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wEY REY BHTE' FEZEY ThL” £V pE
1 Hilta Rz A e Hole 22M 730000

2 HNA A SR LR E S5 E Hol 2290 730000

3 FREARUAEY S IRAE HR A E AR SRS HOR 22H 730000

1  E: [#%]) £ EH(Paris polyphylla var. chinensis) 3% B —Fr & 5 A#s P h4t, A 4, |
THEERIZEFRA, AHFAFTRANCHERZ., LFITHOAIRBRAGARA, £ KER. RF
WERARETZNFHRZE. [8 ] M54 H T KL —F IR LR 2 e Rk IE1R, ok 54T
e ER. [HHEYVBEFAT A0 BETAALR, RRCIRE LA A TR 69 AT 2 RAT
F LRI, LRABAATHANE RER, FRAZBRIEAENAE M, 5204 &35 - 53R 3
A (Liquid Chromatography-Mass Spectrometry, LC-MS)4&| 5 B /& 69K o o A Ean e &
el R B et SR A, LC-MS &Rlvt A KB, RABR. BLEE. FEFEE. wlsris. £
KENESE, NELTHRTASADNERIF. [LR] 5 BF2) —HE jdqmzz-1, 2 rDNAITS 5
Gl gt HAFIER, AEANEE, H#EHRS whE (Aspergillus sydowii); F =T AL B KA
TR FfeleEAEK, LA BR. £3mRAER KIW%T A (Fusarium oxysporum GSICC 60612). &
BmiANF BB RIRAFA AT | A (Pectobacterium carotovorum subsp. carotovorum, Pcc ATCC
15713)6948 A, AR HIEHA 42.50%, LA RSAA LK S RAFIH F RYA, BRAEL
HAEERGE, THARFEERERELSTRIBLANRST 541502345, 4L 4 TLE
209.88 mg/g EF F, HKATRRIE T 48.80%, A B EFHRATRIERT 15.20%; -F R, FHRK.
FHFAELRTBAA R EEP<0.0)RF. (L8] 5B L AL ARR S WE jdqmzz-1 8B H K
WARH AL F A A K,
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Growth promoting and antagonistic effects of endophytic fungus
Aspergillus sydowii from Paris polyphylla var. chinensis
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LI Xin’ YANG Hui '*

1 Institute of Biology, Gansu Academy of Sciences, Lanzhou, Gansu 730000, China
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3 International Scientific and Technological Cooperation Base for Characteristic Microorganism and Plant Resource of Gansu
Province, Lanzhou, Gansu 730000, China

Abstract: [Background] Paris polyphylla var. chinensis is a kind of precious Chinese medicine materials.
Over-exploitation leads to the lack of wild resources. The artificial cultivation is restricted by the poor
growth and frequent occurrence of diseases. [Objective] Exploring of plant probiotics is an effective and
environment friendly solution, according to the requirements of ecological planting. [Methods]
Endophytic fungus was isolated by conventional methods and identified by comprehensive methods. The
germination test of maize seeds was carried out for screening the isolated fungus which had been reported
to promote growth and resist disease. The nitrogen fixation activity of microorganism was tested
qualitatively by nitrogen-free ager. Antimicrobial activity was detected by plate antagonism test. High
performance liquid chromatography-mass spectrometry (LC-MS) were used to detected the metabolic
components of microorganism and the contents of salicylic acid, jasmonic acid, abscisic acid, gibberellins,
cytokinins, auxins in leaves. The underground biomass indexes were also measured. [Results] One of
fungi was identified as Aspergillus sydowii by rDNA ITS sequencing, morphological observation,
physiological and biochemistry identification, named jdqmzz-1. The strain jdgmzz-1 which contains kinds
of stimulative, antibacterial, and insecticidal substances can promote the growth of Paris polyphylla var.
chinensis, fix nitrogen, and antagonize pathogenic microorganism. The antagonistic index was 42.50%.
The Paris polyphylla var. chinensis seedlings endogenous gibberellins and auxins in leaves were increased
by 54.1 and 2.3 times, chlorophyll contents were increased by 48.80%, malondialdehyde contents were
decreased by 15.20%, respectively, while treating with the strain. Average root numbers, root lengths and
hundred plant weights of seedlings were also significantly increased. [Conclusion] The isolated
endophytic fungus Aspergillus sydowii strain jdgmzz-1 can effectively promote the growth of Paris
polyphylla var. chinensis.

Keywords: Paris polyphylla var. chinensis, Aspergillus sydowii, liquid chromatography-mass

spectrometry, endogenous hormones, growth promoting effect

AR A A Bl (Liliaceae) T % J& (Paris L) FH
Y, eBlcRA CEZRESRIPEEEY AR ) -
2015 i s N R [ 25 M )M 3 BB (Paris
polyphylla var. yunnanensis) #1 -t M — k¢ 4 (Paris
polyphylla) 25 # TERERIIL WA M, TR H
A, FLEAATERIL . WIE . LV . BN L W
TEAER YT R P, 53 Ah—FfAs Ffople it S0
(Paris polyphylla var. stenophylla) ¥ 531 H T
Bevt—a0 . EAELL TR ZEAZY, B iR

8O OEE . PUR S, AR E T
SRELBAERG N, Nz F 77 KELCRIEZ, WP A Fh T
PRIRE R ERIN A SR O A R TR
T DGl T SR & R B e ik e 2 —T, A
B F ¥ 25 # “Good Agricultural Practices (GAP)”
Fike, FCSEOn SRR R A A R, AR
1A A R NERE . KRR, Sl IR
TACEE W U8 28 PR A 1 A 0 7 i ) P A
PR
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ARG, MITLRWZ], SR
L MR E ST, TR A A VT S
HEAABS, BAh, ARG s &, R K
A K g EZ O ETHRERENERDA
Mg AR, Bkar SRS T AR B P A A T
ZREE, BRI AR I )E 4 A5 R T A
H 11 A8, E 5/AN e, ik i
10 FREA SOt K AR M w ik, F 2R A
Illumina MiSeq PE250 i Il ¥4 A XS A% MR PR
T MR ZE N AR FUR T 2RI, 4
RUMRZENEE EEAT 51 ANE, HrpAx e
T EE 5 B Roseodiscus (17t 83.30%) .
Cadophora (&t 2.89%). HifLJE(5 L 2.15%).
Oliveonia (fditt 1.40%). HHEZE(LEL 0.82%). F
PEEE AR . Be2E | Py N AR A,
55T 1DNA ITS JPAN i MR S5 il 7 25 %
B, 4B R Bk ) 8 (Fusarium) 43 85 % 5 5
(0.87), TLHEEH 11.62%; H1755)& (dspergillus)sy &
REGF(0.16), RN 2.14%. 5 LRk, @k
DA SUIR I 40 B S K Bt R 2, Thagt
B D TR EEENELFRLR)EZ
—, G TorEEsR, AU e E
Brh s AR, MRS A H I YIhE,
R H A E AR AR R AL . IR KF 5
m, DUARARAE | PO a5 A 8 & IR iy & 4
%,

1 MR5TE
1.1 ##
111 REFFAHMEEM

EEYER ATRE Paihifes 2o, ik
2 500 m, HHIRARERLA DI TR 51
MR EAE GRS 15 B85 92 TUOWEEARAYIE A
SRS AT, RER 2 RN A BT
M T FPFEEAE Y S, V84K 1 800 m.

MBS 8 e I L TR R 8 Bk ) T (Fusarium

oxysporum)53 &5 FH ML 25 A A R, T
Hh ] M A W T R OR O A A s, PR
5 GSICC 60612; JE R IR AN B EH 35 b FRUE AR
JBE AT & 5 2 N P Fh (Pectobacterium  carotovorum
subsp. carotovorum, Pcc ATCC 15713)I4 H 3 [E#
X K FE W % F JE (American  Type
Collection, ATCC).
112 FERFFUEREFE

N I N B (OB BE ) L AR RN E
A& OB, RIMEHE A B ARG BR A
], Biolog ZEM SN, BRiESELEITTRHEA R
i 8

DT RS (gL): EEFR 5.00, BERE M
1.00, BRfREE 0.50, EEEER R 2.00, 7% b
20.00, A E MR KB SR B2 DL Bs 55 Ot
(g/L): BEFR &8 0.20, BRAREE 020, ZAfbaN
0.20, kMRES 5.00, HEERE 10.00, FLERES 0.10,
TR 15.00, A 0.5%MRISRLT 5 mL/L, KEJE
AR A, T AR TE PR . NBRIP G
BB [ 44 55 F5 Bk (/L) . #i%5BE 10.00, B R 55
5.00, SfLEES5.00, BREREE0.20, HALF0.20, ff
MRk 1.00, Bl 15.00, T IEMHERE I 0E
PEWE o JRELE AR SR B (g/L): EHM 5.00, i
AR 10.00, BERR —EM 1.00, BREREE(ICK)
0.50, ZEAR 20.00, FMHiLr 0.03, FFEHEM
BT
1.2 Ak
121 BEHENSBETE

PRI AR E R A RKIR K L 10 min,
FHuELAC T R MKy, 75%09 223 30 s, JC
HKMYE 2-3 38, B 0.2%1 T+ 7RIZH 10 min,
Tw AR vE 3-4 M LU vk a0 K
100 pL ¥RAT T PRLL RS FR BLAE Xy B, A 3R
4 AL 5 W AR F RS RN F KR 70 R 90 /Nl
HCE T 200 °C fmif TR AL I BB, T
A 10 mL Kid B AEBERK, Foor0E, W I

Culture
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AR 100 pL WA T RLLEARE IR AL, TR
3 K, 28 °C MR, 10 d AAKHARRME
W PRV 23] PDA S b Z 4lifl 4-6 1L,
4 °C AR IR Bl

K Biolog il 4= ¥ % e {SG#E A T AR AR B 2
FE L OB B N AR TR T R RN B S A 2 R
fie . AR IR R R s e R, DU —
AFLAES FAXTR, 28 °C K535 48 h, 750 nm Kbl
JAE

K SDS BAREUH#E A DNAMY, 514 1TS1
(5'-CTTGGTCATTTAGAGGAAGTAA-3") #l ITS4
(5'-TCCTCCGCTTATTGATATGC-3") PCR ¥ M #i #k
rDNA ITS ¥4, PCR AR (25 pL): 10xPCR
ZE0E 2.5 uL, dNTPs (2.5 mmol/L) 1.5 uL, 5|4
ITS 1/4 (10 pmol/L)4& 1.5 uL, Tag DNA E4& i
(5 U/uL) 1 pL, #E# 1 pL, ddH,O 16 uL., PCR J2
W g&:: 95°C 5 min; 92 °C 1 min, 50 °C 1 min,
72 °C 2 min, 40 PME¥R; 72 °C 10 min, PCR ;=4
28 1% IR EEE R RIS, b R AR
PIHE ARG R AT . P4 K448 NCBI £
BLAST X}, MEGA 7.0 ¥gt A,
122 REREXMEKRMFLFHE IR

HR 6 SCHR[15-16]1 071, EHR4T 25 1 i 2 A i
AL WERNERZME . MAEKRE
(Trichoderma harzianum)i 1y FEKRFh & ZF 000
AR R Z M . G OREE AR S 20 mL 5
TSR, 28°C, 180 r/min R HFE 3 d, ¥k
TR IR S0 A5 500 7%, 437lME 10 mL
JIMA 90 mmx15 mm LA, Xof BE A 0 O ] AR
AT AL, AL 100 KL KA
T, FAMETEE 3R, 25 °C ROLRESE 48 h, i1
FhF & 2455 (Germination Index, GIAYAZRI.
GI (%)=(A1%xA42)/(B1%B,)*x100
K, 4p: WPEIFNTF R ZE5(%); 42: AI)E )
SRR K (mm); By : XFREFI TR ZEE(%); By: X
FESP AR (mm) .

123 B mEMIhEED T

AT MR . Ao B R 2
jdqmzz- 1 PRV S PRI 1 P 22 B P p Bl 2 DL 3557
e, 28 °C BWEEFE 7d, MEEEAKED

fEBERE J1EMERGIN . KR LB jdqmzz-1
FfiF NBRIP JCHLB [ AR BEFREE |-, BT 28 °C Hi®
FhsEE 2-5 d, WA Tofiuk I K i e )N,
R A e 5 ] 5 BT 9 AL /N i L JE MLl 1 i
BEVER

FEBUHAG I - 326 IBCHR T 55 9 i TR O At ik ) TR
(GSICC 60612)5 R Z M5 jdqmzz-1 FATFHRAEHT
RIS R EZEMAE PDA KigR LM IEH
g, R 20 mm ARV R 2 HhEE, F30°CHH
TRAE TR HEA TR 3R o WS DA VR A A RN B LR L
HE PR AR FEHHE R -
FEPLR RSP R, U, IR S
PU R TR 7 0 205 SRR B 22 G R . A R
ZWhEE jdqmzz-1 FEIBOGE S0 R 40 A 8 |
& SR AT B B S WA (ATCC  15713) 1 410 1 4%
o HERUD R Z MM EAEANE] 20 mL 5 TR R
Jer, 28°C, 180 r/min IR FE 3 d, KA MK
JE R AT R N R (ATCC 15713) @ iRk 4 59 1%
AT TR RO, G TR I 4R A R EUR 22 il
% jdqmzz-1 WRGFE T 5 TR b, BT 28 °CH;
FERE R 2-5 do
124 BEZHMEERA LC-MS R i5TE%EN

Al B B 22 B jdqmzz- 1 BRSNS 50 mL
TR gREEd, 28 °C, 180 v/min %% 3 d, ¥
BE SR 5 000 r/min 2.0 10 min, B EERG%
A T A YR A BR A FIE LC-MS AR
W2, K2R SCHERAE HRAH G & 0 i D R sl s 1
ife

RTH M T . () IS EREC. B
5 mL BEATF 10 mL B0EH, MAGHTHLHGET
12 h; [T R IEEAINA 800 ul i 80% L, 1K
€ 1 min; 4 °C 7% 30 min, T—20°C #%& 1h, T
4 °C, 12 000 r/min &> 15 min; B 200 pL i,
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A5 pL NAR(CEARN IR 2.8 mg/mL), ¥ A
FE/NBHRE LC-MS Aot (2) LS. (3)
B ab
125 B SEXEFEHEKEZM

TR R R R A DURE
To - BEBOREE 0 2 AR AR R RS, R
HZE eI, T 3K LAICH /KBt
FRXT IR, R4 PR, I miE R 2 i
jdqmzz-1 W, WX 107 CFU/mL, 4 2w
—Kk, AP 4R, A4 RAEE 1R, SRAAR
SRR R, 2% A6 B S A RN A R w1
ENTEH RS, @i LC-MS ¥l & K ig ik
(Salicylic Acid, SA). = #ij g (Jasmonic Acid,
JA) . [Bi 7% R (Abscisic Acid, ABA) . #F % %
(Gibberellic Acid, GA). #iiJifi4rZ%¢Z (Cytokinin)
H R (Auxin) & o

SEFEARL A T TN . MR AR
DL 2 AR KR AR E AR NS %, SRS 4 b
MUK, TR 3 W PLICIE KMt B A X
W, fF S A BAWmH e, v miE R 2 ih &
jdqmzz-1 #E, WA 10" CFU/ML, 45 2 FAmiit
—W, AT AR, A4 YALBIS 1R, SRAEAIE
ALPRE I, Fe BRI 28 R P I R S T
I A T AE

ST I B RN E . 11 A PITE
GBI, WCAR IR A R OR s R I
TSR 43 A e R AR B AR K
FPRHARS, B FHUREE, MRS E R,
1.2.6 Fitoth

ffi SPSS 22.0 BAFHAT Iy 22 43 A FIAH DG
53R

2 ZR545H
21 BZHBENSBLETE

AT B B A5 B — BRI jdgmzz-1 (&
): W22gukE 2R, BOEA RO, %6,
WIEB O N K a0, B G R O, TR
HRE R, AREBIME, ARYBTER L

wWe, FEATLTREARMER; EMAEE
4555 Biolog RGUBUEAE LR, VILURENEKL
;s BTtk rDNA ITS FPAK S 509 bp, il
NCBI BLAST texf % 85 % 8 Wik 25 (MN
636770. 1) 75— 4 100%, J3HIEH rDNA ITS
Fea IR = A h B R bR 25 ©A SCHkRiE
W AT PR R 2 B bk SWol™ | vk
VEFHRY S Z I B TR Snef210PF A it A4 F A 2R
Z Ik DIS15-22", a8 HAb Bk (L5 ik
%5 (Aspergillus flavus) ATCC 16883 . 4 il &
(Aspergillus  fumigatus) ATCC 1022 . #J & i 2
(Aspergillus nidulans) ATCC 10074 . 7F 4 il B
(Aspergillus parasiticus Speare) CBS 260.67. +
2 @i &=
(Aspergillus versicolor) S66, {#H MEGA 7.0 f4#
PR (R 2), BETRPRS HhE e Rtk 25 K5 R
I, HUCREZ &R DIS15-2 Fl Snef210, 45
BIEEE . A E ARG D SIF 45
A, AR RN E R jdqmzz-1 RS HhEE, &
JEC T v ] K A R DR R L, SRR
CGMCC No.19278,

%5 (Aspergillus terreus) WO0707 .

E1 BEEE jdqmzz-1 BEFES
Figure 1 Culture morphology of Aspergillus sydowii strain
jdgqmzz-1
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o9~ Aspergillus flavus ATCC 16883 (NR111041.1)
0.02

94 0 Aspergillus parasiticus var. speare CBS 260.67 (NR151784.1)

0.10
OSAspergillusfumigates ATCC 1022 (NR121481.1)
0J91

Aspergillus nidulans ATCC 10074 (NR133684.1)

fTrYTA

Aspergillus versicolor isolate S66 (KU318417.1)
Aspergillus sydowii strain DJ515-2 (MF359934.1)

Aspergillus sydowii strain Jdqmzz-1 (MW692201)

77
0.11

Aspergillus sp. strain Z5 (MN636770.1)

107 Aspergillus sydowii strain Snef210 (KY908307.1)

O—mAspergillus sydowii strain SW9 (MN696205.1)

38 Aspergillus terreus strain W0707 (DQ489561.1)

e —
0.2

2 BZHE jdqmzz-1 REEH LR

Figure 2 Phylogenetic tree of Aspergillus sydowii strain jdqmzz-1

T EMAAEESR SN jdomzz-1; 55 AT 50 GenBank J341'5 5 43308 FIEE N ARM, AREBK, aIfEESS; >
3R AR Y, BEACRR B ACR 22 TN AR 0.2

Note: The number of isolated endophytic fungus is jdqmzz-1; The serial number in brackets is GenBank serial number; The number on the

branch point is the self expanding value, the self expanding value larger, the reliability higher; The number on the branch is the evolutionary
distance, the evolutionary distance shorter, the difference smaller; The scale is 0.2

R 1 HHk jdqmzz-1 £IB5E LESAE

Table 1 Physiological and biochemical characteristics of strain jdqmzz-1

A IRIRY) 4R AN SR
Carbon and nitrogen source substrates Results Carbon and nitrogen source substrates Results
N-ZBtJE-D-2 2 ik = D-Hj# R +
N-acetyl-D-galactosamine D-glucuronic acid
N-Z Bt 55-D- A il e + [ =
N-acetyl-D-glucosamine Glycerol
N-Z.[Btfe-D-H @@k i = iR =
N-acetamide-D-mannosamine Liver sugar
ki = M £1 4k =
Ribose alcohol M-cellulose alcohol
A = 2-fili-D- 4 B R +
Amygdalin 2-keto-D-gluconic acid
D-Brl R4 - o-D-FLik =
D-arabinose a-D-lactose
L-Faf A4 = FLAYHE =
L-arabinose Lactulose

(74E)
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(E==3))
D-Bl iz {F 5 B =
D-arabinol Maltitol
REATY 2k =
Arbutin Maltose
D-£- 4 — Kk B -
D-cellobiose Maltotriose
o-FRORRE D-H 55z =
a-cyclodextrin D-mannitol
B-FRA MK D-T R =
B-cyclodextrin D-glucomannose
Wik D-#A =4k =
Dextrin D-melezitose
IR B D-% ¥k =
Erythritol D-cellobiose
D-b o-FIE-D-2L LR =
D-fructose a-methyl-D-galactoside
L-{5 0% O-F SL-D-2P 7B =
L-trehalose O-methyl-D-galactoside
D-2f- L4 o- LD A B =
D-galactose a-methyl-D-glucoside
D-EF L EREIR O-F LD f =
D-galacturonic acid O-methyl-D-glucoside
JEHH—Hk 6-O-D-AH g 3 2 Pt - D- Pk g SR -
Gentian disaccharide 6-O-D-glucopyranosyl
D-HiZ HEIR D-f 7 A =
D-Gluconic acid D-aloulose
D-Hj# 1z D-% =1k =
D-glucosamine D-melitriose
a-D- B L- Rl AHk =
a-D-glucose L-rhamnose
o-D-FATHE-1-BERRER D-1Zbi =
a-D-glucose-1-phosphate D-ribose
AR e KAt =
Glucuronamide Salicin
SR PR SR N
Sedum heptanaldecan Succinic acid
D- 1[I B4R BEIHTR HH AL TR +
D-sorbitol Methyl succinate
L- 1L 344 L- N BRI =
L-sorbose L-alanine amide

(F¥2k)
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i L-NAMR +

Stachyose L-alanine

HERE L- N R TR

Sucrose L-propylamidoacetic acid 4

D-Bi& 4k L-D- R At

D-tagatose L-D-asparagine +

K- ek L-D-RA R

K-trehalose L-D-aspartic acid 4

P Wk L-BHMR

Pinobiose L-glutamic acid I

N AL 2R

Xylitol Glycyl-L-glutamic acid 4

D-AHE R

D-xylose Ornithine +

V-EE TR L- AL AR

y-aminobutyric acid L-phenylalanine 4

TRARIEHARR i E=N

Bromosuccinic acid Proline 4

KT IR BREAR

Fumaric acid Pyroglutamic acid 4

O-FRIET R L-225 R

O-hydroxybutyric acid L-serine 4

Y- TR L-7R &R

y-hydroxybutyric acid L-threonine =

PR R 2-FH B

P-hydroxyacetophenone 2-aminoethanol -

o-H I R JETF

a-ketoglutarate Putrescin =

D-ZL R H B Jii

D-lactate methyl ester Adenosine -

L-#LR PR

L-lactic acid Uridine -

L-32R R Pt -5 - R R

L-malic acid Adenosine-5'-phosphate =

PERIR B

Malic acid Sebacic acid -

Z iR D-7j% 15— +

Quinic acid

D-Gluconic acid

TE: 4o BAPE, RUIEMRATAFIARY; — BATE, REIBEHRARER RY)

Note: +: Positive, indicated that the strain could utilize the substrate; —: Negative, indicated that the strain could not utilize the substrate

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



Vs AR N R RER Z M E R e A SR

2673

22 HEENEAMTFAFHZMW

43 B 43 5 A5 B A A F AR N AR TR IR £ il
B jdqmzz-1, WK TEE CL1 WITE BB 50 50
500 fEUEAT RN T A& 2R, X RECA TR K AL FE
KPR TR ZEAR B GL G S5 R 2 fro, AR
PG AR A, REME jdqmzz-1 FE T2
A% CLI, Al 2 & (P<0.0 1)L ik £ KAk 7 ol
KK,
23 B HESRIheEN

Ko B BN A HHR 2 S jdqmzz-1
R CR B D RE3R 38 |, s 3A FioR, B
TR, TR IR LRHEEWT I, RE
%% jdqmzz-1 76 NBRIP JCHLBERBIARS 3 FA K
JCHH mswirE, RHH AWM. B2 ilE jdgmzz-1
S T EPEARGE LR 3B Fras, HEVR M
%, BEIESRIE , 550 5 5 0 fl i 20
HAE, TWER-FH S sl o i B AR K il i

R2 ERMTEAFREHERITER

Table 2  Statistical results of germination index of maize seeds

i, FEPUREUR 42.50%. WK 3C B, BElisE
jdqmzz-1 BETRXH A0 B A0 30 B/ I A
24 EBZMEBEIR LC-MS KiGHLEEN
REZMBE jdqmzz-1 PR IE T F G5 K 0L E
4, FETEIET RN, TR L A KA
XTSI L E LR 3, HEK, Fon
AT . R 3 NI, RENE jdqmzz-1 TR
THEZMEAE . R WMEYE . RAEERBY
JR B EORIREE I | EHSER  XE SR
MY R A4 — PR T . AR R
NN- T Z R, 2-Z KB/ . K. JLZE
e, FLRSAEIR . SFm. DokiR. TR, A%
. B AW FEA R I EREF . AR
THRTTER. 4-CHR . AEFER . AR
RN THR. sk, e T . 2. HEER;
PUEAL TR R A THEm . LR . RNl
2

TR fRA

Dilution ratio

Rt

Treatment of Aspergillu ssydowii

M RAFEAL

Treatment of Trichoderma harzianum

4.353+0.011A
1.881+0.008B

50 {5 F5 B 50 times dilution
500 1574 FE 500 times dilution

1.485+0.011C
1.224+0.027D

T BRSPS REZERIR (1=3), KEFRHRE A ZHE8L LSD L 2 5 AL (P<0.01)

Note: Datas are expressed as mean+standard deviation (n=3), capital letters represent germination index LSD method multiple comparison

(P<0.01)

B3 EXE jdqmzz-1 BITHEESHT

Figure 3 Functional analysis of Aspergillus sydowii strain jdqmzz-1

T A BEIETERN; B: SEEERTG C: SR

Note: A: Determination of nitrogen fixation activity; B: Antagonistic activity against pathogenic fungus; C: Antagonistic activity against

pathogenic bacteria
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El4 REZMBRRSBFREIEE

Figure 4 Total ion flow chromatogram of Aspergillus sydowii strain jdqmzz-1

T A: IERFREAIERIESI); B: fEFifikE(ESK)

Note: A: Positive ion flow chromatogram (ESI+); B: Negative ion flow chromatogram (ESI-)
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*3 RzHBEANKIEYRS SHEHMNZE

Table 3 Metabolites and relative contents of Aspergillus sydowii strain jdqmzz-1

R HXT NS A A R HXT NS i A H A
Metabolite Ratio of peak area to internal reference | Metabolite Ratio of peak area to internal reference
AROR — HT T 5.253 AR IR T g 0.315
Phthalic anhydride Benzyl butyl phthalate

A 5.006 SEREAE T 0.210
Nonylphenol P-nitrobenzoic acid

AR WM — TR 4.112 PBAE N L 0.205
Dibutyl phthalate Diethyl phthalate

JLASER 3.038 iR 0.173
Catechuic acid Choline

B AR 2.025 X A A 0.166
Zearalenone P-nitrophenol

SEE 1.588 R iy 0.110
Chloramphenicol Dinoterb

kT 1.000 HiRER 0.074
Finclonine Acrylic acid

IK T 0.646 BN 0.071
Stachydrine Lactic acid

SRR 0.508 Tz 0.061
Isooctanoic acid Nonanoic acid

2-ZIHE R 0.509 AECHRE TR 0.060
2-ethylhexanoic acid Dibutyl phthalate

T 0.442 PG e
Betaine Acrylonitrile

T 0.394 KNAR 0.053
Azelaic acid Phenylalanine

ARV IR 0.394 BT 0.044
Rhododendronic acid Nicotine

YR 0.043 =VEEES 0.022
Erucic acid amide Beauverine

o R 0.039 KNEIR 0.019
Adipic acid Phenylalanine

2 0.038 FILIA R 0.018
Acetonitrile Hydroxyproline

NN-—Z 32 itz 0.035 AT AT, 0.011
N,N-diethylethanolamine Theobromine

AT —1% 0.034 T 0.006
Methyl succinic acid Stearylamine

AR 0.034 sk ik 0.003
Lauric acid Maleic acid

4- LK NE 0.028

4-ethylaniline

25 Bz HEMNEEREKIZI B ETREP<0.01), 29 FFET 16.11%. 40.00%.

RLZhE jdqmzz-1 FRAC PR EEARLI Y, 24.44% . 20.90%; HRERMAKE WS ENEET
M AR SR SA FoR, BVRAAHIEOWI E(P<0.01), 43HIiAE]T 1598.72 ng/g A135.80 ng/g,
KR . RKATR . WVERR . AR EN  JEXEAY 541 50 2.3 6%, Rk KR & & -
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Tt BHEAHCH R & a TR, LR RER ML
X e R T A R . TR AL B AR E AR A
B a Z S RNE 5B FR, SO RS Y
Ik AR K OE (P<0.01), N B S AL T
1520% , MRS RN T 48.80%, £F T
209.88 mg/g ., N AR PR, MR

Thr, #£B jdqmzz-1 BRALFRACE) T i G d
WEE A ERMNECR . B2 M8 jdqmzz-1 ZbFER
B FMRE . PR K S ERE W
R 4 PR, BOTIEAT B 222 7(P<0.05), K
BEINT 47.70%, “FHARECEN T 54.00%, FHE
FREHEIN T 67.60%.

A
1800
A
T V77 Salicylic acid
1600 | NN Jasmonic acid
Abscisic acid
= E= Gibberellin
) (T €ytokinin
= 1400 .
= Auxin
g =2
(=l
8 A
g 40
=] L B B
E a0 B .
an L
20 +
r B
10 | B A pmgmm
- A
0 i il il
Aspergillus sydowii CK
B
90 r C—dAspergillus sydowii treatment 250
I CK A A
e —
g 1200 C
g g
=) 60 ] -
3 B 1150 &
=1 1 =1
3 38
Y =
= B 1100 2
= =
g 30 5
c s
2 50
2
<
z 4
0 0
Malondialdehyde Chlorophyll

5 REME jdqmzz-1 FEEHEIRE LIERRIFIN

Figure 5 Effects of Aspergillus sydowii strain jdqmzz-1 on physiological and biochemical indexes of seedlings

T A B2IMN% jdgmzz-1 XTI N IR S BRI B: REZINE jdqmzz-1 WYTETN —REMI-2RR S RATEN . K5 7R

LSD £ b4 (P<0.01)

Note: A: Effect of Aspergillus sydowii strain jdqmzz-1 on endogenous hormone content of seedlings; B: Effect of Aspergillus sydowii strain
jdgqmzz-1 on malondialdehyde and chlorophyll content of seedlings. Capital letters represent LSD method multiple comparison (P<0.01)

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



Vs AR N R RER Z M E R e A SR

2677

F4 BZHE jdqmzz-l FEERH THRS>ENERIEIN

Table 4 Effect of Aspergillus sydowii strain jdqmzz-1 on underground biomass of seedlings

R Kz lhaz CK
Underground biomass Aspergillus sydowii

IR Average root length (cm) 6.400+0.557a 4.333+0.351b
SEHIRIEL Average of roots number 4.467+0.208a 2.900:+0.264b
SE-4 i BRE Average hundred plant weight (g) 6.033+0.473a 3.600+0.458b

TE: B DOPIEAARERE IR (0=3), /NETFEHMUR LSD 1 2 5 LA (P<0.05)

Note: Datas are expressed as mean + standard deviation (n=3), lowercase letters represented multiple comparisons at the level of significant

difference (P<0.05)
2.6 AEEFREIMERMED T

B2 jdqmzz-1 AbIE R B E PR T
MISEEIHTANEE 5 s . KGR S BiIEIR . T8
BIFMHSE, MSHRER. AKE. PR, 1
R P ERRE . SRR SRR S
VEIRR . N _ERIEME, MSAER. ERE. F
PIME . MR B DG B ST R R A
K, MHHRER. ARKE . PRSPk,
FHIEMRE . MR RO, RERSN _EE
FAE, MSAERKE . FHRE. FIREK .
FHRE ., MR 2R, SRR E SN _EIE
X, SRR, ARR SN R,
PR IR P ERE . MR RIE
MG NSRS, SR, TR
K FERERILZRIERSE, 295 i
M, MSMSERIEMG, X RELRHER K,
TR
3 WiE4R

ARERMYERKEFSBRPHLT LR, ™
A ) AT LA 1o [ VR P B R R R A K P
FRRE P EAEY, AR RENOLEHE
AR A A Wy i R AR A B 2R A
HEaia THRIEE . WERE. K&EE
(Trichoderma) . Hi7R7¢@(Neocosmospora),
— Pk R R R Z M5 jdqmzz-1 HAT B A4
F L o3 IR A R B T, G AR 9 s e T
AR T (GSICC 60612) 4 B 5 1 o s i T4
AR DGR AT RS MR (ATCC 15713)H

AHEPUER . Niu PR o B 2 — R Z ih
F MCCC 3A00324, A LA™ A BAiGZF R mi2 1k
A, HAPEEN. AMRRELZME jdgmzz-1
FEAERPIE R PR, REN RS
Y. FOLREAAY) . REMEY . nkhedifb
AW,

RLZhdE jdqmzz-1 e EEYH A K E
IS TR = 5 )V I L8 o s o T 5 7= 7 T
Bl XTRHIEIRE, PUEALTIA THRE . LR, &
B . FORIREEIRIAT 28 N bt AEgt
A E AR, B LA e A R, Xt
AR AE AR HAT e VR s T KM Fl LS R
AP E ARG R S, MR B B E )
A SRR, SR R AR S e T B P
Wiz —. &bk, REMh% jdqmzz-1 BRIRHAT
HE A FEA R YER . RZ iM% jdqmzz-1 &b
PAEFARGN Y, MR RER. AKESEEYE
PR, N, KR . KA . BRI & i
FEfR. MR REE. ARZSHEYEY A
IEAH K R REAGUE A HE R, WA HEE AN R
BRI DIEEMSE &, NmiEmaynt it
HERER, AT as R R E R 5SS R
EMDCRR . KRR .. AR . RVRIRIX 3 Fia
AHOCTA R Ry i Ot B BRI, DA A= A= 1b
(AR BEERIE T s ) BT BBz e (R 1R
ANPESTHIE R W 3k, R T A a2 25 m
MY A KR P Z AR AR A A ), KA
MR, SRAR . ISR KE G, W hommH e
YA CIE R A, st A T RR,
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