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i OE. IS ZTI DA LS BEE—ZHTONAERKE, WG ERR T EARAK
A. (B8] KERBRASS. HEFEATERS A SRS HEMERLFTONERLT, H4A
Wi e R Ew A ah, [ k] RAALHBEZ AR 2 BRAIAETERARAKERA
#ATH B, HA Salkowski b &k . 484h Ak &k A CAS FARAR N % 2t —F 5 ik b B 8584
AMGEHKR, BEERFERNTHEHRERIEL A KR, 245605 A A LA 16S
rRNA A B F 7AW EF 2 AR A o4, AR AEFTEE. [4R] 958 g E —Hi3%T
# (Indole-3-acetic acid, 1AA)= &1k 25.56 mg/L & 1 £ XX B NEAU-D1, 4845 7% A sk Ak A
3t % AP AEL AL B A RIFIAM AR, @i 16SIRNA A B 57| 047, ZERBMERSE.
Erafe g NG P EFRELEREY, BHZARNERG Y LRK. KRe. ifE TR TER
sTRAHFNBEIE AT 9%, 23%. 47%F= 92%, miEATIZEMRFINDGARK . HhF . MRS
TR T ERSBELFNREE T 43%. 47%. 134%F= 58%. [44] 45 #H NEAU-D1 T w4k
ABENRABR TR TXARES DA DE L.
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Isolation and identification of tomato-associated endophytic
actinomyces and their potential for plant growth promotion
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Abstract: [Background] Endophytic actinomycetes are ubiquitous in all the plant species. The use
of plant growth-promoting endophytes has become of great interest as a way to enhance plant
growth. [Objective] Endophytic actinomyces that could effectively promote the growth of plant were
isolated, screened and identified from the tomato root, laying a foundation for the development of
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biological fertilizer. [Methods] Endophytic actinomyces in the tomato root were isolated with tissue
sand culture method and actinomyces isolation medium; bacterial strains with strong growth
promotion characteristic were screened through Salkowski colorimetric method, Mo-Sb colorimetric
method and CAS plate detection method, and their growth promotion effect was verified through the
pot experiment of tomato and cucumber seedling. Bacterial strains were identified through analyses
of morphology, physiological biochemistry, 16S rRNA gene sequence similarity and phylogeny.
[Results] Endophytic actinomyces NEAU-D1 with an Indole-3-acetic acid (IAA) yield of 25.56 mg/L
was isolated and screened, which could produce siderophore and had good dissolving effect on
various insoluble phosphate. 16S rRNA gene sequence analysis showed that the bacterial strains were
Streptomyces. Pot experiment of tomato and cucumber seedling showed that, compared with the
control group, the root length, plant height, fresh weight and dry weight of the tomato seedling were
significantly increased by 9%, 23%, 47% and 92% respectively, while those of the cucumber
seedling were significantly increased by 43%, 47%, 134% and 58% respectively. [Conclusion]
Streptomyces NEAU-D1 can be used as a potential growth promoting endophytic actinomyces for the
research and development of multifunctional biological fertilizer for facility vegetables.

Keywords: Tomato, Actinomyces, Promotion characteristic, ldentification, Indole-3-acetic acid

1315

(IAA)

LA PN 33 A7 AE — E RO N AT, £ A
RIS R G h o FAEY) 5 N AR RS AL AR AT,
X8 P A= TR AT LA e A AR A B0 I i kI
PRI R A A TR 10 2 T AR R A 1 AN
PN ERA IRl BR P e A, I HLRE S A BRI AR Y
— KA BRI R R RS2
AT Hallann 78 1977 4E45 4 S2 ik A th 1), A
WA A TR A TT DL R DAL TR N AR A B 2 5
FEIATH BEHD AT AL AL 2 b o s A5 2, T HoAN S|
AT W AE B A o RN AR R TR
WA R B, R iz e, JFEAT
B ORI T A e Py A R B A
o R AT TR AN e — E R AR S
PE G, X A AR ) B A B AR RS B 2 0GB Y
TP

SRR R AR L, AN A TR T DL
W AP A N b ST BT AAL %, TER A
o RS E B LEAFZS 0], N D) R IR AR A RO
HATMEF R C S R, AR b 2 %
MK E N E R R AT B, B
FEARIE MAH IR N 7 A5 B2 Ak XA A I
RERECHEA, R HHge il

A . Verma 2512 D\ 1T 285 A0 B ) B 5K
RN 525t 3 MREAT (R AV IR AT, T
AT LA A Ik Z IR (IAA) Ik s Rungin 2562
IR FE AL A 23 2t — ok H™ A R AR Y T2 T
W RBAR KRR B 38 R A 0 A oo L bR R R
oo — MNP AI AE IO TR e e A
S A I (2B K ) A R A AR KT, Bl
B P B ST R B, T LR
TR RS Canigsmle . BRERAA), T A 1Y)
ERKEE.

AHIGE R A LRI S 15 5 1 FI RO TR 40 3 4
I HE N SR T M MR N B A bR
NEAU-D1, XHZBEHR IAA | BREEIAR LI 215 H
BB IR SR R T TIE, Zad B
B WLEC AT 16S rRNA JE R FE 51 20 M7, B Bk
NEAU-D1 # #) 2 % & h 4 55 W )& . % I Bk
NEAU-D1 HzfhF 3l fe KAkl #E—%
B UE A BTz R AR A e A 5 . DA F IS 2211
Wit % 2 R AE R S ] S5 T & .
1 ARSI

1.1 EYERRE
TR R B B e V148 RUBR T AUk 5 =52 52 56

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1316 TEY I8

Microbiol. China

HeHh, e R Al VR H R B A S i 4
AR T N AR R R 40 5
1.2 EFE

(1) CPA JyEssi I (2) Wk — S5k
IO (3) CAS KM, (4) 1SP3 Zlifk
FH(g/L): e R 20.0 & 30 min, ffHIY)ZICH
oA R U IR UE WOk AR 2 1 L), KNO;z 0.2,
MgS0, 0.2, K,HPO,0.5; (5) TSB #5373k(g/L): K
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SR REL CPA (%7 50 mg/L i £k B i A

50 mg/L FYZERERIRR) |, 28 °C 1575 7d. PERBUAR[H
TEEWLRE I, &2 0T alifh J5 2
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Hh, 28 °C. 150 r/min #Ri% 1555 48 h, 1500 r/min &
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0.2, 0.3, 0.4, 0.5 mg/L)¥fli FEHEAT H vk sl
EHB R, ME T 4 s h (8%
R 45, BEIREE. WEIREK. BERRE)RTEET.
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PREFD TR R BeRE 73k rh, 28 °C. 125 r/min K%
F27d, WBEEALE 10 000 r/min &0 15 min, ZJ5H
TR E R 3 B, TG TR KR TR vk
PEAT I TN SR R U A T RO, L
10° CFU/Kg 5 J7 B IR ES ST P A TG 7 i 5
B B KNS i — 0 i i
I RS R T4 200 g FRET A FEFRAE S
L LSRG TR K Ak T ) G B R R B A Sk X
M, B 3ER, BAEE 104, T25°C
PN T AR P TR 3R, R Dl S5 a1 JC A
K, FREK 30 d JFMEREK . B, RREEE
itk T &, B SAS 9.2 k4T T 240 #r
(ANOVA), R 5/ i 35 22 53 1k (Tukey) X A [R] 4k
PRE] (4 22 S T L3
2 HREAH
2.1 AEIER™ IAA &
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Bl 18 BRAEMEKRERIEEILS

NEAU-D1 #4119 IAA ik 25.56+0.24 mg/L,
Fm Tk NEAU-H3, NEAU-A5 I NEAU-H7
(Bl 2)o B, XHZIEESET TS 22057 .
2.2 Btk NEAU-D1 F$k &K &
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Wl th—— R — 45 [Cag(POs),] . WEMRK (FePOy) .
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NEAU-D1 XA RN AR ) 028 = TR —45 |
WL Bk MR IR BF , WA MR BEIR AR A BE J136 20.76+
0.90 mg/L; HWREBER =45, WifAESis 12,90+
0.19 mg/L 2 = T HIA MR R ek MR e s 1A
Pk NEAU-D1 XI i B Bk (% %5 fif A& ) ik 256+
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NEAU-A4 NEAU-AS NEAU-A6

NEAU-D6
NEAU-H7

NEAU-H3 NEAU-H6

Figure 1 Colony morphology of 18 endophytic actinomycete strains
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Figure 2 Estimation of IAA production of different strains
T B 3 E S HRRE EAR NG F-EHGFRAE 0.05 7K
FEERRE.

Note: Experiments were repeated three times. Columns with
different letters indicate significant differences at P<0.05.

3 HE# NEAU-D1 F=8k# 1A HY CAS &)

Figure 3 CAS assay of the siderophore-producing of
strain NEAU-D1
250
a
20.0 B
)
@
i 15.0 b
5
= 10.0
&
g
~ 50
C
d

Ca(PO,), 7n(P0Q),  AIPO, TFePO,

El 4 BE#k NEAU-D1 X 3R HEEL 58 BY A RRUR

Figure 4 Solubilization effects of NEAU-D1 strain on
insoluble phosphates in liquid medium

T B 3 W E R FRRE EARNE TR ALE 0.05 7K
FEEFRE.

Note: Experiments were repeated three times. Columns with
different letters indicate significant differences at P<0.05.

24 HFHETE
2.4.1 TE#k NEAU-D1 BY4E IR A k4351t

XTI 43 B TR bR ) A A R MR R B, T R
NEAU-D1 HA™ IAA FIEREIKEE ST, REV R
4 PR R EY, BA —E MR M. MR
Pk NEAU-D1 #4782 Qe fa | i A &g . iR
R S LRGN (R 1), Hikk NEAU-D1 7¢
ISP3 ¥ FIRVEIE e, A&, JmAf
R, WKDGATAE AN KA,
2.42 THE#k NEAU-D1 #Y 16S rRNA EE F51 547

& 5 Af%1, Htk NEAU-D1 5 Streptomyces
violaceolatus DSM 40438 #1 Streptomyces humiferus
DSM 43030 7E[f—4r32, HIHAARIM:R S T
PRl s FoEam g . FlILE bk NEAU-D1 1R 1] BEJ&E
F Streptomyces. FE#k NEAU-D1 f%) 16S rRNA JE[A 7
G P25 FAE GenBank HESSk MF578943,
25 BEHEHAZKIRERR

AR, BRItk NEAU-DL /EHIT
R AR, R TR NEAU-D1 i35 iH BT
IR BRI — R AEAER . Bk NEAU-D1
AhPRR T ARG . MR . SRR . SR TEE
XTHEIA T 9% . 23% . 47%F1 92%, %5 83 (X
6, % 2). HFk NEAU-D1 AbBHAYE TR K .
L RREEEE . MR T X RIS 43% . 47%.
134%711 58% (& 6, % 3).

Fz 1 FE¥K NEAU-D1 14 {h4FME
Table 1 Physiological characteristics of strain NEAU-D1

T H Items 4558 Results
H22 [CYe 4 Gram stain +
TP RIS Aerobic test +
V-P i85 V-P test =
FH L2 (M.R.) 50 Methylred reaction +
TENI KA Starch hydrolysis =
B sk Glutinhydrolyzation =
fiERER IR ) Nitratereduced nitrite =
Al Soluble pigment +

W o+ BHPE; - B

Note: +: Positive; —: Negative.
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Streptomyces lienomyveini LMG 20091 (AJ781553)

81
99

90

98

~ Strepromyees violaceoruber NBRC 12826 (AB184174)
Strepromyees tricolor NBRC 15461 {AB184687)
Streptomyvcees anthocyanicus NBRC 14892 (AB184631)
Strepromyees coelescens DSM 40421 (AF503496)
Streptomyees violaceolatus DSM 40438 (AT503497)
*GGE NEAU-DI (MF578943)
Strepromyees humiferus DSM 43030 (AF503491)

50 [ Streptomyees coelicoflovus NBRC 13399 (AB184630)
Strepromyces eurvthernius ATCC 14975 (D63870)
Streptomvees fragilis NRRL 2424 (AY999917)

_|: Streptomvees flaveolus NBRC 3715 (AB184786)
Streptomyvees iritolerans DAS 165 {DQ345779)
|: Strepromyces tendae ATCC 19812 (D63873)
Strepromyces rubrogrisens LMG 20318 (AJ781373)

Streptomyces marokkonensis Apl {(A965470)
Streptomyvees violaceorubidus LMG 20319 (AJ781374)

Sireptomyees thinghirensis DSM 41919 {(FM202482)
Strepromyces althioticus NRRL B-3981 (AY999791)

Strepromyces matensis NBRC 12889 (AB184221)

i': Streptomyces hyderabadensis OU-40 (FM998652)
Streptomyvees porvifus NBRC 13193 (AB184326)

Strepromyees olivaceus NRRL B-3009 (JOFHO1000101)
ﬁE Streptomyees pactum NBRC 13433 (AB184398)

Strepromyees malachitospinis NBRC 101004 (AB249954)
Streptomyces luteogriseus NBRC 13402 (AB184379)

98 Streptontyces futeus TRM 45540 (KN039946)
I: Streptomyees mutabilis NBRC 12800 (AB184156)

Strepromyces gevsiriensis NBRC 15413 (AB184661)

77

—
0.001

{ Streptomyees enissocaesifis NRRL B-16365 (DQ02664 1 )
75 Streptomyees vinaceusdrappus NRRL 2363 (AY999929)

5 E# NEAU-D1 SEAMHEMABFEREGRHNARAZLEH
Figure 5 Neighbour-Joining phylogenetic tree based on 16S rRNA gene sequences of strain NEAU-D1 and the similarity

type species

T ZEW A FR Bootstrap fB; F7/R 0.001 FIRFHIZ R3S $55 NEUE GenBank Bt R 575
Note: Numbers at note present bootstrap percentages; Bar 0.001 nucleotide divergence; Those in parentheses are GenBank accession numbers.

3 W
A58 VT B o 14 4 398 A K A A
WATES 18 BRCER T, X EA IR AR R 2
e THERE NEAU-D1, REMS W20 k3 v 1
AR EFUR . Bk NEAU-DL = IAA I & h

2556 mg/L, & T Qin Z XKLL 4B
AR TR KLBMP 5084 T A= 1Y IAA 5t(8.24 mg/L)

LUK Verma 252 B RE S5 R RR P4 385 1 119 3 bk
R IAA 195 (9.22-13.73 mg/L). HFk
NEAU-D1 A{UAT ISR 1AA, T H 7 A8k
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B 6 E#k NEAU-D1 A BEMFAEFNAIZHIEER

NEAU-D1

Figure 6 Plant growth-promoting effect of strains NEAU-D1 on tomato and cucumber

H: A F B NEME NEAU-D1 X &AM AR ; C F1 D MRtk NEAU-DL X8 NI A AL AEMCR. CK X HR CREEFI K

NEAU-D1 4h3).

Note: A and B: Plant growth-promoting effect of strains NEAU-D1 on tomato; C and D: Plant growth-promoting effect of strains NEAU-D1

on cucumber. CK: Uninoculated strain NEAU-D1.

%2 H#k NEAU-D1 WEMLERIREHR
Table 2 Plant growth-promoting effect of strain NEAU-D1
on tomato

b3 By B
ALEE NEAU-D1 CK f‘jm};_
Treatment Increasing ratio (%)

R 12.01+0.33 a 10.99+0.34 b 9
Root height (cm)
3= 30.43+0.68 a 24.71+0.28 b 23
Shoot height (cm)
AREEEE 5.28+0.22a 3.58+0.18 b 47
Fresh weight (g)
SMFE 0.92+0.07a 0.48+0.03 b 92
Dry weight (g)

T CK: ARHER 2 SR IR, R Bl R P I AR v D
7. [FF R R AR NG PR AL FRIFITE 0.05 K- 22 57 .
Note: CK: Seedling substrate inoculated with PDA medium. Values

are meanszstandard error. Different letters in one column represent
significant difference at 0.05 level. The same as follows.

HRREE T FIFEAR SR . A0 o W AR ZR AT DL 25
H SR LT AR, [RIRE = A i e ) kg A
T SRR T e e B A /N B, A R At R TR
VBRI A K2 AN, SBR[ A X
SRR A AR R RE )], AR I Vi
T, JUH BERR A0 R IR — 5 H A AR 1 T R Re
F1o HHEMEVEBER Y 50% L) F LABERRAS T A A
TE, HUCHBERREE . BRIk NEAU-DL
FENG AL - HEE S P B IR S . BEIRAN Hh R 4 AR
Fi. FERIRR NEAU-D1 ACFR 3750 R0 8 A v S 7k
I, FEk NEAU-D1 ACPEAHERE B H 35 R4
ARAVER . RIS . MRS DR TR B,
Hitayksg, K. witk NEAU-DL X7 ATE K
A AR R A N RV )
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% 3 ¥k NEAU-D1 M &R E BB EHR
Table 3 Plant growth-promoting effect of strain NEAU-D1
on cucumber

B 322
A NEAU-D1 CK i‘?‘ h”%
Treatment Increasing ratio (%)
RE 15.93+1.31a 11.16+0.60b 43
Root height (cm)
= 19.36+0.49 a 13.21+0.74 b 47
Shoot height (cm)
R e 14.76£0.59 a 6.31+0.64 b 134
Fresh weight (g)
ST E 1.31+0.04a 0.83%£0.03b 58
Dry weight (g)
NPT R, HA SRR A KA

FRMRE Y, HAR AL Ayl 5 /- A i R
WL R IR SRR R A KPP,
BN (NN RIS N A Y Ol R
NEAU-D1 7E i Fl e NG i AR A stk AT T
W, 3 *Hﬂéfﬁi?ﬁﬁHMﬁ?Jﬁ”i‘ — 5.
WHRE BT A R A0 AR ASE, REREE NI
AR B S AR A A AT i — 2T

2k LTk, Tk NEAU-D17E IAA 74 . Bk
BRETNR S5 0 22 Pl 7 THI AR 2RI B A i
PE, X Fe ARG B AL AR B &, e
[k NEAU-D1 A5 S0 FIsitish 3% 2 DiRe A=
NEEM T K o T — 250 I iz s AR AR A s A= A
BHOBEE , JFET R AR IR oY . 24K, X
SER PRI AE A AL M R E— 2SR

4 S

A 5T 1R it e 750 36 A 1 R b A= K 1 3 i
AR PR 0 T 07 3 A A5 — B T 3 it R IR HLA e AR
YERIRITEE NEAU-D1. fERAE RS H, TEbk
NEAU-D1 Ab3RA4 R bR . A R AR T
BHA BERY, HEmMME PR RIEER
EMMCAEEA . BA T IAA, TR P F1= 8k
WIRMEE S, Z5AIEAS | A B EfLERIE AT 16S rRNA
FER PN o4, WP %E Bk NEAU-D1 HE7E 1R
Ja8 T2k 1 (Streptomyces sp.) .
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