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FEE SRR S (1:1) TR A DA K W 0 T8 T8 3 HE i 1b 2% B 43 S 4R 7 4k 70 B 78 I & Ak B ( Fusaruim oxysporum f. sp.
niveun ,FON) FUTLFHI & F TR LA KRR, 455 R0 . 40% ¥R B HY 2% T TR I BP B] 1009 3 FL - 85 &2 , 209% ¥ Y
TN AT IR E] 98. 749% BIN T B4R = A A0 100% He BE A TR 3 0 A B 22 9 A K 1E— 28 GC-MS 4i R BLTE A WL
WAL FETE R B DU AL RR (CCL) ANRZHE(C,CL) | 1,1- T 2824 (CH,CH(OCH, CH, ), )3 Fk ¥R ; =%
HR A B M ACR , HLREYR BE R i3 o, U H CH,CH(OCH, CH, ), FYIITRRCR B df50. 75% VR I 3 Ffb 244 o %o
T R MR R BN AT AR 100% ; 7E3E 3R F R 2 B A CCl, .C,Cl, .CH,CH( OCH,CH, ), FI¥% 4 1. 00% I, i 71 1 10 7= 704k
A BIEAR T 5.67% \18.05% .8.72% ;1557 4d, =& X AR AL T B VE N L AL AR A TR 22 AR K ISR Y35 31 90. 40% |, 3408
R SR R W VE R O SEAE AR X SR AR W B S VR B AR R A AT AR SR B TR SR A T R 2
SR4BIA AT T R VE & A RS S5 i R A IR EUR BEVR I ; CCL, 5 C, Clg ; CH,CH(OCH, CH, ) , s B R

Effects of microchemical substances in anaerobic fermented liquid from rice straw

and cyanobacteria on Fusaruim oxysporum f. sp. niveum growth
LIU Aimin" , XU Shuangsuo, CAI Xin, LU Cunlsong, PENG Peng

( College of Life Sciences, Anhui Normal University ~Provincial Key Laboratories of Biotic Environment and Ecologicalsafety ~ Conservation and Utilization of

Biological Resource in Anhui Wuhu, 241000, China

Abstract; Fusarium wilt of watermelon caused by Fusarium oxysporum f. sp. niveum is world wide in occurrence, which
belongs to Fungal soil-borne diseases. Spore germination, mycelial growth and sporulation are important stages of disease
spread, the medicament which can block any growth stage of pathogenic bacteria can control the disease. The effect of
microchemical substances in anaerobic fermented liquid from rice straw and cyanobacteria(1:1) on Fusaruim oxysporum f.
sp. niveum growth was investigated. It included spore germination, spore number, and mycelial growth. The results showed
that spore germination number reduced 6.25% .37.5% .77. 5% respectively at the 5% , 10% and 20% concentration
groups, especially inhibited by 100% at 40% concentration of biogas slurry. The spore production could be inhibited by
98.74% at 20% concentration of biogas slurry. The aerial mycelial growth could be almost inhibited at 100% concentration
of biogas slurry. Further analysis by gas chromatograph-mass spectrometer found that there are many kinds of alkyl

substances in the organic component from biogas liquid. Three microchemical substances, CCl,, C,Cl,, CH,CH
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(OCH,CH, ), measured in biogas liquid by GC-MS analysis had distinct inhibition effects. The inhibition effects increased
with their concentrations, especially CH,CH (OCH,CH, ),. The spore germination number reduced 20. 22% ,28. 84% |,
40.82% respectively when CCl,, C,Cl; and CH,CH ( OCH,CH, ), were added in culture medium at the 0. 1%
concentration; and the inhibition rate respectively increased to 81.27% .79.78% .86.52% at 0.5% concentration. The
spore germination were inhibited by 100% at the 0. 75% concentration of three chemicals; The numbers of producing-spore
reduced 5. 67% ,18. 05% 8. 72% respectively at the 1% concentration of three chemicals; The inhibition rate was
80.91% , 75.59% and 99. 22% respectively at 3% concentration of three chemicals. The restraint effects of three
chemicals were very notable on the aerial mycelial growth with training four days, especially CH,CH ( OCH,CH, ), at
0.10% —1. 00% concentration and CCl, or C,Cl; at the concentration more than 0.25% . The inhibiting rate would get to
90.4% when three chemicals at 1.00% concentration were added in the medium. The tolerance of Fusarium oxysporum {.
sp. niveum on three microchemical substances increased with prolonging culture time. The aerial mycelium in every tested
group grown at some extent. The restraint rate of three chemicals was 77.96% on the aerial mycelial growth with training
seven days, especially 1,1-CH,CH(OCH,CH, ), getting to 87.22% . The restraint effects increased with the concentration
in the range of 0. 10% to 1.00% . But the inhibiting rate declined slightly comparing with four days at same period. The
experiment results showed that three chemicals remarkably restrained the growth of prophase aerial mycelial. Multi-specific
ingredients were included in the biogas liquid to inhibit the pathogenic microbe. Biogas slurry can be used to control the
growth of pathogenic microbes as one of the preferred agents, which will resolve the long-troubled problem about the disease

and provide reference to prevent fusarium wilt of watermelon for the future study.

Key Words: Fusaruim oxysporum f. sp. niveum; anaerobic fermentation liquid; CCl,; C,Cl,; CH,CH(OCH,CH,),; the

inhibiting rate

PO TR 2505 2 Fh 20008 I T B 2R 70 8k 7 781 P8 N AL B8 ( Fusaruim oxysporum f. sp. Niveum, FON) {24 fif
B AR AR E AT B 15% , H K 85% , K B 46, - v I A TR AR (S it TR ), 2
VP 3 P e B R S K g o 2 — 1 L AR PR AR B 00T, e R T e AR,
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T A, 0 W7 P R BT TR 1853 5 300 A A A S0 TR DI AT PG T 250 1) B i ) R EE 2 22 K 3
1 #RE5FZE
1.1 #k
1.1.1 s

ARSI TR R A A5k T T P KL AL ( Fusaruim oxysporum f. sp. Niveum ,FON) | L BUME K2FEY)
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1.1.2 S EERAIRALBRT

FETRG RAE A 208 FEm T = 1L DX ) 5 o v ISR AT 95 (0 v, &2 8 00 )2, B 25 40% (IRFR 800
ARG B ZAE e o) s B T e R A 1 e i i By ) 35 K A $H 3 ; ELAARTC Lb Sy KU K R RS 1B
BEWE A 100g , AN ET B T5 PR A 2L, FE AT SL B 7K TR A8 Kk B N A TRBAS S BEIR A (1:1) IRE
RWE, (35+1) CHRBE THFEE 71d, A5 L BB, F+ A BN AW B84y
1.1.3 3 Ffb2= Bk 5

DL (CCl,) ANELKE(C,Cl) 1, 1- 8 FE LB (CH,CH(OCH,CH,),) , ¥ 84 #r 4k, CCl, T A
Te WAL TABRAF ;C,Cl, 1 H iR ERH M55 BT ; CH,CH(OCH,CH, ), 14 [ 8 2545 A {22150 7
BRN W, 31X 3 Rk AR A HLAL S W B B3, CCl, 3 Al FHAE K K3, C,Cl, i T A PG A EE 2
&% ,CH,CH(OCH,CH, ), i FH A LA B Aot i Ak i il 1 55 7 18
1.2 LR
1.2.1 AR ST EEIRA R A L BB W B 0T

RIS AR, 5 W IR SR TV W T RN = S8 S BE 43 7 22 B, PR B GCMS-2010 QP Plus < BT Hk
FAASGHEAT RS A o A FH S A I 2%, 285 W 4l He DM 38, RTX-5 4, 0. 25um x0. 25pm , £ 30m; i & 4
15mL/min, ¥ 40°C , S AL 260°C , Ko 2R 200°C 38 i g 1 00 — 0 2 VO A A WL I
1.2.2 SEEBEGT

S R RS S5 R A IR R BV WS O B VBV, TR 58N T KR Th J5 48 5 20 Bl ik = Fh b2
VIR FH C B B, BOHIVA R, ZE S8 AT IR Th BRI, & H

(1) fFiik

Z: 18 Hao ™ J51k , SR 2% /KBABRFAGHAT , B8 7 AL BE AR KN 5% 10% 20% 40% 80% .100% 1)
IRA KR, 4175 R1 R2 \R3 R4 | R5 | R6, [AI A 3% B XF I/ CK1, K il £ 4 1 il T B AR B Bk < 1 x
10° cfu/mL, B AG 0.1 mL /720 ,28°C 3557 3d Jid s PAR B A Al 40 H . BAMESR 3 1k,

TERASEHR A3 B A CCl, .C,Cl, .CH,CH(OCH,CH, ), 3 Tl b 22915 5 2% K BERG H5 77 3 1 iR A F
M, W43 0.0. 1% 0.25% 0.5% .0.75% 1.0% , FAABREE 3 K, F-FARIEAN 0.1 mL 75)K& LA
TG TT BT B (2 1x10% cfu/mL) ,28°CHEFE 3 d Jics Pk B &k a1 H .

(2) faFHu e

UK RS 5 15 TR A TR A R B TR ORRAR PDA JRAT B S NIRIERE , 2510 0.1% 3% 10% .
20% ., A ALIRATHIEERR 0.1 mL 7 B AT A S 615 T TR PG & AL 96 B (29 1x10° cfu/mL) ,28C 4k 7 45 77
3 d(200 r/min) J5 T PDA A BIA A ,28°C F A8 2d, Bekic R T E0R . RHOCBRE R 3 1k,

4354 CCl, \C,Cl \CH;CH(OCH, CH, ), 5 A B TR PDA S55JTR % | 15 i 10k F8E A J32 R 5 Ak 322 o
TS IR AH ] R SR 96 T Bt

(3) B2z RKE

FERI U1 PDA 35573 IR AR B4 i A 6058 70 01 P I & AL B 48 B (29 2x10° cfu/mL) |, B P ARk
B3 AN HR BRI A S0t 28 SR T ) W S R RS TR G R IRV W R 200 L, X R LTS TR K AR TR
W, FACFRES 3 UK, 28°CHEFR 7d, WA I B Y KN, I 5 VB I B L

7E PDA ¥ 3e 570 A CCl, \C,Clg \CH,CH(OCH,CHy) , 3 Rl o il iR & VA, W EE 43528 0
0.1% .0.25% .0.5% 0.75% 1.0% ., FEA0. 6 cm BFTFLERFTHUE K — B0 5555 3L 52 5 — 2 ny S 23 1
Wi TR PR DA 2R AR LG, 28 °C 15 R T, SR RS SO A A AR N TR TR ELAR
1.3 BT

K H Microsoft Excel (2003 ) B FACFRF 4G B , R SPSS13. 0 G4 {4 0 47 A [) b B A1) 5 2 43 By 1 22
5 i KT ( Duncan’s multiple range tests) , i F K g0 /K Fi5 P<0.05,
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2.1 SRR G PR BRI B 73 A

HIZE 1 AT, Gl GC-MS M il 41, R 5 i o 1R 45 PR AR TR WOH A B o) 2 BT RS 2 LA %

Beds , HrP /b BRI 2

®1 BRBNENMES SR

Table 1 The component analysis of the organic matter being left in the residue biogas liquid

WA R S T 4 T

Component Anaerobic fermented liquid from rice straw and cyanobacteria

i 2,3-T 2R 3-HUUHE-1,2- 0 2 QAR — L | 1- PP S0 2- U T (2, 3- 2R T ke
Ji PSR TLR LK NRALKE 2- LRI T S . W& LT 1, 1- o8 Lk

2.2 FERE SR A PREUR R U AL O SR f Bl T 7 e AL TR AR K ) R

2.2.1  XHEFE A R R

USRS AR TR A IR R TR WA 2] 40%
PI_LAS, Bf R4 (RS \R6 AL (¥ N 40% .80% 100%
ORISR AT SENEEDPARANE R AN P I E A ]
RAVHIFILE] 100% ,F0F 85 R EC 0, I HERCER 41 i
F., MRS CKL A, R1L.R2 . R3 B IN 5% |
10% 20% M FEFS 5 s e TR A DR 480 % e VR VLA Hh AR 1tk
TIVEVE R % b B 56 F 8 R 50 0 R R T 6. 25% |
37.5% \77.5% ; FHUL AT UL, A FS 5 W s iR A TR A R BER
WO FON [0 1 & A 0 35 B I ], L v 88 R
RO

100
80 |
60 |
40 -
20 |

0 1 1 xix 1 1 J

CK1 R1 R2 R3 R4 RS R6
A ¥4H Treatments

TR BUA
Number of germinating spores

1 BRHESERRERELAEER FONBFHE
Fig. 1

skl
Effects of the anaerobic fermentation liquid of rice straw

and cyanobacteria on spore germination of FON

H1 22 Al 1, 3 Al 2 0SSO AR A 8 0 T DY I L A Y £ 1 Y B 2 B — E AR D ELBE R R A

®2 3 MLFEYR FON FH LI

Table 2 Effects of three kinds of chemical substances on spore germination of FON

fhe27/In HeRE/ % BTk RS
Chemical substances Concentration Spore germination Inhibition rate/%
CCl, 0.00 89.00+3.21 -
0.10 71.00+1.00 20.22
0.25 37.67x1.45 57.67
0.50 16.67+0. 88 81.27
0.75 0.00+0. 00 100
1.00 0.00+0.00 100
C,Clg 0.00 89.00+3.21 -
0.10 63.33+0.88 28.84
0.25 35.67+1.20 57.67
0.50 18.00=+0. 58 79.78
0.75 0.00+0.00 100
1.00 0.00+0.00 100
CH;CH-(OCH,CHy), 0.00 89.00+3.21 -
0.10 52.67+1.45 40.82
0.25 31.33+0.88 64.80
0.50 12.00+1.15 86.52
0.75 0.00+0.00 100
1.00 0.00+0. 00 100
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B PO 2 YRR R AR B AA 0. 1% 1% CCl, .C,Cl, .CH,CH(OCH,CH, ), J&i , 5 X%} FEAH HL , 23 1 B
JIH VG IR AL AL A 003 IR T 20. 22% \28. 84% \40. 82% , Bl R 2 B 3G, 410 i 3R B M 1 O 5 24 0k
FEIKF 0. 5% I, = F 1 RR KK 81.27% 79. 78% 86. 52% , 3% Ml SCHEZE N ™ HF5E 9 160mg/L 7 5.
PR Tt 1 & A ] 283K 70. 5% 1 160 mg/ L 7KAH RN F83K 67. 4% ORI TEWREE =0. 75% B, = 194l
FRYIEH] 100% . 25 LA AR S BT, = CH,CH(OCH,CH, ), Ryl 71 R BCER AT .
2.2.2 XA B R S

2 3 PR, 7E 1% 2 20% yu B N, B 1 05 RE RS TR A R 8 & T VR TROHR BE 38 0, YR RO 7R 4k T B8 7
JREAL RN AR B ETIE A, 2SI ATE B A3 3% i, 461 I F0 i JT B 75 & AL B9 7 2%, ELBE % W
FIXE I, AT HE 200 T, 20% W RGTH R RI AT IR 3 98. 74 % HIAM G F 7= A

R3 BREESRARELEERY FON FHEHI#M

Table 3 Effects of the anaerobic fermentation liquid of straw and cyanobacteria on producing spore number of FON

TR/ % FON (1%t =%
Biogas slurry concentration Producing FON spore number Inhibition rate
0 184.67+3.28 —
152.33+3.76 17.51
3 89.67+2.60 51.44
10 19.00+1.15 89.71
20 2.33+0.33 98.74

12 4 WA, =Rk 2= B A F Ak 0 1R P I B AL R A S A 0 R g i R AR — 3 5 X IR AH
e, A BImA CCl, .C,Cly .CH,CH(OCH,CH, ), ¥ EEN 1.00% B, 4t J1 T 14 7= 5l 43 AR T 5. 67% |
18.05% 8. 72% , C,Cl B 1 TR %50 5 f 5 {5 24 im0 AV B2 36 21 3% B, = 35 A9 90 B R 43 51 A 80. 91%
75.59% .99.22% ,CH,CH(OCH,CH, ), FUMIBERCR 14 3 A EL A Wu 258 N0 VRIS 19 0 B 7 Mk B 35 51
11.2% —37. 3% B A0l P8 TR A4 T 11 7~ ., 75 R TE 320mg/ L B 7= R0 1 4 98. 9% , i 481+ 1 & #1354
55.7% ,ZEHFRHE > 200 mg/L PERIR R FE T 100% , ] 0L A3 56 (1 3 Fh Ak 229 B 0 M f OR300 9 HoAE
IMARBEEIRE]>3% , B 10% F120% B, =35 BN AL A8 3435 5] 100% . PRtk , 3 il 240 Joa 3o et i 70 o P I &
A B -0 2 (RIS T o, AR B (1% ) RIVBE A (28 M1 i SR 460 00 181 v &AL AL g 96 T4

Fz4 3 WMAEEWEI FON F=EH 22N

Table 4 Effects of three kinds of chemical substances on producing spore number of FON

(=27 W/ % PR ElEAES
Chemical substances Concentration Producing spore number Inhibition rate/%
CCl, 0.00 382.33+3.38 —
1 360.67+3.48 5.67
3 73.00+1.73 80.91
10 0.00+0. 00 100
20 0.00+0. 00 100
C,Clg 0.00 382.33+3.38 —
313.33+3.38 18.05
3 93.33+2.40 75.59
10 0.00+0. 00 100
20 0.00+0.00 100
CH,CH(OCH,CH;), 0.00 382.33+3.38 —
1 349.00+2. 65 8.72
3 3.00+1.00 99.22
10 0.00+0. 00 100
20 0.00+0.00 100
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2.2.3 XTHZARK IS N

K2 fis, 5 CK M, 8535 7d VUG, RERs 5
BARA DAL TR WAL 2R 1% - M L JL-F- To 4 fe e 7 B
POIRTL AT A TR 22 AR A TR AR 3, 3X 5 R
Ty SRS A TR RO AR AR B R 96. 8% B T AT
o), VLIV B —Fh e PR Ak 2y

%5 AT, WM 0. 10% —1. 00% 19 3 Fh k244
JFXH A TR T B PG N L AL B B 22 A KR, TG R R
F24d I 7d YFRBUH — 2 AN HIVE T, LB S TR 1Y)
e AR R O 25 S B 2 CClL, F1C,Clg X
A FEL0R ] T P L AL Y T 22 48 K BRI AL, AR B
F%4d B, HA 0. 10% M B2 XA f ik ) B o R & (L 7Y

R

CK

2 WREERRSREXEARY FON HLEKNFM

Fig. 2 Effects of anaerobic fermentation liquid from straw and

cyanobacteria on the mycelial growth of FON

FIAMEIVE N, AR 2 8 27K (P>0.05) , M BE AN 0. 25% —1. 00% , il 3 53 51l 35 39. 2% —90. 4% Fil
49.87% —90. 4% , 5 B FIHNE (P<0.05) . MiAER;FE 7d BF, CCl, A1 C,Cl, B 0. 10% —1. 00% , %f
IAEL G TI T PE N L AL T 22 (1) 2R K W M RIVE T (P<0. 05) |, S KA 2853 I3k 77.96% F1 86. 48% . HiF®
4d 1 7d B}, CH,CH ( OCH,CH, ), B #&FE M 0. 10%—1. 00% i 35, 11 ] 2K 43 9] ik 41. 87%—90. 4% F
67.96% —87.22% , H ¥ 5 W ZEMHIVEH (P<0.05) . F, o] LUA 3 Fi ik 241 o6 2 f 8k 70 1 v R & 4k
RIPg 22 A K By, L CH,CH( OCH, CH, ), BRI ey, TE85 5% 4d B, 3 Fheblxr e i /) i v N & 1k
RIS A T 22 A KA .2, [ R 24 70 Btk 38 14 336 3%  CH,CH( OCH, CH, ), TE¥EEN 0. 10% —1. 00% 0B 5%
53 CCL MG, Cl, T 7EO. 25 % LA 1 e 5 B0 4 38 100 B 38028, TE VR JEE R 1. 00 % Bsf =35 B 41 okl 35020 2

x5 =MULFWREIT FON B E KB

Table 5 Effects of three microchemical substances on the mycelial growth of FON

B 1] Time/d
=27k W/ % 4d 7d
Chemical substances Concentration BT R k% BivE R EES
Colony diameter/cm  Inhibition rate/% Colony diameter/cm Inhibition rate/%

CCl, 0 6.25+0.02a — 9.00=0. 00a —
0.10 5.95=0.02b 4.8 5.87=0.00b 34.82
0.25 3.800.01c 39.2 5.37+0.02b 40.37
0.50 2.98=0.04d 52.27 3.170.00c 64.82
0.75 1.6320.04e 73.87 2.67=0.02d 70.37
1.00 0.60=0. 00f 90.4 1.9820.02e 77.96

C,Cl, 0 6.25+0.02a — 9.00+0. 00a —
0.10 5.67+0.02b 9.33 5.93x0.01b 34.07
0.25 3.13£0.02¢ 49.87 1.77+0.01e 80.37
0.50 2.230.18d 64.27 1.58+0.00e 82.41
0.75 1.220.01le 80.8 1.5520.00e 82.78
1.00 0.60=0. 00f 90.4 1.27+0.01e 86. 48

CH,CH(OCH,CH,), 0 6.25+0.02a — 9.00+0. 00a —
0.10 3.6320.09¢ 41.87 2.88+0.02d 67.96
0.25 3.000. 03¢ 52.00 2.5+0.01d 72.22
0.50 2.220.01d 64.80 1.920.03e 78.89
0.75 1.1720.00e 81.33 1.420.00e 84.44
1.00 0.60+0. 00f 90.40 1.15+0. 00e 87.22

# LI IR P AR ERRPE (n=3) s FIBIAR 7R 2R 2557 B35 (P=0.05)

http ; //www. ecologica. cn



14 ] MRS A RERS R TR RS A I T U S A =y SO R A 70 o P T A B A K B 32 ) 4591

IKF 90. 4% ; T A K % i 6] A2 < | A6 3l 70 T 7 I AR BT 245 50) A pp i o | &1 20 1) <A T 22 340 1 B
—EREAE, TERE IR 7d I, =38 % S A Bl U7 1 PE R L Ak Y T 22 AR K 3R KA B 77, 96% , HL LA
1,1-CH,CH(OCH,CH, ), 0 18 % 3 e 4, 15 5] 87. 22% , 41 B 5% SR A SR B 245 50) v B %) 6 388 (0. 10% —
1. 00% ) T s, (5 5 4d BF A [RHH 3 A0 LA BT T R, SCORsl g R W, 3 B 24 550 0] A 0 <02 TR 22 10 A=
KR T WS,
3 HR5WRR

VO TR, 223 12 1 A FE i T T 5 | S (1 LRSS AR T 81 1 A | T 22 2 A L1500 A 5 o A 1Y) o
W B, RE LT T AT — > A= R B By 24 500 AT S o 35 & AR UM o I A R AL 717 T 22 A A FEL AT
A ARV A 25 0 SR A2 AR Y . T Wu B8 FEBIFE TR A2 ) S5 % 42 100 5k 70 BT P I % AL AL 1Y
SR R i A A 2 24 5t B 06 e D T I T A A ) 24 e R I A S5 o I ] v R i P Y R T B
(UEZ

MAIRIGZE I | RS 5 0 i TR A TR A8k I VH RO SR A 4k T T P9 I & AB Y ( Fusaruim oxysporum f. sp.
Niveum ) BT Wi & M50 W 2244 3 AT T B W E MV ik — 2853 8 GC-MS 43 A il & i W
B AR B 4, S BRI TP A A e A DU & fB R (CCL, ) LS R L kE (C,Cl ) (1, 1- L 3 4 %6 (CH,CH
(OCH,CH,), )3 Tk a it ; = F A EAT WA MR ACR , H Rk & 3 inmisg ok, JUH CH,CH( OCH,CH,),
A0 T R R i 5 2 W TR B PP e SIS A X DU A ) B AT B S ) 4 T ) Z2 R R A 2 18, i S B i
3 D TR ) T 0 24 50 (E B B TR QAT 3B 7 i — 20 K e
B TR KR 2= 2 5 S AR R R
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