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PR RRERE . EEERWIG pH (H . FEIRFEH . KB AAEXTEERE TR 6803 PR A 2214 = it R e AL A sz,
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KNO;. NH4NO;. NaNO;. NH,Cl. (NH4),SO4.
(NH4)3PO4. (NH4)H,PO, 55 14 T BiAE N A . H
FICHLR BRI R 5 p(R) M 03 gL, K
PG R A 1.2.1,
123 KA eyiHik

16 TG ML R 2 B 5L Rl 1% 3R 3 b 4 A
K,HPO, . KH,PO, . Na,SOy4. NayS$,05. FeSO4 7H,0 .
MgSO47H,O . ZnSO,H,0 . CoClL-6H,O .
CuSO,5H,0 . MnClL-4H,0 . NaCl . CaCO; .
Pb(CH;CO0),-3H,0) KC1% 14 Fhil) FAE Ry TCHLER
BB A I AL R R P IS M T E A 0.05
gL, KE IR 1.2.1,

1.3 REEFENRL

MRYEB IR () B AR R, T
Po RS, BEgRA I KOk 1.2.1,

1.4 AiLE

PR ISR 71 0.1%5 6K M 10 min, K
FKIFPE 3~5 . BN 9 em BHFRILFIA 2 )2
UEUC, SrHIIMA S mL Wik 5 AR LIEWR,
MLFPTECRRT 20 ki, *F PRI A SRR E F HAE
FIFIZAF FREFE S d IRRRE IR 5 AR &
TATAEFERAE 28 C, YR 3800 1x, 9 h-d™)
HRRESE, SRR 3 REE, 7 d R BIIELEY
A A R o
1.5 SitFAiE

IRIEHE ] SPSS 16.0 #HA 7B & 7 22504T,
2 S B EWPT R Duncan £ IWEIER LK, Fr
B N AR R
2 #HERESW
21 HRIERERGIE

AN TRV 5 11 22 T Y %o R AR A R B s 174 3900+l
NN T 68.5%~96.7%F1 16.8%~40.4%, HrhLA
i 26 8 Ry Tl YR P K TR VRN R R AR A K R A A
e, RN 96.7%, LIKIAE . A5, JEK.
FUBE . 22 AR R & T RO R R s I 2R
IR 37.2%. 35.4%. 40.4%, 34.5%F134.2%, 8
Tl AN T e VAR 114D 2 TR S LA KBRS Ay sk YL 19 A TR V0 0Tl
SR IEAE FH e, X AR A AR v (R 1 a1 22 -3
g 84.3%F1 72.8% (3 1)

ARG TR I HE R T 6803 TRIAK A 2214 ™
S UL 1, FCA DABS R EE A iR K I T
p(BL B2 R 122 g L, HLOZ MR TE R
YN 104, 9.4 gLy LI ZEMEARRIR K B A
() p(H 222 I/ D ol 2.6 g L7 PRI P et A
TEN NEERE T 6803 HKRAYIEER SHRIA
22 HRERIEHGIE

ENGERY-A iy ol s G W R b B S ]

®1 $EEH 6803 HHENRMBEFELBIEFRARRE S 5
SRR RN E KA RN
Table 1  Effects of dilute solution (x5) of fermented broths of Streptomy-
ces sp. 6803 cultured in media with different carbon nutrients

on seedling growth of barnyardgrass and rape

il PR S
i /em T ¥ /em A /em T /em
¥R 5.15+033c¢  5.91£0.21¢ 3.25+0.24¢  3.01£0.95¢
Wik 021£008a  3.71£023a 0.51£0.06a  0.82+0.26 a
HWEME  0.1740.07a  3.82+027a  0.74+0.05ab 0.97+0.31a
BERREE  0.53+0.18a  4.26£035ab  0.62+0.06ab  1.08+0.34a
VEM  020£0.06a  3.52+046a 0.58£0.04ab 1.01+0.32a
FLBE  026+0.11a  3.87x031a  0.78+0.12ab 1.14x0.36a
HEWE  037x0.11a  4.13+034ab  0.80:0.07b  1.91+0.60 b
M 1.24£025b  4.9240.17ab  0.7240.06 ab 2.15+0.68 b
FUME 1.62£025b  3.89+0.40a 0.54+0.04 ab  2.87+0.91 ¢

[RIZ) H AN ] - B ) 25 5 2 2 (P<<0.05)

p(HE 2R N(g L™

1 2 3 4 5 6 7 8
B % HERR I
1. BARREE; 2. HEME; 3. JEM; 4. FLEE; 5. MIHE; 6. M
7. HEINE; 8. ZZENE
B 1 FEBEEFERELBEFESR 6803 BRNELEEYE
Fig.1 Mycelial biomass of Streptomyces sp. 6803 cultured

in liquid media with different carbon sources

FIAE R 2), HA LIS R o AR A & R BT
NeF P A K PR AR I i, %o AR R 2 A it
RN 95.5%F1 24.8% . 14 P [FIE IR Y & BT
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21.0%~65.8%. L) NH4Cl AR IR K& BRSO 1=
B AR PR, T LB 2 R R IR Y R R
FEBOHII AR A 2 5

BEFETR 6803 PAMELEA [ AR & Bl 537 T
Rz WK 2, Hd DI G0 AR K
RN p(F 22D % J9 10.8 gL', L) NaNOs;
N RIR K EFIAS I p(Bf 22 i/ b R 2.9 gL
FIARERE TR 6803 BRAKA A MLA IR AE ST HLAHZS
RS AR . I IERE NHyCl, (NH,)H,PO, F1HE
GYRE AR 6803 BMRTRIA L M BAEE &
R
2.3 mEXHEHIFE

AN IR TEHLER B & 8 TR00) R B MK AR s g 3
A I T 49.7%~94.4%F1 11.9%~28.3%, Hrh
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®2 $EHE 6803 HHEARIRIREFELABIERRHRES B
TSR £ KA
Table 2  Effects of dilute solution (x5) of fermented broths of Streptomy-
ces sp. 6803 cultured in media with different nitrogen nutrients
on seedling growth of barnyardgrass and rape
i i3
MK /em
6.73£0.171  2.95+0.10 f
0.78+0.06 a  1.42+0.12b

K /em Wi B /em T E/em
X iRt 6.48+032h  7.50+0.29 ef

WO 029+0.12a  5.64+0.39a

6.80+0.30
NH4Cl1 0.65+0.10 ab 0.86+0.10 ab 1.01+0.11 a
bedef
1.42+0.52 1.34+0.11
(NH4)H,PO4 5.63+0.80 a 2.33+0.19 de
bedef bede
. 1.24+0.20
£E 0.69+0.20 abc 5.98+0.29 ab 1.02+0.08 a
abed
7.14+0.20
(NHy),SO4 0.90+0.27 abe dof 1.13£0.15 abc  1.43+0.13 b
cde
Ca(NO;), 1.04+0.22
7.36+0.39 def 1.86+0.21 efg 1.48+0.15b
4H,0 abcd
1.06+0.23
NH4NO; 591+£0.50 ab  1.94+0.20 fg 1.41+£0.20 b
abed
1.18+0.37
(NHy);PO4 bed 6.15£0.74 abc  2.93+0.34h 2.18+0.13 de
cde
1.37+0.29 6.39+0.40 1.76+0.16
/S 2.41%0.13 ¢
bedef abcde defg
1.49+0.24 6.73+0.27 1.48+0.22
HAMK 1.7120.13 be
cdef abcdef cdef
6.34+0.29 1.57+0.23
NaNO;  1.79+0.34 def 1.43+£0.10 b
abed cdef

KNO;  1.92+034 ef 7.3740.18 def 2.17+0.21 g 2.06:0.17 cde
F %k 2.16£0.33 fg  7.65+0.32f 1.08+0.14 abc 2.00+0.13 cd
7.2120.16

cde

[l B FPAN [ B 0] 22 5 (.25 (P<0.05)

BEREE 2.88+033 g 1.21£0.20 abc 2.03+0.10 cd

12

o

PCEZE Ao

1234567 891011121314

1o B 20 (NHy)HoPOy; 30 BEREE; 41 4RI 5: NH4NO;;
6: A Fk; 7: KNOy; 8: HHMR; 90 T KK 100 NHCL 11
Ca(NOs), 4H,0; 12: (NH4)3PO4; 13: (NH4),SO4; 14: NaNO3
B2 EARABIEFEREABILFEER 6803 EHNELEYE
Fig.2 Mycelial biomass of Streptomyces sp. 6803 cultured

in liquid media with different nitrogen sources

PLAKC1 R ToAILER 1) A B0 R B AR P 00 il 7 FH e
K 94.4%, L) FeSO4 7TH,O NICHLER Y A T Xt
PR e B AR SR, TR 28.3%. LA
NaCl A ICHLER 1) & B R B 0T i A 4 A 0 il
ROCR B R, R O AR B A 3 R R 43 5 Sk

86.8%711 70.6% (£ 3).

BEREDN 6803 PAMRAEA[RITCHLERRE #7358 K BE T
BE 2| 3 i, Y KHPO, .
FeSO,-7H,0 . MgS0,-6H,0 . NaCl #1 KCI HTeHLER
H R RIS W 2 E A X, 430l 4.3
4.1.4.4.4.1 f14.5 gL MMiLA ZnSO4-H,0 . KH,PO,
CuSOy4-5H,0 NICHLER Y BEFRIE IS [ 22 V) e 4
A, AyRIR 2.6, 2.3, 0.8 gL, ISR NaCl
FeSO4 7TH,0 WHETS 1 6803 BRI (4 & B Fe
A TCHLER
24 FEEFENHEET

MERAER AR . RIRFICHLER AT & ek 77
TR ST | ARG IR X BE R T 6803
R TR 22 25 W it S HL T TR s o YR VP S 1 = 5 i)
WL 4, XHEETE T 6803 BRI 221k = kT k%
Wi mH A HT R . BEEE I 6803 BAKK M FcfE
KB IREA G N . p(FER=24.51 gL, p(iE

®3 #EH 6803 EKERR L BEFERXBBRRES &
RS E £ K H R0
Table 3  Effect of fermented liquid of Streptomyces sp. 6803 with differ-
ent of inorganic nutrition on the seedling growth

of barnyardgrass and rape

L i s
i MK /em Hitg/em WE/em  Hif/em
ROl 5.01£0.25¢ 8.01£0.19g 5.47+0.32f 3.50£0.22 h
6.59+0.20
NaCl 0.38+0.14 ab dof 0.72+0.05a 1.03+£0.05 a
e
1.15+0.16  1.44+0.06
FeSO47H,O  0.54+0.19 abc  5.74+0.21 a
bed bed
6.38+0.24 1.51+0.12  1.50+0.06
K,HPO,4 0.31+0.09 a
bede de bed
6.02+0.18 1.46+0.15
CoCl,'6H,0  0.83+0.24 be 1.95+0.11 ¢
abc de
6.13+0.29 1.1240.13  1.73+0.12
Na,SO,4 0.47+0.12 abc
abc abc de
6.27+0.20 0.80+0.09
NayS,05 0.53+0.13 abc 1.34+0.07 b
abed ab
0.88+0.08  1.28+0.10
MgSO,4-6H,O  0.56+0.12 abc  6.94+0.24 ef
ab ab
1.33+0.08  1.68+0.08
ZnSO4-H,0 0.90+0.19 ¢ 6.83+0.23 def
cde cde
KH,PO4 2.52+038d  6.99+0.22f 1.60£0.24¢ 2.81+0.18 g
1.44+0.10
CuSO4'5H,0  0.65+0.14 abc  7.06+0.15 2.36+0.06 f
e
6.29+0.16 0.98+0.07
MnCl,'4H,0O  0.34+0.13 ab 1.36+0.10 b
abed abc
6.33+0.28 1.1940.18  1.39+0.07
CaCOs 0.37+0.12 ab
abed bed bc
Pb(CH;COO0),- 0.81+£0.04  1.22+0.04
0.52+0.14 abc  5.90+0.18 ab
3H,0 ab ab
6.53+0.24 1.03£0.09  1.39+0.08
KCl 0.28+0.10 a
cdef abc bc

(15 AN [ B ] 2% 7 1. 35 (P<0.05)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
btk
1: K;HPO,; 2: CoCly'6Hy0; 3: NaySOy; 4: NapSy0s; 5:
FeSO4 7H,0; 6: MgSO,-6H,0; 7: ZnSO, H,0; 8: KH,PO4; 9:
CuSO45H,0; 10: MnClL-4H,O; 11: NaCl; 12: CaCOs; 13:
Pb(CH;COO),-3H,0; 14: KCl

3 FELMEIEFEIGEER 6803 HkE LIk EMEHHM
Fig.3 Effect of inorganic salts in culture media on the biomass Strepto-

myces sp. 6803

BE)=10.13 gL', w(# 518 B K )=547%,
p(NH4C1)=0.06 gL', p[(NH;,H,PO4]=0.30 gL',
p(FeS0,-7H,0)=0.018 gL, p(NaCl)=0.58 g-L™" i,
p(H LAY =N 8.38 gL,

[Fi) AN [v) 3% 35 20 43 X I 3 v 04 5% ) 44 7
TR WS RIS HT AT BEREDE 6803 PEE
XS B e A B T ) B AR R R SRl A
p(TERN=26.67 gL', p(EEMH=25.15 ¢- L, w(i%& 55t
¥ 12 W )=8.88% , p(NH,CDH=030 gL' |
p[(NH,)H,PO,4]=0.18 gL', p(FeSO,4 7H,0)=0.002
gL, p(NaCl)=0.75 g-L™", JEAFHISE /T 80 0.51 cm.,
2.5 WMIEEEEHNFE

TERERE TR 6803 T Mk ie (8 F7 3 L Jr R FE Rl L,
XFpH fH. Beit REC. AL, R RS R mE
SAEHEATH AR, 35 dE, TH SR
TR B T AE U S35 (3R 5) o X AN R 2 I 5 A4 Kol
ST R AT Rk 23R R S T4
5 a1 6803 BIMRXTIN S AT S A B 1 i

*5 $EEH 6803 Bk XKEHEFRFHIRITABAR
RRA LB X i 34 e A K HI R
Table 5 Uniform experiment design of liquid culture conditions for
Streptomyces sp. 6803 fermentation and effects of dilute solution (x5)

of their final fermented broths on seedling growth of rape

i Xy X3 X3 X4 Xs Y Y>

5y pHAH e HREC bt/ R FedU WSRETE p(EED)/
7 V-V % ‘C (rmin’) cm (gL

1 68 0.20 8 36 170 1.55+0.08  6.93+0.18
2 76 0.35 5 34 180 1.2240.07 5.98+0.10
3 70 0.30 6 26 150 1.20+£0.07 6.76+0.16
4 74 0.15 7 28 190 1.07+0.03 11.56+0.24
5 6.6 0.25 4 30 200 0.52+0.07 9.01+0.23
6 72 0.10 3 32 160 1.26+£0.06  8.27+0.13

EREESAT N : pH 7.6, e R4 0.16, HiFh & 3%,
B3 200 rmin”, JREE 36 °C, HEHNMSER N 0.48
Cmno

[v) 6} B 22 7 d AT R 210 8 A 8] A 4y
MrE R B 6803 BRI AR K 4R pH
7.6, FERE0.1, HAE 8%, WA 26 C, il
200 r'min’, HEFFTE 6803 BRI p(FE 22 LE )N
138 gL',
26 HERGBOIFEHKFEELAETEZMML

AR AR SR R 1Y 6803 TAIKE, BEF% 12 h
I 22 AW, KRB 5 R PR T AR IR
25 AT T 6803 TME 12 h LANHEAZE KX, 48
h JEHE A KA , p(B 22484l 26 ¢ L5 132
h i, HEZEITE AT, 144h i, p(E2ZEYHET
W9 20.38 g Lo KI5 A8 BRI SE i =
PO FH B A B ] () 14 i i e, 2 PR B R TR
6803 BBk AT b K (R A= 9 T 2 e e P (1] 4)
AT A B RS PR 6803 PR AR 1 AR RV ook Tk
VEFAR R R IERNAAE A . p(TER)=26.67 gL,
p(EERH=25.15 gL', p(NH4C)=0.30 gL, wE Tt
¥y 3% Wi )=8.88 % , p[(NH4)H,PO,=0.18 gL",

x4 $EEE 6803 MR EERAEFEN ST R R ELR BRI MY & & KERT

Table 4 Uniform experiment design of liquid culture media for Streptomyces sp. 6803 fermentation

and effects of dilute solution (x5) of their final fermented broths on seedling growth of rape

i Xi Xz X Xy Xs X X Y, Y,
ﬁj p(ER  p(REREY  wEEEUPER)  p(NH (AN )Y p[(NH-)H,PO,]  p(FeSO4-7TH,0)  p(NaCl)y  MISEHIES/  pCEWR)/
' eLlh (gL % (gL GINIHIgLY (eLh (el cm (L)

1 18 24 6 0.09 0.24 0.014 0.1 1.34+0.04 7.53+0.02
2 21 27 5 0.30 0.12 0.004 0.6 0.50+0.12 6.07+0.01
3 24 12 8 0.21 0.3 0.010 0.8 1.34+0.09 7.60+0.03
4 15 15 4 0.06 0.21 0.002 0.7 1.05£0.06  5.67+0.03
5 9 21 1 0.18 0.18 0.016 0.9 0.89+0.05  2.530.02
6 3 15 3 0.24 0.27 0.006 0.2 1.07£0.07  3.60+0.01
7 6 18 9 0.12 0.06 0.008 0.5 1.11£0.03 6.20+0.02
8 12 3 7 0.27 0.15 0.018 0.4 1.38+0.06 6.73+0.03
9 27 9 2 0.15 0.09 0.012 0.3 1.16+0.07 4.00+0.01
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Fig4 Effect of the fermented broths of Streptomyces sp. 6803 on the
seedling growth of rape and the biomass of Streptomyces sp. 6803 under

optimal fermentation conditions

p(FeSO4-7TH,0)=0.002 g'L", p(NaCl)=0.75 g'L", pH
7.6, FERLL0.16, fEMH 3%, HRE 36 T,
200 r'min”, & 144 h,

3 5%

PEGETTa AL 30 000 FfiZe s, Hrf1 2 1800
A T BB R (R R 9.7% 1,
IR IEA 1400 250, Hp R HIRE 704
Flr, 5008 366 J@ 87 BH'O2, (bR iR Al
F T2t 24 AR >, B4 185 Fb
AEERR R A TN RREEE AP PE, Xk
b TS & SR ™ A E D

A TR A Y b = A B A R AR
ZHRRE, VYERBRATT R 1R, HITHEY)
95 3 AE W B iR Y 3 BR A R TR (Streptomyces)
B HARKHERY, A2 BT & R EER] . R
FURIR BRI EEE2T AR 2R 9 BT 15 51 A 1Rk
TR TR AR B PR 2E A O I ) o B B SR Y R
TV, PR BER R R BN SR (Amaranthus
retroflexus) . 2 (Polygonum persicaria)it17 1t HiAb
FRETRT R 78.6% . 64.9%, HiJG ARG RL Al 1k
100%. & Ames #5045 FRB T R KT
Y, AR PSR Y, A S i
VRSP CER T B9 & RO 25 3 (Sorghumbicolor) |
INZE (Triticum aestivum) . BRB(Capsicum annuum)
i (Capsicum annuum) . 15 JN(Cucumis sativus)§5
FPEY AT ACRAERT, T BE20015 5 XY
ARAC H T o A7 B MR AE i B 40045 X 81
WL, IR A —E R IRIER], T B 6001F
DU 28 i MBS T M, RIS TR WO B
AP 2E 40y, SRR AR Y . ABl
TR H28GIANE BA T iEHUEEE, T HER A
VX 55 S (Lactuca sativa) . 3. =M BLEF &
(Bidens pilosa) . 515 (Medicago sativa) /N2 G AEHY)
8 o - 17 FIAR A AT SR VR, R B 2k A

28G 144} LT M S R KA AL FH

AT IERE R 6803 BRI AEE T AT
b, e B R R AR, it — 25 R T A A TR
6803 BRI RAE A BT R AR VR SR 50 B T A o 4%
FETE 6803 TR MK A WA P A R~ i oy S N A
HIVEFIMLEEA RF R AT

Sk
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with allelopathic effects
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Abstract: It has been demonstrated that Streptomyces sp. 6803 has allelopathic effects on higher plants. The single factor test was
used to determine the optimal carbon source, nitrogen source, inorganic salts, temperature, initial medium pH, shaker rotation veloci-
ty, culture duration for mycelium growth and allelopathic effects on the seedling growth of barnyardgrass (Echinochloa crusgalli)
and rape (Brassica campestris). Uniform design was used to optimize fermentation media and conditions for Streptomyces sp. 6803.
The result showed that the optimal fermentation conditions of Streptomyces sp. 6803 were soluble starch 26.67 g-L™!, sucrose 25.15
gL, beancake powder extract 8.88%, ammonium chloride 0.30 g-L™', ammonium phosphate monobasic 0.18 g-L™, ferrous sulfate,
0.002 g-L"!, sodium chloride 0.75 g-L™', pH 7.6, loading coefficient 0.16, pitching rate 3%, temperature 36 C, rotational speed 200
r-min”' and fermented duration 144 h. This study provides the basic information on using secondary metabolites of microorganisms
as natural herbicide.

Key words: Streptomyces sp. 6803; allelopathy; fermentation process; natural herbicide



