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i B (FFT) MAVARREDIGERLEL B R, SBART MR IRR AN =4 0
—RIKS T 2B ETHAY, THRTHES FiREMMmAe K, B, HELA S F%BIRAE
HAAELEKR. [B 6] ARRIR LR T 5B & R BARMEY, AT KAADWAR T A F R A%
FRFR. [Fi%E]Y KA chrome azurol sulfonate (CAS)-FHME Z k0B . 4lLRF S T4 EIKRE
HAM, B EWRA 18S rRNA K E 55| o472 BARSAT S 2, b hah b, RAELRE Kk
EMACE PR BARSAE, i EEH KRG, b E KA AZE. [£X] 2B KEF
4 HREBRBRAR A, EF—ME SR BRREAMTRE, BT H RLL, PS5 T AHEHE
(Aspergillus niger). RL1 893 AE F 4k BARIZE S5 A #0ds pH 5.0, KRB H HAESE S g/L, BAE
20 °C, 3Bt 5 d, #ik 60 r/min. F#& RL1 B &RRE G, LiHFHaMREEE ot h R
SEEAS TR K. SR KREIETH B R(G.2x10° CFU/mL)E, Mtk E 8t & & fnE ot
ST FHMWS A 75.0%F 74.4%, T4 F artEFE b REAF PR L EHEH A A 49.8%.70.9%
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Isolation, culture condition optimization, and preliminary
application of siderophore-producing strains

XU Jialu'?, ZHANG Ping "%, LI Meifang"?, LIAO Bohan"?, PENG Peiqin'?, LI Jing'?,
MEI Jinxing'?
1 College of Environmental Science and Engineering, Central South University of Forestry and Technology,
Changsha 410004, Hunan, China
2 Hunan Engineering Laboratory for Control of Rice Quality and Safety, Central South University of Forestry and
Technology, Changsha 410004, Hunan, China
Abstract: [Background] The key to promoting green agriculture is microbial fertilizer. Siderophore is
a low molecular iron chelate produced by rhizosphere microorganisms, which can promote plant growth
by chelating Fe’*. Therefore, it is of great significance to screen out the strains with high-yield
siderophore. [Objective] In order to provide germplasm resources for the development of plant
growth-promoting bacteria, we isolated high-yielding siderophore microorganisms from rhizosphere
soil. [Methods] A fungal strain with high yield of siderophore was isolated and purified by chrome
azurol sulfonate (CAS) overlay plate method. The strain was identified based on morphological
observation and 18S rRNA gene analysis. The culture conditions for siderophore production were
optimized by single factor experiment, and the growth-promoting effect of the strain was preliminarily
investigated by hydroponic experiment of Chinese cabbage. [Results] Four strains of
siderophore-producing fungi were isolated, one of which with strong siderophores-producing ability was
numbered RL1 and preliminarily identified as Aspergillus niger. The optimal culture conditions for
siderophore production of strain RL1 were as follows: initial pH 5.0, carbon source of glucose at 5 g/L,
temperature at 20 °C, culture time of 5 days, and rotational speed of 60 r/min. The fresh weight and
photosynthetic pigment content of Chinese cabbage increased with the increase in the concentration of
RL1 suspension. When the maximum concentration (3.2x10* CFU/mL) of suspension was applied, the
total fresh weight and the aboveground weight of Chinese cabbage increased by 75.0% and 74.4%,
respectively, and the content of chlorophyll a, chlorophyll b, and carotenoid increased by 49.8%, 70.9%
and 26.7%, respectively. [Conclusion] In this study, a fungal strain RL1 with high-yield siderophore
was isolated. High siderophore production of the strain was achieved at optimized culture conditions,

and the strain could effectively promote the growth of Chinese cabbage seedlings.

Keywords: microorganism; siderophore; condition optimization; hydroponic experiment; fresh weight;
photosynthetic pigments

FERADRE, WREEHTRE, &, SRR EERL, FHERET I
JUHAER, Al A i T AL AE LR RIRE ™ AR AR A TR, AR S AT AR A HE 5
() H A AN A e P AR B T F R A RRG A TR R R R+ 220 A
R AR, S0 LRI B N TR, WIIRAR B RE AW, RA et
A A BTN R, REFIUARR . B, #95% WA SNty R i 3 S F 2R,
F5 o> BERE T AN B VL0 5 4 R OR SRS IR T XA RUE AR o A W AR B Aie A= T (plant growth
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promoting rhizobacteria, PGPR)[2'3]O H Burr %
TE 1978 4EHE T 2 BRXT B AR K AR A AE
FHE) PGPR DIk, HAEA:W /R rh i As
ik EZY, HAjA % PGPR XHEY ML
AAEF B A KERGE . Cavite ZDHF5E 205 H 1)
HEPREE IBBw, A0 B SR 5, SR
RPEFP B IR T T 60%; 24w H SO Al
VIR R LB T 3 BRZFHAF I (YCIL |

YC3172 fil YC5064), iX 3 R 1EF AKFF &
ZEe . AR SE EOK ARk I SR B W
e A a8 T1 s XBHRILZETV B T 4 BRI,

Wt 2 IR G M N E ARG 45 R BN,

2 SX-30, SX-12 Fl XJ-4 JR-A WAL HL K /N
MRS HBEWIMT 129.94%, £ SX-12
1 XI-4 TR A TRV AL BRI /N 22 4 v T S S5 3
T 182.12%,

PGPR A= g £450 0 3 )7 : (1)
TEAEW A R A R L A RD [ E AR AE
YERME A B TR (2) - EA KRR
(indole-3-acetic acid, IAA) | 758 % (gibberellin) |
A it 43 22 K (cytokinin, CTK)EY ACC Jji % i %5
WY AR 3) i aWPiER | 2 b
MRS DAk "), PGPR nl i i —
a2 Pl AL > A2 2F AR P A= R RS A AR 4
i, IR A 25 AR 0 A o, BRI ZE 7 A
A, R AR g K RGN BOn R
YA A KRS EE TR, HAE
A BRACE T AR AR, e LB AR il
Al A 7= 38 T I R Bk A TR, T
i N ARER IR BE AL T LR S A R
G0 il D PR 5 v A AT A T e AR Y
[F) R, JHE A R TR A A O R s Y — o B
Jr KUY R ZH0A 25 T AT AR R0 K B = 4
K& . AR BRI, BeEEMAEY
X B W WOGE i, 3G AR Bk R 8 Bl

P, R UK IR R e A e i e R
G TR 7 R AR A I T AR L, ECTR T Ak A A A
AR AL D 8 SCRRTE 40 I 3R T L E 8%
BRI A DA LRI BT 7 Ak A A A
F E N 5557 5 R B (hydroxamaces) Fl 2 iR £k 71
(carboxylates), Tk L E S IT Y 4 FREKE AR
PR BB UESE T3 SRS T 8 MREL
EATEE W EAR I RE T, SLimR ], Hirp
PR RE ) B R LT P8 X A A RN H B
AL B RR S . AR . b BERAEEER . MRAR
KR AU A B2 e s EH . Bk
PRI A BBR T AERE ) SR R R E AR
5% o HAE R P R PO R AR P PR
Jr PP A BB Nk, PR
PR A LT B R A O R B A
X BT, AR EEEEE PGPR MY Bk
(UNEWA

EAE A AR, S5 R SRS FR A 5
MR AR . TG B AR - A &
LERREI , DR, X Rk AR R R AR R A
Mk B E S, RIGFEPHR LI, Hik
WI-3 TEARAGBRIR . WLEE | 5% 3 DL Rw) b o 5
pH SE55MFE, AW ™ A i BRBAAREE G R 1Y
BRI IR 64.42%; AFHEPY S B — RR AR
SERLZFAAAT I CD36, i B R e X H R
WSRO EAT O0AL P S R Y > & vk i oy
1.17 mmol/L, JEARMALETAY 2.6 1%,

Bt NATTER B AR TR I A el A, BT oK
BRI, AT PR AR R S E AR
AT . AR SCGHE S chrome azurol sulfonate
(CAS) - M 7 5 15 43 33 i e 15 3] — Rk o )™ ik 2
R LR, IR R R SRR Y B AR 3R
FRAM; TEUCIERE [, KRB ) A BT
PR X BT AR AR08, DU BE T A AR )
MR Brfi A= T A B e I .
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WL

1.1 ##

(1) MR M pg Aol B R 2 A= i
B2 0 55 1 — PR 52 i R A AR PR 1 1 rh oy 25 15
S TR

() ity . FilgEd, WA KD ELE
KA.

(3) PDA Kigidk: D443 200.0 g, HZhH
20.0 g, Bl 18.0 g, 2B FIsK 1 L, PDB Kist
TR INIERE 1) PDA BE 573

(4) CAS Kl 13731, CAS 60.5 mg, 1
7N e 3 = LR K 82 (HDTMA) 729 mg,
1 mmol/L FeCl;*6H,0 (10 mmol/L HCI B #il)
10 mL, 0.1 mol/L ®fR+h2ZE ik 50 mL, Hifg
9.0 g, XET/K 940 mL.

(5) BEMRERZE v WEMR AN 5.91 g,
BEIR A —4h 24.27 g, F ALk 2.50 g, BER A
Bo0.75¢g, @k 1.25g, EETKIL,

(6) BREkik CAS K" W A: FREL
0.079 g CAS ¥ T 50 mL £k, HinA
10 mL 1 mmol/L FeCl; % (HC1 FLil); %5 B:
¥ 0.069 g Tr5bidk = H IR ILE (HDTMA)%
T 40 mL ALK B A BEIRIE R RES:
LI B ¥, HERHE SRS 100 mL CAS
LR Salll N

(7) BHIRWAECHY: RS 0.85 g, fHFRH
0.40 g, HilREE 0.30 g, HER _HZ 0.15¢g, £
BTKI1L,

1.2 FHiE
121 FHBREHROIBELTE

(1) W58 52tk

PRI A 10 g A 90 mL JC I 7K il B 1 35
B, B S B8 A 9 mL /KA, #7107,
1072, 107, 107, 107 KRGS . 7E Ok

ZAMFF L, I mL EREBRAE W 1 mL 107" R
FI BT 9 mL oK, GERS IR 3 Ik, &
A1, R EE N 1072, $ o AR s B 3
107°, B 107, 107 PR B4 0.2 mL I A
A3 PDA i 5k b, BRI R HERD 2 A8
Mo FFEERD T 1 BER W A & T AR AL R 57 4
Hi, 28 °C M FH5E 5-6 do MR H Pk LK
PRI ATF R, KL ZE PDA Hi3F
K&, 28 °CfHIRM IR IR 3-6 do HEFRIE ML
SET AT, A AN A 3 B PR BOE A [F] 9 T
70 BIE PDA e deP-Ai k) 2k, =158 PRIBCRI 46
AR B sl AT R AR RL TR R 5L 28 °C
BigE 3-6 d J5 T 4 °C {17

(2) Wk TV = E

FL.I DNA fy#HUd ] TSINGKE DNA
B ik 6, DA R DNA AR, R B
G 1TS1 (5-TCCGTAGGTGAACCTGC
GG-3") il 1TS4 (5'-TCCTCCGCTTATTGATAT
GC-3") 4T 18S rRNA JEL[H Ay PCR 44 Fil
FPi22 i SR (K V) A R A B F) 58 R
FRIG T A= W22 %2 . PCR W AR ZR (50 uL):
PCR Mix 25 pL, #itR 1 uL, ITS1, ITS4 5|49
(10 pumol/L)4% 2 pL, ddH,0 20 pL., PCR JZ )i 5%
4 98 °C 2 min; 98°C 10s, 54°C 10s, 72 °C
105,35 PMEFF ;72 °C 5 min, PCR =¥ 4 10 g/L
TR WG e v DK R I i A T B DRI R, R 4
JHIFH BLAST 1& GenBank 54k 128 kA AR
Fe %5 . M MEGA 7.0 BE47 LR 51 )
X5 R G A F R AR CRIU neighbor-joining
5, bootstrap {H4 1 000).
1.2.2  BHRRIFERE IR EE SR

(1) 7 PEAG B

FH CAS V-7 55 1 2 TR AR 1 7 ik A g
71, B CAS ¥ T K 5 75 fi ik = R Ak 8%
(HDTMA)JE i (48 S W, S &
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BREARET, BRERRE S T RS, &
VIR IR, Wi e T alh) CAS, 7E R AA
AN R AR R T

W 2AAS B () TR I8 SRR FE PDA $5 5%
b, FEAMEFRADT 28 °C KT HFR
5 d KB G I CAS Kl 3% 72 5008 A1 % 40 °C
AR, R A B4R 10 mL 5] A PDA
B S, OB 1 h WLER AN B Y
Ak,

(2) ERKEY

W 4 °C RAFMI TR RN T PDA 5573
M b, T 28 °C AL BEFRAA MR SR 3-5d, 8k
HU# 22 % 100 mL A9 PDB Ji 3k, T 28 °C,
120 r/min Z5AF T HFEEEEFR 5 d, )RR AT UE
JEAE 5000 r/min B Z5F T 2.0 10 min, 5 B
T, JCHKEER IR, 5000 r/min #.0> 10 min,
PRS2 LB, Wb EE e 3 Kk, IR
T, i A TR

R 5% (B E0 0 Rl 70 T
PDB #3753, T 28 °C. 120 r/min §3% 5 d
J, 8000 r/min #5.0> 15 min 135 F1§W . MR
A PC A, B PCAEHAMA 3 mL i CAS
Frl , For R A R IS, IRAIHE 1 h
J&, FE 630 nm ARG LI 4, J3HL 3 mL
REAP ) PDB K537 3585 3 mL (19 CAS £l 72
SIS, R RIFE I J7 2 e FEW o BEAE S
Pl oo BREMRG MR AR BREkik
AR (%)= —(A‘);OA') x100 .

1.2.3 EHRFSRERERZGML
(1) 5537 IR pH X B8 Bk 7= 42k 28 1A i 52 i
IR B9k pHAE N 6.0, I, K454
PDB W AR 55 T2 W1 i pHAE 43 31354 4.0.5.0,
7.0 #1 8.0, VXA pH CRIETT pH)H—ZHEN
XFHEL, F CK m o BG BE SR I M T % 5% (I

B BOMEMEHEM(TE), T 28 °C,
120 r/min £ F i35 5 do SR T bRk ik
A%, LR 3AERE (T,

(2) 3575 v A 05 FH 6 TR R Ak 2 A
gL

B IR 2 A B A IR IR SR R BE R R, 7
PDB JiF Akl Iho% S5 A A B i A Tk
IR, ZEALBERNZE, TULRERTIE
Shy sk T 4D ) 28 W P 0 T R R AR 3R B S )
WA mE R R E R 0, 5. 10, 15,
20 g/L, /1 0.1 mol/L Y HCI 5%, NaOH ¥ 45 4H 55 %
W B HE pH {EE N 6.0 (5 pHAEAE 5.0-6.0 ZJH],
WA pHAE, FIAl), T 28 °C. 120 r/min
MR 5 ds

(3) HHEFR B XT AR R A (15

BEEF N 120 r/min, 4351 F 20.30.40 °C
R EFR 5 ds

(4) HHEFRIT B X T AR 7 R AR 1Y) 52 1

WEEH N 120 r/min, T 28 °C 4 Hl|E3%
2.3.4,5.6, 7d.

(5) A O TR 7 AR A 1 52 i)

E 28 °C 24T, 435%1F 0.60.120,200 r/min
AT RFE 5 do
124 LBFHREKBFRE

WRBUSIN FHEF B 5 it T)
BETH 20 mL HERBEMWEHEFHET K
30 mm, 7% 30 mm, /& 50 mm), —#& 2 Fk, B
BHEE T AL P (HE 24°C, 16 h,
I 18°C. 8h), iREi 4 AEFE, HHFP 8 mL
() RL1 il F BB (R 090 0. 0.8x10°
1.6x10%, 3.2x10® CFU/mL, 4% CK. TI1.
T2, T3 £m), BAAHEL 3 K, AR
MEF MG E, 3 d B KERR
W (PR B, B55E 20 d JEIE

357 20 d B9 BT B SRR 258 oK
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Ve, T XAE T 24 h, 43 B 2 FIZE 3
FREE 430 s L 7 a0 0 R A
AT 663, 645 F1 470 nm KT AE 4k
Fa, MEEE b MEEHE PREED,
125 HRSMSHEIELE

R 3 REEZNEHME, H
Microsoft Excel 2010 1 SPSS 24 % {4+ k47 £
5 Mr. K Duncan £ A (P<0.05) 70 BT 4%
AbRfE] 25 5, il E R A Origin 9.0 #4

2 BREM

2.1 EMOBERRIRERNEN

Ll oy EAAAb RS 4 BREE, 450
9 RL1, H4. SB3, ZR1. /] CAS “V-HAE #H ik
W2 AR R EUARRE 1 (B 1. R 1), 4 KK
AR B (A RS 21 (g B, b RL1 K # e
EFRECTE AR EY, VLR RLL 723
TREe 1Ak L, 205 L RL1 XTSRIF
R .

Bl1 EREIESRBARENDERER
Figure 1 Qualitative results of siderophore
produced by strains.

F1 ERHFHRBKENIEESR

Table 1 Quantitative results of siderophore
produced by strains

[EL7 BRER G B

Strain Siderophore synthesis rate (%)

SB3 16

H4 44

ZR1 63

RL1 89

22 FHRBFEMBEE

W EARTEEE 1. R DR — Rk
AR E ARk RL1. &% RL1 56 ae 198, JF
oA, SRS U B (0 2 R AR SIR
T BT A A A R, A
TR, /IME E KA B AR R ER
RaAEAMT, A2 (K 2A-2D),

Pk RL1 P45 57 NCBI (NCBI &SR 5
i MZ769138)H 5 AR ¥ 51117 BLAST

O

o &
o

a D00

B2 ®E#k RL1 EEESMBREH A BK
A5 B: TR C: T TdE; D: pA
¥

Figure 2 Colony morphology and microstructure
of strain RL1. A: Colony morphology; B:
Conidiophore; C: Sporangium; D: Conidia.
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ARRUPE FEXT, 25 R, itk RL1 5 Aspergillus
niger IFRMRIYEILE] 99%LA F ., YEHU S HFE RL1
FIPEAR T TR RR , I MEGA 7.0 SRHIAE
$27%: (neighbour-joining method)#4 4 & #£ RL1
ARG IR ER, W% E RLL R e
(Aspergillus niger), WKl 3.
23 BEMERBERERSFGMUER
WAETE RS R b, BE SR SRR H 7 Bk
BAG EA BRI, i —Li248 RL1
TR R (4 P BR AT 7, R FH B TR 3R R v o)
BRI T RGN, FEEHET

BRI R VILG pH. BRIECEIATH St . KE
FRURSE 5 SR 1) B B8 R e 0 7 Bk A e
PRI} I
2.3.1 1EFEAE pH WERFHKSIAE T
“#R

e 4 FoR, AR RE )52 5557
WG pH MSZ ALK . 25350 i pH (Al
4.0, 8.0 BF, 5 AREEFRIEYILG pH AHLEL, TEHK
RL1 AYEREAMR A BB T RO AR5
MWW pH M RAREREIA G R 58.8%), 4
WREET 31.9%F1 27.8%; 4B pH

92[ RL1 (MZ769138)
65 | Laspergillus niger (MT729864.1)

64 Aspergillus awamori (KF263921.1)
100l 4spergillus awamori (MH856964.1)

{Aspergillus tubingensis (MH854604.1)
79 78 Aspergillus tubingensis (F1629363.1)

100 | Aspergillus terreus (MG811573.1)
-Aspergillus terreus (MW040820.1)

99 100 rAspergillus Sfumigatus (MT277017.1)
92 Aspergillus fumigatus (MT272736.1)
100| | Aspergillus fumigatiaffinis (MT312763.1)

100 Aspergillus fumigatiaffinis (MT312748.1)
100 | Aspergillus tamarii (MH854614.1)

80 Aspergillus tamarii (KP165434.1)
100 | | Aspergillus nomius (MK682677.1)

95L Aspergillus nomius (LC415575.1)
Aspergillus ochraceus (MH854577.1)

54 Aspergillus nidulans (MH865286.1)
41()0[rAspergillus sydowii (MT765119.1)
9L Aspergillus sydowii (MG991629.1)
lAspergillus aculeatus (EU326206.1)
100 gspergillus aculeatus (MW260073.1)

Gongronella lacrispora (MH858146.1)

0.05

3 ET 18S rRNA EAFFMEME RL1 REELBER 65K GenBank B3R5, 48
BrREHRME; R 0.05 CERZFH R E R

Figure 3 Phylogenetic tree on 18S rRNA gene sequence of strain RL1. The serial numbers in parentheses
are GenBank accession numbers. The numbers on the nodes show bootstrap values. The scale bar represents
0.05 substitutions per nucleotide position.
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70

7

60

N
W=

50r

40 b

301

b
; Z
20 7 7

101

Siderophore production (%)

CK 4.0 5.0 7.0 8.0
pH
B 4 1EFEYE pH W HE# RL1 P HKAE
o A[E/NE R R R O [R] 4h B R) 22 5
(P<0.05), FId]

Figure 4 Effects of initial pH in culture medium
on siderophore productions by strain RL1. Different
lowercase letters represent significant differences
among different treatments (P<0.05), the same as
below.

H4 5.0, 7.0 B, 5 HAEEFEPILG pH M,
Bk RL1 BERE ARG R 505 BT 10.2%F0
0.3%. I, B e 82w G pH (AR 5.0 B %
R TR RLL P72 2R A
232 BHRETEHEEIEXMNEKRTHREAKS
Mo 9 25 3R

s 5w RS R B I A A 2 R
N, AR RN 0-20 g/L B, Bl AR
IR R, WRR RL1 ARG BER el K
SR G BRI s AT R S /L B ARk 2
AR S, SARMEEBAAHLREST
13.3% H. 22 57 1. 3 (P<0.05). [H, Btk RLI1
FREREARR PDA K557k T B AR A B i
H5g/L,
233 EFREMNEKSSRBAZMER

WE 6 i, MiJE R 20-30 °C i), Bk
RL1 BB EMELARAKN 73.0%FF =
72.6%); MUREEE 30 °C F+ & 40 °C B, FEMkEk

80

70

60 -

50+

40

30+

Siderophore production (%)

20+

0 5 10 15 20

Glucose concentration (g/L)

5 IEFEPEEESEXEK RLL =K1K
yEAL

Figure 5 Effects of glucose in culture medium on
siderophore productions by strain RL1.

80
a a
7 %
60
50
40 -
30 b
20 _ %
10
20 30 40
Temperature (°C)

Siderophore production (%)

6 AEIREEH RL1 P=EL 8RR 200
Figure 6  Effects of different temperature on
siderophore productions by strain RL1.

A BRI B8N (P<0.05) ., IR, B kR RLI

FERRAR AR I B FERE SRR R 20 °C.

234 EFMEMNEKSSBAZMNER
B 7 MERRE SR 2, 3.4, 5, 6, 7dJar”

BRIZARAG R I e 25 5 o 25 R W , B Ak RLL

FE 2-4 d BPERERIR G LR W N, fE 4-5 d

I, BREIAG R ARG K, EFE 5 d A
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Bl RME, HEREIAS L E] 88.79%, 5k
FREFE A 4 d AR EE SR T 68.02%; HiJE, X
FRBFh 5-7 d BPERBUA A U HERTE 88.79% LA
o UL, PR RL1 77 SR 0 5 LR s 57 ) [
J5d.
235 HERWEHRTHRBIAE WAL R

K 8 JEFRIREL N 0. 60, 120, 200 r/min
ZAMF R R RLL 8 3UA G R i I e 4528 .

100

80

60

40 -

Siderophore production (%)

20

\

t(d)

B 7 EFEENEK RL] P8 KR 0
Figure 7 Effects of incubation time on siderophore
productions by strain RL1.

70 a

ab é

(o))
S
T

W
S
T
N
N

bc

(98]
(=)
T

Siderophore production (%)
N
S

e}
el

—
)

0 60 120 200
Rotational speed (r/min)

8 IERFFEMEK RL1 =R E KB M0

Figure 8 Effects of rotational speed on siderophore
productions by strain RL1.

ZER R, ¥ H 0 t/min FF & 60 r/min B, B
Pk RL1 M8k IR 5 BURIEA M, B 50.5%7t
E 64.1%, WFHZEFALEE(P>0.05); M5
WA 60 r/min FF £ 120 r/min B}, FE#E RL1
BRI S BRI BN (P<0.05); Y5 KT
120 r/min B}, BEARAEREUAG R T 25
(P>0.05). ML, BkE RL1 F=#kakik il e
N 60 r/min.
24 EHE# RLI X EEBEFHRERR

R K BRI 5 R A 9 B i RL1
PR i AR /N R T X, HREE
RL1 RGN, B E R/ ING B
K

2 MR AEIIXT i E A (DA E )
M, 255 BoR, 5 CK A, T1 PR
PREEM o | AR ARG E IR A0 13.0%
M 12.9%, 1 HACPEBE T B 2% M T2 F
T3 Kb P AR AR A Py et B S 1, AR =R e
TSR A3 R 55.0%F1 74.4% , AR H k1 0
SRR 53.0%F1 75.0%, YA B (P<0.05),
XU B PR R AR TR AR RL1 REfE MR A AR K

£ 3 NS AIXT FEEHE A BRI,
SRR, T1 MMMk SER a. KPE b
25 CK M T 2R 5 CK AL, T2 #
T3 AbHAERRM AR a F g
43.0%71 49.8% (P<0.05), 442 b & &40k

9 Bk RL1 X EBEMEEER
Figure 9 Growth promoting effects of strain RL1
on Chinese cabbage seedlings.
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F2 BREWNEBFTYEEVENENN
Table 2 Effects of different treatments on the
biomass of Chinese cabbage seedlings

Ab ¥R EYN Ry ER7S R

Treatment Stem and leaf fresh Total fresh weight
weight (g) (€3]

CK 1.43+0.03c 1.50+0.03¢c

T1 1.614+0.03bc 1.69+0.05bc

T2 2.21+0.11ab 2.30+0.03ab

T3 2.49+0.30a 2.63+0.32a

#3 BFUAEWNEBEYEAGEREIENEN
Table 3 Effects of different treatments on the
photosynthetic pigment content of Chinese cabbage
seedlings

b3 282 a 4% b FKWNE R
Treatment Chlorophyll a  Chlorophyll b Carotenoid
CK 16.74+1.04b  4.7740.68b  3.49+0.24a
T1 16.63+1.55b  7.79+0.99a 3.21+0.57a
T2 23.94+1.09a 9.04+0.73a 3.624+0.69a
T3 25.07+0.61a 8.15+0.24a  4.42+0.38a

i 89.5%71 70.9% (P<0.05), 258 N £ 14
BRI 3.7%H1 26.7% . X156 B = = Bk R AR B ik
RL1 BEfEHEHEYOE A BRI AL
3 W

AR, A R B PR E R AR Z
RO, HARKRAREHEEAR, flan, 5%
A S5 23 A SRR AR P 43 I ZE AL B W3, 7E
fie U5 S A M . RN BT . W00R pH 7.0,
Y 30 °C. FEIRFEHE 180 r/min A= K BT,
BRGNS B A B —
BRI ZF AT CD36, Holpe = ka1 753
JEh 26 °C, PG pH N 7.2, AWF5EH, K
PDB 5525w G pH {E8 5.0-7.0 B, Bk
RL1 & kAR IR, 5 FiRBIREAHLL,
ZEMR AR REE pH BRI, 7EWIR
PEFI TR VEEREE N B R R AR A TS )

i pH<5.0 8%>7.0 B, HA Bk 2k (AR B A2 21417
fil, XAIBESE pH ISR T B AR XTE 724
JO A R AT, AT X6 T A 200 i ) L A e S
Feoe e . A N ) TE A AR R, 3 R A
TR 23 52 i A R R R (8] 4). D 5 40 BT Bl
7£ PDB i 5, d Y4 B R S A A e
(<5 g/L)Re e m itk RL1 B 8BRS L
K, (B E R E  m (>5 g/L)a] BE2 ) A B
(B IEIR, S AT K S, DTS 0 B A A
BRI G L% W RETE M IR IE M A M AT
P AR P — e SRR g AR A, Bl
YN 2 R oy A AR A . B 6 P, BRI A& RL1
FEIRE R 20,30 °C B ¥R A R 844k, 40 °C
A B R AR A B R B B A . P RE R AE I
SE R N, B S R R AR KON R
FIBESZ A B AR RL1 5 BRI R A0 G I 1) 1%
P, S0 SR 5 A WS AR P
AN TR PR 4 A A RAR AR 4 B B [RTEEAT LA
KB, 5 ERHAMBEEA L, % B AR R AR
1.(20-30 °C)AYE N RE S B9, XA ] T Pk
RL1 7ELBREW IR . B 7 o br ki, %4
PR R AR G BRI B R K G, BEA KE R )
[R5 3R R B sl A
SO T R AR I A . B8 B, FRIKE:
BEAK(0—60 r/min)if, B RL1 Pk # 4 fE
Pgehy, FWIRLL oTRE MM, 5 FibHAD
WFE AL, BERE RL1 T BEEE A T R
ih 2% (Aspergillus niger)j&— 331 WL HY r”
BREAATW, BT RamsiE, &M
B —A-w WACY, Bar, EAsMRihEE
IAE R FAREW I RIE SR 0 0 A i e T
R RL1 BA SR8k nyee s, w3
VT RO ER R SR B S £ AR
1o Kaur ZEPN 558 % 4R1F 1Y Streptomyces
badius THIEEA R =2k AkRe ), LR
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PENEA K, RN YT SER L B
Ik XSBS 38058 M= ki me )1, kb
BRI SR S AR AR o> T A T T
Ay 26.1%F0 64.5%, AHFGE 5 i%45 A
£l % 3 B/R, RLI fTHEWALIE FIG5EHY)
AL AR SR, XATREEE M RLI
CIPEBUEAT=AES st VYIS AL RIN) SINiF S
JE ok i R HERE YO A B E A DT

i bk, RLL HA RIEFMEAEER,
A A PSR LA R AT R . 5 R R
WK E R Ty, Al i — X Wbk RLL ™
A R AR IEA T 43 B8 4l Ak B A W24 T RE Y
PE—25 R G T DA AR 1 LAt 2 A A R R S I
FIFEIF K 5 Blee G A4 Hrk, F RL17E
I A T R FE S AN

4 G

(1) AWFFE AL PIAR B 3 v 23 i i 15
B —Phm R ER B R R, G5 RLL, )
U5 Ry BB B (Aspergillus niger).

(2) MR, S2]E RL1 1Y
A R IE SRS R WIlE pH {H 5.0, Bk
TR A RS R S o/L, IRJE 20 °C, B 3Emta] 5d,
B SRR RS 3 60 r/min.

(3) BilHEKEAK BN, ME RLL FHE
WA, BEEE Ay e R RS
BERMGE a MtEE b Ea B MNiE
L, RN B A BRI ARCR
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