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B O [FF7 YR EHOAA R B TR Ao AR NL 7B A & W R, CARERE o R B AL
Yha R B B 6T . L8 6] AR A H /K42 B K F (Rahnella aquatilis) JZ-GX1 F g4k & R 12 A
BERE A AAt, St— IR F A SRR E T OB EER. [F%]) RARML %, @id
44 X 4 (Chrome azurol S, CAS)K 547, 3T % vh JZ-GX1 B R 2k & ik 0 JUAT & B B T 3 ATAF 5,
FRil it B 2 A KA )R RN R E R 2T AAT AR AR R A R EOR . [ R ] w4 KMB A a3z 7
A, Ands pH 8.0, & E 25 mL/50 mL, % 1%3EF E4E4F, /£ 28°C T34 36 h TRFZHHK S
T g, SR AERERAAHABRREFFEFRA G ISR KBR, ERESTTUHFLEL
B2 7 it 2 9% & (Phytophthora cinnamomi)#e= 4% £ 4% i (Rhizoctonia solani)#47 4| % 353X 2| 100%.
[436] KIEBKH IZ-GX1 AF a5kt 135 E AR A T B s B BT,
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Characteristics of siderophores production by Rahnella aquatilis
JZ-GX1 and its antagonism against forest pathogens
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Abstract: [Background] Siderophores is considered as a new bioactive substance with development and
utilization value, and has been gradually applied to the control of plant pathogens. [Objective] To clarify
the optimal fermentation conditions for the production of siderophores by rhizosphere growth-promoting
bacteria Rahnella aquatilis JZ-GX1 and further explore the potential role of siderophores in controlling
plant root diseases. [Methods] Several fermentation factors affecting the secretion of siderophores were
studied by CAS fermentation analysis, and the antagonistic effect of siderophores on two forest pathogenic
fungi was determined by myecelial growth inhibition rate method. [Results] The results showed that
KMB-based medium, initial pH 8.0, liquid volume 25 mL/50 mL, inoculated with 1%, and cultured at
28 °C for 36 h, can obtain higher yield of siderophores; it can produce carboxylate and hydroxamic acid
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type siderophores; under optimal conditions, the inhibition rate of the fermentation stock solution against
Phytophthora cinnamomi and Rhizoctonia solaniwas were 100%. [Conclusion] Rahnella aquatilis
JZ-GX1 has a good potential for controlling root diseases of forest trees in alkaline soils.

Keywords: Rahnella aquatilis, Siderophores, Fermentation conditions, Antagonistic effect

BRI A YEATT S E R RZ—. R
BT IEDP RS ®TE, B4R A
DA YARRR M2 S TE, S AGIIAE
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P Y)W Z T 5 - SR A 1) At i B 3
GrA R T RGBT SR, B, SRBUE 20
W SR 58 AR IRV Z AR R A A 2
I# (Plant growth promoting rhizobacteria, PGPR)7E £k
Bz BOIEBUE [ BT A R R B A Fe¥ /N
THEY—IEERR, BIRRY], XSk nr Ll
T EFSF GO R R IR R A, TR F
Pt R H YR, Tortora 25 FTEL VG [ 4
B2 T (Azospirillum brasilense) f= A= B9 JL 2% B 7 2k 2,
PB4 24t 2% JE B (Colletotrichum  acutatum)5 |5
(9 BERT BTG , BUS T B IBORP, i
AR TR FOAR PR 3 b o B 15 B — AR IR R I
(Pseudomonas) 4 i , TEARER A4 T % BT E 9
(Botrytis cinerea) i 4= KA1l il % i ik 91,291

A S5 2 F A A EAA R R O3 B A5 3 — PR AR
At A s K 7 8L G 7 (Rahnella: aquatilis) JZ-GX1,
HUAOIERY], ZXRREE AR | P4 RN
PR, XA — 2 BRARCRT, R
56 F K B H JZ-GX1 Pk R I 35 4
PR WAHRIE ,  [R] IIZRAR ARAAR Jr  H5 P A
FUATERE . BTSRRI PRE A g TR se g
) EE A, [ A S AR A AR 7 Y
K, ARBFERIRKBLE IR JZ-GX1 7B R 4%
HAFAL, FEX B R R BT R, R
0I5 B TR R T YR KT 7P R A A R S5 it o ) 4 e
BORHATRIVN, DUIE FHRCEY) ™ R Vg R
X B B TH BRAE TR VPN B R T 1 AR
B P BT o SR

1 MRETE®
1.1 ##
111 #ilEKk

HR B A= 20 i 7K B2 J2L G TR (Rahnella aquatilis)
JZ-GX1 43 H T VUEE T 28 4FA: H R AMRPR 3,
AL R . 7 AL 22 4% (Rhizoctonia solani) . A2
%% (Phytophthora cinnamomi), 47T R ARl K
S N SpL L EM he
1.1.2 $#E5FE. TERFIFLE

MSA Ki5R3E(g/L): TEWE 20.0, RAMERZ 2.0,
K,HPO,, MgS0,-7H,0 0.5. SM 3435 3 (g/L) :
K,HPO, 6.0, NH,H,PO,3.0, MgS0,-7H,0 0.2, 3%
JARREN 4.0, pH 7.0-7.2. NB EiF¥(g/L): FNHE
3.0, &M% 10.0, NaCl5.0, pH7.4-7.6, LB }3%
F(g/L): H I 10.0, EERRE 1KY 10.0, NaCl 10.0,
pH 7.0.KMB }5 773k (g/L) : 45 11 20.0, Hih 10 mL,
KoHPO, 1.5, PDA }iFfdk(g/L): 445 200.0, #i
ZjBE 20.0, CM 157755 (g/L) - Fri&EmREN 2.0, NH4NO;
1.0, K,HPO, 05,

KA, H B AR AR =
s, mE AR R A R A | 5 RSN, AIER}
HEXREANIE TORSE T SHRREN, FE st TR A R
oAl HeAH, B2 GA TR A FL

BHMPNEETT, MEBRIRRA A RA
RGO, FIZEREER) s pH I,
MR- R A () A BRA F]
1.2 BEHRFFRESRERNEB S

i FeCly 2™ pumehszig™ - Arnow’s 52
UL Shenker's SEI6M AT FIH & T bk g R
ST,
1.3 BEHTESRENEESN

ML NA SR BREUR R, TG 224200 A
PRBGH LT & T 50 mL NB 15373k, 28 °C 180 r/min
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RiFE e, ZJ5 4 °C. 10 000 r/min &.0> 10 min Ui
LT, FH 0.85%F A FIER K PR 2 Uk, TR T &
WiHe gy 107 CFUIML %5 . SRJR % =it b
WAL PR AN R SR EEH, 4 °C |, 10 000 r/min &5
> 10 min B EE FARFREE 1:1 A #% K5 (Chrome
azurol S, CASKIW, FeorIRAIEHEE 1h, W
630 nm ALAYIREIEL(AS), LABEGEAK X IR . 5
s (KGRI S CAS Kl S AR ST, DI
EAEZ LAY, AR A [(A-A)/A]x100% 55 0E
B poka R,
14 BEHFEESENRELBREHFIE
141 EFEE

PEH KMB, NB. LB, PDB, CM, MSA . LNM
i1 SM I 8 il F 3 PR A T bk g e 207 LR 1) e T
Hige, #%E13 AR R A G, it
MR A TR 225200 .
142 &35 pH

PR TSR R pH B35 4.0, 45,
5.0, 55, 6.0, 65, 7.0, 7.5, 8.0, 85, 9.0 11
AR FR, AR SRR iR 1.4.1,
1.4.3 A E2AT(E]

ik 6, 12, 24, 36, 48, 60, 72 hiL 74>
APEIEAT PR IE R AR ) R B R, B RER AR
PRI kA 1.4.1,
144 M=

S 0.1%., 0.5%. 1.0%. 1.5%. 2.0%. 3.0%
It 6 NI TRRIE R R A R RS TR, HE
Re R RGN 7 vk TR 1.4.1,
145 BE

3% 15, 20, 25, 28, 30, 33, 37 °C#: 7
AL T RARRE R R A R R R, H e R
SRR A 1.4.1,
146 EHRE

50 mL R4 50 10, 20, 25, 30, 40 mL
I 5 MR TR A B R R R IR R,
EREFR ARG I i F] 1.4.1,
15 EFESRZEABGSRERENERNE

W 1.4 RO FRAS 0 R R & T2 i [ 3 25
AR TR EE, KB EOE, 42022 pm 1Y

TAALUE L B BR T, SRJE 200l 4 5 . 10, 100x
MIFERAGECS PDA RERILIRA, Hilnir 28 P-4,
PRSI , e PR h B Fh AR 8 mm (1
BRI BB, 25°C MR 5d 5, ATk
MR B E AR LI KMB 15353k B % AR
DI 50 ma/L (1) 8-F2 S (22 BRIR 2 4) by B X
B U B AR (mm) A B D B2 B4R (mm) 5
PP EAR (@ mm)Z 22, IR ARTTE: Ik
R (%)=(4F AL H e EAR - PR B DE Y R B
1)} BRA R FT 8 A% %100,
1.6 B

RIGBAE ] SPSS 22.0 Bt HEA 707 2250 il
Duncan £ [45 (P<0.05), 144 Fr A Y bR R

2 ZRH54h
21 KHEEBERKE JZ-GX1 MEHkEfEaiEsu
SR

1E Shenker’s S256 77, 1 JZ-GX1 il #5 1k k4
VSWCTE 230 nm Kb R BRI, TR RE AR IR
PR AR AR A AEVUMRERSCIG Y, VA (B RE S 3 B
RAARIRA A, BHNZRERENE 4 SR e R 7
MR, UILHIROKPIRICE JZ-GX1 HREER RN
ERERIL AN
22 KHEBERKE JZ-GX1 FREEEMAREY
ik
221 IEFEIN IZ-GX1 BHREGEAE N

Al 1 AT, KB RCH JZ-GX1 kR FIH
1)) ODggo IEFEA LA AT I A R EI/ MRl : KMB>
MSA>LNM>NB, &35k 025 ik 3 0 7K
IMi7E LB, CM, PDB, SM }igikkrh, JZ-GX1 Mgk
% FIE W ODeso (X M AMH ., UEWITE 8 Rt Ftt
H, KMB SRR A R TRk Z-GX1 /g k= .
2.2.2 #1%4 pH ¥t JZ-GX1 EHkIES E =2/

M 2 AI%0, B8 pH (X JZ-GX1 Bikkrg ik
Ry SR B pH KRS Bt
Ja TR, T pH {H 8.0 BFikF|iH KM %KM
JZ-GX1 43 Mhr 2 A5 B R B T A 1] - P Bk P ) 38
BE, DO TR AL I 3T Bk B 2R e A
JR RS HT AT RER
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Bl1 EFEI IZ-GXLEEKEFENTN

Figure 1 Effects of different medlum on siderophore
production

T ARRE AR/ NG SRR 0.05 /K- 125 5 3

Note: Columns with different letters indicate significant differences
at P<0.05.

30 -

Siderphore content (%)

4.0 45 50 55 6.0 65 70 75 80 85 9.0
pH

2 #%h pH EX JZ-GX1 B EENF N

Figure 2  Effects of different |n|t|al pH value on
siderophore production

i ARRIE_EAE/ING FEMURAE 0.05 KK F22 5 B35

Note: Columns with different letters indicate significant differences
at P<0.05.

223 kEERTEXT JZ-GX1 EHkFESRE =2/
i [&l 3 AT, k@ﬁmﬁi%Wuzmq-ﬁ
WERRR A, A R TR ER, M6 h 2
36 h 28 T, T 36 hikFE A i, 36 h3|
72h Z AR TR B, %8 36 h ifEr) =g
PR R IET ]
224 1EFEN JZ-GX1 BRMEGEEREN
%ﬁEMﬁmﬁkﬁﬁuﬁ&ﬁ@m %ﬁi
ANEHAGE, SEIR ARG, REERT K B AR

KR, FRRBARK, SEEERILE TN,
INTTFRAR R B . FRIE 4 ATLAR DL 1943
e, SR A AR PR ] 22 AN 1. 35 (P>0.05) .
225 mEX JZ-GX1 HMHKFES R ERIF N

H I 5 A, JZ-GX1 AE AR A IR T Bl Py B
FRBA AT —E EIEERER, 7£28 °C LIS, bEE
ER TR, RBEEERWEE, 7£ 28 °C ik
R KME; ZJRREE RS TR W PR, UiEH
Tk X WK R A I REMA R, e i AR IR Y
Fil(20-30 °C)N, MEERZ - aim, hhBE IR E
EARF T IZ-GX1 /ribmgsk % .

50

[ et +
< = =
T T T

Siderphore content (%)

<
T

=

| | | | |
6 12 24 36 48 60 T2
r{h)

B 3 %EETEX IZ-GX1 B ETERNZIT
Figure 3 Effects of different fermentation time on
siderophore production
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Siderphore content (%)
[s=] L]
=) &

T T
o

=
T

0.1 0.5 1.0 1.5 2.0 3.0
Inoculum size (%)

4 FEMHEX IZ-GX1 BHEFERFIT

Figure 4 Effects of different inoculation amount on
siderophore production

T HRRE EAREVNE FEHMURTE 0.05 7KF 22 A B3
Note: Columns with same letters indicate no significant differences
at P>0.05.
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Siderphore content (%)

15 20 25 28 30 33 37
Temperature (°C)

B 5 BEXJIZ-GXLEH%ETENE
Figure 5 Effects of different temperature on
siderophore production

T HORIE EARE/ING FRHMUERAE 0.05 /KF- F 225+ 3.
Note: Columns with different letters indicate significant differences
at P<0.05.
226 RMEN IZ-GX1 BHKESETENEM
B 22/ 2R B R B e U, U
RS i AR TR A A R P A i B R R
IS RRY], TEM N 256 mL/50 mL i, FEER
Rz, (A5 MR AL BS RRE SR
AN BOA 22 5+ (P>0.05) (4] 6).
2.3 JKRIBERKE JZ-GX1 MikE A BERX LM
LiZEAEREEE KR
HIlE 7 AT UA H, KPLEIRE JZ-GX1 gk

RN K I U8 VROK 9 Ao i TR L A A R ) 0 A
A, I 2A7E 26.36%-100% (35 1). BEH KEER
W BRI N, WE R B W EERRAR, R8N,
MR 10xF1 100, JZ-GX1 Hik"~ g
R 3 R TR U0 VRN AR 928 B 1) 1 A R B ik T ST A 22
A 5 T DR ) S 4 00 o) 55 2 g AR ST A 22 A% TR Y
AR, IRE T AIBHPEXT B (AN 8- FEmE oK) [R] B
MIRCR . 2 as B R, 3T BA AR R
TR, B AR R BV A TR B = R A B 2=
S 52 (P<0.05),

60
40F _a

20+

Siderphore content (%)

10 20 23 30 40

Media amounts (mL)

6 FEMMEN IZ-GX1EHEFENTM
Figure 6  Effects of different media amounts on

siderophore production
e HORIE EARTE/NG FERRERAE 0.05 /K E S A RE,

Note: Columns with same letters indicate no significant differences
at P>0.05.

B 7 AREKIARRKE JZ-GX1 kR A BRABREHNNELR
Figure 7 The antagonism of different dilution times of siderophores produced by R. aquatilis JZ-GX1 against two

pathogens

W A SIRVZZHE; B: BOEAE; 1. 2, 3. 4. 50l CRIHMEXTRE . BHMEXTIE . WERRER A BRI . 10 f5H1 100 F5H FER.
Note: A: Rhizoctonia solani; B: Phytophthora cinnamomi; 1, 2, 3, 4, 5 represent negative control, positive control, stock solution, 10 times

and 100 times dilution of siderophores respectively.
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F1 KERRKE JZ-GX1 B R K B R X A 9% R & 89 HH %R
Table 1 The inhibition rate of siderophores produced by R. aquatilis JZ-GX1 against two pathogens (%)

s Ji FH M R R
L. . 10x 100x%
Pathogen Positive control Stock solution
AL 224%  Rhizoctonia solani 100a 100a 51.08+0.48b 26.36+3.31c
F&E %5 Phytophthora cinnamomi 100a 100a 93.33+1.36b 68.98+2.23¢
i BT EE AR ZE, [T PAR/NG TR R 22 5 8 2 M (P<0.05).

Note: The datas represent means+SD, and different letters in the same line indicate significant difference (P<0.05).

3 WikE4e

FENAMC A — L0 T IE R R 7 A B Jy T 1Y)
3l , A e I 1 )& (Pseudomonas) e |
4 50 FF @ (Bacillus)™? . 7 T E R 1 S
(Burkholderia)*® ., A z#T & & (Acinetobacter) 4% |
TR W R A 4% JLAS 9 (Catchlate) . 205
Ji% (Hydroxamates) . J&M2+h 7 (Carboxylate-type) 3 it
RIS 1 UK S S BB FRJE 411 74 (Rahnel la
aquatilis) JZ-GX1 7] LL43uh FRER R AN 552 i FR 7Y
PIRIIEERE, & T2 G TEREIA, Mixhzekaidkn
TE2H 45 R A5 0 T 8 3 — 25 B I e < o 16k
SR AT O3 HT

7 R R AN R AR AR PR A A T A
() E e A A K A Ras Rz —, TrE
BRZ 50 W2 B 2R R i P2 AR 5
e 240 D P K 2R AW i J LA TR 647 TSR, R B
FREERNIE . WIkh pH. B KEERTIX KRR
W JZ-GX1 BEERR T A &, UL AR
XK. APV AE YD RE I R AR 2O
MR, XU | — LS = S5 T R
SRR AT ) TR R E R P R B A Bl IO BN R
ARG . R R R ORI L JZ-GX1 B R
PR B EE, BEHEER R I S IR R
Tk FU LN e RS R I R R 2
FERTEAP, BT LU AT AR S T
R A eI

M IAEE 25 R AT LA, Ak ab 211
AL S R A R R, TR N 254k 8-F Bkms bk .
JEH 22 R, U] 8- IS PDA B

FRAEHL R TR AR, WA IR 22 T 1A F 2k
BIRMICHAETE, KBRIRE JZ-GX1 gk R
RIS PDA il B 8P Ak 3 1 AH [H] ) 25
W MRSFRBAECN 100xET, MEACRAEE, Ui
IR 2, A RRMERBUARN RE S 2Kk
W, BREFA BRI AR R R, 2R
RRARWBAEN . B 40 A R 1 26
BErp kot 4 b8, I T I AT AN Bk
HAERK S Z 2 MmN 7R T A P o Bk Rk 28
WAEA S PIE RN ESOCR, AR PGPR (1)
BREARES G T KL i A 22 RN 20, HEDL S
TSRS, ETERRE R e
&y, 1M PGPR 3 2 2k B A e A il Jt 7T 1) — 1
YRRE TS L E R, SaiiiEm T REA
PREYER, AR 3= s AR I i it R
ZAATRES UG R — R FEG 288, T
BRBAFRE L, BREARXT R EE G Re 1A 2218
K, HBLEREAAR S WA RE T AR H SR A A W) O BEE AR
A i R HC B s

WS NE HOR I A RS — R KA
A7 (Trichoderma longibrachiatum), & FH~F-HR XTI
VAR ST A 22 A R I B 2 M 58.56%1%%,
% [a) B4 A B J LT Jo e 1) A e 25 464 49 (Bacillus
subtilis) % 5 | AR A6 37 At 1 7 A 22 4% o B $5 e
ER, $EECAY JL T 5T Bl X 0 22 AR K3 i 3 o
88.19%%%, I UCIRI 45 R WK PLECH 1Z-GX1
PR R I R R A A R By, TG TR R 0 AR
B R Tkl . Rk, KRR JZ-GX1
TEAE P hTe e AR B LT TRk .
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WF9ERIT, R A Py gk e AR mT LB iR A )
TEAT RN 58 F ik A, Zhou S5 AN w2 /R
75 [ 15 (Burkholderia cepacia) 7EAR 2k 2514 F 7B Rk
EHEMPRIELT, PR RVE 3 T
) 1) il K SR S IR R 108 38 ok Tl 2B ) A A P R
ARG, A K IZ-GX1 BRI MAEER B AL AL
JRYE 558 T B 0 BRI IE AR T, R AT
A JE R G AR — 2 .
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