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Optimization of fermentation conditions and preparation of microbial
inoculum for biocontrol strain GD-9 with herbicidal activity
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Abstract In order to clarify the proportion and optimal conditions of various factors in the fermentation process
of biocontrol strain GD-9 with herbicidal activity, the single factor experiment was performed to screen the opti-
mal carbon source, nitrogen source, carrier and solid fermentation substrate of the strain. The orthogonal experi-
ment design was used to study the influences of carbon source, nitrogen source, initial water content. inoculation
amount, initial pH value, culture time and culture temperature on the colony number of the strain. The experi-
mental results showed that the optimal solid state fermentation conditions of strain GD-9 were N-source NaNO;
58.4 mg/g, C-source glucose 48.4 mg/g. 258 mg/g of initial water content of the culture medium, 0.26 mL/g of in-
oculation amount, the initial pH 7.6, 147.8 h and 30.7C of culture time and temperature, respectively. The op-
timal carrier, dispersant, stabilizer and wetting agent were clay, polyvinyl alcohol, bentonite and dextrin. The
solid microbial inoculum of biocontrol strain GD-9 was prepared through fermentation test results. This study laid
a foundation for the commercial production of the microbial inoculum.
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Fig. 1 The colony of the strain GD-9 on

Gauze’s medium No, 1
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Table 1 Optimization of orthogonal design scheme for strain GD-9

K- NaNOs/ 45/ mg-g~!  #IHE/KiE/mg-g ! A /mL-g™! WG pH - BRI [E]/h BiariE/C
Level mgeg ! Glucose Initial moisture content  Inoculation quantity  Initial pH  Culture time Culture temperature

1 30.0 20.0 200 0. 20 7.0 120. 0 35.0

2 43.0 31. 6 258 0. 26 7.2 147. 8 30. 7

3 50.0 40.0 300 0. 30 7.4 168. 0 27.5

4 58.4 48. 4 342 0. 34 7.6 188. 2 24. 3

5) 70.0 60. 0 400 0. 40 7.8 216.0 20. 0

®2 THRZREXREFASRITRBRAR
Table 2 Test scheme of 7-factor quadratic orthogonal rotation experimental design

NaNOs/  #ij%jHk/mg-g ! WIhH &K /mgeg ! et /ml - g ! #th pH FiFRmt il /h B/ C
mgeg ! Glucose Initial moisture content Inoculation quantity Initial pH Culture time  Culture temperature

58.4 48. 4 342 0. 34 7.6 188. 2 24.3

58. 4 48.4 342 0. 34 7.2 147. 8 30. 7

58. 4 48. 4 342 0. 26 7.6 147. 8 24.3

58.4 48. 4 342 0. 26 7.2 188. 2 30. 7

58. 4 48.4 258 0. 34 7.6 147. 8 24,3

58. 4 48.4 258 0. 34 7.2 188. 2 30. 7

58. 4 48. 4 258 0. 26 7.6 188. 2 24.3

58.4 48.4 258 0. 26 7.2 147. 8 30. 7

58. 4 31. 6 342 0. 34 7.6 147. 8 24.3

58. 4 31. 6 342 0. 34 7.2 188. 2 30. 7

58. 4 31.6 342 0. 26 7.6 188. 2 24. 3
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ZE3R 2 Table 2(Continued)

NaNOs/  #ij4jHi/ mg-g~! HIth & 7K i /mgeg ! Hefhit /ml - g ! 4 pH B Ry H] /b Biri g/ C

mgeg ! Glucose Initial moisture content Inoculation quantity Initial pH Culture time  Culture temperature
58. 4 31. 6 342 0. 26 7.2 147. 8 30.7
58. 4 31.6 258 0.34 7.6 188. 2 24.3
58.4 31.6 258 0. 34 7.2 147. 8 30.7
58.4 31.6 258 0. 26 7.6 147. 8 24. 3
58. 4 31. 6 258 0. 26 7.2 188. 2 30.7
43.0 48. 4 342 0. 34 7.6 147.8 24.3
43.0 48. 4 342 0. 34 7.2 188. 2 30.7
43.0 48. 4 342 0. 26 7.6 188. 2 24. 3
43.0 48.4 342 0. 26 7.2 147. 8 30. 7
43.0 48.4 258 0. 34 7.6 188. 2 24,3
43.0 48. 4 258 0. 34 7.2 147.8 30.7
43.0 48.4 258 0. 26 7.6 147. 8 24. 3
43.0 48.4 258 0. 26 7.2 188. 2 30. 7
43.0 31.6 342 0. 34 7.6 188. 2 24.3
43.0 31.6 342 0. 34 7.2 147. 8 30.7
43.0 31. 6 342 0. 26 7.6 147. 8 24. 3
43.0 31.6 342 0. 26 7.2 188. 2 30. 7
43.0 31.6 258 0. 34 7.6 147. 8 24.3
43.0 31. 6 258 0. 34 7.2 188. 2 30.7
43.0 31.6 258 0. 26 7.6 188. 2 24. 3
43.0 31.6 258 0. 26 7.2 147.8 30.7
30.0 40.0 300 0. 30 7.4 168. 0 27.5
70.0 40.0 300 0. 30 7.4 168. 0 27.5
50. 0 20.0 300 0. 30 7.4 168. 0 27.5
50.0 60. 0 300 0. 30 7.4 168. 0 27.5
50.0 40.0 200 0. 30 7.4 168. 0 27.5
50.0 40.0 400 0. 30 7.4 168. 0 27.5
50. 0 40. 0 300 0. 20 7.4 168. 0 27.5
50.0 40.0 300 0. 40 7.4 168. 0 27.5
50.0 40.0 300 0. 30 7.2 168. 0 27.5
50.0 40.0 300 0. 30 7.8 168. 0 27.5
50. 0 40. 0 300 0. 30 7.4 120. 0 27.5
50.0 40.0 300 0. 30 7.4 216.0 27.5
50.0 40.0 300 0. 30 7.4 168. 0 35.0
50.0 40.0 300 0. 30 7.4 168. 0 20.0
50.0 40.0 300 0. 30 7.4 168. 0 27.5
50.0 40.0 300 0. 30 7.4 168. 0 27.5
50.0 40.0 300 0. 30 7.4 168. 0 27.5
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Table 3 Comparison of colony diameters and OD values of spore suspension of strain GD-9 on

different carbon source media

b %%E&mm fUFRIFW OD VA9
Carbon source Colony diameter OD average value of spore suspension
5d 7d 9d 9d
A EMETER Soluble starch 11. 50 cC 13. 00 bB 13. 33 bB 0.069 3 dD
%k Wheat bran 12. 67 bB 12. 89 bB 13. 50 bB 0.092 1 cC
HERE Sucrose 10. 67 dD 11. 17 cC 11. 83 cC 0.050 7 {F
iz Glucose 13. 75 aA 14. 91 aA 15. 33 aA 0. 135 4 aA
EKH Corn meal 10. 68 dD 12. 00 dD 13. 00 bB 0.061 1 eE
/NFE K Wheat meal 9.50 eE 9.83 eE 11. 00 cC 0. 045 3 gG
CK 12. 50 bB 14. 50 aA 15. 00 aA 0.116 9 bB

D /NG FRARRLE 0. 05 A F Y2 5 3k, KEF AR 0. 01 K E PR BEM. T,
Different lowercase letters in the same column indicate significant difference (P<C0. 05), the different uppercase letters in the same column
indicate extremly significant difference (P<Z0. 01),the same below.

x4

B GDY EARRREFE LHEEERMATEIFH OD AR

Table 4 Comparison of colony diameters and OD values of spore suspension of strain GD-9 on

different nitrogen source media

b W% HA2/mm HFBIF OD {8
e : Colony diameter OD average value of spore suspension
Nitrogen source
5d 7d 9d 9d
K& H Soybean meal 10. 83 cC 11. 33 bB 12. 50 cC 0.087 9 cC
BE LR K Yeast extract powder 10. 17 dD 10. 50 cC 11. 50 dD 0. 050 3 dD
i Peptone 8. 67 ecE 8.71 cE 8. 84 fF 0.013 9 fF
T4PE 4N Sodium nitrate 13. 17 aA 14. 78 aA 15. 67 aA 0.156 8 aA
g% Ammonium sulphate 8.33 eE 9. 50 dD 9.50 eE 0.020 8 eE
JkZ Carbamide 8. 00 fF 8. 00 fF 8. 00 gG 0. 000 0 gG
CK 12. 50 bB 14.50 aA 15. 00 bB 0.116 9 bB

RS EHGDY EAFESER LA TFRZFR

W EZEF LR

Table 5 Comparison of absorbance values of spore

suspension of strain GD-9 on different solid substrates

[ A A Jo OD F#){H 2= 5 5 24 Significance
Solid substrate OD average value Fo. 05 Fo.01
SEAFPE Rapeseed cake 0. 036 1 b B
Tk Hr Corn meal 0.032 7 b B
3% Sheep manure 0.515 1 A
##k Wheat bran 0.038 4 B
INFEFEFF Wheat stalk 0.033 8 b B

2.2 BESKREBERGE

A 7B I 6 RE(E A T AN [] 2] 25 5 o

Ir=f e K/, IFE 5 I LR L bk GD-9 4 K
AP S FE TR R - 228> B > R > N
FF=>F KM s TR TR OD (E )5 22 53t 45 R = W
FFEREFRIL I GD-9 F= i 5 H At JL 5 8] A7 A6 AR
T2 RO R (BRI NE RS AT 2Z R AN
BB L. GD-9 WRR I S = 1 [E 45 %
[[27 9Ty E
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PRk GD-9 [ & B IE S IR IG5 1 (% 6)
TR 7 R R R 2E R KRB MKIR N -
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FAEH R IMKI, B >R 5 > W) b & K 7>
FEFRIRE > > ih pH> 355700, A& K
g A EHESRE . Btk GD-9 ML Kl 5%
P54 - FUSAEIREN 58. 4 mg/ g WRIEHT &I B 48. 4 mg/g.
Wt 7K 258 mg/ g Fefii 0. 26 ml/g Pk pH 7. 6,
REFRmE] 147, 8 h B FRIEE 30. 7°C,
2.4 HERBFITEIE
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wHAA R R, BRI B B T B )
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(IR Z 5 0 T 493 6 386 1 4 28 1 A R 1) 4 1 B VR TR
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8.0 mm, fil FEIFMW OD{EH N 0, H Az r
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Table 6 Straightness analysis table of orthogonal test of scouring amount of strain GD-9 solid fermentation
NaNO;/ e Wk, e
i megt WONE T ERRET g e P e g e
Treatment Sodium . Initial moisture . Initial pH  Culture time Viable count
nitrate Glucose I concentration temperature
1 4 4 4 4 4 4 2 6. 00
2 4 4 4 4 2 2 4 6. 69
3 4 4 4 2 4 2 2 8. 00
4 4 4 4 2 2 4 4 7. 00
% 4 4 2 4 4 Z 2 8. 00
6 4 4 2 4 2 4 4 7.00
7 4 4 2 2 4 4 2 7.00
8 4 4 2 2 2 2 4 7.00
9 4 2 4 4 4 2 2 6. 69
10 4 2 4 4 2 4 4 6. 00
11 4 2 4 2 4 4 2 7.00
12 4 2 4 2 2 2 4 5. 90
13 4 2 2 4 4 4 2 6. 00
14 4 2 2 4 2 2 4 6. 30
15 4 2 2 2 4 2 2 6. 00
16 4 Z 2 2 2 4 4 7. 00
17 2 4 4 4 4 2 2 6. 00
18 2 4 4 4 2 4 4 5. 70
19 2 4 4 2 4 4 2 6. 00
20 2 4 4 2 2 Z 4 6. 00
21 2 4 2 4 4 4 2 7.00
22 2 4 2 4 2 2 4 5.90
23 2 4 2 2 4 2 2 7.00
24 2 4 2 2 2 4 4 6. 69
25 2 2 4 4 4 4 2 5.00
26 2 2 4 4 2 2 4 6. 00
27 2 2 4 2 4 2 2 6. 00
28 2 2 4 2 2 4 4 7.00
29 2 2 2 4 4 2 2 6. 00
30 2 2 2 4 2 4 4 5. 00
31 2 2 2 2 4 4 2 6. 00
32 2 2 2 2 2 2 4 6. 30
33 1 3 3 3 3 3 3 3. 00
34 5 3 3 3 3 3 3 4. 00
35 3 1 3 & & 3 & 3. 00
36 3 ® 3 3 3 3 3 3. 80
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43R 6 Table 6(Continued)

NN/ il kL o o
a mpgt WOWE T R g e B e g o
Treatment Sodium . Initial moisture . Initial pH  Culture time Viable count
nitrate Glucose content concentration temperature
37 3 3 1 3 3 3 3 6. 00
38 3 3 5 3 3 3 3 3. 00
39 3 3 3 1 3 3 3 3. 77
40 3 3 3 5 3 3 3 3. 63
41 3 3 3 3 1 3 3 5.70
42 3 3 3 3 5 3 3 5. 00
43 3 3 3 3 3 1 3 5.00
44 3 3 3 3 3 5 3 5. 20
45 3 3 3 3 3 3 1 3. 00
46 3 3 3 3 3 3 5 & 28
47 3 3 3 3 3 3 3 3. 00
48 3 3 3 3 3 3 3 3.10
49 3 3 3 3 3 3 3 3. 67
Al 3. 00 3. 00 6. 00 3.77 5.70 5. 00 3. 00
A2 6. 10 6. 14 6.51 6. 62 6. 34 6. 49 6. 48
A3 4. 14 4.15 4.01 4,11 3. 89 3.93 4. 06
A4 6.72 6. 69 6. 31 6. 21 6. 48 6. 34 6. 34
A5 4. 00 3. 80 3. 00 3.63 5. 00 5. 20 & 23
W2 R 4,72 3. 69 3.51 2.85 2,59 2,56 3. 48
1 Ad FoREl—F 45 ¢ B9HEbR IR EE R A,
Ai indicates the sum of the test results indicating the index number ¢ in the same column.
x7 BEHGDIEREARHRFEMPFNSRK 1 SEFELNEZERNBFEFER OD EEEK
Table 7 Comparison of colony diameters and OD values of spore suspension of strain GD-9 on Gauze’s
media No. 1 with different carriers and auxiliaries
Sk (jl?ﬁ]?g ﬁ:j%/mm ' 3?.?%‘]‘5{’1?& ()P qzﬂjﬁ )
Carricr and auxiliary “olony diameter OD average value of spore suspension
5d 7d 9d 9d
A TER Soluble starch 11. 50 cdeBCD 11. 67 jJ 12. 25 iHI 0.026 1 nN
CaCO; 12. 83 abABC 14. 17 aA 15. 00 bBC 0.051 7 kK
WIAE Dextrin 11. 33 defCDE 12. 25 hH 14. 75 beCD 0.102 5 dD
RIPFELF 4 ZE Carboxymethyl cellulose 12. 17 bedBCD 13. 75 cC 14. 25 deDEF 0. 027 9 mM
W PR SN Sodium alginate 9. 50 fghDEF 11. 00 1L 11. 75 31 0.005 1 qQ
R W LT 4 ZX 4l Sodium carboxymethyl cellulose 8. 67 ghEF 11. 00 1L 12. 75 hH 0. 010 6 pP
HLIFH Nekal 8.00 hF 8.00 nN 8.00 IK 0.000 0 sS
+ ke R iR 4N Lauryl sodium sulfate 8. 00 hF 8. 00 nN 8. 00 IK 0. 000 0 sS
AR JEZ i B24H Sodium lignosulfonate 8. 00 hF 9. 00 mM 9. 25 kJ 0.004 7 rR
7% 24 White carbon black 13. 50 aA 14. 17 aA 16. 00 aAB 0.068 23]
fi#ZiE 4 Bentonite 11. 96 cdBC 13. 00 eE 14. 25 deDEF 0.117 1 bB
2 Jfi CaCO;s Light CaCOs 12. 83 abABC 13.50 dD 14. 25 deDEF 0.043 7 1L
R Kt Polyvinyl alcohol 11. 83 ¢dBCD 12. 50 gG 15. 25 beBC 0.108 5 cC
JE %R Humic acid 10. 67 defCDE 11. 50 kK 12. 25 iHI 0. 023 6 0O
fiE#: 4+ Diatomite 12. 17 bedBCD 12. 75 fF 13. 75 fgFG 0.100 7 eE
75 Tween 12. 50 abcABC 12. 75 fF 13. 50 gG 0. 085 3 il
7P+ Small sand 12. 68 abABC 13. 50 dD 14. 75 beCD 0.092 1 hH
#i+ Clay 13. 05 abAB 14. 00 bB 15. 75 aA 0. 145 2 aA
Jrigs Slag 11. 07 ¢deBCD 12. 00 il 14. 50 ¢dCDE 0.099 2 fF
CK 12. 67 abABC 13. 75 cC 14. 02 efEFG 0.094 3 gG
2.5 FBIHEHH I AR B R TR AT R RO AR . TEE3E

ARk T O 2 14 e T R[] 25 A M R o % I A2 Fk =1+ LAY [ 35 O Wk o v e o 43 00 25. 826
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