AP A S 4 i s R Sl T TR
(Fusarium graminearum) . Jk % %j il (Botrytis
cinerea) . 7. A% 4% % (Rhizoctonia solani). %84C
K Z£ 5 %5 (Macrophoma kawatsukai) 1R 2 4 I 7
(Colletotrichum orbiculare)y g A< 4% # ¥ = 27 2%
B AR 40 B 2 B 9T 3 4 8 R DR A o
12 BE&ERT B

A YR RV R T 75% 07K £ T it
Ut 5 min, 2%UCEBR BN EEGE 3 min FIJC K ti sk
3 min, BrifE — U R JCTR KL 200 pL TRAN
TorE iR E T 28 °CHE 3= 7 d K TH s 45 2R .
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Table 2. Distribution of the 283 isolates of actinobacteria isolated from plant roots and rhizosphere
Colonization distribution of isolates Wetland Industrial polluted land Saline-sodic land
Numbers of isolates colonized in root 44 15 33
Numbers of isolates colonized in rhizosphere 77 58 56
Total 121 73 89

x3 AREHEMESHEBIMIER

Table 3. Distribution of Streptomyces groups in different sampling sites
Wetland Industrial polluted land Saline-sodic land
Streptomyces groups Numbers of Numbers of Numbers of Numbers of Numbers of Numbers of
isolates in root  isolates in soil isolates in root isolates in soil isolates in root isolates in soil

Albosporus 6 11 6 8 4 7
Globisporus 3 2 0 0 0 2
Hygroscopicus 2 9 0 1 0 0
Griseofuscus 7 8 2 3 7 8

Cinereus 2 5 5 10 2 4
Lavendulae 0 2 1 3 0 1
Griseorubroviolaceus 6 8 4 6 3 6
Roseosporus 1 2 0 2 2 3

Flavus 3 5 3 9 9 12

Cyaneus 0 1 0 0 1 1

Total 30 53 21 42 28 44

2.2 SEFEAEYIAR P AR EE BB B AR SN BB R
TR AR

W 74 BRBCRTA 53 50 S AR BT . T4k
TSR A AR A T X IR 3R o, 18 BRI
PR A A AL AN, o5 Y 24%; 12 HREETD
RS, & 16%; 9 HRIDHIAfL 5k 7] 7 o
12%. S2-2. H6-1. GH8-6 Fl H4-6 X} 3 Fifiig J5i EL
PR 5 B A B B, I AR RS Bk
o GD8-4 Fl H8-2 X AR 4k /1 T Fl K 4 2 4t |
D11-4 X275 77 B FH IR A 2 4815 HLAG W S 41 i
ROV (EL 1) 3X 7 BRI HB-1, H4-6 Fll H8-2
A AR HUAE YR [ 1, GHB8-6 702 F IR Hu A )
WA, D11-4 4y A LY £+, GD8-4
Oy ES A RO AR N, S2-2 43S H Tl i5 g X
MR £ BEEL b 7 MR T O S s T
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FEMHIVEA ; Hob He-1. S2-2 Al H4-6 Af4s T 1
b BT R L AT B R A B SR . HE-1 X R Ak
W A TR AR SO 2R I e ) ek,
BRI 48% . 43%701 58%, HA T iEMEE T ;
S2-2 X I 71 Hif 77 TR A AR R v, A R
38%; H4-6 X RIS H I il I il ROR ek, O 62%;
D11-4 Xf 3/ Ak 22 R AN TR Beoi, o 74%. i
LR T TC TR & TR SR 24 L e BUR 2R S
SIS ¢ JEL AT A 400 ) A P G Al i Dt TR i, e o 410
BRI KT 50% (& 2 Fi 4).
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Inhibition effect of the 7 strains of actinobacteria colonized in plant roots and rhizosphere on 3

pathogenic fungi. The code number in the figure indicates the actinobacteria strain.
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Figure 2. Fermentation broth inhibitory effects of the 7 strains of actinobacteria colonized in plant roots and rhizosphere
on 6 pathogenic fungi. A: Fusarium oxysporum; B: Fusarium graminearum; C: Botrytis cinerea; D: Rhizoctonia solani; E:
Macrophoma kawatsukai; F: Colletotrichum orbiculare. The code number in the figure indicates the actinobacteria strain.
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Table 4.
on pathogenic fungi

EE T HEIR A AR B B9 A 2k B A& B R 3w TR B RV R
Fermentation broth antagonizing effects of the actinobacteria colonized in plant roots and rhizosphere

Fusarium

Fusarium oxysporum .
graminearum

Botrytis cinerea

Colletotrichum
orbiculare

Macrophoma

Rhizoctonia solani .
kawatsukai

Strains Colony Inhibition Colony Inhibition Colony

Inhibition Colony

Inhibition Colony Inhibition Colony Inhibition

diameter/ rate/% diameter/ rate/% diameter/ rate/% diameter rate/% diameter rate/% diameter rate/%
mm mm mm /mm /mm /mm
CK 6.9+04a - 8.2+0.4a - 8.1+0.4a - 8.6+0.3a — 75+0.4a - 7.240.4a -

H6-1 4.8+0.2de 32.3+1.1b 4.5+0.3f 48.0+1.2a 4.8+0.2¢
D11-4 5.0£0.2cd 29.2+1.3bc 7.5+0.3bc 9.3+0.8e 6.4+0.1d

42.6+0.4a 2.8+0.2e 72.2+1.4b 3.5£0.1f 58.1+1.0a 3.2+0.2e 60.5+0.6a
22.3+2.8b 2.6+0.1e 74.4+0.3a 5.5+0.2c 29.5+1.2e 5.5+0.1c 25.1+3.0c

GHB8-6 5.2+0.1bcd 26.7+3.0c 7.1+0.2cd 14.8+1.8d 6.6+0.2bcd 18.9+1.7cd 7.2+0.3b 17.4+0.6f 5.4+0.3c 30.0+0.3e 3.1+0.3e 61.8+2.2a

S2-2 4.4+0.2e 38.1+0.5a 6.0+0.le
H8-2 5.2#0.3bc 25.6+0.1cd 7.6+0.4b
GD8-4 55+0.1b  22.0+3.3d 7.2+0.1bcd 13.5+3.2d 7.1+£0.4b
H4-6 4.9£0.1cd 30.8+2.8b 6.8+0.2d

28.4+2.4b 6.8+0.2bcd 16.4+1.8de 6.7+0.1c 23.4+1.6e 4.5£0.2e 43.0+0.4b 4.3+0.2d 42.9+0.4b
8.2+0.4e 6.5+0.3cd 20.0+0.3bc 6.5+0.2c 25.7+0.3d 6.77+0.3b 11.6+2.2f 6.3+0.3b 14.2+0.6d
13.0£0.7f 7.5+0.4b 14.5+1.8g 4.7£0.1e 40.7+2.0c 6.9+0.3a 5.6+1.2¢

18.7+1.6c 6.9£0.1bc 15.4+3.2ef 3.6+£0.1d 62.2+0.2c 5.1+0.3d 35.0+0.6d 3.0+0.1e 62.2+0.8a

In each column, different lowercase letters after the data mean significant difference among treatments (P<0.05). The same below.

2.4 EFETHEYIR AR Bl 00 R R B AR A M2 A2
AR

SEALRI, T MRTAMIIRE AR 1AA(E 3 ISR 5),
Hh D11-4, GH8-6 il H6-1 /MY IAA 78,
D11-4 By & Al ik 22.3 mg/L; EMENLRR GD8-4 i
IR AH 2RI IAA 5 A% Tk HE-1.GHB8-6
D11-4 Fl GD8-4 ¥ A= B 4 1 ta 2 Bl (1] 4),
Hr, LA D11-4 R AR R(25.2 mm), FIHHE&
R PRk BARE S, HB-1. S2-2. GH8-6. D11-4
K GD8-4 HREFE LA IERE IR AL B R MK, #h8E
5 WA K RAF(#] 5), KB H A ETER [ 2 AE
1, b, bk D11-4 (AU R

CK H6-1 S2-2 H3-2 GH8-6 DI1-4 H4-6 GDS8-4

BN

B 3. 7HE&EE IAA R

igure 3. IAA production of the 7 strains of
actinobacteria. The code number in the figure
indicates the actinobacteria strain.
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Table 5. The 7 strains of actinobacteria colonized in plant
roots and rhizosphere growth-promoting effects in vitro

TEE T HEYR AR B A & & RO IR SME &

Strains IAA Halo diameter of Nitrogen
production/(mg/L) Fe carrier/mm fixation

H6-1 12.79+0.4c 16.7+0.3b +

S2-2  7.72+0.2d 0.0+0.0c +

H8-2 4.01+0.1e 1.4%0.1c -

GH8-6 14.24+0.2b 15.8+0.2b +

D11-4 22.33+0.5a 25.2+0.2a ++

H4-6 1.07+0.1f 0.0+0.0c -

GD8-4 7.31+0.2d 19.3+0.4b +

“+” indicates the degree of effectiveness; “~” means no effect.

Bl 4. 7 WRA S P Sk SRR L
Figure 4. Fe vector produced by the 7 strains of
actinobacteria. The code number in the figure
indicates the actinobacteria strain.
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E5 THRZEELRIEARELRELS REHYER
Figure 5.  Growth status of the 7 strains of
actinobacteria on N free medium after 5 successive
transfer culture. The code number in the figure
indicates the actinobacteria strain.

25 FEFLTHYIAR P FIAR B A 2 T i AR AR A
e
A P AR R 45 R AN 6 I .

2.6 SEFHTHEYIHR P FIHR B B R S W B
STFERE

ARG AR AT 1 TR TR T AR B B LAY S
FBFHE(E 6). I 15 HE5 0 | HE-1 K2R
e, R2ZKkEM, TAEEaR, filF285
s He-6 Kzziifa, EayrhntR2AN6,
TR, WERY, T4 HE; D114 <
P, S, FrARRKEEE, T4
Mtk ; GH8-6 R K IH, Bhzeoki, Jorliahk
%, fT29 MR ; GD8-4 LW M {a )5 ik
IR, e SR, AR AN BEAR, W
HIE, 220 Mtk S2-2 K I (a, ez JK
o, TAEEaR, WFL2EE; H8-2 K4KA
o, ez, TnEtax, mTrLEr.

LA MEE . EHAE R L 16S rRNA
TR IV 0T, T MRIR SRS 06 R BGR 103 5

*6. TEETEYVRAFRENBEZEEREE WHENEER

Table 6. Physiological and biochemical characteristics of the actinobacteria colonized in plant roots and
rhizosphere
. . . . L Strains
Physiological and biochemical characteristics ] YR GHEE ) T cDed VG
Gelatin liquefaction - - + - + - +
Starch hydrolysis + + + - + -
Cellulose utilization - - - - - -
Melanin production + + + - - - -
H,S production + + + - - -
Nitrate reduction - + + + - -
C source utilization No C source + + + + - - +
Fructose + - - _ + +
Glucose + + + + + + +
Lactose + + + - + — +
Arabia sugar + + - - + + -
Sucrose + + + + - - +
Rhamnose + + - + + + +
Sodium citrate + - + + + - -
Inositol + + - + + + +
“+” means positive; “~” means negative.
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angustmyceticus) ,

(Streptomyces rochei) ,

iakyrus , GHB8-6 i iif 5. % &5 4 (Streptomyces
bottropensis), H8-2 & Streptomyces paradoxus,
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(K 7)o

TESE T HEYAR A FNAR B B A 2 B & 4K BY B R 7S 45 ME
Micromorphology of the actinobacteria colonized in plant roots and rhizosphere. The code number in
the figure indicates the actinobacteria strain.

95 D11-4
82 Streptomyces coralus CFCC 31367 (F1883746)
95 GH8-6
92 Streptomyces bottropensis NBRC 130237 (NR041096)

& 6.
Figure 6.

72 E H6-1
] 100 “— Streptomyces globosus LMG 198967 (NR042295)

I— H4-6
100! Sreptomyces angustmyceticus NBRC 39347 (NR112507)
99 182-2
Streptomyces rochei T60" (KY213683)

99 100, GD8-4
Streptomyces iakyrus NBRC 134017 (NR041231)

84 H8-2
86 | Streptomyces paradoxus NBRC 148877 (NR041167)
Nocardia aobensis IFM 0372" (AB126876)

0.01

7. iR#E 16S rRNA FIHMERMRE LB R
Fig. 7. Phylogenetic trees based on 16S rRNA sequences. Numbers at nodes are levels of bootstrap support for
branch points (1000 resamplings); Bar indicates 1% sequence variance; Those in parentheses are GenBank
accession number.
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Isolation and identification of antagonizing and growth-
promoting actinobacteria colonized in plant roots and
rhizosphere

Chuhan Ning"?, Wenbin Li', Chen Zhang"?, Runjin Liu"?*"

! Institute of Mycorrhizal Biotechnology, Agricultural University of Qingdao, Qingdao 266109, Shandong Province, China
2 Plant Medical College, Agricultural University of Qingdao, Qingdao 266109, Shandong Province, China

Abstract: [Objective] The aim of this study was to enrich species resources of actinobacteria colonized in plant
roots and rhizosphere through isolating, screening and identifying and to provide resources for the development of
biocontrol agents via examining the effects of these actinobacteria on antagonizing plant pathogens and promoting
plant growth. [Methods] Actinobacteria were isolated from roots and rhizosphere of dominant herbaceous plants
grown in three habitats (saline-sodic, wet, and polluted land) using the dilution plate method. The antibacterial
strains were screened by plate confrontation test. Then Salkowski colorimetry, Chrome Azurol S plate assay and
nitrogen free culture were used to further detect their effect on promoting plant growth. The isolated strains were
examined by the combined morphological, physiological and biochemical characteristics and 16S rRNA gene
sequence analysis for taxonomical identification. [Results] A total of 283 isolates of actinobacteria colonized in
plant roots and rhizosphere, belonging to genera Streptomyces, Nocardia and Micromonospora, were obtained.
Among them, 77% belonged to 10 groups of the genus Streptomyces. Seven strains showed strong antagonizing
activity and plant growth-promoting effects. Strain H6-1 gave the most significant antagonizing effect among the
seven strains, and its fermentation broths inhibition ratio to pathogens Fusarium oxysporum, Fusarium, Botrytis
cinerea, Rhizoctonia solani, Macrophoma kawatsukai, and Colletotrichum orbiculare were 32.3%, 42.6%, 48%,
72.2%, 58.1% and 60.5%, respectively. Strain D11-4 showed the strongest plant growth-promoting effect, which
was found to be capable of producing IAA (22.3 mg/L), iron carrier (halo diameter 25.2 mm) and fixing nitrogen
from air. The seven species of the actinobacteria were identified as Streptomyces angustmyceticus H4-6,
Streptomyces rochei S2-2, Streptomyces globosus H6-1, Streptomyces iakyrus GD8-4, Streptomyces bottropensis
GH8-6, Streptomyces paradoxus H8-2, and Streptomyces coralus D11-4. [Conclusion] The three habitats had
abundant species of actinobacteria colonized in plant roots and rhizosphere, and the seven selected actinobacteria
isolates were proven to possess biocontrol potential, which is worth of further research and development.

Keywords: plant roots, rhizosphere, actinobacteria, antagonizing activity, growth-promoting effect, biological
control
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